
GENERAL RADIO CO)'1P ANY
MA:"\IFtHTllRERS OF

EU,CTRICAL AND RADIO LAIlORATOln APPARATUS
c.->.1Il HR II)I;E, ;'0, 1,\SSACfllJSI:TTS

BULLETIN 110 NOVEMBER 1926

Type 219F.
DECADE CONDENSER

Every college and research 1:lboratory 1I<1!: need of a variable con
denser of large capacity and reawnablc accuracy for temporary set-ups
\I'llcre it is inexpedient to use the precision lypes. For maximum
Ulilil\' this unit should have the same flexibililV as the famili:lf dial
decade type of resist:lIlcc box. .

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

In the Type 219 Decade Condenser this highly desirable [cau,lre is
obtained by means of a cam switch which makes a definite contact with
the s\1ccessi\'c units, determined by a ball and socket locking combina
tion. This permits thc construction of a unit possessing the same
characteristics as the standard dial-decade typt· of resistance box. The
capacitance in microfarads is read directly oppositc the end of the switch
po:nter. The complete unit is mounted in a walnut case with bakelite
p:lDCI.
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The eO)IlJcll~(>IS IIsed ill the 0.001 ..tel's arc the mica tfpe. Rullt..J,
pal'dllin ill\plC~lIatcJ paper condensers an~ used in the higher capaCIty
stl:ps. "hlle this type of eundem·!.:r IS inlenor 10 thai usin);: mlCd Jrc!C<,;
Hi\", a \lcll huill parer cvmlemcr IS ,,0 satlsfaclory for a ,,·ide \'allel)' of
bo.'I.J(t'ry lI'l'S (I,al Ihe e;';l'ellse uf the mica type in the larger capacilies
,.. IrettuCnll~ UIlJlI-lihed. The~c unils arc ~urplil.:J aJiu~teJ tu 5 !,er
H.llt in the .1IU1 JIIlI 2 j'cr(cn! in the O.UI ~IF and 0.1 ;\IF stt'jls, \\hich
is ,1 fair iudi,.HIIIl "f tilclr t()n~lanC\ under n.riulls c"nJililJn~ IJr lem-
peralure "IIJ In''luelle. -

fhe n,[Jcll paper H llJcll~ef'; ll~eJ in the type 219 unit rcprc~cnl tile
bl·~t of rheH l~ pl'. '1 hc paper and foil :Ire fed fn,m the rulls tlrrlllll.'h
all impre;malllJ): hath, I moltl'n paraHin. The thorolll.'h imrn:!!n:ni,,"
thul> "btaioc:o.l n"t ,.nly lIlne3~eS Ihc diclcltnc sHength. bill ab, TIIal.e~

tlle unit mOIre lHl.,I"h'nl in ils beh:nior. llue to ils greater homageneil\'.
Sun1ticllt U\crlap I~ alll'\\TJ un the foil so thaI lhe sue.:cssiH' byerl uf
cal'll pl:ilc 1Il,1~ Ill' I)CIll mer for contact with each Nhcr. l'onncclIllll
is madc (\1 lhe side of thc platt:, thal is. 10 all layers in the rl,t!. This
mcthod ~,f :l$~elllbl~ is much superior for lahor:l1orr ;lIld filter work to
that which Illah~ U$C of:l connection at the ends of the platcs onl~" i\
condenser of the former type lias a materially lower rl:si~t:lnct: than une
of the latter type, The side mnneetion also "voids the incrca~e of
ph,1SC am'le w:th frequency whieh occurs wilh the enu connection, The
phasc :lIlulc of thc.;c condensers at 1000 cycles is appr,,:o:im:nelr .2Sr;;.

The completed condenser units arc sealed in metal cans when
finally mounted. ,\ rigid moisture proof assembly is thus assured.

The paper condensers arc available in sin~le units where a perma
nent installation is 10 he made. The: units are supplied in capacitances
of 0.1. 0.2. 0.3. 0.4, 0.5 :'IIF.

USES. The type 219 decade condenser is e:O:lremcly useful ill
vacuum (urn.. oscillators of v3fiahle frequency. It prm'ides the larJ:e
capacit;.· rc·quired for low frequency, and pro\-idcs con..-enient \'ariation
(wer a caradty ranl!e nf 101 to 1. It i~ also useful in temporuy fiher
SCI-UpS and in tunin!! circuits of Inw frequency.

The typc 2;6 condenser is useful in illore permanent sel-ups in
constant c:lp:Hi,y circuil<:., such as filters 2nd artificial nel-works.
T\"pe 1191' f)el-;ttle Coudenser _ Price 1>50,00

Ten 0.01 i\1I~ steps.
rcn 0.1 \IF steps.

Dilllen<:.iC)n~ 9'1;"x5":0::5·11". Wei,L'ht 6}S lbs,
Code Woru "(,0\ ER:'

Type 21 0 G ('olillell~er I'rice P5.00
Ten 0.001 i\1I" J',ler~.

Ten 0.01 i\IF sleps.
Tl'n 0.1 ~ I F ~refls.

Dil11t'n,c;inn5 12.11" x 5":0: fi", Weight 6J1 Ib5.
Codc Wmd "BRL\R:'

T)'l'c 2Jti Filler Conden..er Price ~I 00
f)irnen~i()n~ 4"'\11~"xl'Ai". \\'eil!lll 5 07..

Code \\'('nl"PEC\~,1I

(This Bulletin rcplacel'. Bulletin 10 )
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Type 239

VARIABLE AIR CONDENSERS

Yariablc ail' condensers are generally used as secondary standards
for all laboratory purposes for capacitances up to 5c\'c1'al hundredths
microfarad. Condensers for this purpose mUSl first of all be of such
rugged mechanic.d construction as to withstand the handling of ordi
nary laboratory use, \\"ithout suffering changes in caJibr,llioll. It is also
important that the phase angle be as 10\\" as is consistent with physic.d
strength ilnd that the field through the dielectric remain substantially
constant \\"ith changes in capacity.

Realizing that there is an economic as well as a physical problem
im'ol\'cd, the Gcneral Radio Company ha~ di\"ided its laboratory air
condensers into three classes, designed to meet dilIerClll requiremelils
of precision and conslancy. The Type 222 is designed for me as a
laboraLOry standard and in precision wavcmetcrs. Where laboratory
work of lcs~ exacting character is planned, the Type 239 or the Type
2+6 will be found satisfactorr. All three types are alike in gcneral
clecnieal design.
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The Type 239 condenser has end plates and condenser plates of
aluminum. The rotor plates are so shaped as to give a nearly constant
relt-tion between wavelength and angular variation. The rotor bearings
arc in direct contact with the end plates. The stator is supported from
strips of hard rubber, so placed that the field through them is weak,
and practically unvarying for different capacity settings. The rotor
turns in locked cone bearings and is counterweighted. A slow motion
gear is supplied when desired.

The Type 239 condenser is supplied either unmounted or in a
walnut case with bakelite panel.

The equivalent series resistance of the Type 239 condenser is 12
ohms at 1000 cydes at the 1000 IVIl\'IF. setting.

USES. The Type 239 condenser may be used in tuned circuits,
in wavemeters and in bridge work.
Type 239F. 1000 J\EdF. ?dounted. Without gear $15.50

Dimensions 6" x 6" x 7". WeIght 4}1i lbs.
Code Word "BABEL."

Type 239E. 1000 M~"IF. ~vIounted. With g-ear....... 19.00
Dimensions 6" x 6" x 7". Weight 4}1i lbs.

Code Word "BANDY."
T}'pe 239£. 1000 M~"IF. iVfounted. With gear. Calibrated._ .. 20.50

Dimensions 6" x 6" x 7". Weight 4}1i lbs.
Code Word "BANJO."

Type 239H. 1000 j\{,\'IF. Unmounted. Without gear.... 10.00
Dimensions 4}1i" x 4X" x 6". Weight 2 lbs.

Code Word "BARON."
Type 239G. 1000 MMF. Unmounted. With gear... 13.50

Dimensions 9}1i" x 4f:i"" x 6". Weight 2 Ibs.
Code Word "BASAL."

Type 239K. 2000 ~Vli\iIF. i\lounted. Without gear _ _..... 18.50
Dimensions 6" x 6" x 9". Weight 6 Ibs.

Code Word "BASIN."
Type 239]. 2000 l\1:l\'IF. Mounted. With gear.................... 22.00

Dimensions 6" x 6" x 9". Weight 6 lbs.
Code Word "BATTY."

Type 239J. 2000 l\t?v(F. l'v1ounted. With gear. Calibrated... 23.50
Dimensions 6" x 6" x 9". Weight 6 lbs.

Code Word "BATON."
Type 239M. 2000 M:\1F. Unmounted. \Vithout gear... 13.00

Dimensions 4}1i" x 4f;i" x 6". Weight 3 lbs.
Code Word <lBAYAN."

Type 239L. 2000 Mi\'IF. Unmounted. With gear.... 16.50
Dimensions 40" x 4f:i"" x 6". Weight 3 lbs.

Code Word "BEFIT."
Calibrations can be supplied as follows:

10 calibration points... . $ 1.50

Mounted curve. 3.50

[Pagcl.J.O]



Type 246

VARIABLE AIR CONDENSERS
The Type 246 is similar in construction to the Type 239, but is

hea\·ier and more rugged throughout. It is better adapted to use as a
secondar~' standard than the Type 239 and, in fact, is satisfactory for
many uses where the greater precision of sening of the Trpe 222 is
no!. required,

There is no change in capacit~· with frequency. The temperature
co-efficient is practically zero. The dielectric is isolantite. whose di
electric properties are superior to porcelain and which is. in addition,
non-absorbent. The diek'Ctric is of small volume and placed in a weak
and practically constant field. As the field through the dielectric does
not \'ary with the position of the plates. the condenser may be assumed
to be equi\'alent to twO parallel condensers, one a fixed condenser of
small capacity, with all the power los5, the other a perfect \'ariable
condenser. This fact is \'ery important \\·hen the condenser is used in
measuring dielectric losses in connection with our Type 216 Capacity
BridJ!:e,

i\ reduction ~earing is prO\-ided for easc in nuking accurate
capacit~· adjustments. '\5 the rotor of the condenser is ~rounded to
the frame, which errecti\'d~' shields the strltor, therc is no difikulty due
to Stray capacities.

USES. The Type 2-1-6 condenser meets the wide demand in radio
and general laboratory lI'ork for a variable condenser of considerable
range. low power factor and constant capacity. It is useful as a labora
tory standard of capacity in bl'id~e measurements of condenser resist
ance in tuned circuits and in radio frequency resistance measurements.

[~ago:: HI]



LOSSES. The power factor of the Type 246 condcnsers at 1500
IdMF. is about .005%. and thc resistance at 1000 cycles is about 12
ohms, and OIt 300 kilocycles the resistance is approximately .018 ohms.

CONSTRUCfIOX. The illustration shows the general construc
tion. The plates are hea'vl' aluminum, accurately spaced. The main
shaft is fitted between conc bearings, so that there is pract.icall~' no
end-play. These bearings are ground in before their final adjustment.
In the reduction gearin~, mentioned aOO\'e, a small fibroil pinion is
pressed against the large gear by a phosphor brom'.e spring so that
there is no backlash. Hea....y cast bronze end plates separated by large
brass spacing pillars make a \'eq' rigid assembly.

CALIBRATION. The minimum and maXimum capacity of each
condenser is marked on the bottom of the ca"se. The average capacities
for each of the three sizes of this type of condenser follow:

Typl' Min. Cap. Max. Cap. Voltage (Peak)
246L 55 MMF. 1500 MMF. 800
246M 70 MMF. 3000 MMF. 800
246P 72 lvI.MY. 5000 MMF. 550

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

FINISH. The condenser is mounted in an attractive walnut case
with engraved hard rubber panel. A four-inch silvered dial, divided
into one hundred divisions. is secureh' fastened to the main shaft.
Type Z46L. Condenser, 1500 )'I!\II<. capacity ~_~ $28.00

Dimensions 7}1" x 7}1:" x 8~". Weight? Ibs.
Croe Word "CEDAR"

Type 246),r. Condenser, 3000 ~1),fF. eapacity___ 1'34.00
Dimensions 7}111 x 7}1" x II}":". "'eight 12 Ibs.

Code Word "CHAOS."
Type 246P. Condenser, 5000 ~'h\lF. capacity $38.00

Dimensions 7~" x 70" x 11}1:". Weight 12}1: Ibs.
Code: Word "CH;\RY/'

.Mounted Calibration Curve. for any of above_condensers. $ 4.00

The products of the General Radio Company cover a complete
line of radio and e1ectrieallaboratory apparatus. Information and bul·
letins of special apparatus will be sent on request. Our line includes
the following: Varia.ble Air Condensers, Standard CQndensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re
.~istance, Decade Resistance Boxes, \Vavemctcrs, Decade Bridge, Ca
pacity Bridge, Audibility Meter, Hot Wire :\,reters, Galvanometers,
Thcrmo-COllple-l Miscellaneous Transformers, Vacuum Tube Oscillator,
Oscillograph, Piezo Oscillator, Nliscellaneous Apparatus.

All prices in this bulk-tin are strictly net, subject to change without
notice. F. O. B. Cambridge, Mass. Cash should accompany orders
from persons or finns with whom we have not already opened accounts.
Unless other,,'ise instructed, we shall use our own judgment regarding
melhod of shipment.

(This Bulletin replaces Bulletin Ill)
[Pa~ 142)
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STANDARDS OF RESISTANCE

AND
DECADE RESISTANCE BOXES

Type I02F
DECADE RESISTANCE

The first requisite for st3nJards of all S.lns is. of course, perma
nence; the}" must be unaffcncd by time anu tcmpt'rature.

.\ satisfactorr resistance for ..hern'Hille current \\ork must not only
maintain constant resistanl-C with changes III temperature. but also with
chall~es in frequency.

Long experience has shown that the allllY kn'-I\\"o as rn:lJ\g-anin does
not change in resistance \\ilh a,ct'. It i~ essential that the form on
which the rc.islantc is w(lund un('s not change so as to illlroduce
~trcsscs in the wire. Care ill soldering insures freedom frulll corrosion.
After bcill~ wound, the rcsislilnce (an\; arc 3/Zcd for about six months
before being adjusleJ to their final \'<lllle~. This a~cing rrocess is to
permit the metal to reach a state of rest foll~)\\'in~ the stress incident
10 windin~ with the wire IIcccssaril,' under tcminn. The observance
of these r'rccaulions insures a coil wh\,~c rcsiHance is ullcham;ing with
time,



The (t'mpcratufc Ct dfillt:llt "f the m;HlC:IIHIl ,I Ire u,ed IS so sm.tll
th;;t Ihe resis~anCl' m;l\' hl" ... ' rhl ...ll'IL-tl ... t,n.,liH'1 with lhanl"'" ill lem
per.1lure in ordinary t:;1,!t nccrilh.' \11111.. ,h the ,"..dfll,:ielll I, n)O.,tJnt
l}\Icr a considl'fable r;lt1ft: it i, a ,impll" Ill.Hter In I',dndatl' thl' (lIl"lcnjun
f\.lf mUle prcI isc IH'fk.

In ',l'dC'f til mcet till' Illild ll'IIUill·TlICIII. indt:pl'1l(lclirc {rllm frt:
(plency Ch:ln~l':>, <! -peciJII' 1III "I \\il"!tlL 11111.,1 I'e ll"'·rted tu ill oflll'r
10 c1ill'lina1c inJuctal~(C and ";·r·3(·t~ c1fcd'" III IlIl' G(-nl'r31 R3dio
cuils. the \}rt()n-Per~ mcth. J .. ilhhu ..h:J JIl ill<: Jia/o:ram" is u,ed .
..\ thin bakditc fl'lm I' u.,e<1. \ 111-.'te wIre h lint l\ounJ nn

wilh a space left bCl\\t'el1 tUII\., l:qual I" dol: diamctC'r of the \I ire. .\
second wire, connt'\:ted ,.0 a~ to be ill parallel with Ihe first. is thell
wound on the form in the spaces between the turns of the first wire,
The direction of rotation of the ~econd winding is opposite that of the
first. so that the curre!HS in the t\\"o portions of the windin~ Ao\\" in
opposite directions. This arran~elllcrH also keeps adjacent wires at
nearly equal potential. unlike the usual I\"pe of bililar winding whicl1
makes the ends of the coil adjacent. Thus both inductance and capacit~t

elTe<:l~ arc kept at a minimum.
for coils in excess of 1000 ohms, resist,mct' t.pt' is used. This is

tape in which the warp is The re.sislancc wire, and the woof colton
threads which hold the t.pe tof!'cthcr. This t~·pe of \\inding is. of
course. non-inducti\"(~ and \'ery comp3n where a high current car~'ing

capacity is nnt essential.
The current carrrinl.' capacity of the one4tcnth ollm units is one

ampere. that of Ihe tITle ohm units 2,0 milliarnpcll·s. Ih:n of the ten
ohm units 100 lTlilliamperc~, and that (,f the nne hllnllrcll and one
thllusand ohm units 50 milliamperes. The coils aboH 1000 ohms will
c.:1rry about I walt"

Type 102
DECADE RESISTANCE BOXES

For J!'ener.:11 labc.Jf.'lt\J(\ \I-e Ihc lllOH cnm"cnil.'nl re!.i~tJncc 3rrant:C·
ment is that of dl'Cade unit_. Ih- ~lIrh a mcthod it i" pns;ibtc I" (tet
nearh" am" ,"aille nf re~i~lance desire ..!. ~uch un;t~ :11'1" contract 3nd
nH!l!cd. "'jth the usc of multiple-leaf l"nnt:H:1 hlushes widl each I{'af
ll1:1killg independent contan, :lnd with the ends or these brll~hes 50 clll
Ihal they are nUl lalll.'ent 10 Ihe path of tran~l. thcr<-by pn'\ellting" the
cunin£" of 1':r..)(,\"e~ in lhe C"Tltan ~tuJ" the dial metho..! t,f mountill~

decade re"islan(e unil1> is fasl rcolal"inl! Ihe (Idef 3n\1 les~ ~atisraClI.r\"

plue- melhod (l{ Cunne(ll"n" Tlli~ newer melh ..I dilllinale~ the ;Ill:"~
\'(,Ilience of tlll" ~hifti,,~ drill"', .nd ills" .heir 11;t>h C01113l·t reSi;13!l('C

r P.ll:'(' 11~ l



Tlll' l;t'th'ral Radi" l"~l't' 1112 JCl'l.!e unib illC mr,unted nn bakdit~
l':lneh. with cllt.:I:l\ed ll'netinj.!, .Ind :He l'Il.I"..,..J in waluul buxes, The
":XI,(,;tJ nlt't,d pH" ,nc fi!li~lred ill l'"li~ht'J ni.kd,

\tlcllIi. II i~ lalled tt, thl' j .. d Ihal l'Jlh dC.:lJc dial h:ls de\'en
H,nt,,,( uHb.:l ?,'r" :lIld 1t:1l 'leI". rill, kaHH.. I> 6l'l'll:ll1y lInl'urtJOI
,,11(>11 \\"lkin..-,11 IIII.' upl'''!" 1'1' \'1\\"1 \'1 d .,1:1 ,Ii.ll.

Til" (' .It' i1tll' 1"""1: ..ro' 11l ...il: III Ihree :':I:ner.d '~I''''~, l"'I. three
:111,1 I<lUt ,It., The e ~l'nl'l:d '~Il'", 11· l'\l't, 1lI;l~ n'\cr "ilT..r~nt
ran~'t'~,

-n:e ;«lllr;!,'\- \ f 1111."' 11.1 "I:n. 'Jlllt, in.-lIlJ;tl~ ,WUdl runt,1C( rc~isl

:.11<"". I I',. tll.1t • ( lile I I. ;,11111 Hllil" ,2;r,. :mti Ihat of lhe larccr
un;h .1',. In .I11t..:1 lurr..m \1 1.:;IMI.IIII(1 I;\'d<-"" Ihe :lll'ur:!C\- i~ sr{-.
Tbe \\ iI'" It "d II:! :I 1'1 Jltt(311~ IlII Icn:I'l·r.ltl;r.' ......flil·iellt "f r'l'~iHaIlCc
:tnd Cl OI;lin~ no. t[l·n

H.OO

95.00

nl::B1T

DEC \ \

t, ,Jr"' II .rJ Pri...
DECOY ~2~.00

DECRY 15,00

01\ \:\ 2 .00

DELT\ 31.00

DIGIT 35.00

DErER 47,00

IOZJ

Ty"
1112D

['"il!
10 ('fll'-tenlh (>hlll n.il,
10 I,ne ohm c()ils

101E 10 ont' "hm l-.~il~

10 tt'n llhm coib
101l-! 10 lell (.hlll (Oil"

10 one hunureJ ohm COlli
J01F 10 (me-(eOlh ohm coils

10 one ohm coil~

10 tell {>llIll wils
101C 10 r>ll(" ohm coils

10 (1.'11 ohm t:nils
10 onc hunured ohm cllil.

1021\ 10 one-Ienth uhm t:oi[~

10 one ohm coils
10 (\'n (,hm (oil~

10 onc hundrcd ohm e"iI ...
10 one ohm 1;t'i1s
10 len ohm wil,
10 "nt' hundred ohm Cl il.
10 (>Ill' (bnu~and "hm (nit.

102L 10 ten ohm coils
10 11lW hlllHlr..d ohm 1"' il;
10 l,lIe Ihl'U<JIlJ "hill ("ib
IU tell t1U'(hJIl(j nhlll ":lIil~

TIr ... ;rh,.\e nl'radt: [{l'~iRt:Illr:<' Bm,l·~ h:nc lhe ful1o\\itl,L' weights
,1nd <1irnel1<ioll-;

,\'11/11 {'I'/' of nil/I,
2
3

•

lJim"I\!fI/I~

7.1/1." \:;" x --I':i"
1(1"x;"",,1' 1"

12~l\",:;ll"X:;tJ"

3.11" x 21/'. \\ ei!.dn I~ \)z.

r P.. ", ~;, 1

lI'r'ight

21-: Ihs.
4 lbs.
, lb~,



15000
17500
ooסס2

25000

Type 133
STANDARDS OF RESISTANCE

Resistanee Standards. wound b~' the method l'reviuusly described~

arc ayailable in the sizes listed below. The ,lclurac~' of adjustment
is 0.15; for all \'alues.

The case is of moulded bakelite.
Type Resistance Current Code \ronl Price
133A 10hm 250.\1.\ IU:Cl1R '},7.oo
133B 5 Ohm 100:\[;\ REFER 7.00
133C 10 Ohm 100:\1.\ REGAL 7.00
133D 50 Ohm 50;\1/\ RELAX 7.00
133£ lOOOhrn 50:\1 \ RELIC 7.00
133F 500 Ohm 50:\1;\ REP.\ Y 8.00
133G 1000 Ohm 50:\ 1.\ REPEL 8.00
1331-[ 10.000 Ohm 15i\lA P.'STY 12.00
133"- 25000 Ohm 15,\1.\ I>,\SH.\ 25.00

The type 1331' tapped resi~tance will be found particu1:lrly llseful
in amplificatiun measurements. as it cc>\-ers tile range of usual tube
impedances.

The total resistance is :?5.000 o1um, tapped :It 5.000 ohm steps.
The kl1l0\\"inr: resist:Jllccs mav be obtained bl- suitable series and

parallel c(,nllcctinn~: . .
1000 :?500 5833 8750
1250 3333 67;0 10000
1.j.~ 3750 667i 11667
1677 4000 7000 12500
:?lXlO -tln7 7500 13333
2143 5000 8333 13750

Dimen~ion~ 33~" x 20". Weight 1:? oz.
(This Bul!clin rep1:lccs Bulll'tin :?(8)

[ P~fC :!4f) )
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Type 210

RADIO ARM BOX

For Ihe small laboratory where there is infrequent occasion for
bridge measurements the expense of a permanent bridge set up is often
unjustified. \\"here no bridge is :l\'ail:1blc, one Illay be quickly
assembled by cumbining the ratio aflll box \Iith suitable clements for
the other ;Ifill. .\ \rhciI\stonc bridge may be put together. using the
ratio ann and a standard resiHancc, or a dccaldc box. An inductance
or capacit~· hridl!C may be similarly assembled.

The 1~'l'c 210 Ratio Arm Box consists of tWO similar arms, each
with 1000 ohms total resistance. :lnd with intermediate laps :t! 1-3-10
3Q...1OO-300 ohms. The resisti1.nces arc tht· .\~·rton-Pcrry t~·pe. described
in 0111' Bulletin 211. They arc Iloll-illduni\t.' and 1Ia\'e yery 1011' dis
tributed capacilallcc. The ClIHent c;Hrying' capacity is fi\'l..'-hlllldredths
of an ampere. The :lccuraC\' of adjustment is O.l~;.. These resistance
\lnit~ all: mOl1nt('d in a polished walnut box filled with an engra\'cd
hakelitt p:lneJ. The dial switches are our ~Llndard bridge type and
ha\'e a lew and tllll,lam resistantt:'o

Type 210 Ratio \nn Box
Dimensions i~/i"x5"x4'. Wl.'ight 2)1 lbs.

Oxle Word ·'Ri\lHD."



Type 229
GALVANOMETER SHUNT

.\ ).:alvanol11ctcr shunt ll:ls tll'O general u~cs, ::I~ :1 Ille::lllS of pnr
tecting the g::lh-anomcter from injur~' ,\!lilc aJju'tll1cnt~ ;ne bcin~ made,
all,1 to extend its rant:<:. For the latter usc the s,)-c,dled "L:ni\l~lsal"

type of shunt i~ useful. This t~'pe of shunt l1l::ly be calibrated directly
ill ratios. as the rdatin' llIultiplying power is the S,Hlll: for all g:lh-all
Olllcters, rCi:'ardless of the gah'amH11ctCr re~istan[e. This feature is best
understfK,d b\' reference 10 the diagram. The tappecl resistance (R)
is cOlllll'ued dircctl~' :leros, thc ~akanomcter. The bridge connects to
one side d the g-ah-anol11{'tl'l" ;tnd to the tap s\\itch. Solution of the
cirruit !:i\Cs the foll(l\\'ing- equation:

(Rc+R)

"R

90G<..I 1
R

GALV
90w

19w
Iw

,\
1_1_

lu=!',

BRIDGE

:\ is the r:llio of the I<>t::ll resi ..;t.11\ce R I" the H:sast:1l1ce. between
the t::lP and ,\. This is, 'J[ coursc. indercnll<:llt of the .1.'::Ih'antOll1cter
resistance. and the shunt 111::1\' b<: caliiHatnl in tUl'llS uf thi~ ralin, It
is the C(111~tal1n" Ilf this "rd:ni\c" lHulliplyin';! rll\\cr that gi\'cs the n;lll1e
"['j,i\'ersal" \l; thi~ tYl'c "f shunt. The l11ultiplyin)! 1"'\\(T d the :;hunt

RG+R.
\Iith the tap switch (>11 unit I' l~ R It is tln:rcfure illlport:lllt lh:l( R
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~h01J1J be LiI.l:e (Ulllp;ll"d tf) R~ (ur maximum scn~iti\ity.

\\'ben usnl in [1,ml('rlicJIl with the hall~l.'iti[ l.!ah:1I1011ll:tn llu,thOl.l of
'fl!l1p:Hilll: 1.11'i1'llic~. the' ,ull~t;l1lt fe~i"t:fnrl' arl"<)SS Ihe: l.!if!l:lllf)meter
tl'llIl'II.,I~ i,;, -I; tilld ,,,II.,lllal.:l:, ," it in,lIll" 1,'lI_t:t1I! lLll1pill,L: fur all
"hUlII ",'nin:':f.

1'1lI" t"'ljL'l,d R,.. li" 'l'~rl' :!Jlj ~lltJllt i, 1'1' th" \\ll')I\-.\lathel
l'ni\l'!,al 1.\1'1' de'(lil",c! ah\'\'I:. The t"1.11 re,;"tdlhe i; 1000 uhlll~.
'Lops ,lr[ f'Il'lid,',l r"t Lltius of O.UIJI-IUJI--U.I. \ short cifcuit
1',llllt j, al,o l'!",-;(k,l [I, ~·i\l' complctl' l'rnte(tion t" Ihe :.::dLln"I1l,'ter
1,It,'n ·",dnltl·.!. TIII',.,nt!,,1 i" by mean~ l,f dial s\li!rh.

rh,' ~hllnl i.., l1l"Ullln! in ;l p"li"hed \1':dtHl! hlJX "ith l'llt'ra\"<:d
hJ!.:elitL' J';ll\el. SI'p:lfJ.!e pairs u( bind in!! 1'",,[, :He rr"\'idl'd ["I' t1w
blid!!t, :wd ~~I!l-:ltl"mL'ler contlceti"n.

"1"\ 1'(' ~2'! {"ni,ers:l] l'ah"arllJl11elef Shunt ~IS.OO

DinH'miuns 5"x3 1 /':d"I~. \\"eight lib,

('cd .. \\"ord "(;\\OT."

Type 125

PHANTOM ANTENNA RESISTOR

Flit !tWill' tests (Of trallsmittilllZ apparatlts, it is dcsit ahle tn
rcpl:ln: the ,11it('llna by a lucal circuit, the const:,nts of \\ltidl art:' morc
casily and a«l1latcl~' determined. It al~u IHc,'ents interfefence with
nei~hb(lrin): ~t:lli<)lb. Th,' Tn'" 125 I'h:lll10111 \l1tenna Resistor is
prcwided (ur thi, purl" ~c.

This rc"i,tllr filld~ rnam' f'1hcr ttse~ about the lahoral"l'l', \\"here\'cr
:tn :Kcurate H'"i,tanc,' (,f high currctlH.:anyitH: capacity is r,:quircd.

r P3t'r :?~i]



These units arc wound Oil asbc~ws-hoanl fOllns, 11l0unttd verti
cally, an ,urang-cment which insures ;I g"11Od circulation of air. The
resistance material is ill the form of a ribbon, and has a \'ery low tem
perature cn-dlicienl (,f re~i~titnn: and a C(,nStlllll H'si'ilance up 10 very
high frequenl'ic~, The inJuClance is \'l'ly loll' and the rcSiStall(e is.
accurately ,ldjuSleu to the q;lH:J 1<\111,".

The re~is\()r is made in tWO slzl'" Type 12:;\ 'J! .j units nf.j ohms
each. and Type 12SG of 2 uniti of :! l>hrn~ e:H:h, The separate units
of Type 1251\ have a carryin~ rap:lcity ,01 5 ;ImJ'cre~ ;lnd th<Jsc of Type
12;(; 15 ampcrC$. It i~ r(,~~iblc til wnm:.. t thC~I' units so all to obtain
lht: fr,IlO\\'inl' combinati'Ill" of I'I'sist:lIlC\, ,md (;lnyinr: Gpacit):

T~ pc 125\

Re,i~tance Carr~ in~ Capacity, ohms 10 amperes

~ ,
8 ;

12 , ..
16 .. 5 ..

Type 125G

R<:-~ist,lnle Carrying Capacity

nums 30 amperes
2 15 ,.

15

Type 125A Phantom Antenna Resistor.- __$15.00

Dimensions 7}f'x6"x.J-Yl", Weight 3y.i Ibs.

Code Word "R.\ VEt\."

Type 125G, Phantom Antenna Resistor. _ _., ~32.00

Dimensions IO~" x 7~" x 5}'S"" \\'eiglll 7 Ibs.

Code Word "REBEL.'·

The products of the General Radio Compan}' cover ;"I complete
line of radio alld electrical laboratory apparatus, Information and b\d
letills of special apparatus will be sent on request. Our line includes
the follo\\'ing: Variable Air Condensers, Standard Condensers, Decade
Condensers. \'ariOlneters, Standards of Inductance, Standards of Re
sistance. Decade Resistance Boxes, \Vavemeters, Decade Bridge, Ca
pacity Bridge, Audibility :\Ieter, Hot \rire :\Ieters, Galvanometers,
Thermo-Collple. j\lisccllaneous 'TransfiJrmers, YacUl1m Tube Oscillator,
U~cillograph. Piew Oscillator, l\lisccllalh'QUS ,\ppar:llus,

:\Jl prices in this bulletin arc strictly net, subject to change with
Qut notice, F. O. B. Cambridl!c, J\lass, Cash should accompany orders
flom persons or firms with whom \l'e ha\"e not already opened accounts.
L'nless otherwise instructed we shall use our own judgme'lt regHding
m<:-thod of shipment.

(This Bulletin replaces Bulletin 2~)
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Type 164

AUDIBILITY METER

II J ll~ll'phr,n{' IC(l,j\cr in whidl sirna1s are Ill'tnl.: rccel\cd IS
shUIHCd lJy 11 re~islancc IIntil tile sign:!ls afc jllst :llldiblc, tlH.' r.lll!) of
the UHll'tlt in till' telephone 10 the l'urreJll ill I he shunt i~ ,111 indicatioll
(If the ~\I('n\.:lh of the sil.'nals. fnr in~tall(c. if the si'.;nal ·s jll,! :lllllihic
IIhl'J\ rl\)~~ of the d('[{'ctqr ClIrrcOl noll'~ dH{jlJ).:h the shUllt :llld 1%
thruul'h Ihe tdcph',nc rcccivcrs. the si,cnal is "aid to h:wc an <lllllihilily
of Ion. [f S is the impcJalKc of the shunt anJ T the illll'cd:mcc of the
tclcl'h'>tlc rc..:ein:rs the auJibility Cc.nstalH IS Ci\"Cll bv the c<]llall"n;

S T
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n,t' inlr.:Ol<in~ e. cilbllll.! Ir.UI I I .• 'lllll) tube J,-h'd' rs
l.a5 n"'H' II tnl til d ... .,,· {'I lilt , Ih('I('1 1 1 C'IIl·

p:1fint- t \' ;j1I,! h'!il t I lin UI,'II1_

arc afTl; te.1 by <:1 .. ,1. " II I': 1:._1,<111 Ii !It ... han.',"S 1IitCIl
(all Ill' \. 1.\ I' ,I,' 11('" " ,'1, " t 1" I ,'11'11 t Ihl'

~h,ln:':I;' IlIll' ,jill"], \ [,' -('!I'I: I, _,' ..J,!c...i II' d,e pl.:H<:

ll(lIit t, «'IlII'l'll .II,' I, I:,,' 1,'dmll'll III I.~lh".' _ f th,ll ,il(llit
ralh'-.! hI Ihl' ",llIm!;n;.' "I till: ldq f" nc I" C' ":1,. 'IJ", l"!"lIl"nlan'
n,llIl," \I_ II ..1 lh· !1II'ln ;,1,' 1.< 11 ill the li.l.'r.1I11 R I~ ti,l- r",i-l'lIl'-".·
II'"'' \<. 1111111 11,,· ""!"I,II"Il\' 1,',t'I\'-[· illid l~ b tlie U'tIll''''I\';IIIll~ 11:-

li.l,lll.l· \ I{ ,k"ll;.l-"', R' in. I":;,,.,,.

The Type 164 ,\udibililr :"Icter is de"icm'd to kcl'p the Impedance
of the ()sl'ilJaling circuit pradically constalll II hen used at 1000 cycles.
It i.. atbpted {or use with any ~()od :WoO /,hm tcl ...phone receiver, This
meter consists of two SCh tof re~ist;:mce unit- with thlTly-two tilp" and
reads direl"lly in audihiilties fwm I to 200(j by appro.J.\imiltely 25fo
steps. ,\~ Ihe flnl slep hil~ no n·~i~tal1ce in ~hunt wilh the telephone
h.'('ei\"cn, the audibililY meter may be Ie it I crm:lIJently c\'nnC<.:loo in
Ihe circuit.

This instOlment is m',unted in a polished \1 ;llnut ca~e with en
g-r;1\·et1 bakelite panel. The metal parts are fini~hed in poli~h«l nickel.
The Cf)ntan :um i~ of l,lIl1ltlatc,! phn~[1h"r brolll:c and insures perk.:t
c, 'ntact.

Type ]()4 Audibilitr \Ir.'lcr

Dirnen,illlls !'\";.; S" x 4". \\ l'i~lll jibs.

ClOdc \\'''rd ., \ \\'\ KL.'·

{ P,,~-e :'18]
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Type 371

POTENTIOMETER

E,!wril'l1lC h;15 ,hown that the only thoroughly satisfachllY \·ari.,blc
hid1 I('~ist;(nre for large currellt is the \\ire wound type. The Type 371

PfllclninllletCr h,,\in~ a ralin,l!' of .+0 watts permits the cumbinaliun 01

a hi1.dl Icsi~ti1lllt; wlth an ullusual1r large currC11l carr;,'ing (apa(it~·.

Tlte '1') pc :i71 I'mellti(llllCICr is made in the frllowing ratings:

RrJ.

5 Uhms

f)OO

2500
5000
ooסס1

ISOOO

(,' /I "ntt
2J; .\mp.

21.01\1.\

125 i\IA
90 ,\1.\

65 11A
50 ~L\

Code Word

REL.\Y

RED\;':

REFIT

ROTOR
Rmmr
RU.EI{

Typc 371 I'olelltiulllctcr ;'fl,\)()

Uilllcm;ioll, j}./' x 3}j" Weight'+0 oz.

hl orderim... be surc to specify resistance desired.
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"I'he rrll\lllIl" I'! llir t;t'!ll'1:11 I{;dio l""I1II';,n~' (nler a c'lIlrL-lt'
lim: (,I ra,lir, ,lilt! elt'tlril,d 1"h'1l;t101~ :IPl':ll;dll,. JIlI,'II1I:,IIU!l alld hul
IClill" "f "p\:'(ial ;1J'1';II:lt1I~ will he 'I'nl 'Jl n'tllll"!. I "ll line ilhilldc,'
Ihc 1"]["\1 ill':: \ ;111;lbk .\11 l "lldcIlWIS. ~Lllld;nd l', 'UJI·lhct,. I kt';,tll'

('Illldcn,;,'!" \ "II' 'l1ll'ICls, ~l.l1l\Lll,1o (oJ I lid 111'1;1 II, c, S,aIltl:I!t!, I,f I~t'

~iq;l1ln'. Un ;ltlC 1{",I,Llll< l' I:,,\c,;, \\ a\ t·llIl·lt'I,. lJn ;I\,k 1.:1 idet'. l;l
l'a(ll~ 1i!ld;:e. \lIdlhllil~ .\ll'ln, 11"1 "ire .\kll'!". (;alt'IlI';;IWt\'I';.
Thcrll1l'-l"'IJ'h', .\ Ii""lbllC' ,Il' I r,1I1,-; r, 'rtlle] \, \ ," 1111111 '11I he ()'I illJ l' '1.
\I.~lill".l'r:lrli. I'i(':", ll"ilbt,n . .\li'n,ILllll" 11.- \1'1 :1I;olU,

St;J!1,lilr,!, "f Jndll('l:,n\'('
~1;JmL1lds or Rl',l-l:IIII'l'

SlanJanl ('01111rn"'1
\ ariablc \il t""!\I!l-rl-{'l\

Dccadc R(,,,i,.tann· B,>:ws
Tdcphl,nc Tra1J~fullllcr

Th('1 Ill( -( l'llpll's
11,0[ \\ Ill' \kl"I

(;:11\ ,111' Wt'll'l'

\ el llit'l C, 'lId"Il'CI
Auoibilill .\lelel';

\\;1\ 1'lJlcit:r~

\ :lIi"ll1l'II'r~

l ,ll',lI It ,I Hriu\.'c
I)n'-Ilk l:ridC-I'
I 1,'(,ld(' l', ndl'lblT"

.\ Ji.",db lie, 'II,
·\pP:113tus

All pril.:cs in tit is bulk·tin :nc ,'tri(ll)" nt'(. '11[,)':('1 1,. ch:mg~ withuut
notice, I' O. B. C;llllblidt!~ . .\!:Lss, Ca,h should ,l("01l1pal1\ oldeh
fnull per'il111~ 'JI rllm~ \\ilh Ilhnm lIe ha\l' n'll ;llll';!d~' "pC11I:J ;\l't'lllIn(~,

L'nle,s 1I1hcrll isc instructed \\C shall JI~C "tH 01111 !uJ~ment rCI!<lnling
lllethild of sl1ipmcllt.

(This J::ulletin replaces Ilulk,tin 213)

I p~~, 2511 I



GE~EHALRADIO CO~I l'A:NY

EI.I·:crHIC\l. A:\[) 1l.\J)IO I.AllOHATOIlY APPAllATllS

BULLETIN 307 NOVEMBER 1926

Type 106

STANDARDS OF INDUCTANCE

Suit.lble ~1,1nd;HJs of indud31ll:C :lle:l. l1e(e,;;,sar~' 3cu:ssorr tl) bridge
mC:l.surt'tllCnb of indul·larKe. The rcsisl,H1CC should be cc,nstant for
ch3n ..c~ ill frt'qllen(~·. since ib value mu~t be kll0WII in computing the
Icsl~:J.n<::c oi tI:e unkn('\\11 induCl.:lllu:. It i~ ;lis" dcsirahlc that the
indud,lOcC halc Ill> "utsldl' Iid,1 d ih '.\\n. and be Ull:llft'dcJ b\' nt·idl-
horin.: liellls. . .

'1'111: Iyr,' llltl ..t;lnJarJ~ are \\uund \Iith stun,lnl \\Ir,', h;l.\illl! the
suands lllsubh'd fnm ('alh lIlher. till: rt:~i~lan(r' uf wili..:!l is nCilrh- OJll
~larll u'er a II-i,lt· Irl''1ucncy ranee. B'.lh the- dTen e,l 111(' standard (11
surroundin,:- in'lrumt'IlI~. allJ the ('HC"ll I,i (':\lcrnal field .. on It :He
pr:.eticall~- d'llIl11,lleJ b~ the u~c ({ the ,Hatic {"fm (f windin:!. III
thi~. the c, ill~ \"'lInd illlWIl ~cdi, lb, \\hid, all,' ~'l :l~,('mhlc.lthal llwir
extern,,1 tid.l.; IIt'utrali.,;c.

The (Hil .. afC l"rnl wound, firmh- h"und, ,lIld se,ureh' {astcned to
b;lkelite l,hl1l·". \~ the final adjll'l;nent i.. aC'clJll1plishl,d b~· rowtlnj:
om' ;,1 the l""il~. it i~ possihle to adjust these. standards :ll"cllrau:l~- 10 their
"pl'uljcd n1ul's. There is nil metal in the liell! ()f the \'(,ik in faet <Ink
a non· small am"tlnt "f metal. ,\hidl is ;111 Ilon-maltnell\:, i~ 11scd in II:e
I'llIire ;I.;.;cmhl\" (r this in~trumcl\l. The accuracy lOf thi .. JJjusIIllCTlt ..
olle~tellth of ( lit' per (cnt. The (Ill rent carryilll-' c:al'J.cin- "r the milli
henry and sm:.ller .. izl' cr,ils is ~ ampere.;. Ihat (If the; 3ml 10 millihenry
size.; 1 amperc, and that of lhe Hl(l millihenry cui! T! 'Hllpere.

rl' ;111



B-. .i, rr· p\" .I, I Jl"IIl~t'UI,e I I .1.11 I ~I:J 1\11.1.1: lolll Ille

I ~ rl' jqj I r .!.t n. h '" .I" lir", I " I . I" " u~(' 111l;:-('

indll I,l'
I ; I 1I tJ.! , '.' l " II " 1'\1,
H)o 1 1<' .\IIJlIII' • 1'\:'\lR ;:..!~.u t
lUI( I " \Iilhr 1'111 "lin .:04.'"1
IUi',1 1t I.lt .\ I illilwl1 I I R.\ II ,ZUII)
H)I,J>.. ]l~I.tt \Iilfilll'lll 1;--1.1, t :?-40U

Type JO';'

VARIOMETER

I I ':l'IlC'! I 1"b,t.,1 t\ \\ 'l~ :t p"pal' dl' t::al·d \".Hi"ll1~tcr h;l:'
a ~rC,H , .. IIC'll ,f u,c,. In ...ddilllJl\ ll, ,cl\'iTl:!:T~ a \:triahlc l:tndard
of "elf I'r muilul inJlIlI.lI\~C, Illl:':'\," ,n"lrUIllCIl(, lu.\c manv U-\.', u.:h
a" in tiher l,.irnlil'. 1.1,11.. IrelJuenc~' U.'(lllil\in:! ,·ir..:uil~ ~nJ ,Imil:tr
work.

The Typc 10i \ ;tri..mctcr cOIISI"l:> of tw" wils \\hi.:h are bc,th
sCllinn, of C\'linder" onc ' r Ilhieh is sli~hlk ,mallci than thc lither.
The smalll.'t coil is mounled within thc tar,l[~r in such a lllanncr that
it flU\' be rolated abom its \"Crtical Jiametcr. The mnncl'ti()ns of
each clIil arc brougltt mit separately in order that the coils may he
COlltH'[(l'd in scrie,:,. I'ar:llld. or uscd sl'pal;"t1cly. This arr:lugCt11cnt not
.only il1l.:l'cascs the rang-e throu,I[h whid\ tlH' illdllCl::lllCC may be \,,1ticd,
bUI al~(J incfeases Ihe ll~dlllncss of the instrUlJ)<:nt.

1\ sih'cr etcheJ dial \1 ith black filled lines and figures indicates
the rdatl\C pt,;;iti"n (,f the cvils. When the dial rcatlim: is zero. the
currents in Ihc 1\1'11 l'l.ils are cireulalinl( ill upposite dirl'eti"1\5 and the
inductance i~ :t minimul1l. When the dial read inc i~ 50, l.:orrc'~ll1dinl!

tv a r"t,:lIioll (If 'I()'. the c< il~ are at richt :Il1lo:1e;; and the I"tal induc
tame i, Ihe ,11m nr the "clf-indu.:t3nc:es (If the two coi\';. f"r the series
omnenion. :llld aprrllxim:ltd~' .,ne-half the indu~·I':!l1..:e nf it slnclt: cuil
for the parallel .:onne(\t(,n. \1 the 100 readitl~ the curn:nts in the coils
arc f1C>\\in~ in th" sam" dm:ctiun and Ihe 1"lal induct,11l(e Ill'cnmes the
~wm l,f tlte ,clf-lnuu(\;H1L,'., or the coils pIll- !llke dwir llllltUill induc
1;>11,'e r'lr the selie, o.:onnl.'nil,n. :md fur till" p:lrallel l"\lIlneo.:tillll ar
r1'f'Xinlillcl~' nne-half nf tlll" ~UtI1 of tlte tltlltual induct;mn' :Inti Ih...
sl'lf-itldullanu.: l,f ;1 sin~le l·oil.

Tlw (I,nnl'etinn.; III thl' lm,,'\'inz cuil are made thwltl.:11 multiple
COll\;Ilb. ei.. inl! a Ill\1 and ClJnst3nt rcsist:lllo.:c. The coil \\indim:s of
till' ~l1\:llk'r tlldul.:t;l!ICC silc~ arc of ~trilnded wire \','ith the Sl'pat;,tc
strand, in~ul.1tcd frum t":lo.:!l (\ther. The field (,f th('~c coils co,nlilins
hUI \t'l\' lillie s,,!;J dielcctric :lnd little llll'lal. This metal i~ 11"11
JI1:l"lll'li~· ;md ~o I'1:I000l',1 ilS III he ill a \ery IIC:l!.; ficlJ.
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The t'ntllT ilJ"!I\!ll1t'111 is mounted ill ~ \\alnut C:lse Willi e1H.'r~\ed

hah-lilc P~llll'l. rill' lLH't:l1 p:lrts :lIl' finished In l'oli~hl'L1 nilkcl.
\tt:lrlied t" 111l' b"wlm of l:Jdl yari')llll'tL'r rasc IS :l ccrtifir:ltl'

~.. i\ifh' tlit' 111:I\illllllll ;lnd minililum l11dUtt;I11(e \Ihefl thL' c"il< :Ire '·"11
Ill'ltl'd ill '1'llt'S. t.'.llihr:,ti',n ,'II]Yes !I\:IY :11.<0 he supplied, lol' :In :ltldl
Ii, 1l:11 tll.l~t· ,I ;:.;;!~), !.'i\·ill~ 111 1, indlll'\:lIKe tl1l"\H!lWU! the l'lIti!t'
f.'ll1~(' f"1 i",]h IL\· nil"' ;,ud 1':11":1111'1 n>flfle,tilll<.

Type lOit . .\bout .02 to A· !\1. H.

CHrie3 3 :lmrcrcs contiJ1U()llSI~·.

Code \\'"nl "I [\Ppy..·

Type 10iC..\bollt .10 tn ~ .\1. JI.

l':llrll'S .I; :lllIpcrc rontinuOllsl~·.

TyrclOil1. .\bout A til I~ .\1. II.

C"JTit'~ )~ ;Imperc cUl1tilluollsl~·.

COlic \\'ord "11.\ \·E\, .. ·

Dimensions u" x G" x :-,". \\ eigln ~; I Ibs.

$2~,OO

S2~,OO

~2~,OO

\\'e :Ire also l'l"cl':ll"cd to build sperial ind,lt."1,1flce coils \0 speciQca
tion. Coil. for filter circuits 11 sJwcialty.

( p"rC .1.15 J
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'\H::JlUd!ll~JOpOlp::nU
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Type 193

DECADE BRIOGE

Briel.;c methods han become standard practice for the measure
ment of inductance. capacity, and resistance. in all bridge circuits the
\'oItagc between tWO points in an electrical network is reduced to zero
by babncing the voltage drop across the unknown with that across a
standard. The balance or null point is determined by a suitable
detector and the \'Jluc of the unknown computed from the circuit COII

stants. .\5 a brge number of bridge circuits ha\'c been developed it is
desirable that a brid,l!c for gcnerallaboratorr use should be sufftciently
flexible to enable it to be used in as Illany circllits as possible.
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The type 193 dccauc brill!!;c (lInIJ1l1" the le,iqJntes RI, Rn, anti
Rt h"\\'11 ill thf' l.!::lj,;r:tlll. 1"111' 111111 r"in, illJi~-:tt,·, mOlY bl' ."nll'·C1cd
Sf) as (<.0 rut Rc in eitller tlle unl.II"\\ 11, ..r the SIJllUJrd ,Ifill. The
n:"isl3l1ccs are llun-mdunin:. !JelllC uur ~t,mJarJ llelade units.
JChribcd full\' in Bull.:tin 111.

The cOIbj'net i~ 01 poJi~hcJ \\ 011 nut. tItled \\ ith • o:"pper lining to
shiell.! the resiH.nce units frulll "uhiJe de.., rostatic lidus. 'I lIe panel
is fof polished baru ruhber \\1(11 cn~ran'd lelll'rine.•\ cOInplcte wiring
uia~ram IS also l'n~ra\cJ dilCdJ) un the panel. The metal 1':Ht:. arc
fini~ht.>d in bri~lil nilkd, Ins\lloHed hindmj? p0:>t:; :m: used thr< ughouL
\ \\'"oJen Ju~t con'l is hlfni~hcJ \\ith cal'll bridue to protelt the pand

and switches when n"t in usc.
RniJ/onrt' '\/"QJlaolloI/J. In makln): IIlca~uremenlS I,f rcsi,;tanccs

the null indicatnr i~ rfllll1cltetl hCI\\een PO;Ob 2 ;lml j, and the STD
posts conllelled tu~cthcr, Rc b('cCll\h.'~ th~ standard arm. The un·
known is connected :il X 3nd the briJg:1' l)<lbn.:!'J, The johnioll of
the netw(Jrk gin:s the equ;,lion:

lb R\ KcjRI:t
Thi" method 1lI3\· be used fllr either Jin:ct or .1lternatinjl current

resistance by cODncClin~ a Suil .. hle SlJllrn: at E, Fur rl,'~i~t:lnce lTleas
un'menu the accuracy uf thl' bridel' is .2'" if c:tre is taken in balancing.

IlIdurlrHlCl' Jf£/IJUft'III,'/IIJ, The briJ!!l' is prefcrabl~ set up with a
swilch such thai the null indio:ntor m:l\' be cunnected either to I or 3,
placin.£: Rc in either the unknown or standard ann as required, The
function of Rc is tn balance Ihe bridge for re~istallce, since resistances
as well as inductances must he balanced. Rc is connected in the arm
hnin!! the lower reSI~t3nCe, \$ this is not s-:encrally klw\\ n, the switch
IS cOlwenient. The unknown is cnnnccleJ at X. a suitable standard at
STO and the bridge balanct'J. The solution uf the network llj,·es the
t.'quation:

Lx = Il, LsjRll
.\$ the brid~e i~ alsu hal anced for resiiHance. the re~iHance of the

unknown is also indicatt:d:
Rx = ItA (Rs + Rc)/Rli

if Rc was connected in thc unknown arm or
Rx = R \ Ih/Ru - Rc

,\n induct.111ce may be cnmp:J.reJ \\-jth J. CJ.PllClly by ClInnttting the
capacity across RI. The unknown inductance is etllnected at the STO
posts, the null indicator to 2 and 3, and the X posts, l'onllc.:tcli together,
The solution of this net\\ork J,:i\-cs the equatiun:

L;." = It, RcC
The nccuracr of induct,lncc measurements is about .2% for air core
inducl;1l1Ces. Oll-ing to the .:hangc of inductance with snturation it is
impossible to obtain all exact balance with iron core incl\lctallccs as the
dc~rcc of saluration dl:lnges with e\·ery adjuslment. The error is con
sequently greater in Ihis lype of llwasurcmcnls. 'l'he ran~e for
inductance measurement is from about 20 rnicrohenries to several
henries_

Capacity mCOJUrt'lIl,'nIJ. For mcasurcments of capacit~· the bridge
is 31so set up wiul a 5\\ itch for transferrin\!' Rc from the unknown to
the standard arm. The unknown is connecteJ :H X :mJ a suitable
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.. tJ.u,l.. rJ J.l STU, Will. tl.e uri,ICI: l' II.llhcJ. tI ·.llllj n r die l1l:t-
\\ork gl\c~ lhe l''lua{lOn: .

ex = Rile,. R,
\~ befoTe. the rC,,;,;lanlC balance i:'i\c... the c'1uati,'n:

Ih = R\ (Rs -+- Itc) RH "r Rx I{,\ R~. RR - Rc
depel\Jin~ Oil the pll:illillll "f Re.
The accuracy uf the hriJuc iUT capacity mCJ.~urClllerHS IS .2~,. Its
rJ.IH.::e is [rom 0,01 10 scI-cr.-II micnlfarads.

, II ligna Earlh. \Yhell a wlcrhunc IS \I:>cd as a null indicator,
difficulty Ill.:ly i1risc due Lv the potential difference bcl\n:en the obsen'cr
and the Iclcphull('s. The char~6ng current rCliul1ill£ prc\l~nls ;'Ill cnet
ualallcc. Tliis difficulty Illay be ol'ercome hy thoe lise uf the "Wagner
E:\lth Conllceti"n." which brings the tdcrlwnc til CRIth potential. This
is accomplished by mC:llls of the resi ... lanl'l~s R~I ,1nJ Rl': and the extra
telephones T~ ill the ficule. The jum:tioll of R:-> and Ib.t is .t!fOunded
at J. With the switch open the bridll:e i~ balanced ill the usual manner.
Clo5in~ the switch. the secondary brid~e cl,n.o;isting of R:->. Ibl. R, and
Ru i~ balanced. u5in~ T~. ,\11 :llijustmcllts arc of courl>C made at Rs
and R)I in order not 11) upset the ba[anl"C of the brid~e. When 110 cur
rent flow;; throu~h T~. D is at ~round potential. The ,mitch is
opened, and the balance completed. R)! and R:-.: may be dcc;lde bu:l.cs.

RN J RI.l
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When the bridee is used for resist.1tlee meaSUl"emen15.
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Type 216

CAPACITY BRIDGE

Description

I \IT 1'1t=":I~e 1llt",l:;urClllcnt, (.1 ..1ll.,11 (.;op.H:ltJ.nu.... "I il.n:ulate Jeter
min,lti<>n (;i dH.'ltt!ric 'o~~c~ the t>rJinar~- type (,{ bridce i~ un ..ati"fa(tor~·.
SinH' the stray capacities in the cir.:uit arc of the same order e,f ma~

nHuJI: :I. .. the cap.:lcit\" h) be mc.. ~urcJ. \ bridt'c fliT the mcawrcll1\'nt
"f small caracitancc~' requires cumrlcte shieldin~ uf 311 ib clement!>.

The Type :?16 Caracil~' Bridcc has been dcsii'ncd {(,r this tyre f,f
mca~llrt'rnCnl. The clcmcnt3ry ..:irluit i .. similar HI that of the T~Te

1'13 Bride-c. consistin!! of Ihr('c rcsist:mcC's. 1\10 Tauo 3rrm and a power
[<lewr f(·,istancc. The cabinet o,nuinilli' the hridcc is cupper lined
and di,'idcd into sc\"cral ~hielded CCllllp3ltments.

In order tn i~{Jlatc the bliul.'c hom Str3~ capacit\· dfcets trans
formcrs Ilith cruunded shields hct\\cen primary aud Sl·conUar)' arc u~cd

hoth at the input to the brid}!e and at the null dcteclClr.
.\s thi, brid~e is desiJ.!ned f.JI the 1!lCa~Ulcment of small capacities.

where the substitution methoJ i~ used with equal 101:11 c:lpacittcs in thc
br:dj!c arlllS. the ratin arms arc equal l'eSiSlallce~" Thc u"c nf equal
arlll~ \1 ithout ~\\·itches makes a '"CIT accurate adjustment nf the re
sistances pnssihle. ,\~ the anns ;\fe identic:l!. am· slidn chanties of
1'00\'cr factor \I-jth frequenC\" will halanl·e :and I'rr...Jucc no resultant

[P~l:C' H<ll



error. Thre third rresi~tan..c drill rna\· be cunnedcd in sClic~ wIth reither
capacIty arm a~ rcquirc..'ll t" balano.:~ tht' h,.id~e. \ s\\itl;h I F) i~ rr,~
\·iJcJ for cOll\'Cnicncc In makinc the l;hanl!C, This rr:sist.£nu: i, l'lIC "r
<>lH ~taliJald nnn.inJuo.:ti\ch' \\ ..unJ J ...xauc bc.-,:l:c~. m"unh.-J ;n a
~hiclJcJ t'"mpartment.

It i... \ cr\' OitCII c.!1·"il<lb1e t'j ..:alibr.:ne a \ ernier cnnJclhcr wh,,~t'

tClal capacitaol'c is uf the j'IJel' of thrce H luur micrr'llllaolaf.:l.J". !'Qr
this work the l>lid'!c ia lir~t halancc..'ll. u$in\! (.lra..:tt"nll:'- ..I the "tder
of 1000 micr(lmjaofarads, If line" of the re,istance ratio ;jrm, WCle to
be increased fmc part in "I\t: thuusand j, I'" frum 5000 to 51)05 ..hillS,
the ralio l)f the capacitances \\'uuld be dwnl;ed accurJ,inglr, II hidl i, :l

chlln ...c done rniCl"lllllicrufarad. In order ilIa I the rHio arms rrla~ be
chanll'ed in this manner, resistance unils arc supplied with the brid~e

ThbC uuits mal' he added tu either l"3tio arm..\ldlOul.!h the .. t:ludard
e4uipmCnl or each bridct' indudcs three Ilf these resistance units so
as to 2i\'e ratios of unbal3ncin'i; of .001. .U1 3nu .1. th ... \· (an be fur-
nished to gi,·e any utio desired. .

Since the impedance of ~mall capacitances at Joe)) crdes i~ high
Ihat of 1000 micromierofauds beini!: 1&0.000 ohms-it i~ desirable that
3 hi"h impwance dete(wr bo: ""o:d to denote the balance \X'int nf the
brid~e. :\$ the imrec.Jance 3t 1000 cycles of 3 rail' of scnsiti"e tele
phone recei\'ers is only of the tinier of 20.000 Ilhrm. it i~ c\'iJcnt lhat

this is tOO Ion'. For this reason a tclephune trandtJrmer ,lith ;I primary
impedance of 200,0Cl0 IJhllls :lnu a ~c((.nda,~- impedance .,r 20,1.100 ohms
is used. This arrangement prO\'iJe, the correct impedance in buth the
bridl:lc ilnd the ll~1cpho)lI(, circuits ilnd makes it p'l~sible t,} u...ten a ,ery
slllall difference in pOlential. sl1ch as thai (<lused by the unbalancinz of
the condenser arms to the eXlent of fllle hundredth uf J miCl'Olllicl'o
farad.

In order to prel'cnt crTOrs due to c;lpacit}' belween the \Ibsen ... ,
and the telephones. a grounded shield is used bct\H'en the primar~' and
<,cccndary of this transflJrl1\er. The junction or the lwn rc"i"tancc
;lTms is also t!'Tnunded.



The ,ll'curatd~ calibrJlcJ decade reSIWlncc arm 11l0\'idet.l for
po\\cr iattm measurement" i~ yaluable as;l me~ns ,,( 1lll',hllrilH.' didec
lric I(,sses.

O!'[IC\ nu:'\: The space a\ail<lble in thi~ b,)okll't i~ insutliciCIlt
fOil priming full Qpcralill~ instructiuns ff,r the brid~c. \ lllll1pk'lC buok
,""If illS11'uctions, uutlinillt' the procedure (or Y;ni,Hh t~'Pl'" vI mcnsure
llll'nt. i, .... upl,licd "ith t'nch imtlUllll'nL

l'~E:"l: The Typc ~ll) Blidge is adapted lD the measurement of
..:ap;l\~itances lip to abo\lt ..:; _\IF. \\"ith ~r\'at an".llrJ,'Y. The brid~e is
car.,blc of indic:lting <lll ullbaLl1lce of UllI.' hunJ.l'cdlh oi II llli..::romicro
farad. The probnble t.'rrlJt" uf IIlCaSUrl'IlH'nt usin~ l'Ut" T~ pc 121
Precision Cundcni>l'r is about I :-'l:-'IF. \\'hen "reatl'r :lLCU\';h\" is re
quil'cd all ;In'uratdy calibrated conJenser of Sl~l;lll cap;n:ity ~h~ulJ be
connected ;lcrOSS the Prt'cisiull. .\5. most errors (omc from Slr;l\- fields
nnd moving kaJs. ;J: permancnt :lnd sub~talltial ~el+up i~ necl'~s~ry [or
accurate work.

The bridge is also suited to the determination of the power faClnr
of dielectrics. The resistance adj\lStmellt may be made to one ohm
(the impedance- lI)ea$ured arl' often in the neio;;hborhuod of 200.000
ohms). This single ohm, however. may be :t consiJerable percentage
of the chance of resistance (Rc). and for this reason from 5-10';f> is a
consen·nti\"e fit,>ure for the accunln· of resiSlann: measurements.

The testine of small s,llnl'l{'~ ~li cable or thc study of temperature
Challl!:eS in dielectrics is madc eas\" because of the SCllSili\it\- of this
instrument. .\1\ l'x:lmple Il{ this la"ner use is a test made on'a sample
of hard rubber. The sample, which \\·as three inches square and Oll('

half inch thick, \\3; placed between t\\l) mctal platl's. .\t 5-1- F, thi~

sampll' had a capacitanc:: of II. micromicrofarall; and a phase :1Ot'le of
48'. \\"hen healed tl) llKJ-r. the capacitance 11J.L1 inCfe:lst'd 10 12.
micromicrofarads and the phase ande to 1~55'.

For the uwal run of capacity and power f:Jctor measurement". the
t~Te 2U .\udio O~cillat()r is suitable 3, a souro.:c. \\"here mcasulcmcnt;
arc tQ be made t,n,'r a \ridc r311!!C uf fl"(·queno.:ics uur T;.pc 377 \·atuU!l1
Tube OSl.:il1ator is a\·ailable. This instruillent olTers a ran~e eXlendira~

frolll 50 and 60 c~'dc l"ommerl-ial rrcquencics, through the nudio carrier
frequcncies and intu the radio frequencies.

Type 222.

Type 21G. Capacil~- Bridcc
Dimel1siom I," x 1-1-":1. 7". Weit'ln 17 lh~.

('ooe Word ·'Clnc."

T~pc 213. \udio U~cillatllr

Dimensil1ns 6"x-1- t .. "x5". \\~'It,>ht -p~ Ib~.

Code \ford ··.\CGER"·

Prccisj{JI1 Condellser. ),lax. Cap. 1500 \r:-'[f
Dimensions 9" x f:r~":I. 1lJ". \\"ei\:l11 15 Ibs.

Clxlc \\"OId "ClllJ.\L."·

~luO.(10

'f, 3~.OO



;, 2lS.00Tq'c :!40L. Bal:IT\(lIJl.! Conde1l~er. :\Ia". Car. 1500 :\I:\IF
Dimensions 7 1 ~" x 71!" x 81';". Weight 9 Ib~.

Cede Word '·CED.\R."

Type 1001C. \\'estern Electric D"uble tlead Rl'l'ei\"Cr~ 'f, 12.00
The rroJllet~ of the (Jeneral R..Jiu C, mp:.m- (u\-er a lvmrlcIC

line uf raJif) anJ denricallJ.bo..'I .. ("r~- arrarat\b. Inform..tion and hul
lltin, {,I "pclial arl'aratu,; \rill be ~1'1ll l n requc<,t. Our lille indudes
the (,.,Jlowin2: \ Olriablc _\ir C"nJen,;er'. StJnJard CunJenser<;. Dt"1:3Je
Cl,nJl'nScr~. \·ariometers. StanJard, (Of InJUl"tall(l'. SlandOlrds uf Rc
sbtance. Decadc Rcslslanlc B(,'l.cs. WaH:ffiCter'. Dccade Uridt!c. Ca
~·acjt~· Brid!..'e..\udibility ~dcter. II ,t \\'ire \Jt:ter~, Ciakannmeter<;.
Thermo-Couple, .\lisccllane(,(]S TrJlbl"rmcr,. \ allium Tube O,cillilt'Jr.
UscilllJ\l"raph. Pi~L() U;:lillator. \Iis(dlancvu~\rraratus.

.\11 rric:c~ in this bulletin arc ~\lic(k nel. ~tlbjed to chan~c with·
Out notice. F. O. B. Carnbridl!c. \(a~s. Ca~h ,houlJ 3ccolllJlany urders
from persuns or firms I\'ilh wllr ll\ we h:lIl' 1IIll alre3dy 'lpeneJ accounts.
L'nle~s nlhcrwise instrul'lCd we ~h31l mc "ur o\l"n judqll\ellt rel.:ardin~

method of shipment.

(Thi, Bulletin replan" Bulletin .409)
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Type 361A
VACUUM TUBE BRIDGE

Th~ uscs of the thrce-cltttrodl: \ acuum tube han= become so mani
fold that the sluJ," uf ih \'ari"us rharan(>nstils l~ "f lUll'iJcrablc
imporlance. SC\'cral lubc·ICSlill~ del-ices ha';e been dc\-cl(Jped and
placed un the market. These usually consist of a series of meters and
rheostats, \\illl or \\"ilhout enclosed batteries, and arc dcsit!l1cd to check
filament power and to measure certain sc·callcd "static characteristics,"
such as the joint emission to 8rid and plate or the steady plate current
passing under any particular conditions of fdamenl current or voltage,
plate "ohage and DC ~rid bias. From characteristic curves obtained
in this manner the "static Mnplilication constant" and other data of
\"aJue m:lY be determined" l'ndcr certain conditions, ho\\c\cr, the
hch'namic charaeteri~tic~" I'lf a tube are of morc fundamental imPMt
anee, To obtain ~llch data it i~ nc",c~~J.n" HI apply an \C potcrllial to

[P.:l~H6]



tl,e ~rid of the til be- <iud t" mJ"c tbc \,f lert-lin b,d,ln(cd-bri..l~c IlIC..i~

Ilf('llll'nlS,
The General Radio Type 3/11-.\ 1hid.e:e was den~]opcJ If, iurni~h

all in.>trumelll which w\fulJ nol ooly prcl\ iJe fur the ea5y anJ rapid
meaSurement uf filament cmis,iJln and (enain S~J-l'a!kd "st,Hi, cbarac
teri~tics.'· bUl \\"tlld al~o an :l~ it dired-(l'.aJill~ briJ!.'c gi\in~ thrce
luodameotal "d~nami..: chu.1ctcrlstils" "f the lUbe. n:unely: the \m
plilication Constant, lhe Plate Resistance and lhe .\IUlua] Conductance_
Tu measun: these d~ namic conStanB the bridge must bc supplied \Iith
current from an :uldio-frequl'lln- tone ~our..:t, prcll'rably sinusoidal !ll

character. and then be babnc'cd {or a null setting In the telephone
llcal!-sel :dter the l1lannc'r uf the ordinary impedance briul(c. Thc
Gcneral Radio T~'pe 213 Tuning Fork O~cilla\(!r makes an excell('nt
tone source for this purpose.

The bridge is desi~ned to combine accuracy with great ease and
speed of manipulation. All changes in the brj,d~e to obtain the differellt
circuits used are maJe by means of throw switch~s. The balancing
adjustments arc on a dial decade schcmc. There is no necessity for
remol·ing plugs or ch'lnging connections.

The tube to be measured is inserted ~Ifl a detachable U\' type
socket, mounted extcrnally on the panel of the bridge and filll~d with
an adapter for lhe small base tubes such as the UX-199, etc. A len·
\'oh Weston meter is pro\·ided for measuring the vohal?:e directly across
the filament terminals and. by means of a multiplier, the hE" battery
\·ohag-e. A Westall fin'·milJi:tmpere meter is used [l)r measuring thc
pbte current. This is equipped with :l shunt extelldin~ its ran~c (I)

tll'emr-fivc milliamperes. PrO\"isioll is made for inserting any desired
"C" battery in the l?rid \'ircuiL Thus, b~' varying the filament voltage.
plate \'ohage and grid bias (by means external to the bridl?e) the data
for lhe customafV "static characteristic CUITCS" rnav be cOJl\·enientlY
read on the bridec meters. Routine inspection lC'i(S a', definite \'olt:tl(c"s
are, of course. quickl~· and easih performed.

The bridge is equipped with three teleph1jne ke~·~ ami (\H) four-dial
resistance arms. the proper manipulation of which enables the operator
to determine quickly the three dynamic charactcristics mentioned abo\'e
for any particular specifications of filament I·oltal:e, plate mltage and
grid bias. Thus, in a similar manncr, the "dynamic characteristic
cun·es" of a particular tube ma~· be easily :Ind rapidly obtained and
research or routine inspection \Hlrk Rreatly facilitated.

The resistances tin: of the non-induclin: lUll' distributed capacit~·

type. and the bridf!c is adequately shielded. The inpul transformer
has a shield between its two windin!!s.

The units constitutinj! the bridl?e may be arran,l?ed in any or the
accompanyinl? circuits by manipulation of the key sl\·itche,.

The circuit of figure I. obtained br throwinj! in the key marked
".\:-'IPLlFlC.\TIO-'; CO:'\ST\:\T" "r,,\'ide.> fnr the ~lil'('ct measure
ment of the \·o!t'H.':e ;"lmpli~cali(ln constanr \lr the tnhe under test. The
re~islance R\ (tlie f'1I11 dial \-ann of til(' hl'iJ~'e) is ;Idjll~led unlil the
~hl'r thrl"ll1"h i' d\lf' T'-' c"rre'nt f~... "T'[ ,"'" ... " <. ''If('>;' b~l"n"c< ,he l"'(,liti"l

rP·lll't'~:;7)
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(LtE~) resultin,!? in the plate circuit {rom \'(llta~(' (E,l?) impressed on the
F'dd. :\Iinimum lone in the telcphonc~ indic3tc§ the bal4111ce point. El.l
results from the 1101\- uf the turrent (mm the lOne source throm:h tll(~

10 ohm rC";Slilncc in series ,\ itll R \.
In order for no current to flow:

Ep=t 'E,l?=R..\ iT
Where iT is the current from the tone "ourcc

t"E!! i~ I>rposite in phase to R.\ h
Ez=lOh
U=R,/IO

l1J(~ resi~un{'c (R,) ;~ nlllllcrk...lk CqU;l] If' 10 to, :lncl the decade
rc,,;,,{ancc ;;Y".(CHl 15 calibratnl din'r\l;- in term.; (,r aml'lIlicatiol: C' l~

Hant.



.\ I·ariometcr. by means of whIch the qUildlature componenl of
c.m.L intruo.ucrd by the lUbe Capa(ily may be balanced OUl, greatly
facIlitates the balance. The C( lIStant mal' be read tl") twO decimal
pb.ces. The rCSltlan.:c pr()\'iJc~ fur the lI1ea~urcmcnt d .1mpliflC<ltion
((lnsUnl~ ur to 100.00.

Tu measure pl'He resistan.:e the blidl!c is ~ct flJr the circuit of
Fic. 2. Tlll~ \'ahtc (If amplificativn C\Jn~tJm juSt JetermineJ is SCt on
the.\ arm, amllhe hridcc is balanced b~' adjusting thc {wllr dial B arm.
It II-ill be noted that R\ has been switched 10 the edd circuit and
replaced by the 1000 ohm resistance. RH has been <IddcJ in the 1!'rid
circuit. I'he cltl1dilion of balance require:> that the loin ps across the
HlOO ohm plale res is lance and R.\ be e'lu31.

,\t bala!l(:C' R\ IT-I(XX) II'
1l'=U':c (Rp4 ItUI)
EL'=h (Rn 10)

Substitutinc and di\"iding; R,\=IOOO (RII+IO) U (Rp+lOOO)
But: l =R,\/IO '
lIence: IOn lRn..Lllll. (Rp+IOOU)=1
Cih inc; Rr; Ion RlJ
Ril l~ (alibratcJ tll II:JJ diuxll> !II pl:He rrsist<.tllce.
,h befure u~e is nude uf the \-ariumeter in balancing out quad

r;lture compunenl in ac.:urate aJiu~tlllcnl of the bridge. :\!casurelllcnt
lIla~' he made of pl3lC re~istan.:e~ up to 1l1O.0CO 'Jhms in 10 ohm steps.

For measurement o( mutual conductance, the briJ[JC circuit IS
tran"fur1l1~1 (\I thaI ,,( Fi!:'. 3 (the WOU ohm plat~ re~ist;lIlce \If Fit'", '2
i~ redll<:ed to 1110 and the I!rid rt'~I~lanc~ hel;l,tmt::; 1(00). Balanc~ is
"btaint'd hy adjll~tin~ R \ and the nrillmCtcr.

,\l b,dllmc: R\ II'=I(XI Jp-100 l'EI!/(Rp+100)
1·.1.'~lnoo IT
R \= 100.000 L- Rp (Rp is lart.'e c'llnparc,1 li) 100).
l'=R \ RI' 1f'().OOO
,\Iutuall"llndudance= { RI"=R\ 100.000

Since the ,\ arm i~ marked \\ith I to "r its {lUt' resi~lance:

),IUlUal conduClamc in mh"s=rcadlllt" 1,( .\ arm;'( 10-1.
\'alues up toO.Olll\ho may be read in steps nf (jnc micromho.
Fig. 4 is the circuit flJr lakin!! the static characteristics. The

voltrnNer is norm:llly conncet~ acros" the filallwnl, Depressin~ a
~witch cnnne":IS it ,1croSi the plate batten'. and thlO\\-s ill a multiplier.
The maximum r~adinC' ;~ 200 nl1t~. The :tmmet~r is pro\'jdcd with a
shunt. rcadine 5 or 25 milliamperes ll1uimum. \ button lrp~ of switch
controls the shunt.

The T~'pe 361-.\ \'acllum Tube Brid(!e recommends itself lO 111e
IISC' of J:;boralories uf radiI") m"Il11faClnrcrs II here all accurate knowledllc
of tube characteristics i~ requIred. for intelligent desipn either of tubes
M of sets. It is alSl'l panicularly well adapted to lh~ work of col1e1!'~

laboralflTie~. bein~ suffici~ntly simple in operation and ru~ged for class
work. and sufficicni accuraTe f('lr mor~ ad\'anctx! research.

\ pamphlel (I( instrU("ljon~ is supplied with lhe hridpe.
Type j61·\. \'.1\1111111 Tuhe Rridt;c. priee _.. g250.00

c,l/.lc \\'md "BIBI.E."
Dil11ellsi(lO~ 16":< I~":< A". \\·ciL'ht ~1 Ibs.

rp~1"l:"S91
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Type 170

HOT WIRE METER

.\n instnlllllClll for the measurement of cunents at hi~h freCJuencies
IllUSl han~ its inductance ;lnd capacitance kepI as small as possible.
Hi~h impedance 11"0uld came the readings to \"ary with frequency.
For lllal\~' radio frequency IIlcasurcmcms a suitablr dcsip-ned hot wire
ammeter has the necessary characteristics which particularly adapt it
to this \\"ork. It should. hm\"C\'cl, be rccop-nizcd that a hot wire am
meter is inhcrl'ntly a less accurate instrument than those of the moving
coil I~·rc. which of Cl/ursc are impractical for mcasurin~ current al

[I'Jet' ;21]



high frcqucncil.:s. In tlur tnws 127 ~nJ liO I[ut ,rile Ammeters
careful dl.:si~n :lnd ~(J(JJ WOl'klll;tIlShlp hal-e pruduced an instrument
which is electricall~' :lntll1lechani(all~ l{Q\1I.1. rU'6l.ieJ and reliab[e, These
meters, pani.:ulnrly lhe c~h-:HlullH'ter t~ pc, \\111 .... h is the 250 milli
ampere sj~c ullc~liurat('J, arc \1~~'J \'CI',. cxtl'll~i\'cl\" ill W:l\'cmcters
;llld similar oscillating l'ir",,'uits fur detcl:mining thc' l'CSllnnllce point.
The Type 127 meters nrc u~ed extcnsi\'cly for llle,1suring the r:ldiatioll.
filamcnt :tnd plate currl'nt" ill e'"rcrimclltal colHinlluus 1I".\"e trans
mitting station>, Tllc T.I pc I iO meters ha\-e found a Iride usc uutside
of the radio Held, 'l"h('\' tire used ;\$ nansfl.:l" instlU1l1elltS in l..'cner.'ltur
tl.:stinl! ;lnd simibr work. ~

The cxp:lnding- qrip in thcse meters i5 of thin platinum. so a~ w
prelem l,,\iJalilln. [L is so pruponioncd th:lt it works at a lUll' tcm
perature and is of lr1\\' IT~istance, These arc two highl!' dcsir:lblc
features. since the former permits reasonaule O\erl<Jallin~ withoul
burnin~ <iUt, :111(1 the latter minimizes the losse~,

The lype or 1l111hiplyillt:: action i~ "!lcll th:ll a 1I\1,]"C uniform scale
is out.1ined than with m:ll1\- Iv1t lI'ire meters. Thc5(' melcr!: II:Jle heell
conc..;lcd f<lr tClJlj'cr.1turc so that tlll'rc i<. \"("I\ little shift of 7.e1'O, \m'
1l(.'l'('<'5alT corl'cnivn ma,- be l1l:tdc 1)\· aL1iIISliJ1~ :t !.;n\lrl"d scrt',,". Till:>
typc of 'instrullIClll i~ c(\ually .1((llr3t(' (11\ dil'en Ill' illternatin~ CUll'Cllt
nr any frcqlll'ney_

Thesc ill~tnIllH'nb atc madc in tllil ;::c1\l'r:l! SIZl.'o;. Ty!'e \2i i~

the stnallcr. (>1' tllrc("-inch ~izl.'. :lnd i, lll:tde in Il\1ec \lpe5, jlortabk,
frl111t-nf-bo,1I'd 11llluntlllC :lnd n\.l~h m"untin~. 'I",-!,l' 170 I, the I;tl'l..'('
size and is made only in till' !,nJ't<lblc type. 11 is mlJuntcu in <l 1'0li5h~'ll.

lIalnul ":lS{' and fiu("d "ith earning <;ll':lp.
The Type 170 !Ill.:\l·rs ;lie made in Llle size" li~ted belll\\". The

T~'p(' 127 meteI';' llLe il1115t1':lted :I!ld li"tl'd ill BllIlCtin IJ2~,

,.
·"
·J
· !Ii
.OR
.u+

H

Rcsi"tann:

:; 1,0 (.,hll1~

(i.~

U

i{an~c

IOO\!. \.
2:iO\1. \.
;00,\1. \.

I amp.
:! :Imp.
3.1!ll1'·
5 alii!'.

IO'lmp.
20 amp.

Ga!I'anometcl'

J.:? "

('I,dt' \\'Old

EXl"T.T
[-.\OKl'
r~\: \( I
E':CICL
EXI~RT

E':ILE
E.'\IST
EXPEL
EXTR,\
ETHER

C:lSC

Port~\hl('

p, .rt;tblc
PII]'tabl('
POllahle
pl\lt;,ble
1"\I,t.,blc
prJ1"l:thlc
POI tJblc
IlorLable

l'ol't:lblc

Prk:c

~2-1-.no

22,00
22.M
:!2J)()

2YlIl
:noo
:noo
n,on
22.00
21.00

Dimensions .p 11t)(5":dI~", \\"';il.'ht 16 n~,



WESTON METERS
Slll'rlcrl\Cnllll~ "lll" OlIn lille (If hoI wire ammctch, lIt (;(0 ~ul'l'l.\·

\\'I'~hll1 dircd-<llllcnt ,"olt metrr._. llir("d-<:urrenl ;lIlllllClCf" .1nd thermo
,illlllH;tcr~. The~c meters arc ..lll til(' Y' _'iizl'. !lush lllountint: II iIh blal.k
japan fini~h. The\' <Ire simil:H lI\ appearance and intcn:han:2l·..ble \\'llh
r.llf Type 127- \ I-Ir.{ ""ire \l1ll111'(CT-. Tho.: qllali!~' .md ~titnJ.lr.t~ I
""f'-I' n meter- aTC ~n hit'h and <;, l\l'Il kJwwn 111:11 j( I;' UOI1(...·'·,,;II\ I,)
dc_(ribc tht'lIl in further tll·,.lil. -

Model 301
DIRECT-CURRENT VOLTMETERS

\"111"1: l\l\'ter. are llIade f,.! 11\', !!'ClICtJ[ d3;;,CS oi cl\il.: ..-I.
f.ltli'l', f"T dl'tcrJJlillin~ the libllH:ul p,'tl'flti:1l tlf 13..:uurn tllhe_, .111,1
bid, r:lll\:{', t,oI dCIl'!llIinim' pl'HI' rl,1(:nli;I1.. The 111<>"1 ",,!,ub!
"11.1." 'II l"

Ralll!L' Codt' \r,.ul
4- \"h~ \l-TUH \L\:\t'E

Il) \fllt- \l TOn \TH
15 \·ult:: \IT(JB \SKET
m \·"It~ \l'TOB \"ITI.E

JOll \·"h~ \l TOB.\T
lIi~hcr r.lIli!C~ millt! (';.;lern.. l ,hllnl~ mJ.~ ue ~ul'rlicJ.

Prirl'
;-J;R.{I0
b.on
~.O()

l'i.OO
13.(\j

if dc~ile.l.

Model 301
DIRECT-CURRENT AMMETERS

I'J:l.tc and fil,lmcm rurrenl lllt::l<url'mC'nB :tre a~ nc.::e<~af\· a~ lill
e,-,rrc<p"ndinl! \"ha\!e lIle3~\H('11lCllb. I'or this ~l'l\irc the \I;.l.icl :;Cll
direct-current :lIl\m{'tcf~ all' t" he I"l'\lJllIllll'nded. The mt>H 1l,l'f1l1
f3T1t!e~ 3fe:

Rant!c
, milli:llupcles

100 milliamperes
200 milli:ullpcr('~

I., ampt'ICS

., alllrer('~

J 3mp\'fl'<

W ampere::

lode \\'or,1
\I "TOG_\LE
\t"T()(;\(;L
.\l"TO(';\SI'f.T
Il'TOC.11J
\ lToCOF I, ER
IlTOCmlll
\ L-'I·j)C()L-PI. [

Prire
1>10.00

~,11O

~.()O

R,U<)
:-i.elt)
R,lIO
,,00



Model 425

THERMO.AMMETERS

\rlll'll' qUlI:kncss in 1l1<JH:11lI'nt 'lllJ 101\' meter l'nert'f (<)llsUmptlPll
:lIC imp"nanl fcatuJ'c~, \H' rC('tlmmcnd the u~e of thCnl\(HIIllllH"tl'r- ill
r):ll'e d hot wjl'C alllmetCr~ for lllC.1Stlrill.r.: <llllellll:l 1'IIITcnt<:. 1'110,;
\\'o,;HOll ),)fldd .J.2.; thcrmO-:lJl1111CICI' Iqs Ihe sante u\{'l'ali dillll'mions
;1< tbe Model 30] direct-current rnttcl'~. This unit~· in ~ii:c and appl'ar
:Illce ~reatl~" adds to the tlttraeti\'cness uf il cumpldcly C'qllippl'd ((,nUt II
r:tnel, The i\!tI<!c1-1-2S metcrs arc made in the 1\,110\\ in~ ~i/{;;;:

Ranrc
1.5 amjll'IC"

3 amptres
.5 amperes
10 :lmpl're~

20 amperes
115 milliampere (;rd\:ll1UIIlClCr

Cntlc \\'md
TIII.\ZI~

THIBET
TIIICKISII
TIIIELT
TIIIE~n

"1IlIETSEE

1'6... c
f.J7.OU

17.()O
I i ,{)II

1:0..00
18.00
18.iO

Tile proJuns of the Gennal l{'~dio l'urnpany co\"cr a cump!l'te
Ene of radio :lnd cleClrio.:al1:J.boratlJlT app:lratus, Information "nd bul
h'tins uf special apparatus \\';11 be sent on reqllcst. Our line includes
the foJ!O\\'ing: \'ariable .\ir Condellscr~. SUlndard Condensers, Decade
ConJcnscrs, \'al'iomcters, Standards of Inductancc. St:llld:\rJ$ .... i Re
sistance, Decade ResislilnCt' Boxc,<. \\'aH'mctcrs, Decade JJridgc. Ca
pacity Bridge, Audibility :\It:ttl', Hot \\'il'c :deters, Gal\;llllJlllCICrS,
Thermo-Couple. i\liscellullcous Transformcrs, \acuum Tube Oscillatvr,
Oscillograph, Piezo Oscilhltor, :\Iiscellancous .\rparatus,

(This Bulletin replaces Bulletin 505)

[ Page 514]
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Type 134
THERMO-COUPLE

Dile t<! the nJll'l':lr:lll\cl~ lill~C I'H\\t'[ dl:I\\11 hy Illl~'ln:lling current
inStl'u1llclits (If the ll~U;lJ IljW, 11t~'IIlIoI-n'llplcs h;\ll' Ilr;'t'll [lJund best
adapted to the l1lc:tsurcrncllt "f ~Ill;lll (lllll'nll>.

The action of the thermo-coliI'll' dt'rl'nd~ "n tIll' bl'l1:1vior of joints
of dissimi1:lr Illcl:l!,; \\ hen Ilcatcd. \\hcn SIll:1.I1 j'lints 'tf 11l1likc llll'tal

:Ire welded lIJi!l'lhcr :\lHI hC:llCd. a dirccl loltacc i~ ":sllcratcd. In the
Type 134- Thcrrlln-('lIup!i' a jUlllli,on r;'.rlll'(J~t'l1 (If Ul!'pcr and C(Jn
Hanlan is placed imidl' :l healer (n;l. Ileal dc\clupcd by the passage
of the al1crntltill'o! {"lInelll thruu::h the hC;l!l'r l"il raises the temperature
of the juncli<J1l and L'CIl{,I',tlcs a dirl'rt \IlIt:l';:L'.

Till' 'l\pc 13-1 e"\I]'lc is dc~iL'lH;d f"l" u~c lI·illl (Illl Type 189 and
150 micn)amrere l!ail':Ul(I1l1ClL'r. \\"hen used wllh thi" ill"trumelll, a
current of SO milliamrl'rc,; ill lht, Itt':I!t'!" coil !!i\'c:; full s(ale deflection
on the meter.

The resistance of Ihe he3-t!,.'1 toil is abollt II ohms; that of lhe
junction approximately I ohl1l.

The llloulltin:.t for tIle ..:otlple is supplied with spade terminals,
spaced to lit all the bindin~ P!)'ito, ,,[ the 1:-:1) i;;lil"anOml'tN.
Type IH Thermo C1ilI]'lc. ]'rice $6.00

Dimensions 2".\ 1" \ 11 I". Weighl 4 Oi'..
Code \\"uru "T.\IIIlY,··



~3(),OO

r.,\BI.E
(;1\1 LY
G\LOP
c; \r-,ll:--i
G,\ZEL

of polished Irillnlll aud the metal pans are finishl·d in
It. conu;,nienl !c:llhl'r (illl\1l1!.' sOal' is pro\'idcd,

\pproximate
\li"T()all1per('~ Crxle Word

flill S(·;l1(;
1iO
7'
;0
'".,
'0

;?T 2 Ih~

.\pprnximall'
Zcr" Rl'sislanl'l'
[eft [Il "hm.:;
Cefllr(' 10 [Ohms
left 100 ohm,;
cenlre Hl0l,hllls
It'll 2000 "Iuns

Size S"\;",Jl,~", \rl,il,11l

Type
IR9E
18'JF
1891-1
ISryl
IS9L

Type 189
POINTER GALVANOMETER

t\Jost labtJrawl'ic5 require :1 ~ellsjlin:, p"nabk. illstrullIcllt fur the
measuremcnt uf nliTC1lI5 uf the lIrdel of l(I tll [000 ll1ino;IIl1I'cr..'~' Such
an instrulllcill IHUst be bvl[1 l>Cn~ili\l' and TlI~~cd, I'hc lypc I~II ~al

vanomctcr is adaptcd fl)1' just sllch sen-ilc,
This inHnllitclll is 1'[ the D'.\r~"Il\:I; lYlw. Il,-;ill"" the ~l!'ail\cd SIlS

pension which pcrmil'; of o.:realer scnsjlilit~, tklll the "il'Pt l\ pc ;IJld
requires Ill) leI din\!. Thc col! j" II!lund "n a d:ltl\l'in~ f'1111l :llId :ld
jusa:d to hrin,l! the cOli[ jlbl tinder crilical dal11pinc, 111(' ,-"II~IIt1cli"n

is~uch as 10 alll)\I' a ,;alt' l.,k';HllIlU: hCl\lc,'n Ihe .. "il ,till! lhl' "hill" of
til!: magnet pvlcs, thus jlrl'\l'lltin:: interference [rom chance lint or dust
panicles.

The s\lspl'nsir!11 i~ "f J'h"~l'h"r br<lllzl' 1"1 llnl intll,) thin strip. Thl'
sprinl! Stlppi>rt fl,r the sU'I'('I\,;i"n i;, <tic It :(~ t" 1<ll;l' It!' <lny "rdinan'
shocks withoul J:I1I).'cr of SHainin:: nr ,;n:lppillL:; lhc ~u"l'l'n;,itlll. This
type of construction. l<wcthlT \1'llh the Il~!ural J'r<Jl'l'rti('~ [Of Ihe phll~

phOT bronze strip, insure it rcaslillably stahle z('ro. The ~;Ih~nometl'r

puinter is fitted with :J zcn, :tdjtl~tl\ll'nl. and a daml"
Its combination of ponability :llld ~l'n<\til'il~' rn:tkl' thi" instrumenl

av;tilablc for a \ridc \'aridy of tI~C~, ram,inl' flrl1l1 i!ldic:llil\~ a brid,l'c
balance to the measurement (J[ raJill r,'cci\ed ~i!.'lJal strcnl'th. Tile'
dea.d)' drawn thrce inch ~c';l[l' makt'~ dw n'adi1H: (,[ th ..' inqrumenl \cn'
cas)'.

The case is
polished nickel.



GEN]!;RAL RADIO CO)lPANY
;\\A.''lifACTtJRERS or

ELECTRICAL AXD RADIO LABOR.UORY APPARATCS
CAMBRIDGE 39, ~IASSACIiUSETIS

BULLETIN 716 MARCH 1926

TYPE 332

STATION FREQUENCY METER
Transmitting stations, such as broadcast stations, operating at a

fixed frequency require a frequency meter of great preciSIon at a fixed

poin~j'he General Radio Type 332 Station Frequency Meter was devel
oped for use by this class of station. It is not a fixed fre'luency indicator,
but a frequency meter covering a limited band on each SIde of the station
frequency. This type of meter offers considerable advantage over those
having a single point indication in that it is possible to tell at any time
how far offics frequency the station is operating, and whether it is above

[P,g, 761]



or bela.... its proper frequency. This greatly facilitates adjustment of the
transmitter.

The instrument i$ of the usual \\avemeter design, except that the
range is small, extending about 5<;( of the station frequency on each side
of the calibration point. .'\ variable condenser of small maximum is
shunted by a fixed condenser to get the required capacity. This de\'ice
permits the use of an air condenser with \'I~r)" ..... ide spacing: .....ithout mak
Ing the instrument bulky. Increasing the t"Qnd~nscr spacing lessens the
change in capacity under temperature variations.

Inlide view of Stal;on Frequency Meter

:\s 11 range of hut JOC( of the operating frequency is spread over the
entire scale of the Type .1.12 t\leter, the scale mar be read directly to .IOf.
The station frequency i$ at the middle of the scale and is accurately set
at our laboratory. The Bureau of Standards will also supply calibration
on these meters if desired. The meter must be sem to the Bureau b\'
the purchaser for this check. .

When the meter is coupled HJ the oscillating circuit the resonance
point is indicated Il)' means of a thermo-ammeter.

The instrument is completd}' enclosed in a .....alnut case with leather
carrying-handle. The hinged rop is remo\'able, so that the meter mar be
~rmanently installed.

USES
The T~'pe JJ2 Station Frequency i\!eter is adapted for use as a con

trol frequenc~' meter for transmitting stations oper:uing on 11 fixed fre
quency.

I ts construction permits irs installatiun on the operating desk, where
the operator may have under his observation an indication of the trans
miller frequency. When permanently installed the meter deflection will
also give an indication of the /Xlwer bein~ developed in the oscillator.

The meter may be supp ied with either wavelength or frequency
calihration, but will be calibrated in frequency unless otherwise s cified.

Type 332 Station Frequency ~Ie[er . .~110.

Dimensions, ~:/I x !()S ~"..x IP(: '.~·eighr, 13 Ihs.
l·ode \\onl: Sl·.~:--;.'\.

(Page 7621



GEN]!lRAL RADIO COMPANY
l>IANUFACI1!RERS Of

ELECTRICAL AND RADlO LABORATORY APPARATUS
CAMBRIDGE 39. MASSACHUSElTS

BULLETIN 717 MARCH 1926

TYPE 338

STRING OSCILLOGRAPH
In mall}' lines of work and experimentation with alternating Cllr

r~l1ts the need is frequently felt for a simple, sensitive, \Xlrtable, ant!
inexpensive oscillograph, with which one may vicw with ease either sus~

rained wave forms or transient currents and voltages existing at any
point in an electrical circuit or network. To meet this requirement the
General Radio Company has designed a compact and moderately priced
outfit which may be used for two distinct purposes:

I. As a string oscillograph which operates with much less power
than is usually required by such instruments, but which affords a satis
factory me,lllS for the visual examination of wave forms over a wide
range of frequencies. The wave of either current or voltage is traced by
the shadow image of a very fine vibrating wire rather than by a spot of
light reAected from a mirror attached to a moving system. The vibrating
eh=ment can, accordingly, be made much lighter, resulting in an increased
sensitivity of the instrument. The uses for such an instrument are mani
fold, as, for example: the observation of large or small alternating cur
rentS in the laboratory. power house, or class room; the visual examinll
tion of telephonic currents in simple or complicated circuits; the study
of mechanical vibrations (when combined with some form of microphone
or magnetophoJle) occurring in moving machinery, or in bridges or other
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.0.2 millivolts
.. 1.0 "
.2.4
.8.5

structures subject to interminent stresses; etc. For many such lines of
work the portable nature of the equipment is of especial value. If the
oscillograph is connected in series with the loud speaker of a radio re
ceiving set, an instructive and entertaining result will be obtained.

2. As a reliable vibration galvanometer, the string of which may
be tuned to give a good degree of sensitivity at any desired frequency
over a considerable range. In this respect the instrument is especially
useful as a null point detector in A. C. bridge measurements when using
low frequencies at which the telephone receiver becomes insensitive and
otherwise unsatisfaCtory. As the galvanometer has no coil in the mag
netic field, its react:U1Ct' is practically nil when the string is not vibrating,
a feature which is desirable for certain applications.

An idea of the sensitivity of the instrument maY be obtained from
the following data: Using a' string of O.{XXH inch tungsten wire, un
damped, and tuned to the fund;lmenwl of the applied A. C. frequency,
the following potentials are required to produn.· a wave form having an
amplitude of one millimeter:

At 60 cycles .
At 250 "
At 500
At 1000

The D. C. sensiti\'ity of the same string when tuned at \'arious fre~

quencies is seen from [he following data, which give the D. C. potentials
required to give a deflection of olle millimeter on the screen:

At f:j) cycles. . .. O.(J04.7 mlts
At 250 " .. 0.065
At 500 ... 0.30
At 1000 . 1.11

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

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

L A galvanometer, Type 338-20.
2. A totating lllirror oox, Type 338-21.
3. :\n oscillograph base cabinet, Type 338-22.
4. A carrying-case, Type 338-12, for readily storing or transporting

the insttumellt.
5. A convenient piece of allxiliary apparatus consists of an adjust_

able rheostat, Type 340, having a rota I resistance of IOO,{)(X) ohms. This,
placed in series with the oscillograph. enables the same to be llsed with
voltages up to 500.

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

.A motor~driven film camera is heing developed to be used with this
eqUIpment.

The appearance of the outfit may he seen from photograph. A
walnut base cabinet serve!i to support and properly align the parts. In
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the left portion of this is::1 drawer for holding spar~ string mountings ami
llther equipment,

The gah'anometer is mounted upon the right-hand cOli uf the
cabinet. It is sensitized by two permanent magnets, thus eliminating
the need of a source of dirttl current for produt';n~ the necessar}" mag
netic field. Two specially shaped pole pieces afford a long, narrow,
vertical gap in which the string vibrates, and at the same time serve [Q

~upport the optical system, which con~;sts of a large and a small can·
Mnser It'lls. together with a microscope objective. The large lens and
the standard automobile headlight bulb used are lo<:ateJ in the lamp
chamber seen 011 the extreme right, while the two small lenses 3tC

located within a tube passing through the pole pieces. All three lenses
afe adjustable along the optical axis, while the lamp is adjustable in three
.lillll:rlsivm. This Ilml..cs it CitS) to focus [he ~ystem to give a uniform
field of illumination. :\ thumb-.screw, located on the left end of tht: lamp
chamber, slides the optical system as a whole with reference to the srring
and thereb)' focuses the shadow image of the same upon the obsen'ing

".
The string is mounted upon a metal rocker arm, which, in turn, is

attached to the rear of a "enical bakelite strip, shown in the photograph.
Two adjustment screws will be seen prmruding through the front of this
~frip. One of these varies the tension on the string while the other !'-erves
fOfllove the suing across the light beam in order to center the image on rhe
~crt:en. Provision is made for damping the vibration of the string, if de
si~d, bv means of two drops of oil. The whole string assembly i~ readily
removuhle, electrical contact being made through two spring~ on the
galvanometer base. Two string mountings are provided WIth the equip
ment, one strung with a very fine tungsten wire about ,{)(XH inch Itl

diameter, while the other is strung with a coarser wire. These strings,
which lire each 471 inches in length, may he considerably oVt:rloaded
without damage. As they carry no mirror their replacement, if al'cidellt
:Ill}' broken, is a comparatively simple op~~ratioll.

On th~ left of the galvanometer base IS mounted an enclosed poten
llometer for adjusting the potell[ial applied to the string, and hence eOIl
trolling the amplitude of vibration.

On the left of the cabinet is mounted the mirror box, '" hich is Iike
v.ist made of walnut. This contains a rotating octagonal metallic mirror
v.hich affords the necessary time element of linear motion perpendicular
10 the vibration. The mirror is mounted on the sh:tft of a small induc~

tion motor and is provided ",ith jewelled hearings. This mOTOr is of
~impl~ construction, consisting of a circular Jisc, the periphery of which
passes through a gap in a rectangular, laminated core. The core is ener
gized by a high impedant'e coil carrying a GO-cycle current "nd is sur
rounded by two copper rings acting as "shading coils" al'ounl! one half
o( the cross senion of each pole. The unsymmetrical distortion o( the
resulting field affords the driving torque, This morar is not inherently
s}'lIchronous, as its speed may be controlled over :t wide ran!l;C merely
hy v:trying the voltage impressed on the e,~r~izingcoil. This is done by
me:tns of a potentiometer, the knob of which IS seen in the center of rhe
cabinet.•;\ verr constant speed of any desired value mar be maint:tined
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in this manner, which makes it cas)" to synchronize the motor to any fre
quency impressed on the strina. producing thereby a stationary wave
pattern. I'or obsen'ing transient phenomena of some duration, it is
desirable to have the mirror run quite slowly, while the maximum speed
of the motor is necessary to separate the individual wave forms at the
higher frequencies. The 6O-cycle w3\"e1ength at maximum speed is from
212 to J inches, giving a wavdength of about \ll inch at JOOO c)·c1es.

•-\ scretn bent on the arc of a circle is ~en by looking down into the
box, which is pro\'ided with an adjustable metallic cover that serves as a
hood for shielding the screen when desired. The observer rna)' stand :It
some distance from the screen and still watch the wave form while
manipulating other apparatus. This is a convenient feature. A qlindri
cal lens is mounted in the mirror box for concentrating the light bum
into a narrow line. This sharpens and intensifies the image considerably.
The front vertical wall of the mirror box is easily removable for ins~
rion and adjustment of the enclosed parts.

Terminal posts, together with :I cord and plug, are provided for
attaching th~ equipment to a source of (JO.cycie. 110-volt current which
may conveniently be turned on or off by a small plunger switch mounted
on the center portion of the cabinet. This is the only source of power re
quired, as the lamp is, lit through a step-down transformer mounted in
the cabinet. The whole outfit takes about 40 watts.

The cabinet comainS" a 3 7\1 F. paper condenser which is frequently
useful for eliminating a D. C. component from the suing.

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

When the outfit is desired for use only as a vibration gah'anometer
it mal' be procured without the mirror box, but provided with a longer
tube having a small translucent screen for ohsen·ing the image of the
vibrating string. In front of this is a small qlindricallens for (:oncen_
trating the light beam and intensih'ing the ima2e. A metallic support
IS provided for the outer end of this tube. -

Galvanometer, Type 338 20 ~80.00

:\Iirror 80x, Type 3.38-21 60.00
Cabinet, Type 338 :!2 40.00
Carr)·ing-Case. . . 10.00
Type 338 Oscillograph, "ith Carrying.Case. . .~200.00

Dimensions, JO" x II" x 17". Weight, 61 Ibs.
Code Word: "OFFER"

Type 338-20 Vibration Galvanometer Equipment, with
Carr)'ing~Case 'f.14Q,OO

Dimensions, JO'/ x III' X 171/. Weight, 53 Ills.
Code Word: "OFTEN"

Rheostat, Type 340 .
Transformer, Type 285-N
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GENER.AT, RADIO CO)IPANY
MA.""urACl1,;RERS OF

EI.ECTRICAL AND RADIO LABORATORY APPARATUS

CA.\IBRIDGE 39, i\IASSACIIUSETIS

BULLETIN 718 MARCH 1926

TYPE 275

PIEZO ELECTRIC OSCILLATOR

TYPE 276-QUARTZ PLATE

The piezo electric properties of crystalline quartz make it particu
larly well adapted for use as a frequenq standard. Plates of this material
when properly prepared, and placed in the circuit shown on pa~e 768,
will hold the frequency to extremely minute \'ariations. The osCIllating
frequency is independent of the electrical constants of the circuit. The
frequency is entirely dependent all tht: physical dimensions of tht: quartz
plate which may he ground vcry closely to specifications. The frequency
IS practically unvarying with temperature and is not affected by an}'
mechanical shock which does not fracture the plate.

The General Radio Company, working in conjunction with Dr. W.
G. Cady and Dr. G. W. Pierce, has developed a commercial application
of this principle.
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The instrument is entirely self-contained and consists of the com
ponents shown in the wiring diagram below, mounted in a suitable
cabinet which includes all nccesSllry batteries. As the plate mounts on
the front of the panel with a plug-in arrangement, plates may be readily
exchanged in order to extend the frequenc)' range. Th, tuned circuit
lllUSt be adjusted approximately to the frequency of the quartz plate, or
the system will nOt oscillate. The system will oscillate only at the fre
quency determined by the plate, and not at the frequenc\' of the tuned
circuit. The coil is mounted externally and is suitable (or coupling ro
other apparatus.

t./cen,o;ed' .-<1'_,.. p<;.l'cnts /+$02"," ..-/"'.,..72.58.3
For ':"'1'_,..;""-.,,,,1 ...._ on!>,

P.:I I_."d's ... ;is<>fl.'Y
81",,,k 1.<:I<is-A"SdH,,'Y

K" .., ''''d;,,<;I~S''' I~ ..<I
A

+

WIRING OIACRAH

"Z7S P,EZiO 05CU.LATOR "8'8... .,..

T<lo""".< ,.I"" _s, "----=1-,'1i[]III~
.6_ /., .... ,of",.,. c"""""f'

.....'1 n..r .rlo>_

The oscillator circuit is shown ahove. A L1X-199 tube is used as:lll
oscillator. The meter, tllountedon the ftollt 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 H.F. or L.F., depending on the frequency at which
It is to oscillate. In general, plates for frequencies higher than 500 h:.c.
should be used ill the H.F. mounting. Reasonable care should be taken
in handling the plates, as ther will fracture if subjected to tOO great:1
mechanicnl shock.

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

[P,g, 7681



become ven" thin, difficult [0 handle, and fr:l2ile. The pracrical limits
at present ;re about 100 and 1500 kilocyc1es~ Lo.....er and higher fre
quencies are readilv ohtained frum these fundamentals, as the oscillator
output is rich in harmonics.

Where it is desired to use the weaker harmonics of the plate, an
oscillating vacuum tube is coupled to the oscilla tor output. The auxiliary
oscillator rna}' then be tuned to the harmonics of the quartl-controlled
lUbe by the beat method. Harmonics as high as the thirtieth may be
made use of by this method. Lower frequencies than the fundamental
may also be obtained by means of the auxiliary tube. The :lu,,;iliary tube
is adjusted to the lower frequency by tuning it for dead beat between its
harmonic of the desired order and the quarn..controlled oscillator. B\·
means of this de\"ice, a single plate may be used to ohtain a great number
of frequencies.

QUARTZ PLATES

Three classes of plates are provided. Where a wavemcter $t:mdard
I~ desired, and the exact l)(lints of calihration are immaterial, a plate can
I.IC.' provided without grinding:. Plate!;. of this c13!;.$ are provided with tht,>
usual mounting, and the fundllmental frequency measured to 0.10(.,
engraved on the co\'er. They can usually be supplied within 25CC of
any specified frequency within the alx)\"e range. By making use of
harmonics, one plate ma~' be used for a number of calihration points.
Where a closer approximation to a specified frequency is desired, plates
may be provided within 5% of the required frequency. Where the
requirements are stillmore rigid, pbtes ma)' Ix: ground to within 0.1%
of the specified frc<lucncy.

The entire instrutllt,>nt is enclosed in :I walnut cabinet, containing
all batteries. The price includes hatteries and tubes, coupling coil. and
<lne plate.
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USES
In the General Radio Type 275 Oscillator the princil,le of frequency

control by the use of quarrJ.: crystals has been made avai able for general
experimental use. The 275 Oscillator is intended primarily as a frequenc~'
standard. As such it offers numerous advantages over the ordinary
standard wavemeter as a primary standard. The entire equipment IS
considerably less bulky than the wavemeter, and the essential standard
of frequency, the quartz plate, is of vest-pocket dimensions. The fre
quency is affected only by some change in the physical dimensions of the
plate or in the holder clearances. The development of a small, reliable
frequency standard suggests the possibility of uniform frequency stand
ards, provided by a central laboratory, ending the present interference
between stations due to a difference in standards.

Licensed under U. S. Pats. ~'os. 1450146 and 1471583 for experi.
mental use onlr.

Dimensions, 10" x II" x 8". Weight complt:te, 19 Ius.

Prices:

Oscillator complete ..... ith one plate

Oscillator complete with one plate ground to specified
frequency

Plates, mounted, each

Plates, mounted ground within 5% of specified fre
quency.

Plates, mounted ground to specified frequency

Tlris Bu/!"in rqltun Bn/Min SD. if5.
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BULLETIN 803 NOVEM8ER 1916

TYPE 377

LOW FREQUENCY OSCILLATOR

\],1I1~ {'II illS of c1cctriGll J.od ph~sil'al Il'''l';n.. h pl'1.hkm" fCqUlll",

sr,L1I1:C "I altcrn:lunl' (urn:tll of t::.N'JtI \\,ne f{Jnll ;lnd \ariahk' "lei ;l II k
1;1l1!!l' Ilf frcqucncu:s. The pTl'l'crtic, "j the ",,"illatinl! \,;U':UUIIl llll'l

m:lkc it inhl'rcntly ild"rtcd {, r t1H' .:I." .. ud. a ~"llrl('.

In llln"cqucncc Ilf a licl'nsin:! il:.'fCClllcnl \\illl the RaJi., C"II"'l'"
11"11 of \mcril:.1. the (;cllcral Radi" C"llll'all~' is n'>\\ ah!c Iv surl'h
"111.:11 an (hcill:Hflf fnr bbor:HOn" usc.

The 'l\rc 377 \:lCllum Tithe Uscill.1tllf has J frequency l,lll,!!l' t,t
flolll\ {lO In 75.nOO C~T!CS. c.\t('nding Ihl'uu~h lhe :l\Idio :ll1d (:lrIlel Ire·
quclln- ranile<; into the 100\'e1" radio fr('quen(ic~. The <imrlified rire·uit
..r lh(' n~cill:lIor i~ ~hn\\n in Fi!.:. I. The frt:quenc~- of the flscillatinc
'ube (ll'ft) i~ c(>ntroll~J by \Unln~ the plate l'irl'uit. Thr: '.utput of the
meillalinc luhr: i~ fcd Ihmu~h iI cllupline pntenti,.melcr I', the amptifll·'
tuhe (rit'htL The I'liitc (If thc amplifiel tuhe rnnncct< dirclt tn Ihe
"lllput tClminak Thc l'ar;,lId fCl'd <~"CII1 {If pialI' "upl'h' i~ u~cd "II
b",h tuhe<.
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Ill'qllenn' inll'n;ll, II ;lh"l1l Irlll'l'r (,,'nl I'd tlll' l'lllire Ir"'''1u''lIcr r,lll \
1''-''\ Ill ....! with c,ll"h in.;trul: ,'nl.

Ti,l' H"ilblfr i imt.:lI.ll'lll., b... :h\',1 \\ill c,t!'t'r l'\ 101 \, L'X-II:?
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tRtlln,
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INSIDE VIEW OF LOW FREQUENCY OSCILLATOR
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\ OIdlUlll Tube
(hu:blllrs

.\11 I'IIU'S in thi, hullt,tin alC Silil'lly Ilet, subjen t,r c!t;IlICC Ilith
',1I1 lI"tin', I'. U. I:, ("l1LlhriJ:..'c, \IOls,,;. (',Ish sh"ulJ ;Il:(urnpany OIdels
(r,.m rel>,·n..; "1 linn~ \Iith II III III Ill' hal(' n••t ,llrc,HI~- opened ;l('''lnts,
l'nle" (.tht'rwj'l' :lhtrUdl...1 \\c hall Ih,' vUI (,\\Il jud:..'mcnt re..':ll\lin!!

llU.:t!HJ of ~hirllll'nt,

I I'a.ec h12 I
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MISCELLANEOUS TRANSFORMERS

Tht'rc afC many imlillll:c~ in raJiu 31U1 tdephClnc work wh~rc cir
~Ilih "f dilh,rt'nl illll'l-J>lIl(C. arl' ,,,upk'd w:.'cthcr. rC'lu;lill~ SHllle f"IIlI
IOf ill1l'l"tiJl1\l' aJju~linc dc\'ke.

Tile (;('lIcr,,1 Radiu Company m:lnufaClllres an cxtcnsi\·c line of
iml'",J:lllcc :ldjll~linc units fur \ad.lUs requirements. These include
[,,,111 fj'wd r;(1;" 11.Jll,{"1IllCls fur ,;perifir nccd, ;Illd \;lri:lble ratio trans
fll1l1lcrs {(lr lilblilat'l1~ lise II'hkh lIlay be adapted Iva wide range of
cirelli! illllwdallccs.

VARIABLE RATIO TRANSFORMERS

h,1' t'l'11I,'1 al I"t" .r>.llon I'III"PO'('S n transf, I Iller of variable ratio is
fr("Cluently l·'lIln~nicllt. Sudl a transform,,!" may he (unl\t.-clt.-O in circuit
;,n.l tilt' 1.11", :/,Ii\l~lt'd ulltll Iht' 111;.,il1\lIlI1 t'llt'f\:\ Ir:llls{('r is ohtained.

rI", hl't"~"'1 r;'Il~I, I lilt·, S 'lIe I'f,,\idcd i;1 ~t'\t'ral modds, each
11;1\111:,:;\ 1"'11"1 ':'1111:.' "f 1; I\;l!l~. rI", 1~lll' i" \;lriet! "11:111 typc~ hr
1I1t';.1I_ "I lh" \\i"I,. :,~ illu_ll;ltnl. Til" !'lilllan f"il in ,':,I\:h \:ase i~

,\\\"..1,1\1,11., the _.'",ml;II', 11l:l~ Iw ;,djllsled (" "11'1' d'llln (rallo~ k"~

dO:ll1 unill" '" t, "lq' "I' ( ..;tli,,~ L'l',';lIn lhall IInil\') lhe imp'"i.lalllt'.
]'ll'l'sli'/\ I" 1;;'11) llldu"lll' ;]1<' ad,lllLl'd fill II'll"ill\! out ,l Cif4

nlih h./lln'o( llllpn[;JlIl"l'" "f f'<lm I,oon I" .zO,OOO I,hm", al ff('quencit'~

;111"\1 t,(J f,ll'ln, Tlfll''' ,;;'11', to 3i'lIl llldll~l\,(' :l'C dcsigncd tu givc the
_:llllc' \;lI'lahk rail"" with lh,' p,il1lal~ ","l1n\! "UT "r rircuilS ha\'inc: an
11l1J','.!;IIlH' of Ill(,' old" .. "f (,UO "huh, T~PI'~ 3i'l(', D, C and II are
;ult / 11,lmf"IIIll'I_, 1\!Til.- TYl'n ,i'II:, !' :llltl I, halt: ",'parale rrilllan'
"11.1 "I"i.,,"d,ny \\indin:.''', 1'1lt'Y :tIl' 1'11'\I.lc.l "iTh tl'flllinal" til fit the
hi!' 27-1 I'!UL', a ."111,'111,'111 ft.;llun' \\hidl fa,iltlau'" rircuit challl.'(''',

I I' ., "II)



~I;.m

"011 , ,Imh

PI in'

'l\pt' 359.\ Transformer
Turn~ Talio (sec. HI pri.) OJ):!,. fU~. il.~. fl.;. 1.0. I.-I

Typt- 3;\JH Transfullller
Turn" ratio (sec. til pri.) 0.06.0.119. n.l'. lI.h. 0.2; 0.;;.

Type- H9(' \UlO Transfc'IIlH'1
Turns ratio (sec. to pri.) 0.025. 0.3i, n,;. 0.7. loll. U.

'I\pc 35lJD \uto Trandj,nner
Turns r,:ltiu (sec. to pri.) a.OII. 0.0'1. tJ.l.i. n,I:-i. O..?;. OJ;
,"ypl'S 359.\ !O D indusiH arc dl"~il.:lwJ II' \Iurk C'UI ..f \·irulih

ha\'im~ imped:lnces ,)f horn (),{l(X) III 20,lKKJ I'h1l1.".

Type 3591-: TI':lllsfCJrlllcr
Tllln~ ralio (sec. lC, pri.) 0.025.0.35, fL;. U.7. 1.0. lA,

Type 35<JF Transforllll"1
Turns ralio (st.....·. IIJ pri.) 0.025. (U~. U.'. 0.7. l.(). lAo

Typc 3i'K~ \uto Tran~f..,rlller

Turns ratio (sec. to pri.) 0.025.0.'>5.0.:;. fl.7. I ~.

l\pe Hl)11 .\lItH Transformer
Turn~ f:lIi'J (sl'e tt) pri.) ll.(lf). OJ)'I.ll.ll. O.I~. ft.::!.>_ OJ,.
Trrc~ 35'11-: In II indu\i\c art· Jt.·~j::I\l...1 I" \\I·rk n\ll It '1Illlll~

h:J\in~ impcd:lllCCS III 500 I" bfX) "hm....

DircH cunent (prirnar~) re"i<;lam:c :til 11 Pl'~

'I\'pc I 5'} Tram:f'JrlIll-f~ .

Dilllen... itln~ ·tt ... " x I\~" \ .. I ...•.

The T~'rc 21'i-4 lr:111<'{"fnwrs all' de~l:.!lI,'d f"1 1~·I1I"t~· ~',Illl' I ,111\1
line ;llllplilicr wOfk. Their P')\\C1' f:llinc i~ 20 \\;,11.";.

T~'pc ~IHC D'lubl~· 01" :-iin).'lc .\Iinnphllilc I" (;lid t Illlplill'.: TI:tll~

(Ol'lI\1"1".

'I'hi~ lrarbfnl"lllef i~ dl'~i\!llcd f"f UJlll'lill\! ;1 mi(I'jplllJl1~' Ilf ~·jllll·l

the sinl!lc or uCluble Imlll>lI l\'pe I" Ihe ~II.l \ I Ih~' lIl"l!ul'lh.r wlw
'1\1'l' 2~4D Plate til Tdcphl,nc LillI,' C"uplinl! Tr3.11'i\"rllll·l.
\ Iransrnrmer Jl',~il.'nC'J I" \\"11.. nul or TIll' 1'1:11\' of ;i "", hllm luIit'

,nullhc ~lalld"rd 1l.-lcpllllll.:' line (500·(lCM] ,.hms illll'l·Jalll'l').
rypt' 2:S-4E Tc1cp!lf)lIc I.ine lU (;rid t\ "rlin\." Tr:Hl411lller.
\ Cflurlin~ unil f"r ""I killo.: uut "f th~' I"" 1I111't...1'<1I1:\: "r J Id~'l'hnlll'

linc inlu the hil.'h illlpt.-dance l!rid cin:uit or J \ allium llIb~·.

Typt, 21-.. r prall' to Crill Cnupline Trarbftlll1WI.

\n inter"lll!.!c ~'ulll'linl! Iran,fllllllcl {fIT u~c \\lll'rc !loud ltll;t[ill is
e~sfrllial. The powcr raline is ~kublc III:u ul ClUI ,;;t:lIld,lIti '[\'1'1' 1s,.

'[\pc
2HK
1X.. lJ
211"E
21HI'

Turns R:llill
I, Ill-!
(1.3:1
1:-41
1:(1.5

IlIlped:lllCe lblitl

1: IO,MM)
40: I

1; 1700
1:"2.5

( I'n.'<' 1t1~ J

Rl',iSlallU: (l1h11l1O)
Pri. Sec

.. IH)f)O
HO IX

II< 1.J,lKK)
; ..0 1...lIUO



T~ pc :?~~ Tr:mdormcu Pric~ $12.00

Price 1>7.00
till' T~'pl' 13H

I'rill' :;7Ilt)

f)irncn~;nns ~l~" X jl 1" ~ 2; ,". \\ cil!"ht 21.l Il>~.

Typl: 2S5:-'1 Sin\!lc .\lil:rorJlolll' to Grid C"lIplill~ TransfW·l1ll'r.
Similal tn tilt' lyre 2H../C. but de~il!ncd f",. u~r wilh 3 ~in)![l' bottom

mill"p!Jwnc. TIH~ ,>tlllef f:Hin(! j~ 10 W3th,

Tums ratio 1:44;, Impt"llantl' I :2(XX),

Ditlll'n~i"l1~ ,I." X J'J" '( 2'l". \\"I·ielll I'~ Ib",
T: I'l' 2/'1;:-'1 I'rice ;;HKJ

Typt· 2h5T is drsi~nccl fUI usc brlllCl'n ..:irlllits h3\ ill,\! "ppl'Oxi
lIl:ucly the ~;lIl1e illlpedalll:C, 111 the 1I1'il!hblJI !LfJ(xl of 500 10 (jOO ohm!'>
I\hcrl' it j~ desireJ to insul:ole sudl l'in:uits from calh oiIlCI, a, I\hen
di'"'d lurrelll 11,,1\' ulllfle, .:mJ i~ undesir3bk' in the uther.

ImpcJalKl' Rali" I: I.

DilllellSi(nsj~./' X3IJ"x21~". \\-l'iI!IIlI11Ib~.

1\pl' 285'1'

The Type 21\';:'\i is dl'~i,\;!:ned t" :ld:lpt Ihc clcnll'ots Ilf
(l~, illll~'I:qlh ,,, IHid~l' l'irnllt~.

R.lliH-Turn~ ItI:l: Impl'd:llll"l: ,2;::1.

Dil11c'hi"II~ 1· ...')< jl;")< 21
l ". \\t'l\.!hl II! Ih~.

1",,1,;:\

POWER TRANSFORME.RS
SIl1:1l1l'''I\l'l \r;1l1sfnrmt:t's 'U{' fn.'qlll·r1th r~,.plill·d a0<1111 ,hl' bbola

tol'l ·1·l1 l· 1'111"11111l! !\!'l'S :Ill' ;11'lllabll'. 'I'hl' 1"'11"1'1" r:ltinl! I,f .. lIllpes
i; (,OI\Jlh:

1\ 1'1." 2i.1 TIJ.Il'h 1'01l:r I'rtd.· ::'12.00

1\1'(' 27j". 1'1i.11fI :--l'l2{X).-4").;-) \,,,Its
'I\p(' 27nr I'li.110 Sl'l.4MI-i.;-i.; \Olh

'1\j1c 2i31.. 1'11.110 :--l·l. 1;0-----i.5--1) \I)h~

Oitth'nsilllis ll~" \ .1.1,"\ .;1/'. \\\'i'2hl 31, Ih~.

'1''1'" 2:-1; O. IIll--'I.I, \nlh (10 \\;l1h)

Dimt·n_illll< jll" ,,1'l":.: :?r~". \\l,idll III Ib<,

\ numhl'l "~I "tIWI Ir~ns('llllll'r~ \\ill h~ {"lind listed in Bulletin
,,,. '12fz, Thl."~' IlIdude small 1'11"\\'1' Itallsfl,rllil-rs, ,rOil lUfl"l1 chuLcs,
l<Hlplint! 1131lsrllnlWrs, :llld filh'l~ fur u~t" belll/'ell the platc uf \arious
t~'lwS of \:ll"Illllll whcs .1nd !lIlIll"pcJkl'I<,

SJ1l'cial 1l:lIlSf'lrlllcls, both POI\('( .lIld Illlpedall(,c 3djll~lin!!;. mar
bc madc til llrdcr :lhlll~ the lillcs uf tllI'Sl' h!:acd abo\ .... Thl' usual pm:e
{"r <1I.:h spl'cial tr;atlSf"II111'rs is ~15.11U ('ad, net.

Thl' EfI!!IIWCI il1~ l)el'anl1l('1lI of tIll' (;CIICI al Radin ('()mpan~'

wr,uld he rbd In dl'll'rmille ~l'l'(ifi(alillllS I"r am' sHch lralldormcrs
llc<ivll('{l tIl ..el\l' :tll\ p.1rul"ubl 1'1I1"1'"<l',

I I' •••·,' S] 'i I



Type 166

TELEPHONE TRANSFORMERS

For mauy purp"H'5 in a l;lh"r:l.tf~ry a ,m.,11 iron ,ore Iransformcr
of high and adjusl3blt: impcdan.e I~ c,\lrclllch u~dul. It Illal bc uscd
10 ad,'anta1!"c in impeJ;lllle brl.l~l" '·IIIJlI..~ ill\.: J tclcplwne Ic..:ci\"('r hl
detect the balance point. \\uh thi ... Ir:ln,l. 'ilICI it i" r..,~ihle tt> adjust
thf' impedancc of Ihe tdeph"lIe .ir.:uH tOi I1Il' lIl,,~t ~atis£aulI'Y ,· ... llIe
for Ihe bridpe rin.:tlll. inJCl'l'rll!t'111 pi Ihe ll'leph.JllC n'..:ci"er imredant:e.

The windinl.' is all lin olle ll'C! of the ,"Ie. \Ill! is in 1\\'0 separatl"
pans so as 10 h'e u, ...J as a plllllary and ",·""mbr;.'. TheM' \\'indin,L'~"
however, may be connn"ted in ~crics ,11,,111.1 il bl.' desilcd to ll~C :111
3UtO transformer connection. T:lI's alc br"uo.dn "Ul on borh tile pri~

mary and second:lfY II indillt:s so 11131 il is I',,~,ihte tu \'an Ihe impc
dance and Ihe r,1tilJ "f trilmf"rrn3Ii"n. \ '111 •• 11 air J.:ilp i~ left in thl.'
iron core to pre\'ent 3ny p',ssihl,' distl/ni..n ..f 1\.1\ (' form due In satu
ration of the iWll" The panel j" "f bakditc with cnl!ra\'ed letterim.'"
i\'ickd plated bindilll! p..,.B .11'1" u,ed ;1'" li'lmin,ll,; f..r th" up". The
following lable ~llIlws the numhel "I IUllh ht"!\\cCIl "a"h "el ..r bindin~

posts:
PRI.\I\RY SEC():'(f)\RY

1-2. 150 Turn~ :;-(1 1200 Turn~

2-3 3()() "l'urm (1-7 2400 'I\HIl';

3-4 600 Turl\~ 7-x 4HOO '['un"

Type 166 Telephone Transformer ~'J"OIl

Dimen~ions 21..1":1.21/',21-1". \\cic:hl21b~"

Crxle \\"onl "TOPIC:'
I l' ,,' "I', I
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