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FOREWORD TO PART 3 

Catalog F, the complete catalog of General Radio lab­

oratory apparatus, now consist s of t hree parts: 

1. Catalog F, Junc, 1930 (known as " Part 1"). 

~. Catalog F, Part Q, April, 1931. 

3. Catnlog F, Part 3, October, 1931 (this booklet) . 

All previous catalogs and catalog supplements are obso­

lete and should be destroyed or marked "obsolete" to avoid 

possible confusion. 

I n the meantime, catalog supplements of the serIes 

1"-400, }-'-401,'F -402, etc., will be issued from time to time 

as the need arises. They will be announced in the General 

Radio Experimenter. 'Vatch for them. 
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CONDENSERS 

THE following chapter describes three new additions to OUf line of 
variable air condensers. 
T he TYl'E 222-1Vr Precision Condenser is a unit calibrated to read 

directly the capacitance diO'crence between a g iven setting near maximum 
and any other setting. It is designed for usc in making measurements oC 
capacitance by the substitution method. 

The TYl'E 539-T Variable Air Condenser is a straight-line-frequency 
model of the condensers described on page 123. It is recommended for usc 
in laboratory work where a fair ly close adherence to lhe straight-line law 
is desirable. 

The TYPE 568 Variable Air Condensers arc sma ll units designed fol' 
short-wave circuits. 

T YPE flflfl-M PRECISION CONI)ENSEIl 

TillS condenser bas been designed to provide a di rect-reading, adjustable standard of 
capacitance for use in the substitution measurement* of capacitance. 

In this method , which is ideal for small values of capacitance, the calibrated standard 
is placed ill parallel with the unknown. '.I'wo balances are required, the unknown capaci­
tance being given by the difference between the values of the standard when the unknown 
is connected and when it is discOllllected. 

The 1'1'11E 2~2-l\:[ Precision Condenser is arranged so that the capacitance difference 
may be read directly from t.he engraved scale, thus eliminating the use of a calibration 
chart and the computation of the unknown capacitance by subtract ion. Zero scal c reading 
corresponds to nearly maximum capacitance (about 1200 IJIJ£), the first bridge balance 
being taken with this selling. The scale reading for t he second balance may extend to a 
maximum difference capacitance of 1000 1J1Jf, corresponding to an actual capacitance of 
about 200 1J1Jf. 

The micrometer drum is div ided into 100 divisions, each corresponding to a change in 
capacitance of 11J1Jf. Ten turns of the drum cover the range of the instrument. 

The mcchanicaJ construction of t he condenser is similar to that of the TYPE 222-L }lre_ 
cision Condenser, described on page 6. The differences consist in the use of a 25:1 worm, a. 
reduced number of plates, and means tor the adjustment (in our laboratory) or two of 
these plates to give the desired calibration. 

Range: 
Change in ca.paeitance. 1000 IJlJf; capaci­

tance at zero seale reading abou t l ~OO IJlJf, 
the exact value being giveu with each in­
strument. 

Rotor Plates: 
Straight-linc capacitance (semicircular). 

I nsulation: 
I solant itc blocks; mica wi ndow for high­

Jlotentialtcrminal. 

Figure oj jJf erit: 
RwC2 is abou t 0.06 x 10- 12 based on 

measurements at 1000 cps., the exact valuc 
being given with each instrument. 

Drive: 
Gea r and spring-pressed worm lapped ill 

position to remove backlash. Ten tucns of 
t he worm cover the entire range or the COIl­

dellser. The micrometer drum is engraved 
witll 100 equally spaced divisions. 

Bac.:ldash: 
Less than Y2 of one division. 

Calibration: 
Each of the 100 divisions 011 tIle microm-

• Genernl Radio &perillllmter, Jalluary, Hl50, p. 5, and Instruction Book for '1'1" 1'1:: 216 Capneity 
Bridge, pp. 5-0. 
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172 GENERAL RADIO COMPANY 

clef drum corresponds to 1 J.l.J.l.f. Each 
condenser is individually adjusted in our 
laboratory so that all values of incremental 
capacitance are accu rate to within I llJl.f or 
0.1 % of the maximum. Divisions arc spaced 
sufficiently to permit estimating to tenth s 
(one part in 10,000) with practice. 

M Olllltillg: 
Aluminum panel finished in black crackle 

lacquer, mounted in copper-lined walnut 
cabinet. 

Type 
Ca1!hciIUIICC 

lumge 

2'l'l-M 1000 ppr I 

Carrying Ca3c: 
Each condenser is supplied in a storage 

case made of whitewood and filled wilh a 
lock and carrying handle. 

Dimc1!$io1l3: 
9Y2 (length) x 87.( (width) x OM (height.) 

inches, overall . 

' Veight: 
l '~.!4 pounds ror the mounted condenser 

only, 24 pounds with the carrying case. 

Cod, 
W",d P rice 

. . . . . . . . . . . . . . . . . I {."()RRA $100.00 

TYPI~i 539-1."' VARIABLE AIR CONDENSER 

TIUS is a stmight-Iine-rreq uency condenser whieh is similar in most details of construc­
tion to the straight-line-capaci tance models dcscribed on page 123. Complete data 

describiug the straight-line-treq uctlcy variation of t his unit are given in the follow ing 
specifi cations. 

Capacitance RCIIIge: 
SO J.lJ.If to :;00 J.lJ.If. These arc nominal 

valucs. Each condenscr has actual capaci­
tance valucs greater than the maximum and 
tess than the minimum, respectively. 

Rotor Pt(tles: 
Plates arc eut to give a. s traight-linc­

trC<llIency variation over 2500 or a possible 
~700 angle of rotation when a capacitance 
or 2:; J.lJ.lf is connected ill parallel with t he 
condenser. They arc assembled on t he shaft 
so that counter-c1oekwisc rotation produces 
an increase in frequency. 

FTequency Ratio: 
3 to 1. starting from a condenser mml­

mum of 50 J.l.J.I.f. 

111.,ulat-ion: 
T wo bars of isolalltitc, specially t reated 

to prevent absorption of moisturc. support 
the stator assembly . 

AI axim1l11l V oUage: 
550 volts. breakdown. 

Figure of Mer·it: 
RwC'J is approximately 0.03 x 10- 12 

Capacitance Maxim um. 

(based on measu rements a.t 1000 cps.). 

Drite: 
'Vhen mounted on a panel , the %-i neh 

steel shaft extends beyond the back face 
or the panel enough to attach a d ial. No 
knob, dial, or friction drive is included , but 
the use or the Tn}; 503-G Dial is recom­
mended. 

Calibration: 
No calibration is include<1. 

AI OU1!ti1! 9 : 
T his condenscr is carrie<1 in stock un­

mounted without panel or cabinet. A dri ll ­
ing template is furnished. 

Mounted models, similar to the '1'\'J' E 

5S9-A, Typf: 599-13, and TYp~"! 539-C Va­
riableAir Condensers,dcscribe<1 Oil page I )lS, 

can be bu ilt to order. Prices on request. 

Dimensions: 
This unit extends 7 Y8 inches behi nd a 

panel and requires a panel space 5}1 inches 
square. 

III eight: 
2% pounds. 

Type .M(U"imum Mi" imum Voltage MOI,lIIting 
Code 
Word Price 

5S9-T I 500 ""r 1 so ""r \ 550 volts I Unmounted L ......... \ Cl.os£ SH!.OO 



 

CONDENSERS 173 

T YPE 568 V ARI ABL E A IR C ON DENSERS 

TH ESE arc condensers of rugged construction for use as tuning elements in short-~\'nve 
recei\'crs, transmitters, and wavemeters. They arc designed for t andem mounting, a 

hollow sindt permilLing the usc of a single long bakelite or metal shaft for driving several 
units. The isolantitc end plates help to keep the losses at a min imum. 

Hal/Uc: 
Two sizes arc available. Sec the price list. 

Rolor Plates: 
Straight-line capacitance for the 'fn'E 

568.]) and straight-li ne frequency for the 
T1'PE 5GS-I< Variable Air Condensers. 

I nsulution: 
IsolantilC end plates. 

MaxillHl1n Voltage: 
500 volls, peak. 

""if/lire of Merit: 
RwC:! = 0.03 x 10- 12 based on measure­

ments at 1000 cps. 

Drive: 
The rolor is attached to a hollow shaft 

through which a Ys-inch insulating or con· 
ducting shaft m ay be sl ipped und fastencd 
with two set screws. T his permi ts driv ing 
several units which have been mounted in 
tandem wit h the sume shaft. Bakel ite shaft 
extending a maximu m of 1 % inches from 
rear fuce of mounti ng pane] is supplied with 
each condenser. 

Mount ing: 
T hree tappC(] inserts attached to one end 

plate on a Ys-ineh rad ius are provided for 
moun ting t he condenser 011 a panel of ally 

thickness between U and ~{6 ill(!h . Drill ing 
template and three flathead machinescrc\\'s 
arc furn ished . 

DimclIsions: 
Panel space, 2)4' x 2% inches requ ired . 

Overall depth behind panel (exclusive of 
the shaft), 2~ inches. 

Weight: 
%' pound . 

A T n ' l:.: 568-1) Variable Air Condenser. Nole 
the isolantite end pltlles and the removable 

bakelite slmft 

Capacitance Plate Rota/ioll Code 
T!lpe Jl!axillwm Minhlltltn Shape Allyle Word Pricc 

50S-D 175 ,.,.£ l~ ,.,.f SLC 1800 
CLOVE $4 .00 

568-K 50 ,.,.f 12,.,.£ SU ' 2700 
CI.OUD 4.00 



 

RESISTANCE DEVICES 

FOUR new additions to OU f line of resistance devices arc described in 
this chapter. 
T he TYPE 102 Decade-Resistance Boxes, hundreds of which are 

used in laboratories all over the world . a rc now superseded by the TYPE 

602 Decade-Resistance Boxes. The principal change is in the mechan ical 
construction by which the resistors a re shielded and the contact surraces 
protected from d ust. The T YPE 510 Dec~Hlc-Resistance Units are indi­
vidual shielded decades which may be readily buil t into laboratory equip­
ment constructed by the user. 

As an extension to the General R adio Company's line of accessories 
there has been developed a new mounting case for circuit clements such 
as resistors and condensers. At present only the T YPE 500 R esistors are 
available. This unit is so designed that it may be eq uipped with TYPE 
274-E l:Jlugs having jack shanks and be plugged in to any piece of eq uip­
ment having the TYP E 274-J Jacks, or the TYPE 138-V or TYPE 138-X 
Binding Posts, provided these are moun ted 011 the %-inch spacing which 
is standard in General Radio assemblies. They are a valuable addition to 
the recently announced TYPE 293-A Universal Bridge, for instance, 

A change in the TYPE 214 R heostats and Potentiometers, and a. new 
low-cost volume control complete the list. 

TYPE 602 DECADE-RES ISTAKCE BOXES 

ANEW line of decade-resistance boxes incorporating improvements resulting from our 
many years of experience with the Tl:PE 102 Decade-Resistance Boxes has been de­

veloped. The resistance characteristics of the 'l'l:I>f: (j02 Decade-Resistance Boxes are in 
general quitc similnr to those of the T Y PE 102 Decade-Resistance lloxes. Im provements 
have been made in the switching arrangement. The switch contacts of t he TYPE (j02 
Decade-Resistance Boxcs arc behind t he panel, enclosed within the cabinet, and are thus 
completely protectcd from dust accumulation. The con tact areas have been very con­
siderably increased and a new type of switch assembly is used. The net resu lt of these 
changes has been to reduce the contact resistance greatly. The switch resistance has been 
r(:dueed by this means to approximately 0.0015 ohm per switch. Cabinets arc metal lined 
and panels are aluminu m. 

The types of resistance cards used in these boxes arc described on page 15 of Cnlalog F . 
Types A and B arc used. 

These decade resistances arc intended (or use in all types of alternating-current measllre­
ments, such as bridge and tuned circuits, at a ll frequ encies from the lowest commercial 
rrcquencies up t hrough the broadcast band of frequencies and into the short-wave region. 
The frequency at which serious error appears depends on the size of the resistance and the 
usc to which it is put: whether it is used in a t uncd circuit, in which case its reactance is 
neu tralized by the tuning condenser. or whether it is used as a voltage-drop device. Such 
limits as have beeu ascertained are given in Data Table n. These resistances are equally 
useful in direct-current measurements, except where a complete absence of thcrmal electro­
moti ve forces is essentia l. 

These resistances are adjusted to have their specified values at their own terminals and 
not at the terminals of the box. The resistance measured at the box terminals will there­
fore bc high by the tot al switch resist ance, which amou nts to about 0.0015 ohm per switcb. 

[ 174 J 



 

RESISTANCE DEVICES 175 

T his method of adjustment has been adopted primarily because no method in w}lich t he 
switch resistance is absorbe<1 in some one un it of a decade can give the correct value of the 
total resistance for all sett ings of the various decades. T here nrc also many types of mea· 
surcmclll in which the difl'ercllcc in two settings of a resistance box is significaul. This 
difl'crcncc is given correctly only when the individual resistances have been adjusted 
independently of switch resistance. 

Each decade has eleven contact studs and ten resistance units. Th is feature is especially 
convenient when working at ei ther end of a dial. 

Range: 
See price list. 

Type of 1V1'/ldi,lg: 
Sec Data Table I for type of winding, 

size, and material of wire. 

S'witchcs: 
Quadruple-leaf, phosphor-bronze sw itches 

bcar on contact studs % iuch ill diamcter. 
Switch brushes are bent so as not to be tan­
gent to the arc of travel. A cam-type detent 
is provided. T here are elcvcn contact points 
(0 to 10 inclusive). 

Accuracy of Adjustmel1t: 
Sec Data Table I for accuracy of direct­

current adj ustments at term inals of unit. 
Add 0.00] 5 ohm pcr switch for correct 
resistuncc at tcrminals of box. 

Frequency Error: 
Sec Data Table II for frequencies for 

which error is less than a given percentage 
when that cle<;a.de is used either in a tlllH..-d 
circuit or in an untuned drop-wire circuit. 
The inductance of the wiring is about 0. 1 
microhenry per switch. 

Temperature Coefficient: 
Less than ±O.OO;l% per degrec C. fo r 

both Manganin and Advance wire, 0.0 1% 
for Tophet. 

Alaxi-mu1n Current: 
Sec Data Table I for values of current 

necessary to produce a temperature rise of 
20° and 40° C. A safe temperature rise is 
20° C. and 40° C. risc, an absolute upper 
limit. 

bfOillltillg: 
Switches and resistances are entirely ell­

closed in a copper-lined cabinet of pol ishcd 
walnu t wi th an aluminum panel finished in 
black crackle lacquer. 

Dimensions: 
5 (width ) x 5 inches (depth ), overall. 

The length of each cabinet is given in the 
price list. 

A T1"I'E G02.-J Dccade-Hcsistance Box, rcp r(!SCIl­
t,,,t i\"c or II new line or boxcs with submounlcd 

switches 

DATA T ABLE I 

Decade 

0.1 ohm 
1.0 " 
10 ohms 

100 .. 
1000 " 

to,OOO " 

Typeej 
lVi ndillg 

Bifilar 
Ayrton-Pcrry 
Ayrton-Perry 
Ayrlon-Perry 
Unifilar 
Unifilar 

A ccuracy 

1 ~ 0.25 0 
0.1 % 
0.1 0 
0. 1 ~ 
0. 1 0 

Cflrrcl1tjor Telltptro/!lre Ri~c oj 
roO c. J,(I' C. Material 

2.0 3.m~crcs S nlll l>Cres Advance 
GOO mil ia~!lpcrcs 1 lllnl:rc l\.Iangilnin 
170 250 mil inlllpcres Mnngn nin 
40 " 00 " Mnnganin 
10 " 17 " l\ la ngauin 
10 " 17 " Tophcl 
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Three T¥PE 510 Dccade-Resistunce Boxes with the individual shields removed to show the 
construclion or the individual resistors 

D .nA 'l'.'I.BLE II 
Freq\lClicies in kc. for which error is less thlln yalue staled 

J)ccade 

0. 1 ohm 
1.0 " 
iO ohms 

100 " 
1000 

10,000 " 

'l'UllCd CirCllit V,e 
1% 5% 

500 ke. 
1000 kc. 
2000 kc. 
1000 kc. 
500 kc. 
100 kc. 

1000 kc. 
2000 kc. 
4000 kc. 
2000 kc. 
1000 kc. 
200 kc. 

Typ' J/azilllum Rt8idauct 
No. of 
DiallS 

PI/ lid 
I,clty/II 

6011-1) 11.0 ohms in steps of 0.1 • 7%" ill. 
602-E 110.0 .. .. .. .. 1.0 , 7%' in. 
(I0~- I" 111 .0 " .. .. " 0. 1 :1 iOh in. 
G02·G 1110.0 .. " " .. 1.0 3 IO~ in. 
G02-K 1111.0 .. .. .. .. 0.1 ., 13 in. 
IlO2-J 11 ,110.0 " " .. .. 1.0 , 13 in. 
60~·N 11,111.0 .. .. " " 0.1 , 15% in. 
6ln-U 111.11 0.0 " " " ., 

1.0 , 15% in. 
602·L 111,100.0 " .. " " 10.0 ., 13 iu. 

Voltage Drop U8t 
2% 10% 

100 kc. 
;:;0 kc. 
20 ke. 
]0 kc. 

Weight 

4.!4' lb. 
4U lb. 
472 lb. 
,'~ lb. 

• lb. , lb. 
6M lb . 
67.f lb. 
s lb. 

Cod, 
Word 

1)1::<;0\' 

1l~:CRY 

DF. LTA 

DlOIT 

500 kc. 
100 kc. 
.50 kc. 
20 h :. 

Prict 

$'l5.00 
25.00 
$5.00 
35.00 

o n 'EIi 45.00 
DEBIT 50.00 
UE~IOS 62.00 
VB»t IT iO.OO 
UY-CAY 58.00 
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TYPE 510 D ECA DE-RESI STA NCE UN l'rS 

THE THE 510 Decade-Resist ance Units urc single decade-resistance units simi lar in 
construction and characterist ics t o the individual dials of the TYPE 602 Decade­

Resistance Boxes. The individual decades, consisting of len units with eleveu steps (0 to 10 
inclusi\Oc) , arc provided for panel mounting and include a shielding can and etched dial 
plate. 

RlIIlge: 
Sec price list. 

Type of lVi"d1·lIg: 
Ideu tical with correspondi ng resistance 

values in 'l'YI'E 602 Dccade-Hesistuncc 
Boxes. 
Accuracy oJ Adjustment: 

Identical wilh corresponding resistance 
values in Tnt; 602 Decudc-Hcsistance 
lloxes. 
Freque1lcy Error: 

I dentical wi th oorrespondi ug values for 
'!'YPE 602 Dccade-Resistullce Boxcs. 

Afaximliln Current: 
Idcntical with corrcsponding rcsistn nce 

values in T YPE 602 Decade-Resistance 
Boxes. See Data Table 1. 

M O'll1ltillg: 
))a.nel mounting with shielding call. Com­

bination dial plate and drilling template 
prov ided. Takes ,Y.t- or %-inch panel. 

Dimellsions: 
3!{, inches diameter, 3~ inches dcpth be­

hind panel, knob projects I~ ineh in 
rront of panel. 

Temperature Coefficient: ' ''eight: 
Less than ± 0.002% per degree C. fo r ] 1 ounces. 

both l\fangnnin and Advance wire. 

't ype 

5 10-A 
5 10·8 
510-C 
.'H O- o 
51O·E 
5 10-F 

Sit/» 

Ten Ten ths . . . 
Ten Unils .... ... . 
Ten Tens .... . .. . 
Ten Hundreds . . . . . . 
Ten Thousands . . . 
Ten Ten Thousands .... 

T YPE 500 R ES LSTORS 

SCREw-'l'En~flNA.L j\ IOOELS 

.:I.ATE 

.; 1.01::11 

1:1.1:0Y 

t:I.BOW 
Et.ECT 
ELVAN 

Price 

$8.50 
8.50 
8.50 
8.50 

13.00 
10.00 

THESE uuits contain non· inductive card s similar in l.'Qllstruction Lo those used 011 thc 
'11."I'E 602 Dccade-Hesistance Boxcs and the '11."1'1:: 5 10 Dccade.Resistunce Units. Each 

resistor is contained within a moulded bakelite cnse, t he latter being filled with an im­
pregnating wa:x, tbus assuring the stability of the eleclrical characterist ics of the clement. 
Screw lerminals are mounted on u projecting lug. 

They may he mountcd in either permancilt or temporary equipment. T hey are par­
t icularly useful in special measuring or testing equipment . It will also be noLed that the 
resistors have values suitable for use as terminating impedances in lines having ally of the 
commonly used characteristic impedances. 

Units with standard plug.and·jack terminals arc also available. see page 178. 

Range: 
See price list ror available values of re­

sistance. 

Accuracy: 
All units arc adjusted to be within 0.5% 

or their ind icated resistance. 
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Load~CarryilllJ Capacity: 
Each unit of this series will safely dissi. 

pate 2 waUs. 

Dimensions: 
2!1\ (length) x IJ4 (width) x 1 ineh 

(heigh t), overall . 

Jl! eight: 
2 ounces. 

TYI'~: 500-D Resislor 
One of the screw-lefluinal models 

Type Re.tistollce 
C1lrrellt-Corryiltg 

Capacity 

500-A I ohm l .r. amperes 
500-D 10 ohms 0.5 am~re 
500-C 50 " 0.' 
,'mOoD 100 150 millial~reres 
500-E 200 100 
500-1" 500 00 " 
500-G GOO " GO " 
MO-H 1000 " .'i0 " 
500·J 10,000 15 

PLUG-TERMINAL J)iOJ)EI,s 

THESE are identical in construction with the 
units described above. except that they arc 

provided with apair of TYPE 274-EPlugs mountcd 
on standard %-inch spacing, in such a way that a 
number of units may be connected in parallel by 
stacking one 011 top or the other. 

1'ype 

500-A P 1 ohm 
500-B P 10 ohms 
500-CP 50 " 
500-01' 100 " 
500-E P 200 " 
500-FP 500 " 
500-GP (j00 " 
:;OO- H P 1000 " 
500..JP 10,000 " 

Current-Carrying 
Capacity 

1.5 amperes 
0.5 ampcrc 
0.' " 

150 millia~pcres 
100 
60 " 
60 " 
50 .. 
15 " 

Cod, 
Wo-rd Price 

RESISTlllll[) $'2.00 
RESISTDESK 2.00 
11 I>Slsn'OR[) 2.00 
RESISTt' IlOG 'l.00 
UES ISTGIIIL 2.00 
nf"..5 ISTCOAT 2.00 
RESISTGOOD 2.00 
RESISTItYMN 2.00 
HL'SISTMII.K 2.00 

Tn>E 500·01' Hc~istor 
A I)lug·terminal model 

Cod, 
Word 

RESIST~IOAT 

RESISTM USII 
IIESISTi>AL~i 

IIESIS'I"PQKE 
RESTSTR.\.CK 
UES1STSEJ\.T 
nt:S ISTl;I IOt; 

RESISTSLOE 
RESISffOAU 

Price 

82.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
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T YPE 214 RHEOSTATS 

THE 50-ohm and £500-ohoo rheostats arc now carried in stock as potentiometers. The 
addition of the third terminal in no way interferes with the use as a rheostat, in fact 

either direction of rolation can now be obtained without altering the ullit in any way. 
The price list from pages Q.8 and 29 is repeated below with corrections for cOllvenience 

in reference. 

Type 
Totat 

!lcsi.$/allce 

PANEL-!\fOU",TING l\fOOELS 

.Maximum 
Currellt 

Cod, 
Word Price 

0.75 ohm 4, amperes SiliNY $1.50 214-A 
!H '1-A 
2B -!\. 
214-.'\ . 

2 ohms . . . . . . . . .. .......:. 2.5 " n UDDY 1.50 

Type 

2 14-B 
2 14-B 
2 J.1-B 
2 H -B 

7 " 
20 

'l'olal 
nesis/all cc 

0.75 ohm 
2 ohms 
7 " 

20 

1.3 
0.75 ampere 

,lfClximllm 
Currellt 

4 amperes 
2.5 " 
1.3 
0.75 ampere 

l !uHAL 1.50 
RAZOR 1.50 

Code 
W ord Price 

SILLY $1.50 
RUMOR 1..50 
RUSTY 1.50 
1l~;AOY J.50 

TYPE 2 14 POTENTIOMETERS 

I N additioll to the t wo TYPE 214 Rheostats now supplied as potentiometers. the 100-, 
QOO-. and 1000-ohm sizes are now carried in stock. Only panel-mounting models are 

regularly carried in stock. 
The price list rrom page 29 is repeated below with corrections ror convenience lit 

reference. 

Total Maxi7lwm Cod, 
1'ypc ilesistullce Currcllt Word Price 

214-A 50 ohms 500 mill iamperes RAPID 81.50 
214-A 100 " 350 " RI\'L'T 1.50 . ........ . 
214-.'\ 200 " 250 " .:~IP'fY 1.50 ......... . . . 
214-A 400 " 175 " ROSIN 1.50 
214-.'\ 1000 " 110 ENACT 1.75 
214-A !MOO " 70 SYRU P 2.00 

T YPE 652 VOLUME CONTROLS 

THE General Radio T>' l'E (l52 Volume Control employs an entirely new circuit and me­
chanical construction whieh makes possible a unit with e.xcellent electrical and mechan­

ical properties at a low cost. Tcchnical information, in addition to that which rollows. was 
published in the General Badio Experimenter ror June. 19S1. 

Design: 
The unit is very compact. Five can be 

mounted side by side on a standard tn-inch 
relay-rack panel. 

Thc impedance is approx imately constant 
at both the input and output to the control 
and the attenuation is linear rrom 0 to 45 
decibels. Above 45 decibels. it increases con­
tinuously, but rapidly. to infinite attcnua-

tion or cut-off. The units are assembled so 
that clockwise rotation or the knob reduces 
the attenuation; that is. an increase in vol­
ume occurs with clockwise rotation. 

Most of the troubles inherent in the slide­
wire type of control are due to the noise 
caused by the sliding contacts on the wire 
resistor. Every effort has been made in the 
TYPE 652 Volu me Control to reduce such 
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T he compactness tlnd linear nltClluation charac­
teristic of the TYI' l: G.52 \'ol ume Controls make 

them ideal rOT mon itoring installations 

iutcrrerCllce to a minimum. The circuit, CUl­
ployed is such that only one sliding contact 
is necessary, which immediately reduces 
contact troubles by one-hair. 

The slider con tact is made trom Ad vance 
meta!. The resistance unit is wound with 
t he same material, which practically re­
moves the noise due to contact potential. 
These contacts will withstand over 200,000 
operations without serious wear . The resis­
tance units a re mounted 0 11 a bronze casting 
which spaces them about 1M inches from 
the panel. This spacing is very desirable 
since it entirely eliminates the introduction 
of hu m and cxtraneous disturbances due to 
the body capacity of the operator. 

T he photo-etched scale is engraved di­
rectly ill decibels or at tenuation. 

TUT" 

Mi-i\JA 
65~-MD 
G52-M C 

50 ohms 
200 ., 
.500 .. 

T he 'l'yp}: 65~ Volume Control may be 
used in any voice circu it, but is particularly 
recommended ror use as a microphone 
mixer. T he noise level is extremely low and 
thecolilrois may be used in circuits at levels 
as low as - 60 to - SO decibels withollt intro­
ducing object ionable 1I0ise into t he ci rcuit. 

Attenuation Ra llge: 
Li near from 0 to 45 decibels, increasing 

rapidly to infin ity, contin uously variable. 

T ype of IVilidillg: 
Unifilar 0 11 thin bnkel ite strips. Ladder 

network. 

Terl/l'iual T'IIt1Jedance: 
,m, 200, or 500 ohms as specified in the 

pri l."C list. 

Sldeldil'g: 
A black japanned alumi nu m co"er is pro­

vided as a protcction Ilgll illSt dust and dirt. 
ami as an electrostatic shield. T he wiring is 
also protected by a concentric al ufninum 
tube inside of t he mai n shield. 

Contacts: 
Advance metal backed by stiff phosphor­

bronze spring. Connection to slider is made 
by flexible pigtail. 

AlOIHltillg: 
P anel mounting by usiug circular etched 

melal name plate, which carries scale and 
pointer stops, as a drilling template. Two 
mounting boles, diametrically spaeed.stand­
ard distance or 1~ illehes apart, are re­
quired. Same screws th at mount attenuator 
t o the rear of panel hold the scale to the 
front. 

Size 8-3~ mou nt ing screws su pplied with 
the instrument are long enough ror panel 
thickness up to % inch . The shaft has two 
bearings, the rear olle of bronze. Shaft is 
electrically dead. 

Dillwuions: 
Sculeand maximum dia meter, 2Ya inches. 

Q,·crall depth , 5.J,4 inches. Deplh back of 
panel . 4 inches. 

IV eight : 
2.J.1lxHIIHls. 

Cod, 
Word 

CANTO 
CAPER 

CAPON 

Price 

$ li .50 
12.50 
12.50 



 

OSCILLA TORS 

THE new 'l'ypr.; 508-A Oscillator described below is an aud io oscill ator 
of fairl y large output operated from the 110-volt altern ating-currcnt 

source. 

TYPE .508-A O SCILLATOR 

(ALTERNATlNG-CURRENT OPERATEIl ) 

The 1'Yl'i: 50S-AM Oscillator; the cabinet-mou uted model 

THIS instrument has been designed to meet the demand for a convenient source of 
alternating current for lise in bridge measurements and in studies relating to electrical 

commu nication systems, where it is necessary that measurements be made at a ntlmber 
of different frequencies. The oscillator is a rranged so that severa l frequencies, separated 
by approxi mately equal percentage intervals and covering the morc commonly used 
portion of the audio range, arc obtained by the manipulat ion of a single selector switch. 
I n many measurements of the type for which t his inst rument is intended. considerable 
amounts of power are required; the 'l '1'I'E 50S-A Oscillator, therefore, operates at a high 
power level. I t is entirely alternating-current operated, as in this way the power required 
is obtained at a minimum expense, and th e necessity for maintaini ng an external power­
supply system is avoided. 

Frequency Range: Power Output: 
0.5 watts into a load of 2000 ohms. The 

output is adj ust able by means of a 'I'YPE 
371 Potentiometer. 

I nfernal Outplli Impedance: 

The frequencies available are 200, SOO, 
400, 600, 800, 1000, 1600, 2000, 8000 and 
4000 cps. Selection is made by a I O-point 
switch. By means of all external condenser, 
not supplied with the inst rument , any inter­
mediate frequency with in t his range may 
be obtained. 2000 ohms, at maximum output. 
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Waveform: 
On open circuit, the total harmonic con· 

tent of the output wave is less than 8% of 
the lundamentai amplitude. This increases 
as the load impedance is reduced. approach. 
ing a maximum of 11% when the output 
terminals are short-circuited. The maxi­
mum open-circuit hum voltage across the 
terminals is 0.5 vol ts. 

Frequency Stability: 
Within 5% of the indicated value. 

MOUl/tillg : 
The apparatus is mounted on a metal 

shelf, secured to an aluminum front panel. 
The circuit is entirely enclosed in a metallic 
shield to prevent pickup to associated appa­
ratus. As normall y supplied , the shie1ded 
oscill ator unit is mounted in a hand-rubbed 
walnut cabinet. T he panel dimensions are 
such, however. thnt the unit may be re-

moved from the cabinel and pro"idcd with 
panel·extension plates by which it may be 
mounted upon a standard relay rack. (Sec 
ALTERN'AT I\'E :M OUNT ING below.) 

T1J~$: 

One 245.type tube and one 2S0·type 
rectifier tube, not included in the price of 
the instrument, are required. 

Power S upply: 
Power is obtained entirely from IIO·volt 

alternating current, 60.cps. line. Thc 
pOWer drain is 40 watts. 

Dime118wns: 
Panel, ] 5 x S%" x ~ inches. Depth of 

shielded unit behind panel, 10 inches. Com­
plete cabinet assembly, 18x10x1 2J,(illches. 

Weight: 
SS%, pounds, 

Ty~ Code Word Price 

-50S·AM I Cabinel moun ti ng ...... . . ...... ..... . .. .. .... ... ..... . 1 ARnow 1$120.00 

't l'ancl is engraved " Tl' PE 50S·A." 

TYPE 50S-A O SCILLATOR 

(ALTElli"'ATI VE MOUNTIN O) 

THE height of the panel has been made to conform to standard relay.rack specifica. 
tions. The unit may be removcd from the walnut cabinel and provided with panel. 

extension plates, which increase the panel length up to 19 inches. It may, therefore, be 
mounted in any standard relay.rack assembly. 

Dimensions: Weight: 
Panel , 19 x 8%" x Y4 inches. 

Depth behind panel, 10 inches. 
soU pounds. 

Typ' Code Word Price 

-S08·.,\R I For relay· rack mounting . . .. . .. . . . . . . .... ... . ........ . Anso!\"" $105.00 

· Pnncl is engraved "Tl'PF. 50S·A." 



 

AMPLIFIERS 

I N this chapter is listed a new high-gain amplifier in which stability and 
frecdom from noise arc impOitant design features . It is intended for 
general la.horatory work in conj unction with photocells, microphones. 

01' bridge ci rcuits. 

T YPE 514-A A.\IPLl FIER 

As methods for making cicclricai mcasurCllIcnts at various freq uencies increase ill accu­
racy. there has arisen a demand for an amplifier somewhat. different in perrormance 

r rom those generally 11 "ailable. r 'or work in connection with precision measurements, such 
an amplifier must be capable of operating on signa ls of ext remely low illtensity and should 
co\"er a wide range or frequencies with fairly uniform cfficicncy. ll will be recognized t hat 
these operating characleristics tire csscn tiul where an amplifier is to be used in determining 
the null point in bridge measu rements and in si milar work. II is also necessary that the 
amplification be stable in order that the am plifier may be used for comparison methoos. 

Design: 
The T HE 5B -A Amplificr , designed to 

meet the abo"e operating requirements, 
em ploys a three-stage resistance-capaci­
tance-coupled circuit operated entirely by 
dry batteries. The in put illlpedau(.'c may be 
\'aried to meet external circuit <:oud itions 
and lIl ay ha"c "alues su fHciclItly h igh to 
permitthc amplifier to be Il sed ror observa.­
t ions of voltage ileross high impedances. 
Thc output is designed to work into load 
impedallccs of 20,000 ohms, I t is, UlCrefore, 
su itahle (or usc with hcadphones or "'ith a 
(.'Oppcr-oxide-rcctifier voltllieter, \rhell used 
with the littler instrument it fundions ad-

T he TYI'E 5 1" ·t\ i\l Am· 
plifie r (cabi net - moulltl.'(l 
model). At lhe lert is a 
T r l't: !i 14·Pl Scyen·Con· 
la(!l Plug Unit by lIleans 
of which nuxi liary equip­
ment may be operated 
rrom t.l J(! balteries inside 

the inst rument 

mirahly as a ltigh-impedance high-sensi­
t ivity voltmeter, By mcans of It volu mc 
contl'ol IIM'ing ft numbered seale it is pos­
sih le to adjust thc scnsi ti"ity to some pre­
determi ned ea lihratiOll, 

.\ 1l11llti·conlaCl plug re<,.'cptacle is 
mounk'(l ill such a way that external cir­
(:lIits, such as condenser tmllsmitters, 
phot.o-eleclrie cells, and similar devices, to­
get hcl' wi th th eil' nssociatcd amplifying 
tu bes. lila:", be cOllnecte<1 to tile fl\' I '~: 5 14-A 
Ampl ificr by Illcnns of :~ single cable ali(I a 
T1"I'~; 514-Pl SC\'en-Colltuct Plug Unit. 
Where such am:i liary C<l uipm ent is IIsl.'(l, 
t he ent.ire power su pply may be ohtaillcd 

r l R~ 1 
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from the balleries associated with the 1yJ'}; 
514.A Amplifier through conneetiolls to the 
multi-contact receptacle. 

Input b npedallcc: 
One megohm. Interchangeable coupling 

units may be used to give other values as 
required. 

Output: 
With a 2S0-type tllbe 12 vol ts may be 

obtained across an external load of 5!O,OOO 
ohms. With a !l3 1-type lube 15 volts may 
be obtained across an e.xtcrnalload of 5000 
ohms. 

Atn1>l1fication: 
With a 230-type tube and an external 

load of 20,000 ob illS the voltage amplifica­
tion is in excess of 200 to 1. '''ith a 2S I-type 
tube and all cXlcrnal load of 5000 ohms the 
voltage amplification is in excess of 50 to 1. 
Ampli6cntion is adjustable by means of a 
potentiometer in the grid circuit of the 
second tube. 

Prequc,!c.1l Range: 
The gain of this amplifier is practically 

constant over the frequency band between 
50 cps. and 50 ke. a lthough the actual upper 
limits arc determined to a la rge extent by 
the tube and value of load resistance used. 
More speciRe dala arc available on request. 

Mounting: 
The apparatus is mounted on a metal 

shelf secured to ltn alum inum front pa nel. 

Type 

·514-AM I Cabinet mounting. 
• Panel is engraved '''1'1'1'1:: 514-A." 

,:;:t.~'.'M ' _"'!:«> 

" 
. -. ,.\" ;' <'<-
ri .. .y.;' . ~ .. .... ." - -. 

",~ .' , 

0 , 

-
IJ 

and is cnti rely enclosed in a. metallic shield 
to prcvent picku p from associated appa~ 
rlltus. This unit as norm ally supplied is 
mounted in a walnut cabinet having space 
for battcrics. The ampliRer unit can be sup~ 
plied for rclay-rack mounting as described 
below under " Alternative :Mounting. " 

Tubes: 
Three 2S0-type tubes. or two 230-type 

and one 2S1-type lubes. arc required. Tubes 
arc not included in the price of the am­
plifier. 

Power Supply: 
Two lo5-volt No. (l dry cells, three 45-

volt block batteries. and one 4.5-volt or 
aile 22.5-volt block battery with tap at 4 . .:'i 
volts arc required for filamellt- . plate-, and 
grid-circuit supplies. respecti\'e1y. The fila­
ment-current drain is 180 milliamperes at 
2 volts; 250 milliamperes at 2 volts. if the 
2S1-type tube be uscd. The total plate cu r­
rent is 2.4 milliamperes at 135 volts; or S.4 
milliamperes. if the flSl- type tube be used. 
Bat teries arc not included in the price of 
the am plifier. 

DimcnsiolUt: 
Panel size. 12 x 7 x.74' inches; overall 

cabinet size. 15 x. 8M x 12.J.4 inches. 

Weight: 
l 'l~ pounds withoul baltcrics;29 pounds 

with balteries. 

. . . . . . . . I 

.. ~n_._. 

e , 

• ~ ........ 
~ 3 ' 

~~ 
, 

Code 
Word 

"n(ws 

• 

~ 

Price 

$70.00 

The T n'.; sa-AU Amplifier for mou nting in It standard I9-inch relay rack 
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TYPE 514-A A i\'lPLIFIER 

(AUE RNATIVE MOUNTINO) 

THE height of the panel has been made to conform to standard relay-rack specifications. 
The unit may be removed from the wal nut cabinet and provided with panel-extension 

plates which increase the panel length to 19 inches. It may, therefore, be mounted in any 
standard relay-rack assembly. When so mounted , the batteries may be located in any con­
ven ient place not too distant, and connected by suitably shielded leads. A terminal strip 
is provided so that conncctions for the batteries may be made at the back of the panel. 

Dimensions: 
Overall depth behind panel, 6 inches; 

panel size wilh panel e.'itcnsions, I !) x 7 x Y:i 
inches. 

'I'ype 

·./j1 4-AR I Por relay-rack mounting . 

• Panel is engraved " T YPE 51 '~-A." 

IT' eight: 
JO Ys pounds without batteries. 

. . . . . . . . . . . . . . . . . . I 

Cod, 
Word 

A 1l:'lon 

TYPE 514-P A CCESSORIES 

Price 

$56.00 

FOR customers who wish to construct units wllich may be used in conjunction with thc 
TYI'E 514·A Amplifier, or who wish to connect external batteries by means or a cable 

and plug, wc can supply a separate mu lti-contact plug unit to fit the plug receptacle. This 
plug unit is the Yax\ey No. 635 pin plug and is available in many retail radio stores. 

Type 

5 14-P t I Seven-Contact Plug Unit . ... . . . . . . . . . . . . . . . . I 

C",u 
Word P-rice 

$1.00 



 

FREQUENCY- AND TIME-MEASURING 
DEVICES 

ABRIDGE-TYPE frequency meter for measuring audio rrequencies 
and two wavemcters are the new instruments described in this 
chapter. All three meet a definite need not fill ed by other available 

Il pparatus. 

TYPE 434-B FREQUENCY METER 

THE TYPE '~ 34 -.B Frequency :Mclcr bas been developed to provide It means for measu r­
ing. with an nect/racy of 0.5%, audio frequencies in the range from 20 Lo 20,000 cps. 

II makes II SC of the \vien bridge, which contains only resista nces and capacitances. This 
eliminates th e magnetic pickup which exists in all frequency meters cOlLtaining seIr or 
mutual inductance. 

T he meler is d irect-reading with un extremely IOllg scale. The lIteler has three frequency 
ranges difl'ering by ratios of 10:1, obtained by vitr,r ing the condensers by ratios of 10:1-
T hus the same scale is IIsed for all three frequency rangcs with decimal multiplying ractors. 

A TYI' ~: 434-8 Frequency :\lctcr with the lllultiplier swileh set at 10 ror Il runge or 
200 to 2000 cycles per seeond 
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The different frequen cies arc d istributed along the scalc \ogMith micall y, i.e., equal fre­
quency ratios occupy equal scale lengths. Th is makes the fractional accuracy COllstant 
over the ent ire scale. T his vcry desirable feature is obtained by a suitable shaping of 
the tapered resistors, which arc the variable unit s in the meter. The inductors used in 
otllcr types of frequency Illeters can not be sh npcd to ;yield any desired frequency 
distribution. 

T he resistance bub nee of the bridge is approximately maintained for all scale seltings. 
Exact balance is made by means of a su itable potentiometer. The setting of the frequency 
dial is not changed by lack of resistance balance. but merely dulled. 

T he nu ll detector is usually a pair or high-resistance head telephones. They arc suffi­
ciently sensitive to enable t he d ial to be sel to O.~j% wit h 2 volts applied to the bridge 
within the frequency range 300- 3000 cps .. if lhe waveform is pure. The dial may be set to 
0. ' % by applyi ng a higher voltage to the bridge or by using an amplifier such as t he TYn~ 
:i 14-A Ampl ifier bet wecllthe bridge und t he telephones. When t he harmonic content of 
the stlp ply is large, a low-pass fil ter, such as TYI' f: 330 Filter Sections, or a t uned circuit 
may be used for freq uencies less than the natural frequency of the telephones (about 900 
cps.). T he T YPE 'IS8-D1H Alternat ing-Current Voltmeter, preceded by the '! \·PE 514-A 
Amplifier and it TYPE 330 }<'i lter Section, may also be used as a nu ll det ector. 

Freqlle'iey Rallge: 
20- !W,000 cps. in three ranges by rlleans 

of a selector switch, 20- 200 cps., 200- 2000 
cps., 2000- 20,000 cps. 

C(lliimdioll : 
Ench instrument is indiv id ually ca li­

brated with more than suflicieut accuracy 
in terms of the General Badia Company's 
primary st anda rd of {requ euey. Each dial 
is then individually engraved. 

A ccllracu_· 
With su meient supply voltage or suffi~ 

eient amplifi cation on the null detector l1nd 
with a fa irly pure waveform, the d ial Inay 
be set to 0.1 %. The engraving on the d ial 
may be relied upon to within 0.5% a t aU 
positions. 

Dr-it'e: 
The 6-ineh dial turns t hrough an angle 

of 3200 which gi ves a seale length of about 
17 inches. It is driven by a slow-mot ion 
knob. 

Impedances: 
I nput, 3- 10 kilohms;olltput, 1-4 k iloh ms, 

the sma ller values corresponding to t he 
higher frequencies. 

Frequency 
Type Rallge 

434-B 20-20,000 cps. I 

SUP7Jly Voliage: 
50 volts, maxi mum. 

Accessories: 
A null detector will be requ ired to operate 

the instrument- This may be head tele­
phones such as the Western E lectric T ype 
1002-C or an lliuplificr-meter combination 
such as a 'l'Yl' f: 514-A Ampl ifier and a TYl'E 
'~ S8-DM i\ ltcfll atingCurrell t Voltmeter or a 
'l '1T E '126-A or T YPE W'Ul-A T hermionic 
Voltmeter, used ill conjunction with TYPE 
330 Fi lter Sections. Even with head tele­
phones an ampl ifier and filter sections may 
prove useful. 

COlltrols: 
F requency dial, ran ge selector swi tch, 

resistance balallee knob. 

MOU1! ti1!g: 
Aluminu m panel, U-inch thick, finished 

in black crackle lacquer, mounted in copper­
lined waln ut cabinet. 

Dimensions: 
N (length) x 8% (w idth) x 8~ inches 

(height), overall. 

Weight: 
15 X pounds, 

C<><k 
Word Price 

.. . , . .. . . . . . . . . . . I COl.on $125.00 
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A TY PE 419·1\ Rectifier.T ype WavclIlctcr with lhe fOli f induclors lind their ind ividua l 
calibratioll charts. The insert shows the method of plugging in an inductor 

TYPE 419-A R ECTI F I ER-TYPE WAVE"ETER 

THE 'l'l'l'E 419·A Rect ifier-Type Wavemclcr is a luned-circuit instrument for general 
usc in experimen tal work in the short-wa.ve blind between 1 and 15 meters. Provision 

is made fo r indicat ing resonance by means of a seU-contained vacuu m-tube rectifier which 
may be used in conjunction wilh either a micro-ammeter or n pair of telephone receivers. 
j\ ny olle of the numerous reaction methods may a lso be used. 

Frequency Ra nge: 
300 Me. to 20 Me. or 1 Oleter to 15 meters 

by using t he four plug-in inductors supplied 
with the instrument. 

Calibration: 
Eadl inductor is individually calibrated 

with the greatest possible accuracy at sev­
eral points in terms of t he General Radio 
Company's primary standard of frequency. 
Each one is supplied with an individually 
mounted calibrat ion curve wh ich relates 
condenser scale divisions and frequency in 
megacycles per sccond. Each chart also 
carries an auxiliary cu rve which permits the 

rapid conversion of frequency into wave­
length in meters. 

A ccllracy: 
The construction and calibration of this 

wavemeter are such t hat measurements, if 
carefully made, can be relied upon to within 
1% of the indicated frequency. 

Condw:1er: 
A unit similar ill construction to the 

TYpE 568 Variable Air Condenser and hav­
ing a straight-Ii ne.frequency variation is 
used. This is operated by a lOO·division, 
'!'YPE 503-G D ial of the friction-drivc type. 
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["ductors: 
Auy one of the four pJug-in inductors 

may be mounted in position at lhe side of 
the cabinet by means of a plug and jack 
arrangement. Storage space is prov ided in 
the boltom of the cabinet. for them when 
they arc not in lISC. The nominal (requency 
range of each is showo in the following 
table. A sufficient amount of overlap is 
allowed on each inductor. 

I llductor Frequt:/lcy IV (Ju icllglli 

D 2()- 40 Me. 15- 7.5 meters 
C 40- 75 iU c. 7.5- 4 " 
n 75- 150 Me. 4- , " 
A lfj()-300 Me. ,- 1 meter 

Re801wncc 1'ld1'calor: 
A ~SO-typc lube with plate and grid COIl­

nected together is used as a diode rectifier. 
This rectifier, in series with a high resistance 
for swamping out variations in its internal 
resistance when tubes arc changed, is con­
nected in parallcl with the tuning con· 
denser. Current is ind icated all a 100.micro· 
ampere galvanometcr or, if dcsired , a pair 
of tclephoncs may be inserted in thc circuit 
for maki ng allral observations on modu­
lated oscillators. 

Ueaction methods may also be used with 
the .same calibrations supplied with the 

Typ' FreqllellCY 

419-:\ 30(}-20 Me. 1- 15 meters 

instrument so long ns the tube IS in its 
socket. 
T1tbes: 

One :lSO-type tu be, not furnished with the 
instrument, is reqllirt.'d. The variation ill 
inter-electrode capacitance among d ifferent 
tubes of this type will not affect the 
calibration. 
Power Supply: 

Filament cu rrcnt for the tube is taken 
from a 1.5.voI L. No. G dr~' cell , mounting 
space for whieh is contained in the boltom 
of the cabinct. It is not supplied with the 
iustrument. 
Mounting: 

All equipment is carried on an aluminu m 
panel finished in black crackle lacquer. 
which in turn is mounted on a polished wal. 
nut cabinet. Space is provided ill the bottom 
for storing the dry cell. the lour inductors, 
and the four calibration curve charts. 
Accessories: 

The dry cell and the one tube are the only 
accessories requircd to pllt the wavemeter 
in operatioll after it is received. 
Dimensions: 

10 (length) x 7M (width) x 7 (depth) 
inches. overall. 
IV eight: 

7% pounds without tube or battery. 
C(1(ie 

Acclltocy Word Price 

1% $100.00 

TYPE 574 WAVElfETER 

THIS direct-reading tuned-circuit wavcllleter is well adapted for general purpose work 
in commercial. experimental, and educational laboratories. It is ullusually compact. 

and its wide frequency range and direct· reading reature make it usclul fo r determining 
quickly the frequencies of transmitters. receivers. and experimental oscillators. 

Its precision is adequate for most ordinary frequency measu rements. Even in high pre­
cision work the time.wasting a nd bothersome process of locating all unknown frequcney 
on a precision wavemetcr can often be simplified by first determining the approximate 
frequcncy with the T¥PE 574 Wavemetcr. 

F'reqllCllCY Range: 
lOG kc. to 70,000 kc. (1800 meters to 

'J.3 meters) , continuously, by using the 6ve 
plug-in inductors supplied with the instru­
ment. 

Accuracy: 
The construction and calibration of this 

wa.vemeter are such that. if carefully made. 

measurcments can be relied upon to wi thin 
1% of the indicated frequency. 
Calibration: 

Each inductor is individually calibrated 
at five points in terms of the General Uadio 
Company's primary standard of frequency, 
and intermediate l>Dints are secu red by 
interpolation. The scales themseh'es are 



 

190 GENERAL RADIO CO~ll'ANY 

COlldCIl$cr: 
A special Tn-.: 3~1 ·~ "ariable 

A ir Condenser Illo(lificd hy a re­
duction gear is used to spread the 
cal ibration senle o\'er approxi­
Jlw. tcly 3'l5°, Th is facilitates pre­
cise settings. The condenser is 
drj ,ocn by a slow-motion knob 
gca re<1 to the condenser shaft. 

i lUiuciors: 
AllY one of l ite fi ve plug-in in­

ductors may be mounted in posi­
t ion by mean s of two p in-t rpe 
plugs, while th e four lIot in lise afC 
stored ill a compartment. The,\' 
:II'C wound 011 mou lded bakelite 
for ms, ·1 inches in diameter and I 
inch long. The nom inal frequency 
r;mge of cach is shown ill the ac­
companying ta blc. A Sllfficieut 
amOllnt of o\'erlap is prov ided 011 

each induelor. 

/lei/flllancC Im/iclllor: 

'rop: The 'J' \'PE 574 Wavcmctcr mny cllsi1x be hcl(1 in olle halld 
when measuring tile frequency or lin oscillator by the plate· 
current reaction method. [Jot/Ollt: The five inductors showing 

Because of the necessity for 
light \\'cight a nd COInpacllless a nd 
becallse reSonance uetween a 
tUlied-circuit wavcmcter a nd a. 
vacuum-tuue oscillator is most 
e;\si ly und pn:c iscl ~· dctcrmincd by 
uuy OIiC of scvcral reaction mcth­
(M Is, ncither resonance indicator 
nor high-frequency gencrator is 
included. HeaclioJl methods are 
sim ple a nd req uire only plat.e or 
grid meters or un auxi liary oscil­
lating receiver. 

M OI/Ilt-illg: 

The L'OlIdeliscr is mounted on 
a typic:1I calibration 

engra\'ed 011 tile inductors, thus making 
the instrument direct-reading. Coi l A and 
Coil B are engraved in units ot megacycles 
per second , others in kilocyclcs per second. 

I "duclor 

E 
o 
C 
1l 
A 

Typ' 

Frequel/cy 

100- 500 kc. 
,')00- 1700 kc. 

1700- 6000 kc. 
6000- 18,000 ke. 

19-70,000 kc. 

FreqllellCY 

£' qu i t aicllt 
WlU:clclly(/t 

[1800- OOOJ meters 

I 600- 1701 " 
176- 501 " 

[ 50- 10.01 " 
[ 1G.6- 'I.SJ .. 

Equiralellf 
' ''au/ellglll 

a bakelite pa nel atLllchcd to the 
polish cd \\·alnllt case at onc cnd of which is 
th e storage compartmcnt for spare induc­
tors which a rc held in plaL'C by a spring 
clam p. 

Dimensions: 
11 (length) x 

(height), overal l. 

Weight: 

'Hi pounds. 

Accurllcy 

5 (w idth) x 5]12 inches 

Cod, 
WMd Price 

liH 106- 70,000 ke. 1800-4.3 meters CA I~ RY $50.00 



 

BRIDGES AND THEIR ACCESSORIES 

THE design of the new bridge described in this chapter is based on the 
fact that a lmost all bridges have Lhe sa me basic com ponents a1'l'anged 
in diffcl'cnt ways. The TYPE ~93-A U niversal Bridge has all these 

components (except power source a.nd null detec tor) with term inals so 
arranged that a large number of difJ'crent lJl'idgc ci rcu its can be se t lip. 

TYP I~ 293-A UNIV EHS,\ L BmnGB 

TH E T YPE 293-A lini\'crsal Bridge is dcsigucd to presen t u. rundamenta l cin:ui l which 
may he cotlllcclcu to produce a wide va riety of stand ard direct- and alternating­

clIr!'cul circuits. T he ins t rument cOllsists of three resistance arms and;t Lcrlllillal board ur 
means of \\' iJ icil the \'ariOlls ci rell its can be sel. II II with pl ugs a ud jacks. T he ur idge :Irr:mge­
mcu l permits the meaSllrcmcnt or indudance, ca pacit a nce, and r'csist:lllcc o"cr it ,,"ide rre-

TYPE 29:3-:\ Uni\"crsfI! Bridgc. The drnwer is used tor stori ng accessories 

I 191 1 
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qllcncy range (0- 50,000 cps.). The brid ge ca n also be set up as a frequency meter. The 
instrument has, therefore. a much wider gencrfl i \lsefulness in a college or measurement 
laboratory than the usual form of permanently assembled bridge circuit. 

The resistance arlllS of the bridge consist of two similar a rms, each having a total resis­
tance ot 11 ,110 ohms in four decade dials (1, 10, 100, and 1000 ohms), and a t hi rd a rm 
having resistances of I , 10, 100, 1000, and 10,000 ohms. 

When used {or resistance measurements, no additional standard is required. the S arm 
of the bridge being used as a standard . For inductance and capacitance measurements, an 
external standard is requ ired. The bridge does not includ e a null detector or power supply. 

The bridge elefllents a re shown diagrammat ically in the accompanying drawing, wh ich 
illustrates the points in t he circui ts wherc terminals a rc located. The bridge circuit is 
shown connected £or t he standard Wheatstone bridge. The dotted lines are connect ions 
made by Ill eans of the plug connectors on the t ermi nal board. The plu gs a re arranged in 
two groups, eaeh group term inat ing elcmcnts or one side of the bridge. The plug arrange­
ment perm its t he connection of additional clements in series with any of the bridge arms. 
The inpu t and outpu t, power and null detector, circu its can bc brought out directly or 
t hrough transformers. J acks arc provided to fit transformers wh ich can be suppl ied for 
t he bridge. 

Because of the multiplicity of possible connections of the bridge circuit , it is feasible to 
state accuracy only in a general way. The user wiJi find it desirable to select the particular 
bridge circuit best suited to the problem in halld .* 

The arrangement of t he units and wiring is symmetrical. The bridge cabinet is shielded, 
and shields are placed between the A and B arms and betweeJl these arms and the rest of 
the bridge. The dial bandIes on the A and B arms are a lso shielded. 

Resist ances are adjusted to 0.1% . The series resistance of each plug is approximately 
0.002 ohm. The switch contact resistance is approximately 0.001 5 ohm fo r each contact. 
As there will be several plugs and switch contacts i ll series in all bridge circuits, th is factor 
should be considered in the measurement of low resistances. 

A part icularly useful feature of t he bridge is its high accuracy with very bigh ratios. 
Tests on the bridge arranged in the standard Wheatstone bridge circu it have shown that 
it is possible to usc ratios as high as 1000 :1 with excellen t accuracy in making resistance 
measurements. When substitution metbods aTe used, extremely high accuracy of compari­
son is possible. Th is can be of the order of olle part in 10,000 with the bridge as normally 
supplied . Using the TYI'E 293-PS Slide-Wire Resistor, an ex tra significant figure may be 
obtai ned. This unit may be used to extend the decade arms rrom 1 ohm to approxi mately 
zero resistance. The absolute accuracy of the measurement , of course, depends upon tha t 
of the standard. I nductances as high as 1000 henrys can be measured with a I -henry 
standard. Capacity unbalance of the order of 0.011J1J£ can be observed. The sh ielding and 
arrangement of the bridge arc such t hat accurate resul ts can be obtained at frequencies as 
high as 50,000 cps. whell properly constructed input and output transformers arc used. 
Impedances of the order of 10 ohms to 1000 ohms can be measured at th is frequency. 

The bridge is supplied with plugs and COllneetor cords, but does not include input or out­
put t ransformers. T he bridge cab inct contains a dra' .... er for the storage of t hese accessories. 

Bridge Arms: 
A and B arms cach consist of four decade 

resistances, 1- 11,110 ohms, variable by 
I -ohm steps, identical with T YPE 602-J 
Decade-Resistance Box. The S arm is a 
resistor contai ning I , 10, 100, 1000, and 
10,000 ohm uni ts. I ts characterist ics are 
simi lar to the '1'YI' E 602 Dccade-Uesistance 
lloxes. 

• G. Hague, A. lfcmalillg CurreltJ Bridge Metlwd$. 

Accuracy of Adjustment: 

0.1% (O.!M% on I -ohm ull its). 

T ype of Winding: 
All units are identical with corresponding 

TYPE 602 D ecadc.Resistance Boxes. 

Freq~lCnC!/ ROIIge: 
0- 50 kc . 
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Shielding: 
Copper lining in cubillcl. A, B, and S 

a rms shielded frolll each other. Panel shield· 
ing o\'cr Ii and B a rms. 

Construction: 
Resistance units are mounted beneath a 

hard rubber panel. Contact surfaces are ell­
closed within the cabinet. Shielding COIl ­

sists oC copper lining (or the cabinet and 
interna l compartments. The cabinet is of 
walnu t. Exposed metal parts are nickel­
plated. 

Accessor-ies Supplied: 
Ten double plugs, two double-shielded 

connector cords, two single cOllnector cords. 

Accessor-ic8 Required: 
Power source (General Radio 'lYPE 50S-A 

Oscillator recommended ); null indicator 
(General Radio 'l'YI'E 514·A Amplifie r and 
TYPE 488-DM Alternating-Current Volt­
meter recommended); standards of induc­
tance (General Hadio 1'ypg lOG Standard 
I nductances and TYp ~; 107 Variable I n­
d uctors reeommendcd), standards of ca­
pacitance (General Radio air condensers 
such as the TYPE 222 Precision Condensers 

'I'ype 

293·'\ L 

r··············, 
i "" .... ' '''', i , ........... , , 

'.'0.'00.' __ " 
~···~·- r · ··~ 

Ii 'h rJ,'~ 
~ .. ~~--,,".~,-~. 7'" 

o 0 
" ,."' ...... -" 0,,_ , , 

h 

, 
'·'0 ... ·' .... " 

Circuit diagram for a Typ~~ 2!l3-A Universal 
Bridge setup as 11 Wheats tone Bridge ror mea­

suring resistance 

or correspond ing types of lower precision 
when desired arc recom mended). 

Optional Accessories: 
Shielded input and out put transformers 

(General R adio TYPE 293-PI , TYPE 293-
P2), a nd TYPE 293-P3 Slide-Wire Resistors. 

DimerlsioTl s: 
15,!4 (width) x lG% (depth) x 8% inches 

(hcigilt ) , overall. 

WeiUht: 
22,!4 pounds. 

. . . . . I 

Code 
Word 

IJACO :o< 

Price 

$140.00 

T YPE 293·P ACCESSORIES 

I N using the TYPE 293-A Bridgc for alternating-current measurements, shielded input 
and output transformers arc desirable. T he following transformers arc available and 

are satisfactory for measurement s in t he audio-frequency rangc. Doth transformers are 
operated with either coil as input or output and are grounded in either position when 
p lugged into the bridge. 

When the impcdance under measuremellt is low, it is desirable to extend the range oC 
t he bridge arms downward. T his may be done by the lise of one or two TYPE 298-Pg Slidc­
W ire R esistors. T he '!'YI'E 293-P3 Slide-Wire Resistor is a shielded resistor calibrated d i­
rectly and having a ra nge oC O- l.S ohm. The slide-wire calibration is accurate to 0.02 oh m 
at a ny setting. The unit is arrangcd Cor plug mounting on the bridge terminal board. 

Turns I nductance Cod, 
Type R atio fligh Side WMd P rice 

293-PI 3: 1 2.5 h 50- 5000 cps. 2700 300 BADGE $12.00 
293-P~ 2.55: 1 2.5 h 50- 5000 cps. 25,000 4000 l.IAn·Y 12.00 
29S-1'3 . .. . . .. . . ..... ... . ..... . .... DAGGY 10.00 



 

RADIO-FREQUENCY TESTING DEVICES 

GENERAL RADIO introduced the first commercially practicable 
standard-signal generator or " microvolter" to the radio industry in 

the Stimmel' of 1928. Since then, the leading manufacturers of America 
and Europe have designed and tested their products with General Uadio 
standard-signal generators. 

Improvements have been made f!'Olll time to time as the results of re­
search showed us how the accuracies could be betlered and the usefu lness 
of the inst l'tllnent enhanced. Broadcast engineers have. for example, 
found that fi eld-intensity surveys, made with the signal geneJ'ator, pay big 
dividends in a morc profitable coverage of theil' radio audience. Powel' 
companies concerned with inductive in terference and co-ordination prob­
lems have used it to measure radio interference quantitati vely. 

The fact that so many units are in everyday use is testil'nony to tJ1C 
soundness oC our origina.l belief that signal gene .... Ltors could be built in 
regular production and that the industry would accept them as an im­
portant development aid. 

Improvements have had to do with the bettering of attenuators, reduc­
ing leaknge and perfecting the modulating system, D esign problems en­
countered in doing this have someti mes seemed insurmountable to tJle 
engineer faced with the necessity fOI' H\aking one insll'umentdo many jobs, 
for keeping down the number of tubes and battery drain, for working at 
low power levels to prevent leakage and. for avoiding, if possible, the use 
of multistage t uning controls. 

IVl odulation difficulties never dreamed of by the broadcast engineer are 
met when it becomes necessary to design f O L' a. minimum of frequency 
modul ation and fly-wheel effect, for ahigh percentage modulation without 
distoltion and for maximum power output. all at power levels that can he 
eA·ccti vely shielded. 

T he fi rst of two new standard-signal generators described hcre is, so 
fal' as design and production laborator ies are concerned, an outstanding 
ach ievement. A trcmendous range of output voltages, with an abso­
lutely negl igible amount of leakage, is obtained, and the modulation sys­
tem permits 1000/0 linear amplitude modulation, F l'equency modulation 
and f:l y-wheel efl'ect are also negligible ror even the most careful measure­
ments, as a reference to the specifications will show, 

The TYPE GOO-A Standard-Signal Generator was designed after several 
conferences with the engineers of the most advanced laboratories in the 
field, \·Ve asked then\ how the ideal signal generator should be built, and 
this instrument is the result. All the usuall'outine measurements of sensi­
tivity, selectivity and fid elity can be made with a high degree of pre­
cision and rapidity, 

[ 194 I 
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The second of these new instruments, the T Y PE 601-A Standard-Signal 
Generator, is an answer to the ind\lstry's request fo r an inexpensive gener­
ator wh ich can do the following things : 

.II. )JcaSlll'C the scnsitiyity of recei\'cl's in production. 

B. Provide two frequency ranges (such as broadcast and intermediate 
frequency) which can be used without opening the shield to change 
inductors . 

C. Be rugged enough for use in the production line. 

D, Be chea.p enough to usc for servicing police radio and aircraf t I'C­

cci,"crs in the ficld. 

A description of these two new standard-signal genera tors and a note 
a.bou t a llIodificat ion in the design of the TYPE 403-C Standard-Signal 
Generator rollows : 

TYPE 403-D STA N I) A UI)-S IG~A I~ G E N E RATOR 

TilE T YPE 403-C Standard-Signa l Genera tor, used by so many laboratories fo r receiver 
tests and fo r field illtensit\)' measurements, has been redesigned to permit the usc of lbe 

new 230-type tubes. Filament d rain is reduced by one-half so that batteries do no t need 
to be changed so orten. T he new tubes arc al so much more Ilearly uniform and are easily 
obtainable from commercia l tube slocks. 

All specifica tions are the sa me as fo r the THE 40S-C Standa rd-Signal Generator de­
scribed on pages 88 and 145 of Cat.tiog F. The price remains the same, i.e., SGOO. 

TYPE 600-A STAN DARD-SIGNAL GEN ERATOR 

THIS instrument is designed primarily for measurements on radio broadcast receivers. 
Pa rticular attention has been given to the mechanical arrangement in order to facilitate 

rou t ine observations of the fundam en tnl performance eharacleristies. T he choice of fre­
quencies and ranges covered ha ve been chosen to agree with the recommenda tions of the 

Testing a radio chassis for fidelity with n T ypF. 600-A Standard-Signal Generator, a 'l'Y I' E 513-8 
Beat-Frequency Oscilla tor, a TYPE '183 Output Meter, and the Genera l Uad io Cathode- ll.lIY 

Oscillograph 



 

196 GENERAL RADIO COMPANY 

Insti tute of Radio Engineers and or the Standardi zation Committee of the Rad io Man ufac­
turers' Association. 

Any one of five frequencies may be selected by a frequency-conlrol switch. At three 
of these frequencies there is connected inLo the circui t a condenser having straight-line 
frequency plates and covering a frequency band of ± 50 kc. This arrangement facilitates 
the taking of selectivity curves. 

In order to provide for the measuremen t of vcry sensitive receivers, special precautions 
have been taken against stray electrical and magnetic fields. In addition to the usua l 
electrostatic sllielding. the oscillating circuit has been enclosed in a heavy aluminum casl­
ing which makes stray magnetic fields entirely negligible. The output voltage is controlled 
by an attenualor adjustable in increments of 6% and covering the range from 0.1 to 
316.000 microvolts. 

On the attenuator controls there is marked a supplementary scale which gives the out· 
put level directly in decibel s above a zero level of one microvolt. This latter scale will be 
round most convenient for routine measurements in the development laboratory and on 
the production line. 

The usc of a special type of oscillating circuit minimizes rrequeney modulation and per­
mi ts linear amplitude modulation up to ]00%. A direct-reading modulation meter is in­
eluded Oil the panel. The calibration or this meter is independent of the oscillator battery 
voltage, and an internal '100-cps. audio oscillator is provided. I n addition, a switch pcr­
mits the use or an cxternal modulation of other frequencies, if desired, ror taking 6delity 
characteristics. 

So effective is the shielding system that absolutely no error due to interfercnce could 
be found when measuring a receiver capable of detecting O.OS microvolts. 

Carricr-Freqtlcncy /la ngc: 
l~or sensitivity and fidelity tests 6"c 

channels arc availablc: 600. 800, 1000. 
] 200, and 1400 ke. Sclecti" ity tests can be 
made at 600, 1000, and 1400 kc., a control 
calibrated directly in kc. enabling ±50·kc. 
deviations to bc obtained. 

Frequency Calibration: 
Accurate to 0.5% as shipped. Trim­

mers permit adjusting each chan nel fre­
quency more closely, if desired. Varia..­
tions in battery vollnges have a negligible 
effect on frequency. The cnlibratioll of 
the "off chnnnel" dial is accurate to within 
± 5%. 

MOOlllalwn: 
An internal 400-cps. vacuum-tube oscil­

lator provides linear ampl itude modulation 
up to 100% . I ts total harmonic content is 
less than S% of the fundamental voltage. 

Modulating voltages for fidelity tests 
must come from an external source, which 
for 100% 1nodulation should be able to de. 
liver 15 volts across 5000 ohms. The TYPE 

513-B Beat-Frequency Oscillator or the 
TYPE 377-B Low-Freqw;ncy Oscillator are 
recommended. The following maximum 

values of percentage modulation arC possi­
ble for the correspondi ng mod ulating fre­
quencies: 400 cps., 100% ; 1 kc., 95%; 6 kc., 
50% ; 10 kc., 30% . 

A direct-rcading modulation meter, whosc 
reading is independent of battery voitngc, 
indicates percentage modulation for both 
internnl and ex tcrnal modulation. 

Outpld Sy:dem: 
By means of a vacuulll-tube voltmeter, a 

constant voltage is maintained across the 
input to a two-stage resistance attenuator 
consisting of a. l ~O·db 10·ohm ladder net­
work, adj ustable in 10·db steps, followed 
by a lO-db 10-ohm T .type network, ad­
justable in 0.5-db steps. The attenuator 
scales are direct-reading in microvolts and 
in decibels referred to one microvolt as zero 
level. The internal output resistance is ]0 
ohms at all settings, which, with the dummy 
antenna furnished. makes the resistance 
zero as far as the receiver under test is COll­

cerned. 

Output V oUage Rangc: 
0.1 to 316,000 microvolts or -20 db to 

+ 110 db referred to one microvolt as zero 
level. 
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Output Voltage Accuracy: 
T he calibration or lhe nllcnuntor has:tn 

absolu te :tecllracy of bctt.cr than 10% at 
all sellin gs; adjacent atlcnuator ratios, to 
within ± O.5% . The input to the atlcllllulor 
cal.} be held to within =*:3% provided the 
vacuum.lube voltmeter is adj usted ror the 
parLicuJnr tuhes used. Otherwise it will be 
correct to ± I 0% . 

Prequency Modulation: 
Less than 150 cps. (lotal swing) up to 

50% modulation. 

St'Tay Fleld$: 
All external points 011 the panel (mcters. 

binding posts, etc.) are equipotential to 
with in one microvolt. Magnetic fi eld is less 

tllan l\\'omicrovolts per meler at all exterllal 
points. 

Co"stl'!(ction Features: 
The carrier-frequency oscillator is com­

pletely enclosed in an aluminum cast.ing; a 
small covered hand hole in this facilitates 
changing lubes. Leads to the allenuator 
are doublf shielded concentric cOllduelors. 
The 120-db aUenuator is built in three sec­
tions, each houS<.'<.I in an aluminum casting 
and operated by an insulated shaft.. In 
addition to the iuner sh ields, the outer cu bi­
net is completely shielded. ek>dro-ma gneti­
cally. 

Control$: 
Channel selt.'ctor, ± 50-kc. tUlling control 

fo r sclcctidty tests, intcrnal-exterual 1I1 0du -

Panel view of the TYPE 600-A Standard-Signal Generator. At the upper ldt is the cbannel selec­
tion switch and immediately below it is the selectivity or "kilocycles-olf-resonance" control. At the 
right is the two-stage auenuator and to the left of it the voltmeter Cor indicating altcnuator inpu t 
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lillion switch. modu lation yolt..'lgc ampli­
tude control, carrier oil-off switch, carrier 
amplitude control, filament rheostat and 
switch, and lwo-d ial altcnualor. 

Meters: 
Filament-plate voltmeter, percentage 

modu lation meter ami micro-ammeter ror 
vacuum-lube voltmeter. 

Tcrminau: 
The output vollage is brought olll 

through a dct"l.chablc pillS and sh ielded test 
lead wilh terminals for connecting to the 
dumm y antenna. T erminals arc a lso pro­
vided on the panel fo r the fi lalllent baLlcry 
and for the external modulation source. 

T1lbcs: 
Two 1 H~_A_l)r l>e {mel two 227-lypc 

lubes, included in the price of the instru­
ment. are required. 

Power-Suppl!J: 
For piate, self-contained block baLtcries, 

ISO \'oits. 12 miliiaml)Cres. Spu<:e pro-

Type Frtql/l!llcy RW/{je 

GOO-A (i00, $00, 1000, 1200, \·100 ke. 

~-
• 

vided inside ca bioet of instrument. For 
filament, external storage battery. 6 volls, 
1.8 amperes, leads provided. Datteries 
are not ineluded in the price of the instru­
ment. 

Accessories: 
A 'l'n>E '"1 S-n Dummy Anlen na, oulput 

lest lead filamenL-supply cable. and tubes 
arc furnished as regular C<luipment. 

Jl/Ollllt illg: 

Aluminum panel fini shed in black crackle 
lacquer, mounted in huud-rubbc<l walnut 
cabinet. 

Dimel/$iolls: 
Panel, (width) 19 x (height) 15~ x (thick­

ness) Y.f inches. Overall , including han­
dles, (w idth) ~o x (height) 15% x (depth) 
15 % inches. 

TV eight: 
85 pounds with plate batteries, 75 pounds 

without batteries. 

OlltPllt Rllllge Code WlJrli Price 

0.1 10 31G,OOO lIiicrovolts ASK .;W I $RS5.00 

< 
, 

< 

'!'yp .; GOO-A Standard-Signnl 
Generator wilh the cnbinet reo­
mo\'cd. The cnsting nt the 
righ t houses the oscillntor sys­
tem; the oncs at the ul>per left, 

the liO-db atlelluntor 
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TYPE 601-A STANDARD-SIGNAL GENERATOR 

Tl-llS instrumen t is designed to provide a generalor of radio frequencies for lise in the 
frC<luency range from 90 kc. to 6000 kc. to be casily portabl e. and to dcliver either a 

modulated or unmodu lalcd signal havi ng an amplitude adjustable from one to 150.000 
microvolts. 

T 1'I'E 601·A Standard-Signal Gcncrntor, an inexpensive dual·range instrument 

Si uce it is often desirable to cover two frequclicy bands ill olle instrullient withoullhe 
lime delay a nd inconvcniCII(.'C usually involved in ehanging inductors, the TYPE 601-A 
Standard-Sigma! Generator is provided with in tcrnalmounlings for two inductors and a 
con vcnienl swi tch fo r transferring (rom OIlC to the other. All Y two inductor combinations 
may be used ; for example. the intermed iate-freq ucncy und broadcast bands (150 kc.-
200 kc. and 550 kc.-1500 ~c.). or the broadcastulld a ircraft bands (550 kc.-1500 kc. and 
1400 kc.-4000 kc.). All inductors a re mounted 0 11 plug bases and are easily removable. if 
other combinations arc required. 

The radio.frC<:lueney osci llator is adjustabl e over a frC<:lllenc:-,' range of approximately 
S to I by a va riablccondenscr. A 6xed shuntcapacilance is used across the 150 kc.-200 kc. 
induc tor in order to spread out the ca libration between these two points. 

'rite inductors arc toroidal in Corm, wh ich reduces their external fie ld to a ncgligibl e 
amount. and the whole unit is carefully shielded so that it may be used to test the most 
sensiti ve unshielded receivers. 

The Tn-E 60 1-A Standard·Signal Generator may be used for making accurate sensi li\'i ty 
tests on all types of receivers, either regenerative or non-regenerative, operating within its 
frequency range. It may be lISed for lining and ad justmen t tests Cor superheterodyne 
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intermediate frequency amplifiers. Because of its relatively low price. simplicity of oper­
ation and ruggedness, it is quite suitable for produclion testing work of radio receivers. 
The particular value of the 'l ')'PE GOI-A Standard-Signal Generator is for portable work, 
such as the periodical testing of receivers already installed on police cars, ships, airplanes 
and other places where receivers arc apt to gel severe usage which ma.y gradually put 
them out of adjustment II may also be used ror maki ng field- intensity measurements 
by the familiar compari son method on broudcasting stations, ai rplane beacons, a nd 
point-to-point radio installations at frequencies not. covered by the '!'YP .. ; 403-D Sland­
ned-Signal Generator (i. e. 1500 kC.-GOOO kc.). At the other frequencies covered by the 
TYPE 403-D Standard-Signal Generator (i. e. 15 kc.-1500 kc.) lhe use of the latter is 
preferable. 

Frequency Range; 
90 kc.-6000 kc. covered by the usc of the 

six TYPE 601-P Inductors, a ny two of which 
may be plugged into the instrument and 
selected by means of a switch. These may 
be supplied either with or without calibr~ 
tions. None are included in the price of 
this instrument. 

Prequency Calibration: 
See description of T 'YPE 601.p Inductors. 

Mo(bdatwn: 
InternaI400-cps. vacuum-tube oscillator. 

with good waveform adju sted to give 30% 
modulation. Circuit may be adjusted for 
50% modulation on special order a t no 
additional cha rge. External modulation 
sources cannot be used. 

Output System: 
Input to the attenuator read by vacuum­

tube voltmeter which is calibrated at two 
points to provide a multiplying factor of 
I or 1.5 for the attenuulor readi ng. The 
attenuator which has a resistive ladder 
structure is calibrated directly in micro­
volts. The resistance units are wound on 
very small, thi n mica cards having essen­
tially no reactance. The internal resist­
ance of the output circuit is constant at 10 
ohms. except at the 10M, 20M and 100M 
points, where it is 20, 40 and 200 ohms re­
spectively. 

The attenuator is tapped near the high 
potential end and a separate "high output" 
terminal brought out on the panel above 
the altenuator control knob. 

Output VoUage Range: . 
The attenuator is calibrated in the fol­

lowing steps which correspond to a meter 
setting of 1: 0-1-2-5-10-20-50-100-200-5004 
l M·2M.5M.10M·20M. 

The voltmeter multipl:ying factor of 1.5 
makes available microvolt readings be­
tween these poi nts from 1.5 to 30,OOO'micro­
volts. The "high output t.'l.P" gives an 
output of 100,000 or 150,000 microvolts de­
pending upon the vollmeter reading. The 
output of the attenuator when set at zero 
is never as large as one-tenth of the one­
microvolt output. 

Output Voltage Accuracy: 
Output voltage calibrat ion for outputs 

below 10 microvolts and tJlfough the fre­
quency range from 90 kc.-1500 kc. about 
10% between adjacent attenuator ratios. 
For samc output voltage range and through 
frequcncy range from 1500 kc.-6000 kc. 
a bout 20% between adjacent altenua lor 
ratios. At output a bove 10 microvolts the 
errors are less than 5% and 10% respec­
ti\'ely for the above-mentioned frequency 
ranges. The accuracy of comparison, t hat 
is, the ability of the instrument to repeat 
readi ngs when no tubes have been cha nged. 
is abou t 1 % . TIlc accuracy of comparison 
is the figure of merit which must be COIl­

sidered when receivers a.re to be tested 
againsta nominal output voltage or a sta nd­
ard receiver. T he absolu te value of out­
put voltage depends upon adjustment of 
vacuum tube voltmeter. If cal ibrated by 
comparison with a General Radio 'ly t'E 
·I26-A T hermion ic Voltmeter, orequivalen t. 
the adjustment will not cha nge until it be­
comes necessary to replace a tube. Changes 
in tubes without calibration will not affect 
the calibration by more than 20% . 

Prequency Modulation: 
Varies with the inductor and frequency 

adjustment. P erccntage is less at fre­
qucncies above 1500 kc. F or 30% modu­
lation always less than 0.08% at more than 
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half scale on tuning condenser; at highest 
frequency on any inductor not more than 
0.1%. For 50% modulation, figures arc 
IlrOl>ortionally higher. 

Stray Fiehl8: 
The use of toroidal inductors and careful 

shielding reduces stray field s to a negligible 
amOllnt. 

C07lstrudion Features: 
Radio-frequency circui ts in separately 

shielded comparlmcnt on metal shelf. En· 
tire assem bly mou nted in copper-lined oak 
cabinet.. AUenualor divided into three 
shielded sections, to reduce stray effects. 

Connection to the sct undcr test is made 
by means of the Oe.xiblc shielded lead pro­
vided, which connects to lhe output of lhe 
signal generator through a specially COIl­

structed plug and submounted jack. This 
construction eliminates binding posts and 
provides a completely shielded path from 
the receiver to the attenuator output. All 
high-frequency wiring which is not double 
shielded is run in conccntrie shielded cable. 

All low frequency, battery and meter cir­
cuits are connceted Ulrough choke and by­
pass condenser filters, eliminating practi­
cally all of the radio frequencies in these 
uni ts. All of the low-frequency circu its and 
batteries are enclosed in the copper-lined 
cabinet for additional protection against 
leakage. 

COlllrou: 
Carrier amplitude control. filament rheo­

stat, voltmeter selector switch, ind uctor 
selector switch. frequency control and 
attenuator. 

Terminala: 
The attenu alor output and the "high 

output" terminals are plugs located be· 

Type Frtquene!/ Range Output Range 

601-A I 90·6000 kc.* 11 -150,000 mkro\'olts 

*Induetors must be ordered separately. 

hilld the panel to which connections a re 
made by means of a shielded plug and test 
lead. The latter is fitled witb terminals for 
making connections to a dummy antenna 
or direclly to a circuit under lest. 

Metcr: 
A meter, connected lo a multi-point 

switch, is pro\·ided to read fi lament and 
plate voltages as well as radio-frequency 
output amplitude. 

1'tlbc3: 
Three 230-type tubes, not included in 

the price of the instrument, are required. 

Powcr-Supply: 
I"rom dry batteries placed inside shielded 

cabinet. For plate, block batteries, 45 and 
67.5 volts, 2 mla. For filament. two No.6 
dry cells, 180 mla. 

Acccl30ric3: 
A shielded plug and test lead. but no 

dummy antenna, are furnished as regular 
equipment. A'!'YPE418-11 Dum my Antenna 
must be ordered separately. 

iJIolmtillY: 
Aluminum panel, Y.f inch, finished in 

blaek crackle lacquer, mounted in natural 
finish oak cabinet, witb five-ply veneer 
hinged oak cover and carrying handles. 
Panel is sl ightly recessed into the cabinet 
to protect it. 

Dimen3um8: 
Panel , 15 x 12 x 7:i inches. Overall, 

(width) 16 x (height) 18)4 x (depUI) 12)4 
inches. 

Weight: 
50)4 pounds witJl batleries. 40 pounds 

without batteries. 

Code Word Price 

I ..... ......... ... I JUROR I 8210.00 
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TYPE 601-P I NDUCTOIlS 

T1lESE are intended for use wilh lhe TYI'E 60l-A Standard-Signal Generator. No 
inductors are supplied with the inslrument aod we particularly recommend that, 

if ca librated inductors are required, lhcy be ordered with tbe standard-signal generator, 
sinee they must be calibrated in the generator with whieh they are to be used. The Tn>E 
601-1' Inductors are carried ill stock withoul calibrations, but a chart. giving calibrat.ioll 
data at. five appropriately equal-spaced discrcte rreqnencics CUll be supplied on order. A 
continuous cal ibratiotl ctl rve can also be supplied 011 ordcr. Doth chart and curve give 
data accurate Lo within ± l %. 

Type PrtqllCl1cy Range C()(le Word Price 

·(iO l - PI 
·(lOl -P~ 

· 601 PS 
·GOI -P'~ 

·tool P5 
·60 1- (>0 

'2500- 6000 ke. 
1-100- 4000 ke. 
5:iO-1500 kc. 
200- 550 h. 
1:.0- 200 ke. 
00 200 ke. 

Vrcqucncy Cal ibrat ion ChUrl (per inductor ) 
Frc(lucrlCY Cal ibrnlioll Curvc ( per inductor) 

STA~~IGTOI' 

ST.\t-""SIGtJrll 

ST.-\:-'"sIGlIu~r 

ST.\t-""$rOSUN" 

STAt-""srOSrt-"" 

ST"l\S I OGM~ 

CIIA rlT 

CUlt\'.~ 

87.00 
7.00 
7.00 
7.00 
9.00 

12.00 

5.00 
8.00 

• frequency calibralions supplied only when ordered. When ordering calibraled inductors by 
lelegraph, use compollnd code \\'ords, e.g., ST"I'SIGTor'CIlAHT, ST"I'SIGT01'CU1W .:, etc. 

t ~Ias a fi xed shunt capacitance in order to spread olll the ca libration t hrough the superheterodyne 
inlermedinte-(rcquency range. 

TYP E t.l18-B D UMMY A NTENNA 

TJOS unit is dcsignC(1 tor usc with General Radio standard-signal gencrators to replace 
thc 1'''I'E 418 Dummy Antenna described Oil page 91. It is made in a('cordancc with 

dummy-antellna specificalions of thc I nstitutc of Hadio Engineers for lise in making 
standard-signal melisu rClllcnts on radio rcccivcrs. Its efFectivc height is taken as 4 meters. 

A dummy antenna is supplied with the 'l'l'PE 403-0 and 'J'n'E 600-A Standarrl-Signal 
Generators but onc must be ordered separately fo r the 'l'YI'E 601 -A Standard-Signal 
Generator. 
Resistance: 

] 5 ohms at broadc.'lst frequcncies. Th is. 
with the 10-ohm internal output impe<lance 
of Gf'lleral nad io stamlard-signa l gCllera-

.. ..., (;) 
"". , ',( 1';- , 

: !): 

i~ UMM~~~:ENNi O~NERAL RADIO 00. ' -- , 
~ 

GROUND --- . 

TYr>.: 41S-B Dummr Antenna 

Type 

tors, makes up the 25 ohms called for in 
t he I. H. E. specifications. 

/ llductance: 
20 lIlierohc ll r~' s. 

Ca])acita nce: 
200 p.pf. 

jJ[ ollllli IIg: 

l\louldt'(l bakelite case with input and 
output binding posts arran{,,'ed to aC(.'QIIl­
modale a Tn',,: 2i·l-M Plug. 

DimcnsiQINJ: 
2 .7'8 (lclIgth) x IH (wid til } x 2 inches 

(height), o\·erall. 

Weight: 

oJ ou llC'es. 
Cod, 
Word Price 

'U 8-B I ...................... .. ... ...... ....... .. 1 }:PIIOD 80.00 



 

MISCELLANEOUS LABORATORY 
EQUIPMENT 

THIS chapter describes the General R adio cathode-ray oscillograph 
and a nc\v instrument fol' t he determina tion of distortion facto I' in 
audio-hequency circuits. 

The TYPE 536-A Distort ion-Factor IVleLer measures the Lotal harmonic 
content of the altcl'nat ing-cll lTcnt wave under tes t and gives directly the 
ratio between the square I'oot of the sum of th e squares of the amplitude 
of all harmonics and the amplitude of t he fundamental. This is the dis­
tort ion factor , an excellent meaSu re of the objectionableness of the dis­
tortion introduced by amplifiers, lines, or other circu it elements. 

The cathode-rH . .)' oscillograph is a well-known and justly popular 
laboratory tool for the observation and recording of phenomena, espe­
cially where high frequencies and very short time intervals are involved. 

Brilliant images are obUlined wilh this ne\\' cathode­
ray oscillograph. From an unretouched photograph 

[ 203 ] 
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Because the " moving element" is a beam of cathode rays or electrons, 
it is inherently more suitable for most purposes than oscillographs of 
the string or moving-coil types. Distortions due to inertia and reso­
nance effects encountered in vibrating mechanical elements are absent 
and, since the rays arc usually deflected by electrostatic means, the 
power sensitivity is much higher. 

Al t hough the General R adio oscillograph is a complete equipment, it 
is, [or convenience in cataloging, considered to consist of the following 
t hree components: 

a. The TY PE 478-A Cathode-Ray Oscillograph T ube is the heart of the instru­
ment. It is listed separately to facili tate ordering replacements. 

b. The T YPf; 497-A Tube Mounting is t he support for the tube, providing a 
means for holding the tube in position) for making connections to it and for pro­
tecting it against breakage. 

c. The T YPE 496-A Power-Supply Unit supplies all the voltages necessary t o 
operate the tube from t he llO-volt alternating-current supply. 

For the complete table-moun ting oscillograph, the following material 
should be ordered : 

I- 'rn E 478-A Cathode-Ray Oscillograph Tube ....... . ... . . 
I - T YPE '~97-A T ube Mounting ... ... . . .. ......... . ... . 
l - '1'yPE 496-1tM Power-Supply Unit. . .. . ..................... . .. . 

CO~LETE EQUIl)l\1ENT (Code Word: CO:\IET) . . ... •. • .. • . . • .... 

TYl'E 536-A DISTORTION-FACTOR M E'r ER 

(Sec page fl07) 
(Scc page 209) 
(Sec page 211 ) 

$280.00 

MOST of the methods of measuring harmonic distort ion t hat have been employed 
either have becn laborious, or havc involved elaborate equipment. The TYPE 536-A 

Distortion-l~'aetor Meter has been developed to enablc distortion mcasuremcnts to be 
made accurately and rapidly. This instrument has a further important advantage over 
earlier apparatus in t hat its input impedance is very high. It may therefore be connectctl 
almost anywhere without causing appreciablc disturbancc of the circuit under test. 

In ordcr that t hesc ends might be achicved, two important simplificat ions of t he problcm 
have been made at t he outset. Only a single fundamental frequency is employed. and on ly 
the total harmonic distortion is measured. 

The fi rst of t hesc limitations is not as serious as it at fi rst appears ~ause harmonic pro­
duct ion is essentially an amplitude phenomenon. }~reql1ency usually enters into the prob­
lem only secondarily. For t his reason a study at a single rrequcncy of t he harmonic pro­
duction in a given piece of apparatus under various operating cond itions yields valuablc 
information. The technique or measuremcnt is simplified to such an cxtent t hat thc 
requ ired data may be very rapidly obtained. 

The measurcrucnt of total harmonic content is fo r most purposes preferablc to the 
mcasurement of the several componcnts separatcly. We obtain in this way a single quan-
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TYI'E 5:IG· A Distortion-Factor i\[etcr 

tity as It measure of the impurity of the voltage source. The " Distortion l~aclor ' > mensure<1 
by the instrument is 

This is the ratio to the fundamental of the cfft.'Cti vc value of the combined harmonics . This 
quantity is an excellent measure of the objectionableness of the distortion present in the 
transmission of speech or music. For example, a second harmonic of 5% with a third har­
monic of 5% is seen to giye a sma ller distortion factor than a single harmonic of 10% . a nd 
is correspondingly less objectionahle. 

Testing of Audio A1~Lplificrs: The present general usc of the pentode output tube makes 
a dependable means of studying the output capabil ities of an amplifier especially desirable. 
Output measurcmcnts without some indication of the distortion present are or doubtful 
sign i6cancc. The use of the TYPE 53G-A Distortion~l?actor M etcr in conjunction with the 
TYPE 483 Output Meter in making these measurements gives truly reliable data for the 
comparison or various types of amplifiers. 

Mcaaurcmc,!t of Modlllation Diatort iOlL in Broadcast Tra'!amittcra : If a suitable linear 
rectifier is available for dcmodulation, the TYPE 53G-A Distortion-l?actor Meter provides 
a means of measuring thc impurity or the modulated output of a radio-telephone trans­
mitter. Such a high-quality linear rectifier is contained in the 'l'yp~: 457-A Modulation 
:Metcr, and terminals are provided for connection to the distortion-factor meter. The tlSC 

of these two instruments in conjunction, th erefore, makcs possiblc the direct determination 
of modu lation distortion. 

General Dcacrilnion: 
The principal clemcnts of the instrument 

are a special type of high~pass filter and a 
calihrated resistance network by means of 

which the filte r output is compared with 
the input voltage. A dial is rotated uutil the 
samc indica.tion is obtained ror two posi­
tions of a switch. The distortion factor is 
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then given d irectly by the d ial reading. T wo 
ranges afC provided giving 3% a nd 30% , 
respectively, nllhe maxi mum dial setting. 
The characterist ics of the fil ter arc such 
that the fundamental is attenuated about 
75 db more than the harmon ics. Power­
supply h um voltages arc likew ise sup­
pressed . All harmonics up to the fifteenth 
a rc transmitted equally within 0.4 db. The 
filte r is so designed thal no appreciable har­
mon ic d istortion is produced by the ind uc­
tors, even when large input voltages a cc 
applied . A resista nce pad is p rov ided ahead 
of the fille r so that the calibrat ion is not 
a ltered by the il tlpcduncc out of which t he 
inst rument works. 

A11xiliary Equi1,mclIt: 
T he distortioll.factor meter mllst be tlsed 

with a suitable amplifie r a nd ind icating in­
strument. The T YPE 5H·A Amplifi er and 
'tYPE 488-HM Alternat ing.Current Galva­
nometer a rc recommended for general usc. 
TIle amplifier must have a tlat eharacler­
istie, variable guin, and a n input impedance 
greater than half a megohm. T he ind icating 
instrumcnt should he sensit. ive and have a 
square-law cllaraclcristic ill order to ind i­
cate the effective value of the combined 
harmonics. 

Wherc a 400·eps. voltagc is applied to t hc 
apparatus under test, it must usually be 
fi ltered to obta in su ffi cient purity. T he 
extent to which this is neccssary depends, 
of cou rse, on t he magnit udes of t he d istor­
t ion factors to be measured . 

One or Illorc T YPE 330-A or 'fypE 3S0-C 
.F ilter Sections may be elllplo~'cd if extreme 
purity is not requ ired. A special band.pass 
mter T YI'E 530-A and T YI'E J30·C has been 
developed for use with t he T n'" 5SG-A 
Distor tion-Factor :Meter. T IJis filler is dc· 
scribed elsewhere. 

Frequency RaNge 

536·A 380-.120 CI)s. I . . . . . . . . 

Range mId Sellsitivl:ty: 
Wit h the recommended auxi liary equip­

ment, 10 volts across the input terminals 
makes possible t he measurement of d istor­
t ion factors as low as 0 .02. If larger d istor­
t ion factors arc to be measured. the in put 
voltage may be reduced in the same propor­
tion . Similarly , if larger input voltages UTe 
available. proportionately smaller distor­
t ion factors may be measllred. 

For special uses, t he ra nge a nd sensi­
tivity may' be vcry greatly exteudcd by em­
ploy ing morc ampli6ca t ion. If desired , t wo 
T YPE :j} '~ -A Amplifiers may be used in tan· 
dem ror special work. 

Frequency R(I)I9C: 
380 - ·120 cps. 

In1nd rm11Cdallce: 
About 17J,000 ohms. 

Accuracy: 
When the T n .: 488-H:.M: Alternat ing­

Current Galvlwometer is used as indielltor. 
the error is less th a n 5% fo r distortion 
factors as low as 0.005 . If necessltry. greater 
accuracy can be obta ined by substitutin g 
a ll instrument of t he theflllOCollplc type. 
as this indicates more accurately t he effec. 
t ive value of a composite voltage. I nas­
much us the thermocouple instrument is 
less sensiti ve, more sluggish, and has a much 
smaller overload capaci ty, t he 'j'YI'E488-HM 
Alternating-Curren t G alvanometer is usu­
ally to be p referred. 

Dimensiolls: 
Pa nel, 12 x 7 x 7:( inebcs. D ep th behind 

panel. 10.5 iueiles. Complete ea.binet as­
sembly, 1:; x 87:( x 12J4 inches. 

rv eight: 
31 pounds. 

Code 
Word Price 

$ 140,00 
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TYPE 530-A AN D TYPE 530-C llAN O-P ASS FILTEIlS 

THESE Illters arc designed primarily fo r usc with the T YJ'E ;)36-:\ D istortion-Factor 
l\i ctcr to purify t he voltage applied to apparatus under test. They tlrC usefu l i ll ally 

other cases where an extremely pure 400-cps. voltage is desired. The lI SC of one of t hese 
(illers reduces the harmonic content by at least 50 decibels. T hey may be used with It 

fu ndamental freq uency of from 375 Lo 4~5 cps. Sufficient attenuation is provided at the 
low-frequency eud to remove all,Y power-supply hUIll voltage which Illay be presen t. 
T he two types difl'cr only in characterist ic impedullce. T hl'se fil Lers arc not carried in stock 
but arc supplied on order. They ure mounted in Model D cases. (See page 44 .) 

Weight: 8.J,1 pounds. 

Cod, 
Type /' (1$11 BUll(l impt(/lmce IV orli 

.5:~O-A 37.'1-42.5 cps . GOO o lllrlg 

I 
........ . .. I FOCAl. 

.530-C 37.5-42.5 cps. 6000 ohms ... . .... .'UIIIIY 

T YPE 478-A CA'L'H ODE-R AY O SCILI,OG HAPIl T U llE 

THIS tube is of the so-called hot-ca thodc, low-voll.'lge ty pe, cmploying 
a hot fi lament and an anode voltage which is low as compared with 

the oscillog raphs associated with the names of ll rau ll and of Dufour. 1)ro­
vision is made fo r deflccling the electron beam with the electric fi eld be­
tween two pairs of small condenser pla tes, but, if proper arra ngemen ts 
are made, magnetic defl ec ting fields llIay be substituted. Plillcrns appear 
on R flUOrescen t screen at the end of the tube, the material of which was 
sclcdcd to yield the maximum of visual and pholographie brilliance. 

The ca thode-ray tube used in the Gencril l Uadio oscillograph was dcvel­
oped by l\{anfred von Ardellne and is manufactured by him in Germany. 

Oper(t/.illfj P rillciples: 

T he opcrating principle of the lube is 
simple. Electrons emitted by the oxide­
coatoo fi lament arc drawn towa rd the high­
potential anode, thus acqu iring a vcloei t;'t, 
sufficient to pass th rough a hole in it and 
strike a (Iuorescell t screen on which a spot 
of light appears. A negatively charged 
cylinder around the filament scrves to COIl­

cen trate t he electrons into a small beam. 

sketches. These arc the 
fundamental pattern s upon 
which more complicaLt.'(1 
uses or the cathode-ray 
oscillograph are bas<..'<.L 

Construction: 
The cutaway VICW on 

p.tge ~08 shows in dclailthc 
arrangement of the elec­
trodeswi thin the lube. From 
top to bottom Uley arc: the 

Price 

$37.50 
37.50 

• 

T he Cathode­
Hay Osci llo­
gra l>h T ube 

Between the anode and the fluorescen t 
screen, the eledron beam passes between 
the plates of two very small condensers. so 
arranged tha t a ll eledric field betwecn one 
pair causes a deflection of the beam (and 
the spot) in a direction perpendicular to the 
deflection caused by a field between the 
other pair. T hese are the deflecti ng plales 
across which the voltages to be observed 
are impressed . When alternating voltages 
are applied, the spot traces figurcs like 
those represented in the accompanying 

two pairs or deaecti ng pla tes. the anode 
and the fi lamen t surrounded by the fo­
ellsing cylinder. 

/Jrilliance: 

Pa tterns nrc brilliant and easily visible 
even in broad dayl ight. 

Photographs lllay be taken or single 
transi ts of the spot across the screen at 
velocities up to 400 inches per second with 
1.l1l/4.5 Iens, a plate as fast as the Eastman 
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ANO OIi 

Electrode Structure in the G:llhode-Hny 
Oscillol.'I"nph Tube 

Hyper-prcss and un anode voltage of 2000 
volts. This lens and plate would, for ill­
stUIlCC, record one transit. of a spot moving 
fast enough to complete a 2·inch (diam­
eter) circle in 1/ 60lh of a second. A faster 
lens or plate wOllld increase the perm issible 
\'clocity correspondingly. Photographs at 
much grealer velocities may be obtained by 
allowing the spot to repeal the pa llcrn 
several limes. 
Voltage SCll$itillity: 

Over the norm al range of anode voltages, 
500-2500 volts, the voltage sensi ti vity is a. 
linear function of anode voltage, being 
about one vol t. per millimeter nt500 volls, 
and 5 V91tS per millimeter at 2500 volts. 

A B 

The greater the anode voltage, the greater 
the bril liance a nd the lower the sCl1siti vity. 

Terminal$: 
T erminals for the deflecting plates and 

the anode are brought out of the tube 
through glass arms. This construction 
materiully lowers thc inter-clectrode capac­
itance and eliminatcs insulation troubles in 
the anode circuit. Connections to the fila­
ment and focusing cylinder arc brought out 
to the pl ug-type base. 

Power Supply: 
The followi ng values of voltage, which 

may best bc obtained from the TYPE 40G-A 
Power-Supply Un it, are rC<lui red: filament, 
0.7 \'olt, 1.5 amperes, approximately , the 
exact value being marked on eaeh t ube; 
anode, 500-~500 volts din.'Ct current, 50-100 
micro-amperes; focll si ng cylinder, 50-400 
volls direct current, no current when prOp­
erly adjusted. The maximum anode volt­
age recommended is ~OOO volls, but this 
may be increased to 2500 volts for short 
periods in order to obtain additional 
brilliancy. 

Deflectillg Plalu : 
Capacitance or either pair is less than 

1.5 !J-JLf. Even at frequencies of 30 mega.-. 
cycles per second, the Cll vclope patterns arc 
fuirly good, especially when lhe radio­
frequency denectioll is used in one dire<:­
tjon only and the time axis obtained with a. 
rotating mirror or It moving fi lm camera. 

Moullting: 
The tube is intended to be mounted in 

the ' l '):I'k: 497-A Tube Mounting desc ribed 
below. 

Eh 
rf?rEh;J f.-a ,J ' ClD ' 

I L 
c 0 

Fundnmentnl cathode-ray oscillograph patterns. Alternating voltages llIay be applied to the 
\'ertieal or horizontal deflC(;ting plates as in II and IJ. Patlern C results when E" and Eh arc 
applied simultaneously, the frequeneies/,I and fh being the snme. H Eh is deriv(!{i from Ii "linear 
sweep circuit." and ED is derived from an alternating \'clta ge, the wa\'e sl!npe of RII appears in 
i'ntlerll D. The true WllVe shnpc of Ell can nlso be obtained from Pullern II with a moving 

film call1era or a rohating mirror 
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T he General nadio Cllthode-Hay Oscillogra ph for table mount­
ing. At the left is the T YPE 40G-AM Power-Supply Unit; at 
the right, the Ty]'.: '~97-A Tube ~lounling contnining the tube 

Dimtm3ioll3: 
The diameter of U)(~ fluorescent. screen is 

'~ .5 inches. For other dimensions. see the 

T!lJl~ 

.J1S·A 

description of the T HE 497-A Tube 
Mounting. 
IVeigllt: 

1 pound. 
Code JVord Price 

AI'PIS 595.00 

TYPE 497-A T UBE MOUNTI NG 

(FOR CATJlOI)E·RAY O SCII,LOGR A. PlI) 

THIS is a uni versal mounting for holding the tube in any desi red position and for 
making connections between the lube and the TV!'E 496·A rower-Supply Unit. (see 

page 203 for illustration). It has a nu mber of fea tures which facilitate the use of the oscil­
lograph, make (or convenience in operating and prolong the life of the tube by minimizing 
the danger or accidental burnout or breakage. T erminals are provided for connecting 
the voltages to be ana lyzed. 

Construction: 
The unit consists of an aluminum cast... 

ing ca rried 0 11 a horizontal lShah. altaclll:d 
to a bracket which, in turn , is bolted to a. 
walnut base large enough to provide the 
necessary stability. The casting contains 
the tube socket and an adjustable three­
arm clamp for holding the tube securely in 
place, and it may be swung aboulthe hori­
zontal axis and locked in any desired angu­
lar position as shown in the accompanying 
profile drawing. 

Attached to the casting and surrounding 
the tube is a protecting cyl inder of bakelite. 
which serves the double purpose or t:xclud­
ing ex traneous light and of preventing 
accidental breakage of the tube. 
JJf ounling: 

The supporting bracket may, if desired, 
be removed from the base and llloun ted on 
the under side of a table, on a relay rack 
panel or in any other convenien t manner. 
For most purposes, however, the standard 
wooden base will be found ent irely salis-
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'--r 
',. , 

--------===========;;::.1 
I--!-u-___ I.,~' _ _ _ ~T 
Profile Vicw of Complete Tube i\ !oll nting 

(to SCl\ lc) 

faclory. A suitable panel for adapt.ing 
the instru ment to rack-mounti ng is de­
scribed ullder " 'j'Yl'l: 49i-1' Accessories." 

Termillals: 
All power-supply wiring between the 

tu be 1\1l(\ the power-supply unit is ca rried 

Type 

in a 5-fool llex ible shielded ca ble, on OIlC 

end of which is the lube socket and 011 the 
oLher, the special plug base which fi ls the 
correspond ing jack plat.e in the power­
supply un it. This cable is su pplied a s 
regular equi pment wi th the lu be mounting. 

llin di ng posts a rc mOlln ted a llhe top and 
side of the lube mou nting, to \\' hich the voll­
ages to be analyzed mOty be connected by 
means of sta ndard T YPE Q..1.7-M VI IIgs. 
P rovision is made ror short ci reui ting either 
or both pai rs of deAediug plates and for 
using th em either with or wit.hout grouncled 
tcnninals. 

For some purposes it is orten desimble 
to in troduce volwges in series with the 
power supply to t he anode. To faciliL.'lle 
this, two terminuls arc provided at the bot­
tom of the unit. These a rc normally short 
circuited, and, since they arc at ground 
poten t ia l, th eir exposure int rod uces no 
hazard. 

Accessories: 
The unit is supplied com plete with the 

shielded eablc but without the Clllhode-ray 
oscillograph lube. 

Dimensions: 
Sec the accompanying sketch. The basc 

is 97'8 inches wide. 

IVeight: 
17Yz pounds, withou l lhc t ube. 

C()(ie Word Price 

, ... , ..... ... .. .. .. .. .. .. .. .. . ...... ,. , .. 1 ,umon 87.'; .00 
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TYPE 497-P 

ACCESSORIES 

FOR those users who wish to adapt 
the calhouc-fllY oscillograph for 

mOllnliug on a standard lO-i nch 
(T YPE '180) relay rack, we can supply 
a suitable drilled panel to which the 
su pporting bracket of the lube 
mounting may be altachcd. The 
bakelite protecting lube then cxlcuus 
through the front of the panel as 
shown in the photograph of the rack­
mounting model. 

Whell mOllnted on a relay rack, 
the lube mounting should be sepa.­
raled by at least 7 inches from the 
power-supply unit to minimize the 
eo-eet of stray magnetic fields 011 

the cathode- ray beam . 

Terminals: 
Three sels of binding posts tire pro-

vided 011 the front of the p:wcl to 
which are attached wi res for making con nec­
tions to the tcnn inaison lhe lube mounting. 

]] 'eiyltt: 
L.J.1 pounds. 

Type 

497-1'1 

T he ruck-moullting O;;cillograph wit h a Tn'.; 
iJ J.J.-AR Al11plifier. T he latter instru111ent \\"as, 
in this set-l1l), used to umplify olle of the 

voltages being anulyzed 

Dimensions: 
Panel , 19 x 8% x U inches. Whell as­

sembled. the viewing lube c:dellds Gyg 
inches in front of lhe P:II1CI. other parts 
extcnd 13yg inches behind it. 

C()(ie Word Price 

SI'l .OO 

TYPE 496-1\ PO\vER-SUPI'J~Y UNIT 

(Pon CATIIOI)E-R,\\' O SCII,LOGIlAl'lI) 

THE power-supply unit is:1 complete solution to the voltage supply and control prob­
lem for the T YPE 'l78-A Cathode-Uay Oscillograph Tube, wherever a nO-volt alter­

nati ng-current sou rce is available. It conta ins every feature desirable for convenience 
and safety. It eliminates the possibili ty of burning out the tube duc to accidenl'l.l con­
lacl of high voltages with the filament ci rcuit. 

There arc only two principal controls and these are placed on the panel within easy 
reach. One adjusts the brilliancy and the sensitivi ty of the tube by changing the anode 
voltage, the other adjusts the focus of the electron beam by changing the voll'l.ge applied 
to the roeusing cylinder. A thi rd control, the filament rheostat (and its associated 
ammeter), is placed inside tbe cabinet, ou t of the way, because once set it need never 
be changed during the life of the tube. 
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Sufcty for the user is an important design feature since anode potentials as high as 
2500 volts are employed. High voltage terminals cannot be exposed excep t when the 
lube is removed frolll the socket or when the cover of the power-supply unit is raised. 
Bolh of these operations open the low-voltage input circuit to the high-voltage supply 
and make (lccess to dangerous voltages an impossibility. The safety switches do not, 
however, interrupt the filament-supply circu it. 

Power Supply: 
105-115 vol ts. 50 or 60 cps. alternating 

current. An ON-on' switch and a pilot 
lamp nrc mou nted on the panel. 

OUlPllt VoUagea: 
Sufficient to operate THE 478·A Calll­

ode-Ray Oscillograph Tube. 

1'erlninu18: 
A receptacle is placed on tile right end of 

the cabinet for the nO-volt inpu t. Output 
voltages are delivered to a jack plate iuside 
t.he cabinet., which fits t.he plug plate on the 
connecting cable supplied with the tube 
mounting. 

Tubes: 
One 280-type and olle 80G-type arc re­

quire<l. Neither is supplied with the unit. 

Tyl" 

496-.4.M Cabinet mounting ......... . 

M OUlIli,lg: 
Everything is ca.rricd on an aluminum 

panel finished in black crackle lacquer 
which, in turn, is mounted in a poli shed 
walnut cnbinet. 

}\. rack-mounting instrumcnt is de­
scribed below under "Alternative Moun\...­
ing. " 
Accessories: 

A 7-toot cord, fit.ted with attachment 
plugs {or making connections to the power 
supply, is rurnishcd . 
Dimensions: 

Panel , 15 x S;!.i inches; overall cabinet 
size exclusive of carrying handles, width 
15.!4, height 9%. depth 934 inches. 
Weight: 

30 pounds. 

Code IVord Priu 

,UtGO:\, I $ 110.00 

TYPE 496-A P OWER-SUPPI"Y UNi'!' 

(ALTERNATIVE MOUNTING) 

THE power-supply unit may, if desired, be supplied for mounting in a standard 19-inch 
(TYPE 480) relay rack. To do th is we supply, instead of the cabinet, a pair of panel 

extensions for increasing the panel length to 19 inches. A brass shield takes the place 
of the cover of the cabinet, the raising of which opens the safety switch referred to in 
the preceding description. 

The instrument itself is idcnljcal with the TnE 496-:\ Power-Supply Unit previously 
described. 

Di11le"sioll~: Weight: 
l)anel size, with panel extensions, 19 x 8% x .!4 inches. 2134 pounds. 

Overall depth, behind panel, 83-1 inches. 

Type Code Word Price 
496-AIt I Por rday-rack mounling ............... .. ............... . $100.00 



 

METERS 

THE new meters and auxiliaries described below include a thermionic 
voltmeter, a line of output meters and power-level indicators more 
sensitive than those heretoCore available. contact-type and separate­

heater vacuum thermocouples. a mounting base (or navy-type flush­
mounting meters, and several copper-oxide recti fier voltmeters oE high 
sensitiv ity. 

TYPE 626-A VACUUM-TuDE V OLTMETER 

( A LTEHNAT tNG-CUnnENT QPEItATED) 

TH E wide applicabilit.y of the thermionic type of alternating-current voltmeter intro­
duced the need for such an instrument designed to be operated wholly by 60 cps., 110-

volt a lternating current. 
The '!'YpE 626-A Voltmeter is a direct-readi ng. serviceable. moderately precise instru­

ment of t he compensated, depressed-zero t ype. T he filaments of the t ubes llSed arc run at 
subnormal volt ages so that their normal lire is considerably increased. A ru gged d'Arsollval 
type of meter hav ing a fu ll-scale deflection or 300 micro-amperes serves as the indicat ing 
device. 

The design of the circuits and the type of tubes used resu lt in a minimum wandering of 
the zero point or aging. the chief sou rce of error being fl uctuations in the line voltage (sec 
below). A rheostat is provided on t he panel for adjusting the instrument so t hat all values 
of li ne voltage between 100 and 1!:!0 volts may be used. Sudden erratic changes in line 
voltage arc not in general detrimental, owing to the large t herm al capacity of the cathode 
of the thermionic tube. 
Rouge: T ube3: 

0- 8 voits, r. m.S. 

Power Supply: 
Alternating current, 50- 60 cps., 100- 120 

volts. T he instrument draws a curren t of 
approx imately 0.1 5 amperes from t he power 
supply. A pilot lamp and " on-off" switch 
nrc mounted Oil the panel. 

'rhe new T n'.,; G2G-A 
Vncuum-Tu!)c Volt­
meter, operated frolll 
the alternaling-cur-

rent supply 

One 227.type for the thermionic volt­
meter, Olle 171-typc for the rectifier llll it. 
and one 874-type ballast tube for stabilizing 
the plate voltage arc required. T hese are 
supplied with the instrument. In the event 
of failure of the voltmeter tube, the instru­
ment should be returned to us for recali­
bration. 

[ 213 1 
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Calibration: 
Each instrument is individually cali­

brated and is ae<:uratc to within 1% of full­
scale value. 

Lille-Voltage Error: 
A drop of olle volt in the power supply 

will reduce the reading of the meter al any 
given point on the scale by 0.015 volts 
(0.5% of full-scale). Th is error is linear. The 
meter is adj usted for different values of line 
voltage by It con trol rheostat which re­
stores the ncC(lIc to zero. 

Freqllcnc!I Error: 
liclow UOO kc., th is error is negligible. 

At 3000 kc., the freq uency error is less than 
fl%. and at 'woo kc., it is less than 4%. 

/Vclt'{'jcmn Error: 

The instrument is calibrated in terms of 
r .Ill .S. values of a pure s inusoidal wave. 
Since most thermionic voltmeters read 
average rather than r.m.s. values. an;' .. dc· 

Type RCHlge 

G~G·A O-S volts. r.m .S. I 

partu re from a si nusoidal wave due to the 
presence of harmonics will introduce an 
appreciable error. 

hl put 11npedlmce: 

10 megohms. TO external dired-eurrcut 
path is required. 

Ground: 

It is desirable to ground thc low po­
tcntial inpu t terminal. 

M ountiny: 

Aluminum panel, polished walnu t case . 

A ccessories: 
A six.footllttllchment cord and the three 

t ubes are suppl ied with the instrument. 

lJimcnsiOl!s: 
1 J (length) x 8>1 (width) x 8~ inchcs 

(height), overall. 

IV eiyht: 
14)4 pounds. 

C()de 
!Vimi IJriCll 

........... I ET III C 8100.00 

TypE 483 O UT!' -'" M~;TEllS 

THE success of the T Y P E 486 Output :Metcr introduced about t\\·o years ago b:,' th e 
General Uadia Company has becn such that it appears desirllble to c.'l: tend the line in 

order that instrulUents may be available for li se in connection with the various types of 
receivers now commercially available. The THE 488 Output :Mctcrs as well lls the '1'1'1'.; 

'~ 8(l Output Mctcrs are esscntially alternating-cu rrent voltmeters of thc eopper-oxidc. 
rectifier type. The instruments include multiplying networks so arrangcd that a constant 
load impedance is presented at the t erminals. I n the several mcters now listcd, thcsc im· 
pedances havc been chosen to have the same order of Ulugnitude as the loads eOUl Ulonly 
employed with rad io-receiving circuits. The outputmclcr, therefore, servcs both as a tcst 
load and as an instrument for mcasuring the voltagc dcvcloped across this load. 

I nstrumcnts urc now avai lablc for use with four gcneral types of receiving circuits. 
These may bc listed under their characteristic load impedance as follows: 

J,fX)()·Olun Uxld: This is the correct \'alue to use with rttcivers Illlvillg a single 245-typc 
vacuum tube or having all output transformer for working in to 4000-ohm loudspcakcrs. 

SfX)()·Oll1tt Load: Thc majority of broadcast receivcrs now in commercial produclion 
employ push.pu ll 245·typc tubes. Thesc shoult! work into a load impcdance of 8000 ohms. 
Output meters designed for this valuc arc, therefore, ideally suited for measurements 
d irectly across thc platc ci rcuit. 

20,(XXJ-Ohm Load: The advent of the 230- and 2S J-type tubes has resulted in the design 
of improved battery·operated receivers. Circuits employi ng 231.type tubes in push-pull 
bavc an output impedance of approximately 18,000 ohms. There is also an cvcr·growing 
demand fo r an output meter to be used in connect ion with code receivers dcsigned fo r 
headphone operation. Doth of these abovc rcquircments will be met by an output meter 
having a characteristic impedance of 20,000 ohms. 
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Design: 
With each of the various types of re­

ceivers, it is desirable tha t the output meler 
have sufficient seositivity to permit mea· 
surements of hum voltage. By incorporating 
the latest improvements in methods of 
meter construction, it has been possible to 
obta in a full .scale sensitivity of 2 volts even 
at a characteristic impedance of ~O,OOO 
ohms. This sensitivity has been obtained 
without Joss'"of mechanical ruggedness. 

In order to increase the utility of these 
output meters, seven multiplying steps 
have been provided. In this way the totnl 
range has been increased and at the sallle 
time the interval between steps has been de­
creased as compared with previous designs. 

Characferi8t ic b npedullce: 
See price list Cor values. When the multi~ 

plier is set a t one, the impedance is that due 
to the mctcr alonc, and hence varies with 
voltage as in the case of t he 'l'Yl'E 488 Alter~ 
!lating-Current Voltmeters. With increase 
ill multiplying setting the impedance ap~ 
proaches a pure rcsistance of the charac~ 
tcristic value and is accu rate to ±2%. 

SC1I8it-ivily: 
All have a full-scalc sensitivity of ~ volts. 

Sec price list. 

Accuracy of Calibration: 
With thc multiplier at one, the accuracy 

of calibration depcnds entirely on the prop­
erties of thc coppcr-oxide-recti6er meter. 
These a re such thatthc instrument is accu· 
ratc to within ~% of its full-scale reading at 
frequencies up to 2000 cycles, within 5% 
to 5000 cycles and within 10% to 10,000 
cyclcs. At a multiplier setting of two, there 
is an additional error in the indicated volt~ 
age due to the variation in meter impedance 
with vol tage. For the 4000~ and 8000-ohm 
mcters, this error is 5% at one volt and 10% 
at 0.5 volt. For thc 20,000-01101 metcr t h is 
error is 3% at one vol t and 6% at 0.5 volt. 
T he network error at a multiplier setting of 

Characlerittic 
Typ' Range Impedance 

483-:\ (Hl--4-l o-20-4o-
100-200 volts 4000 01111lS 

483-B 0-2--4-10-20-40-
100-200 volts 8000 ohms 

483-C 0-2-4-10-20-40-
100-200 volts 20,000 oh ms 

T YPE 4S(i-C Output Meler 
(('atent &I>I,IiOO fo r ) 

t wo is greater than at any other setting :lod 
de<:retlses rapidly as the multiplier ratio is 
inerease<l. 

Scale Length : 
2}1 inches. 

M oulI l'ing: 
Thc copper-oxide~recti6er voltmeter and 

the multiplier switch are mounted on a 
bakelite pancl which, in turn, is mounted 
in a polished walnut case. 

DimellswlI,: Weight: 
9 x 4U x: 4% inches. 8 pounds. 

Maximum Cod, 
Power Word Pme 

10 walts AVAST $42.00 

5 watts AVERT 50.00 

rt watts AVOIO 54.00 



  

216 GENERAL RADIO COMPANY 

TYPE 586-B POWER-LEVEL INDICATOR 

(R ELAY.RACK MODEL) 

THE demand for this illstruUlcnt equ ippcd with an extra pair of terminals tor connecl­
ing an auxiliary ind icating meter located at a distance has not been su fficient to jus­

tifyour carrying it in stock. We are, therefore, discontinu ing this item as well as the 
'!'YN; 586-PS Meter. 

TYPE 586-CM AND TYPE 586-CR POWER-LEVEL I N DICATORS 

(CABINI>T MODEL) 

THE new instruments arc identical in appearance and opefaLing principles with, and 
differ only in their grealer sensitivity from, the earlier models previously described 

(pages 106 and 154). Thenew ones contain more sensitive indicating clements having a mid­
sca le deflection at a power level 10 decibels helow the standard reference level of 6 milli_ 
watts into a load of 500 ohms. T hey are, so to speak, 10 decibels more sensitive than the 
older oncs. Their calibration is also arranged so that the power level at the instrument 
termina ls is obtained by taking the Slim of the meter and " multiplier network" read ings. 

Range: 
- 20 db to +36db for standard zero level 

of 6 milliwatts into a SOO-ohm line. Lines of 
other impedance may be lISed however. Sec 
Correction Ter-llt below. 

M lIltiplier Network: 
A constant-impedance network, having a 

total attenuation of 40 db adjustable in 
2 db steps, acts as a "multiplier" {or the in­
dicating meter. Its scale reads from -10 db 
through 0 db to +80 db. Marking the point 
of zero attenuation " - 10 db" permits mark­
ing mid-scale deflection of the meter "0 db." 

Indicating Element: 
Copper-oxide recti6er voltmeter having 

rull-scale deflection of 1.10 volts and a mid­
scale deflection of 0.548 volt. These corre­
spond, respectively, to power levels of-4 db 
and - 10 db fo r the standa rd reference level. 

The moving element is slightly damped 
to prevent undue overthrow on sudden 
surges. The amount of damping is the same 
to which operators on monitoring circuits 
are accustomed. 

AI eter Scale: 

Graduated at 00, - 10, - 6, -4, 0, +2, +4, 
and +6 db to cover total range of 16 db. 
Marking mid-scale dc£lcction "0 db" in­
stcad of "- 10 db" is a. distinct convenience 

in lIlonitoring where power-level diffcrcnces 
arc observed. 

A ccuracy: 

At small meter deflections there may be 
an error of 0.5 db depending upon the at­
tenuator sel ting due to impedance changes 
ill the rectifier circuit. The average error is 
less than 0.2 db. The error due to frequency 
is negligible below 10,000 cps. 

I mpedance: 

5000 ohms. (Note that this is the internal 
resistance of the instrulllent and has exactly 
the same significance as the "resist alH .. -e" of 
a voltmeter. ) 

Diftortum: 
Due to the highly resistive impedance 

characteristics and the absence of iron, no 
dctectable distortion is introduced into the 
monitored circuits by these power-level 
indicators. 

Correction Term: 
When used across load$ of other than 

500 ohms impedance the correct power level 
may be obtained by adding to or subtract­
ing from the instrument indications a COII­

stant correction term taken rrom tt chart 
rurnishcd with each instrument. 

Mounting: 
In the TYYE .sSO-eM Power-Le vel Indi­

cator meter and multiplier network are 
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Dimensions: carried on It bakelite panel mounted 0 11 a 
hand-ru.bbcd walnut case. l~or mounting 
deta ils oC the TYPE SSO-CIt Powcr-I .cvcl 
I ndicator, see "Helay-Hack :Modcl" below. 

10 (length) x 5 (wid th) x 5 inches (heigh t ). 
overall. 

Type 

J8G-eM 

W eight: 
3 pounds. 

/lmtOc 

!
- 20 db to +36 db with :ccro level at 0.006 ! 
watt into a 500-ohm line. 

R ELAy-HACK M OI> E L 

Cod, 
Word 

1I0!'I:.:Y 

Price 

$75.00 

THE TyPE SSO-cn Power-Level Indicator is supplied on a 19-inch panel provided wit h 
a meta l dust cover so that the instru ment may be mOllnted 011 It slandard relay nlck. 

Terminals arc provided at the back or the panel for permanent connection. 

Dimensions: IVeight: 
19 (length) x 5 (height) x 3.!4' inches (back-of- 4 pou nds. 

panel depth), overall . l'anc1thickncss, X( inch. 

TYJHJ 

S80·C n. 
!

- 20 db lo +S6 db with l.cro IC\'cl al 0.006 ! 
watt into a 500-ohm lille. 

COOf} 
li'f1I'fi 

uoson 

TYPE 488 ALTEH NAT ING-CURRENT ME'rICRS 

( VOI.T:\1t;TER M ODELS) 

Price 

$80.00 

SINCE the description on page 10 1 was firs t published, se\'crai additional Tl' I'E 488 
Voltmeters have bcen made avai lable. Like t he original meters, these consist of a 

copper-oxide-recti6er element used in conjunction with a micro-ammeter. T he newer 
instruments have a full-scale sensitivity of 2 volts, and a considerably higher resistance 
per volt than the original TYPE 488-A Alternating-Current Voltmeter. The new instru­
ments are identical with the TYPE 488-A Alternating-Current Voltmeter in mechanical 
appearance. Catalog specifications covering the complete line are given below. 

These specifications replace those on page 101, the T vl'F, '~88-A Alternating-Current 
Vol tmeter having been d iscontinu ed. 

/langc: 
See price list. 

Impedance: 
See price list. Refcrred to full-scale 

value, the impedance changes with applied 
voltage, the 4000- and SOOO-ohm instru­
ments increasing approximately 50% in 
value at .!4 fu ll-scale voltage ; t he 20,000-
ohm instrument increases approximately 
30% at U full -scale voltage. 

Length of Scale: 
2}12 inches. 

A ccuracy of Calibration: 
Within 2% of its full -scale reading at 

frequencies up to 2000 eps. Within 5% to 
5000 cps. Within 10% to 10.000 cps. 

Mounting: 
Each meter is suppl ied mounted in a 

TYPE 298-A Meler Mounting. 

Di7lle1lsu)1!$: 
Diameter, 3~ ins; depth, 2% ins. over­

all. Mounting hole diameter, 2IU2 ius. 

Weight, 
12 ounces. 

Type Impedance Code Word Price 

488-Bi\:! ! 
488-DM 

O-~ ,"olu. r.m.s. 
O-~ YOlls, r.m.S. 

4000 ohms 
iOOOO ohms 

OOIUIETGOAT 

OORMETSIIOE 

$20.00 
35.00 
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$QUA1IE.LAW GAINANQ)IETER }'100EI, 

THE usual rectifier-type voltmeter has a nearly linear characteristic and is subject to 
large waveform errors, Dy care£ully redesigning the rectifier circuit. it bas been found 

possible to produce a meler practically frec from t his defcel. The Tl'PE 4SS-Ul\1 Alternat­
ing-Current Galvanometer was de\'eloped for usc with the T..-pt: SSG-A Distortion-Factor 
Meter to replace the less rugged thermocouple instrumen t usually employed for stich work. 
Since it is lIsed for a comparison instrument no calibration is required. 

/lange: 
o to approximately 600 miJIh'o!ts {ull 

scale. 

Ilcsislallce: 
Approximately 700 ohms. 

Scalc: 
The 2.5-illcb scale is divided into fifty 

equal divisions marked 0- 100. 

Calibration: 
The meter is adjusted so t.hat. full-scale 

deflection is oblainctl at approximately 600 
millivolls. 

rvavefoNn Brror: 
T he approach to I~ squarc-law charactcr­

istic is sufficiently close so that cven whell 
two equal voltages of different £requeneies 
are simultancously applicd thc waveform 
error is less than 3%. This mcans that UlC 
effective value of the composite voltage 
causing a certa in dcflection will be within 

Typ' Range 

S% of the single frequcncy voltage causing 
the same deflection. 

Frequency Characteri8tic: 
Thc meter will givc the same deflection 

to within 2% for alternating-current volt­
ages up to 2000 cps., to within 5% up to 
5000 cps. , and with in 10% up to 10,000 cps. 

Adju8tment: 
A scrcw is provided under t.he glass face 

for making the zero adjustment. The glass 
may be removed by unscrewing the bezel. 

M Oimting: 

The meter is supplied mounted III a 
T\'I'f~ S!98-A .Meter Mounting . 

Dimen8ion8: 
Flangc diamet.er, 3}2 inches; back-of­

panel depth , 2M inches, o\'erall; body 
diameter, S!t1A! inches. 

Weight: 

120u uccs. 
Cod, 
Word Price 

488-HM 1 0-000 millivolts, square law ............. 1 OUn~jETIlEAD $80.00 

TYPE 588-AM D IRECT-CURRENT METER 

TH1S is adirect-current galvunometer having full-scnle sensit.ivity of 500 micro-amperes 
and a resistance or 10.0 ohms (5 millivolts) which adapts it fOr use in conjunction 

with TYPE 493 Thermocouples. Since each thermocouple must be individually calibrated, 
t.he scale is laid out with 50 equal divisions marked from 0 to 50, thus making easy the 
preparation and reading or calibration curves. The meter is in a TYI'E 29S-D Melcr 
Mounting which has jacks for plugging in the thermocouple. 

This met.er may also be used with the 1\' PE 492-A Oxide Rectifier. 

Range: 
o to 500 micro-amperes fu ll scale. 

Rui8tance: 

Approximately 10.0 ohms. 

Scale: 

The ~U-inch scalc is divided into 50 
equal divisions marked 0 to 50. 

Calibration: 
Full-scale deBection is adjusted to within 

2% of the specified value of 500 micro­
amperes. Other points are not calibrated 
but del1ection is approximately propor­
tionalto Current over the entire range. 
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TYI'E 298 i\l ctcr i\ lounlings. ' ,('jt: TYI'~; 208·'\ Meter Mounting. Center all/l right: T YPE 5SS·A M 
Oircct-Currcnt Meter showing its usc with a TYPE '193 Thermo(:ouple. The TYI't: 588·AM Direct­

Current )fclcr is supplied mounted in n TYl'~ 29S-n i\Jelcr l\l ounling 

Adjustment: 
A screw is prov ided in th e glass race for 

making the zero adjustment. 
Dirmm$'uma: 

Sec above photograph. 

Tyi>t Urwyc 

5SS-AM 0-500 mic:ro-alll l)Crcs 

Weight: 

I %' pounds. 

COOt Word 

O U II.\I.:T,\l l1S II 

TYPE 298 METER MOUN TINGS 

Price 

$~ I .OO 

D UnL~C t he last lew years, the General Uadio Company has made e.xtcllsivc usc of 
flush-type meters mounted in the standard S,!.;2-inch navy-type bakelite case. These 

have been developed for lISC ill power-level indicators, in output meters, and as gal vunome­
tcrs associated with rectifier elelllents and with thermocouples. 

T o meet the growing demand lor individual meters used apart from complete instru ­
ments, t he General Radio Company has developed the TYI' E :l08 Meter .Mounting. Th is 
is a mou lded bakelite case supporting the meter at an angle of approximately 30° from the 
horizontal. '1\\'o of our TYl'E 138-V Jack-Tol) Binding 1'osts arc mounted at the lower left.­
hand corner. In the 'l' YPE 298-B model, four TYPE 274-J Jacks are mounted in accordance 
with standard spacing. These jacks, therefore, permit t.he usc or the '1'",.£492 Rectifiers or 
or the TYPE 403 Thermocouples with the meter. It is also possible to use multipliers or 
attenuation networks mount.ed in the same kind of bakelite cases. 

'1'his unit. fits a ll navy-type meters having short studs. Dimeusions are given on the 
accompanying photograph. 

Dimt"$w/!$: 
Height, 2,!4 inches. \Yidth, 3% inches. 

Length , 6 inches. 

TUp' 

298-A 
298· 11 1 

Without J acks . .... . ... • . .. . . . 
WillI J acks ......... ...• • .. • . . 

Weight: 
1 pound . 

. ... . .. . .... .... ·1 

... . . . . . ... . ... . . 

Cod, 
Word 

I'ABLE 
}'ACET 

Price 

82.00 
2.25 
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Mounting case for 'fYI' I: 492·.-\ Oxide Hcctifier and Ty!'.: 4!13 'f hcrmocouples ror plugging inlo :l 
TVPJ; 274·HJ i\ lollllting Base 

TYPI': 492-A OXlDE RECTiFiER' 

THE TYI'E 492-.'\ Oxide Hcclificr is pro\·jdcd for usc wilh rclays and din!cl-clI rrcnL 
ind icating instruments 011 ulternating-cu rrent serv ice. The unit is at present offered 

primllrily for experimental usc and the following specifications arc indicati\'e rather than 
posili\·c. 

It musllJc realized lhallhc (:opper-oxide type of rectifier is sulJjccllo changes in boLiI 
sCllsili"jty and frequency charadcristics with output load. The sensitivity a lso " urics 
wilh impressed voltage. The values gh'en below approxi mate th ose obtained under usua l 
conditions of voltage and load. 

This rectifi~r unit is mad~ tor 115 hy the General E lectric Company. 

Freqllency £ 'rro,: 
The rectifier may be used withou t appre­

ciable frequency error at frequencies helow 
5000 cycles per s(.'Cond . 

7'emlJeralurc Error: 
Tempcrature crrofiO of about 5% may I.lt.' 

cxpected between normul extremc tempera­
tures. l\fa.;\:imum scnsiti\' ity is obtained 
with a load of 5000 to 7000 oh ms. Th is value 
should be used when the instrument is oper­
ating a relay. If a l -milliampere rueter of 
400 or 500 ohms resistan ce is used, fu ll­
scale defJection will be obtain(.."(i at ahout 
2 volts across the rectifier input. 

Ty pe 

492-A I. . . . . . . . . . . . . . . . . . . . . . . . 

T he maximum current output from the 
redifi!'r should not exceed 15 mill iumperes. 
lIor shou ld the impressed voltage exceed 
3 volls, 

Ob\'ioll sly. the apparent change 01 illl­
p(.."(iancc with resistance call be greatly re­
ducCtI by proper usc of series and shunt 
resislance 011 the inl)u t side. 

/J imellsions: 
Size of case, exclusive of plugs, 2)1 x 1% 

x % inches . 

IVeight.: 
4 ounces. 

. . . . . . . . . . . . . . . . I 

C<J, 
Word Priu 

87.00 

'This description supcrsedesJ thc ooe on pages 15~ and 165, 
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T YPE 493 THERMOCOUPLES' 

(Co~TA(,~r .TypE MODELS) 

WHILE ind icating direct·current instruments call be IlHulc fo r curren ts as low as a rew 
micro-amperes, dynamometer instruments for the measurement of a lternating cur­

rents ttre not available in low ranges due to .the iuherent low efficiency of this type of 
instrument. 

In the measurement of alternating cu rrcnts of small magnitudes the heating effect of the 
Current is generally utili zed. In the thermocouple the heat caused by the flow of current 
through a wire is applied to a junction or dissimilar metals. Such a jUllction sels up a 
direct-current voltage which actuates a sensitive dire<:L-current indicating meter. This 
type of instrument is a true integrating ammeter, since the direct-cu rrent meter reading is 
a function of average squared Current in th e heater. A thermocouple is. therefore, inde­
pendent of waveform errors. Frequency errors O(:~ur only at frcqucncies so high that the 
shunting effect of stray capaci tances in t he couple mounti ng becomcs significant. 

In addition to thc contact-type couples described in the specifications inllllL"{liatcly 
rollowing this paragraph. separate-heater couples arc also available. 

COllstruction: 
The thermo-junctions used ill these 

couplcs are mounted in an cvacuated glass 
bulb. The vacuum serves to prevent radia­
tion of heat from the couple and also re­
duces th e efrect of external temperature 
variat ions. Thc glass bulb is surroundcd by 
relt and Illounted in a bakelite container, 
fitted with plugs for plugging into a TYI'E 
274-RJ Mounting Basc (sec page 162). The 
thermo-junction is in direct contact with 
the heater wire at one point only. 

These con tact-type couples are suitable 
ror usc OIL either alternating or direct cur­
rent and may, of course, be calibrated 
on direct current. Reversed readings arc de-

sirable in making calibrations although re­
versal will n,ot ordinarily change the indica­
t ion by more than one per cent. 

Couple Resistance: 
10 to 12 ohms, all types. 

Heater Resistance: 
Pl us or minus 10% of values givelL iLL rol. 

lowing table. 

Electric Sensilivity: 
Current for 10 milli \"olts plus or minus 

10% of values given in following table. 

Thermal SeMiliv-ily: 
26 mierovohs per dcgrec Fahrenheit. 

• This Ilescriptioll supersedes the one on pages 155 and 150. 

Contact-type vacuum thermocouple as mounted in TYPE 49S Thermocouples 
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Coefficunt of Rt:8islallce: 
Couple elements. O.Oool S per degree Fah­

renheit ; heater, 0.00009 per degree Fahren­
heit . 
Meter: 

The ']'YI'E 5SS-A Direct-Current l\!cler 
described on page 218 is recommended for 
use with these couples. 

O'lrrellt to Gire 
1I(!(lter 10 milliro/u 

T,I" /luiztallce Open Cirellit 

49S-A 0.50bms 275 rul:t . 
493-C 2 " 100 mla. 
4!)S· F. 10 " 25 mla. 
49!}·H 100 7 mla. 
49S-K 450 " 4.5 mla. 

DimemtiOlI8: 
Size or case, exclusive of plugs. 2J.i x 1% 

x %" inches. 

Weight: 
4 ounces. 

Maximllln Cod, 
Safe Cllrrellt Word Price 

415 mla. .......... FUNl\'Y $ 12.00 
150 mla. FOCUS 12.00 
40 mla. .......... FOI.I.Y 12.00 
1 1 min. ........ FORAY 12.00 
7 mla . ........ . 'ORUM 12.00 

SEI'ARATE-H.;ATEH MODELS 

F0n. certai n types of measurements at high frequencies it is detrimental to have any 
electrical contacl betweenlbe couple and hcatcr of athcrmocouple. This difficulty call 

bc avoided by the usc or t he separate·heater type of tl1ermocouple in which couple and 
heater arc kept in thermal but not electrical contact by means of a small bead of insulating 
material. We arc now pleased to announce that we can supply separate-heater thermo­
couples mounted in our standard bakelite cases, like the 'l'Yl'E 493 Thermocouples pre­
viously described. 

The Sepllrtlte-Jl(~ater construction completely eliminates reversal and shunting errors. 
This isolation of meter and couple means that the meter nccd be used with fewer pre­
cautions against stray capacitances to ground at very high frequencies. 

COl/ pic Resista nce: 
From 3.5 to 8.0 ohms, approximately, 

depend ing 011 the type. Sec the price list. 
Val ves arc as specified to within ± 10% . 

N cater Rcsisfa1ICc: 

Plus or minus 10% of values given III 

price list. 

Eleclric Sl!llsil ioily: 

See price list. Actual values ure within 
:I: 10% of t hese specified. 

Meter: 
Ideally, t he greatest overall efficiency is 

obtained when the resistance of the meter 
is cqual to the internal resistance of the 
couple. The TYPE 5S8·AM Direct-Current 
.Meter will, however, be found satisfactory 
for most purposes. 

Dimensions: 
Size of case, e.xcl usive of plugs, flU x 1% 

x % inches. 

rveight: 

" ounces. 

SeMilicily 

T,I" 

·ms-HA 
49S·HB 
499-Hf; 
'}9S-H G 

Tlealer 
Raillallce 

0.45 ohms 
1.3 .. 

10.0 " 
37.0 " 

I 570 mla. 
1 150 mlu. 

95 mla. 
9 mla. 

Open- Maximum 
Oircuit Sofe Couple 
V oltoge Ourrellt Rui.,ta,lee 

10 m\,. .500 mla . S.5 ohms 
10 m\'. 200 mla. S.5 " 
10 mv. 50 IIlla. 3.5 .. 

G Ill \'. 10 IUJa. • " 

Cod, 
Word 

F.AGER 
EAGLE 
J:!AR I,Y 

EAnTH 

Pria 

$15.00 
15.00 
15.00 
15.00 
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I NDEX n y TYPE NU!\IBBIl ....... .. . 

I N DEX ny TITLE . . . ............. . 226 

These indexes contain references t o all the informa­
tion published ill Catalog F , Part I (the original 
Catalog I?), in Cata log F , Part 2, and in Catalog F , 
ParlS (this booklet). 

[ 223 I 



  

'i'Y lle 

10' 
106 
107 

I" "7 
ISS 
1S7 
1S8 
ISS 
156 
166 
174 
180 
I.S 
19S-PI 

'0' 
210 
21. 
U~ 

21G 
' 19 ,,. 
22. 
22. 
23. 
2-m 
~II 
246 
• • 7 
24. 
'60 
.6S 
26. 
m 
275 
275--P 
276-A 
'80 ..., 
287 
20S-A 
29S-P 
298 
SO l 
S02 
80. 
SO, 
SIO 
SI7 
SIS 
S21 
S29 
SSO 
834 
SS5-Z 
. 37 

INDEX BY TYPE NUMBER 

b !slrumtml Page 
Decade-Resistance l3o:.:es .. ... . . 16, 126 
Standard InductllllceS..... . .. 31, 120 
Variable Inductors... .32, 120 
Phantom-Antenna Resistors. . . SO 
H ot-Wire Meters ............ .... l OS 
Standard Resistances. 18 
Knobs. . . .. . . .. 110, 158 
Binding l'osts ....... . .110,100 
Switches.. ... . . . . . . . . . . 112 
Socket . . . . . . . . . . . . . . . . . . . 113 
Tdephone T ransformer . . . . . . 47 
Direct-Reading Wuvemeters. 70 
Galvanometers. ............ 102 
Decade Bridge ... .............. . 75 
Wagner Ground ... . .. 141 
Switch . ... .................... . 11 2 
Ratio-Arm Box... .......... ... . 87 
A udio Oscillators. . . . . . . . . . . . -n 
R heostatsa nd Potcntiometers,28, 126, 170 
Capacity Bridge .. . . . . 76 
Decade Condensers. . . . . . . . ... . . . 14 
P recision Condensers . .0, ] 71 
Precision Wavemetcrs . . .. 67, 1'10 
Galvanomcter Shu nts .... 86 
Variable Air Condensers .... . . .8, 124 

'l'ype 

338 

3SS- P 

'S' 
30'10 
3-19 
SSG 
$5. 
85. 
Soo-A 
301-13 
301-1' 
.66 
868 
371 
374 
375-A 
376 
377-U 
37. 
380 
383 
38S-P 
984 

Instrument Page 
String Oscillograph and Vibration 

Galvanometer .. . . . . . . . . OS 
Accessories. . . . . . . . . . . . . . . . . . . . .. 05 
Switch .. ... .... ....... .. 11 2, 100 
Rheostat . . . . . . . . . . . . . . . . 19 
Socket. . . . . . . . . . . . . . . . . . liS 
Quartz-Plate Holder. . . . . . . . . . . .. OS 
WaveUleter . . . . . . . . . . . . . . 09 
Variable-Ra t io TransCormers... 46 
Test Oscillator ............ .... !H , 147 
Vacuum-Tube Bridge .. .......... 81 
AC(:essories. . . . . . . . . . . . .. 84 
Filter Choke. . . . . . . . . . . . . . -19 
Variable Air Condensers .......... 12 
Potentiometers . .............. . 27, 126 
Variable Air Condensers.. . . . . . . II 
Stnt ion Piezo-Electrie Oscillator .58, 137 
Quartz Plates ................. 6'1, 13S 
Low- Freq\leney Oscillator . . . . . . .. S5 
Radio-Frequency Chokes. ........ 50 
Decade Switch and Condensers .. 14, 125 
Porlilble Capacity Bridge .... .. . 78, Wl 
Accessories. ......... . . . 80, 1-12 
Portable Radio-Frequency Oscil-

lator ..... .... ............. . S8 
Capacity Meter . . . . . . . . .. SO, 142 384 T ndlll.'tors. . . . . . . . . . . ...... . '10 
Microphone Hummers.. oil S87-A Spea ker Fil ter ............... . 47 

64 Variable Air Condensers. ....... .. 7 S89-B Magnelostriction Oscillator .... . 
Variable Air Condensers .. 0 
Attenuation Boxes........ .... ... 22 

380-1' lnductors and Rod Mount ings .. 65, 140 
403-0 Standurd-Signal Generator . 80, 145, 105 

P Orl.'elain Insulator .............. 114 409-1' Output Shunts .................. 140 
Variocoupler . . . . . . . . . . . . . . . . . . .. 33 
Variometer ...... 33 

-~ O9-1'} 403-Q I nductors for 'I'1"I'~: 403-0 ...... 00, 140 

Plugs, Jacks , i1nd Bilses ....... 114, 162 ,W4 Test-Signal Generator . 148 
P iezo-Electrie Oscill ll tor . . . . . . . . .. 57 407 Synchronous Shutter .. 153 
I nductors ..................... 58, 137 407-1' Accessories.... 15S 
Quartz Plate . . . . . . . . . . 63 408 Oseillograph Camera . . . . . . . 15 1 
P orcelain Insulator . . . . . . . . . . . 114 40S-P Accessories....... ............ 152 
Ampli£er TransCormers . . ... 43 400 Camera Sildf . . . . .. . . . . . . . . . . . .. 152 
Direct-Reading Ohmmeters. .. 104 41 0 Rheostats and Potentiometers..... 30 
Universal Bridge ... ........ 101 41 S-n Beal-Frequency Oscillator ( Bat-
Accessories.. ........ 193 
Meter Mountings............ 219 41 0 
Rhcostat~ and Potent iometers. 20 418 
Geared Dial. .... . ... .... 100 41 9-A 
Geared D ial. . . . 109 423 
Socket Cush ion . .. . . 113 426-A 
Dials .... ......... ......... 109, 157 4Il7-F 
Dials .. .. ....... . . . . . 109,157 429 
Dial Plate .. ... .. . . . .. . .. 157 4S4-B 
Artificia l-Cable BOXeS . ....... .... 98 437 
Attenuation Boxes ............... 23 4S8 
}~ ilter Sections. . . . . . . . . . .. 97 430 
Variable Air Condensers..... 10 443 
Variable Air Condenser .. . 11 440 
Switches . . . . . . . . . . . . . . . . . . . . . . 112 452-C 

[ ~~I I 

lery Operated)................ 37 
i\Iagnetostriction Rods . 60 
Dummy Antenna ............. IB , 202 
Rectifier-Type Wavemeler ....... . 188 
Vacuum-Tube Oscilhl tor ....... 040, 13'l 
Thermionic Voltmeter. .. . . . . . . . .. 99 
A.C. Voltmeter. . . . . . . . . . . . . . 100 
Attenuation DOli: .............. .. 24 
}~requeney Meter ... . ............ 180 
Center-Tap Resistance ... ... ... 50, ISS 
Socket . . . . . . . . . . . . . . . . . . . . . . . .. lIS 
Center-Tap Resistance . ........ 50, 1303 
Mutual-Conductance Meter . . . . . .. as 
Voltage Divider . . . . 040, ISS 
Voltage Divider . . . . . . . . . . . . . . . .. ~5 



  

Type 

'~57-A 

478-1\ 
480 
481 
483 
486 
488 
4S0·B 
4!)2~A 

493 
496-A 
497-:\ 
497-P 
500 
502 
1;0:'1 
507 
50S-A 
510 
5 \1 
5 11 -P 
513-8 

5 14-A 
51·1-1) 
527-A 
520 
SSO 
536--,\ 
539 
540 

'" 545 
5 '~7 
5 '~7-P 
54.7-8 ... 
553 
554 
556 

INDEX BY TYPE NUMBER 225 

/11"trument Paye T y pe 

Modulation Meter . . . . . . . . . . (,13 
Ca thode- Itay Oscillogra ph Tu be . 207 
lkiay Hack. . . . . . . . . . :jfj 

Polar Relay.. .. . . . . . . . ... 108, 157 
Output Meters. . . ...... 214 
OutpulMeLer . . l OG 
Alternating-Current :\ [ctcrs...... 211 
T win i\bgnctostriction Oscillntor .. 0.; 

Oxide Rectifier . . . . . . . . . . . . . . . . .. ~'lO 
' fh ermocouples. . . . . . . . . . . . . 221 
Power Su pply Unit. . ............ :l ll 
Tube Mounting . . . . . . . . . . 209 
Accessories . 211 
Hesistors. ......... . 177 
Dials. . . . . . 158 
Dials. .. .. . . . ... . .. ............. HiS 
Non-l'olnr Helay . . . lOS 
Oscillator . . .. . . . . . . . ........ 181 
Decade-Resistance Units .. 177 
Syncro-Clock . . . . . . . . . . . . . . . 71 
Replacement. .... . ............ 73, 140 
Beat-f'requency Oscillator (A.C. 

Operated ) .................... 130 
Amplifier . . . . . . . . . . . . . . . 183 
Accessories. 185 
Rectifier J<'i lter . . . . . . . . .. 49 
Attenuation Box . .. . ..... 24 
Hand-Pass Filters. 207 
Distortion-Factor Meter ... .. . 20·~ 
Variable Air Condensers. . . 123, 172 
F ilament Transformer .. . . . . . . . . .. '~8 

Push-P ull T ransformer . . . 'Hi 
Transformer . . . . . . . . . . . . . . . . . . .. 'lS 
Temperature-Control UOx.... .... 59 
Accessories and Replacements ... GO, ISS 
Temperature-Control Unit . . . GO 
Volume Controls . . . 12(; 
Volume Controls .. . . 128 
Voltnge Divider. 25 
Amateu r-Band Condenser ........ Ii'! 

557 
55S-P 
565 
5G8 
579-A 
574-
575 
576-:\ 
511 
584 

585 
586 
586-P 
581 
5SB-A 
590 
591 
591-1) 
592 
693 
594 
505 
59S-A 
600-A 
GOI-A 
601-P 
G02 
624 
62·1-1' 
626-A 
.38 
&lS-Pl 
645 
640 
052 

656 
657 
658 

/nstnl mlmt Page 
Amateur-Band Coudenser .. . ... 12, 124 
Frequency Meter . 68 
Trllllsforme r . . . . . . . . . . . . . . . . . . . . '~ 8 
Variable Air Condensers . 173 
Resistance-lmpwum:e Cou pler . 45 
Wavemeter ..................... 189 
Piezo-Elect.ric Oscillator . .. ....... 134 
Quart?; Bar (a nd Holder ) .... . .. G3 , 139 
I nd uctors ..................... 34, 129 
Alternating-Current Portablc 

Rndio-Vrequency Oscillator . . . .. 39 
Amplifier Transformcr .. ...... .'13, 133 
Power-Lcvel lndicator .. . . 106, 154 ,216 
Accessories ............. ...... 154, 2 16 
Speaker F ilter . . . . . . . . . . . . . . '~7 
Direct-Currcnt Metcr . . . . . . . . . . . . ft 18 
Piezo-Electric Oscillator . . .59, 137 
Tcmperature-Control Unit .. . ... 61, 138 
Accessories and Rcplacemenb ... 61, ISS 
M ultivibrators ................ 56, 134 
Timing Unit . . . . . . . . . . . . . . . . . . .. 73 
Heat-Control U' lit. . . 62 
Power-Supply Unit . 56 
Fadcr . . . . . . . . . . . . . . . . . . . 26 
Standard-Signa l Gencrator .. 195 
Standard-Signnl Gcncrator . I [)9 
T nductors . . . . . . . . . . . . . . . . .. 202 
Dcendt.--Resista ncc Uo:-;-es .. ....... 174 
Prccision Wa \'emctcr .......... (is, 140 
Inductors.. . . . . . . . . . . . . . . 68 
Vacuum-Tube Volt mcter . 2 1 ~ 

Sockets ................... 160 
Socket-Mounting Hing.. .. . 161 
Laboratory Amplifier .. 42 
Sockct . . . . .. . . . . .. . 160 
Volume Control$. 
Socket. .... . 
Socket ..... . 
Sockct. ................. . .. .. . . 

179 
16 1 
161 

IG I 
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Air condensers. sec COl/dOl/sors 
Ammeters, d 'Arsoll vll l, 102 

di rect-current, 218 
hOl-wire, 103- 10-1. 
thermocouple, 22 1 

Ampl ifier. coupling (Ievices, 43-,n , 133 
labora tory, '12, 183 
t rn llsformers, 43-46, IS3 

An tCllna, (]ummy, 30, 9 1. 20'! 
phantom, resistor, 30 

Anti.Cflpacity switcllcs. 112- J 13, I GO 
Artifi cial cable box, 19, 98 

lincs, 19, 98 
Asscmblic.'), hindi ng-post. 114 

standard.frequency,51 
Attell ua tion boxes, 19-25, I!iW, 179 

networks. 19-25, 12(1, 179 
Aud ibili ty meter, see 1'YPt: 529, 24 
Audio osci lla tor. 41, 130, l SI 
Ayrtoll.Pcrry resis tors. 15- 16, In- 178 
Bar, <Iuartx, 63, IS9 
Bases, mounti ng, 11 ·1, 162 
Bent·frequency oscilla tor, 37- 38, 130 
Binding-post assemblies, 114 
Bind lng posts, 110 
Bridge. accessories, 84- 87, 141- H 2. 193 

cilpacity, 76-77, 78- 79, 80- 81, 191 
decade, 75-76, lol l, 101 
rrequency, 186 
impedance, 75- 76, 191 
ind uctance, 74-76, 191 
mulual-amduclance, 83- 84 
resonance, 74, 191 
universal, 10l 
vacuum-lube, 81- 84 
Wheats tone, 75. 191 
Wicn, 186 

Cahlc, artificial, 19, 98 
Ca librated condensers, 5- 9, 13- 14, 123-125 

in{iuctors, 31- 92, 129 
res is tors, 15-}9. 174-178 

Camera, oscillogrA ph, 150-15S 
Capacitance. see COpa£ily 
Ca pAcitors, see Condell4tr4 
Capacity bridges, 76-77, 78- 79, 80-81,141- 142 

meter, 80-81, 142, 191 
Cathode-ray oscillograph, 209, 207- 212 
Center-ta p resis tors, 50, ISS 
Charger, battery, 56 
Choke, filter, 49 

radio-rrequency, .50 
Clock, see Synero-C/ock. 
Condensers, amateur-bun d, 12, 124, 173 

calibrated. 5- 0, IS-H , 123- 125 
decade, 14, 125 
high-voltage, JO-l1 
loss-measurement, 76-77, 171 
mica-dielectric, 13- 14, 125 

Condenscrs (continued ) 
micro, 12, 173 
I)al>er-dielectric. 13- 1 '~, 125 
precis ion, 6- 7 
s llorl-wnve, 9-12, 124, 173 
s trnight-line frequency, II , 124 , 172 

Connector 1)late, 59- GO 
Contact-tn>e t hermocouples, 221 
Contacts, switch, 110 
Cont rol, hellt, 62 

tempera lure, iHI- (j2 
volume, 25- 26, 111:6- 128, 179 

COI)Pcr-oxide-rectifier, 2.'20 
\'o lt meler, 100- iOl , IM - 107, 154, 21'H1I8 

Coupter, resisla rK'C.i mlle(lancc, 45 
Coupling devices, 4S-47, ISS 
Cushion, socket, l iS 
Decade bridge. 75-76, loll, 191 

condensers, 14, 125 
resistance boxes, 10- 18, 120, 174 
rcsistttnce units, 177 
swi tch a nd condensers, 14, 1!l5 

Dial, rrict ion-drive, 158 
geared. 109 
pillin, IOU, 157 
pla te, 157 
Vernier, 100, 15$ 

Dicleetrie loss measurement, 70- 77 
D ircet-reading w:\\'emcler, 70, 189 
D istortion-ractor meter, 2Q-1 
Di\'ider. voltage. 25, 27- 30, 40, ISS 
Dummy antenna, SO, 91 . 202 
D ynatron oscilla tor, 40, 132 
E lim inator, plate-baltery, 50 
E xperimentnl inductors, 33- 34. , 120 

wavemetcrs, 68- 70, 188- 190 
Fader, 25- 20, 128, 179 
l~ield· s t rellg t h measurement, 145- H7, 105, 109 
F ilAment t ransrormer, 48 
Filter choke, 49 

elcctrie wave, 97. 207 
recti fie r, 49 
sections, 97, 207 
speaker, 47 

Frequency measurement, 51- 73, 134-1 40, 
18G-190 

meter, amateur-hand, 68- 69 
meter (audio), 186 
see II' a~'emetcr 
s landards, 51- 7S 

P rict ion-dri\·e dials, 158 
Gal"u nomeler, d'Arson val, 102 

d irC<! t-current, 218 
bot-wire, 103 
pointer. 102 
SQuare-law, 218 
string, 9S- 96 
vibration, 03- 96 

[ QQ6 ) 
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Geared dials. 109 
Generator, standard-signal, 89, 145- 149, 194-202 

test-signal, 148 
see Osciflalorl 

HeaL-control unit, 62 
Holder, quartz-plate. 62-63 
HOl-wire meters, 103 
Hum-balancing resistors, 50, 133 
Hummer, microphone. 41 
Impedance-resistance coupler. 45 
Indicators. power-level. 105-107,2 16 
Inductance, standards of, 31- 32, 129 
Inductors, 31-34. 129 

fixed, SI, 34, 129 
variable. 52-53, 129 

I nsulators, port-elain, 113- 114 
Jacks, II4 
Knobs, moulded. 110 
Laborntory amplifier. 42, 183 
Line. artificial, 19, 98 
Low-frequency oscillator, S5- 86, ISO, 181 
i\Iagnctostrictioll oscillator, M- 6G 

rods, 66, 139 
Meter mountings, 219 
Meters. ammeters, 102- 10.J. 

audibi lity, see Audibility 
capacity, 80, 142 
distortion-ractor.204 
frequency, 180, also see Waremelera 
hot-wire. l0S-104 
modulation. 143-145 
mutual-conductance.8S-84 
ohmmeters. 104- 105 
output. 105- 107 
oxide-rcctifier. 100-101.214- 218 
power-level indicators. 105- 107,210 
square-law, 218 
tllermocouple, 2~1 
voltmcters, 99- 101, 105- 107. 213- 218 
wave, 06-70, 140, 188-190 

Microphone amplifier. 183 
hummcr, 41 
mixing controls, 25-SW, 27- 80, 120- 128, 

17. 
transrormer. 44, 133 

M.icrovolter, 88-91, 145-147, 194-202 
Mixing contro!.s, 25- 26, 27-80, 126-128, 179 
Modulation metcr, 143 
Monitor, frequcncy, 58-59, 154- 138 
Mouldcd knobs, 109, 110 
i\founting bases, 114, 102 

mctcr, 219 
i\ful tivibrators. 50, 154 
Mutuul-conductancc meter, 83-84 
Networks, attenuation, 19-25, 120- 128, 179 
Non-polar relay, 108- 109 
Ohmmeters, 104--105 
Oscillators, audio, 57-58,41 , 130, 181 

beat-rreq ucncy, 37-58, 150 
dynatron. 40, 132 
low-frequency, SS- 3G, 150, 181 

Oscillators (conlinuc(l) 
magnetostriction, 04-GO 
microphone-button, 41 
microphone-hummer, 41 
piezo-clectric, 57- 03, 134-1 39 
portablc radio-frequency, 38"'10 
reed-type, 41 
standard-signal, 88-91, 145- 147, 194- 202 
station piez4)-Clectric, 58-59, 154, 137 
test. 91- 92, 147- 149 
tuning-lork, 41 

Oscillograph, string. 93-90 
camera, 150-153 
cathode-ray, 203- 212 

OUtl)Ut mctcr, 105- 107, 214 
Oxide-rectifier, 220 

voltmeters, 100- 101, 105- 107, 214- 218 
Phantom antennn, 91, 202 

resistor, 30 
Photocell affipliller, 183 
Pierce magnetostriction oscillator, 04- GO 
Piezo-clcctric oscillator, 57-ti5, 154- 139 
Plate, quartz. 6!l-65, 138 
Plugs, 114 
Polar relay, 108, 157 
Porcelain insulators. ] 13- 114 
Por lablc capacity bridges, 78-S I, 142 

radio-frequency oscillators, 3S-40 
Poten tiometers, 2.5, 27- 30, 49, 120, 179 
Power, tactor measurement, 70- 77 

lcvel indicator, 105- 107, 216 
supply unit, 56 

P recision condenscr, 6-7, 171 
wa\'emcters.66-6S, 140, 188- 190 

Push-pull transformers. 010 
Quartz bar, 03, 139 

plate, 62--03, 138 
plate holder, 62- 63 

Hack, relay, 55 
Badia-frequency chokes, 50 

oscillators, 55-40, 132 
Ratio-arm bo", S7 
Re<:tifier filter, 49 

o:.:: ide, 220 
Relaxation oscilla tor, sec i.Ilullir:ibrator 
Helay, low-current , 108, 157 

non-polar, 108-109 
polar, 108, Ui7 
rack,55 

Rcsistance-impednnce coupler, 45 
sla ndard, 18, 126 
unit, center-tap, 50, 133 

Resistors, Ayrton-Perry. 15- 10, 174- 178 
calibrated, 15- 19, 126, 174- 178 
decade, 174-177 
phantom-antenna, 50 

Rheostats, 27- 30, l!W, 179 
Rods, magnetostriction-oscillator, 66, 159 
Sections, filter, 97, 207 
Separate-Ileater thermocouples, 222 



  

GENERAL RADIO COMPANY 

Service-testing equipment, 80-81, 83- $4, 91 - 92, 
104-105, 105- 107. 147- 149 

Shunts. galvanometer, 86-87 
Shutter, synchronous. 153 
Socket cushion, 115 

vacuum-tube. 113, t60-HlI 
Speaker. filtcfII, 47 
Standard-rrequency assembly. 5 1- 56 
Standard inductance, 31- 32, 129 

resistances, 18, 126, 174-179 
signal gcncrntor, 88-91, 146-147, 194-202 

Stat ion piezo-electric oscillator, 58-59 
Strain insulators. 113- 114 
String-holders, 95- 96 

oscillograph, 93- 96 
Supply. power, 56 
Switch contacts, 110, 160 

stops, 110, 160 
Switches, 112, 160 
Synchronous, motor, 71- 73 

shutter. HiS 
Syncfo-Clocks,7l - 7S 
Telephone transformer, 47 
Telll l>eraturc-colltrol boxes, 59- 02, 134-138 
Test oscillator, 91- 92, 147 
'I'cst-signnl generator. 148 
Thermionic voltmeter. !)!)-,)OO, 213 
Thermocouples, is? 1- 222 
Thermometer, 00-01 
T hermo-regulator, see 1'eI1l7}1!ratllre-co/ltrol boze!l 

Thermostnt. 60-01 
T ime measurement, 5 1- 7::$ 
T imi ng unit. 73 
Transfor mers. amplifier. 43- 40 

61ament-heating, 48 

Trf\lIsro rmers (continued) 
mounting bases, 1 B , 16i 
plnte-supply, 48 
power-supply, 48 
push-pull, 40 
telephone, 47 
variable ratio, 46-47 

Tube, cathode-ray oscillograph, i07 
vacuum, bridge, 81-84 
vacuum. voltmeter, !lIS 

Vacuum-tube bridge, 81- 84 
oscillntors, 35-40. IS0-132 
voltmeter, 99-100, !lI S 

Variablc air condenscrs, 5- HZ, H3- 125. 171- 173 
inl] uctors, 32, 33, 120 
ratio transformer, 46--47 

Variocoupler,33 
Variomcter, 32, 33 
Vernier condenser, 12, 173 

dinl. 109, 158 
Vibration galvanometer, 9S- 96 
Voltllge di vider. 26, 27- S0, '19, 133, 179 
Voltmelcr, oxide-rectifier. 100-101, 105- 107, 

2H- 218 
thermionic. 99-100, 2 t3 
vacuum-lube, 99- 100, !l13 

' -olume controls, 25--26. 27- 30, 126- H!8, l i9 
Wall insulators, 113- 11 4 
WI\\-C filters, 97. 207 
\\' It \-dorm measurement, 205 
Wavemeler, 06--70, 1'10,188-190 

direct-reading, 70, 189 
experimental. OS- 70, 188- 190 
precision, 06- 68, 140 
rectifier-type, 188 



  

P,int<d 10, Tile BAr .. Pu .. 
C.",btidS<, Mo.o •• ,U.S.A. 



  


