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FOREWORD 
Commercial acceptability has been the primary thougbt in 

the design of Generil l Radio inst ruments. This should not be 
Luken to meau that they a re not precision instruments and , 
accordingly, Jack accuracy. but rather that unusual ruggedness 
has been incorporated in thei r design. They have been designed 
to stand ordinary commerCil.ll laboratory use, without loss of 
accufllcy. 

A general c1assificnt ion of aU instruments as laboratory 
working standards would. of course, be impractical. The vcry 
nnlure of some instruments as reference standards makes it 
necessury to give specia l attention to their precision . E ven in 
these instruments. the construction is such that they may be 
referred to regularly, without the danger of injury to their 
accuracy of calibration. 

A feature of particular interest i ll our line of labomtory 
equipment is the special parts that a re IlVailable fo r quick 
laboratory set·ups. These parts collsist of quick cbange..()ver 
switchcs, special plug and jack combinations, and bottle·neck 
binding posts. In It laboratory equipped with a few of these 
accessories it is possible to get a long with a smaller number of 
instruments than would be requi red if permanent set·ups were 
used . This class of equipment will be found particularly useful 
where compnrisons a rc being made between different kinds or 
instruments. 

In looking through th is catalog it is evident at once that the 
instruments listed are largely special ized ones for measurements 
at audio and radio frequencies. The fact, however, should not 
be lost sight of that ronny or these instruments nrc al so purticu· 
larly adapted fo r lise at commercial frequencies and in di rect­
current work. 

Aside from the items listed in this catalog, we manuracture a 
large number of special instruments and pieces of apparatus. 
These are built either to the customer's specifications or to 
meet his particular requirements. Your problems in this field 
arc solicited. 
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SHIPMENT and TERMS 
Unless specific shipping instructions accom l>any an 

order, we shall li se our best judgment as to the method of 
shipment. All prices are F .O.R Cambridge, M:assachu­
setts. There is no domestic packing charge and no charge 
for shipping cases unless so stated with the price of the 
instrument. 

'''hen ordering by telegraph, please specify quantity 
and our code word. Foreign customers will find it con­
venient to use Bentley's Code. Our cable address is 
Genradco. noslon. 

Terms a re net th irty days or with 2 per cent. discount 
for payment within tcn days from date of shipment. 
When cash accompanies the order, we shall pay trans­
portation cbarges anywhere in the United States or Canadi\ 
in place of allowing the usual cash discount. 

Unless Cl'cdit has already been established we shall make 
shipments C.O,D, 
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OUR DISCOUNT POLICY 
The items listed in this catalog arc of such a. nature that 

they arc best distributed on a. direct from manufacturcr-lo­
consumer basis. Therefore, with the except ion of a coOperati ve 
plan with the Central Scienti fic Company, of Chicago, Illinois, 
our instruments are not sold through dealers or brokers. 

As our instruments are llot sold through dealers, prices 
have been made on a basis that does not permit any discount. 
All prices arc, therefo re, strictly net . Quant ity di scounts as 
given in the next pa ragraph a re the only discounts allowed. 

\\'hen ten to nineteen of any item are ordered at the sllme 
time fo r a single shipment, there is a 5 per cent. discount. In 
quan tities of twenty to ninety-nine. the discount is 10 per cent. 
In quan tities of one hundred or over, special prices will be 
quoted on request. 

Unless otherwise stat ed, quotat ions remam open for thi rty 
day s. Delivery promises are made subject to the usual classifi ­
cation of causes beyond our control. Catalog prices ha.ve been 
revised to .May 31, HJ30, but they arc subject to change without 
not ice. 

Many of the instruments requi t'e special engineering corre­
spondence to determine their ad:lpt...'lbiiity to the p<trticuiar 
conditions of the prospeclive user. As these pt'oblems are 
strictly of an engineering nature, we maintain :.10 engineering 
staft' to give particular attention to such problems. Your 
correspondence is solicited. 
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CONDENSERS 

TH ERE arc rew condenser needs either in precision measurements or 
experimental work that can not be supplied f l'om the stock items 
listed below. A variety of va riable air dielec tric condensers and 

fixed condensers with paper and mica. d ielectrics ~lre described, and, ir 
these arc not suitable, we arc p" cpared to design lWei hll ild others to meet 
t.he specifications of the user. 

Condensers are listed under tlle rollowing th ree general hc.lciings: 
0) Calibrated Ail' Condensers 
b) General -Ilurposc Air Condensers 
c) Calibrated P aper and M ica Condensers 

CALIBRATED AIR CONDENSERS 
TO\\' energy losses and the ability to d uplicate settings are the 1110st 
L important requirements (01' laboratory condensers. These two con­
ditions arc incompatible because extremely low losses demand the use 
of an ~lmOll n t and sbape of supporting diclccll·ic which would sacri fice 
the nbil ity oC a condenser to hold a cal ibration. By a careCul coordina­
t ion of mechanical and electrical design, however, the condensers listed 
in th is section have been made to have grea t sta bility with satisCactori ly 
low losses. 

The small amount or solid dielectric is placed in a. wC~lk and unvarying 
electric field so that t.he losses arc small and constant with setting. The 
latter consideration is im portant when making loss measurements on 
other condensers because it permits the assumption tha.t the condenser 
behaves as a loss-Cree variable condenser in parallel with aji.xell condenser 
having all the losses. The figu re of merit, RwC2, is oC the order of 0.06 x 
JO - IZ (R in ohms. C in fa rads, and w =2;rf in radians pel' second). 

The choice or H",C: as the figure of merit fo r ('xprcssillg the losses in an a ir condcnser 
is based upon the {ollowing consideralions; Au,\' air condenser C hav ing an 

=; 
I ~ C Co= 1= 

Ro 
R 

(a) (b) 

~ 
L 
':C' 

equivalent series resistance n may be 
represented by a condenser Co due to 
the solid dielectric supports and having 
all the losses, Ro. in parallel with a 
loss-free (.'Ondenser C'. Working out 
the energy relations in (a) and ill (b) on 
the MSlIlllplion that t he losses arc 
small , il is fo und that 

R = [ (;"JCto = U"",Co2 , 

"'(C' + Co)t "'0 
and 

Since the losses lor condensers de­
scribed in this section are constant wilh setting, Co is a fixed condenser with an 
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6 GENERAL RADIO COMPANY 

isolanlile or a hard· rubber d ielectric. For different Crcquencies its power facto r Rt#Co 
is essentially constanl. 

Hence, lhe q l1antity RwG' is constant ror all values of '" and C and is a characteristic 
of the condenser. F or th is reason it is preferred to power factor Rwe as a figure of 
merit. P ower fador can. of course, be obtained by dividing HwCz by C (i n farads), 
The cqlliv~ lc ll l series resistullce n of an air condenser may always be calculated when 
the figure or merit Rw(}1 is known. T hus for 8. fi gu re of merit of 0.06 x 10- 12 the 
resistance of a condenser of 1000 Jill! capacitance at a frequency of 1000 cycles per 
second is 10 ohms. Tl will Yary inversely with both frequency and capacitancc. 

\Ve are prepared to design and build any of these condensers in other 
capacitance ranges. for other laws (shllpes of plates), and for gang control 
of multiple units. 

TYP E 222 PllECISION CONDE~SEUS 

'lYP£ 2'22-L 'j\ 'PE 222-L ( Unmounted) 

THESE eoJldcllsers arc intended (or use as precise variable standards. Their IUe<:hani­
cu.l design is such t.hat. they should hold thei r ca librations over long periods of ti me to 

better than I p'urt in ] 000. The plates are of heavy aluminum, widely sepa rated byac­
curately turned spacers and clamped by hexagon IIUU; on threaded brass stator r{)(ls and 
on the large steel rotor shllfl. This shaft turns in eone-sbaped bronze bushings, adjusted 
atter the condenser h(ts bccn assembled and then locked. 

Ha llge: See price list. Backlash: Less than %" of one division. 
Rotor Plates: Straight-line capacitance Calibration: Calibra tion chart fo r 20 

(semi-circular). poi nts to 1}J,uf supplied. elm be set to I 
111$11Ialion: l soluntite blocks; llJ ica will- part in 10,000. 

dow tor high -poten tial terminal. Filti.91i: Condenser is mounted on a lum i-
Ma:d1lt101t Voltage: 800 volts, peak. Bum plate fi nished in black eracklc lacquer 
f1'Yllre ~r M erit: HIUCZ= 0.06 x lO-n. and enclosed in hand -ru bbed walnut eabi-
Drit'e: Gear and spring-pressed worm, net. lined with <..'Opper shield. 

lapped in lK>sitioll to remove backlash, a Dime1lsiolls: Panel, 8.!4 x 9M inches. 
meth{)(1 applied to precision dividing en. Depth. 9 inches. 
gines. 25 turns of wor m rotate rotor plates Carryillg Case: Whitewood, wit,h lock and 
180°. '''orm carrics drum with 100 divisions. handle. 



 

Typ< 
Capucilallce 

J/tu;. Min. 

I 
sO 1o'1o' ( 
40 J.'",r 

CONDENSERS 

.... .... ...........: ::: I 

IV eight 

15 lb. 
15 lb. 

TYPE 246 V /\ RIADLE Am CO".'\' DJ-::NSERS 

7 

Cod, 
Word Price 

corAl, I $90.00 
COilA I. 85.00 

Tl-IESE cOlldcHscrs urc similar in mechanical construction to l he THE 222 l'.rccisioll 
Condensers. The only d ifference is that the worm and gcar dri ve is replaced by a 

spur-gear-driven slow-motion knob. and a dircct conllected knob with 4-inch dial. They 
cannot be sel as accurately, hut once sel they will hold that selling as wei!, cxccpllhallhe 
models hllvi ng the larger capacitullccs arc longer, hence not quite as r igid mechan ically. 

Range: See price list. Calibration: Clliibralioll curve accurate 
Rotor Platc$: Straight-line capacitance to 0.5 per cent. of lull-scale read ing must be 

{semi-ci rcula r}. Qrd ered sC)Xlrateiy . 
l mmlutton: Isolantite blocks; mica wiu- Fim'sit: Condenser is mounted Oil a lu-

dow for high potential terminal. minum pla te fini shed in black crackJe lac-
M axillttmt Voltage: See price list (values quer and enclosed in hand-rubbed walnut 

given a re peak). cnbinet . lined wit.h l.."Oppcr shield. 
F-igllre of Merit: H""Cf= O.OG x 1O- 1f• Dime1!sions: Panel. 772 x 7~ inches. 
/Jrir:e: TnE 317 D ial with spur-gear- DCPUI. see price list. 

driven vernier. 

Capacilllllce 
Type M IIX I/il . , . 

*i4G-L 1 500~~r 55 ~,.r 
*:M6-M sooo~,.r iO ~J'r 
*:MG-P 5000,.,.r 72 J',.r 

.lfaxim uIII 
volt(!g~ 

8<)0 
800 
550 

.. . . ..... 

.. . ... ... 

.. . ... .... 
Mounted Cnlibration C\lrve. 

Depth IV eight 

8M ill. 11 % lb. 
11 34 in. l 'lr,( lb. 
11~ in. 15U lb. 
. . .... .......... 

Price 

CF.DAR 838.00 
CIIAOS 45.00 
CIIAKY 5 ... . 00 
cunvF. ,}.OO 

* Cnhbrntlons su»plied only when ordered. Use compound codc words, e.g., CF.1JAUCUIn'E, 
Cl IAOSCUII\'E, etc. 
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TYPE 239 VARIAllL:E AIR CON DENSER 

Mounted l\'lode 
TYi'~: 239-1'; 

Un mounted Model 

l\Jo UXTEo }\[ODEJ..s 

THESE (.;ondCllscrs arc of lighter eonslruetion than the T n.:; 24(l Condensers, though 
the design is quite s im ilar. The rotor platcs are cul lo give a straight-line-waveleugth 

variation. All models arc countcrweighl<.od. 
Ranye: Sec price list. 
n olor Plates: SLraighl-linc wll,-elcnglh. 
I"sulation: Hard -ru bber blocks; haNI. 

Calibration: Calibration curve tlCCuratc 
to 1 per ccn L. of full-seale reading must be 
ordered separately. 

rtl bbcr panel. 
Maxilltull~ VOltllYC: 500 volts, peak. 
F1'gure of J.1.!cril: /{wC= = O.06 x 10-1%. 
Drire: TY I >~; 317 D ial with or without 

Fhdslt : .I\[ounted on hard-rubber panel 
lllld enclosed in hand-rubbed waln uteabinet. 
No shielding. Aho furnished un mounted ; 
see price list. 

spu r-gcar-dri\'cn ,'emicr, as specified ill 
price list. 

D imcnJio1!s: Panel, 6 x 6 inchcs. D epth , 
see price list. 

C(ll/aci l llllCC 

Max. .INn . 

·239- F 
·23!)-1:: 
·239-K 
·j39-J 

1000 ~~r 
1000 ~~f 
mO ~~f 
!Woo ~~, 

• Calibrations supplied 
BASDYCU H \ ' E, e tc. 

. . .. . Counterweight 7 in. 
.. . Genr . . . . . 7 in. 

. . .. Counterweight 9 i ll . 
...... Gear . . . 9 in. 

Mounted Culibrn lion Curve .... 
0111.1' when ordered. Cse (,.'Oml>ound 

U:\~ I O UNTED :M ODEI.5 

II' eir;lIt 

47,f lb. 
4~ lb. 
51 lb. 
5~ ill. 

code words, 

Cod. 
Word Pr ice 

SABEL $1;; .00 
D.-I. :>:O l· 18.00 
BAS I:>: 18 .50 
11.\ TTY 21.50 
CUItVE 3 . 50 

e.g. , lMlJELCUHVE, 

UNMOUNTED models are s imilar except tha t panels, cabillcts, a nd dials are not 
suppl ied. 

DimClIsiQIIJ: Panel, ,J, Y2 x 47:1" inches. D epth, sec price list. 
CU]Hlcif()/l ce 

. . Type M (IX 1I hi DepOt Weight Price 

230-1-1 1000 jJjJf 25 jJjAf Counterweight Gin. l~ in. BA IW)\ $7.00 
23!}-(; 1000 ~~r 2:; jJlA .. ... Gear ...... .. o ill. • lb. B.\S,"L 10.00 
239--)1 2000 j.lj.If 30 j.lpf .. ... . Counterweight 8 in. 2!-i lb. nAY .",,"" 10.50 
'l39-L 2000 j.I~f 30 jJJ.jf ..... . Gear. ..... .. 8 in. 2U lb. D};nT 13.50 
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GENERAL-PURPOSE AIR CONDENSERS 

I N th is section are listed condcnscl's for ra.dio receiver Hnd t l'ansllI ittcl' 
construction and fol' general la.boratory use where accurate calibra­

t ions are not the fi rst consideration. A val'iety of models a re avai l­
able with maximum capacitances between 15,u ,u£ and 1000 1J.1-If; with 
straight-Ene capacitance, wavelength, and frequency plates; and for panel 
and table mounting. 

Dielectric losses are kept low by the use of a small amount of properly 
placed b~lrd ru bher. All plates arc of brass. R otor and slator sections 
are assembled in j igs and soldered. Th is makes a I'ugged mechanical as 
well as an exceptionally low-resistance dcell'ica l assembly. RWC2 {OJ' 
these condensers depends upon the method of mOllnting but lies in the 
vicini ty or 0.08 x 10- 12• 

T Y l )E 247 V ARIABLE Am COND£~S£RS 

M OUNT!:: ]) l\l ol)n.s 

TlfESE (.'Ondenser5 have triangular hard -rubbcr end plates. 
weighted. 

All models arc (''Qullter-

Rallge: Sec pri(."C list. 
Rotor Plates: Straight-line eapaeitIlIlcc 

(scm i-circular) . 
111slIla{-iOll: Hard-rubbcr end plates. 
Maximum Voltagc: 500 volts, pcuk. 
Figurc of M crit: R..,C1= 0.08 x 10-11• 

Drh'c: M odified TYPE 310 D ial. Spur-
gcar-driven vernier as shown ill pricc list 

Type 
CU1lacita Ilf:e 

1111x oI/ill . 

Calibrclh'oll: Dial is ca.librnted dirl'dly in 
Ii",f accurate Lo 3 per ccnt. of full-scIlle read­
ing. 

F1'lIisli: .Mounted on hard-rubber panels 
and enclosed in drawn sLeel Cases filli shed 
iu blaek damaskcnc cn:ullcl. 

D imcllsiolls: Outside diameter, 5 inches. 
Depth, sec price list. 

Cod, 
Weigllt Word 

24i- E 500 p.p.r 30 p.p.{ .... . . Counterwcight 
247-G 

·Hi in. , lb. COUPE $5.00 
500 J.lJ.If 30 I"-J.lf Gcur . ....... 415 in. 2%" lb. cowe 5 .i5 

247-J 250 J.lI"-r 50 J.lJ.I r ...... Counlerweight 4M ill. 1% lb. CA;\O;\ 4 .50 
247- 1 !l50 J.lJ.'f 30 J.'p.f . . . . . . GeM ... .... . 4M ill . • lb . CAIIO~I 5.25 

(COIdinutd on /oilolCinq paq~J 
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UNMOUNTED M ODELS 

U1\~fOUNTED models a rc sim iillf except tllal panels, cases, and dials arc not supplied , 
and rotor plates arc straight-line wavelength. 

Rotor P lates: Straight-line wavclcngUl. 
Calibral1'on: Supplied without eithe r 

dials or cal ibrations. 

DimC1!8Ums: Panel space, 4 inches diame­
ter. Depth, see price li st. 

Type 

i47- }? 
i47- 11 
247-N 
247- P 
247- K 
247- :\1 

Capacilllllce 
"' (IX ", ill . 

500 Pl'f 20 J'J.' f 
500 J.lJ' f 20 I'll! 
350 I'jJf 15 jl.jJ.{ 

350 jl./1f 15 J.'pf 

2.50 /.IJ.lf 15 J.!Jl.f 

250 ,",pC 15 wf 

.. . Cou nterweight 
.. Gear ...... ,. 

. Counterweight 
, .. Gear ........ 
.. . Counten l'cight 

.... . Gear. .... .. 

COIfe 
!Veil/lit W orll 

4yz in. 1% lb. COCOA 
4}2 in. t"" lb . COlHC 

4~ in. 1Y.( lb. AlMSE 

472 ~Il. 7:( lb. " I IU t;y 

" Ill • Jill>. CA liCO .. in. 1 lb. e IG.HI 

TYPE 334 VARIABLJoJ AIR CONDENSERS 

Tnt: 33~ ·Z 

LOW-VOLTAGE M ODELS 

Price 

$3. 00 
3. 75 
2.75 
S. r.o 
2.50 

"'5 

T1IESE L'Qndensers have stamped metal end plates. The m rious model.::! are either 
counlerweighted or balanced. as specified in the price list. The high-voltage models 

are double spaced ror usc Oil t ransmitters. 

Range: See price list. 
Row Plaia: Straighl-line wa,'elenglh. 
11l8ulat1'oll: Hard-rubber plates. 
Maxi1num Voltage: 500 volts, peak. 
Figure oj M erit: HwC2= O.07 x IO- U • 

IJ rir:e: Spur-gear-d rivcn vernier as spcci. 
fied in price list. 

Fini$h: Unmounted only. 
DimcIlNOll$: Panel space, 3% x 3% 

inches. Depth. sec l)rice list . 

Capacitallce Cod, 
Type If (IX 0)/ ill , . Depth Weight Word Price 

S34-F 500 ~~f 20 ~~f ... ... Counlerweight ~y.( ~ n. 17'2 lb. lu;(a x $3.25 
334-H 500 ~$Or 20 ~$O f ...... Gear ....... , 

11\ • 1% lb. D ELAY ,~ .OO 

SS·I-N 350 ~$Or 20 ~~r ..... . Counterweight , Ill • 1% lb. UESET ' .00 
334-P 350 /'$Of 20 ~$Of ... ... Gear .... . ' 3%' iu. 1Y.; lb . O.;V .; I • 3.75 
3Sol--K 250 /'~ f 15 $O$Of ... , .. Cou nterweight 3}.1 in. I lb. DELeW 2. 75 
39'I-M 250 $O~ f 15 ~$Or . ..... Gear ..... , .. 3y.( in. 1.!,.1 lb. BERYL 3.50 
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HIGH-VOLTAGE MODELS 

HI GH-VOLTAGE models are similar to the low-voltage models except that the spac­
ing of the plates is doublet!. 

Maximum. Voltage: 3500 volts, peak. 
Spacing between rotor and stator plates 
0.088 inch. 

Ty pe 
Capacilat!c~ 

U uz ·\Iin . 

Drit'e: Vernier gears canuol be supplied. 
Finish: Four mounting {eel rurnished 011 

all units. 

Cod, 
Depth TVeiaht Word Price 

5S ....... Z 500 I'llf :w I',.f Dalanced ~tion 11 in. • lb. 1l00a ; y 810. 00 
33.&-11 250 JoIl'f SO 1',,£ . Counl~~wcight 6~ !". • lb . BlSO~ 5.50 
354-'1' 100 I'llf 151'",f .. , III . l }i lb. IHI,.I.Y 2.75 
534-V 50 ~f 10",,£ " 3%, in. % lb. UIl'ED 2.50 ..... . 

T Y PE 374 VARIABLE Am CON DENSER S 

THESE condenscrs are similar in construction to tJlC TY!'E 334 Variable Air Condensers. 
except that the rotor plates a rc cul lo give a straight-line-frequency variatiou. The 

two smaller sizes are not eounterweighted. 

Range: See price list. 
Rotor PlatC8: Straight-line frequency. 
1118111atwn: Hard-rubber supports. 
Maximum Voltage: 500 volts, peak . 
F~'grtre of Merit: n",C~=0.08 x 'JO- I ! . 

Drive: No vernier gears can be supplied. 
The two single-section models arc not 
counterweighted. 

Fim'sh: Unmounted only. 
Dimmsio1!8: Panel spnee, 3%, x 3% 

inches. Depth, sce price lisl. 

Capacitance 
Typo Max M i,1 

TYPE 374-F 
Code 

Depth Wtight WOrt! Price 

374-n l iS /.i/.if 15/.iJ.d .. . . .. Sin~lc Section 3M ill. }lIb. 1.I0:''-U8 S~.75 
S740-K 2-50 /.i/.i f 20/.i[.tf ' " 4y.; in. 1!.4 lb. 1l0S0~1 3. 50 
314-N 350/.i/.if 30 J.'[.tf ..... . llalanced Section • in. 1% lb. n OXER 4 .~5 
374-F 500 /.iJ.'f 40 J.'~{ " " 0 ill . • lb. BRAVO 5.00 ..... . 

TYPE 335-Z V ARIABLE Am CON DENSEH 

THE '1'1.'1'£ SS5-Z Var iable Air Condenser is simi lar to the'rYl'E 334 Variable Air 
Condensers except that it has semi-cireular plates. It is intended to be used with 

T\'PE 380 and TYl'l:! 219 Decade Condensers to rurnish the continuously variable portion 
below the 0.001 JAf decade. 

Range: See price list. 
Rolor Platea: Straight-line capacitance 

(semi-circular) . 
l tl.rulation: Hard-rubber plates. 
Maximum Voltage: 500 voits, peak. 

Capacitance 
Type Maz. Min. 

Figllre of Merit: RwC2 = 0.07" 10- 11 • 

/Jrit'C: No vernier gears ('un be supplied. 
Fini.r": Unmounted only. 
Dimells';oml: Panel space, 3%, x 3%, 

inches. Depth, sec pr ice list. 

Depth Weiglit 
Cod, 

Word Pri~ 

SS5-Z 1000 #l#lf I 40 wf I .... .. Balanced Settion I 5)iill. 1 2):( lb. lJOGU8 $0.00 
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TYPE 557 A~lATEUR-BAND CONDE~SEH. 

TH IS condenser is designed for lise in short-wave receivers, where it is desirable to 
cover only a narrow frequency band 011 one inductor. For this same rcason i t is lI sed 

in our 'j'TPE MS-!> Amateur-Band Frcqucllc.,' l\Ictcr. I t is simila r in construction to 
our Tn'}; 247 Variable Air Condensers. The lllrge zero capllcita ncc is obtained by using 
two roLor pl ates which arc complete circles. 

Rallue: Sec priec list. 
Rotor PlateR: T wo circu1:H' (360°) and 

two straight-line-wavelength plates. 
11/8u[atioll : Ha rd-rubber end plates. 
MaximUl1t Voltago: 3500 "olls. pCilk. 

ClIP(lciUIUCC 
'i'YJ)e .lfaJ:. .Ifill. 

557 6G I'J.' f I ·l 3 1'1'£ I 

Tn}; 557 

Figure of Merit: /l",C%= O.10 x 10- 1%, 

Drh'C: No vernier. 
Finish: UmllounLL-'d only, 
Dimellsio1ls: Panel space, 4 indies diame­

ter. Deplh. sec pri(:e list. 

C()(le 
Depth iVciyht Word Price 

3% in. U lb. IlroOT 83.'?5 

Tn'}; 368-A 

TYPE 368 VARI ABLE AIR COKDENSEHS 

THESE condensers arc uscru I :IS bala ncing or vernier CQlldensers in variolls vaeuuOI-tube 
circuits. and mally amateurs usc them for luning condcllsers on thei r receivers for the 

high-frequency (short-wavc) bands. T hey huve a single luutl-rubber cud plate. si ngle 
bearing. and si ngle-hole motlnting IL" well as baseboard mou nl ing. 

Range: See price list. 
Rotor l )lalc!J: Strnight-lillc capncit.:1.llcc 

(scmi-circula.r) . 
I rlsu/afion: Single hard-rubber end plate. 
Jl[axinulln Vol/aye: 500 voll. ... pellk. 

Co paciltlllC6 
Tlmc .11 11.1:. M1·1I . 

SG8-A 15 /oI/oif 4 /o1/o1f . . . . . . . . . . . . . 

Fiyure of merit: &"O:= O.OO·l x 10- 12• 

Dril'e : Tn'f; IS7-J Knoh. No vernier. 
Fin£sh: Unmounted or rly. 
Dimellsiol/!J : l)anci space, !l inches d iame­

ter. Depth. sec price list. 

Cod, 
Dcp/ll IV eight iVoni e ,ice 

t J1j" !n . • .,. n VU.l· $0.75 
308-U ::;0 p/oi f • J /oIpf ......... . ....... • HI • 2JA.l oz . UUIIl N 1.00 
!I!iR-C 100 ~uf ;l /oIpf . . . . . . . . . . . . . . 2U in. S oz. A7. I/J!E 1. 75 



 

CONDENSERS 

CALIBRATED PAPER AND MICA 
CONDENSERS 

l ~ 

T ABOR ATOIUES orten need an ucijustnble condenser or large ca­
L pacitance and reasonable stability of calibration in places where 
air condensers would be much too bulky. H ere fixed mica-d iclecU'ic 
and paper-dielectric condensers arc suit..'lble, especially when the con­
denser units and a suitable switchi ng mechan ism are arranged so tJUlt 
practically 11 11.)' desired vtl lue of capacitance may be obtained. 

The TYPE 2 1.9 D ecade Condensers a re built in this way. A cam sw itch 
selects the proper combination of units to give the desired capaci tance, 
the value of which is read directly opposite the end of the control-knob 
pointer. A simple detent device makes definite the position of the switch 
for each setting. T hese condenscrs are cabinet-mounted combinations 
of the TYPE 380 D ecade Switch and Condenser sections. 

The T YPE 380 D ecade Switch and Condenser sections are built in 
0.0011-'[' 0.01 ,uf, and 0.1 ,uf steps, the first two having mica dielectric , and 
the latter, paraffin impregnated paper. " Thile the paper dielectric is, in 
general, inferior to mica, a well-built paper condenser is so satisfactory that 
the expense of mica in large sizes is seldom justifiable. 

The paper condensers are thoroughly impregnated with molten paraffin 
during the winding process. Sufficient overhq) is allowed on the foi l so 
that successive layers make contact. This avoids the increase in power 
factor with fl'cquency wh ich Occurs when connections are made at the ends 
of the coil only. T hey arc subjected to a special heat t reatment beFore 
being assembled, which makes them practically free frol11 aging effects. 
l\fica condcnsers are moulded in bakelite. The maximum dirccl­
current voltage is 300 volts for both types. 

The max imum peak altcrn:\ting-eurrent voll.age should nc,"cr be above the allowable 
direct.current ,·oltage. Hence 200 "oils is a root-mean ·square maximulll . Thc energy 
loss in a. solid d ielcetric (:o lldenser is E"':flw!C! watts (E ill volls, R in ohms, C in farads. 
w = !l1I'J in radians per second) . The power rador, HwG or (1).f.) of a. solid diek'Clrie is con­
stant, independent of capacita nce, and lI pproxima.tely conslaut with frequency. Hence 
the energy loss is E' wC (p.f.) watls. This loss will heat the (:ondenser and further iJlerease 
the loss because the tempera.t.ure (.."Oefficient of power (ador is large and posi t ive. There is, 
theil , a frequency for eaeh size of (:ondcnser, below which the alternating-current voltage 
Illay be kept ilt the ma.ximum allowable value of 200 volts and abovc which it shou ld be 
reduced inversely liS the fI"CqUCHCY . 

Decade 

.001 

.01 

. 1 

POlcer Facior 
IlwC 

. 002 

.00 1 

.010 

Frcqlltllcu jor 
300 w illi 1}c(l k 

1000 kc . 
100 kc. 

1 ke . 

I'l ccuracy 

5 per cent. 
Il ., " 
2 " 
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TYPE 21fJ 

T ypF. 380 D F.CA D" SW ITCH ,,)lD CON DE:<SE IlS 

THESE units are the compOllcn t decade units as IIsed in the TYI' ~: 219 Decade Con­
densers. T hey a rc eompiclc a nd ready for mounting. 

Rangc: See price list. 
Dtclcdric: .M ica or paraffined paper as 

specified ill pr i(.'e list. 
.Maximum Voltage: gOO volts, I>cak, with 

exceptions noted in preced ing Datil Table. 
P01lJer Factor: See Da ta Table. 
Calibration: Sec Data Table. 
Fini$!t: Units mounted ill brass cans 

1'Y1J6 C(lpacilallcc 

wilh hakelite panel and nickel-plated nat­
head screws for moun ting. :Modified k nob 
from TYI'.~ 202 Switch (sec illust ration) 
sllppJicd . 

/J imCII$ioll$: Panel space, height. 3% 
inches; width, sec price list. Depth, 3% 
inches. 

C(H/~ 
Dielec/ric Weight Word Price 

380-A O.O lO pf ill s teps or 0 . 00\ . - - ....... :\IiC:l 172 Ih. "llAUE SIO.OO 
SSO-H 0,10 .' " " " 0 . 01 i\IiC,1 2 lb. "un.:I! ~O .OO .. ... ... .. 
3SO-C 1. 0 .' " " " O. I Paper I X lb. AODLF. 10 .00 .. 

TYPE 219 DJ::CA DI~ COK DE)."SEH 

THESE arc merely cOllvcniclIl llsscmLlics of Ule T n'}; $80 Decade Switch llnd CondCliser 
UJlils. I·'or technical data consult lheir description. 

Ntmge: Sec priee list. 
"Zero" CU'j)Uc'iluncc and Power Facior: 

l~or nil switches sct llt "zero" capaci. 
lam.'C, 40 ,.."f; powcr factor, 0.05. 

Type 

i l 9-F 
i l!)-G 
... -J 

Capacitance 

1. 10 "r in steps of 0.01. . ....... . 
1. IlO "f" .. "0. 001. 
0 . 110 "C" " " 0.001. . 

Fi1l1sh: Mounted 011 engraved Lakcl ilc 
pallcls in Ilt~lId -rllb lJcd walnut cabincts. 

D imcntiOIlS: ))anci width. 5 inches. 
Cabinet dept h, 6 inches. 

Na. of 
Dial" 

2 
3 
2 

Panel 
Length 

9!-1 in. 
l 'l% in. 
972 ill. 

W eigld 

5}{lb. 
8 lb. 
SYt lb. 

Cod, 
Word 

COVER 
1!1ln; 1l 

Clto:-,'Y 

P ,if:e 

$~O. 00 
50.00 
40.00 



 

RESISTANCE DEVICES 

RESISTORS may be calibrated for usc in m any different kinds of 
laboratory measurements, or they may be used simply as_ current­
and voltage-controlling elements in a circuit. Tn the laUer in­

stance calibrations are seldom required. 
The General R adio Company builds resistance devices of both kinds. 

They are listed under the following headings : 
a) Calibra ted R esistors 
b) Calibrated Attenuation Networks and Volta.ge Dividers 
c) Volume-Control Devices 
d) Rheostats and Poten tiorneters 
e) IVliscella neous 

CALIBRATED RESISTORS 

CALIBRATED resistance devices must maintain their specified resist­
ances ror ordinary operating temperatures and for long periods of 

time, but when they are to be used in alternating-current measurements 
it is also essential that thei r pbase angles be negligible at reasonably 
high operating frequencies. The General Radio Company has developed 
resistance uni ts which meet all of these requirements. 

Dependin g upon the allowable deviation in resistance due to tempera­
ture and aging, manganin, constnn tnn, and nichrome wi.re (in the order 
of their desirability) are used. Care in soldering insures freedom from 
corrosion. ' ''' iring Corms aTC designed for permanence so that the wire 
will not be subjected to chang ing stresses. Some oC the units arc aged for 
about six months before final resistance adjustments are made. This 
permits the metal to reach a state of rest following the stress incident to 
winding under tension. 

The temperature coefficient of the mangall in and constantan wire used 
is so small that the resistance may be considered constant with the 
tcmpcra tUl'e changes encountered in ord inary enginecring work. ' '''here 
nichromc is used. ord inary temperature variation will not cause the 
resistance tolerances to be exceeded, 

To meet the third requirement, negligible frequency changes. four dif­
ferent winding methods are used for minimizing the effects of capacitive 
and inductive reactances : 

a) Ayrton-Pcrry Method. On a thin bakel ite strip a sillgle wi re is wound, leaving a 
space between turns equal to the diameter of the wire. A second wi re is wound in t he 
space betwecn turns, ill parallel with the first wire but in the OPl>osite direction, so that 
units wou nd by this method arc nearly non-inductive, Unlike the usual non-inductive 
bifilar winding, their distributed capacitance is also vcry small, because adjacent wires 
are at nearly t he same potential. 

b) l\fiea-cnrd Method. The resistance wire is closely wound in a single layer on a thin 
[ 15 ] 
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A B c o 

mica fOfm , the ends of which IIrc reinforced by the copper terminal stril)S, The small wire 
and the th,in Corm give ullits made by this method un exceptionally low phase angle at high 
Crcqucllcics. !'.Iodificalions of this design arc used successfully on spcciui attelluation net· 
works at frequencies of 1500 kc. and lligher. 

c) Tape-wound ,Method. The tape used in lhis winding has a warp of cotton threads 
and a woof of the resistance wire. In the assembled resistance units, the tape is wound 
flaL like a bolt ot doth , adjacent layers being separated by oiled paper. Th is type or 
wind ing is !leady non-i nductive and very compact 

d) " Fish Unc Method." This is similar in pri nciple to the tape method. The resist­
ance wire is wound on a small core of treated si lk and the rl.'Sulting "fish linc" is wound 
on cylindrical rorms. High resistances can be obtained in a small spacc and the phase­
angle clmracteristics are entirely snlisf~.ctory for many purposes. 

T YPE 102 DECA DlO-R ESI STA NCE B OXES 

T'-IESE deeadc resistances fire intcnd(..'(i for use in all tJ'pes of a lternating-current 
measuremcnts, such as bridges and tuned circuits, at all frequencies from the lowest 

commercia l frequencies up through the broadcast band of rreq ucneies and into the short­
wave region. The rrequency at which serious error appellrS depends on the size of the 
resista nce and the usc to which it is put; whether it is used ill a tUlled circuit, in wl.icJ. case 
its rcactancc is corrected for by t he tuning condenser, or whether it is used as a voltage-drop 
dcvice .. Such limits as have been ascertained arc given in the accompanying datn table. 
These resistances arc equally useful in d ircct-current measurement.s, except where C01n1)icfc 
absence of thermal electromotive forces is essential. 

These resistances arc adjusted to have their specified values allheir own terminals and 
not at lhe terminals of the box. The resistance measured at the box terminals will there­
fore be high by the total switch resistao(.."C, which amoun ls to about 0.003 ohm per switch. 
Th is method or adjustment has been a.dopted primarily because 110 method in which the 
switch resistance is absorbed in somc one unit of a decade can give the correct value of the 
total resistance for all settin gs of the variOliS decades. There are also many types of 
meaSurement in which the difference in two sellings of a resistnllce box is significant. 
This difference is gi\"cn corrcelly only whcn lhe individual resistances have been adjusted 
indcJ>endenlly of switch resistance. 

Each dceade has cleven contact studs and tcn resistance units. This feature is especially 
convenient when working at either end 01 a dial. 



 

RESISTANCE DEVICES 

RallYc: See price lisl. 
Type of Winding: See Da ta. Tnble I for 

type of winding, size and ma terial of wi re. 
Switches: '11:".; QOfl. Multiple-Ienr 

brushes of german sil ver with contact ends 
bent so as not to be tangent to arc of lra vel. 
thus reducing culting ; ele\'en phosphor. 
bronze contacts . This combination of metals 
has been chosen to reduce culling. 

Accuracy of A djll$imclIt : See Da ta Table 
I for direct-curren t adjustment allerminals 
of unit. Add 0.003 ohm per switch for 
correct resistance at terminals of box. 

Freq uency 1!:.,.ror: Sec Data Tobie 11 for 
frequencies for which error is less thall a 
given perccntltgc when lhat decade is used 
ill a tUlied ci rcuit and to provide a \'oltllgC 
drol>, Three-decade box set lit zero has 
about 0.2 mch . inductance and 1 ohm re­
actance at a frequency of 1000 ke. 

Temperature Coe.oicicnt: Less t han ± 0.002 
per cent. per degree C. lor both mangani n 
and constantan wi re. 

M(Ixim.llllt Curren t: See Data '1';lble "[ fo r 
values of current Ileeessll ry to produee it 

temperature rise of 20° :lIld 40° C. 20° C. is 
a safe temperature rise and 40° C. rise an 
upper limit. 

17 

Pi1l1'8h: Switches and resist:lIlecs arc 
mounted on bakelite panel and enclosed in 
hand-rubbed walnut cabinet. All exposed 
metal parts (except faces 01 contllct poi nts) 
are nickel-plated . 

lJ imellsioll8: })anci wid th , :;.k{ inches; 
dcpth . .5 ,!.1 inches; panellcngth. sec priec list . 

Dtcalle 

O. l ohm 
1. 0 .. 
to 0 111115 

100 .. 
1000 .. 

10,000 .. 

T!lpe of 
Windillg 

Unifilar 
Ayrton.Pcrry 
Ayrton.Perry 
Ayrtoll.Perry 
Ayrton-l~erry 
Tape 

I 

Accu­
rac!! 

% 
0 .'t5% 
O. I % 
0 . 1 % 
0 . 1 % 
O. I % 

Cllrrell: for Temperature Riae of 
rNJ° 0 4(,0 () 

3 amperes 2 .0 amperes 
000 milliamperes 1 ampere 
tiO .. 250 lII i ll in~~pcres 
75 .. 100 
'0 

.. 35 .. 

" 
.. 17 

., 

DATA TABLE IT 

If aicr;al . 

Constantan 
:\fangnllin 
:\[angall in 
:\Inngnni n 
:\ r a IIga lIin 
Constantan 

Frequellcies in kc. for which error is less than value shlled 

O. l ohm 
1.0 .. 

10 ohms 
100 . , 

TIII/efl CirCll it Uu 
1% 5% 

500 kc. 
1000 kc. 
2000 kc. 
1000 kc. 

1000 kc. 
2QOO kc. 
4000 kc. 
2000 ke. 

(COr.t i Nlltd on lollowino pa(7« ) 

JloltQIJe Drop Uae 
't% 10% 

100 ke. 
50 ke. 
20 ke. 
10 kc. 

500 kc. 
100 kc. 
50 kc. 
20 kc. 
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Ty p' 

I O~D 
102- 1<" 
lO2.-F. 
10~K 
IOll-G 
\o2-H 
IOll-N 
IOll-J 
IOi-:\f 
IOi-L 

GENERAl. RADIO COMPANY 

Moz im um Hc.ti,tllnce 

11.0 ohms in sleps or 0 . 1 
111 .0 .. .. .... 0 . 1 
110 . .. " .. .. 1.0 

1111 . 0 .. " .... 0 . 1 
IIi O. " " .. " 1.0 
1100. 0 " " " " 10.0 

11 ,111. 0 " " " " 0 . 1 
11 ,110 . " .. " " 1. 0 

111.110. " .. " " l.0 
111 ,100 . " " ;, ,; 10 .0 

No. of 
Dial8 

2 
3 
2 , 
S 
2 , 
•• , , 

7% in . 
10 in. 
7% ill . 

Itt%: in. 
10 in. 
7% in. 

16 in . 
J ~% in . 
18% in. 
16 in. 

Weight 

2J1 lb. 
-I, lb . 
2)4 lb . 
G lb. 
4 lb. 
23;2 lb. 
7)4 lb. 
G lb. 
7M lb. 
G lb. 

~"\' PE 133 STAN DAHD R ESISTA?\CE S 

SI KGI.E· VAI. UE l\lOIlELS 

Code 
Word 

IH:CO\' 
Dt:t.TA 
DtX;II'i 

Dt:n:H 
DIGIT 
I)(VA/\ 

lH~~IOX 

m ; U1T 
Ul:mT 

IHX:,\ Y 

Price 

$H .OO 
:.w . OO 
".00 
'~i . OO 
3~ . OO 
2:; ,00 
75 .00 
50.00 

100 . 00 
15.00 

THESE resistances arc 
Hcsislancc Boxes. 

similar in conSlruction to indi"idua l units or the '('\' 1' ''; ]02 

Type 

133-:\ 
133-B 
i !.l3-C 
l:l3-0 
13S-E 
133-P 
ISS-G 
133-H 

RllIIge: See price list. 
Type of lVillfii ll!J.' Similar to 'l'n' ~: 102 

Dccadc~lh.·s i s tallce Boxes. See Data 
T ables, page 17. 

A ccllracy of Adj 'Mtmcllt : 0.1 pe r (:ent. 
Frefl lwncy Error: Essen t ially tlte same as 

for TYPE 102 D ccadc·Hesistli llee Boxes, 
1'em1>cral lire Cocfficient: less than 

± 0.002% per degree C. for both lIulIlganin 
and COlIst:lll tan wire. 

M aximum. CurrcI/l: See Data Tables. 
Fim'slt: H.esistanees a rc cllclo!'!ed III 

mou lded bakel ite cases. T ermina ls a rc 
nickel -pla ted. 

V imcll$1'onl: Diameter 3% inc.hes; depth , 
2)1 inches , 

Wm:!Jht: M pound , 

Code 
Jfazim,lIIl Currell t Word Price 

I ohm ........................ . '250 millia mperes nF.CUII $0,00 
5 ohms ............ . . . .... ..... . 

10 
W ••. ....................... 

100 " ..................... . 
500 

1000 
10,000 " ..... ..... ...... ..... . 

. 00 
100 
50 
50 
sO 
:;0 
15 

'1' ,\I'I ' };1) i\(OI)EL 

" IUWEn 0.00 
IIF.GAI. 6.00 

" nF.L.\ X 6 .00 
HELlC 6 . 00 
II " P A l' 6.00 

" 1I}: I'}: 1- 7.00 
" I'~'TA " 8.00 

THE TypE; 133-K Standard Hesistance, with a total resistance oCSW,OOO ohms, is lnppcd 
at fOllr poin ts, gi"ing .:WOO-ohm steps. This coyers the usual mnge of the plate re. 

sistam:e of YaCl/um tubes, Other combinations hetwecn 1000 ami 25,000 ohms nUly be 
obtained by suill,ble series and parallel connC'Ctions. 

"ype 

l S3-K I 25.000 ohms.,. "., ......... , ....... , 1:; milliamperes 

Cod, 
W ord Price 

$15.00 



 

UESISTAKCE DEVICES 19 

TYPE 340 RHEosTNr 

T!HS ~h~'Oslal is, usdul iu conll~~l i llg . a IO\\'-impcdnncc instrlll11~ r1 l. slIdl as the Tn?: 
338 String Oscillogra ph and VlbratlOll Ga lwlIl omctcr. to ,I. lllgh-voitage source, 111 

cases where t he usc or a step-down transrormer would introduce wll veform distortion , or 
where the source is a d ir(:ct-currclIl voltage. 

Ru nye: Tota l resistance JOO,OOO ohms, lapped 
at 30, 100, sao, 1000, :1000, 10,000, SO,OOO. and 
100,000 ohms as weli as open cir(:uit. 

l'y~ oj Winding: 10,000 ohms and less, uuifilar 
(!lot. A,n tan-Perry) winding 0 11 curds ; 30,000 and 
100,000 ohms, " Iavite" spool (graphite moulded 
illto II spiral groove cut in a porcelain cylinder) . 

S'witc/t : THE 202 with ten (:Ollltiets. 
Accuracy oj A djustment: Not particularly illl­

port..'lllt for lIses specified. Wire-wound lin its. 
about I per cent. ; Hlayite." a bout 10 per cent. 

Ma;x;imllllt CmrCllt: Below 1000 ohms. 50 
mill iampe res ; 1000·3000 ohms. 20 milliamperes : 
al)Q\'e 3000 ohms, 10 milliamperes. 

Finish: . witch and resis tll ll(;CS Illoun llx l 011 
hakelite panel and enclosed i ll hand.rubbed 
witlnut cabinet. All metal parts (excepl faces of 
contact points) nickel.plaled. 

IJ!: IIIC IIS':QIIS: 3% x 37"2 x 3J1 in ches. 
IVc·j(fht.: 1 Ys pounds. 

Type 

34. I ... . ........... .... . . ..................................... 1 

Code 
Word 

SUIII,\ ' 

Price 

SIlO.OO 

CALIBRATED ATTENUATION NETWORKS 
AND VOLTAGE DIVIDERS 

attenuation network is a combination of resistance elements so 
llrranged that it introduces a definite and known amount of power 
loss when put into a circuit between certa in specified v.llues of 

external inpu t and output impcdance. These three factors completely 
spccify its performance at illl frequencies for which the eO'cels of rcactance 
in the resistors ,,"1nd spuriolls admittances between them call be considered 
negligible. The voltnge divider may be regarded as a special case of an 
attenU<ltion network. 

These networks, when constructed with a switching mechanism fol' 
changing the amount of attenuation, are callcd "a.ttenuation boxes" and 
have long been in common use throughout the comlJlunica tion cngineeri ng 
industries for making all kinds or transmission-efficiency and power-level 
measurements. Their va lue is now becoming well known in other fields 
as accessories or the vacuum-lube voltmcter and amplifier. They permit 
the use of substitution methods which elimina.te the need for calibrated 
low-runge-indica.ting instrulllents. difficult things to obtain £01' high-
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frequency work. In one sense they are similar in usc to the shunts and 
multipliers used with galvanometers. ammeters, and voltmeters. but it is 
more com mon practice to treat them as non-reactive artificial transmis­
sion lines. In fact, most of the terminology fol' attenuation networks is 
the same as for telephone transm ission lincs.* 

It shou ld be remembercd that the values of impedance between which 
the attenuation box is to work, its range of values of attenua.tion, as 
well as the "type of section" must be specified. The " type of section" 
concerns Ule use to which the box is to be put and should be selected after 
consideration of the circuit requirements. Note, also, that the following 
discussion deals with the General Radio attenw"ttion boxes and voltage 
dividers here described. The (ormer a1'C, unless otherwise noted , 
"symmetr ical " sections (i.e., have the samc image impcdances at both 
ends) and any statements about terminology apply to these boxes only. 
The specified values of terminal impedancc nrc all non-reactive, i.e., they 
have a zero phase angle. 

Aftemwtion- The amount of allcnuation or loss js expressed in decibeJs (db) where N (ill 

db) = 10 logL o ~::. ; : is the ratio betwecn two amounts or power which is lhe same whether: 

a) ~: = ratio of power entering the box to power delivered by it to the load circuit, or 

b) ~:: = ratio of power ill the load without t he box in circuit to the powcr resulting 

when thc box is inserted. Thcterm " insertion loss " has th is dcfinitioTl behind it. 

The a lternative expression N""QO loglo EI::~ or N =20 loglo _[Iz wherc t he /';'$ and 1'8 arc 
A • 

the voltages and eurrcnts corresponding to t he rs, may also be IISed ir the impcdanccs 
in which they are measured are identical. 

'fhe real componcnt of the "propagation constan l,. " and "transfer conslilnt" cnCQun· 
tcn .. '{1 in the literaturc are the same as "amount oC atlelJuiltion," except that the units 
a rc differcnt, usually nepers instcad of dl.'Ci bels. 

All but one of the devices described in this section a rc calibrated in dccil)Cls Ho\\'c,"cr, 
attenuation boxes can be bui lt for calibration in terms of arithmetical power ratios. The 
logarithm ic (deci bel ) calibration is recommendcd bcciluse of its conveniCllce lind gencra l 
usage, but we can build others to order if desired. 

Terminal Impcdallces--T hese values or impedance arc those between which the at· 
telluation box is to work, if the calibration is to hold . The names surge iOlr>cdltllec, char­
acteristic impedance, iterative impedance, illld image impedance which one encounters in 
the literature are all equivalent for the attcuuation boxes here listed. If the wrong yalue 
of terminal impedancc is used at either or both ends or the network, the calibration will 
be in error. The amount of this error cu n be computed·t 

• Shea, Tru lismissiolt NetlCorkl ami Wafe FiUe",' K . S. Johnson, 1'rulI8mi8Sion Circllit8 for Tele· 
phollic Commullicotioll; Kennelly, Eltetric Lillt8 &; ,lllctll; and Fleming, Propagotion of Electric 
CurreflU. The 6rst reference is a partieula.rly fine treatment of the subject. 

tShea, op. cit., Chapter {V, pp. 100-121. 
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I I ATTENUATION 
3 3 

SOURCE fEz, Z; 
NETWORK 

~ z: LOAD 
N" ATTENUATION 

2 2 (IN DB) 4 4 

TYPES OF SECTlOxs- The above figu re sboll's a network war-king between the 
correct values of terminal impeda nce. Zn and Zs. These correct values arc such tha t with 
Z Jl connected, ZS= ZI and wilh Zs cOIllH.'(; tcd. Zk= Z~. Space docs not permit morc 
than a statemeut or some of the problems iu voh·cd. For a more extended discussion 
consult the rdefences. 

In the descriptions or t he d ifferent ava ilable lypes of section note that the" voltage­
d ivider " and the " L-scction " maintain constaut impedance ror all vailles of ultclluatiou 
between only one pair of tcrm illuls. This mea ns thaLLhey must be connected into circui t 
in the right way and that the effects of incorreclload impedances cannot be pred icted 
rrom t he same si mple equations that cover the other networks. 

Voltage Divider-This section mllst work into t.he grid of a ,·acli um tube or other high-

im pedance circuit (i.e .• lhe load must draw no current). When it docs, N =20 IOgL O ~, 
r 

where R is the total resislance and l' is the portion uclwccn terminals 3-4. Th is 
expression can be reconciled wi th the dcllnil ions by consideri ng the power in the output 
circuit or thc tube and applyi ng the second (b) defi nition or power ra.t io. 
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L-Secl ion- Since t he image impedance Z, of s llch It sect ion varies with the value of N, it 
must be used with somewhat morc care than the other sections in precise measurements. 

1'-Scclion- This is the simplest of the networks for general measurement. It can be 
used wherever unbalances Lo ground arc of 110 impor111llcc. Both its input and output 
impedances arc constant regardless of its selling. 

Il-Sectiol/- T his is equivalent to It T-scction in each side of the line which helps to 
minimize ally errors due to unbahlllces to ground. Its impt.'dancc is also constant in bOlh 
directions regardless of it.s sell ing. 

lJuluuccd.. II-Seclion-Whcrc flilrlicular cnrc mllst be lilkcn to balance bolh sides of the 
[inc to ground , this type of section is helpfu l. An extra terminal is provided at both ends 
for the ground or neutral connection . 

M odified- T-Section-A 'I'-section in which , to eliminate complications in sw itching, thc 
resistance of one scries arm rCilIlIi llS constnllt over the entire range of attcll1lation. " ' hile 
the attenuation introd uced by t his section cun be accurately computed , its terminal illl­
pt.'(lanecs ehangc somewhat with settin g. Th is does not ill terfere with the performance of 
lhe ci rcuits to which it. is connected. I t. is not suitablc for measurcment purposes and is 
used cnt.irely for faders and ot.her volumc coutrols. 

TYPE 249 A TTEKUA'l'lO N BOXES 

SIX-SEGTION :i\'IODELS 

FOU lIlilny t.ypes ofexpcrimcntal work an attenuat.ion box Illiving olle decibel as t he 
smallest lIn it is sufficicnt. T hese boxes consist of s ix full st.>ctions. anyone or all of 

which may bc thrown into ci rcuit. by men ns of low-capacitancc key switches. Since 
each llttcnuation sect. ion is bu ilt separately, these boxes IUI\·c smaller stray adrnillanees 
and a somewhat better accurac~' for large ,·alIlCS of (Ittenuation at high frequcncies 
than the Tl" p~; 329 Attenuation Boxes. 

fia/ Igc: See price list. T he siX" sections 
havc, respectively, thc following val ucs: 
1- 2-4- 8- 10- 32. d t."Cibcls. 

'Typc of W£ndillY: Ayrloll-P erry for low­
resistll llcC elcments : mica cards for medium 
resishUlCe elements; find "fish linc"-type 
winding. for the high-resistancc elemcilt s. 

Accllracy of Al/jwJimcllt: All units arc 
adjusted to with in 0.25 1>Cr" ccnt. in resist­
ance. 

Typc of Secf1·0n: lla lnnced-H -type a nd 
T -typc sections areu"/lilablc. See price lis t. 

Tcrm·inll i. b npcdlIllCC:f: Boxes to OI)Cra te 
betwccn GOO- :Uld OOOO-ohUl imJlcdanecs arc 
listed. floxcs for ot her impedance valucs 
can be madc on spceial order. 

Frcqllcncy Error: Accuracy or 0.5 per 
eent. in deci bels holds to at least 50 kc. 

Fi"iflli: Mou nted in hand-rubbed walnut 
cnbincl with engraved crackle-fini sh a lu­
minum panels. 
DiIllC,,~iOlI8: 12J4 x;;J4" x 5y.( inches, 
Weight:.5 pou nds. 

1'ype Alleml(ltiO/1 ScctiOlt Impcdance C()(/c Word Price 

249-A 
249-B 
249-C 
,",9-D 

G3 db in s leps or 1.0 
G3db " .. "1. 0 
(i3db" .. " 1.0 
63db" " ;' 1.0 

Ilalanccd-H 
l3alallt.'ed-H 

T 
' I' 

GOO ohms 
0000 " 

000 
0000 " 

:-,· t;TWORK...\:\T $100. 00 
)I .~TWOUKUO\· 120.00 
X ETWOIl. J;:CA T 90 .00 
X ETWOIU;::!)OO lLO . OO 
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ErCIIT-S.::crIOX .1[0 0}; 1£ 

THE SE arc si mila r to the six-section models in every deta il except that they arc made 
up with eight sections. 

Ha llUc: Sec price list. The eight sections DimCII.,iOlls: ](i x 534 x 5.31 inches. 
ha\'c. rcspecli\'cly, the rollowiug yalues: II't i(lllt: 7Ys pounds. 
1-~-3-4-'I O-20-30-40 decibels. 

TyT" St:CfiQII i mpcdflnce Code Word Price 

!M9-H 110 (Ib ill s leps of I. 0 ....... Bula I\("C(I-I-I 600 ohms is"1:;T WO IiK IIO() 8120. 00 
2-t.9-J 110 db ,. .. ., 1.0 ....... Bll lallced-H 6000 ='I:TWOIIl.:"1(; HiO . no 
249-'1' liOdh " .. .. 1.0 .. .J' 600 " ;q:TWOtl KTOI' 100. 00 
q.~9-U 11 0 db ., .. " 1.0 ....... .J' 6000 " :-!ETWOIIKEYE HO .OO 

TYPE 329 AT'fEKUATION B OXES 

JhL.1. NCED. TT. ECTION 1\10 DE[.5 

THESE consist of two adjustable lO-slcp sections joined in series. The attenuation 
of each is adjusted b.\· means or a switch which si mu ltancously int.roduces the correct 

amount of resistance in both the series and the shu nt arms. The sections arc arra nged 011 

the decade princ il>le, o ne controll ing lorgtl steps of a ttenuation , t he othcr, small oncs.. 
This tYI>C or dev ice is much clisicr :lIld more convenicnt to operat e tha n those ha ying the 
key switches. 

/feU/go: See prite list. 

'I ' ,r " '" d· } Su me as for ~ ypc oJ 111 IIIr ti le ' I'YI>.; 249 
Accuracy of Adjll8tmellt: \tl r 
l'erm'illal l m1JCda/lCCS: J' J elliia Ion 

oxcs. 
Type of ScctiO/I: lla iance<l-H. 
F1'cqucllcy Error: An aCCurac;'" of 0.5 per 

cent. in decibels holds to at least 50 kc. 

TVI'E 329-J 

Finish: l\Iounted ill hand-rubbed walnut 
cabincts with cngra\'cd ba kel ite panels. 
The swi tches <lrc supplied wi lh a. positive 
detent dC\'icc, which centers the switch 
bi<ldes on the con tact points accu rately at 
cach step. This is a decided help when 

making rapid routinc mcusurClllenb. 

Typ' 

,,0-> 
32!}-1. 
329-N 
S:W-p 

A Ilel! I!otio/! 

55 db in s leps of 0 .5 .... 
55 db ." " 0 .:; .. 
21l db " " " 0 .2 .. 
22 db H 

,; ;< 0 .2 .... 

Dimellsions: WYs x 10% x (l inches. 
Woight: 12 poullds. 

Stdion / IItpWmu:e Code Word Price 

Balunced-Il 600 oh ms TE~(1TOIII'W $155 .00 
lhlnnccd-J-I ()QOO 'ft;"UTOII~n: 190 .00 
Iintallced- H 600 " TF.~U 'fO IIIlOY 105 .00 
Bulllnced-I l 6000 " TI::~UTOn DOO 200 . 00 

H -S};(,"TIOX :MOI).:I ~'i 

THESE differ (rOIlI the oncs describcd in the preceding :-.pcci fication s in t hat they lire 
matie in H-typc sections. 

T ype of Sect·ion: H-lype. 

Type Allell!wtioll Scclio!t / mpedal!ce Code Word Price 

S29-H 55 db in steps or 0 .5 .... H 600 ohms TEXUTO n nOD 8140 .00 
829-K 55 db .. " ;< 0 . 5 . ... H 6000 " T~~UTO IITOP 185 . 00 
329-M 22 db " " " 0 .2 .. H 000 " TE~UTOR,~ST 145. 00 
·S29-H. 22 db " " .. 0 .2 .. H 6000 " TESUTOIICAT 220 .00 

• Formerly, '1'1'1' £ 329-0. 
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TYPE 429 An'E"uATION BOXES 

Tl:IESE are similar electrically and mechanically to the TYPE 829 Attenuation Boxes 
described in the Jast section, except t1mt the TYPE 429 Attenuation Boxes are avai lable 

only in the T~lypc sect ions. 
The demand for this type of section is not general enough to justify Ollr carrying lhem in 

stock. Designs a rc on fil e, however, and the boxes can be supplied on short notice. 

Typ' /IlIelll/aliOIl 

· 429-l{ 55 db in sleps or 0 . 5 . 
·45!!)-K 55 db ;' .. h 0 . 5 
· ,}29-M 22 db" " .. 0 .2 
· ·I'l9-H. 22 db" .. "0.2 .. 

• Guilt to order, not carried in stock. 

Range: Sec price list. 
Type of 1V1'1Idillg: 
'l'crmillal b npcduncc8: Same as TYl'E 
Frequency £'-rroT: 
Pinish: 
Accuracy of Adjllst­

merit: 

S~!) Attenuation 
Boxes 

Type of Sect-ion; 'l'-lypc scelioHS only are 
available. 

Dimcn8ums: 14 x 7 x 5 inches. 
Weight: 1l.J.-'2 pounds. 

Section I mpedaltce Code Word Pricc 

T GOO ohms ADM IT $150.00 
l ' 6000 " ADOI:IE 175.00 
T 600 ADOO'T 175.00 
T 6000 " ADOHt: 'l00 .00 

TYPE 529 ATTENUA.TION BOXES 

T1iESE replace the TYPE ' 1 6'~ Audibility Meter (now obsolete) which has long been in 
use ror eompilri ng the intensity or two signals by listening test with telephoncs. The 

Tl'PE 52{) Attelluation Box may be used in exactly the same way, but the units of CODl­

pari soll arc now in decibels instead of the arbitrary" audibility" scale. When finding the 
audibility or a signal the instrument is inserted in circuit bcCore the telephones. The 
attenuation is lhen incrcltsed unt.i l the signal is reduced to inaudibility. The ratio or the 
rull-volume signal to the inaudi ble level may then be rend on the scale or the instrument 
in decibels. 

7'ype 

5:t9-A 
529-U 

Allelluotioll 

60 db in steps of 2.0 ... . 
GOdb" " "2.0 ... . 

L 
L 

/lu lIge: See price list. 
Type of IVindi 'lg: Random winding on 

bakelite cards, 
Accuracy of Adjustment: ±O.2.5 per cent. 
Type of Section: Available in the L-type 

section. See price list. 
Frequency Error: Anaccuraeyo(2 percent. 

is maintained UI) to a frequency of 10 kc. 
Finiah: Mounted in hand-rubbed walnut 

cabinets with engraved bakelite panels. 
Di7lle113Wna: 8 x 8 x '. inches. 
IV eight: 2% pounds. 

I mpedm!ctJ Code 1I'0rli 

600 ohms I ADUI.T 
GOOO" AFFIX 

Price 

$3 '~ .OO 
:14.00 
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TYPE 452-C VOLTAG E DI VJI)EU 

THIS instrument has a total resistance or 600,000 ohms. tapped for firlccli steps of 2 
decibels each. Its extremely high impedance makes it valuable liS a mult iplier ror 

usc with the 'l 'ypf: 426-A. Thermionic Voltmeter. Its impcdll HcC is suffi ciently high to 
permit its being bridged across ncarly any circuit without causing a not iceable shunting 
effect. 

Range: See price list. 
Type of Winding: " Fish line " . 
A ccuracy of Adjll3tment: ± O,% per cent. 
Type of Section: Voltage divider. 
Terminal I mpedanctNJ: Sec price list. 

Note that a. voltage divider must be worked 
into an "infinite" impedance. 

Freq1lCncy Error: An llCcuracy or 1 per 
cent. holds to at least 20 kc. 

Fini3h: H~Uld-rubbcd wal11ut cabinet 
with bakelite panel , engraved. in both 
decibels nnd voltage ratio. 

Dimensions: 7 x 7 x 5J.1: inches. 
W eight: 4% pounds. 
Type AlI(lluUllitm Section 

452.-C so d b in s teps of 2 . 0 V.D . 

I mpedance CfXle IV 0 711 

000,000 ohllls VISIT 

TYPE 554 V OLTAGE DrVJI)EH 

Price 

$60. 00 

IT is orten convenient to have a potentiometer of high aCCUrllcy, such as is oblllinoo by 
connecting t.wo decade-rcsistance boxes in series. The Tyt>~; 554 Vol tage D i\'ider is 

the practical equ ivalent of this arrangement and the switching is so arranged t hat the total 
resistance remains conslant. no maller what proportion of thc totlll resistance is used. 

/lunge: See pricc list.. By add ing a 
resistance of 90,000 ohms in series, the range 
may be made 0.0001 to 0 .1 in stcpsof 0.0001. 

Type of Winding: All windings are wound 
by the Ayrton .Perry method . 

Accuracy oj Adjustment: All un its are ad. 
justed to with in 0.1 per cent. in resistance. 

TOial llesi.siaw:e: 10,000 ohms. 
Frequency Error: Accuracy of 0.5 per cent.. 

in voltage ratio maintained to at least 
30 kc. 

Dimensions: 22 x 9Y2 x 5 inches. 

Attenuation (VoltaglJ Ratio) Sectioll 

554 0.001 to l.000 in 5teps or 0.001 V.D. 

Weight: 15,!.1 pounds. 

Code Word 

10,000 ohms IH:I"OT 

VOLUME-CONTROL DEVICES 

Price 

1 8 17.').00 

BECAUSE so many factors a.ffect the design and manufac tu re of 
volu me controls and because the voice-rrequency trunsmissioll, 

recording, and projection industries have grown so rapidly. engineers 
responsible for speci£ying and installing these devices have had to content 
themselves wit h whatever has been available on the market. The 



 

26 GENERA.L RADIO COllfPA NY 

General R adio Company has been studying the requirements or the 
field and has completed the development of units that meet the most rigid 
and exacting service requirements. Full details wi ll be given in a catn.tog 
supplement which wi ll appear as soon as possible. The new line will 
include regular volume controls, mixing controls, and facl el's fol' sound 
projection. One of the ia.ttcl' is described here. 

There arc three primar,), (actors to be considered when specifyi ng "ohmlc c;onlrols or any 
kind: 

a) T he valucs of term inal impedance which the network (all volume controls arc net­
works, sec page 19 et seq .) must malch to minim ize rcOC<.:lion losses and the rrequency 
d iscrimination resultin g therefrom. 

b) The range of uUClluation t hat the volume con trol Illust havc and the alUount of 
llttenuation per step. 

c) The type of section (whether "ollage di vidcr, L-typc, T-l."!>e. H-t.vpe, cle.) which 
invol ves lhe considerations mentioned in (a) as well as the possibil ity of crosstalk resulting 
from lint; unbalances to grou nd . 

Other condit ions which a good "ohmle conlrol mllsl meet include; rugged mechanical 
design, euse of operation, freedom from reactance lind strilY adm iUances ill the network, 
reasonable shielding (rom cleclricli l disturba nces aJl(1 from dust, frecdom (rom coullict. 
and switch noise. The latter is most frequentl y o,·crlooked. proba bly beca use volum e 
cont.rols built from modified rad io rheostats have been the cheapest and casiest to securc. 
(The General Hlldio Compa n;v's experience with s lid ing eon lacts on wire justifics the be­
liC£ that t hey have no place in a high-grade permanent installation. \Ye Can , however. 
supply them.) 

TYPE 59S-A FA))EI' 

THIS fader is a $ rugged in construction, eOllvenient to operate, and free from contact 
liaise lind service t roublcs liS good workmanship and material can make it. T he 

mOllnting and switching mechanism will withstand an indefinite amount of or<i inllr.\' usc. 
The instrument C,lIl be suppli(:t! either with or without a dummy control. H a dum my 
cont.rol is uscd. there is 110 a pprl.'Cia blc backlash between the dia l of the dummy and master 
units, because the connecting dri,'C is direct and involves no gears. The resista ncc units 
l.Uld contacts are eardully sh ielded to protect them from elecl r iCll I disturblluees llnd du st. 

Ra,ngc: .Fi£teen steps on cach side of zero, 
with ~ or S decibels per s tep as spccified. 

'l'!J1>e of Winding: Uni filar wi ndillg on 
bakelite cards. 

Accllracy of Adjustmcnt: Hcsis­
tors adjusted towi thill 0.3 percent. 

Type of Section: :)lodi fied 
T -type. 

Terminal 17ltpcl/uncc8: flOO or 
500 ohms terminal impedance nrc 
the most usual. Can be built for 
any terminal impedauL'C sp('(:ified. 

FrequenC!1 Error: The above­
mentioned accuracy holds to at 
Ic::tst 10 kc. 

Finish: Crackle-finish cast alu o 
minulll with a n engraved bakelite 
termina l plate a nd spL"Cially en­
graved scale with large numcral s. 

Type l~olCer Leul llollge Section 1 m~dol!ce Code Word Price 

,:;9&-A 1 To Order 
t As shown 011 page 2 1. 

I Modified T t I To 0 "1,, I ..... . .. I ...... . 
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RHEOSTATS AND POTENTIOMETERS 

THE ruggedness of these units makes them idea.l for general-purpose 
resistance cont rols, especially for fil ament rheostats a nd volume con­

t rols in apparat us using vacuum t ubes. " 'ire of suitable size ~H1d resis­
t ivity is wound 0 11 non -absorbent strips and these a rc held in place by 
bases of moulded bakelite. The sliders are designed for posit ive contact 
wit.h a minimum of wear. 

Their fl exibili ty is an importnnt feature in experimental work. All 
(except 1'),1>£ 41 0, wh ich is for 
panel mounting only) ma.y be 
mounted either on table or 
panel. '~;hen panel-moun ted, 
the resistance of all rheosta ts 
decreases for clockwise rola­
tion of the control knob ; when 
table-mountcd. the resistance 
of all rheostats bu t one * de­
creases (or counter-clockwise 

-'" 'I 

RHEOS TAT POTENTIOMETER 

rotation, but it is an easy matter to reverse the connections if necessary. 
Potentiometers used as rheostats will , o( course, operate in either d irec­
tion witllOut changes. inasmuch as a potentiometer is merely a. rheostat 
with a th ird terminal. 

Current-carrying capaci ties are limited by allowable heat dissipat ion 
which is the Iwineipal characteristic that distinguishes one type o( unit 
(rom another . The greater the allowable heat, the larger the winding 
form requi red) ~U1d ) or course) the greater the tota l resistance that it is 
possible to secure. 

For volume-control use, it is orten convenient to make use of a 
potentiometer whose resistance is not proportional to the angle or rota­
tion . The 'f YPE 371-T Potentiometer is wound on a tapered strip, the 
resistance corresponding to :lny setting being approximately proportional 
to the square or an angle equal to 80° plus the actual angle of rotation. 

All resistances are wound to within 10 pel' cent. of speci6ed values. 
Si7,es listed are carried in stock; others can be buil t to order. 

t'J'l'I't: 214, 50-ohm Hbeoslat. 

"IY PE 371 P OTENTIO:\U:JTE HS 

M aximUln Power Dissipation: 25 watts 
for linear model, J5 wntts for t apcred 
modcl. 

M OUlding: Supplied for 3-hole panel 
mount ing, but can easily be converted Eor 
baseboa rd mounting. l\fllchi ne screws, 
nuts, and drilling template furnished . 

Dime"sion8: Over all radius includ ing 
terminals, 1 H inchcs; dCptll behind panel , 
2% illches; shaft. • .!4' inch . 

Angle of Rotation: 305°. No "off " po­
sition. 

Knob: TYPE l S7-D. 
Weight: 7 ounces. 
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THE 371-'1' TYPE 371 

LI :-' ~;An 1\:[OD£I..5 

Cod, 
1'YJIIl Total Rtli$tall~ M uxil7Ulm Cllrrcnt Word Price 

:.17I ohm . . . . . . . . ; ampcr<:S II,H . ... y 85.CO 
:17I 5 ohms 2.' J1EI~\ ¥ 5 , 00 
. 71 1000 . .. . . . . . . . . . 150 millinllll>ere;; IlI::D.~ N 5. 00 
371 2500 " 100 lu~nT 5.00 ........ 
371 5000 " 7, ROTOR 5.00 ••••• , 0" 

371 10,000 50 " IIOW IH ' 5 .00 
371 18,000 " 37 

., 
KULEII 5.00 

371 50,000 .. " SAn'lt 6 .50 .. .. . . . . ........ 

T APERED .i\IOD~;LS 

Godc 
Type To/al Re8i8t(<lIC~ .I1 11ximllll~ Current Word Price 

371- '1' 10,000 ohllls I . . . . . . . . 4' mil1iaml>crcs !;ULLY I g,.'O 

TYPE 2 14 RHEOSTATS 

M axilltum PQ1CCf D i88il )ut ion: 12 walls. 
.Mounting: Supplied ei ther for S-hole 

panel mounting (TYPE 214.A) or for table 
mounting (TnE 214-B) . One t~1)e can 
be easily converted into the other by the 
customer. )fachine screws, nuts, and 
drilling template fu rn ished. 

Dimensions; Over all radius includ ing 
terminals, I%, inches; depth behind panel, 
174' inches; shart, 74' inch. 

Type 'fo/al Relislallce 

214-:\ 
2B-A 
2 H - :\ 
214-- :\ 
2 14-:\ 
214-A 

0 .75 ohm 
2 ohms 
7 .. 

;0 
2500 

" 

" 

Anqlc of Rotation: 300°. No "off" 
position. 

Knob: '1\ "1'£ 137.D. 
IVciqld: 7 ounces. 

P,\ XEL. :M o UXT ING l\fOOELS 

M(lxillH/'" Currelll 

4 
U 
I.. 

a mperes 
" 

0.75 umpere 
0 . 50 " 

70 milliamperes 

Code 
Word Prirt) 

!;.lIl oS'Y 

II UDDY 

IIUR,\ I. 

IIAlon 
rcAPiO 

5Y IlUP 

8 1. 75 
1. 75 
1. 75 
1. 75 
1. 75 
2 . 00 
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T VI'):; 214 '],1.\"1' ):; 301 

Cod, 
Tyre Total ilui!l/rwrr .IIuxil/uan Cllrrt.,l! Word Price 

HI-n 0 .75 oh m 
Ha-B • ohms 

.. :illl l~res SILL' " $ 1.75 
2.5 II U~lon 1. 75 

2 1.J-B 7 1. 3 " II USTY l. 75 
u~-n 20 " 
2 1·1-8 ;0 

0 . 75 a mpere u ~:.\ln· I. 75 
0.50 " lB\, ~:L 1. 75 

21.J.-.B 'l500 " 70 m ill in IUperes !51' XOI) ' .00 

T YPE 2 ] 4 P OTEN'1'lOl\IE'fEn S 

'l'\,PE 2 14 Potentiometers a rc in every way like the 'f'"I'E 2 14 Uhcosta ls deseribed above 
except thal they arc provided with the third terminal. They arc likewise a vailab le in 
both pallel- and table-mounting models. 

2 14-A 
2 1<l-B 

P ,un:t.- "'1'(1) 'J'Anu:.l\lolfXTlxG .i\IOO~;LS 

JI (lxiIllWII Cllrrellt 

175 milliamperes 
175 " 

TyP IC 301 RII EOST ATS 

MountillY 

P anel 
' I'able 

Cod, 
Word Price 

IlOSI X I 81. 75 
IIOW}; . . 1.75 

THESE uni ts lIrc small a nd occupy liltle space on the panel or baseboard . Quantities 
of thcm arc used in Gcncral Hadio instrumcnts. 

M (l x imUlIt Pou.'er Dissipation: 6 walls. 
M Ollllt'ing: Su pplied for 2.holc panel 

mounting, but can easi ly bc (;ollverloo 
for baseboard mounti llg. 1IIachiuc screws 
and nuts furnisbed. 

Dimensions: O\'er all radius includillg ler· 

301 
SO l 
SO l 
301 

\. 5 
6 .. 

25 

ohms 
" 
" 

lII inals, 1 5/ 16 inches; depth behind panel, 
2% inches; shaft, >1 inch. 

A ngle ()J Rotatioll: 2;);;°. Has "off" 
position. 

K nob: T YI'E 1:37·,1. 
Weight: 4 ounccs. 

J/(lxim!lm C'177e ll l 

'. 0 amperes 
1.0 " 
0.7 nrnJ?:Cre 
0 .5 

Cod, 
Worll Pric$ 

P UPI L $ 1. 00 
PALSY 1.00 
nElIIT 1. 00 
nE:s'F,W 1. 00 
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TYPE 301 POTENTlo~rE'l'EHS 

THESE nre ill every respect like the 'l'l'l'~; $01 Rheostats described above except tbat 
they IIrc provided with lhe third terminal. 

Cod, 
Type To/al Rl'fi,/cl1!u Maximum Cllrrellt lVortl Price 

301 I 200 ohms I .. ....... ........ . . 1 175 will inlllperes I ulm us I $ 1.00 

TYPE 410 RHEOSTATS 

THE SE arc exactly like the T YPE 301 Rheostats and Potentiometers except that lhc~' 
UfC des igned ror single-hole mou nting by means of a threaded bushi ng. 

MliXi ln1111t Power Di.88;:patioll: 6 walts. panel, 2% inches. Shaft. Xl inch. 
Mmmtillg: Sin gle-hole type. Outside A lIyl.e of Rotation: 255°. Has " off" 

dia meter of bushing. % inch. Maximum position. 
t hickness of panel, % inch. K nob: THE 137-L. 

Dimell$iOlls: Over all radius including Weight: 4 ounces. 
terminals, 1% inches. Depth behind 

r Olfe 
Ty pe To/Ill Rui.a/IH/ce Ma.r. i ,1tuJII C'ITTer!i Word Price 

410 0 .5 ohm ........ . . . . . , . . . . . 3 .5 a mperes $.\ \ '01( 81.00 
410 I. Ii ohms '.0 " S~XON 1.00 .. .. .... .... .. .. ..... . .. 
·H O U " 1. 0 llllll,',ere S,l.1I0 T 1.00 ... ... ... . ... . ... 
410 " " 0.7 S.H.o~ 1. 00 ....... .... 

"" .. " 0 . ;) " S.~ LT\· 1. 00 ......... .. .............. . 

TYPE 410 P OTENT IOMETI-:: n. 

THIS is identical with the T \ ' I' £ 'liO Rh eostats except that it has the third terminal 
and no "off " position. 

C{J(ie 
Type T oIul llc3is/ulicc Maxl~mllm. Cllrrent. Word Price 

410 '00 ohms . . . .. I liii millinmperes S.\TI S I 81. 00 

MISCELLANEOUS 

THE TYPE 125 Phantom·Antcnna R esistors a rc userul for tes ts on radio 
transmitters where it is desired to replace the an tenna. by a local 

cil'cuit whose constants arc more easily determined, Dy this means, 
interference with other stations is prevented . These instruments are also 
usefu l about the labora tory where a reasonably accurate I'csistor of high 
current-carry ing capacity is required . 

TYPE ] 'Z.5 PHAN TOi\I-ANTENNA RES1Sl 'ORS 

M aximwn Power Di.aaipatioll : 400 watts 
total for TYPE 12;; -A; 900 watts total {or 
T \'PE 125·G_ 

Accuracy of AdjllatmclIt: o.;} per (.'c ill. 
Matcrwl of Rcaisfor: Constn nlan ribbon. 
Tcm:perat llrc Cocfficwllt: ± O,002 per cent. 

per degree C. 
No. of 

Type Sec/ionl 

li5-A I 4 
1 ~5-G 2 

Reaia/au ce 
per lee/ion 

4 ohms ... 
Currtmt 

per section 

() nmp. 
15 nmp. 

MOllnting: Ribbon wound on asbeslos­
boa rd cards held vertically betweell bakel ite 
end plates. 

Finuh: All exposed metal pa rts nickel· 
plated. 

Cod, 
Dimel1aiolll Weigl!t Word Price 

7~ x 6 x ,~U ill . I S.\4 lb. R.WEN $18.00 
10~ x 7% x 5!i in. 7 lb. 1(£6EL 28. 00 



 

INDUCTORS 

A 'VIDE VHI'iet,)' of fixed and variable inductors is required in the 
laboratory . both for use in me..'lSlI rcmcnts and for general-purpose 
experimen la l work. They arc listed uncleI' t he rollowing general 

headings : 
a) Calibrated Inductors 
b) Experimental I nductors 

Filter chokes. rad io-frequency chokes, and other acceSSOl'lCS urc de­
scribed in the section beginning on page 49. 

CALIBRATED INDUCTORS 

PER]V[ANENCE, and accli racy of calibration with frequenc,)' arc 
the pr incipal requirements of calibrated inductors. The fixC'cl and 

variable slandard inductors listed have been designed with this in mind. 
The TYPE 106 Stanclard Inductances arc fixed and arc recommended 

where a bl'idge wilh adjustable ratio arms· is available, since it is possible 
to obta.in a more rel iable calibration UHlIl on an adj ustable inductor 
such as thc Tl'PF; 107 Variable Inductor, ' ·Vhere thc ,'atio arms are fixed , 
the variable inductor must, of course, be used, 

·Such as tl lC Tl' I'E lOS De<:adc Bridge. see page 75. 

TYPE 106 S'1'AN DAHD I N Due'rANeES 

TA E resistance or these instruments is low and eonstan t over a wide Irequcuey range. 
Thc resistance at 1000 cycles per second is the same as t he d irect-current resiSLanc.'C 

which is Clltered 011 a cert ificate on the 
bottom of the Cl.\bincl. 

COII$l rllcl"ton: " 'oulld with copper wire, 
separate s trands insul ated from each other. 
I n order to minimizc the c fTt:ct of external 
fi elds, coils arc wound in two sections so 
cOllllccted that their external fi elds oppose. 
Coils are form wound, bound with tape, and 
impregnated with wft x. There is no metal 
in the COIlc.'Cntratcd fi eld of a coil. 

Fiui$h: Walnut cabinets with bakelite 
panels, mclal parls n ickel-pla ted, 

D imCIl$ioll$: 5:% x t(Ys inches. Dept h, 
sec price Jist. 

A pIJrox. I) . C. 
TYl1e I ndltclonce Ilelistu/lce 

10G-L O. I· mill. 0 . 18 ohm 
lOa-G 1. 0 mlh. I. 80 ohms 
I06-J 10.0 ml h. 1'l .2 .. 
106- K 100. 0 mlh. 85.3 " 
106-.1\[ 1. 0 henry 5 ' 5 .0 " 

l l/ llxilnll llt 
Current 

3.5 amperes I 
I amp-cre 
0 .5 

250 mill ia!?I>eres 
150 

[ 31 ] 

Accu-
racy D6ptll 

1. 0% 3J,1 in. 
0. 1% 3J1 in . 
0 . 1% SJ1 in . 
0. 1% 3J,1 in. 
0 . 1% 5% in. 

Code 
II' eight II' ord 

'l~ lb. I X:-' ~: II 

2J.1 lb. l )1,· ... ;nT 

2~ lb. JlUTE 
37:( lb. ISL I:.'T , lb. ISSUE 

Price 

$'25 .0 o 
25 .00 
25. 00 
25. 00 
36 . 00 
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11~PE 107 VABL·\BLE I )lDUCTORs 

A N adjustable standard is required where a fixed bridge ratio is used . It perm its a morc 
.tl. rapid ma nipulation of the bridge in applications where the less accurate calibration 
of the adjustable sta ndard is permissi ble. The TYPE 107 Variable Ind uctors can be sup­
plied calibrated for use in slIch bridge ci rcuits. They arc also sat isractory for tuning 
circuits. 

Uotor and stator termi nals arc brought ou t separately so that the coils may be connccted 
in series Of in parallel, or the unit may be used as a variocoupler. The maximum and 
min imum induclances arc supplied with ('nch instrument. but a cal ibration curve is not 
rurn ished except when req uested . 

Interior 

COl/lItr-llction: Stranded WlfC on bakelite 
forms. 

Accuracy: Calibration eurve to 1 per cent. 
supplied on request. T he ind uctance is 
pradieall.v constant for all frequencies up 
10 50 ke. 

TU!" 

l lUIIICIIJ/lCe (Scriu) 
Max. J / ill. Ruisttmu 

Fini8lt: Mounted 0 11 bakeli te pancl ill 

hand-rubbed walnut cabinct. 
IJimc1!8WlIs: l'a nd, 5Y8 x 5Y8 inches. 

Depth, 8~ inches. 
Weight: 5 pounds. 

Coo, 
Worl Price 

· 107- l<' 
· 107- G 
· l07- H 

O.O-~ mlh'l 0 .4 mlh. .55 ohm IB PPY $21. 00 
0.4 ml h. 4 .0111Ih. G. l1 ohms ........... Utl- IlOY 21.00 
l. 8 ml h. 18 mlh. l 'L 18 " ........... U ti- VEX 21.00 

~[oulltcd Cal ibrn l i() 11 Curve .. .. .. .. .. .. .. CUH, \ ' E 5.00 
• Calibrations supplied only when ordered. U.se compound oodc words, e.g., II,\ PPi'CUllVE, 

II AIII)\'CI) IIVE. etc. 



 

INDUCTORS 33 

EXPERIMENTAL INDUCTORS 

THE TYl'E 268 Variocoupler and the TYPJ": 269 Variometer .He ideal 
for experimental set-ups in the radio laboratory. They are compact, 

mechanically rugged, and electrically efficient. 
The TYPE 577 Inductors are the result oC an investigation of losses 

in coils and coil forms conducted by the General Radio Company several 
years ago when the "low-loss" coil and condenser craze was at its height. 
This study showed that the proper ra.tio of diameter to length and a 
bakelite coil (orm gave substantially lower losses than any of the 
then popular "low-loss" coiJs. The plug-in bases greatly increase their 
usefulness. (Note: The TYPE 577 Inductors are the same as the old TYPE 

277 Inductors in every respect except arrangement of the holes for 
mounting pins.) 

~ . 
~ ... .~ --:" . 

I) / .. 

= -,. 
J 

" ~; ,- / 

TYPE 2GS TYPE 269 

T YPE 268 VARIOCOUI'LER 

I nductance Val1les: See table below. 
Shaft Dia meter: U inch. 

Ty~ Stator Indllctallce Rotor I "dllclallce 

". 380 microhcllrYs lOG microhenrys 

h lduciancc Vah,e,: Sec tablc below. 
Shaft Diam.eter: U inch. 

1Ildu('tallce (Seriel) 
Ty", Mazimllll' Mi"imll"~ 

200 I 820 microhcnrys I 100 microbenrys 

Dimensions: 4 x 4 x~.Y2 inches. 
Weight: 6 ounces. 

Cod, 
Word Price 

Dimen$WII': 4%, x 3 x l %, inchcs. 
Weight: 7 ounces. 

Cod, 

82.50 

Word Price 

I ........ ..... ... ........... . I V.\UI> 1 83.50 
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TYPE 577 I ND C'rons 
S INC LE-'YINOING M ODf:l.5 

THESE arc aVllilable in three sizes to meet a need for high-grade luning inductors for 
the laboratory. 

577- A 
577- 8 
577- C 

10 mill. 
00 mlh. 

190 mlh. 

TYPE 577-D 

600()-2000 kc. 
300()-IOOO kc. 
1500- 500 kc. 

.-. 
27 
55 

I "d1Icfullce: Sec price list. 
1'1millU flange: Sec pri<"1: list. Val lies gi ven 

arc maxi mulll an d minimu lll frequencies 
for inductors when lIsed wilh 500-", ... r vari­
able air condenser. 

M ounting: Holes provided Cor T YI'''~ 
2i4-P Plugs (not furnished with inductors). 
Drilled to fil TYPE 274-CJ or Tnt; 27'l-EJ 
Mounti ng Bases. 

Dimensions: 37,( x 3.!t:( x 2.J.4 inches. 
Weight: 3 onnces. 

Cod, 
W ord Price 

N'ADOn 81.00 
XABIR 1.00 
SAlVE 1 . 15 

COIJI'LING-COIL I\fo nt; IS 

TI-IESE arc provided wilh two wi ndings as specified in the price list. They a rc similar 
in all olher details to the si ngle.winding models. 

Inductance: Sec priee list. Valucs givcn given are for secondary tuned by 500· ... ,..r 
are fo r seeondary wi ndi ng. variable ai r eondenscr. 

'1'wtitl(J Range; Sec priec list. Valucs 

Pri. Cod, 
Type I "dllctum:e TIHlill9 NUl/fie Sec. Tllrl/, 1'""" Word Price 

577- D 11)0 meh. l;JOO- 500 ke. 50 13 NAKt:O $1.15 
577- DYz 52 mch. 3000- 1000 ke. 2G " :>.\5.1. I. 1.15 
577- D M 15 mel •. 6000-2000 kc. I S -. NASTY 1.15 

UNWOUND :M ODEL 

TJ-I[S is provided so that experimenters may wi nd their own inductors. Specific:ltiolls 
a re idenliCill with those J!i\"en for the singlc.winding models. 

COfJe 
T!Jpe Word Price 

577- U I ....... .. . I :>ATAI. I $0.70 



 

OSCILLATORS 

I N the co~nmu '~ica.tion laboratory, oscillators a r? rcquil'cd for measure­
ment with bl'ldgcs and other a.ppa ratus iLL a fi xed frequency and for 
observation of characteristics and behavior of appara tus over a l'ange of 

freq uencies. Fol' fixed fl'cquencies in bridge measurements a mic l'ophone­
driven tuning fork is satisfactory. Varia blc- f. ·equency oscillators IU'C 

genera lly of the vacuum-tube type. A numbcl' of such osciJlators for 
specific purposes and frequency ranges a re described in the followin g 
section. None of them are in tended for use as frequency standal'ds ; 
oscillators for that purpose arc lis ted in the section on frequency standards 
(page 51 et seq. ). 

The inst ruments described in this section arc listed under the following 
headings : 

a) Vacuum-Tube Oscil la tors (Audio- and Low Radio-Fl'equency) 
b) Vacuum-Tubc Oscilla tors (R adio-Frequcncy) 
c) T uning-Fork and lVl iCl'ophone-Bu t ton Oscillato l's 

VACUUM-TUBE OSCILLATORS 
(A UDIO- AN I) Low RAD I O -}'R1~QUENCY) 

I N this sect ion are described two vacuum-tube oscillators, The one is 
lor general-pu rpose use throughout the audio- and carrier-frequency 

spectra ; the other is loJ' use at audio rrequencies whcl'ever it is desirable 
to sweep the band with a mi ni mum of adjustments. 

'I'yp]!: 377-B LOw-l1'HEQUE NCY O SCILL ATOR 

THIS is a. vacu um-tube oscillator which covcrs the a ud io , ca rrier, a nd low rad io fre_ 
quencies. I ts frequency stability, low harmon ic content , a nd wide frcq uency ra nge 

ma ke it an exlremely useful inst rument for COllllllllllical ioll measuremenls. Among its 
uses are bridge measurements of illl ki nds, st udies or the response cu n 'es of t ransformers 

T n F. 3i7-B (I nterior) '1\'0: 377- B (Exterior) 
[ 35 ] 
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r-________________ -CC-_�~12~A~-TYPE TUBESr-______ ~--_c-jI--
0-I00000''' 
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G 
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and loud~spct\kcrs. the study of filter characteristics, and the stud y of cable and other di­
electric behavior. The oscillator (or the high frequencies is of the tuned-plate type, as 
shown by the functional circuit diagram. For lower frequencies, the Hartley circuit is 
used. An amplifier serves both to increase the power output and to isolate the oscillator 
from the load circuit. 

Frequency Range: 25 to 70,000 cycles 
per second . Can be extended slightly in 
either direct.ion by a change in construction, 
information about which will be supplied 
on application. 

Power Output: 50 mill iwatls with one 
amplifier lube; tOO milliwntts with two 
amplifier tubes. 'fhe output may be varied 
by means of a l'YP.~ 371-'1' Potentiome­
ter. 

Walle!ornt: The maximum harmonic con­
tent is in the vicinity of 3 per ccnt. of funda­
mental amplitude. Most of it is introduced 
by the amplifier. By method described in 
Instruction Book, signal level applied to 
amplifier lUay be reduced, which reduces 
harmonic content to 1 per cent. if load has 
impedance greater than 8000 ohms. 

Calibration: Mounted calibration chart. 
accurate to 1 per ccnt.. is supplied in dupli­
cate. 

Frequency Stability: Changes in tubes and 

Typ' Frequerlcy Range Operated 

operating voltages have a minor effect on 
the frequency, a. change of 25 per cent. in 
plate voltage, for example, producing about 
0.1 per cent. change in frequency. Chang­
ing tubes causes about the same amount 
of shift. 

Mounting: All apparatus mounted on en­
graved bakelite panel in heavy oak case 
with carrying handles and cover. Case may 
be bolted to wall, hinges allowing the cab­
inet to swing out for replacing tubes, etc. 

T1lbea: 11 2-A-typc tubes (not included 
in price of instrulUent) are used. one as au 
oscillator and either one or two as ampli­
fiers. 

Power Supply: Batteries (not furnished) 
arc used for the power supply. Using three 
tubes, the total plate current is about 16 
milliamperes at lS5 volts. The grid-biasing 
battery is supplied. 

Dimenaiona: 19Ys x 18 x 107'2 inches. 
Weight: 57 pounds. 

Code Word Price 

Si7-13 25-70,000 cps. I Batteries I ......... ... ....... .......... . IOMEGA I $350.00 
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TypE 41S-B BEAT-FnEQUENCY O SCILMTOR 

TillS oscillator finds its greatest use where it is desirable to move quickly through the 
audio-frequency range. It. is particu1arl y helpful in the study of loud-speaker respo llse 

curves, since the complete frequency range is available by one-half rc\·o!ulion of the main 
dial. Peaks or hollows in the loud-speaker response arc immediately evident., and any 
tendency to blast. at. particular frequencies is quickly revealed. The cOllvcntional lypc of 
oscillator cannot L'()vcr this range without using several controls. Here. however. the 
desired frequency is obtained by beaLing together two high-frequency oscillators, a rela­
t ively small percentage change io the frequency of one producing a large percentage changc 
in their difference or beat frequcncy. Qnc control ca ll be used to vary the output ovcr 
the entire audio-frcquency range. 

The TYPE 41S·ll Bea.t-Frequcncy Oscillator consists of t wo oscillalors, a detector. and an 
outpul amplifier. One oscillator is fixed at approximately 60 kc., the olhcr is variablc 
from approximately 50 kc. to 60 kc. Thc systcm or coupling the oscillators to thc detector 
(supplying it with a low voltage from each oscillator) eliminates the tcndcncy or the two 
to pull into synchronism as zero beat is approached. 

(COIIJinu(!(i' on /ollqwinll P<Jlul 

OSCILLATORS 
FIXED- --VARIABLE DETECTOR 

FU~CTIOXA'. ScIl F.~IATIC OF 'J'yPE 41 3-B 

AMPUFIER 
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Freqllcncy Ra llgc: 50 to 10,000 cycles per 
SC(.'Qnd. 

Power Output: The Olltput varies from 
S.5 to :; volts over the freq uency range. A­
I O,OOO-ohm potentiometer is IIsed as a 
voltuge d ivider to "ury the output. 

lVat'cform: The maximum harmonic (,"011-

lent is between 10 and 15 per cent. of the 
funda mental. 

Calibration: Accuracy of calibration, 5 
per cent. 

Frequency Stability: Changes in tubes and 
baltery voltages cause freq uency changes, 
but when one poi nt on ClI lihralion curve is 
made corrcel by means of zero-adjusting 

T!l pe Frequency HCII!"c Operated 

'H 3-B I 5O-10,OOOcps. 

condenser (by comparison with commercial. 
frequency power supply, for example) , the 
enlire calibration call be relied upon to 
within (j per cenl. 

M OUll l ill!}: l\Iounlcd 911 engraved alum i­
lIum panel fini shed in black crackle lacquer. 
Hand-rubbed walnut cabinet. R elay-rack 
mounting model available on speciul order . 

. Tubes: Four ]99-type tubes (not iu­
eluded in price 01 instruillent) are required. 

POll.'er S11Ppiy: Space is provided for both 
plate and filament batteries inside the 
cabinet. 

Dimc1lsio1lS: 20 x ]2 x S inches. 
Weight: 25.!;2 pounds. 

Code /I' Qrll Price 

$175.00 

VACUUM-TUBE OSCILLATORS 
(RADlO-FnEQU I~NCY ) 

I N this section arc described three vacuum-tube 
radio-frequency ch'ivers. 

oscillators (or usc as 

TYI'IC 384 P OR'l'ABI,E RADIO-FR.I~QUESCY O SCILLATOH 

TJOS oscillator is a. low-power radio-frequenc.y driver for laboratory usc. ft. has a. 
wide frequency range and is easily porlable. A pai r of terminals is provided fo r in­

troducing a modulating rreq uency, and another pair for telephones when it is desired to usc 
the oscillator as a heterodyne detector. 

Frequc1lcy Range: ]0 to 20,000 kc. de­
pending ou the inductor used. A list of 
the 'l'yt'E 384 Juductors, together with the 
Ire<luellcy range covered by each, is given 

011 page 40. Kone are included in pric.:c 
of instrumenl. 

Power 0111.1mt: No definite figure can be 
gi vcn ror the powcr output which varies 
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considerably over the (requency range. 
The fact t.hat n 199.type lube is used 
shou ld give a rough idea or the power out­
pul. 

Wactlar/It: Harmonics ot c.:o nsidcrabh: 
magnitude ,arc present ill the output. an 
advantage when it is used as an auxil. 
iary heterodyne in frequency measure· 
ments. 

Calibralum: 1\0 calibrations can be sup­
pl ied. The inst rument is intended to be a 

Frequency /l(lllge 0 peTu/ell 

general .purpose laboratory oscilla tor, !lot a 
rrequency sta ndard . 

l lf omdi ny : Bakelite panel mounted in It 

hand-rubbed walnut cabillet. with II ballery 
compartment. a rack for holding spare 
inductors, and ca rry ing handles. 

T1IbtS: One of 199.L;qlC is required. 
POII;er Supply: ll atlcry sp~cc provided 

inside cabinet. 
Dimellsiolls: 18 x 9}i x 9Ys inches. 
Weight: 13 pou llds. 

Codc Word Pricr; 

384 1O- !lO,OOO kc. [ Ba tteries 1 ... . . ,., ... , .......... . ! O I)JU~1 I $DO .OO 

TYPE 584 ALTERNATI NG-CUnnENT PORT.:\J31..- I~ R !\oJo-FnEQUENCY 
O SClJ..-l..ATOR 

TI-IE THE 584 A.1~er~laLing-Cu~r,e lll Porlable Hadio-Fr~qu~ncy OscilltllO~ has lilc sallie 
general characterIStIcs as lhe 1 l'l'g 384 Portable Hachd-l'requency Oscillalor, excepl 

lhul il is designed for operalioll from a 110-volt, GO-cyclc supply. It dclivers a consider­
ably higher oulput.. 

FrequC1Icy Range: 10 to 20,000 kc. using 
T n>,,; 38·' Inductors listed on 1l<lge 40. 
).Tone arc included in price of inslrument. 

Power Output: No logical basis for raling 
is available, but an average figure for lhe 
power developed in the oscillati ng circuit 
ovcr t he uroadcast band (500 to 1500 kc,) 
is about 50 milliwatts. This information 
shou ld serve to classi fy the osci llator. 

Woviform: Harmonics of appreciablc 
amplitude arc prescnt in the o utl)ul. This 
is all advantage in many types of radio­
frequency work. 

Calibration: 1.\0 calibrations can be sup-

Typ' Freqllency RWlge Operll/cd 

plied. Tile instru lIlent is intended to be Il 
general-purpose laboratory oscillator, not a 
frequency standard. 

M Ollnt ing: Bakelite panel mounted in a 
hand-rubbed walnut ca binet, with a rack 
for holding spare inductors, and carrying 
handles. 

Tft OO8 : One 20 1-A-ty pc tube as a rectifier, 
onc 227-t;or'pc tube as all oscillator. Neither 
included in purchase pricc of instrument. 

Pou:er S1Ipp/y: 10 .. j- Hl5 volts, 5()-(iO 
cycles. 

Dinum8;01l8: 18 x 9,!/s x 9Ys inches. 
Weight: 22.J.1 pounds. 

Code Word Price 

;8. 10-20,000 kc. 110 volt.!!. 60 cps., a.c. I .... , .. .. .... ..... . 8140.00 
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TYPE 384 I N DUCTORS 

THESE arc intended for use with the Tn.; 384 Portable Radio-Frequency Oscillator and 
the TypE 584 Alternating-Current Portable Uadia-Freq uency Oscillator, as specified 

in the descriptions of those instruments. See the illustration accompanying the 
'fn'E S84 Portable Uadia-Frequency Oscillator. 

Type Freqmmcy Ra7l!}IJ 

SSot-A 
'84-8 
'84-C 
.84-0 
SS4-E 
S84-F 
,84-G 
38·l-ll 

*384-D8 

20,000-10,000 ke. 
10,000- 3750 kc. 

4290- 1500 kc. 
I S7!).. 52\! kc. 
531- 176 kc . 
176- 68 ke. 
08- 2.5 kc. 
!M - 10 ke. 

1500- 500 kc. 

Code W ord Price 

n,!. Z&L $3. 00 
lIEA\'Y '.00 
HELOT '.00 
JlERO~ 3.00 
nILLY 4 .00 
nl:'~'Y +.00 
JlOAn". 5. 00 
1I 0 LLY 8.50 
nOllllY 4 .50 

• This has ft figure-.8 wiud ing, designed to have n minimum external field . 

T YPE 423 VACUUM-TUBE O SCILLATOR 

TIllS is intended for lise with the General Radio TYI'E 2~~ Precision Wavcmcters and 
is designed to take the place of the usual connecting bar. It converts the wavemeler 

from the ordinary resonallt-circuit inslrument into a heterodyne wavemeter, making it 
much more useful in laboratory measurements. It makes llse o( the negative~resistanec 
characteristic of a screen.grid tube when operated at low plate voltage. 

Frequency Range: This instrument usually 
oscillates over t hc entire range o( t he 
TYPE 224~A Precision Wavemeter and from 
500 to 6000 ke. using t he T YPE 22.4-L Pre· 
cision 'Va vemeter. 

Power Output: Adequate (or hetero. 
dyne driver purposes. 

Typ' 

CaHbration: This oscillator can be cal i­
brated with t he wavemeter wiU. which it is 
to be used. Further information will be 
furnished 00 request. 

Frequency Stability: Much better t han 
that of the conventional type using a 3~ 
electrode t ube. Compares favorably with 
a quartz-plate oscillator without tempera~ 
ture control. It is nearly as stable as the 
tuned circuit itself. 

1Jfouming: The oscillator is mounted 011 

aconnecting bar of the type used to connect 
inductor and condenser in the wavemcter 
assembly. 

TubC3: One tube 2fZ4-type is required. 
Not incl uded in price of instruDlent. 

Batteries: The 61ament supply may be 
either alternating or direct current. The 
plate and screen-grid supplies may be taken 
from a tapped 90-voll block baltery. 
Cable and supporting clips supplied. 

Dimension.!: 4 x 6 x 6Y2 inches . 
Weight: 2 pounds. 

Cod~ Word P,ic~ ... I ...... ...... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . .. I ALTER 820.00 
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TUNING-FORK AND MICROPHONE-BUTTON 
OSCILLATORS 

I N this section are described two microphone-button oscillators ( 01' usc 
as power sources in bridge measurements and other genera l-purpose 

labora.tory work. 
T YPE !'l13 A UDW O SCILLATons 

THE T\'PE 21S Audio Oscillators arc intended for measurements at fixed frequencies in 
general, and bridge measuremen ts in part icular. They urc of the LUlling.fork-eonlro1Jed 

lype. si mple and rugged ill construct ion and reliable in operation. 

Preqll~ncy: Fixed . see price list below. 
PQ'werOlltput : 50 milliwatts maximum. 
Harmonic.!: Harmonic content wlrics 

with load impedance. Its magnitude is 
from 3 to 8 per cent. with normal resis­
ti ve loads. 

Frequency Stability: The maxi mum 
change in (requency with load is about 
0.1 per cent. This and "ariatiolls intro­
duced by temperature arc entirely negli_ 
gible for practically all bridge measure­
ments. The actual frequency may be 
less than the rated value by 0.5 per cent. 
due to loading the lork with the micro­
phone button. 

T\'I '~: 213·C 
Output I mpedance: Three output 

ranges arc provi ded permitting the lise 
of loads from 20 to 10,000 ohms. J)imC1t#iQll$: Pa nel, oys x 4;M' inciles. 

P()1L'er Supply: 6-volt battery, 130 milli- D epth, see price list. 
amperes. Weight: See price list. 

Ty~ FreQuency Operatcd Depth Weight Code Word Price 

:W~-~ 11000 cps. I 6 volts. d.c·ls ~n' l ~ 3 lb. I ............... I .\!\G~: I. I $S4.00 
i l5-C 400 cps. 6 volts, d.e. 6~ Il l. v~ lb. ............... AM US E '~i.OO 

'" Oscillators for any lOO-cyclc multiple betwccn 400 and 1600 cp.~ . llIay be built to order. 
Code words nnd prices apply only to frequenc ies here listed. 

1\' PE 241 l\1:T CROPflONE I-IU l\:E\1 ERS 

TlUS instrument is of the reed type operated 
by 0. microphone button. It is intended for 

use as 0. low-power nlternating-eurrent source for 
br idge measurements. 

Frequency: About 1000 cycles. 
Power Oll!ptd: About 20 milliwalls maximum. 
Power S1lPP/,Y: A '~Y2-volt battery of the type 

used as grid-bias blltleries in vlIcuu m-lubc circuils. 
M ou1ili11g: Supplied unmolinled ,I25 holes. 
DimeMW1I3: 2% x 1% x it inches. 
Weight: 1 pound . . 

Type Frequency Opertlltd Impedance 

24 1- A 
24 1- B 

4.!1 volts. d.c. 
4H volts, d.e. 

T YPE 241-A 

Gode Word Price 

............... I ,,"PlUS 

. . .•.. .. • • . • .. . AI'ISA 
$10 .00 

10.00 



 

AMPLIFIERS, COUPLING DEVICES, POWER ­
SUPPLY DEVICES, AND ACCESSORIES 

I N this chapter is described our complete line of amplifiers and ac­
cessories. It includes everyth ing needed for the construction or bigh­

quality, low-Cl'cquency amplifiers except rheostats and sockets. 
This equipment is listed under the followi ng five general headings: 

a) Laboratory Amplifiers d) Rectifier li'ilters 
b) Coupling D evices e) Accessories 
c) Power Transformers 

LABORATORY AMPLIFIERS 

THE laboratory amplifier is one of several developed £01' experimental 
work in the General nadio Company's own engineering laboratories . 

.... Ne are prepaL'cd to design a nd build other amplifiers than the one de­
scribed and our engineering department is part icularly interested in 
instruments (or auxiliary lI SC in alternating-current bridge and photo­
electric cell measurements. 

TYPE 645 LABOHA'rORY Al\IPI:'U'IER 

I N order to fill the need fo r a flexib le, Jlorlable. general-purpose amplifier useful for 
la boratory experimentin g, th e T YPE 6'~5 I.abomtory Amplifier has heen de\'eloped. De­

signed to operale on 'IOS- to 11 5-vol t, 50- to (;a-cycle a lternati ng-current lilles, it consists of 
a two-stage ampl ifi er using the 2ft7-type Lube for in pu tllnd the 245-t;'1pe for output. The 
input and inLcrstage coupling un its arc remo\·ablc. T he base plates which receive these 
un il.'i are pro\'ided wi th jacks to receive the stall(i;lrd General Hadio THE 274 l\Iolinting 
Bases described on page 114. '1' \\'0 'I'n'E 2U-Hl' 'I'ransformer-) [ounting Bases arc sup­

plied to which an y type of coupling unit 
may be attached. Any type of coupling 
un it nm .... be used with this amplifier or 
any pa rt of the amplifier mllY be isolated 
and us(..'"( i separately by plugging into 
the proper t.erminals. Extra mounting 
bases shou ld be ordered if more thll1l 
two eOllpliug units arc to be used. The 
equi valent of a '1' .... 1' .: i;S7-B Speaker 
Filter is included so t hat an y desired 
illlpcdan ce-malchilig de\·ice may be 
(.'onnected externaU.}'. 

Care has been tuken to protC<.'t all parts of the circu it against overloads. The power 
supply is carefully fi ltcred, which results in a low residual alteMlatillg-currcnt hUIll. 

DimensiOl!$: 16% x 8M x 7 inches. Weight: 18% pounds. 

Cod" Word Priu 

.&15 I .. ... .................................................................. I A)l 6LE I 178 .00 

• Price includes two '1'''1'1:: :tN-UP T ransforme r Mounting H!lSCii but no COUl'l iug units or lubes. 
[ 42 ] 
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COUPLING DEVICES 

TIlE group of coupling devices listed below includes instruments to 
meet ncarly all requirements in the audio-frequency range. It includes 

both input, interstHge, and impedance-matching transformers as well as 
coupling filters for use in coupling vacuum tubes to their output circuits. 
All of these transformers arc sealed in drawn steel cuscs of the Cour types 
shown. Silicon steel cores are used for all types. Silicon steel has been 
chosen becallse it is not affected by mechanica l shock, is uniform in qual­
ity. and hea,vy current overloads in the windings wi ll no t permanently 
affect it. 

The TYPE 585 Amplifier Transformers and TyPl-~ 541 Push-Pull Trans­
formers arc made with sectionalized windi ngs. This is done to reduce coil 
capacitance and to decrease the natural period of the secondu l'Y, thus im­
proving their effici ency at higher frequencies. 

In the a,ccompanying descriptive data listed, the range of the trHns­
fOl'lll ers is tJmt frequency range over which the voltage ratio lies within 
the limit of ±20 per cent. of its value over the flat portion of the char­
acteristic. It will be noticed that all of the coupling devices listed ade­
quately cover the audio-frequen cy spectrum. The impedance I'Hnges 
listed are the impedance limits for the source out of which the transformer 
will operate within the speci fied limits of voltage ratio. 

TYPE 285 ~lPLIFIEn. TU,ANSrOBl\1 F] H:S 

TlfESE arc inexpensive and satisfactory transrormers for expe ri­
menta l iustalllltiOllS. While they do IlOt cover the wide frequcney 

range possible wilh la rger and higher priced transrormers, the~' hnye 
provt.'(\ quite suc(:esslul, cspe<:ially where it saving 01 space and weight 
are important considerations. 

A/Oil/dillY: :MOllnted in the case shown in ilhlstration. 
Dimollsiolls: 2Ys x 2% x 3M inches (not described in table of dimen­

sions 011 page 44), 

R"nge 

t 8<>-O [ I ] 11:2.61 i~3200 
28S-n [ I ] 1:'; . 9 IfIO-liOOO 

( I ) Ampli fi er input IUld Lllten tq:o 

P,im.'1' 11 

.... I 8 mitt.. 
I;;:' k. 10 mls. 

2"200 II ~ lb. 
1200 Hi lb. 

'!'ypg 585 Al\IPLlFI~H TltAKSFOIHI8RS 

J NTF.:USTAGE-COUI'LING MOJ)~~I.s 

Tl:IESE arc high-quality interstage transformers. They have a high prilllary ind uc­
tancc and low distributed capacitancc in the windings. Thesc ractors t."(Jmbinc to give 

the transrormer a vcry flat characteristic over the audio range 01 frC(llIelieics. These 
transrormers lIrc re<:()llllUcnded lor all high-grade radio alld public-address illstallations. 
They arc mounted iu Model B cases. 

{Continued Olt jolt. 'cilt(l JI(I~J 
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r '¢- ~m 1>.40 0EL B MODEL C MODEL 0 

A 2'~ , '~ 5 • 
~ o m 

1 dl .:r-j 

==t-

B 3," ." 5 ~ 
C ., .~ 51; 
0 21; ,'" 4~H 

E 'lIO 'l\; ~ 
F 1\ " 2\" .~ 
C '%; 'J§; 
H .,. ,~" . +; 
I " ~ , 
J n. 2'·f 2 
K '~Z '," I ~" 

L ''I> "t,i .. 
v M '''In "" ". 

~. 

~ ~ 
~KI-- J- K-

D IME",!,ilO;<;S O~' GI::~ E IUI, RAJ)(O 'l' IIANsFOn~tF.n-lHoUNTING CASF-S 

LINE-TO-Gn ID .l\IODF; I..s 

SBn~\1t in clcclrj~al.characlcrislics to the 'l'YI'E 585-D and 'l'"a' I'E 585~H, except lh~t 
the nnpe<iallcc ratio IS correct to couple the usuuI500-ohm telephone hnes to the grid 

of a vacuum lube, t hese transformers have a vcry excellent frequency characteristic. 
They are mounted in Model Jj cases. 

,MICRO PII01iE-TO-GRID '_I ' ItA:\"S ~·OR."ERS 

TJmSE arc higlH luality transfOrmers of the proper impedance ratio fO r (;oupl ing low­
impedance. 100-ohm microphones to the grid of the fi rst stage amplifier lube. Tnt-: 

;j85~l\f Amplifier T ransrormers arc for si ngle microphones, t he TYI'~; 585~i\f2 Amplifier 
' I' ransrormers have a cCIlLer~Lappcd primary winding Lo permit the use of a double~button 
microl>honc. Both tr:lIlsfo rmcrs have a high~voltagc slep~up ratio and will carry 100 
milliamperes, considerably morc current t han is usually used in microphone circuits. 
Both are mounted in Model E cases. 

OSCILLOGRA I'U~COUJ> LI ,S'G .i\ [ OIlt:L 

THIS transrormer has a voltage step-down ratio of ] 8: ] which adapts it fo r coupling the 
Tnt: 338 String Osci llograph to a vacuum tube. The string circui t has an approxi­

mate impedance of 'M ohms. T his transformer is designed to work into a load of 30 to 
60 ohms. It is mounted in :t Modcl B case. 

TUUE-TO-DYN'A)lrC-S llEAKt: I~ :M ODEI, 

TFllS transror~n~r will op~rate wit~out imi>~irJ.nc li t oE a~ldio quality with a direct cur~ 
rcnt of 55 llulhamperes III the prImary wmd lllgs. It IS. therefore, adapted for usc 

with any of the power output tubes snch as the ~15~ or 250~types. It has a tUrns ratio 
suitable for coupling tubes of this type to low-impedance (5- or 10-olun) dynamic speakers. 
Il is mounted in a Model B case. 
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M ODEL B )J OI)F.L 0 

I T is (rcqucnlly nccessary to couple lhe output of a vacuum t.ube to a 500· or n GOO-ohm 
telephone line. The ' j'\' PE 585-P P late-Lo-Line Transrormer has been SpCCili lly 

designed for this purpose. II is mounted in a Model n case. 

l'ollQg~ R"ItII~ 
UU Ralit) f'rtqutrtcv b n Pfdarw:e 

58>-0 [I ) I . 'IHOOO 5000-15.000 00 h. 
08>-11 ( I ) 1;3 '1HlOOO 5000-15,000 00 h. 
SM-M (2) 1:15 ... ""'" 51>-100 O.Mh . 
6SS-M2 (3) 1:11 80-10,000 160- 260 2 . ' 
08>-G (') 1:10 25-0000 ·100-000 ' .8 
OS>-G ( 5] 25:. <»-- 2000-800O '" >s>-P (6) 5: 1 <1<>-6000 MOO-15,OOO 00 
685-N ~7J IS:1 00-0000 5000-15,000 40 

[ I] Amplifier !npu~ and IOt~tagO 
[2] Amplifier input, aiugle-bu~ton mieropbone-to-grid 
(3) Amplifier input. double-button mierophone- to-crid 
[4J Amplifier input. line- to-s:rid 
[;j] Amplifier output. platc·to-low-i'llpedIlIlCO epe~ker 
[6J Amplifier output. plate-to-tinG 

b . 
h. 
h . 
h . 
h. 

12 mla . 2000 2't lb. 
12mb. 2000 2j{ lb. 

100 mi • . 20 23i lb. 
100 mla. 32 2}i lb. 
30 mla. 80 , lb. 
6(; mla. ' 6 1 2J( lb. 
10 mla. 1250 2 lb . 
10 mla. 000 23i lb. 

C"" 
W~, 

TIM ID 

T I!'!!T 

TARDY 
TAIiIiT 

KIOII K 

T ITl,l: 
KQIlAS' 

OBd!: 

$7 .00 
7 .00 

10 .00 
10 .00 
12 .00 

7 . 00 
12 . 00 
8 .00 

(7) "'or usc Ilrimll riiy as nn impOOllnco-ma1A!hin& tmn~rormcr willL the TvI'!: 33S String Oscillograph 

TYPE 573-A RES ISTA NCE-IMPEDANCE COUPLER 

WHEN it is desired to build an amplificr having an cxceptionally good frequency 
characteristic, it is often aC(''OUlpl ishcd by using impedance coupling. The '1'YI'E 

57$ Rcsistauce-Impedancc Coupler has been built up to furnish such a. compact unit. 
i t consists or a 'l00-hcnry inductance coil and a I-megohm rcsisL.lucc coupled by a 
0.2-J.'r condenser. The voltage ratio of such an arrangement between input and output is 
unily. and tJle frequency characterist.ic is practically fiat from 30 to 10,000 cycles. It is 
mounted in a Model C case. 

Voltoq. R .. "IIc P,i_' 11 Col, 
1'1I~ Uu. RlU'1) Prt4IUtU:1I ImpeMne. I nd"datU:. Mru. D.C. llu ,',ID.tU:. IVt. WOI"d Priet 

1>7:I- A I (1 ] I 1;1 1 30-10.000 12000-20.000 I 0&00 h . I 12 lilia, I "", I 31b. $10 .00 
[ I) Amplifiu input and inttntDg" 
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TYPE 541 P USH-P ULL TUA NSFOllMEllS 
h l'UT .MOl)~; I .s 

THE push-pull cOllu(.'(;t ioll is b(.'COmiug almOSl lllli \'crsnl for the output circuits or audio 
amplifiers. Th is connceliOIl resul ts in the elimination of a considerable purl or the 

second harmonic distortion that resu lts when approaching the overload point of a single 
tube. 

The windings of these transformers have been split into severa l sections and arranged so 
that each half of t he double sc(:olldary has an equal coupling wilh the primary. The fre­
quency and pcr£ormancc charaderistics arc unusually good. They are mounted III 

Model n cases. 
llontlC " r" muru 

u .. b lducl. WI . 

5.1I- A I ... I 1;3 1 40-8000 1 2500-15.000 I 42 .8 h.] IOmIA.1 1700 Clhms] 2J,i lb.] 

O UTPUT l\101)J,;LS 

Code 
Word Price 

I '7.50 

TIlliSE two transformers ha\'C been dcsiglled for coupling the usual amplifier ou tput 
tubes sueh as the SN:i-, 210-, or 2.50-typcs in the push-pull a rrangement to their 

outpu t circu ils. T hc '1'1.'1' .; .H l-ll model is built with the aulo-transformer conncction Cor 
lise with a magnetic (high-i mpedance) speaker. The direct current is eliminated from 
the speaker wi mlings by two 4-,u1 condensers. It is mounted in a Model C case. 

The 'l'n'E 541 -C model has two wi nd ings with the proper turns ratio Cor li se with the 
dynamic (low-impedance) speaker. It is mounted ill a Model U case. 

The primary wi ndings arc adequatcly built to carry the plate current of the larger sizc 
tubes. When used in conj unction with the '1' \ ' 1'£ IHI_A Push-Pull Input Transformer, 
a high-(!tlality push-pull nmplifier with an exceptiona lly flat frequency characleristic 
results. 

FcllfIQr Uallll' Prim(",, * C"'_ 
T"tH U,. Ualio I'rfqutliCII lonll<donu INduct. M IU. D .C. RU,lI.allc' WI . Wcwd Priu 

.;..& 1- 11 1 1.2:1 I 00-10,000 1 2:00-15,000 I 
MI- C 36:1 30-10,000 2500-1[0.000 

* 1)11.\11. is for one lection of ~he double ,,·inding. 

15. 0 h· 1 45 mIl!. . 1375 ohms I 
19. 0 h. 4f> mIll . 375 .. 

:~ lb. 
3 1b. 

TYPl-: 359 VARIA BLE-RATIO TnANSFOR!'I'IEBS 

$7 . :;0 

7. 50 

I N a great lIl~my circui ts it is necessary to couple two elements of different impedances 
together in such a way that therc is 110 impedance mismatch at th e junction. This 

impedance ad just ment is necessary in order to mi nimize reflection loss at the jUllction ; 
a lso necessa ry in order to tcrminate calibrated networks propcrly so that the ca librat ion 
will be correct. 

The TYPE 859 Variable ltatio Transformcrs arc prov ided with sccondaries tapped at 
sevell places. T he turns ratio is convcniently varied by mcans of tile swilch on which 
is engraved the secondary-to-primary t urns ratio. These transformers arc avai lable in 
scveral models for different types or winding, impcdance, and turns ratio as listed below. 
All are provided with jack-top binding posts to fit the TVl'f: 274 ])Iugs, which feature facili­
tntes circuit changes. They nre mounted in Model C cases and weigh 3,Vz pounds. 

Typ' 

3;i9-A 
359-B 
359-E 
S59-F 

Vollage 
Ralio 

m 

'l'WO-'VINDHW :?IoDEI..<; 

/lallYc Primary 
f'rrqllcllcy I mpedallce I"duclallt:e Maz. D.C. Ue.ti.tfallCc Cod. Word Price 

40-4000 5000-2:0,000 10 .3 h. Ir. mIn. iOO ohms I' ILOT $~O.OO 
30- 5000 5000-2:0,000 10 .3 h. 15 mIll.. 700 u P IOUS 2:0.00 
·~0-4000 500- GOO 0.7 h. 40 mla. 4' " I'OKER 2:0.00 
30-4000 ,00- GOO 0.7 h. 40 mIll.. 2S " I'OLAIt 2:0.00 
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A UTO·'i'HA NsFomIER .M ODELS 

fla nge Primar!l Vol/al/e 
Type Ratio FreqlUlIICY l mpcdallce lIIduc/ul/ce M ax. f) .C. IlUil /tlllct: Code Word Price 

59- C g 
3 '59- D 
359- G 
S 5!l- H m 

SO-;:;OOO 5000-20,000 
40-<1000 5000- 20,000 
30- 10,000 500- 600 
30-10,000 500- 000 

12.0 h. 15 mla. ,~ jO ohms 
12.0 h. 15 mla. 500 .. 
0 .7 h . 40 mla. 20 .. 
0 .7 h . 40 mla. .0 .. [Il Voltage rntio, secondary to primary: 0.25, 0.S5, 0.5, 0.7, 1.0,1 .4 

[ 2 Voltage ratio, secondary to primary: 0.06,0.09,0.13,0.18,0.25, 0.35 

TYPE 166 T E LE PHONE '"!"'RANSFORM ER 

PI VOT SlO.OO 
!'LAZ.-\ 20. 00 
]'01,,,"" 20 .00 
POI' I'Y 20. 00 

SlMIL.!\R in use to the TYPE $59 Variable.U:alio Transformers, the '1'\' 1'~; 166 Telephone 
Transformer is particularly useful for bridge balanci ng whell telephones are used Cor 

null detection, With this transformer it is possible to adjust the impedance of the de­
tector circuit independent of the telephone-receiver impedance. 

Taps arc brought out to binding posts for both the primary and se<:ondar;y wi ndings so 
that the number of turns on either can be changed. The turns arc engraved on the bake­
lite panel carrying the binding posts. Primary: 150, SOO, 600. Second ary : 1200, 
2'WO, 4800. 

Mowlting: Core supported in brackets without a case. Weight: 2 pounds. 

T!Jpe Frequenc!J Range Code Word Price 

1(;6 I 150-5000 CI)S. I ........... ........... .. ........... ....... I TOl' le I $7.00 

T Y PE 387 -A SPEA KElt FILTEIt 

THlS speaker filter is well suited for coupli ng the 11 2· or l71 .type tube to its output 
circuit so that the plate current of the tube is eliminated from the wind in gs of lhe 

speaker. This is an inexpensive instrument admira bly suited for this type of work. 
Wtight: 2.J.1 poullds, 

T YPE 587-13 S PE AKER FWI'EIt 

TIns speaker filter consists of a higb-induetullce windillg constructed to carry the plate 
current of the 245., 210-, or 250-type tubes. The direct current is kept from the 

sJ>cnker windings by two condensers of '~ I-!f caeh, which isolate both ends of the illductanee 
from the speaker circuit, eliminating the danger of short circuit of the plate voltuge in case 
either of the spcaker wi ndings bccomes grounded. 

Weight: 4 1>Ollilds. 

T YPE 587-C SPEAKER FII_'I' ER 

TI-IJS instrument is built to carry an even higher plate current than the 'l'n'E 587-D 
model, the relative current-carryi ng capacities being gi \'cn in the table below. Thc 

coil inductance is consequently slightly less. The di rect curreut is eliminated from t he 
spclIker windiugs in this filter by means of ,1 si ngle 4'/-11 condenser located at the l1 igb side 
of the windings. Ca re must be taken in usi ng this speaker fil ter, since 11 grouud in t he re­
prod ucer circuit will short-circuit the plate-su pply voltage. Howevcr, due to the fael that 
n series capacitance or 4 /-If is in the speaker circuit, the 'l'YI'E 587-C Speaker Fi lter has a 
lower Irequency ra nge thun the '1'1'I'E 587·B model. 

Weight: 'l~ pounds . 

Hangll Chob c .. , 
TIIPc Fr«Jlltn~1I ]mptda ,," C ]"tlUd.<JIIU M IJZ. D.C. /{u ,',W"" Cil" lV(If"tI PdCf 

387-A 30-10.000 1'500-7500 I 2.r I 30 h I 30 m" 1 
550 B T OWE l. 

1·>5· 587-D 50-10,000 1500-.;,000 2.r 30 h. 75 mla. 550 C rATAI. '.00 587-C -10-10,000 1.500-0000 • • r 100 h. 100 IIIla. ;00 C rA\' O Il 8.00 
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POWER TRANSFORMERS 

PO';VER transformers suitable for llse with power-supply systems for 
all types of tubes used in radio receiver- and low-power-transmitter 

design arc listed below. 

TYPE 565 TRANSFORMERS 

T1IESE are designed to supply plate and fi lament power for the ~ IO- and !lSO-types of 
tube. They are supplied with an auxil iary filament winding for operating the 281-type 

re<:tifier tu\)c, and are designed for ol>eration from 105- to 1IS-voll , 50- to OO-cyc1c lines. 
They have 0. power rating of 200 watts. They are mounted in Model D cases. 

HALlo'-WAVE M ODEL 

St>t»Ma,."I s-mda,iu 11 .t 11 T s~lI rv Cod, 

T", Voli. A mp. Vclf~ A mp. Voll .. A mp. POII!ff' 1V.-i,,1« Word Pr;c~ 

fiG5-A I 000 I 0 .2 7. ' 2. ' 2.25 I • 1200 lI'att. 1 1'U! lb. I1'ABOO 1,13.50 

FuLL-W AVE MODEL 

Srl:flltdariQ 1/ .t II T C'" 
Volt, " mp. Po",,,, lV~ht Word Price 

565- U 000-0-0oo 0 . 2· 7.5 2 . 5 . , .. 1200 watta ) 14U lb . 1 TACIT 1:i13 . 50 

• • 'or two windinga in parallel at used with full-wll.\'1l. reetifier_ 

TYPE 545 TRANSFORMERS 

TfIESE are designed to supply the plate and filament power (or the 245- type tube. 
They arc provided with an auxiliary wind ing for the filament o( thc 280-type rectifier 

tube_ They have a power rating of 70 watts and are designed to operate (rom a 105- to 
115-voltlinc at 50 to 60 cycles. When heavy current drain or high resistance in the filter 
circuit makc a higher transfo rmer voltage advisable, the T YPE 545-D Transformer is 
recommended. They a re mounted in Model D cases. 

8tconOOYil I Sfconoorll II StC(Jnoorll III Cod, 
T", V,,", A ... p. VoU.I A ... p. l'oll~ A mp. POlen" W~hl IVqrd Priu 

~4~A 300-0-300 I o OS' i "13
.
26 I ;0 I 2.0 170 watts I "~ lb . I ,~, [:ilO .OO 

~45-B 350-0-300 0 .0St 2.5 3 .2.. ... 0 2.0 70 " , lb. 1'1t10 1< 10.00 

• For two windinp in paullel at use<1 with fuU-wn\'e reetifier. 

T YPE 5 40 FILAMENT TUANSFORMER 

THE heater-filament voltage for t he popular altcrnating-current 227-type and 245-type 
tubes is standardized at 2,,5 volts. This transformer is designed to supply sufficien t 

fi lament power for any number up to about tcn of these tubes in parallel. T wo filament 
windings are provided. 

It has a power rating of 70 watts and is designed for operation on 105- to 11 5-volt, 
50- to 60-cycle lines. It is mounted in a Model Cease. 

8tC(JndariH I d: II 
Volif Amp. 

I "! I 8 
t With ce.o.ter tap, 

170 watt. 

Priu 

I • lb. I TJl IAD 
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RECTIFIER FILTERS 

THE equipment described in this section is intended for smoothing 
the output of a power transformer and rectifier so that it mil,), be 

used for the plate supply of vacuum tubes. The inductors are conserva­
tive in rating and have the specified inductance at rated current. 

TYPE 527-A R}~CTIFIER FILTER 

THIS is a. two-section 1I"-type fil ter, suitable lor usc as a. smoothing fi lter in a high­
voltage, high-power rectifier. 

t llductallce per Seclion: 15 henrys. Voltage Rating of Comlwacrs : 1000 volls. 
Direct-current Resistance peT Section: 175 Curren t Ratitl{j of 11ld1ll!{ors: 100 mill iltmpcrcs. 

ohms. D-i7l!ensim/s: Model D case. Sec table. 
Capacitance: 4-fl-4 j.lf. We£ght: 07'2 pound s. 

I 'fI(/.uaOT L 

'J'UJH ltlducllJ"«I MaJ: . Current Ruilwnce. Mazi,,,,,,n Volt"" .. Cod" Word Prict 

I "b. I 100 mLa. 175 ohm. 1000 volta FATTY /SI7 . 50 

TYPE 366 FlL'fER C HOKE 

TIUS consists of t wo inductors suitable ror connection in a. two-section filler of the type 
commonly used (or smoothing filters. No condensers are included. 

Inductance per Section: 20 henrys. Cmrent Rating of I"ductors: 50 milliallll>eres. 
Direct-eurrent Resistance per Section: 850 Di7llerlSioTls: Modcl D casc. See table. 

ohms. Weight: "7.f pounds. 

T,po [ndudan" Ma:t. Currenl CodeWord Price 

300 120 b. per choke I 50 mia. I TtPII) I $5 .00 

ACCESSORIES 

I N this section are described radio-f"equency chokes, voltage dividers 
rol' t he adjustment of output voltages on power-supply units, and 

center-tap resistors fOl' use with alternating-cUl'rent tubes . Sockets and 
rheostats are described elsewhere. 

.. , 
44tt-PI 

TYPE 446 VOLTA GE DI VIDER 

1500-0-1000 ohms I 20 millislilipere& 
Extm Slider ..................... . 

THE output of a platc-power supply 
for experimental work must be ad­

justable to meet a wide variely of tube 
co,lditions. The TYPE 446 Voltage 
Divider provides thrcc adjustable volt­
ages in the plate-supply sections, and 
one adjustable grid-bias voltage. Extra 
sliders may be purchased. 

Reo1i.Jtance: PlateSectioll, 15,000 ohms; 
Grid Section, 1500 ohms. 

DimellaWns: 7}12 x 4 5/ 16 x IU inches. 
Weight: 5 ounccs. 

Code Word Price 

I '·IST... I $2 . 75 
. ... ... . 0.10 
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TYPE 437 

TYPE 437 AND TYPE 439 CE~TEn-TA P RESISTANCE U~[TS 

THE '1'1'1'.; 437 and TYPE 43{) CClilcr.Tap Resistance Units, designed for mounting 
dircclly 0 11 the filamcnllcrminals of the tube socket. ofTer a cOIwcnicnl means of COIl­

nection to lhe mid-potential point of the fi lament. The position of the lap on lhe TYPE 
'137 Ccnlcr:r ap Resistance Unit is adjustllblc, permitting the bnl:mcing uuit of hum by 
this means. 

Clwractcri.slics: Sec priec list. Weight; 1 OIlTlCe. 

C'''Ur Tap 

"37 
." 

00 obrn~ 
00 1

200 milliamperes 1 
200 " I · he<! 

Adjustable 

TYPE 379 HADIO-FREQUEKCY C HOKES 

PERIL 1 50 SO 
I· .. ~TY 0 .35 

TH E 1'n>E 379 Hadio-Frequency Chokes are available in two models, one of low in­
ductance to carry ll. hmn'Y current, and one of high inductance to Cli rry a lower currenl. 

The specifict\tions below gi\·c thc details of the two models. T hc windings are sectiollal­
izcd and thc cffectivc capacity docs not exceed ,~ ~~r. Either model is suit.able for usc ill 
circuits havi ng a £rc(jlJClley up to 15,000 kc. 

D imctlswlUJ: 2 x 1% x 1% illches. Weight: G ounces. 

O.C. AlfolCable Cllrrellt 

Type F reqzlfmey Ral/ge Resillfallce I I/termit. COIIHIIIWIIS 'llfi IlCi(,"ce Code Word Price 

3i9-'I' I 1875- 15,000 kc. I 35 ohms 1 300 IIltl. I BO mh. I 8 mlh. I JIMMY I $ 1.25 
37!Hl '170- 15,000 kc. 140 " 00 mla. 05 mla. 60 mill. H:\n; L 1.25 



 

FREQUENCY- AND TIME-MEASURING 
DEVICES 

SEVERAL years ago the General R adio Company began a compre­
hensive research program for the purpose of developing high preci­
sion standards of frequency and appara tus for the measurement of 

frequency. Since frequency and ti me arc fundamentally related. it 
follows that frequency sta ndards and frequency-measuring devices have 
many applications in the measurement of time intervals. The standard­
frequency assembly (described below) is an example or this idea. 

D evelopments in this field have been so rapid that i t is possible to cata­
log only those items which have general application in many problems. 
Laboratories and others interes ted in particular phases of frequency or 
time measurements are reminded that work Oil new methods and equip­
ment is in progress and that we are prepared to develop and manufacture 
special-purpose equipment to order. 

T here has, for example. been a demand for temperature-cont rol uni ts 
for use only with piezo-electric quart:t pla tes, hut we are prepared to build 
such units for use with other devices as well. 'Ve have also been investi­
gating the frequency stability of various forms of vacuum-tube-driven 
tuning forks. Anyone interested is requested to communicate with our 
engineering department. Specific inquiries on a ll phases of frequ ency 
and t ime measurement are invited. 

The items here listed nre described under the following group headings : 
a) Standard-l?requcncy Assemblies 
b) Piezo-Elect ric Oscillators and Accessories (Including Tem-

perature-Con tro! Equipment) 
c) Magnetostriction Oscillators 
d) Precision V'lavemeters 
e) Experimenta l Wavemeters 
J) Time-Th1easuring D evices 

STANDARD-FREQUENCY ASSEMBLIES 
THE standard-frequency assembly places within the reach of every 

laboratory a large number of standard frequencies throughout the 
entire communication-frequency spectrum, each or which is known 
with an accuracy of one part in a million or better. An assembly of the 
type here described was operated in t he General R adio laboratories 
and had, for the two months preceding the appearance of this catalog, 
a maximum deviation from its average rrequency of only five parts 
in ten million, as determined by the corrected time signals transmitted 
by the D_ S. Naval Observatories. 

[51] 
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A~TROriO"'ICAL 
CONSTANT OSStRVATlON 

9 
FREQUENCY r-SOURCE 

(WORI<.ING STAI'IIWIO 

STANDARD 
TIMING CONVERSION USEFUL 

TIME - r-
INT ERVAL EQUIPMENT EOUIPMENT OUTPUT 

f'IGURE 1 

The determination of the frequencies is made with re£crence to the ro­
tational frequency of the earth as the standard, by means of radio (or 
other) time-signal transmissions sent out by the observatories of various 
nations. The principles involved are simple and the equipment is rugged, 
easy to operate, and comparatively inexpensive. 

Figure 1 is an outline chart. which shows without confusing detail the 
bas ic principles of the standard-frequency assembly. A source of radio­
frequency voltage is first established, the frequency of which is nearly 
enough constant to justify the statement that its instantaneous frequency 
deviates from its mean frequency by a negligibly small amount. A means 
is next provided for counting the number of oscillations executed by this 
frequency standard during a standard time interval, which, for con­
venience, may take the form of a clock. The time interva.l for meas ure­
ment is taken as the Mean Solar Day. The total number of oscillations 
executed by the standard in one lVlean Solar Day, divided by the number 
of seconds in the day, gives its mean frequency in cycles per second. 

In order that we may secure the output frequencies needed for use in 
the la.boratory , we util ize the conversion equipment which is necessary 
for the reduction of the frequency of the working standard to the value 
employed in operating a synchronous-motor-driven clock. This equip­
ment merely derives the desired frequencies (which may be expressed as 
harmonics and subharmonics of the frequency of the working standard) 
by frequency multiplication and division. 

Figure 2 shows ill morc delail the actual standard-frequcncy asscmbly here catalogued. 
The working standard is a lempcralure-controllcd piczo-clectrie quartz-crystal oscillator. 
The frequency of the working standard is. for convcniencc, choscn as any multiple of 10 kc. 
between 50 and 100 kc. For special work, other fr~quencies may be more suitable. 
Both the timing and com:cT8ion functions are performed by two muitivibrator3 operating as 
frequency dividers, at fundamental trequencies of 10 kc. and I kc. respcctivcly, under the 
direct and absolute control of thc working-standard osci llator. The l·kc. output voltage 
of the second multi vibrator is amplified to operate a synchronous.motor-dri vell clock 
which is so geared that when the driving voltage has a frequcncy of exactly l .kc" the clock 
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ASTRONOMICAL 

s""""' GREEN- -PARIS - WICH WORKING STANDARD 100 I\,C. AND ITS 

r 
tiARI.40NIC$ -@ PlttO-tLecTRIC ---

OSCILLATOR rROw 100 1\.(;. MY 

U.S. 
NAVY 10 KC. I\IlO ITS 

I HARMONICS USEFUL 
--- OUTPUT 

STANDARD T IMING AND CONVERSION 
1'11.0104 10 KC. MY 

TIME INTERVAL EQUIPMENT l- I I\.C. AND ITS 
M tAN SOLAR DAY 

MUI.. TIVI6RATORS. SYI'«:HRONOV$ 
HARMONICS 

",. f- ---
TIMe SI~N"'LS MOTOR AND CLOCK TRAIN I'ROM I I\.C. MV 

-
l~'rGURE 2: 

keeps correct time. A means of comparing the indicated clock time with standard lime 
as given by rad io or other lime signals completes the ti ming sequence. 

The "useful output " is derived from the harmonics of the IO-ke. and l -ke. mul livibrn­
tors as well as from the harmonics of a third multivibrator wh ich lDay be operated al a 
fundamental frequency equal to that of the worki ng-standard osci llator. Since each of 
t he " usefu l output" frequencies is derived from the working standard by harmonic fre­
quency multiplication and division , eaeh is known with t he same perccntage accuracy as 
that with which the frcq uency of Ule working standard is known. 

The only parts of the standard-frequency assembly t hat may cause confusion are the 
multi vibrators. although this device has been described by a number of investigators. 
The multivibrator is olle form of a relaxation oscillator and in one of its simplest forms is 
nothing more than a resistance-capacitance-coupled amplifier with the output connected 
back to the input. Under these conditions, the amplificr "motor-boats" or oscillates 
violently at a frequency determined mainly by the valllCS of the coupli ng resistances and 
capacitances. Thc dev ice has no .. LC" circuit. 

rr t he circuit constan ts are adjusted so that the Illultivibrator operates at approximately 
a given Crcqucllcy. the introd uction of a. small harmonic voltage into the circuits of a frc_ 
quency equal to that of the multivibrator fundamental or onc of its Illultiples will causc the 
multi vi brator frequency to faU into stcp with the controll ing frequency eithcr at a value 
equal to the frequency of t he controlling voltage or a submultiple of this frequency. 
The introduced harmonic voltage actually controls the frequency of the multi vibrator and 
this condition may be maintained in suitably arranged circuits over a long period of ti me. 
This process is perhaps best illustrated by a specific example. 

Suppose that the multi vibrator alone has a fundamen tal frequenc)' of appro1:&mateiy 
1 kc. and that we introduce a harmonic voltage from an ordinary oscillator having R. funda­
mcntal Crequency of 10.00 kc. OB introducing a small vol tage from the oscillator, we find 
that the IUultivibrator frequency may shift slightly, but cnreful measurement wi ll show 
that this frcquency is now exactly 1.000 kc. and tha t we can change the magnitude of the 
harmonic voltage and the values of the circuit constants of thc multi vibrator by com­
paratively large amounts withQut changing its frequency. Under these conditions. the 
10th harmonic of the multivibrator has been synchronized with and is under the absolute 
electrical control of the 1 O.OO-kc. oscillator. Suppose now that we increase the magnitude 
of the controlling voltage to a point where the multi vibrator frequcncy suddenly shifts to a 
new value. We fi nd that the Dlultivibrator frequency is now one-ninth the frequency of 
the controlling oscillator, or, in other words, its ninth harmonic is under the control of the 
fundamental frequency of the oscilla tor. This opcration may be extcnded. and by proper 
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choice of the control \'oilagc the Illult.ivibrator 
frequency may be divided by n· va riety of inte­
gra l factors. 

H, with a given value of control m ila ge 
we vary the circuit consta nts of t he multi­
vibrator, we fi nd that the Illull iv ibrator 
rrcqucllcy docs not change in a conliutlolls 
man ller, but in s teps. For cxamplc, llS the 
nalurn l or Ulu::onlrollcd rrcq\lcllc~' of the 
Illuili vibralor is incrcas(.'(\ by reduci ng 
the val ues of resista ncc or ca pacit ance in the 
cirelli t , con Lrol a lon C-1l illth , oll e-eighth , etc., 
of the controlling frequency would he ob­
tain ed in t.he exam ple given above. 

A combinlll.ion of these two varililiolls 
permits lhe choice of the con trolled opera­
lion of the multi,' ibrator ill such a IlHl lIIlCr 

t hat the lIluiL iv ibrator fundamenta l rre· 
(Iuclley 1ll1lY be di\"idt-'tl b,\' lilly whole IllUll · 

ber Iyi llg between one and aboul 50. Be· 
calise lhe (:ontrolled Olull i\'i br:ltor ~Clion 
becomes less stable at the higher "control 
orders " nnd b(.'Cnllse the dccimol sy Slem is 

convenient ill furni shing" usc· 
ru l oUlput " frequencies, the 
frequency-dividing Illul tivi­
bralors in t he slandaT(l.fre· 
queney assembly lire operated 
with "control orders" of 10 
when the working sta.ndard 
has a frequency or 100 kc. I n 
th is manner, the 10.kc. multi· 
\' ihrator operates at exactl y 
Ollc-tcnth of the working. 
standard frequcney a nd pro· 
vides ft, scries of harmonics 
spaced 10 ke. apart on the 
frequency scale. I n tUn!, the 

l · ke. ll1u lti \'ibrator operates at a frc­
(lUCile:, exactl," oue·tenth tha t ot tilt' 
lO·ke. multiyibralor, a nd harmonics of 
this uuil arc also available. The lwo 
multi\'ihralors, then, l..'lken together. 
effe<:l i\·c1.,· divide lhe frequency of the 
working standard by 100 for the opera.­
l ion of the synchronous-motor·driven 
clock. Under these cOllditioll~, for each 
cycle of the frequency applied lo the 
clock. the sta ndard crystal execules 
exactly 100 oscillations. 

Ltcar view of the Class C:l? I·li Stllod:m..1·!"I"C<IUC IICY 
AS5Clllbly showlI 011 t he opposite page 
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A complete standard-frequency flS­

sembly which experience has shown 
to be of general laboratory usc Illay 
be PUI'c1ulsed a s a single assembly of 
units, complete, but without either 
t ubes or ba.tteries. It is given the 
designation " Class C21-H " and is 
illustrated in tbe accoll1pan,v ing pho­
tograph. Adupta.lions of this stond­
ard-rrcqucncy assembly arc easily 
made by the omission or insert ion of 
special un its. Communications ad­
ell'essed to OUf engineering depl:ll'l.­
mcnt J'chttive to any special applica­
t ions will receive prompt attention. 

A Class C!l l -H Standard -Frequency Assem­
bly includes the rol\Qwing units, each or which 
is clcscrib .. :d 011 the page ind icated : 

lleltt Refcrellce 
I - Tn'l:: 5i6-:\ Quar tz llar (and 

Holdcr) ..... ............. ... page 03 
I - T YPE 590 P iczo-E leclrie Oseitlalor . puge 59 
1- '1'y l'}; 591 Temperature-Con trol 

Unil. . . ..... ....... . .... page 61 
3-Tn·,,; 592 l\[u!th·ibrators ........ page :')6 
I -T\'l'~: 593 T iming Unil ........ .. page 73 
I - T nt: :j9.J. Heal-Control Uuit ..... page 6:! 
I - T n}: 59J P ower-Supply Uuit ..... page 50 
I- T n }: 480 R eillY R ack . . . . . . . . . . . . below 
Price. without Lubes or batteries . . .. 1,860.00 

TYPE 4 80 R ELA y RACK 

THIS is $i milar to the Weslern Eleclric 
Company's IOI -A paltcru ror mounling 

slal .dard IO-LI.cI . panels. l\Ioull ting screws. 
washers, ami bridl e r ings ror cabled wiring arc 
supplil.,< l . 

.IIClfcr';cd: SLl.'Cl. gas -welded, and fin i.shed in 
blllck lacquer. 

D imclliI;OIIk: Fra me. 69 x 20 x 3 inches; base. 
I!O x 15 inches. M ounting space, 63 inches. 

Wciyltl: 100 pounds. 

Codc Word Pritc 

...... . I $ 10.00 

Front view of 11 Chlss C21-TI Standard-frc<luency 
Assembly. The ge\'cn panels (numberc\1 rrom top 
to bottom) are as follows: (1 ) Ti ming Unit ; (2), 
(3), a nd (,. ) ;\Iulti\' ibrutors : (5) 'l'cml>cmlurc-Con­
tTQI Unit; (6) IIcat-Control t:nit; and (7) Powcr­
Supply Unit. 

55 
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T YPE 592 MULTI VIBHATORS 

TI-IESE are well adapted to general laboratory and experimental use as well as in morc 
permanent standard.frequency asscmblies. 1"or example, one such unit might be em­

ployed with a TYPE !l75 Piezo-Electric Oscillator with a ny low-frequency quartz plate for 
obtaining a number of desired frequencies [or laboratory and experimental purposes. 

All three models have identical circuits, differing only in the values of circuit constants 
as chosen to Cacilitate operation in thc region of the rated Crequency. T hey may be easily 
adapted by the user for operation at other frequencies than those specified. 

Design: I ncludes voltage divider (or ad· 
justing magnitude of control voltage, isolat­
ing input amplifier. mul ti vibrator. and out­
put amplifier. Plug-in resistances are sup­
plied for operation near rated frequency, 
others may be substituted by customer for 
operation at other frequencies. Circuit 
capacitance is adjustable in five steps from 
fron t of panel. 

Mount-ing: Standard 19-inch aluminum 
panel. black crackle lacquer. Shelf and 
dust cover of nickel-plated brass. Obtain­
able in oak cabinets 011 special order. 

Tennirw19: J ack-top binding posts 
mounted on rear of shelf. Plug-in plate for 
power supply is provided. 

Type Pundamental Frequency 

1 kc. 
10 kc. 

100 kc. 

........ -. ---" 

Power S111)ply: 6-volt filament; 150-volt 
plate supply. 

1'1Ibcs: Four 112A-lypc lubcs required. 
Dimellsiolls: Punel, ]9 x 7 inches. Ap­

paratus bchind pando 1731 x 10 x 6% 
inches. 

Weight: £0 pounds. 

Code W flrd 

STA~·TRf.:ANT 

STAI'O'nEnoy 
STA~"'nEeAT 

Price 

$150.00 
150 .00 
150.00 

T YPE 595 A LTERNA'l ' I NG-C URItENT P OWER-S UPPLY UNIT 

THIS unit is intended primarily to meet the reqnirements for operating a slandard­
frequency assembly continuously. Power supply of snch nnits is convenicntly ob­

tained through the use of storage batteries which are contin uollsly trickle-charged from a 
115-volt, 60-cycle power circuit. Such a system provides for continued operation in the 
event of failurc of the alternatillg-currcnt su pply. 

Design: I ncludes 6-volt. 6-ampcre charger circuits for regulating the charging current. 
for filament supply; I50-volt. 100-milli- J/ounti'l!g: Standard 19-inch aluminum 
ampere charger, wi lh smoothing filtcr for panel, black crackle lacq uer. Shclf of 
plate supply. Necessary fuses and switches nickel-plated brass. No dust cover is used. 
lor all circuits furnished. Meters are so that heat may be freely radia ted. 
provided in both battery circuits to in_ Terminals: J ack.top binding posts 
dicate the charging current taken by t he mounted on rear of shelf. Plug-in plate 
batteries and the voltage of the plate bat- for load circuit connections is provided. 
tery. In operation. when the ammeters in- P()u''Cr Supply: 11 0- 11:;-"0It. 50- 60 cyclc. 
d icate zero, the batteries are neither chargi ng alternating current. 
nor discharging and the loads are carried T1lbes: One 6-ampere Tungar bulb sup-
entirely by the rectifiers. T he unit may be plied ; one 280-type rect ifier required. 
used as a straight charger by simply con- DimclIsions : ]'anel . 19 x 10% inches. 
nccting the batteries to be charged tothebat · Apparatus behind panel, 17U x I O}t2 x 13 
terytcrminals, leaving the load terminals un- inchcs. 
connccted. Rheostats arc provided in both W cight: 50 pounds. 

1'ype I npllt 

595 I lI 5 volts, (i0 cps, a.c. [ { 

OUI IJ1lt 

Voltage 

150 volts [ 60 mla . } ... [ 
I) volts 5 amp. 

Corle IV orrl 

STA).'"FIlEDOG 

Price 

$200.00 
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PIEZO-ELECTRIC OSCILLATORS AND 
ACCESSORIES 

( I NCLUDING TEi\! PERA 'I'ORE-CONTROL EQUI PM.ENT) 

57 

THE piezo-electric quartz crystal offers one of tJ1C best possibilities 
now available for the realization of a constant-frequency electric 
oscillator (or general usc. J'or this reason, a great deal of attention 

has been devoted to the development of these crystal oscillators to im­
prove their frequency stability and general reliability. To meet the 
genera] requirements, the General Radio Company has developed several 
types of both oscillators and crystal plates, each of which is intended to 
meet certain specific requirements. The choice of the type of oscillator, 
as well as the type oC quartz mounting, is determined mainly by the 
constancy with which it is desired to maintain the frequency of the system. 
In general , it will be found that quartz plates without temperature control 
may be relied upon to maintain their frequency within a.pproximately 0.03 
per cent. under ordinary variations in room temperature. For higher 
accura.cies it is necessary to control the temperature of the quartz plate. 
For precision frequency standards, the temperature must be controlled 
very accurately, requiring highly developed forllls of temperature-control 
equipment, controlling not only the temperature of the quartz plate itself, 
but of the entire circuit used to excite the plate. The various types of 
oscillators and plates are described in det<dl in the succeeding subsections. 

T YPE 275 P,EZO-ELECTRIC O SCILLATOR 

THE TnE 275 Piezo-Electric Oscillator is intended for generallaboratory usc where 
intermittent operation is gcnerally desired. Thc oscillator may be used with quartz 

crystals of practically any ava ilable frequency when a suitable dri ving-ci rcuit inductor is 
inscrted in the jacks. A condcnser is provided in shunt with t he driving-circuit inductor 
lor adjusting thc output load of the oscillator tubc to an appropriaLe value to maintain 

L '--­
L.._-'--t'<-:'II~ 
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t he oscillation of a qua rtz plate without the m.'<!cssily of usi ng a large number ot plug-in 
inductors. A direct-cu rrent milliammeter provides a posit ive indication as to wheliler the 
crystal is oscillating or not. 

D(Jsiylt: J acks afC provided for boLil the 
qunrtz-platc holder and driving-circuit in­
ductor. faci litating changes from one plate 
to another. Binding posts arc provided 
for telephones, or aud io-frl.·qucncy-amplifi cr 
connection, for listening La beats between 
the frequency of an external osci llator and 
that of the crystal or olle of its harmonics. 

MOlllllil1g: All circuit clements arc 

TlI1Je 

mounted on a bakelite panel. Sptlce is 
provided in the walnut cabi net for aU bat. 
leries required fo r usc with dry-cell tubes. 

Power Supply: Three 6-ineh dry cells and 
two sl11 1111 22.S-volt plate-baltery unil.s are 
adeq uate for most purposes. 

'tubes: One UX-1l2A-typc. 
IJ imenswIIs: Ca binet is l 'I x II x 8 inches. 
Weigh/.: 10 pounds without baUcries. 

Code l]lord Price 

275 I ,,'," """ ","" "" , , , , , , , , , , , " I $60 .00 

T YPE 275-P houc'rORS 

TH ESE arc llnti lllbic for IISC with the T\'J>ES 275 a nd 375 P iezo-ElecLric Oscillators in 
which they <:over the approx imate Irequcncy ranges listed below. 

Type F requel/cy U(III(JC Code J J 'Off! Price 

275- 1'1 60- 140 kc. . . . . . . . . . . . . .. . . . .. $5. 00 
27!i- P2: 140- 350 kc. ILOO 
275-P 3 3;;0- 900 kc. . " . 5.00 
275-P·~ 900-2300 kc. . ........ . 5,00 

TYPE 375-A STATIO~ PJE~ZO-El,ECTn TC O SCIL.LA'I'Oft 

THIS oscillator is designed primaril.'· lor routi ne monitoring purposcs, such 
iug the frequency of lL broadcasttrallsmittcr. 

as che<:k-

Design: The crysta l-oscillat.or circuits arc 
entirely contained within cabin et; they arc 
identical with those of the 'J'yPf; 27.S 1l iczo­
Electric Osci llator. 'J'wo stages of audio­
frequency amplific:ltion of the be.'\l between 
the crystal and transmitter frequcncics. 
Jack-top binding posts arc provided so lhat 
0, 1 or2stagcs may bCllscd. A loud-spellker 
may be used. 'Vhere continuous monitor­
ing is desired , the side-band tones may be 
very largely suppressed by connecting It 

cond enser of about l~f across the loud­
speaker; lhc beat note with the station -car­
rier frequency wi ll be bllt slightly reduced 
in intensity. Jacks,connected tothc crystal 
terminals 01 the oscillator circuit, arc pro­
vided 011 the pancl for use of this oscillator 

Type 

375·A I 

with an cx ll:rnal tcmperalure-eoulrol Huil, 
sllch liS the T YI'f: 547. (THE 375 P iezo­
E lectric Oscill ators manufactured before 
this change was incorporated lIlay bc fi t ted 
with the necessary jacks at 11 moderate 
charge.) 

MOllntil1g: The circuit assembly is 0 11 It 

brass su b-base bchind a bakelite PIIIIC!. 
The enbinct is of walnut, wilh space fo r 
batteries. 

Power S1/pply: SeU-eontained , three 6-
inch dry cells for filament, two 22.5-\'0It 
plate batteries. Jacks arc provided for 
COIlTl(..'Ction to external fil a men t supply for 
lise with 5·,,0It filament tubes. 

Dinumswlls: 13Yz x 13 x 8 inches. 
Weight: 20 I>ou nds wi thout balteries. 

Gtxlll Worli Price 

I L,\1"1N I 8100.00 
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T YPE 590 P1EZo-ELEC'rluc OSCll~l,ATOR 

THIS is a specially designed unit, intended for usc in the T yl'F: .51) I Temperature­
Control Unit, to serve as a precision SlHlllla rd. 

DC$iYII : The 1Init is as compact as is 
practical. The oscillator circuit is lhe sa me 
as that of the Tl'I'.~ 2i5 Oscillator but is 
fitled with a small variable condenser COII ­

Heeled across the crystaltcrlll in al s for rcgu ­
IUlion of the crys tal frc<lUCllcy to the exact 
"uluc desi red. An output amplifier is 
provided so thallhe cOll lLccl ion of external 
equipment to the unil will rcad upon the 
cr,vslai frequency Lo as small a ll ex tent as 
possible. The oscill ator is furnished with · 
an inductor suitable for operation with a 
(:r,"slal of SIX'Cificd frequency. 

JTo/lllti1lg: All parts arc ca rried upon a. 
bakelite base and slIb-basc. Su pport is 
t hrough three mounting pillars. 

Tcrmillal: Soldering lugs. to which the 
cx ternal connections arc soldered. 

Tubes: T wo UX- 112A-type or equivalcllt. 
Dimcnsions: 7% x 6 x 37.( inches. 
Weight:.5 pounds. 

Cod,; iVor(i Price 

$75 .00 

TYPE 5-17 'J' £:\ IPEHAT UHJ!:-CON TBOJ ... B OXES 

l'o h : RCURY -'I'll EIUIOST A T 1\101H':L 

THE increasing need Cor improved [rcqllcney stability ill piezo-clcctric oscillators makes 
it Il(!ccssary to conl.rolthe tcmperaturc of lhc quartz plate. The 'I'\,"}: 547 T em pcm­

lure-Control Boxes arc particu larly i ntendcu 
for use with t he '!'YP .. ; 275 or THE 375 
Piezo.Electrie Oscillators, bUl are by 110 

meiUlS restricted to these uses. A termiua l 
plate carr,ying jacks [or two Tn>E 37(1 
Quartz l'lates (or any device, such as small 
resistors or condensers whose perform. 
ance under eontrolled-temperalurc condi. 
tions is desired) is provided withil! l he 
temperature-controlled space. Choice or 
t he quartz plate which is in ci rcuil is made 
by a switch mounted Oil the panel. 

Co1l.tir'lIc1ion: Witbin tbe ca binet arc 
placed, in ordcr. a balsa-wood insulating 
layer, distributed healers (placcd on all six 
faces or t he i ntcrior aSselll hly). a ll ul umintllll 
distri buting layer, an asbestos atlcllilatioll 
layer, and a second a lumi num distributing 
layer which £onllS the wall or thc telllpefll­
tu re-controlled space. A thcrmometer, 
graduated in 1·degrec C. divisions, reading 
from 'WO to 60° C. and mou nted bebind :~ 
slot in t he panel, indicates the air tcmpera. 
ture in the inner space. Both models are TYPE M7.A, TYPE 5·l7·1'1 and TnI': 375 

(C01Ilinued on /oIlowitl(J paoc) 
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fi t ted with a. rheostat for heal regulation 
and a beat-control-indicator lamp for sig­
nali ng the operation of the thermostats. 
Plugs and cords for connection of the healer 
circuits to the ll5·volt alternating-current 
or direct-current mains arc provided. 

Thermoatat: Adjustable mercury type, 
operating through a relay mounted on 
fronl panel to control the current through 
the henlers. Relay circuit arranged so 
that failure of the 6-volt relay battery 
simply causes the healer circuits to remain 
open. 

Reg-ulat·i.on: The unit will control the 

Type Control Acc/j rl/cy Operating Limif8 

54i-A 

tempcrature of the inner space to within 
± O.l " C. against changes in room tempera­
ture of from ± 11 0 C. to 20° C. If t he 
amount of heat is regulated by adjustment 
of the heat-control rhcostat, to mai ntai n 
t he samc rat io of " ON" to "OFF" t ime 
in t he operat ion of t he thermostat, Some­
what better control may be obtaincd . 

Mounting: Walnut cabinct with b.'lkcli te 
panel. 

DimellsWlIs: Cabinet, 12 x 10 x 10 inches. 
Temperature-controlled inner chamber, 
4Ys x 4Ys x S% inches deep. 

Weight: 18 pounds. 

Code IV aNI Price 

I BURLY I $ 150 .00 

'!'YP J:; 547wB T E)''1PERA'l'URE-CON'fnOL UNIT 

HDIETAJ.uc-TIIEIUlOST .... T l\iODE!'. 

THESE differ {rom the mercury-thermostat models only i ll the kind or thermostat elll­
ployed and in the poorer temperature regulation resulting therefrom. 

Thermos/at: Bimet.allic type, adjustable 
from outside of unit while in operation. 
No rclay is used, t he heater current being 
handled directly by the thcrmostatcontacls. 

Regulation: The unit will control the 
temperature of the inner space to within 
± l .Oo C. against changes in room tempera-

ture of ± 11 0 C. from 20° C. 
Mounting: Walnut cabinet wi th bakelite 

panel. 
Di1ltcns1oll': Cabinet, 12 x 10 x 10 inches. 

Tempcrature-eontrolled inner space, 4,l.i x 
,~ Y8 x 3% inches deep. 

Weiyht: 17 pounds. 

Type COlli rol Aecllr{lc!/ Owrutin9 [limits Code Word Price 

·Mi- ll I ± 1.0°C. I '~Oo_ 60°C. I ........... ..... " ........ I Buxml I $140.00 
• Heoommended for use only where it is ~senti :ll thnt operating tCIllI)ernture be adjustable while 

unit is in ol>cration. 

TYPE 547-P ACCESSOR IES AND R EPLACEMENTS 

THE Tl'I'f: 547-PI Connector Plate is intended ror use with the TYPE 547 Temperatu re­
Control Boxes when used in conjunction with either the TnE 275 or TYPE 375 Piezo­

Electric Oscillator. When the former is placed on top of the latter, the connectOr plate 
makes <~ ncnt and convenient mea ns of joining the two together. 

The TYPE 5 '~7-P2 :Mercury-t ypc T hermostat and the Typ~; M7-PS Thermometer arc 
provided so t hat users may rephtcc them in ease or breakage. 

Type 

5-17- 1'1 
547- P :l 
54i-PS 

Connector 1'lute ....... " .... "." .. 
"Mercury-type 'fhcrmost.llt (same as T n't: ti9 1 -1~) 
Thermometer, 400

_ 600 C., graduated in 1.00 steps 

Code Word Price 

LIBEL 
I. ILAC 

$1.50 
20 .00 
4.00 
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T YPE :391 T Ei\IPBRATURE-CON'fHOL UN IT 

DES1G1\'ED particularly Cor lise in precision rrequency-standard operation where every 
reasonable precaution must be taken to insure constancy of temperature oC both 

quartz crystal and driving circuit. Consists of two mercury-thermostat controlled units, 
one within the other. 

Design: The inner unit is identical in 
construclion with that of the interior as­
sembly of t he 1'n>£ 547-A. Temperature­
Control Unit. complete wilh healers and 
t hermostat. Sufficient space is available 
for mountingonc Tn>~; 576-A Quartz Dar,or 
arrangement may be made fOf mounting 
two '!\ ' PE 376 Quartz Plates. 

The outer heat-control unit pro vides 
space Cor mounting a TYPE 590 Pieza-Elee­
t ric Oscillator. The outer unit is provided 
with its own heaters a nd therroosull. 

The entire assembly is housed in it 

balsa-wood container having 2-in<:h walls. 
The balsa cover and the top of tile outer 
hcat-control unit are reudily rcmoved for 
access to thc oscillator and inner tempera­
ture-control unit. 

Mechanicul coupling is provided between 
it dial 0 11 the panel and the small variable 
condenser of the Typ~~ 590 Piezo-Electric 
Oscillator for regulation of the crystal fre­
quency. 

Necessary relays, rheoslats, and metcrs 
mounted on TYPE ;j 9 ·} H cat-Control Unit. 

Thermometers : Inner, 46°_5<1 ° C. (0.1 ° C. 
graduations); outer, 40°-60° C. (0.5° C. 
graduations). Both thermometers remov­
able t hrough door in panel. 

Normal Temperatures: I nner, 50° C.; 
ollter, 45° C. 

COl/trol Accuracy 
Type / lIIltr C/wmber Outer Chamber 

.591 ± O.O l°C. ± O. IOC . 

Tl'I'B Mll ( Interior) Tl'I'B 590 and T YPE 3iG 

MOlmting: Standard HI-inch panel; black 
crackle lacquer; b.:'l lsa-wood given varn ish 
coat. Cabinet-mounting models available 
on special onter. 

D imcllsimls: l)anel, 19 x 15% inches; 
bchind pallel, 1774' x 19Yz x 14)1 iuches. 

Weight: (;0 poullds. 

01!Cratillg Limits Price 

1 8 TANTnEI'IG I :H50.00 

TYPE 591 Rl;; PLACEi\IENTS 

THESE replacemenL units arc provided so tlmL users may replace them in ease or 
breakage. 

T ype 

59 I- PI 
591- 1'2 
591- P3 

Outer Thermometer, 40°_ 60°C., b".ad ualed ill 0.5° slel)S 
TUller Thermometer, 46°_ (HOC., " ,. 0.1° steps 
Mercury-type Thermostat (sa me as T\'PE 547-p~) 

Code Word Price 

I .aUBY 
LOCAl, 
I, IIIF-I, 

$4.00 
4.00 

20.00 
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TYPE .594 H EAT-CoN'I'noL NTr 

THIS supplies the auxiliary control equipment required for s.'ltistactory operation or the 
'l 'y!'}! .591 Tcmpcral urc·Controi Unit. 

/)c8i911: Hcrtl-COlilrol rhcostaL<;, rcla;rs. 
lmel indicators for both inner and outer 
hClltcr circuits nrc provided. HheosLaL, 
plate millinmmclcr, and filamen t ,"oltmet.er 
for 'I'HI': 590 l'iczo-Elcelric Oscillator arc 
included in lhis uni t. 

TUlle 

MH 

M Oll II I illY: talld:lr(II9-i nch pa nel. black 
crackle finish , with dust cover of nickel­
plated brass. 

Dimcl/$iomr: Panel, 11) x 7 inches, beh ind 
]>l\Ilcl , 1771 x 10 x 6%, inches. 

Weight : fl5 pounds. 

Code Word Price 

.... I STM\FI!ETOI, 1 $ 100 .00 

THE TYl'E 37G ,Quartz Plates arc m~UlI~cd in the .Gcl~c r:l1 nad ~~ slalldard q\l ~I~lz-platc 
hold er filled WIth pluf?s for connectloll mto the Clrcmts ot the 1\'1'1<: 27:; and IYPE 375 

Jj iczo-E1cct ric Oscillators. 

Frcq1IC1!CY Ilanyc: natcs in thcsc mount­
ings are a Vllilable in thc following frequcncy 
rangcs: 100- 200 kc. and 400- 1800 kc. 
Pl ates in thc frcquency range trom 200-400 
ke, cannot be a<.'Commooah.'tI in the s tand­
ard holder becausc of thei r dimensions and 
will be furnisbed ill an approprillte holdcr 
on special order only. 

Freqllcllcy Adjustment To/erallce: Sec 
pricc list This requircment and thc 
accuracy of calibration determinc t he 
ty pc number. 

CCliibraliml: )l lates are ground to 
approximate frequcncy and final changes 
madc by lldjustin g air gap. After mr­
gap adjus tmcnt has bcen locked and 
scaled, frequency is mettsured with the 
grcatest possible u<.'Curacy ill terms of a 

standard-frequency assembly (page 51) . 
The result of this meas urcmcnt, expressed 
with the proper num hcr or significant 
figu res, becomes the cert ificd frequency. 
A certificatc of calibration is furnished 
wh ich slates thc rrequcncy of the platc, thc 
conditions under which t he calibration was 
made, a nd the ra ngc of ol)Cralillg condi­
tions ovcr which t he glilirantee of accuracy 
is valid. The certified frequency and the 
pCI"(.'Cnlage accu racy are marked upo n the 
plate holder. 

AI01mtillg: Air-gap type. gllp adjustmcnt 
locked a nd scaled. Hol(h:r practicully 
dust proof. llakcl itc base and gold­
plated brass cap. 

Dimell/tums: 2% x 2 x 134' iuchcs. 
Weighl: 1 pound. 
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Type Adjusted Withill Accuracy Temperature COlIc JVord Price 

L,\I'EL 45.00 
1 .. ~lt\''\ 60.00 
u:"~:n 70.00 
u:n:L 85. 00 

Oscillator must be flP-

3iG-B !t5% of specified frC(lllcncy 0 . 1% lSo-32"C. 
3iG-C 5% " " '; 0. 1% ISo-32"C. 
37G-D 0 . 1% " "" 0 . 1% IS"-S'!"C. 

*SiO- F 0.03% " " 0.03% 20"-24"C. 
*Si6-l-l 0 .01% " " " . .. . . . . . 0.01 % 50±O.25"C. 

* 1\:[u5t be adjustcil aud calibrated III oscillator with Wllich it i ~ to ue used. 
I)ro\'ed by us. 

I •. \G};I{ $'~O .00 

T YPI' 576-A QUARTZ RIR (AN D HOWER) 

THTS unit is intended lor lISC with low.frequency qua rtz bars for precision frequency 
work. It is used in standard·Crcqucncy assemblies. 

Design: The holder is designed to clamp 
the bar in position independently of the 
electrode adjustment. It is arranged 
to incorporate thc latest inlormation on 
mounting of Lars of lhis type to obtain lhc 
best mechanical and frequcncy stability. 
The holders arc normally fum ished for use 

with 50-kc. bars, but are availablc for 
bars of frcqucucics betwecn 20 and 100 kc . 
on speci al order. 

DimCllsions: Basc. 3% x S x 5/ 16 inches; 
elcctrodes, 1 x ~74' inch faces. 

Wcight: 1 pound. 

Type Frequency Code IV ord Prier 

:3;0- A I 50 kc. I I $ 145.00 

TYPE 276-:1 Q UA"'!''' PLA'r.B 

THE Tr l'£ 276-1\ Quarb; .Plate is adjusted to have a frequcncy somcwhcre in thc 160-
meter amateur band. T he crystals are nolmounted and are calibrated only to within 

0.25 per cent. 
Weight: 2 ounces. 

Type A djllsted IVithilt Accuracy 

2;6- /\ I 2000- 171 :3 kc. ] 0 .25% ] 

TYPE 356 Q UAIt'l'Z -P LA'L'E HOLDE" 

THE '1YI'E 356 Quart ......... l)late Holder is intcnded for 
amateur and experimental use, primarily wilh 

the Tl."Pf; 276-A Quartz Platcs. Thc lop electrode 
rests upon thc crystal, but is held in place by a pin 
passing through a. hole in a light spring. 

DimlmSW1!S: 272 x 2Yz inches. 
Weiglu: 2 ounces. 

Type 

856 I ............. .... ........ ..... ... ...... .... ...... .... .. ... . 

Code IVorl! PriCe 

] 1.,\1Ion $1;3.00 

Code IVord Price 

$ 1.50 
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MAGNETOSTRICTION OSCILLATORS 

MAGNETOSTRICTION is the name given to a property possessed by 
nickel, alloys of nickel, and eel'tai n other magnetic alloys which 

expand when subjected to a longitudinal magnetic field . A pulsating 
magnetic fi eld wi ll , accordingly, produce vibrations which, since the 
decrement of a properly supported rod is low, will attain a pronounced 
maximum amplitude 'at its natural frequency of longitudinal vibra tion. 
rr such a rod supplies the regenerative coupling in an osci llating vacu um­
tube ciL'cuil, a stabilizing action upon the frequency will occur so that the 
rod may serve as a standard of frequency in a manner simiJal' to the piezo­
electric quartz crys la l. '~Then supported at its mid-point, the funda­
mental stabilized frequency of the rod is found by dividing the velocity of 
sound in the materia l by twice the length of the rod. As the circuit is 
tuned, this stabilizing action is indicated by a deflcction upon the plate 
circuit mill iammeter. Usc is made of these phenomena in the Gencral 
Uadio magnetoslriclion oscillators which were developed in collaboration 
with Dr. G. tV. Pierce of Harvard Universi ty. 

TYPE 389-B PIERCE M AGNETOSTRICTION O SCILLATOR 

TYl' ~: S8!l-n 

THIS instrument pro\'ides a col\\'cnicnl means (or utili7.ing the magncloslriclive prop­
erties oC various materials. It consists or the oscillator tuning controls, tube controls, 

and an output amplifier. 

FTcqwmcy Ra llge: Determ ined bythe'l'YI'E 
41 G .l\iagnetostriction-Oscillator Rod used. 

lVat'cjonn: Output is rich in harmonics, a. 
great advantage Cor culibration work. 

Design: The ,'ariOlls control units arc 
mounted upon the Cront oC the panel and 
the rod is supported in a reUlovable inductor 
unit loca.ted on top of the cabinct. The 
plate supply and grid-biasing batteries a re 

housed within the cabi net. T he fiJament ­
suppl y baUery is attached externally. 
Tubes, batteries, inductors and rod mount­
ings, I\nd rods not included in purchasc 
price or instrument. 

T1lbeS: One ~l40-typc aDd one 11 2A-type 
rC(luired. 

Batteries: Plate, 1$5 volls; grid , 9 ,·olts; 
and external G-volt filament battery. 
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Output Device: Speaker filler in ampl ifi er 
pl ate circuit. ~(ay be cut out with swi tch 
if plate current is required to appear in 

Typ' 

389- 11 

output. Impedance, :j OOO to 8000 ohms. 
DimensioN8: 15.!4' x IO.J.1i x 8U inches. 
Weight: 21 pounds. 

Code Word Price 

I M,\ GNt."TOCAT I $ 150 .00 

1''1'1>£ lJ·89-B PJEHCE TWIN l\1AGNETOSTRlCTION O SCILLATOn 

1'YPt: 'l89· B 

I T is frequently desira ble to compare two magncloslriclion rods or to compa re one rod 
wi th a n ndj llsla blc.rrcqucllcy vacuum-lube osci llator when making measurements or 

calibrations by heterodyne methods. This instru ment has been designed for that pUr(>OSC. 

I t consists of two 1')' 1'1:: 389· ll P ierce )Iagnetoslrictio n Oscillators, citbcr one of which may 
be used as a vacuum-t ube oscil1ator with the TYI't: 3S4 Inductors. 

Frcqucncy /lange: Same as T1'I' t: SS9-n. 
Wcwcjomt: Same as T\'PE 389-"0. 
Des-ign: All controls present on the Tnt: 

389-13 Pierce Magnetostriction Oscillator 
are provided in duplicate. Instead of 
inductor shown ill photograph, a secood 
'1'1.-'pE 389-) Inductor and Rod Mounting 
may be inserted. Tubes, bullerics, in_ 
ductors and rod mountings, and rods not 

·'S9-1l I .. ... 

included ill purchase price of inslrumeul. 
1'11wa: Two caeh, 2'W.lypc and 112 A­

type required. 
Batteries: Same as T YPE SS9-B. 
Output Device; Supplied in duplicate. eaeh 

the same as T YPE 389·D. 
D imClI8io1l8: 19J4' x 10.'1 x 83{ inches. 
Weight: 29 pounds. 

Code IV ord Price 

TYPE 389-P I N IJ"UC1'ORS AND ROD lVIOUN'l'INGS 

ALTI-IOUG Ii they arc by 110 means restricted to operation in these frequcncy ranges. 
1i.. the THE S89 and TY)'E '189 Piercc Magncloslriclion Oscillators operate most 
readily between 5 and 50 kc. To cover this range effectivcly, the following inductors 
and rod mountings have been developed. One of them is requ ired for the TYPE 389 and 
one or two fo r t he 1'Y"E 489 Pierce Magnetostriclion Oscillator, ItS necessary. This 
assembly includes the mounting for the rod, but 110 rod. 
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Type Frtqllellcy RUI/lle 

SSO-PI 
389- 1'2 
389- PS 
3S!)---P4 

20- 50 ke. 
10- 50 kc. 

7 .S-!lO kc. 
5-10 kc. 

Code Word Price 

$S0. 00 
80.00 
30, 00 
SO. OO 

T YPE 416 l\1:AGNETOSTRICTION-O SCILLATOR R ODS 

SPECIALLY annealed nichrome rods have been found to combine good magneto­
slrict ive activity with low temperature coefficient. They provide a satisfactory 

freq uency standard lor a wide var iely of pu rposes. 

Frequency Ranye: Rods arc adjusted 
within the percentage of speeified frequency 
as set !orth inlbc price list for the frequency 
range between {, and 50 kc. 

Frequency-Adjustment Tolerance: Sec 
price Hsl. This requirement determines 
the type number, since both types arc 
calibrated with the same accuracy. 

Calibration: Rods arc ground to specified 
frequency, aIlcr which the frequency is 
measured with the greatest possible ac­
curacy in terms of a standard-frequency 
assembly. The result of t his measure­
ment , expressed with the proper number of 

Ty~ Adju4tN. Within 

41 6- A I O. l % ofspeeified rrcqucncy .. 
41G-D i %" .. .. . . 

significant figures, becomes the certilled 
frequency. A certillcate of calibra.tion is 
furnished, which states the frequency of the 
rod, the cond itions under which the cal ibra­
tion was made. and the range of operating 
cond itions over which t he guarantee of ac­
curacy is valid. 

Temperature Coefficumt: Approximately 
0.0001 per degree C. If the tempera lure is 
maintained constant, a frequency can be 
relied upon within accuracy of calibration. 

Dim.eMWM: Diameter, % inch; length, 
dcpends on frequency. 

Weight: Depends on frequency. 

Accuracy Code Word Price 

I __ .\IIT $40 .00 
LlVEII i5.oo I 0 .01% I 

0 .0 1% 

PRECISION WA VEMETERS 

THE two types of wavemeters described in this section consis t oC 
tuned circuits associated with thel'mogalvanometers Cor indicating 

resonance. A high order of frequency stabili ty is obtained by carelul 
design of the tuned ci rcui t. Use of the micrometer control on the con­
densers enables settings to be duplicated with ease. 

The precision obtainable with these instruments is as high as it is 
economically feasible to expect from a tuned circuit. For higher orders 
of precision we recommend the use of piezo-electric oscillators and aux­
iliary interpolation equipment. Requests for our recommendations on 
specific problems are solicited. 

Al l of the General Uadio wa.VCUleters described in t his and the rollowi ng section are 
calibrated in terms of a. General Radio standard-Crequeney assembly. The wavelength 
calibration is obtained from this by the use of 299.82 x 10' meters per second as a conver­
sion factor. 
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For the prescnt at least, the General Radio Company uses the term "wavemeter" to 
mean "luned-circuit or resonant-type frequency meter." This seems to be in fairly 
common use throughout the field. although the trend is toward t he usc of " {requency 
meter." We make onc exception i ll the TYPE 558-P Amateur-Band Frequency Meter , 
which is so named t o distinguish it from the obsolete instrument it replaced. 

TYPE ~~4 P RECI SION W A VEMETEIlS 

T VPB 2!'H- L 

THESE instruments are intended for general laboratory and service uses where a rapid 
and fairly accurate measurement of frequency is required. A lhcrmoga\vanometer is 

used as a resonance ind icator. 

Condenser: Worm-drive precision type 
(si milar in construction to '! 'n'E Q.QQ). 
Straight-line-capacitance variation. 

Inductors: Mounted in individual cases 
with terminal and name-plate strip. Con­
nected to condenser by means of connector 
strap which is furnished. 

Calibration: A chart, reading in both 
frequency and wavelength, mounted ill 
aluminum chart-holder, IS furnished with 

each coil ; accuracy O.Q5 pcr cent. A 
capacitance calibration like that for TYPE 

Q22 is also furnished. 
Carrying Case: A stout wooden carrying 

case with provision for all parts and charts 
is furnished wit h the instrument. 

Dimensions: Carryi ng case, 20 x 12 x II 
inches. 

Weight: 30 pounds. 

No. of 
Typ' Frequency IV a~'elenglh A ccuracy Ooil8 Conden8er Code IV ord Price 

2i4- A 
224-L ! 

4200-12.5 ke. ! 70- 24,000 meters ! 0 .25% ! 
20,000-500 ke. 15-600 " 0 .25% 

5 1 1500 j.t}'f I WAGER 
G 250 j.t}'f UNDER I $100 .00 

200. 00 
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TYPE 624 PRECIS ION ' ;VAVEM ETE Ll 

INTENDED particularly for use under service conditions where the greatest accuracy 
obtainable with commercial lunecl-circuit wavtmclcrs is requ ired . II is similar in ap­

pearance to TYPE fl!M. 

Condenaer: Construction similar to TYPE 
222. worm-dri ve. Straight-line-frequency 
variation. 

Inductors: Mounted in individual cases 
with terminal and name-plate strip. Con­
nected to condenser by conncctor strap 
which is furnished. 

Extension of Range: Two additional in­
ductors for extendiug the ran ge to 8200 kc. 
(IN melers) nrc available. The instrument 
is not rccolluncndcd for use at lower fre­
quencIes, 

Resonallce I 1Id1'caIQr: T hcrmogalvanome­
ter lIsed in conjunction with a push­
button-conlrollcd incrcmental capacity. 
Accuracy of sclting of the order ot olle part 
in 20,000. 

Tcmpcratmc Correction: A tbermometer 
is mounted on the instrument to indicate 
temperature ot instrument at time of meas­
urement. Data is provided tor making 
corrcction of calibration to include effect of 
temperature ebanges. 

Calibration: Chart-holders contain ing 
calibration data are furnished for eaeh coil. 
Capacity calibration fu.rn ished only when 
ordered. 

Carrying Case: A stout wooden container 
for all pa rts and charts is furn ished with 
each instrulUent. 

Dimensions: Carrying case, 20 x 12 x II 
inches. 

II' eight: 30 pounds. 

No. of 
Typ' Freqllcllcy JVar:clclIgtlt Accuraclf Coil, COlldclI,er Code Word Price 

'0"" I 25,000-5670 kc. I l ~53 meters I 0. 1% I 6 I 135 J.lJ.lt I AGATE 
'Mounted Capacitancc Calibration Curve .. ... ................ . cun".; 

$l75.00 
6 .00 

• Capacitance calibration su pplied only wIlen ordcreC. Use eomllOlmd code word : AGAn :CVfWE. 

TYPE 624-P I NDUCTORS 

THESE are intended for use with the TYI'E 6~4 Precision 
range to lower frequencies. Prices include calibralion. 

'Vavcmcter to extend its 

Typ~ Frequenc!f 

5670-4210 
4270- 3200 

53-70 
70- 94 

Code Word 

AJ,JVE 
ALLAY 

Price 

• Wa vcmctcr with which inductors are 10 be used must be supplied with order so that calibra­
tion can be mllde. 

EXPERIMENTAL W A VEMETERS 

I N genera] ]aboratory work and in many of Ute problems associated 
with station operation , a compact wavemeter which may be used for 

the rapid determination of the approximate wavelcngtlt or frequency of 
a transmitter or other oscillator is of great service. 

TYPE 558-P AMATEUR-BA N D F R"QU"NCY iVIETER 

THE TYPE 558-P Amateur-Dand Frcqucncy :Meter was developed primaril y tor use by 
amateurs, and for this rcason it covers only narrow ranges of frequency centered in the 

vicinity of t he amateur-frequency bands. The accuracy is 0.25 per cent. 
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Calibration: In frequency. 
Condenser: TYPE 557 Amateur-Baud 

Condenser; fixed air condenser in parallel 
with variable condenser. 

f nd1tctors: The inslrument is furnished 
wit.h five inductors. T he forms are IM­
inch diameter, fi lted with mOllnt ing pi ns Lo 
fit condenser terminals. 

Resonance Indicator: NOlie. Designed 
for use with reaction methods, particularly 
as indicated by heterodyne methods. 

Carrying Case: Space provided for in ­
ductors, condenser, and calibration chart. 

])imcn,yum,, : 11 % x 7M x 5,YZ inches. 
Weight: 47'2 pounds. 

Frequency 

7000- 7300 kc. 42 86- 41 1 " 
3500- 4000 kc. 85.7 - 75 0 " 

558-1' I 
il ecllmey 
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Code 
Word Pricc 

U);,lO);, 818.00 ~~:~3gj~:~gg ~~: ! i~ !E~t~~ mc:;crs~ ) 0 2.'1% .. .. .... . 

· ,558-PG I 1715- gOOO kc. liS 0- 150 0 " I 0 .25% ....... . . WOVE~ $6.00 
.. . Frequency meter with which this coil is to hc used must he Sllhmitted with order so that cali· 

bralion can bc made. 

TYPE 358 W A VEMETEIl 

THE TYPE 358 Wavcmeter is intended ror use as an inexpensive general-purpose device 
covering a rather wide rrequency range with a n aceuracy of 1 per cent. The instru­

meut is compact and is easily held in t he hand while maki ng measurements. In cer tain 
cases, the usefulness of the wavemcter may be increased through the addition of two in· 
ductors to extend t he wavelength range. These ind uctors arc available on special order. 

Calibrati()1~: In wavelength; accuracy, I per cent. 
Condenscr: TYPE 247 Condenser in shielded 

case. 
ltld1lctors: FOllr on TYI'E Q77 fo rms, fitted with 

mOllnti ng pins to fit condenser tcrmiuals. 
RcsolUtllcc Tndicator: Small 

fl ashlight bulb in special socket 
whieh closes circuit on remO\'al 
of bulb. 

Carr-gillY Case: Space pro· 
vided i ll wooden box for in· 
ductors, coudcliscr und cali bra· 
tion charlo 

Dimenswns: Carryillg case, 
11 % x 7U x 5Y2 iuches. 

Weight : 4.\.1 pounds. 

// 
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Cod, 
Type WarelclIgth Accuracy Wo-rd Price 

S58 I [20,OOO-ISM kc.] [ 15-220 meters ' % I 'OPPER $15.00 

TYPE 174 DlRECT-READIi'fG WAVEMETER 

THE TYPE 174 Direct-Reading Wavcmclcr is designed for general-purpose usc in com­
mercinJ or experimen tal work. It is adapted for use with either transmitters or receiv­

ers, is sell-contained, and a direct-reading featu re makes it particularl y suitable (or rapid 
work, 

Typ' TVal'elen.gth 

174-C f 400o-5!00 ke'j I 75-1500 meters 
174-D 1500- 75 ke. 5!0()-4000 " 

Calibratwn: In wavelength, direct -read­
ing, 1 pcr cent. 

RC80nance Indicators: Hol-wi re galva­
nometer; crystal detector (with connections 
for telephones); buzzer. 

171dllctor: Three sections with selector 
switch. 

Condenser: TYPE 239 wit h slow-mot ion 
gcar . 

Mouni·illg: Con tained in walnut cabinet 
with panel-protecting cover. 

Dimell.twlls: 9 x 7 x 6 inches. 
Weight: 972 pounds. 

Code 
Accuracy W ord 

'~ ....... ... I WEAllY 

,"" WIND Y 

Price 

$68. 00 
68. 00 
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TIMING DEVICES 

THE development of highly stable vacuum-lube oscillator circuits 
has made it possible for laboratories to secure electrical and electro­

mechanical systems which have practically constant frequency, angular 
velocity, or rotational period. For the measurement of these quantities, 
therefore, many of the devices used for determining frequ ency are useful. 
The devices described in this section are all synchronous-motor-driven 
clock trains, with the necessary auxil iaries for adapting them to specific 
problems. 

For example, a synchronous-motor-driven clock may be used as a source 
of precisely determined time intervals when driven by a standard-fre­
quency oscillator, and. conversely, it may be used for determining fre­
quency when compared "rith a standard time interval. This dual purpose 
naturally offers a wide field of useCulness for such a device. Accurate 
timing is demanded not only by laboratories but in commercial practice. 

The synchronous-motor-driven clocks, or Syncro-Clocks, described in 
this section may have, in addition to the clock mechanism, a numberor other 
accessories. The only one here described is the" micro-dial" by means of 
which time intervals, as recorded by the Syncl'o-Clock, may be compared 
with time intervals determined by some other system. Among the others 
are seconds and tenth-seconds contactors ror supplying accurately 
determined electrical impulses. On anyone of the Syncro-Clock sharts 
may be mounted iron armature discs which, when rotated in the field of a 
magnet, lllay be made to generate e1ectr'ical impulses. Since the rrequency 
of these impulses is entirely dependent on the frequency of the standard­
frequency source, a convenient means for securing frequency impulses is 
provided. 

Attention is invited to the section describing the TYPE 33S String 
Oscillograph (page 93) since this device is very useful in many cases for 
making frequency and time comparisons. " 'hen fitted with a camera, 
the oscillograph becomes a chronograph and provides a permanent 
record of such cOlllparisons . 

TYPE 511 SYNCRO-CLOCKS 

l\fODEI..s WITH MICRO-DIH 

THE TYPES 51l-C and -D Syncro-Clocks are designed to meet the demand Cor a de­
pendable. durable unit that may be easily adapted to the various attachments or 

variations so often desirable for particular conditions. Requests Cor special-purpose 
attachments are solicited by our engineering departmenL 

Frcqllwcy Range: Standard models are may be operated through wide range above 
designed to keep correct time on 1.0-ke. and below rated frequency. 
circuit. Special designs cover the field Starting: Clocks are hand started and will 
rrom 60 to 5000 cycles per second. Motors not run except in synchronism. 

(Co"tinutd 011 /oUmri~(1 poQ,) 
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Syncltroni8nt Indica/or: A small nCOIl 

lamp illuminating the molor teeth gives a 
visual indication of synchronism strobo­
scopically. 

Reset Device: A differential gear train 
mllkcs it possible to adjust second hand by 
O.5-sccond intervals, without interfering 
with clock or motor action. 

Stabilizer: A "scaled-in" mercury dalllp­
ing device minimizes "hunting." 

Micro-dial: A cam switch is buill inlo the 
unit that accurately closes a circuit once a 
secoud. This switch may be rotated abol1t 
the ca m, allowing the contacts to work at 
any point in a (:omplcte revolution. 1n 
aural reception of lime signals, this dial is 
rolaled to cut off the end of the time-signal 
dot until only a very shori pulse is heard. 
This adjustment is rapid, accurate, and re­
producible. Thc dial is graduated to read 
directly to 0.01 second. 

Power Supply: Output of two 171-A type 
tubes, with ISO volts 011 plate a nd platc 
current of 20 to 30 milliamperes supplied to 
magnelize windings. Drop across motor 
terminals should be approximately 100 
volts. 

Special Clock8: Clocks for ol>cralion 011 

circuits of other than I kc. can be supplied 
at a. slightly increased cost. Con laetors 
for producing impulses of rrom ] to 1/ £5 
second m ay be attached to the cross shaft, 
whjle magneto generators for frequcneies of 
rrom 10 to .].00 cycles arc also available. A 
e10ck thus equipped becomes a very aceu­
rale source of time impulse for frequencies 
within the range and may be used in con­
nection with or to replace other equip­
ment. 

ry~ Frequel!cy 

*5 11-C 1.0 ke. I Panel Mounting 
51 1- D 1.0 ke. T nble Moullting 

• Buill to order, not carried in stock. 

.MOlllIl·i?IY: 'rable or portablc models have 
clock face in a horizontal plane. These arc 
mounted in walnut. cabinet. 
Dimensions : 9M x lOrr x 7J.1 inches. 
Weight : 15 pounds. 

Vert.ical or panel-mounting modcls :ire 
availablc when it. is desi rable to " build in" 
l he clock in connect ion willI other cquip­
ment (sec TYPE 593 Timing Un it, page 73). 
The clock will center t.he dia.l in a 7-i nch 
panel section. 
D imensions: 8 x 9 x G,!;2 inches. 
Weight : 11 pounds. 

Code Word 

I 8 \'1{C"0000D 
S\'XCROTOAI) 

Price 

I $200.00 
225.00 

l\(OI)~LS WITHOUT l\Jl cno-D I.-I.L 

THESE arc identica.l in cvery respect paragraphs except. that th ey 
wit.h the TYPE 511-C tl nd 'l'HE 511 -D micro-dials. Micro-dials may 

Syncro-Clocks described in thc preceding later althe factory. 

Type Frcqllcllcy Code Worll 

have no 
be added 

Price , 

·51 1-.'\ I 1.0 ke. I Pllncl l\Lounling 
511- 13 1.0 kc. Table )lounling I SY~CRO'-OIU> 

SYXCIIOl' ROG I $100 .00 
100.00 

* Buill to order; uot Cflrried in stock. 
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1'yPE 511-P R EPLACEMEN1' 

THE TYPE 5] I-P Neon ~Yllclrronizing L~UlP is supplic? as a rcpl~ccment tor all 'l'Y~f; 
511 Synceo-Clocks. It IS used lor makmg stroboscopIC observatIOns or rotor teeth III 

the driving molor as an aid to starl ing. 

T"rc Description C()(le IV ord Price 

511- 1'1 I Neoll Syncllron i~ing I ,amp I ... $4.00 

TYPE 593 TnlTNG UNIT 

THIS unit is mounted on a standard 19-inch relay-rack panel and is furnished with 
dust cover. The units may be obtained in an oak cabinet on special order. 

The T HE 593 Timing Unit includes a voltage conlrol Cor regulation oC the voltage 
applied to the amplifier, a two-stage audio-frequency amplifier for driving the clock, and 
a one-stage outpu t amplifier ror distribution or the IOOO-cycle standard frequency t o 
various points about the laboratory. The output stage is provided with two sockets so 
that two power tubes may be employed in parallel. A door is provided in the front panel 
for access to the clock and micro-dial mechanisms. As used in standard-frequency 
assemblies, the t iming unit is equipped with a. TYPE 51 1-C Synero-Clock, previously 
described in detail. 

Frequency Code WQrd Price 

503 lko. I ... .. ..... . I STAl'\PREBUG $400.00 



 

BRIDGES AND THEIR ACCESSORIES 

THE simplicity and accuracy of bridge methods have led to their 
general adoption for the determination of resistance, inductance, and 
capacitance. They are also used for the measurement of vacuum­

tube characteristics. '\'hi le there are a large number of bridge circuits, 
differing in detail according to the electrical quantities compared and 
the frequency and voltage used, all depend on balancing the voltage drops 
across the several arms of an impedance network so that no current Hows 
through a null indicator connected across the network. 

G 

'----liilillf------' 

The simplest bridge circuit is the 
Wheatstone bridge, originally designed for 
the measurement of dirccl-current rcsisl+ 
ance,- It consists of four resistors, a 
battery, and a galvanometer, connccted 
ns shown in the accompanying dra.wing. 
R. and R~ are the ratio arms, R. the known 
or standa rd resistance, and Hz the unknown 
resistance. When the bridge is balanced. 
so that no current flows in the galvanollle-

a R. Hz R. 
ter ' R. = R. or R.,. = R. R.. A single 

I· r 1 . R. r h u< Justment 0 t Ie ratiO R& or 0 t e 

standard resistance R. is sufficient to 
balance the bridge. BATTERY 

(POWf.R SOURCE) When this bridge is used with an alter­
nating.eu rrent source and all alternating­
current null indicator, two inductances 

or two capacitances may be compared. Two scparate adjustmcnts of thc bridge, one 
for resistance, the other for reactance, are required to balance the bridge. 

R. Hz L1 R. R1 C • 
....,-= -=- or - =--_. 
R. R. L. R. R. C1 

Two resistors may also be compared, but there will always be su fficient residual reactances 
in the bridge and in the resistors themselves so t hat the reactance balance must be made. 

An inductance and capacitance may be compared by connecting them in series in the 
X-arm a nd tun ing them to the frequency of the alternating-current source. At resonancc 
they net as a pure resistance. 

R. = R. and wL =2.. 
Hb R. wC 

This bridge is usually called the resonance bridge. 
Other bridges which lUay bc built up from the simple four-arm bridge as a base a re the 

Anderson bridge for comparing inductance and capacitance. the Heaviside bridge for 
comparing self- and mutual inductance, and the Wiell bridge for comparing resist.'l,llce 
and capacitance at a known frequency . 

• Dridge methods are discussed in all but the most elementary textbooks on electricity. The 
best text on altcruating-current bridges is that by D. Hague. Alternating Curre/It Bridge Mtlhod~ 
(London: Pitman and Sons). 

[74 ] 



 

BRIDGES AND ACCESSORIES 

Bridges are described under the following three headings: 

a) General-Purpose and Capacitance Bridges 
b) Bridges lor Vacuum-Tube lVIeasW'ements 
c) Bridge Accessories 

GENERAL-PURPOSE AND CAPACITANCE 
BRIDGES 

75 

I N this section are described three bridges for the measurement of 
capacitance and onc general-purpose impedance bridge for measuring 

capacitance, resistance, and inductance at audio frequencies. A complete 
description of each is given under its own head ing. 

T YPE 193 D EC;\DE BmDGE 

TillS bridge may be used (or all kinds of bridge measurements of resistance, inductance, 
and capacitance over the entire range of audio frequencies and ror the measurement 

of d irect-currcnt resistance. DOUl its ratio arms arc variable. t he one up to 1111.1 ohms 
by O.l -ohm sleps, the other from 1 ohm to 1000 ohms in six approxima.tely equal steps. 

, 
< " " ... ../ 

@@ , , , , , , 

Rc 
0.1 - 1-1 0 -100 ...... 

POW ER "--------1 SOURCE 

A third rcsistance, variablc up to 111 1.0 ohms by 0.1 -01un steps, may be connected into 
either of the other two arms of the bridge. thus providing the resistance udjustment in a ll 
lliternating-current measurements and thc standard resistance in a measurement of 
direct-current resist..'l.nce. 

This bridge is not self-contained , in the scnse t hat thc power source, null in dicator, and 
standards or inductance and capacitance mllst be provided and cOllllccted cdernally. 

The accuracy of adjustment or t hc various resistances is 0.1 per ccnt. so t hat bridgc 
balanc..'eS may bc obtained to 0.2 pcr ccnt. This should also be the accuracy of direct-
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current-resistance measurement. The error in inductance and capacit ..... nce measurement 
is always greater than this figure of 0.2 per cent ., dependent on the error introduced by 
capacitances (mutual and to ground) of tile unsymmctric.'\l ratio arms and the other arms 
of the bridge. the power source and null indicator, the magnitude of the ren.clnnccs being 
compared. and the frequency IIsed. No definite limits can be set for this error. It 
increases 115 the inductances or capacitances compared decrease, as lhe frequency increases, 
and as the ralio of the ratio arms diverges from unity. For capacitances of less than 
IOOO,IA~ r, one of the special-purpose bridges. TYPE 216 Capacity Bridge or TYPE 383 
Portable Capacity Bridge. should be used except for rough comparisons. 

The crrors due to capacitances to ground may be minimized by the use of a Wagner 
ground. 

This bridge may also be used as the basis for the Anderson and resonance bridges. 

Ratio Arms: A , 4-decade resistance, 0.1 
to 111 1 ohms variable by O.l -ohm steps, 
identical with TYPE 102-K Decade-Resist­
ance Box. B, 7 resistors, 1-3-10-30-
100- 300- 1000 ohms, identical witb one­
haIr of TYPE 210 Ratio-Arm Box. 

Slalldurd Rcsi.stor: 4-dceade resistance, 
0.1 to 11 11 ohms variable by O. I -ohm steps, 
identical with '1'\"I' }~ 102-K Decade-Iw­
sistance Box. Can be connedcd in either 
arm. 

Accuracy of Adjll.stment: 0.1 pcr cent. 
Type of Winding: Ayrton-Perry. All 

resistances ha vc characteristics identical 
with those given for TYPE 102 Dccade-

Ty~ 

193 

Resistance Boxes (page 16). 
Frequency Rallge: 0 to 20 ke. 
Shield£ng: COI}per lining in cabinet. 
Finuh: Resistances are mounted on a 

hard-rubber panel and enclosed in hand­
rubbed walnut cab incl with separate dust 
cover. All e;\.-posed metltl parts (except 
contact faces) nickel-plated . 

Accessories Required: Powcr source, null 
indicator, standards of induelance and 
capacitance. See list of bridge accessories 
at end of this chapter, page 84. 

Dimensions: Panel, 1O}12 x 17 inches; 
depth, 5 inches. 

Weight: 13M pounds. 

Code IV or(i Price 

BIG OT 1 8 115.00 

Tyl''' 216 CAPACl'rY B UlDG>;' 

THIS bridge is an equal-arm shielded bridgc designed primarily for the Ulcasurement 
of small capacitances over a range of audio frequencies from 200 to tO,OOO cps. The 

ratio arms arc 5000 ohms each. A third resistance variable up to 11 ,110 ohms by I -ohm 
steps may be conne<.:tro into either of the other two arms, thus providing the resistance 
adjustment necessary for a complete balance. 

This bridge is not sel£-eonl.'lined, in the sense that the power source, n ull indicator, and 
standards of capacitance must be provided and connected externally. 

T he ratio arms arc made equal within 0.05 per cent. Errors due to capacitances to 
ground of the various arms of the bridge, the l)Ower source, and th e null indicator are 
minimized by the symmetry of the bridge and by tbe use of shielded input and output 
transformers which are themselves symmetrical with respect to their cores and shields, 
thus making them astatic to external fie lds. These transformcrs are completely shieldcd 
froUl the rest or the bridge, as is also the added resistance. Such precautions enable 
capacitances placed ill adjaccn t arms to be compared wi t h a maximulll error or 0.2 per 
cent. or 1/<'/<'f, whichever is the larger. 

Using a substitution method in which two capacitances arc used alternately in the same 
arm of the bridge, so that errors in tbe adjustment of the ratio arms and those duc to 
ground capacitances do !lot cnter directly, thc two eapacitlUlces may be compared with all 

·See General Radio Experimenter, January, 1930, (or a general discussion or the uses or thi!> bridge. 
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R 

error of 0.05 per cenl. or O.05p~f, whichever is the larger. With a. power source of 100 
volts a t a frequency of 1 kc. and lIs ing a 2-stagc amplifier and telephones as a. null iu ­
d icator, th e capacitance bnl:Ulcc cun be adjusted to Olle parl in a. mill ion. 

The equivalent series resistance of a condenser ma.y be determined wilh this bridge. 
using a substi tution method and the TYPE 2Q~ l)recisioll Condenser as the standa rd 
capacitancc. Expressing lhis resistance as the power factor of the <.'ondenscr. its error 
is about. 2. l)Cr cent. or 0.00005. whichever is the larger. 

T he THE 222-L Precision Condenser (1500/olpl) is usually lIsed as the standard capaci. 
tance for this bridge. I ts runge may be extended to both large and small capacitances 
by th e use of the extra resistors provided , which allow the ratio ~mllS to differ from unity 
by 0.1, 1, apd 10 per cent. 

This bridge may also be used for the comparison of inductances and as the basis for thc 
Anderson, Heaviside, Wien, und resonance bridges. I ts usc fo r these bridges is somewhat 
limited to the comparison of large reactances by the size (5000 ohms) of its ratio arms. 

Ratio Arma: 5000 ohms. 3 additional 
resistors of 5, 50, and 500 ohms. allowing 
the ratio of these a rms to differ rrom uuity 
by 0.1 . 1. and 10 per cent. 

Standard Resiator: 4-decade resistance 
1- 11 .110 ohms, variable by I -ohm steps, 
identical with 'l'Yl'E 102-J D <."Cade-Resist. 
anee Box. Can be connected in either a rm 
by means ot switch mounted on side of 
cab inet. 

Accuracy of Adjustment: 0.1 per cent. 
Ratio a rms are equal to 0.05 per cent. 

Type of Wi1lding: Uuifilar for ratio a rms. 
Ayrton-Perry for standard resistance, which 
has characteristics ident ical with those 
given for TYI'E 102 D ecade-Resistauce 
Boxes (page 1 a). 

Transformers: I nput: shielded, astatic, 
ratio 1 to 2.5, step-up, working between 
laoo and 10,000 ohms. Output: shielded. 

Typ' 

astatic. ratio 2.8 to 1, slep-down. worki ng 
between 200,000 and 25.000 ohms. 

Range: Capacitance: l ~~r to 1O~r. Fre­
quency. 200 to 10,000 cycles pcr SecOIld. 

Shielding: Copper lining in cabinet . sepa­
rate compartments ror trausformers. ratio 
arms, and standard resistance. 

Finish: Resistances mountcd on bakelite 
and enclosed in a hand-rubbed walnut cabi­
net with hinged cover. All terminals 
mounted on hard -rubber inserts in sides of 
cabinet. All eXl10sed metal parts (except 
contact races) nickel-plated. 

Accessories Required: Power source, null 
ind icator. standards or capacitance and 
balancing condenser. Sec list or bridge 
acccssories (page 8'~) . 

Dimensions: Top. B x 15 inches; depth , 7 
inches. 

Weight: 19,X( pounds. 

Code Word Price 

21. I ...... . . ......... .... .. ....... ... ................. I CI\,IC 1$175.00 
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TYPE 383 PORTABLB CAPACl'l'Y BHIDGES 

THESE bridges arc equal-arm, partially shielded bridges designed for the measurement 
of small capacitances at. a single frequency of 1000 cps. The TYPE SSS-A l>orlable 

Capacity Bridge bas a maximum range of SOJ,ljJf, suitable for the measurement of the inLer­
electrode capacitances of vacuum lubes. The TypE B8S-B Portable Capacity Bridge 
has a maximum range of 600J.l",f, suitable for the measurement and comparison of the 
tuning condensers of radio receivers. 

The power source aucl standard of ca- LOSS ADJUST. 

pacitance arc supplied with these bridges, 
which are portable and self-contained. 
Only the null indicator, a head telephone, 
must be provided and connected-externally. 

The power source, a microphone hummer, 
is connected to the bridge through a 
shiclded, symmetrical input transformer. 
A substitution method of mcasuring the 
unknown condenser is employed, in whieh 
the bridge is initially balanced with the 
standard condenser set at zero (actually its 
maximum) by adjusting a parallel vcrnier 
condenser. The unknown condenser is 
then connected and the standard adjusted 
to rebalance the bridge. This method 
minimizes the error due to inequality of 
the ratio arms and grou nd capacitances. 
The resistance balance is made by means of a double stator eondenser counected in 
parallel with the ratio arms with its rotor connected to their common junction. This 
method of providing the resistance balance limits the power factor which the unknown 
condenser may have. All air condensers and tube capacitances are well within the 
limits specified. There is an unshielded, unsymmetrical output transformer. 

The three inter-electrode capacitances of a vacuum tube are delta-connected. The 
ordinary measurement of anyone includes the capacitancc of the other two in series. 
A direct measurement of anyone may be made by L'Onnecling the third terminal of the 
dclta to the common junction of the ratio arms. This places olle of the two extra 
capacitances across one of the ratio arms, leaving the desired capacitance across the 
standard condenser only. A convenient socket adapter is provided as an accessory 
which makes this connection by the mere act of plugging it into the terminals pro­
vided. Its own capacitance is climinnted by including it in the circuit during the ini tial 
balancing oC the bridge. 
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Ratio Arms: Carbon resistor, 100,000 
ohms. 

Standard Condenser: TYPE 834, slraight-
liue capacitance, 30 JljJ. f. 

Bawl/cillg ConderlseT: TYPE 384.V, 50 J.lJA r. 
Vernier Condenser: TYPE 80S-A, 15 pJll. 
Zero-Adjwl-ing Co1Uknser: TYPE 368-B, 

50 J.I/J.f with double stator. 
Range: Capaci tance, see price list. 

Power factor, 4- per cent. for so IJp.'. 
Accuracy: 5 per cent. of fu ll.scale reading. 

Uridge balance. 0.2 per cent. of full-scale 
reading: 

Trallajorm£T8: Input: shielded, as tatic, 
ratio 1 to 8.7 step-up, working between 
1300 and 100,000 ohms. Output: TYPE 
285-D, ratio 2.7 to 1 step-down, working 
between 150,000 and 20,000 ohms. 

Type Max. Min . 

SSS-A o 

Power Source: TYPE M I-.'\. Microphone 
Hummer, frequency 1000 cps., 4.;'i-volt dry 
ballery supplied. 

Shielding: A1uminum shield around 
balancing condenser. 

Finiah: Unit mounted on aluminum 
panel and enclosed in hand.rubbed walnut 
cabinet. All terminals mounted on hard­
rubber plates. All exposed metal parts 
nickel-plated. 

Accessories Required: Null indicator, 
socket adapter. See list o! bridge acces­
sories (pages 80 and 84). 

Dimen8um8: Panel, 0Yli x ]8 inches; 
depth, 6)1 inches. 

Weiglit: 14% pounds. 

COth Word Price 

IUlUl'" 1 e80. 00 

H IGII-CA I'ACITANCE :M OnEL 

Ratio Arm.t: Carbon resistance, 50,000 
ohms. 

Standard (JOIld8,lscr: TyP£ 83<l , straight­
line capacitance, 600 p.p.f. 

Balancing Comle'l$cr: 'l'l' I'E 334, straight­
line capacitance, 600 pp!. 

Vernier Condenser: TnE 368-B, 50 JJ/J!. 
Zero·Adjusting Condenser: TYPE S08-B, 

50 p/J! with double stator. 
Range: Capacitance, see price list. 

Power factor, !t per cent. for 600 /J}.If, vary­
ing inversely with capacitance. 

Accuracy: 2 per cent. of full-scale read­
ing. Bridge balance, 1 per cent. of full. 
scale reading. 

Tram/anneT3: I nput: shielded, as tatic, 
ratio 1 to 8.7 s tep' up, worki ng between 
1800 and 100,000 ohms. Output: TYPE 

Rallge 
Type Ma%. Mill. 

SSS-B 1 600 •• ' I o 

285-D, ratio 2.7 to 1 step-down. working 
between 150,000 and 20,000 ohms. 

Power Source: TYPE 2<11-A Microphone 
Hummer, frequency 1000 cps., 4.5-volt dry 
battery supplied. 

<0. Shielding: Aluminum shielding around 
balancing condenser. 

F-inish: Dnit mounted on aluminum 
panel and enclosed in hand-rubbed walnut 
cabinet. All terminals mounted on hard­
rubber inserts. All ex-posed metal parts 
nickel-plated. 

Accessories Required: Null indicator, 
socket adapter. See lis t of bridge acces­
sories (pages 80 and 84). 

Dimc1i8Ums: Panel, OVa x 18 inches; 
depth, 6~ inches. 

Weight: 14%' pounds. 

Oode WQrd Pric6 

"UGLE 1880.00 
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TYPE 383-P A CCESSO HTES 

THE Tn'E 383-1' Bases llCC for lISC with t he T 1'PE 383-A Portable Cupacity B ridge 
in l he measurement of inter-electrode capacillU1(:e of vacuum lubes. Sockcls Cor 

the UX- and (or the UY-basc are prov ided . 

1'ype 

g83-PI I For V-Base Tubes (T YI' .; -ISS Socket) 
383-N For UX-Bllse 'rubes (Tnt: S-I!l Socket) 

COlIc Word Price 

I ········ 1 ........ 
$4 .00 

9,00 

TY PE 240 CA PACIT Y IVIETER 

THIS bridge is a variable rat io-arm, unshielded bridge, designed for the measuremellt 
of large capacitances a t a single frequeucy of abou t 1000 cycles per second. I ts range is 

trom 0.00 1 to J 1.1 pf with an accu racy ot O.~J per cent. of the n1ilxi mum rcadillg of its three 
dials. or. to t hree uni ts 0 11 it s smallest d ial: minimu m read ing, 'JO }Jilt 

This bridge is portable and comple tely sei£-contai ned . The power source, ft microphone 
hummer, is counectcd directly to the bridge between the jUllction or the ratio anus and the 
junction of lhe condensers. The standa rd ca pacitance is a fixed mica condenscr. The 
added resistancc pro,·id ing the resistance balance is a '1'l'I'1': 2 14 R heostat, ca li brated 
directly in powcr factor up to 4 l)Cr (:cnt. The (t(.,(!Ufaey of the powcr-factor set.tin g de­
pends on t he actllal frequency of lhe m icrop hone h ummcr, which may d ifTer frolll JOOO 
cycles hy 10 per (:(: 11 1. , and upon the sell ing: of the rat.io arms. This laller dcpcndellce is 
due ma inly to the dissymmetry of the rat.io arms. It m ay cause a n error in the power­
fact.or rending of 0.5 per (:cnt. (power factor expressed in per ccut. . not fract.ional error 
expressl.'d in l)Cr (:Cn l.). The rending of the po\\"er-raclor d ial llIust he considcred Illcrclr 
as all indicator of high or low losses. 

!lal-io Am!$: Unifilar winding. accuracy of 
adjustment, 0.1 l)Cr cent. M (four resist­
a nces) 20- 200- 2,000- 20,000 ohms. N 
(three-decade resis lau(."c) 4-·~ ·~ ·W by 'I-ohm 
steps. 

S tandard Co"dC1l$cr: :'l ica (!on<ienscr. O.OJ 
}if , accuracy of adjustment, 0.2,j per cent. 

A ddcd /lcaistallcc: TYPE 21·' H hcosla l , 
120 ohms. 

BUZZER ~ ! 
~IIII 

SWITCH BATTERY 

Ra ngc: Ca pacitance, 1000 }l}if to 11.1 }if. 

P ower fador, ° to 4 per (-en!. 
Accuracy: Cll paeila ncc, O.~J per cent. of 

m aximu u\ rcuding. P owcr fad or, 0.5 per 
cent. (e rror ill power-factor read ing ex­
pressed in l)Cr cellt.). 

Power Source: 'l'YN: Q..I. 1-A l\Jierophone 
H ummer, frequeucy 1000 cps., 4 .;;-volt 
dry battery supplied . 
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Null Indicator: Murdock head tele­
phone, approximately 10,000 ohms im­
pedance at 1000 cps . 

Finish: Rcsislances mounh .. ><1 on hard­
rubber panel and enclosed in hand-rubbed 

Type JJlax . Min. 

!l<'O 111.1 pf 1 1000 ppf ! .. 

walnut cabinet with hinged cover and 
leather handle. 

Dimenaums: Top, 7 x i"Yz inches; depth, 
(l inches. 

Weight: lOYs pounds. 

Code Word Price 

CYNIC $85.00 

BRIDGES FOR VACUUM-TUBE MEASURE­
MENTS 

THE important static characteristics or a three-element vacuum tube 
arc the curves showing the variation of plate current with grid voltage 

at constant plate voltage. the variation of plate current with plate voltage 
at constant grid voltage, and the variation of plate voltage with grid 
voltage at constant plate current. 

The important dynamic characteristics are amplification factor, plate 
resistance, and mutual conductance, which are not constants but vary 
with the plate and grid voltages applied to the tube. They may be 
obtained graphically from the static characteristics, but in an easier, 
quicker, and more accurate manner, dynamically, by a null or bridge 
method. I n this method a small alternating-current voltage, usually 01 
about 1000 cycles per second, is applied to the grid 01 the tube, and a 
portion of the amplified voltage appearing in the plate circuit is balanced 
against a portion of the input voltage. 

TYPE 361-B VACUUM-TuDE BRIDGE 

A I .L thc important static and dynamic characteristics or three-electrode re<::eiving tubcs, 
.tl. both thc alternating-current and direct-current types, may bc measurt>d on this 
bridge. Plate voltage is limited to 200 volts and plate current to 2.5 milliamperes. These 
limits may be exceeded by the use of external melers, or in the case of plate currcnt by 
thc use of an external shunt on the plate-current mcter. The plate voltmeter serves also 
as {iJament voltmeter on a 10-volt scale. 

All batteries and their control rheostats, as well as the alternating-current power 
source, must be provided separately and connected externally. A shielded astatic input 
transformer conne<:: ts the alternating-currcnt power source to the bridge. 

The connections of the bridge for the different measurcmcnts arc shown in the aCCOJll­
panying figures. Changes from one to another arc made by means of three two-way 
telephone keys, one for cach dynamic factor. The normal maximum values for thc three 
dynamic factors are: amplification factor 100, plalc resistance 100,000 ohms, mutual 
conductance 10,000 micromhos. 

A variable mutual inductance is connected with one branch in the telcphone circuit and 
the other in the plate or input circuit to balance out the reactance component due to tube 
capacitances. 
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The accuracy of measurement or the three dynnmic factors varies grcnlly wi th their 
magnitude. I t may be sct roughly at 0.5 per cent. for norlllal values : 8 ; 10,000 ohms; 
and 10,000 micromhos. respectively. The error increases rapidly when the platc current 
is decreased to 0.1 mill iampere or less or the negative grid bias is increased, Cor then the 
pla te resistance becomes comparable with t he reactance or the lube capacitances. This 
bridge is, however, ent irely satisfactory lor measu ring the mutual conductance or screen­
grid tubes. The introduction of the various balancing resistances into the grid and plale 
ci rcuits or the tube introduces errors ill some of the measurements. They introduce into 
the measurement of mulllni conductance a rrnctioual error equal to + 100j r p which can 
be allowed ror ir the plate resistance is known. 

Range: Amplification rnctor, 0 to 100. and plate ammetcr, WestOIl Model SOL 
Plale resistnul:c, 0 to IOO,OOOohms. .l\1utual RcsiallUlCCS: Two 4-decade resistances 
conductance, 0 to 10,000 micromhos. 0.1 to 1111 ohms by O.I -olun steps, idcnti-

.Meters: Plate and filament voltmeter cal with'!'YPE I02-KDccade-llesistallce Box. 

P~~$~.--------------1 
8 ....... ""<;~ 7"14. . -'?IC. 

F a;.t-. 
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IO-ohm, l OO-olllll. ] 000-011111 cards identical 
with TYPE 133 Standard Rcsisla.ncc. all 
adjusted to 0.1 per ccnL. 

j / utual Inductance: Special Tn'E 269 
Variomclcr. 

lnput T·ra1!sformcr: Shielded astatic 
transformer, ratio 1 to 2.5 step-up, con· 
nected to input terminal by shielded 
leads. 

Accessories: Filament, plate, and grid 
batteries, filament rheostat, plate a nd grid 
potentiometers, alternating-curren t power 

Type 

301- U I ... . 

SOlirce, telephones, socket adapters ror UV­
bases. Sec list of bridge accessories. 

Sockets: T YPE S6l-PI and l'yl'F: 361-]>2 
Socket Adapters for UX- and UY-bascs 
supplied. (See page 84.) 

Finw/t: Units mounted on bakelite panel 
and enclosed in hand-rubbed walnut cabinet 
with dUilt cover. All exposed metal parts 
(except contact faces) nickel-plated. 

Dimensions: Panel, 14 x 16 inches; depth, 
8 inches. 

Weight: :l l pou nds. 

Code TV ord Price 

I JlIUI.E 1$220.00 

T YPE 443 MUO'UAL-CON DUCT AN CE METER 

OF the three importan t dyuamic factors of thc three·element vacuum tube, amplifi. 
cation factor, plate resistance, and mutual conduclance, the lasL is t he best fig ure of 

merit for a tubc. While mulual conductance is not a complcte indication of the compara­
tive merit of lubes of differenllypcs, il offers posilive indication among lubes of the same 
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type. This mu tual-conductance meter will measure the mutual couductancc of any 
receiving lube with direct-current or alternating-current filament up to a maximum 
or 2500 micromhos, 

The circuit used is si milar to Figure ::I on page 8Q. A TYPE 24 1 Microphone H um­
mer and rheostats ror low_ and high-current fil aments arc included in the illslrumcllt. 
but. the phase-balancing mutual inductance is omitted. 

Range: 0 to 2500 miCl'OlIlhos . 
M eier: Filament voltmeter, ' Vestoll 

Model 506, 8·volt. 
Rea-iata 'ICc3: Variable resistance, TYPE 

214 Rheostat , tapered , 250 ohms. Fixed 
resistance. 100-ohm and 1000-ohm cards, 
unifilar winding, accuracy 0.25 per cent. 

Power Source: T YI'E 241.ll M icrophone 
H ummer, 1000 cps. 

Filament Rheostats: 'l 'l' PE 214 R heostat, 
4.5 ohms; TYPE 214 U hcostat, 50 ohms. 

Typ' 

Sockct$: TYI'~ 349 Socket (or UX~base. 
T YPE 438 Socket for UY-basc. 

AccesiiQries: Filament, pl ate, and grid 
batteries, 4.:j.volt dry battery (or hummer, 
plate and grid voltmetcrs, telephones. See 
list or bridge accessories, below. 

FinijJ/t: Units mounted on bakclite pancl 
and encloscd in hand.rubbed walnu tcab inct. 

Di1lumswns: Panel, 10 x 10 inches; depth, 
4,!.1 inchcs. 

Wei{fht: (i Y2 pounds. 

Code II' OTd Price 

I .. ...... .... ............. ........... ... ......... . I l'UCUS $55. 00 

T YPE 361-P A CCESSORIES 

THESE two adapters for use with the TYPE 361-11 Vacuum·Tube Bridge arc 
here listed as replacement part.s. One oC each is included with each bridge. 

Typ' 

361- Pl 1 For UY· Uase 'l 'ubes (TYPE 438 Socket) 
S61-J'f For UX·Bnse 'l \ .bes (TYPE !H9 Socket) 

BRIDGE ACCESSORIES 

Code Word P·rice 

1 ...... · .. 1'3. 00 
..... 3. 00 

ALL bridges require for Uleir operation a power source, a null indicator, 
1\. and comparison standards. Other accessories are t ransrol'lners for 
matching the impedance of the power source and null indicator to 
the bridge, amplifiers, filters, "Vagner ground, galvanometer shull t, and 
separate ratio arms. These accessories are listed in this section with a 
brief discussion of their relative meri ts and a rctcl'ence to the section 
where they are fully described . 

P OWER. SoURCES 

T he TYPE 213 Aud io Oscillators arc sat isfactory as single.frequency power sources. 
They may be obtained for nny IOO.cycle multiple in the range Crom 0.4 to ] .5 kc. The 
TYPE 241 Microphone Hummer bas a higher harmonic content in its output and is less 
stable in frequency. It is, however, satisfactory for r outine bridge measurements and is 
used in TYPE 383 1)ortablc Capacity Bridges and TYPE 240 Capaci ty Meter. 
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TYI't: 377-B Low-Frequency Oscillator is satisfactory as a variable-frequency power 
source. T n' l: 4lS-B Beat-Frequency Oscillator has a higher harmonic conteut in the 
output and is less stable in frequency. T he output voltage is lower, but it is easier to sel 
at a given frequency. 

The output rrom any of these oscill'Ltors may be amplified to about 100 volls by the 
Tl'I'E 645 Laboratory Amplifier. T his amplifier cannot, however, be used to amplify the 
output from a bridge, bL"(::uuse its alternating-current hum, although negligible in com­
parison with 1 00 volts, is sufficient to blur It sha rp llull selling. 

l lls/rumenl 

TYPE 213-B Audio Oscillator . . . ............ . . 
TYPE 213-C Audio Oscillator . . . 
TyP£ 2-H Microphonc H\Ilmllcr . 
T nI': 377- B Low-Frequcncy Oscillator 
'lYPE 413-n Beat-Frequency Oscillator 
TYPE 645 Laboratory Amplifier ... 

Hange 

1000 cp~. 
400 cps. 

1000 cps. 
25-70,000 cps. 
<0- UOOO cps. 
2:j-l0,OOO cps. 

Page Priee 

41 S 34,00 
41 42.00 
'll 10.00 
35 350.00 
37 115.00 
42 78.00 

Head telephones are the most satisfactory llull imlicators, both because of their great 
sensitivity and because of the abi lity of the human car to discriminate between a funda­
mental tone, its harmonics, and noise. Thcy are highly selective, with a resoIlant 
frequency around 1 kc. This prevents their usc below 200- 400 cps. Below these fre­
quencies and down to 50 cps., the Typk: SSS-G Vibration Galvanometer provides a tuned 
null indicator. The TYPE 426-A Thermionic Voltmeter may be used over the whole range 
of audio frequencies and up to perhaps 1500 ke., but is much less sensiti ve than either of the 
other lIull indicators and is not selective. Any of these null indicators may be preceded 
by a one- or two-stage ampii.fier, in order to increase its sensitivity. 

In strument 

Western Blectric Hcad Tclcpllones 
(W.E. type number 1002-C) 

TYPE 338-G Vibration Galvanometer. 
TYPE 42G- A Thermionic Voltmeter 

RUll!lc 

200 cps.- 10,000 cps. 
50 cps.- 1000 cps. 
10 cps.- 1500 kc. 

STA~mARDS AND lJA LANCl:-<G R EACTANCES 

Puyc 

" " 

Price 

S Ht.OO 
175.00 
IGO.OO 

The TYPE 102 D ecadc-Resistanec Boxes, TYI'i': 133 Standard Resistances, TYI'E 106 
Standard Inductances, and T YPE 222 Precision Condensers may be used as primary 
standards. The other reactances listed below may be calibrated in terms of these stand­
ards or ust.'<.I. itS balancing reactances in substi t.ution methods. 

In strument Page P rice 

'fYI'1i: 102 Decade-Resistance Boxes . . .. . .... . 16 822.00- 8100. 00 
TYPE: 133 Standard Hesistanccs ..... .... . .. . . . 18 6.00- 15 .00 
TYPE 106 Standard I nductances ....... . . . . 31 25.00- 36.00 
'IYPE 107 VariOIDelcrs. . .. . . 32 i7.00 
'i'l.·I'E 219 Decade Condensers. 14 40.00- 50.00 
TYPE 222 Precision Condenscrs. . .. . .. . . 6 85. 00- {)O.OO 
TypE 24(1 Condensers . 7 38.00- 54.00 
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'lluNs .. 'Ou:\l£RS AND FI LTER Sf:CTIOXl; 

The T~'I'f; 859 Yariablc·Ralio Transformers are specially designed for matching the 
power source and null detector to a bridge. The '1'\'1'.; 166 T elephone Transformer is a 
less expensive transformer of narrower range in bolh ratio and frC<llIcllcy. 'J'1'l 'E 585 and 
'1')' 1'.; 285 Transformers arc fixed-ratio transformers, designed primarily uS tube-coupling 
t ransformers, but. suitable for usc with many bridges. 'l'l'I' ~: 330 Filler Sections may be 
connected between the bridge and null detector to suppress harmonics and ground Doise. 
The combi ualioll of h igh- and low-pass sect ions or suitable cut-off frequencies provides 
a band-pass filler. 

Tlistrumcllt 

'j'YPF; S59 Vnriuble- Hll tio T ransformers. 
T nl:: I OU Telephone T ransformers .. 
TYPE 585 Transformers .... . 
'J'yPt: 285 'l'rn nsformers .... . 
'!'vP}: SSO Filter Sections .. . 

W"GXER GROO'X DS 

Parle 

.6 
,. 7 
43 
'3 
'7 

Price 

S 20.00 
7.00 

7.00-12. 00 
4.00 

12.00 

Sincc a Wagner ground or the resistance type is merely a fixed resistnnce with a variable 
tap, the TyPES 871, 2B, 410, and 301 Potentiometers may be used as Wagner grounds. 
By removing the connection betwecn the two st..'Ct ions of any of the TYI'I-;S 334, 835, and 
374 Condensers having balanced sections, these condensers become satisfactory Wagner 
grounds of the capacitance type. 

J IInrumcllt 

T1' 1'}; Sit Poteliliometers ........... . 
'l" 'PE 214 Potentiometers ..... , . . , 
'rut: 410 Potentiometers . 
Tn'.; SO l Potentiometers . 
TYP.: S3'" Condensers ... . 
TYPE 335 Condenscr .. .. . 
Tnt: S74 Condenscrs .. ...... . 

Page 

.7 

'" 30 
30 
10 
I I 
II 

TYPE 229 GAJ .. VAKOME'l'EU SlIUNT S 

Price 

8 5.00 
1. 75 
1.00 
1.00 

!l.iS- IO.aO 
6 .00 

2.75- 5.00 

TH1S gal vanomcter 511 l1nt is or the Ayrton.].iather " Un iversa l" type, \\'hich provides an 
amount of sllllllling (ratio of ga h-anometer current at any setting to ,that at maximu m 

selling) which is independent or the resistance or the galvanometer. ]~or other reasons, 

TyP£ 22!l-L 

",OOOR 

O.090R 
O.OO 9R 
O.oOIR 

t 
R CALV. 

! 
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however, the shunt must be matched to the galvanomcler. The total resistance of the 
shunt must be large compared to that of the galvanometer, so that t he sensitivity of the 
ga lvanometer is not appreciably reduced when the shunt is connected and set a t unity. 
This tolal shunt resistance shou ld be approximately t he external critical damping re­
sistance of lhe g1.tivunomctcr. :Most ga lvanometers arc so designed that both these 
conditions may be fulfilled. This instrument can be used as a voltage divider. 

Total Rcsufallcc: Sec price list. 
Shunt Rat-Un: 0.000; 0.00 1; 0.01; 0.1 ; 1.0. 
Accuracy of Adjustment: 0.1 per cent 
Type of Winding: Unifilar, manganin 

wire (or a ll resistances except the 0000-
ohm unit of 'j'Yl'E Q29-H , which is or " fi sh­
linc"-type wilh nichromc wirc. 

Switch: T YPE 202, 5-point. 

Type nuia/allce 

229-1. I 1000 ohms I··· 
229-H 10,000" . .. 

Finuh: Rcsistnm::cs and lcrmin:lIs mount­
ed on bakelitc panel and Cllclosed in hand­
rubbed walnut cabinet. All exposed metal 
parts (except contact (aces) nickel-plated. 

Dimensions: Panel, 3}'2 x 57'2 inches; 
depth, S.J,1 inches. 

Weight: 1 pou nd . 

Code Word 

··················1 ~:;~ 
Price 

$15.00 
18.00 

TYPE 210 R A'r IO-ARM Box 

THE IlUcleliS or a. bridge is the ratio arms. This box provides a set or ratio arms giving 
ratios tram unity to 1000 by factor steps of about t hree. 

RCiti//{allcca: Each arm, 1, :3, 10, SO, 100, 
SOO, 1000 ohms. 

Accll racy of Adjustment: 0.1 per cent. 
Type of TVilllli1!g: Ayrton-Perry, m:lII ­

gallill wire, ha\' illg characteristics idcntical 
with those listed under T\' l't~ 102 Decade­
Hesista llce Boxes. 

S1vitchcs: Tl"PE 202, 7-point. 
Finish: llesislances and term inals mount­

ed on bakelite panel and enclosed in hand­
rubbed walnut cabinet. All exposed metal 
parts (cxccpt contact (aces) niekel-plat.(.'"(l. 

D imc1I.8W1I8: Panel, 5 x 7J;2 inches; depth, 
,I inches. 

IVeight: 2% pounds. 

Typ' 

210 I ........... ........ ............. . 
Code Word Price 

. ... I Il.ADID $28. 00 



 

RADIO-FREQUENCY TESTING DEVICES 

TH E intense commercial development of radio-receiving sets that has 
been going on for the past few years has made it more than ever 

important that designers, manufacturers, and servicemen be able to secure 
quanti tative performance data . T he General R adio Company has done a 
large am ount of development work in this field, of which the two 
instruments described in th is chapter are examples. 

T he standard-signal generator is a laboratory instru ment , by means of 
which sensit ivity, selectivity, and fidelity characterist ics of radio receivers 
may be obtained. T he test oscillator here described is a general­
purpose radio-frequency driver for the serviceman. O Uf engineering 
depar tment is ready,.to design and develop new instruments to meet 
specific needs, and inquiries are solicited. 

A modified standard-signal generator for the serviceman has been 
under development for the past twelve months and will be ready to 
announce in Ca.talog Supplement F -200 shortly after this catalog appears. 

The instruments here described are listed under two headings: 
a) Standard-Signal Generators 
b) Oscillators for R adio-Service Testing 

STANDARD-SIGNAL GENERATORS 

THE standard-signal method of rating radio receivers. represented on 
page 89, is the foundation for a complete test of receiver performance. 

It permits rating a receiver on the basis of sensit ivity and selectivi ty 
data.* This principle of meas'urement and type of equipment can also be 
used in investigating the operation of portions of the receiver circuit ; 
for example, a single radio-frequency stage or the enti re radio-frequency 
amplifier can be measured. or detector characteristics investigated . 
Similar equipment may also be used for 6eld-strength measurements 
by the comparison method. The requirements of a standard generator 
for these measurements are that it supply modulated radio-frequency 
voltages of known magnitudes. 

The principal component is a modulated radio-frequency oscillator with means for ad­
justment of its output voltage to known values over a wide range. The essent ial require­
ment is that it produce an accu rately known voltagc between its ou tput terminals and 
nowhere else, for, if the receiver pieks up energy in addition to that measured at its input 
terminals, the test will be of no value. The first two requirements of a. standard-signal 
generator are, t herc'fore. adequate shielding and a means of adjusti ng and accurately deter­
mining its output voltage ovcr a wide range, including very small magn itudes . 

• I •. M. Hull, P roceedil!ga of fIle Radio Club of America, October, 1928; 1. R. E. Yearbook, 1929, 
pp . 106- 128. 
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SCIlE~IATIC DIAonA~1 FOR Till: STAN'DARf>.SION'.-H, ML"TlIon OF OI'E1IATIl'C A n ADIO U ECEI\' t; 11 

I t is necessary to obtain output voltages of a. few microvolts. Since there is no known 
mcihod of measuring such voltages direclly. it is necessary to attenuate a measurable 
voltage by means of a calculable network. The design of an attenuator which is accurate 
al broadcast frequencies is a problem of considerable difficulty, involving as it docs the 
design and layout of non-reactance clements, having negligible admittance between cle­
ments, as well as the location 01 grounds and relurn conductors. 

Further difficulty is involved in chccking the accuracy of the finished attenuator. since 
there is no absolute standard of comparison. The accuracy of these measuremenls is. 
therefore, of matcriallylower ordcr than that of theCOlJllllOn measurcmcnts of eircuil param· 
elers. It is not possible to obtain a voltage.atlcnualion ratio of 2:1 at 1000 kc. with a. 
smaller probable error than 1 per cent. Thc possiblc ctllnuiative error of an attcnuator 
hnving a large number of 2:1 ratios may, therefore, become comparatively large. 

TYPE 403-C STAl'iDAH,,-SIGNAJ. GE"ERATor, 

THIS instrument is designed specifically for the "Standard·Signal" method of measure­
ment. It consists essentiall y of a modulated radio.frcqucncy osci ll ator tuned conll nu­

ously o\-er a frequcncy range of approximatel y 3:1 by a variable condenser. In addition, It 
secondary control is provided Cor use in taking selectivity curves wben a small change in 
frequency is desired. This consists of a copper scctor which moves in the field of the tun. 
ing coi l and changes its inductance. Since the frequency change due to this adjust mcnt 
results in a. ehangc in inductance, the percentage change in frequency for a given selting is 
uol dircctly aO'ected by the sctting of the main tu ning conlrol, which changes the capaci­
tance in the circuit. A change in frequency of ± 1 per cent. is possible by means or the 
auxiliary control. 

TYPE 40S.C AND TYPE 418 
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Frequency Range: Sec price lisl. 
Modulation: Internal 400-cycle vacuu m­

lube oscillator. Terminals provided for ex­
ternal modulation. External oscillator 
must maintai n 15 volts across 2500 ohms to 
produce 30 per cent. modulation. P oten­
tiometer cont rol for both modulators. 
Voltage read on re<:tifier-lypc voltmeter 
with ~-voll scale corresponding to an 
approximate modulation percentage or 
75. 

Accuracy: Frequency culibrat ion, 0.25 
per cent. Output voltage, 15 per cent. 
Adjacent allClluntor ratios, 1 per cent. 

Construction: The entire assembly is en­
closed in It shielded cabinet. Internal 
shields between scctions or the circuit are 
also provided where necessary. The entire 
allenuatol'--assembly is placed in a sepa.­
rately shielded compartment eleclrically 
isolated from the main shielding except for a 
connection at one poinl. The wiring to the 
nttenuator is a conceutric cable in which 
the low potential side of the circui t forms a 
shicld. 

Shielding: Filter circui ts are included in 
the leads to t he mcters, mukillg screening in 
front or the mcters unnecessary. The 
instrument can be uscd with unshielded rc­
ceivers without any pickup rrom t he gener­
ator. The cntire generator with all bat­
teries is contained in a single cabinet, which 
is of particular ad ... ·antage in field-strength 
measurements. 

Oul.pllt System: Input to l.lttenuator rend 
on thermocouple calibrated iu microvolts. 
L-typc-resistanee attenuator clliibrated as 
multiplier. Output impedance 10 ohms. 
resistive. 

ACCC88()rics: Type 418 D ummy Antenna 
incl uded. 

Tubes: Two 12-lype t ubes requi rcd. Not 
included in purchase price of inst.rumenl. 

Batteries: Plate, 67.5 ,'olts ; filament. 1.5 
volts. Space provided inside cabinel. 

MOllnting: Aluminum panels finished in 
black crackle lacquer. mounted in hand­
rubbed walnut cabinet. 

/) imensions: 27!4 x 13 x lOJt2 inches. 
Weight: 41 pounds. 

Type Frequency Range OutPlit Range I nternal Modulatio" Code Word Price 

403- C I 500-1500 kc.· 2-200,000 microvolts 400 cps. 
• 

$600.00 
• If other frequency ranges are required, we recommend that the necessary T\' pt: 40S-Q Inductors 

be ordered witll the standard·signal generator, since they must be calibrated in tlU); gcnerator with 
which they are to be 1I!5cd. 

TYl'E 403-P AND TYPE 403-Q I N D UCTOR S 

THESE arc intended for extending the frequency range of the TYPE 403- C Stnndard4 
Signal Generator. The 'l'YPf; 40S-P Inductors arc uncalibrated; the TYPE 403-Q 

Inductors arc calibrated. 

Type Prequency Rauge 

·403-P2 
· 'I03- PS 
·'~03-P4 
·403- PS 
·40S- P6 

500-1500 kc. 
175- 500 kc. 

70- 175 ke. 
S3- 70 kc. 
15- 33 kc. . . .. ... . ....... . 

Frequcncy CftHbratioll (per inductor) . . 

Code Word Price 

li.OO 
li.OO 
2i.00 
22.00 
22. 00 
8.00 

• l~requcncy cal ibrations supplied only when ordered. The type numbers for calibrated inductors 
are; 'W3-Q2, 403-Q3, ctc. Stftlldard-signal generator with which calibrated inductors are to be used 
must be submitted with order so that we can make calibrations and che<:k the performance of the 
instrument. 
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T YPE 418 D m 'IM Y ANTENNA 

THIS is made in accordance with specifications of t he Institute of Radio Engineers 
for a standard dummy antenna for usc in making standard-signal measurements ou 

radio receivers. Its effective height is taken as 4 meters. 

l nductallce: 20 microhenrys. 
Capacitance: ~oo /Jill. 

Resistance: 25 ohms. 
M OUl1ti1!Y: Moulded bakelite case wit h 

binding posts und mou nti ng straps for con-

T!Jpe 

418 I ..... . 

nectiug directly to input terminals or 
receiver under test. 

D-im.cll.sions: 2 x 3.!4 x 1% inches. 
IV eight: 0 ounces. 

Code Word Price 

.... I AGt:NT $6 .00 

OSCILLATORS FOR RADIO-SERVICE 
TESTING 

THE modern radio receiver with gnng-tuning controls and enclosed 
chassis construction presents a difficul t service problem. The cost 

of servicing such complicated cquipmcnt justi fies the installation of proper 
test equipment whercvcr any considc l'Cl blc volume of service work is 
being done. 

The troubles that may arise in a modcl'll J"adio receiver may be roughly 
classilied into the followi ng three groups: (a) those due to defective 
tubes, (b) those due to defects in the audio-amplifier system, and (c) those 
that appear in the radio-fl'cquency amplificr and detector units. Tube 
t roubles will be disclosed by anyone of a number of tube- testing units 
now on the market ; m~lI1y audio-ampli.6er troubles may be quite satis­
factori ly investigated by simple direct-current continuity tests. J'.'or 
making checks upon the radio-frequency system, however, the fund a­
mental test ing device that mus t be used is a mod ulated radio-frcquency 
oscil1ator, furnishing a test signal at one or more points in thc broadca.st 
band. When neutralizing, when adjusting t rimming condensers, when 
aligning gang-tuning controls, when making general radio-frequency con­
tinuity tests, and when making anyone of a. num ber of other in vestiga­
t ions in the absence of a rcliable signal from scver<l l different broadcast­
ing stations, a test oscillator is an absolute necessity if an intelligent test 
is to be made. 

T YP E 360 'rES'!' O SCI LLATOR 

To meet t hc dcmand for a gcncral-purposc driving oscillator, t he Gcncral Radio Com­
pany has developed its T YPE 860 Test Oscillator. This insln llucnt consists of a 

modulated radio.frequency oscillator which will operate at any point in the broadcnst band 
(500 to 1500 kc.) a.nd in addi lion, dcliver a signal at 175 and 180 kc. (or making tcsts upon 
the intcrmediate.frequency stages of superheterodyne receivers, A meter for measuring 
t he power out put of thc rccciver as a. means of indicating thc optimum adjustmcnt is 
included. 
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Frcqucllcy: 500 to 1500 kc. continuous, as 
well as 175 kc. and 180 kc. adjustable, over 
a 5·kc. band on either side of specified 
channel frequencies for " peaking" inler· 
mediate-freque ncy t ransformers ill super­
heterodynes. 

Calibration: Broadcas t-hand control cali­
brated directly in frequency wit h accuracy 
of ± 2 per cent.; 175 kc. and 180 kc. chau­
nels adjusted to ± 0.25 per cent. 

Mod111at'wn: By means of grid leak and 

7'ype Frcquellcy llan.ge 

360 175, 180, lind 500- 1.')00 kc. 1 

condenscr combination at Crequency of 
approximately 800 cycles, 100 per cent. 

Output Meter: Consists of TYPE 488-A 
Alternat ing-Current. Voltmeter connected 
at will across 4000-ohm resistance network 
for si mu1ating high-impedance (cone-type) 
sr>cakcr or d ired'!y across a low-impedance 
voice coil. P in jacks, connccting cable, 
and provision for telephone receivers pro~ 
vided. 

l'ube3 lind BaUer-iea: One 112-type tube 
(not included in price oE instrument) is re~ 
<juired. Rcplacement through hand-bole 
i ll bollom of eabinct. Dattcry cable for 
cOllllccti ng 6-volt filament and 45~volt 
plate su pplies provided. External batter~ 
ies required. Connecting leads supplied . 

TCIlt Tool (shown in lid or box) : Consists 
of bakelite rod with heavy closed loop at 
one end and Bat spade at other. Used Eor 
llligning gang-controlled luning condensers. 
Closed loop acts as sbort-circuited turn to 
reduce inductance of the coil; spade in­
creases effective capaeitlillee of the COIl ­

denser. 
P.ilot Lamp: Provided to show whell 

oscillator lube is in operation. 
Fini3h: Engraved bakelite panel mounted 

in hand-rubbed walnut cabinet with cover 
and carrying handle. No shielding. All 
metal parts llickel ~plfltcd. 

Dimen8iml3: 10% x 10% x 7 inches. 
Weioht: 1131 pounds. 

Code IV ord Price 

I OVATE 1 $110.00 



 

MISCELLANEOUS LABORATORY 
EQUIPMENT 

I N this chapter are listed three imporant pieces of miscellnneous 
laboratory equipment : the General Radio string oscillograph and 
vibration galvanometer, electric wave-filter sections, and arti_6cial­

cable boxes. Each is described under its own heading: 

a) String Oscillograph Vibration Galvnoometer 
b) Electric Wave-Filter Section 
c) Artificial-Cable Boxes 

STRING OSCILLOGRAPH AND VIBRATION 
GALVANOMETER 

I N m any lines oC work and experimentation with alternating currents, 
the need is frequently felt for a simple. sensitive, portable. and in­

expensive oscillograph, with which one may view with ease either 
sustained waveforms or transient currents and voltages existing at any 
point in an electric circuit or network. To meet these requirements, the 
General Radio Company has designed a compact and moderately priced 
instrument. 

The vibrating element of the oscillograph is a fine tungsten wire fixed 
in a magnetic field supplied by permanent magnets. The current under 
observation passes through this string and is deflected by the interaction 
of its own field with that supplied by the permanent magnet. The string, 
be.ing suspended in the beam of a powerCul incandescent lamp. casts a 
shadow upon a suitable screen. thus furn ishing a means of observing the 
amoun t of deflection. 

Equipped with a lens system and a fixed screen. the instrument is 
useful as a vibration galvanometer. since the string may be tuned to give 
a good degree of sensitivity at any desired frequency over a considerable 
range. 

If instead of a fixed screen. the shadow of the string is cast upon a 
rotating mirror, the speed of which is adjustable, the wave of either cur­
J'ent or voltuge may be traced out. l(or many kinds of work, the porta­
bility. ruggedness, and low cost of this oscillograph make it espccial1y 
desirable. The strings arc inexpensive and easily replaced. an advantage 
when the oscillograph is to be used by students in laboratory classes. 

TYPE 338 STRING O SCILLOGUAPH AND VIDRATION GALVANOMETER 
O SCILLOSCOI'E i\'[ODEL 

THIS instrument consists of three parts, tbe galvanometer unit, the viewing box 
which contains thc rotating mirror, and a walnut cabinet base upon which the two 

are mounted. The latter carries all the llcccssary controls. An eddy-current type or 
motor which is non-synchronous drives the octagonal rotating mirror. I ts speed may be 

[ 93] 
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TYl't: S38-L 

adjusted so as to synchrollize \\'ith any desired impressed rrequency and to produce thereby 
a stationary image of uny recurrent wavdorm. The observed waveform (:o lls ists of a 
shadow line projected upon a n illuminated lield. 

Rotating iJJ1'rror and Optical System: A 
single straight tungsten wire is vibrated 
in the focal plane of an easily adjusted and 
focused optical system. The shadow image 
of this wire, nfter rcflcct ioll t rom t he roULl­
ing Uli rror which provides the time axis. 
is focused dirL'Clly upon the observing 
screen. Ponderous and troublesome mir­
rors are thus avoided. The transluccnt 
screen is arranged in the arc of a circle. 
approximately (l inches long by 2.J.1; inches 
wide, and is printed with rectangular co­
ordinates for convenient reference. Stable 
speed range of mirror, equi valent to S(!ale 
length or t rom SO to ~50 inches per second. 

Gair;a11Ometer and String: T he gah'a­
nometer unit is sensitized by two perma­
nent magnets which eliminate the need for 
direct-current exci tation. The charactcr. 
ist ics of t he st rings arC descrihed later 

'J'y~ 

under TYPE 338 Accessories. Two TY!'E 
SS8-Pl Single String-H olders are supplied. 

Frequency Range: Optimum, 0 to ~OO or 
300 eyeles per Se<'ond. Usable, 0 to 3000 
cycles per second. 

Light Source: T ransformer operated 
from l lO-volt. GO-cycle power sUPl}ly, de­
livers 8 volts for lighting standard a.utomo­
bile headlight lamp. 

Mount·iny: Gli lvanometer a nd ianlp hous­
ing. view ing box contain ing rotating mirror. 
a nd 1111 controls mounted on cabinct base. 
Whitewood carrying case, (SO x 18 x '1 '1 
iuches) supplied. 

Power Supply: 110 volts, 60 cycle. 
About 40 watts req uired. 

Dimerl$10Tl s: Table space required, 24 x 8 
inches. Over all height, 14 inches. 

IVlJight: 30 pounds without carry iug euse ; 
54 pounds with carry ing case. 

C()(le Word Price 

338- L I ........ .... .. ... ...... .... ..... .. ..... ....... . $:lSO.OO 
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VI1ntA1'I ON GALVANOllETEH i\fOOE I, 

T YPE 398-G 

By omitting the rolating mirror box and substituting therefor a. projection lube 1% 
inches in diametcr. lcrminatingin a circular transluccnl screen, a vibration gaJ\,lIlloruc­

tel' is obtained which is vcry usclul as a null-balance indicator for bridge measurements 
at 60 cycles or olher low frequencies where telephone rcceivers are illSumciently sensitive, 
or at higher frequencies where a visual dett.'Clor is desired. 

Gait'a1wmclcr and St-riIlY: The galvanome­
ter is sensitized by two permanent magnets 
which eliminate the need for dirccl-eurrent 
excitation. The characteris tics of the 
strings arc described under 'l'n'E 338 Ac­
cessories. Two TYPE gS8-PI Single String­
Holders are supplied. 

Frequency Range: 0 to 2000 cycles per 
second. 

Light Source: Transformer operated froUl 
1l0.volt, 60-cycle power supply, delivers 

Typ' 

338- G I ... 

8 volts for lighting standard automobile 
headl ight lamp. 

.Mounting: Wh itewood carrying case 
supplied. 

Power Supply: I tO volts, 60 cycle. About 
40 watts required. 

D imC1UI"U))i3: Table space required, 24 x 8 
inches. Over all height, 12 inches, 

Weight: 26 pounds without carrying ease; 
50 pounds with carrying casco 

CCHk IV ord Price 

10F'l't:K' 1 8175 .00 

'1'YPE 338-P A CCESSOHIES AND R EPLACEi\lEN'l'S 

T1fESE consist of the single and double string. holders, replacemcnt strings, It trans· 
former, and a. rheostat. The two latter are especially uscCul for adapting thc 

impedance of the string to the impedance of the circuit under Uleasurement. 
Various types of wires lIlay serve as thc string elements in t he T\'I'Jo; 338 String Oscillo· 

graph, hut those su ppl ied are wired wi th tungsten, O,OOO'~ inch in diamcter. T his material 
has been found to be most suitable for genera l work. T he string has a resistance of 
about '15 ohms and is abOUl3 inches in length, Whcn used in the standard galvanometer 
unit, the following data wi ll give un indication of the sensitivity obtained. 

'l'he ']'Y I·.~ SSB·]>I Single String·Holder contains one string mountcd upon a metal rocker 
arm which in turn is attached to a bakelite strip, Two adjustmcnt screws arc provided. 
One varies the tension Oil the stri ng and thereby adjusts its scnsitivity and its natural 
period of vibration, while the other serves to displace the string as a whole across the light 
beam to centcr thc image on the screen. Provision is made for damping the vibration 
of the string, if desircd, by means of a drop of oil. By the choice of a propcr grade ot oil, 
the string may be rendered essentially aperiodic over a wide frequency range not •. too 
closely adjacent to the natural period of thc string. This is, of coursc, highly important 
whencver a good reproduction ot waveform is desired, 
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The string-holder is removable from the galvanometer, electr ical con tact being tnlld c 

through two springs on the galvanometer base. The string may be stretched to it na tural 
frequency of (rom 3500 to 4000 cycles berore breaking. 

It is qui te si mple to replace broken strings in this un it by means of a small soldering 
iron. }~or this purpose, the TY PE 338-1'3 String Replacement, which is stretched in a 
convenient mounting frame or coarse copper wire, may be ordered, or if desired, the string­
holder may be returned to the (actory for repai r. The st ring will carry several l imes the 
aperiod ic lull-scale de£ledion current without danger of burnout. Th is is {~ desirable 
feature. 

The T YI'E SS8.P2 Double String-Holder is designed to carry t wo elcetrically independent 
t ungsten filaments, giving thus t wo simul taneous waveforms upon the observing screen. 
T hese two strings must vibrate in t he same plane and, therefore. their images must be 
projected adjacent but not overlapping. One of the strin gs CQ nnects to the galvanoweter 
in a manner identical with that of the single string-holder, while the other string terrni­
nates in t wo binding posts mounted on th e holder unit, and requires an add itional poten­
t iometer (not suppl ied with string-holder) if a device to cont rol the string sensit ivity is 
needed. 

Four adjustment screws a re used to control individually the tensions on the two strings, 
their transverse separation , and t he ccntering of both ou the screen. 

The usc of two independent st rings olTers a wide range of applicat ion. It is somewhat 
more d iOlcult t o replace strings in this Tnt: 338-1'2 Double String-Holder, and it is 
rceommended that holders be returned to th e factory for restringing when necessary. 

Material: Tungsten wire, 0.0004 ineh 
diameter. 

Length: S~ inches. 
Res1S'ta11cc: 45 ohms. 
MaximUln Current: Direct current, 200 

mill ia mperes ; alternating current, 300 mil­
liamperes. 

SellS'itivity: With the string undamped 
and t uned to the fundamental of the appi il.'<i 
a lternating-eurrent frequency, the follow~ 
ing amounts of power arc required to pro­
duce a waveform hav ing an amplitude 
of one millimeter on the screen. 

At 60 eycles 0.001 mierowatts 
At ;l50 cycles 0 .0;l5 mierowatts 
At 500 cycles 0 .144 microwatts 
At 1000 cycles 1.8 microwatls 

T he direct-current sensitivity of thc same 
string when tuned to various frequencies 
is seen from t be followi ng data. which gives 
the potential required to produce a steady 
deflection of onc millimeter on the screen. 

At 60 cycles 5 millivolts 
At 250 eycles 65 millivolts 
At 500 eycles 300 millivolts 
At 1000 eycles ] 300 millivolts 

TYPE 338·Pl 

Type 

338- 1' 1 
338- 1'2 
338- P3 
585- N 
340 

Single String-Holder . .. .... . . ............... . . . . . 
Double String-li oider . .. . ...... . . ......... . 
Single Replacement Strilll' in Mount ing I"rallle ..... . . . 
'l'raruformcr (see page '~ 6) .... . . .... ... .... . 
Rheostat (see page 19) ..... .... .......... . 

Restringing TYPE 33S- PI (i ncluding string) . 
Restringing TYI'E 338-Pl (including st rings) 

Code Word Price 

OCCUH $10 .00 
OI.I\' F. 35.00 
AGREE 1.00 
. ... . . .. 

.... .... 81.25 ... ..... 3.00 



 

MISCELLANEOUS I,ABORATORY EQU IPMENT 97 

ELECTRIC WAVE FILTERS 

E1,ECTRI C wave Rl ters. used extensively in studying the transmission 
characteristics of communications equi pment, consist of capacitance 

,llId inductance networks so designed that tiley pass certain frequencies 
and attenuate others. Filte rs may be d ivided in to foUl' general classes : 
low-pass fil tc l"s, high-pass filters, band-elimination filters, and band-pass 
filters. Fol' references. consult the section on attenuation networks, 
page 19. 

T YPE 330 F'1I : r EH SECT IONS 

WE have dcn.: loped it series or simple 
high-pass ami low-pass filler sections 

mounted in illdi\'idua l cases. The high­
puss filters arc T -Iype sections. while the 
low.pass flltcrs tIrc 7r sections. T hese ill­
dividual sections ure bui lt into shielded 
metal ellllS and each comprises a sui tahly 
designed laminated iron-core inductor. 
with two paper or mica condensers. Any 
numbcr of simi lar or different sections 
may, of course, be joined in series to producc 
a lJlulliseetion filte r. The accompanying 
curveS give an idell of their t ransmission 
characteristics . 

The t:!'I)CS listed have arbit rarily chosen 
vlI llIes or impcdanec and cut-off frequency . 
The General Radio Company specializes in 
equipment of this sort, and similar sect ions 

~. 

having any desired electrical constants may be obtaincd 0 11 special order. The theoretical 
cut-off frequency and thc iterat ive impedance should be spt.'Cified when ordering stich 
special section. Low-pass and high-pass section ma~' be combined to make banrl -pa.ss 
and band·eliminution filters . 

.l\fotlntCfI in Model C cases. (See page 44.) 

LOW.P ASS 1\10J)ELS 

Type Cut-off Frequellcy I m1/CrltJl/ce Wei!J/it Code Word Price 

330- A 500 cps. (100 ohms 3Y4" lb. t'ILTEn(;OA T 812.00 
330- C 500 cps. (1000 " 3Ji lb. F1LT J:;ItSIIQE 12.00 
3so-E 1000 cps. 600 3 lb. r'lI,n; lnOAD 12.00 
330- G 1000 cps. GOOO " 3,!-tl b. t'ILTt:m;JCN" 12 .00 
gSO-J !WOO cps. 600 3Ji lb. t·ILTERIIE .... n 12. 00 
SSO- L 2000 cps. 6000 " 3,!-t lb. FJ I,Tt;1!BE!.I • 12.00 ........ 

H IGII- P,\SS :l\foDn~'S 

Type Clll.off FU'lllrllcy l 1npefiuJ!cv IV ci91tt Code Word Pricr 

330-13 500 cps. (100 ohms 3,!.{ lb. ~· II.'n:RGIRL 81 ~.00 
330- D 500 cps. (1000 " 3.\1 lb. FILTEm";"-'T 12 .00 
330- }<' 1000 cps. 600 " 3"i{ lb. t'ILTEn~II1SI1 12 .00 
330-1I 1000 cps. (1000 " S"i{ lb. FlLn:1tI'II'E 12.00 
330- K 2000 cps. 600 OJi lb. t' l l.n:1U"OOT 12.00 
:130- !\I 2000 cps. (1000 " 3.\1 lb. t·I I.TERWALK 12.00 
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ARTIFICIAL·CABLE BOXES 

W~I~~T studying tl'ansmi s~ ioll Chl:lrl1cterist ics of various types of ~llblc, 
It IS not alwa,Ys convel'lIcnt to have an actual cable upon which to 

t'x pel'imcnt. Thi s di fficulty may be overcome by employing <lI'lifi.cia l­
cn blc boxes, buil t up of serics resistance elements Hnd shunt capacita nce 
clements. The boxes dcsc l'ibed in the following paragraphs are ex trenleiy 
convenient. 

TYPE 3Q. l AnTlF1CIA l j-CA I3LI~ B OXES 

AWUSTAilLJo: :MODEI~~ 

r [' HESE callic hoxl'S conl.:lin a. scries of 1-I -t.~'pe sectiolls . l'adl ha.,·ing :t loop lTsislanc'J 
_ of J, H and It shullL c1Ipaeitam;e of C. 

Although a si llglc section will represeut allY desired k ngth of cable, 1m artificial cable 
will rcprod uee it rea l cable in its eleclrical beha\, ior 1I\01'C perfectly as it is suhdi"idccl illi o 
a greater nu mber of Ilniform sect ions. In practice. however. :t limi t to th is subdivision , 
as indicated below, is I'cachcd at which the artificial cable represent s \\·ilh a sufficient 
approxi mat.ioil , the genuine cable. 

The amount of induct:mce present ill 11 cahle is so slIlall in com parison with the cap;H:i­
lance that it.s etY(.'Ct at "Olt-C frCCJlleneies is generally lleg:ligihle. T he r()lIowing boxci' 
~'lH;h conta in t.he electrical equivalent ()f :m llLiles of standard paper cahle of a gaugo..:: 
freq uent I," used in prachee. Ol.her callies ma,', he built 011 sp<-"C ial order. 

S1lbdivisioll : Seven units of IG- S- .J.-.'2- J­
J ~-Yli miles on ind i\'id llal se<:t ions. 

Condellsers: 1.ow-I055 rolled waxcd-pllpcr 
condensers calibra tcd to I per cent. 

COInposili-Oll.· 16-. 8-. and ·t -mile units 
huilt of 2-111ile sections: 1- alld Yz- milc 
units built ()f Yli- mile sections. 

/'cak Vol/orr !loli.NY: :mo \·olls. 
Jl/o!IIII'illg: Shielded walnut cabinet , 

aluminum panel. 
Rcsisfa,llcc W illdiur/s: A,nlon-Pcrry ad­

justed to 0.'25 p CI' CClit. 

DimcnsiQl/S: ] 5 x 8 x (j inches. 
Wcigltt : !) pouuds. 

GII&lC Clwrac/cri#ic$ t 
Type 

' :121- ;\ 
·~IQ I - B 

' :lI!I - C 

~'.! !lIiles ill ,.Icp~ of fl .:', 
~1'2 ( f .• j 

~N 0.:; 

fiouyr 

1(. B &~ 
I fill $.::-; 
'N B&S 

kl :l nhm~ II 

~~I 'l 
171 

• 1I11ilt to or.ier. Nut c:m'icd ill .~tnck 
t Bcsistiule(:s ;'Iud (";tpacit;'ll\ees ;Ire in nnit~ per loop mile 

VI XElI l\ f O lH;U; 

Ii'! ~~r 
(.'.! ~I-' r 
i:S fJfJ f 

'iJ::TWOI\KU\; ( ; 

'O;T 11'01\" 1J11l 

~ f:"\I'OHK!;U~ 

$180 .00 
180.00 
180.00 

FOR the COIl\'{,lliclieC of tho,,;c dc,,; iring to expcrillicul with IOllgcr lel1gths of cable. 
the fixed models (:onlain 3'l ltliles of an." one of the s t.andard gauges list.cd abo\'c, buill 

~I ::; 11 si ngle lJllit with a switch for l11rowing lhe whol e box in or Oll t of thccircuit. ' I 'his unil 
is subdi vided into sixteen 2- milc scct ions. The sp('(: ifil;a lioll s arc I.he 8,11111.' :ts those of 
the adjustable models. 

Clible C/wrocleri.tlicNt 

'f'yp" '/'o/ul t ellyllt Vfwye RCNisirwf!c Cf/paci/ullce ('ode Word Pr ;f'1' 

'"g;! I- D gil miles I6n&s 4;! .2 ohms 61l ~~f XETWO HKi$I N $150.00 
'"321- E :12 " lOB& S 8:1.2 " 62 ~~f Xt;TWORKFA 1) 150.00 
'":32 1- 10' " " fl~ B&S 171 " 731-'I-'f XETWORKIHG 150.00 

• Built to ontcr. Not CMricd in stock 
t Hcsistances and capncitam . .'es are in uni ts per loop mile 



 

METERS 

To 1lI('l'L Lht va ried Ilt'eds of tilt ' com municatiuns lahol'<lt:01'\', ;) 
spcciali z:cd type of tlletC I' is requit'ed . Certa in requ irements dem el ilei 

a voltmeter with infin ite impeda.nce. J'm some (JUI'pOSCS high sensi­
tivity is necessa ry. Rugged ness is llsua lly eles it'able. }' Icx ib il ity is often 
t he govern ing factor ill choosing a m.etcr. 

T.isted below arc several lI1etc l'S designed [or specific IlcNis in I he 
laboratory a nd in communications wOl'k. 

T he vacuum t ube is used in the infinite- impedance meter since t hl' 
grid-fi lument impednllce is practically infinite until vcry high rrequencies 
me reached, so long as the grid is main tained nega.tive. The morc CO Ill ­

mOil moving-coi l a nd hoL-wi re instruments are made a.vailable to cove l' 
va rious ranges of sensitivity. T he copper-oxide-rectifiel' unit has beell 
,',dapLed Lo several insLl'lllnents and has proved very satisfacto ry over L1H' 
<l udio-rre-q ll cnc,v runge where t he com mercia l dynamollleter instru ments 
fuil. Used in the power-level i nciicH to l', i t has provid""d a silllpl ifh·d 
lllethod of measu ring voice-power levels. 

General Hadio meters i tl'e described under Ill(' rollo\\'ing s ix gl' Ih'l'ai 

hc:ulings: 
a.) Thermionic Voltmeters 
b) Copper-Oxide-Uectificl' Vol t mcters 
c) l:>o in tcr Galvanomete rs 
d) l-Iot-Wire Meters 
e) Ohmmeters 
f ) Output ~reters and !"low('r-] .... c\·cl Indicators 

THERMIONIC VOLTMETERS 

THE vacuum tube lends itself prll·ticulal'ly well to li se a s a voltmeter 
where no current may be taken b,Y t he instrum ent. I n the '!'YP I:: 

426-A Thermionic Voltmeter described below, a ll ex ternnl circu its have 
been eliminated. 

The plate-to-filament resis tance of the tl lI'ee-element tube is used as one 
a l'll1 of a bridge ci rcuit. Cha nges in the grid potentia l caused by the 
measured voltage cause changes in the value of this resistance, which 
unbalance the bridge, The amount or unba lance is ind icated by a 
micro·;lI11 meter. It thel'efore measures the potential iml)l'CSsed . 

T YPE 426- A TH EHM IONI C VOL'l')'l E 'fB rt 

RO/l{Je: See price list. co mlilodalc lwo 2Q.5-voll balteries COII­
POloor Sflpply: 22.5·\'0I l bultery whieh netLed ill parallel. Exlerual battery retOIll­

supplies fi lamcnt, grid and plate potentials. mcnded, however. Connections pro\·idcd. 
Space provided in inst rument case to ac· Melhod of Calibratwn: The meter is cali-

[ 99 ] 
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braled against root-mcan-square values of a 
sinusoidal wave. 

A ccuracy oj CaLibratiQn: Witllln 0.5 per 
ceut. up to 1000 hours, at which lime the 
instrUlUent should be returned to the fac­
tory ror II new I.ube and calibration. See 
price list. 

F rcqflcncy Drror: J.,css than 2 per cent. or 
fu ll scale nt, 20 kc. Less than 3 per ccnt. at 

300 kc. Although calibration is not reliable 
at broadcast a nd higher radio frequencies. 
the volt meter may be used ror mukiug 
voltage comparisons in that range. 
WaveJorn~ Error: Slight when dUI! to 

third harmonic. Appreciable when due to 
second harmonic. Second harmonic error 
can be almost wholly corrected by rC\'crsi ng 
the leads to the meter and averaging lhe 
two readings obtai ned . 

A dj1lJtment: ' Vith voltmeter terminals 
short-circuitcd, t hc mcter pointer is set a t 
zero by lHeltllS of a rheostat mounted in t he 
case. 

Ot'crvolluqe: Will withstand ;;0 volls 
momentarily, 

T11be: Special tuhe, similar to l 09-t,vpc, 
soldered in pl ace. 

MQlmting : Polished walnut case, 
Dimensions: 9 x 7% x 107:( inches, 
Weight: II pounds, 

Type Uallge Code W ord Price 

42(h \ 1 1<:-!ri~~ii~IIII: '~J\ld'i~g'rep'la~~e~it ' l~be' : '. , , , ,',', ',', ',',', '.',', ',', '" , . I. ~ ~:~,~~~ I Sl~:gg 

COPPER-OXIDE-RECTIFIER VOLTMETERS 

TI-T]~SE instrume nts are designed (or tbe measurement of alternating­
cu rrent voltages at frequencies from 20 to 10,000 cycles per sccond. 

The indicati ng element consists of small coppcl'-oxide un its aL'l'angcd in the 
Corm or it. bridge foL' obta.ining full-wave rectification. The alternating­
CU l'I'cnt voltage applied to the input termina.ls of this type of structure 
results in a direct CUl'I'cut through the meter cit·cuit. The d irect 
CU l'l'cnt is proportiona l to the root-mean-square valli e 01' the altcl'lla ting 
voltage. 

A change of impedance with applied voltage is a cha racte t'istic or all 
copper-oxide rectifiers, and hence it is desirable tha t some means be pro­
vided for maintaining the input impedance to this type of instl'ument at a 
constant value. In the two types listed below, the propel' choice of 
resistances ex tOl'nal to t he indicating element has p\'Ovided a suitable 
means (0 1' meet ing t his problem. 

'TYPE 427-F AUl'EIlN A'l'I NG-CU HREN'L' VOl~T:-' 1I<'; Tt<'; lt 

THlS is a precision IILboratory illstrument of the portable type, haviug a. high imped­
allcc. It consists of a recti6er unit working in conjunction with an aecurately 

balanced d'Arsonval mon:;ment of the two-p ivot typc. The double-pivot mo\'ement is 
mounted 011 selected jewels, The large hand-drawn legible scale with mirror to prc\'en t 
parallax, and with a kn ife-edge pointcr, has 100 scale divisions, thus insuring ilccurate 
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determinations. Th is in strument is part ic­
ularly suitftble for comparison mclhods bc­
cutlse of the precision of readi ng. 

Range: See price list. 
b npedallctJ: Approximately ~OOO o hm >; 

p CI' volt. 
Lengtlt of SCllle: 5}'2 inches. 
Accuracy of Calibration: W ithin 2 per 

cent. of full -scale at fccqllcncics up to 3000 
cycles . Within 5 per ccnt. to 5000 cycles. 
Within 10 pCI' cent. Lo 10,000 cycles. 

Adjustment: A small screw is p ro\"idcd 
for makin g the 7.cro adjustment. 

Mounting: Polished walnut case, fitted 
with leather hand le. 

D ime1l3iQJl.s: 3Y2 x 67'2 or 7M inches. 
IV eight: ;; Y2 pounds. 

T ype /l(lnge 

·\Qi- F I (}-5 volts, f.III.S. 

Code IV Qrd Price 

$75. 00 

TYPE 488-A ALTERN ATIXG-CUnnEN'f VOL,.:\HJ"I'EH 

THIS instrument is or pancl-mountilli: type and consists of a coppcr-oxide-rect i.6er 
meter in conjunction with a micro-ammeter. I n order to maintain its impedance at n 

constant vnluc, this meter is shu nted by a resistance, thus reducing the change in t he im­
pedance of the instrument with applied "oltage. The scale has 30 divisions and the mO\'e­
ment is of the d'Arsollval type. 

flange: See price list. 
11npedance: When used for voltage deter­

minations. impedance changes in the meter 
cause no appreciable error. Maintai ned 
approximately constant at4000 ohms wilh2 
yolts applied . Tn error 10 per ceni. froUl 21) 
to 1000 cycles with 3 "olts appl ied. In er­
ror 5 per cent. from 20 to 10,000 cycles with 
one volt applied. 

T.cll!Jth of Scale: 27'2 inches. 
Accv.racy of ClIlibralum: Within 2 per 

cent. of its full-scale reading at frequcncics 
Hp t.o 2000 cycles. Within 5 per cent. to 
5000 cycles. Within 10 per ceni. to 
10,000 cycles. 

Adjustment: A screw is provided under the 
glass face for making the zero adjustment. 
Glass face can be rcmovcd by unscrewing it 
frow frame. 

J/otlllfitlg: .l\ l"ouldcd hakd itc casco 

",S8-A 1 0--3 volts, r .Ill.S. I . ........... . 

D-imell.twns: Diameter. 372 indtes; depth , 
27.( inches over al1. Mounti ng hole d i:lln­
clef. 2 27/ 32 inches. 

Weight: 12 ounces. 

Code Word Price 

I ~'ELO~ $20.00 
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POINTER GALVANOMETEHS 

MOST hlbora turit's require <1 l' u gg~'d, spnsiliw. pOl'lab lt' instl'llllh'uL rOt, 

the IlIcaSUl'(' llwn l of d i rect currents of tlw oreler or lU tu WO lIl i('rt)­
HmpCI'CS. T he T YPE 189 Gal va nometer is adap ted to just such service. 
I ts combination of portability and sensitivity makes this instrument 
suitable (or a. variet." of IIses rangi ng (rom indicating a bridge balance to 
I he mc.lSUl'cmcnl of n r;1(iio signal when lI~cd with ;)'. rec lifiel'. 

Rallge: Approximate o illy. Sec prk'e list. 
Resistalice: Approxi mate only, See p ri(-c 

list. 
Method oj Calibration: Cali hrat.ed to read 

approximately lisled value or current al 
full-scale deflection. &-alc has 50 , ll"lsiOl ls . 
Sec pri(:e list. 

Scale Lel/gth: 3 inches. 
Jlfovcme1!l: d 'Arsonval type. l)hospl lor­

brom:e slispellSiol1. Spring supporter lo 
lake up shock. R equires 110 leveling. 
Reasonably stable zero. 

Adjustments: T wo knurled screws for pro­
\'iding zero adjustment and clamping. 

AlOl/lltillg: Polished wal nu t case. Leath­
er carrying strap provided. 

Dimella-io1!s: 5M )( 572 x -1-72 inches. 
Weight: 2M pounds. 

'I'ype Approxillwte U(wgc A JlJlroximute ReBist(lm:e Code W ord Pricc 

180-E 0--1 50 mea. 
189-H 0- 50 mea. 
189-L 0- 10 mea. 

10 ohms 
100 " 

2000 

Z:ERO-CEX1'}; n l\[OD.~ I .s 

GA UU: 

(':101.01' 

GAU:I . 

8SG. on 
:Hi .OO 
:111 . 00 

THESE are identical in evcry rcsped with the zero-left lIIodels. except llml lhe zero 
mark on the seale llppears at the center. 

Type Approx-im(lle Runge Approximate Reai.,t(w ce 

189-1" 1 75-0-75 10 ohms 
18!hr 25-0--25 100 1 

GAil." 
GA~ITN 

Price 

$36.00 
36 .00 
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HOT-WIRE METERS 
A N instrument {or the measurement of CUITCllts a.t high frequencies 

1i.. must keep its inductance and cap<lcitancc as small <lS possible. 
High reactance would cause the readings to var," with frequency. For 
Ill:lny radio-frequency measurements a suitably des igned hot-wire 
nmmctcl' has the necess~lI·.r characterist ics which paI'licularly adapt it to 
this work. It should , however, be recognized that a hot-wire ammeter is 
inhCl'cntly less accurate than an ammeter of the mov ing-coil type, which 
of course is un suitable fo r measur ing current at high £l'cquencies. In the 
TYP I~ H17 Hot-'Vire 1Vfeter, cmdul design and good workmanship have 
produced instruments which al'e electrically and Il1cchlHlically rugged and 
reliable. These mete t'S arc used extensively in wavcmetel's rOt, deter­
mining the rcsonance point and are also IIsed for measuring the radiation, 
fil Cl ment, and plate currents in expet'imental transmi tting sta tions. They 
arc equally sui table for use on direct and altct'llating cu nent. 

T YPE 127 H OT-\Y IIm i\IE'rElls 

,~ 
\'~. 

'." \~-' , 
.-.---~ -

T 1"I'1:.: 1~7-. \ TYI'~: Ifl7- B 

FL. Ul'5I1- i' f oUN'I' 1 NG 1\ [OI)~;L.-; 

T nl:.: 1 ~7-C 

HUllflr: Sec price list. 
RClJ is/(lIIce: See price list. 
."itll/V Lellglil: 2 inches, 

Adjustme,, ' : A kn url ed screw is provided 
for making t he zero adjus tment. 

,lfol'CIfICllt: Hot-wi re type, The expalld­
iug st.rip is or a platinum-sil ver alloy, pro­
portioned to work at. a. low temperaturc. 
It s low resistance permit.s rel.tsonable over­
load and minimizes losses. 

/J imcnlJiOIlIJ: Dialllcler, 3% x 2 inchcs 
H\'er all. !\.[oun t ing hole diameter, 2% 
inches. 

A l'l"()x. 
!lU i S/fIII CD 

127- A 100 milliamperes 23, 0 ohms 
I 'll-A 250" 8,5 " 
127-.\ 0,5 nmpere 2,5 
127- A I " O. U oilin 
127- A S aml,~res 0 . 25 
1'l7- A 5 0.07 " 
Et7- A 10" 0 . 052 " 

JVeight: 80llllces, 

- 127- A 270 milliamperes (appro).:. ) 9 . 0 ohms .... ... . 
• Whell ordering, specify ']' rpt: 1'!7- :\ Galvanometer 

(Cotlli"II(d 011 101101£;110 11<106) 

C():t~ Word Pri~e 

~' EDA L 86. 00 
llF.RCY 6 . 00 
~' ER IT G.OO 
l''';IIIIY 6 .00 
.\' UIIC 6 . 00 
~IINHI 6 . 00 
~IINN\, 6.00 
~'ITER 5 ,75 
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P ANEL-MO UNTI r\C M O DEJ,s 

PA::t\T£L-MOUNTL'\"G models differ Crom other hol.wire meters ollly in the mclhod 
_ or mounting. Sec Ihe illustration . 

Dimcn$wn.s: 3 x S}:\ x 1M inches. Weight: ,~ OIlIlCt'J; , 

Ty pe 

127- B 100 
127- B 2.0 
1il7- 11 0.5 
127- ll ] 

127- ll 3 
127- 13 • 1'l7- U 10 

/l(l llgc 

mill i?,mperes 

ampere ., 
Ilm~.crcs 

.'l ppror, 
Re$i~t(J "ce 

23.0 ohllls 
8.5 .., 
0 .9 ohm 
0. 25 ., 
0 .07 
0 .052 

*12i- B 270 milliamperes (npprox.) 9.0 ohms 

• Whell ordering, specify Tnt; 127- U Galvanometer 

CASE-~.rOUi':TI!'\G :i\fODEI.s 

Code Word Price 

~IA l 'o n $0 . 00 
~I .\ l)AM 0." 
~IAJOil 0.00 
MA~on 0 , 00 
~IASO:-- 6.00 
~IATI!\" G.OO 
MAXnt G.OO 
~IA<;IC 5. 75 

CASE-MOUNTL'l'G models differ from other models only in the met hod or mounting. 
Sec the illustrat ion. 

Dimensions: S x 3 x 2% inches over all, Weight: 6 ounces. 

Type Rflnge 
Approx. 

Re.ti,tance Code Word Pricc 

127-C 100 milli~.mperes 23. 0 ohms ~, !.iCGY $6.50 
127- C 250 8.5 " ~'OCHA 6.50 
J27- C 0.5 am~re ... )lOOUI. 6 .50 
127- C ] 0 . ' ohm }" OLAR 6 . .'>0 
127-C • aml?~rcs 0 .25 " ~IORAL 6 .50 
127- C 5 0 .07 ~IU~IMY 6.50 
127- C ]0 0.052 " M USTY 6 .50 .. . ..... 

*127- C 270 milliamperes (npprox.) '.0 ohms ~I OTTO 6. 25 

* When ordering, specify TYl'J:: 127- C Galvanomctcr 

OHMMETERS 

T HERE are many occasions in laboratories, service stations, and fac­
tories when an approximate measurement of resistance is required. 
The TYPE !l87 Direct-Reading Ohmmeter is designed for simplifying 

the determination of resistance where an a.pproximate value is sufficient. 

'fYI'F, 287 DIHECT-REA DI NG OHMMETER 

TillS instrument consists of a battery and meter in series with a rcsistnnce, and a 
rheostat shunted ncross the meter to provide a zero adjustment. The dia l is ca li­

brated directly in ohms, Clip leads are provided fo r convenience in connecting the ohm­
meter to the device to be measured. 
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Range: See price list. 
Operation: Before using the ohmmeter, 

the zero should be checked by connecting 
the terminals together and adjusting the 
knob until the meter registers zero rc­
sisLam::c. The shorl~circuiling connection 
is then removed and the meter is ready 
fo r usc. 

Battery: A 4.5-volt ballery for 'I'n.~ 
2S7-A and a 1.5.\'olt battery for TYPE Q87-B 
are furnished with the instrument. 

Mounting: Polished walnut. Leather 
strap provided for carrying. 

D imA:1I$101l3 : 6%, x 5%, x 4.Y2 inches. 
Weight: Q3;2 pounds. 

T ype Ra 7lUt 

287- A I 0-10,000 ohms, 500 ohms, center-scale I 
287-B 0- 2000 " , 100 " , .. .. 

105 

T Ype 287-.'\ 

Code Jl' ord Price 

1
°:\'ION 
OllBiT 

$30 .00 
30 .00 

OUTPUT METERS AND POWER-LEVEL 
INDICATORS 

U TTIL the development of copper-oxidc-rect ifi er-type meters, the 
vacuum-tube voltmeter"was practically the only instrument suitable 

for making voltage measurements over the audio-frequency spectrum. It 
has the obvious disadvantage of requi l'ing tubes and bat teries, both of 
which require frequent replacement and limi t the portability of any 
instrument in which they are used. 

The two instruments described in this section, an output meter and a 
power-level indicator, make use or the copper-oxide-rectifier voltmeter for 
Ule measurement of voice-frequency power. The output meter consists 
of a G-3-volt voltmeter and a network for extending its range to 150 
volts. Since the input impedance remains practically constant at 
4000 ohms regardless of frequency and setting or multiplier, it furnishes 
a conven ient means of measuring the power output of a radio receiver. 

The power-level indicator is similar to the output meter, except that 
the voltmeter and the multiplier network are calibrated in decibels. It is 
useful for monitoring as well as measuring the voice-power level in all 
kjnds of transmission and recording circuits. 
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TYPE 486 OUTPUT METEH 

THIS instrument. designed primarily to measure the output power of any device 
operating over tbc(rcquency range of (rom !lO to 10,000 cyd cs per second , is admirably 

adapted for usc as a general-purpose Illuitirange a lternaling-current voltmeter. It 
consists of an iud icating meter preceded by a suitable multiplier for extending the range 
of the instrument. The multiplier unit, essentially an L-type a ttcn ualor, mai ntains the 
input impedance of the instrument at 4000 ohms, thus simulating the impedance of the 
usual COlle speaker. It was designed pri marily (or determin ing tile power output of 
rad io sets. Its uses arc many. I II the laboratory it is readily fwai lable for determining 
li ne voltage. as well as for measuring the voltage applied to the filaments or al ternat ing­
cu rrent tubes. 

Runge: See price list. 
b npcdallce: With multiplier set at 1. the 

impedance is the same ns fo r the TYI'~: 
488-A Alterna ting-Current Voltmeter de­
scri bed previously. 'Vith multiplier set at 
5,20, or 50. the impedance is 4000 ohms±~ 
per <-'Cnl. a nd is non-react ive. 

Scale Length: ~Y2 inches. 
Accuracy of Calibration: Same as Tn}; 

48S-A Alternating-Current Volt meter. 
Adjustment: Zero adjustmcn t samc as 

(or TYI'E 'iSS-A model. 
Moullting: Polished walnut case. 
/)imell$ionJl: 7% x 5 x 3.!/z inches. 
Weight : 272 pounds. 

Code Word P,iCf) 

486 I O- :l- i :;-uo-l .50 ,'olts across 4000 ohms , or a.C watts, max. I ~IALAY $S8.00 

TYPE 586 Powrm-L EVE.T .. I NDICATORS 

THE importance of mainta ini ng a carehli check upon the signal a mplitude at val 10us 
POillls in voice-tra nsmission circuits is well recognized by aeollstie enginccrs. '1'00 low 

II leyel means interrerence (rom background noises; too high a leyel means overloilding 
of ampl ifiers and reprodueers and the introduction of crosstalk into ncar-by channels. 

The '1'Yl'}; 5SG Power-Level Ind icator has many advantages ror work or this kind. 
I t is portable, compact, rugged , ac.'Curate, low in price. and requires no balteries or re­
placcments. 

This inslruwent alwll.Ys presents a purely resistive load to the line, thus eliminaling all 
possibility or ehangi ug the frequcncy characteristics of thc line. 

The mO\'ing elemcllt, slightly damped to prevent any undueovcrllu ow on suddcn su rges, 
is pa rticularly rugged and will wit.hstand the hard usage attendant upon maintaining a 
continuous chcck on the rapidly changing power level of voice circuits. 

Betwecn the input terminals a nd t hc ind icating voltmeter is inserted an adjustable 
L-type ullcn llutioll network which scn 'cs as a mu ltiplicr for increasing thc range while 
maintaining the input impooance oonstllll t regardless or setting. The power level in 
decibels is obtained by taking the sum or the read ing of the multiplier swi tch and lhe 
meter reading . 
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CAIl LNET :llOOEL 

Hallgc: See price list. 
l-mpcdancc: 5000 ohms. 
Scale Readillg; Zero level III mid~sci\lc. 

This corresponds to 6 milliwatts or 1.73 
\'olts when c;onnected across a SOO-ohm 
line. Graduated in steps or 2 dt..'Cibels to 
cover the range (rom -10 to + 6 decibels. 
Network adj ustable in steps or 2 decibels. 

I ndicatillg Element: Copper-oxide-recti­
fier yoilmeLer calibrated to read power level 
in decibels. 

A ccuracy: Sl ight variation in oxide­
rectifier impedance with cu rreut passi ng 
through introduces a small error. Effect 
greatest at - IO-decibel mark on meler 
where the reading ma.y be 0.5 dccibcl1ow. 

7'y~ Range 

Average crror is (rom 0.1 to 0.2 dccibcl, 
entirely negligible. No appreciable Ire­
queucy error up to 10,000 cycles per second. 

Uses: Monitoring tbe power le\'el of a 
yoi<:e circuit. Power and yoltage measure­
ments. Amplifier gain and circuit loss 
dcterIniuations . Equalization Uleasure­
ments on voice circuits. 

Calibration: Calibrated to read directly 
wheo across a 500-ohm line. Constant 
correction term taken trom a correction 
chart furnished with the instrument must 
be a ppl ied when instrument is used across 
lines of impedance other than 500 ohms. 

/J iJlJe1l3iol!s: 10 x 5 x!) inches. 
Weight: 2Ys pounds. 

Weight Price 

586-1\ 1-1Odbto t36db w!th zero le\'eI at 0.0061 
watls and "OO-ohm hne ............... . 10 x 5 x .5 ill. 12]1: Ib. I 'IADlT $60.00 

R ELAy-R .... CK M ODEL 

THIS model is identical with the cabinet model except for the method oC mounting. 
It is arranged for mounting Oil a. standard 19-inch relay rack. I t has aU-inch 

bakclite panel and is protected by a dust (:over of nickel-plated brass. 
/J imell8'ioIlS: 19 x 5}4 x;; inches. 
Weight: ,~ pounds. • 

Type llange Weight Cod, Price 

586-B 1-10 db to +36 db with zero level at 0.0061 
walls and .500-ohm line . .............. . 19 x 5>{ x .5 ill . 1 4 lb. 1 HAXOY 1 $6<10 .00 



 

RELAYS, SWITCHES, AND MISCELLANEOUS 
ACCESSORIES 

CAREFULI .. Y designed and well made accessories are essential in 
all kinds of experimenbll work around the laboratory. The 
General R adio Company has always given due attention to its line 

of accessories and several new items are added each year. 
Particular attention is directed to the section which describes the TYPE 

274 J acks, l>lugs and j)founting Bases. They offer limitless possibilities 
and the engineer responsible for the buildi ng up of a well equipped labo­
ratory wi ll find them indispensable. 

a) Relays 
b) Switches 
c) Knobs and Dials 
d) Vacuum-Tube Sockets 
e) B inding Posts, Switch Contacts, and Stops 
r ) Plugs. Jacks, and :Mounting Bases 
g) P orcelain Insulators 

RELAYS 

I N this section arc described th ree 
veloped for general -purpose usc. 

and conservatively rated. 

senSItive relays that have been de­
All of them are rugged, inexpensive, 

TYi'E 481 POLAR RELA V 

TIDS relay has a permanent horseshoe magnet which provides the field and at the 
same l ime forms n protecti ng shield about lhe coil a nd reed. An unusual feature 

Normal 

is the wide separation between the pole 
pieces (OA7 inch) which provides a uni­
form magnetic 6e1d in the region through 
which the reed moves. It also makes lhe 
mu tu al position less critical. 

Opcratillg Cluu acierislic$: Sec price list. 
Cllrrent-carrying Ca'}Xlcity: The contact 

poi nts arc rugged and will break one 
ampere withollt undue burning. 

Dimensio1ls: 6 x 2 x 1 inches. 
Weight: 2M pounds. 

Type Rui8ulIIce Opcroitn!j Current Maxil/wln Frequency Code IV ord Price 

481 J 15000llms 2 milliamperes 125 eyeiu/ SC(Xlnd XOl.lAD I S:lQ .00 

TVPE 5 07 NOK-POLAR R ELAV 

THESE relars (;onla in an armature which has no permanenl magnetizalion 
which wi ll not therefore dislinguish between the direction of currenl ftow. 

[ 108J 

and 



 

RELAYS, SWITCHES, ACCESSORIES 

SC1I:Jifivity: Sec price lisl. Values given 
urc Cor currents corresponding to positive 
operation in either vertical or horizontal 
positions. 

Rcai'Jfances: Held to within ± 10 per cent. 
Dinumaums: 4Ys x 3 x 2 inches. 
Weight: 1 pound. 

507- A I 250 ohms 110 milliamperesl 
507- D 4000;' 2 " 

CUTrelit IQ open 

G mil1iaml)CreS 
1 milliampere 

KNOBS AND DIALS 

Code Word 

1

l"'TIIB 
KOBU-: 

109 

Price 

812. 00 
15 .00 

A LL General Radio dia ls nre of brass, fi nished to resemble (rosted 
ft silver, with graduated scale in black. A vernier is available [or 

usc with TYPE 302 and TYPE 303 D ial s. The mechanism for this 
is shown in the illustrat ion. 

All knobs arc moulded bakelite and with one exception are normally 
supplied (or mounting on a U -inch shaft. 

T YPE 310 AND T YPE 317 DIALS 

Two sizes of these dials arc availabl e, one 4 inches in diameter, the other ~% 
in diameter. Doth havc 100 divisions to cover 1800 of the circumference. 

dial is packed with celluloid indicator and a drilling tcmplate. 

Type Slwfl Diameter Height Weight 

310 .......... ..... Ji in. Ji in. I 3i lb. I 
317 ............... I in. I in. >{ Ib. 

TYPE 302 AN D 303 G"ARED D ' ALS 

THESE arc similar in c\'cry way to the TYPE 310 and '1'1'I'}; 317 
Dials exccpt that they arc provided with a vernier allaehment, 

consisting of a fiber pinion mounted below the dial whieh engages 
with a brass gear behind t he dial. The pinion is mounted on a 
Boating arm and is held in close contact with the gear by means of 
a spring. But one mou nting hole is required for the entire attach· 
ltlellt. A celluloid indicator and a template nre pro\·jdcd with 
each unit. 

Code Word 

I DANDY 

DEBUT 

inches 
Each 

Price 

$0.50 
1.00 

'!'YN; 302 

Gear 
Type Shaft Diameter Tleig"t Weight RaHo Code Word Price 

3" I ........... I y' ;n 2~ in. ~ ill. Y. lb·1 1 :5>{ $1.25 
303 . . . . . . . , . . . . . >{ ill. 4 in. ~ in. Y. lb. 1:7% 2.00 



 

110 GENERAL RADIO COMPANY 

TYPE 137 K'\'ons 

THESE nrc shown hal£-size in t he photographs on page Ill . T hey are made of moulded 
bakelite with iuserts of brass, and all but the TYPE IS7.K Knob are furnished with a 

si ngle setscrew. 

Typ' Shaft Diameter Height Weight 

137- 0 With Pointer }( in. 1M in. % in. ri oz. 
l S7- D Without " J4 in. 1M in. % in. I oz. 
l S7- H WiUlOut .. y. in. 2% in . %in. 1 oz. 
l S7-J With .. Y. in. lYS in. M in. I oz. 
137- J Without .. J.{ in. th in . Min. I oz. 
l S7- K Without " 10-3i ]3/ 16 in. 7/ 10 in. I oz . 
137- L With •• K in. 1 11/ 16 in . hin. 1 Oit. 

.... . 

.... . 

.... . 

.. .. . 
0 ••• 

. . . . . 

.... . 

Codt Word Price 

. ....... 

........ 

........ 

....... 

.... .. . . 
..... . . 

..... . . . 

$0 . 30 , •• ., 
•• 

o 
o 

. 1'-

.15 

." 

BINDING POSTS. SWITCH CONTACTS, 
AND STOPS 

ALL or these items arc lI sed on General Radio instruments. The TYPE 
1\.. 138·V and TYPE 138-X Binding P osts are recessed to receive a 
TYPE 274-P Plug. They are extremely useful for use on portable 
instJ'uments in the laboratory. 

T YPE 138 BIN DTKG P OSTS, SWITCH CON TA CTS, AN D SWITCH 

STOPS 

T HE dimensions or these accessories are given in the price list They arc shown 
hal£-si:.:c in the photographs on page 11 1. 

Type Material 

138- A finkel ile nnd N. P. Brass 
138-W Nickel- Plated Brass 

·19S- V " .. .. 
· 158-X 

., .. .. 
1S8-Y " .. " 
ISS- Z .. .. , . 

llnmiNG P OSTS 
Max. Pallel 

D iameter Height Thick/leu 'fhread COO(l Worll Price 

X in. % ill. Vs in. 10- 92 
7/ 16 in. 19/ 32 in. y( in. 6-" Ys in. 11/ 16 in. Ys in. 10-92 
M in. 11 / 16 in. %i n. 10-9'1 
M in. ~ in. y. in. to-52 
Ys in. % iu. 14 in. 6- 52 

.... . . 
.. ... .. 
STA lI.' PAnAlI.'T 

STANPA UDOT 

. . ... . ..... 

........... 

$0 .1 
0 .0 

8 
8 
o 
o , 

0.' 
0.' 
0. 1' 
0.0 7 

• See also, '1'YI' ."<; S!H- K and 2H-L Binding Post Assemblies 

Typ' 

15S-B 
ISS-C 
138- D 

Material 

Nickel-Pla.ted Bronze .. " " .. 

Type .II a/erial 

IS8-Q I Nickel-Plated Brass 

S"'ITCIi CO::-<T.-\CTS 

Maz. Pant l 
Diameter I1t ig}IL TMckllUI Tllrtad Code Word Price 

y. in. 0 .100 in. 5/ 16 in. 6-" ........... $0.04-
5/ 16 in. 0 . 100 in. 7/ 16 in. 6-" ........... 0 .04-
3/ 16 in . 0 .1 95 in. 1/ 16 in. ........... 0 .03 

S WITCII STOI>S 

M ax. POlit I 
Diameicr lIeight 'f lticklltll Thread Code Word Price 

Y8 in. J.i in. 5/ 16 in . I 6- 3i 1 .......... I $O.O·} 
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137-J 
137-0 

137-H 

137-K 137-L 

KNOBS 

-..r ~ 
illllllill 
.. ,3V 

--~-- . 
tD1 

202 
SWITCHES 

139- A 

13S - C 138-6 138-0 138-Q 

SWITCH CONTACTS SWITCH STOPS 

136-A 138-W 136-X 136-V 136-Y 1J6-Z 

BINDING POSTS 
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SWITCHES 

T HE three single-blade switches described in th is section are all used 
in various General Radio instruments. The TYPE 337 Switches are 
useful around the laboratory and fit in well with the TYPE 274 Plugs. 

TYPE 337 SWITCHES 

THE experi menter will find the 'l'YFE 337 Switches cxlrcmcly convenient. The 
construction is such that a quick challge-ovcr may be effected. 

Type Ducriplion Weight r alld Size Code Word Price 

SS1- A 
5S7-B 
SS7- C 

i Polc Double Throw 
4 Pole Double Throw 
6 Pote Double Throw 

){ lb. 
I lb. 
I M lb. 

4 in . x iy.; in . 
G%, ill . x 5 in. 
6)1,i in. x 6% in. 

TYPE 130 AND TYPE 2 02 SW1'L'CIIE S 

SWITCIi FIlOO 
ijWITCIiGOAT 
SWITCIIIlIIU) 

$5.00 
7.00 

10.00 

THESE arc shown hnlf-sj;;.c in the photographs ou page 111. The blades are or nickel­
silver which. with bronze contact points, ma ke for a minimum of cutti ng. Knobs 

arc ol mouldcd bakelite. 

Max. PUI!t:l Orer aU 
TUp' Radiul Tllickn. t:31 K uob Axial Le/lgth Weight Codt: Word Pric~ 

l S9-A l ~ in. 
!W2- A 1~ in. 

5/ 16 ill. 157-0 2 in. U lb. SWIT<:IIFORD $0.50 
5/ 16 in. 2 in. Ys lb. SW IT<:IJTOAD 0.75 

i02- lJ l~ in. ~ in . 2 in. )i lb. SW ITCIlGOOD 0.75 

TYPE 339 SWITcmos 

TillS switch consists of a moulded bakelite bracket which ca rries the bushiug lor the 
swilch shalt. The moving poles of the switch are controlled by the worm, one-quarter 

of a turn or which will mtlke the contacts close. 

K nob: Special. See illustration. 
Mounting: Entire switch supported from 

panel by the bushing. 

Dimcll-$io1!$: Those gi"cn in price list are 
over all. Shaft. U inch. 

Weight: G ounces. 



 

Type 

S39-A 
S39-ll 

RELAYS. SWITCHES, ACCESSORIES 

DC$criptioll 

<I, Pole Double Throw 
2 Pole Double Throw 

D imCII!,iollJl 

13 x 2 inches 
13 x 2 inches 

VACUUM-TUBE SOCKETS 

liS 

Cod, 
Wonl Price 

P Ul'l'Y $2.:)0 
I' UTTY 2.00 

IN the design of all General Uadio vacuum-tube sockets, care has been 
t aken in each case to see that they meet all size J'equirements of the 

tubes with which they arc to be used. 

",- ... ;:. . -
... ~ . ". . 1 ,," . 

• 
I ~ I) ~ . .---

TYPE 438 

TYPE 15 6 SOCKET 

THIS is designed fOT lubes havi ng the large V- Or UX-hase. If desired. the location 
of the shell and its bayonet holder may be shilled through 45" for use with Western 

Electric Company's "E "-tubes. 
The phosphor-bronze contact springs are arranged to make positive contact. 00 the 

sides of the tube prongs. 
1'ypc ]Jase Diamet~r IIcigllt TVeigllt Oode TV ord Price 

156 ux and W.E. "E"·tube I !l7/ 16 in. 13/ 16 in . I ?i lb . ] J SODER $0.75 

T YPE 3 49 AND T Y PE 4 38 SOCKETS 

THE TYl'E 349 socket is designed for the UX·type of tube; the TYPE 438 Socket is 
designed for the UY-type (5-prong) base. Positive contacts arc made with double· 

gripping springs to the sides of t he tube prongs. 
Type /la lle Diameter Height TVei{/ht 

~i~ ~ :~ :~: I ~ ;~ : I ~ :~: I 
T YPE 3 09 SOCK ET CUSHION 

Code TVord 

I 'EDAN I 
STUDY 

Price 

$0 . 35 
.35 

MANY of t he undesirable noises heard ill a radio set are due to mierophonic action 
of the tubes. This cond it ion may be somewhat reduced by the use of this sponge­

rubber socket cushion. I t fil s 1\11 General Badio sockets. 
Type Code TVord Price 

300 I ............................ . $0.i5 

PORCELAIN INSULATORS 

CAREFULLY gla.zed porcela.in is an extremely 
la tol' for high-voltage. high-frcqucncy work. 

(Conlltllltd Oil fO/lOlrlllg page) 

sa.tisfactory tnsu-
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TYPE !WO AN D TYPE 280 PORCELA IN l>iSULA'£ORS 

THE TYPE 280, Strain !"slllal?~ will be foulld p~rticilla rl;y uSc{\ll 
for antenna lIl11tnllal lolls. Ihc Tv .,.: 200 \Vall Insulator IS 

cq\lipped wilh it. threaded brass rod at its upper end so that it 
may be used for supporting wiring or instru ments as well as lead-in 
and ground wires. 

.. 0 
!!So 

Descriptioll 

Wall I nsulator 
Straiu I nsulator I··· . .... 

Cf)(/~ W(mi PriC{l 

$0.20 
.Ii 

PLUGS, JACKS, AND MOUNTING BASES 

THE expcl'imenter will find the items listed in th is group useful In 

experimental work. especially the transformer-mounting bases. 

TYPE 274 PLUGS, JACKS. AND :i)10UNTIKG BASES 
ALL of the devices listed in this section arc buill up from various combinations li nd 

11. modifications of Lhe Tn.; 274- r Pl ug and the 'I'YI'f: 27'~-J Jack. 

))I.UGS 

TYlHJ DC3Cril!!.ioli 

2H - P Single l'\ug (Basic Unit) . ..... ... 
2H- B Single Plug with .lack Shank ... ......... 
27<1·- 0 Single Jnsullited Plug witll .fllck Shank .. 
274-G Open-TY1Je Double Plug wilh J ack Shanks 
274-:\I I nsuillte( Double Pl ug with J ack Slmnks .. 

J ,\ CKS 
'J'Y/HJ Descriptioll 

274-J I Single J ack (Basic Unit) .... ....... . I ........ . 
274-'1' Double Adjustable J ack .. .. ... .... . ........ 

27'~/\P 
274-AJ 
274-UP 
2H - BJ 

t ;174-CP 
t2H- CJ 
-27<10- ]:;1' 
t27<1o- E.J 
t 2H-llP 
t274-1tJ 

M Om..'TING B ASE S 

Descriptio/! 

2-Gang Plug Base 
2-Gang Jack ., 
3-Gllllg Plug " 
3-Gang Jack " 
<I-Gang Plug" ........ . 
4-Gang .Jack " ... ......... ....... . 
4-Gang Transformer Mounting Ping liase 
4-Gang Transformer Mountillg J ack Base 
6-Gallg Trans former Mounting Plug Uil5e 
G-Gang Transforme r Mounting Jack Base 

Code Word Price 

ST.-\N"I ·,\ nC.\T 80 .0G 
liT .\N"P,\IUlOG .2. 
BT.-\ 1'1'.-\ 1l1::,'1:: .25 
STANI',\IU'IG .50 
STA:;\',ullHJG .40 

C()(lc Word Price 

I 5TASPAUTOI' 80 .05 
STA:-"I'AItTI I' .50 

Code Word I'riee 

STASI'Allunl 80 .50 
STA N I',. 1111 Ull .50 
STAN"I'.\IlS UN .GO 
5TA:-"'.\ IISIN .GO 
ST.\l"'I',\ I\SUM .GO 
STANI',\ IIGlN .GO 
STA:oII'AltGAS .75 
STA:-;I'AIU',\!) .75 
STAA.~ I 'AnU.; 1) .00 
STA,,-PAll:-;OT .00 

274- Q Locating Pin. .. . .. . ..... ...... .... STA:oI,'AIIC,\ll .OJ 
• Drillc{i to aecom m(){iate two morc T\"I'~~'! 27<1-- P Plugs and 2H - J Jacks for cOllverting ·~ · ganl? 

bases into G-gang bases. T n'.: 274-Q Locating Pins for prc\"euting insertion of jack bases in wrong 
position are supplied, altl10ugh the illustration does not sbow them . 

t Added to line after illustrations were prepared. Locating pins supplied. 

DI~ IlI NG-l'OST A8SE~IBLIES 
Type /) c8cr i1ltioll 

27<1-- K With TYIJe 13S-V liinding Posts 
274- L "Type lS8-X" .. 

C(}(ie Word Price 

I
STANl'Ali llAG 1 
;;TANP,\ItT.-\G 

80.65 
.05 
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274 - P 274-f; 274 - 0 214-(; 

PLUGS 

274 - J 274 - T 274-K 274-L 

JACKS BINDING POST ASSEMBLIES 

274-AP 274 - BP 

274-AJ 274-BJ 

MOUNT ING BASES 

274-EP 

274- EJ 

274-CJ 

TRANSFORMER MOUNTING BASES 

(O:·a:.IL\L~" SC,\U;) 

:'\on: : Locating pins now supplietl with TnE 2H-CJ and TYl'~; 2i4-EJ. 



 

Type 
1 0~ 

106 
107 
1~5 

127 
133 
137 
138 
139 
156 
166 
174 
189 
193 
~02 

210 
213 
214 

216 
219 
222 
224 
229 
239 
240 
241 
246 
247 
249 
260 
268 
269 
274 
275 
275-P 
276-A 
280 
285 
287 
301 

302 
303 
309 
310 
3t? 
321 
329 
330 
334 

INDEX BY TYPE NUMBER 
Instrument 

Decade-Resistance Box. 
Standard Inductance. 
Variable Inductor ........ . 
Phantom-Antenna R esistor 
Hot-Wire Meters ... ..... . 
Standard Resistances ..... . 
Knob .. . ...... . . ... . 
Binding Posts ..... , . . . . . . 
Switch . ... ... . ......... . 
Socket. ... ......... . 
T elephone Transformer .... 
Direct-Reading Wavemeter 
Galvanometer ...... . 
Decade Bridge ..... . 
Switch .............. . .. . 
Ratio-Arm Box .......... . 
Audio Oscillator . . .... . .. . 
Rheostats and Potentiome-

Page 
16 
31 
32 
30 

103 
18 

110 
110 
112 
113 
47 
70 

102 
75 

112 
87 
41 

ters . . . . . . . . . . . . . . . . . .. 28 
Capacity Bridge . . . . . . . . .. 76 
D ecade Condenser. . 14 
Precision Condenser. 6 
Precision Wavemeter. 67 
Galvanometer Shunt. 86 
Variable Air Condenser. . 8 
Capacity Meter. . . . . . . . .. 80 
Microphone Hummer. . 41 
Variable Air Condenser . 7 
Variable Air Condenser. 9 
Attenuation Box. . . . . . . 22 
Porcelain Insulator . II4 
Variocoupler. . . . . . . . . . . .. 33 
Variometer . . . . . . . . . . . . .. 33 
Plugs, Jacks and Bases. 114 
Piezo-Electric Oscillator. . . . 57 
Inductors. . . . . . . . . . . . . . .. 58 
Quartz Plate . . . . . . . .. 63 
Porcelain Insulator. . 114 
Amplifier Transformer . . . . 43 
Direct-Reading Ohmmeter 104 
Rheostats and Potentiome-

ters . .. 
Geared Dial. . .... 
Geared Dial. . . 
Socket Cushion. 
Dial. . ....... . 
Dial. ... . 
Artificial-Cable Box ... . 

29 
109 
109 
113 
109 
109 

98 

Type 
335-Z 
337 
338-P 

338 
339 
340 
349 
356 
358 
359 
360 
361-B 
361-P 
366 
368 
371 
374 
375-A 

376 
377-B 
379 
380 

383 
383-P 
384 

384 
387-A 
389-B 
389-P 

Instrument 
Variable Air Condenser. 
Switch . . . ....... . . . 
String Oscillograph and 

Vibration Galvanometer 
Accessories . ... . _ .. .. . 
Switch ......... .. . 
Rheostat ......... . 
Socket. .... . ........... . 
Quartz-Plate Holder ..... . 
Wavemeter ............. . 

Page 
11 

112 

93 
95 

112 
19 

113 
63 
69 

Variable-Ratio Transformer 46 
Test Oscillator . . . . . . . . . .. 91 
Vacuum-Tube Bridge . .... . 81 
Accessories. . . . . . . . . . . . . .. 84 
Filter Choke. . . . . . . . . . . .. 49 
Variable Air Condenser. . .. 12 
Potentiometers . . .. ...... . 
Variable Air Condenser. 
Station Piezo-Electric Oscil-

lator .... .. ... .... .... . 
Quartz Plate . . . . ... . 
Low-Frequency Oscillator .. 
Radio-Frequency Chokes .. 
Decade Switch and Con-

densers. , ........... . 
Portable Capacity Bridge .. 
Accessories . ..... .... .... . 
Portable Radio-Frequency 

27 
11 

58 
62 
35 
50 

14 
78 
80 

Oscillator. . . . . . . . . . . 38 
Iud uctors . . . . . . . . . . . . . . .. 40 
Speaker Filter . . . . . . 47 
Magnetostriction Oscillator 64 
Inductors and Rod Mount-

mgs. ... .. .. .. .... ..... 65 
403-C Standard-Signal Generator 89 
403-P } 403-Q Inductors (for TYPE 403-C) 90 

410 Rheostats and Potentiome-

413-B 
416 
418 
423 
426-A 
427-F 
429 
437 
438 

ters . ......... . 
Beat-Frequency Oscillator 
Magnetostriction Rods .... 
Dummy Antenna . 
Vacuum-Tube Oscillator . 
Thermionic Voltmeter .. 
A.C. Voltmeter .... 
Attenuation Box. 
Center-Tap Resistance. 
Socket ... ......... . 

30 
37 
66 
91 
40 
99 

Attenuation Box .. ... .... . 23 439 Center-Tap Resistance ... 
M utual-Conductance Meter 
Voltage Divider ... 

100 
24 
50 

113 
50 

Filter Section. ... ..... . 
Variable Air Condenser ... . 

97 443 
10 446 
[ 116 ] 

83 
49 



 

Type 
452-C 
480 
481 
486 
488-A 
489-B 

507 
511 
511-P 
527-A 
529 
540 
541 
545 
547 
547-P 
547-B 
554 
557 
558-P 
565 

INDEX BY TYPE NUMBER 117 

Instrument Page 
Voltage Divider . . . . • . . . . . 25 
R elay Rack . . . . . . . . . . . . .. 55 
Polar Relay . . . . . . . . . . . . .. 108 
Output Meter . . . . . . . . . . .. 106 
A.C. Voltmeter ....... . .. 101 
Twin Magnetostriction Os-

cillator . . . . . . . . . . . . . . .. 65 
Non-Polar Relay ......... 108 
Syncro-Clock. . . . . . . . • . . .. 71 
Replacement . . . . . . . • . . .. 73 
R ectifier Filter. . . . . . . . . .. 49 
Attenuation Box . . . . . . . .. 24 
Filament Transformer . . . .. 48 
Push-Pull Transformer . . .. 46 
Transformer . . . . . . . . . . . . . 48 
Temperature-Control Box. . 59 
Accessories . . . . . . . . . . . . .. 60 
Temperature-Control Unit 60 
Voltage Divider . . . . . . . . .. 25 
Amateur-Band Condenser .. 12 
Frequency ~reter. . ....... 68 
Transformer . . . . . . . . . . . .. 48 

Type 
573-A 

576-A 
577 
584 

585 
586 
587 
590 
591 
591 
592 
593 
594 
595 
598-A 
624 
624-P 
645 

Instrument Page 
Resistance-Impedance Cou-

pier . . . . . . . . . . . . . . . . . .. 45 
Quartz Bar (and Holder) 63 
Inductors . . . . . . . . . . . . . . .. 34 
Alternating-Current Port-

able Radio-Frequency Os­
cillator. . . . . . . . . . . . . . .. 39 

Amplifier Transformer. . . .. 43 
Power-Level Indicator . . . . . 106 
Speaker Filter . . . . . . . . . . .. 47 
Piezo-Electric Oscillator. . . . 59 
Temperature-Control Unit 61 
Replacements . . . . . . . . . . .. 61 
Multivibrators . . . . . . . . . . . 56 
Timing Unit. . . . . . . . . . . . . 73 
Heat-Control Unit. . . . . . . . 62 
Power-Supply Unit . . . . . .. 56 
Fader . . . . .. .. . . .. ...... . 26 
Precision Wavemeter . . . . . . 68 
Inductors . . . . . . . . . . . . . . . . 68 
Laboratory Amplifier . . . . .. 42 
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Air condensers. see Condensers 
Ammeters, d ' Arsonval, 102 

hot-wire. 103-104 
Amplifier, laboratory, 42 

coupling devices, 43-47 
transformers, 43-46 

Antenna, dummy, 30, 91 
phantom, resistor, 30, 91 

Anti-capacity switches, 112-113 
Artificial cable box, 19, 98 

lines, 19, 98 
Assemblies, binding-post, 114 

standard-Frequency, 51 
Attenuation boxes, 19-25 

networks, 19--25 
Audibility meter, see TYPE 529, 24 
Audio oscillator, 41 
AyrtoD-Perry resistors, 15- 16 
Bar, quartz, 68 
Bases, mounting, 114 
Beat-frequency oscillator, 37- 38 
Binding posts, 110 
Binding-post assemblies, 114 
Bridge, accessories, 84--87 

capacity, 76- 77, 78-79, 80-81 
decade, 75- 76 
impedance, 75-76 
inductance. 74-76 
mutual-conductance, 83--84 
resonance, 74 
vacuum-tube, 81-84 
Wheatstone, 74 

Cable. artificial, 19, 98 
Calibrated condensers, 5-9, 13-14 

inductors, 81-82 
Capacitance, see capacity 
Capacitors, see Condense rs 
Capacity bridges, 7&-77, 78-79, S0-81 

meter, S0-81 
Center-tap resistors, 50 
Charger, battery, 56 
Choke, filter, 49 

radio-frequency, 50 
Clock, see Syncro-Cloclc 
Condensers, amateur-band, 12 

calibrated,5-9, 13-14 
decade, 14 
high-voltage, 10-11 
loss-measurement, 76- 77 
mica-dielectric, 13-14 
micro, 12 
paper-dielectric, ]8-14 
precision, 6-7 
variable air, 5- 12 
vernier, 12 

Connector plate, 59-60 
Contacts. switch, 110 

Control, heat, 62 
temperature, 59-62 
volume. 25-26 

Copper-ox ide-rectifier voltmeter, 1O()-101, 105-
107 

Coupler, resistance-impedance, 45 
Coupling device8. 43-47 
Cushion, socket, 113 
Decade bridge, 75- 76 

condensers, 14 
resistance boxes, 16- 18 
swi tch and condensers, 14 

Dials, geared, 109 
plain, 109 
vernier, 109 

Dielectric loss measurement, 76- 77 
Direct-reading wavemeter, 70 
Divider, voltage, 25, 27-30, 49 
Dummy antenna. 30, 91 
Dynatron, oscillator, 40 
Eliminator, plate-battery, 56 
Experimental inductors, 33-34 

wavemeters, 68-70 
Fader, 25-26 
Filament transformer, 48 
Filter choke, 49 

elect ric wave, 97 
rectifier, 49 
sections, 97 
speaker, 47 

Frequency measurement;51-73 
meter, amateur-band. 68-69 
see Wavemeter 
standards, 51-73 

Galvanometer, d ' Arsonval, 102 
hot-wire. 103-104 
pointer, 102 
vibration, 93- 96 

Geared dials, 109 
Generator, standard-signal, 89 

see Oscillators 
Heal-control unit, 62 
Holder, quartz-plate, 62-63 
Hot-wire meters, 108 
H um-balancing resistors. 50 
Hummer, microphone, 41 
Impedance-resistance coupler, 45 
Inductance, standards of, 31- 32 
Inductors, 31-34 

fixed, 31, 34 
variable, 32-33 

Insulators, porcelain, 113- 114 
Jacks,114 
Knobs, moulded, 110 
Laboratory amplifier, 42 
Line. artificial, 19, 98 
Low-frequency oscillator, 85-36 
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Magnetostriction oscillator, 64- 66 
rods, 66 

Meters, ammeters, 102-104 
audibility, see Audimlity 
capacity, SO 
frequency, see Wavemeters 
hot-wire, 103-104 
mutual-conductance, 88-84 
ohmmeters, 104-105 
output, 105- 107 
power-level indicators, 105-107 
voltmeters, 93-101, 105-107 
wave, 66-70 

:Microphone hummer, 41 
mixing controls, 25-26, 27-30 
transformer, 44 

Microvolter, 88-91 
lVlixing controls, 25-26, 27-30 
lVlonitor, frequency, 58-59 
Moulded knobs, 109, no 
Mounting bases. 114 
lVlultivibrators, 56 
lVlutual-conductance meter, 83- 84 
Networks, attenuation, 19- fM 
Non-polar ~elay, 10S- 109 
Ohmmeters; 104-105 
Oscillators, audio, 41 

beat-frequency, 37-38 
dyna tron, 40 
low-frequency, 35-36 
magnetostriction, 64-66 
microphone-button, 41 
microphone-hummer, 41 
piezo-electric, 57-63 
portable radio-frequency. 38- 40 
reed-type, 41 
standard-signal, S8-91 
station piezo-electric, 58- 59 
test, 91- 92 
tuning-fork,41 

Oscillograph, string, 93-96 
Output meter, 105- 107 
Oxide-rectifier voltmeters, 100-101, 105- 107 
Phantom antenna, 91 

resistor, 30 
Pierce magnetostriction oscillator, 64-66 
Piezo-electric oscillator, 57-63 
Plate, quartz, 6~-63 
Plugs, 114 
Polar relay, lOS 
Porcelain insulators, 113-114 
Portable capacity bridges, 7S-S1 

radio-frequency oscillators, 38-40 
Potentiometers, 25, 27-30, 49 
Power factor, measurement, 76-77 

level indicator, 105-107 
supply unit, 56 

Precision condenser, 6-7 
wavemeters, 66-68 

Push-pull transformers, 46 

Quartz bar, 63 
plate, 62-63 
plate holder, 6~-63 

Rack, relay, 55 
Radio-frequency chokes, 50 

oscillators, 35-40 
Ratio-arm box, 87 
Rectifier filter, 49 
Relaxation oscillator, see Multivibrator 
Relay, low-current, 108 

non-polar, 108- 109 
polar, lOS 
rack,55 

Resistance-impedance coupler, 45 
standard, IS 
unit, center-tap, 50 

Resistors, Ayrton-Perry, 15- 16 
calibrated, 15- 19 
phantom-antenna, 30 

Rheostats, 27- 30 
Rods, magnetostriction-osci llator, 66 
Sections, filter, 97 
Service-testing equipment, 80--81, 83-84, 91-9£, 

104- 105, 105-107 
Shunts, galvanometer, 86-87 
Socket cushion, 113 

vacuum-tube, ] 13 
Speaker filters, 47 
Standard-frequency assembly, 51- 56 

inductance, 31-32 
resistances, 18 
signal generator, 88-91 

Station piezo-electric oscillator, 58- 59 
Strain insulators, 113-114 
String-holders, 95-96 

oscillograph, 93-96 
Supply, power, 56 
Switch contacts, UO 

stops, UO 
Switches, 112 
Syncro-Clocks, 71-73 
Telephone transformer, 47 
Temperature-control boxes, 59-6£ 
Test oscillator, 91-92 
Thermionic voltmeter, 99- 100 
Thermometer, 60-61 
Thermo-regulator, see Temperature-control boxes 
Thermostat, 60- 61 
Time measurement, 51-73 
Timing unit, 73 
Transformers, amplifier, 43-46 

filament-heating, 4S 
mounting bases, 114 
plate-supply, 4S 
power-supply, 48 
push-pull, 46 
telephone, 47 
variable ratio, 46-47 

Tube, vacuum, bridge, 81-84 
Vacuum-tube bridge, Sl-S4 
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oscillators, 35-40 
voltmeter, 99- 100 

Variable air condensers, 5- 12 
inductors, 32, 83 

" ollngc divider. 25, 27- 30, 49 
Voltmeter, oxide-rectifier, 100-101, 10.5- 107 

tlJc rmionic, 99-100 
vacuum-tube, 99-100 

mlio trtlllSrOrmer, 46-47 
YariOCOlipicr,33 
Variometcr, 32, 38 
Vernier condenser, 12 

dial, 109 
Vibration gaiwlIlOlllctcr, 93-96 

\"olmnc controls, 2;;- 26, 27- 30 
Wull insulators. 11 3- 114 
Wave filters, 97 
Wavcmctcr, 66- 70 

experimental,68- 70 
precision. 66-68 

Laboratories, General Offices. and Factory of Gcncml n adio Compa ny at 
Cumbridgc. hl (lsSllcl lllsctts 

" 'c cordially invite you to visit our engineering labora­
tories the next time you are in Cambridge. 

The General R adio Company's plant is located at the 
corner of Windsor Street and State Street, just off l\{assa­
ehusctts Avenue. I t is halrway between Central Square 
:lnd the main educational group or the fila ssachusclls I n­
stituLe or rr echnology. 
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