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~L~CTRICAL COMMUNICATIONS TECI-lNIQU~ 
AND ITS APPLICATIONS IN ALLIED FI~LDS 

SOME IMPROVEMENTS IN CATHODE-RAY 
OSCIlLOGRAPHS 

IE iliad search for prac ti. 
cable television in the past 
fe ll years Illa y or lIlay nOI 
be considered worth while. 

dcpc rlliing IJllOlI one's own IlerSonal in
dinalions nnd cOllllllercial affiliations. 
There is no Ilouot. ho\\ c l-cr, tlm l it has 
given tire laboratory \\ orker a bell er 
cathode-ra ) oscillograph. 

Television was the inspiration for 
the first of the so-called " brilliant" os
c illograplr !lIlies that C Cllcml Hadio 
madc 31aituhlc '\\0 years ago. Telc
,ision "as also rcsl}()I1siblc for Ihe lin
dcrl}ing ground " ork of development 
on \\!lich Il lC IUlrde r IlIbcs. IIscll in ''' 0 
ne" General Hadio c3tIJOde-rayoscil. 
lographs, lire based. O;;cillograph lubes 
are high I)' eomplicat ed- tlleir apparcnt 
s implic ity to the eontrll r)' IlOt"ith· 
s tanding- a nd it is the laborat or) 
man's gOOtJ fortune tha t the tube lIlan· 
ufacturers' vision of a public clamor 
for telev ision tubes get ij him uettc r os· 
cillograph lubes. 

Bo th the common vlleuum tube ami 
the ca thode.ra y tuLe ha\'e catho.Jes 
emitting elec trons "hich ure dra"n to 

I>ositivc anl)(ies "i tll veloci ties of the 
sa me order of magnitude (abollt 3~I07 

meters per second for a full tllrough 
2500 lolt s). lI ere. IlOwever. the simi. 
larit yend s for electrons in the I'aCUUlll 
lube tra vel a very short dis tance, In 
the catilOde.ra ) tube. on the o ther 
ha llll , the path 1II1l~' he a foot or morc 
long. and. in add ition. the elect ron 
cloud must be eoncentrated in a small 
sl)(I t on the flu orCSI'cnt screen. Since 
cach elec t ron earrics the SIIlIIe negati ve 
dmrge, diffusion ra ther than concentra· 
tion is the natural teudeney, and much 
of the de .. ign problem resolves itself 
into rual..illg the electron clouds be· 
ha l-e. 

Focusing by means of resid ual gas 
"ithin the tul}C lias been the con ven· 
tionalmethod. Sin ce gas molcculcs he· 
come ionized on lIe ing s truck II )' high. 
\ elocit~ elect rons. tile elcctron bean~ 

drills it s ," ay tllrougll the gas :l1Id lines. 
it s pat h "ith a l a~ er of slow.mol·ing: 
])(Isiti 'e ion;.. the field of ,"h idl effccts 
Ille desired eoneentralion. OLl'io llsly. 
tIle Il rllOUl1t of ionization al1d , eorre· 
s llOnding l ~, the concentration of the 
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pa th along " hid l elect rons ca n return 
frolll the screen to the ca thode. lienee. 
i..L ~iJ.L. ~t.(\hahl5 l\(', &lme time before 
tl·a new tubes arc forced in LO the soft 
d ass by still harder t ubes. 

A deta iled description of focusing 
mechaniSIllS in ba rd tllbes " ould be out 
of order here--no t tha t there is any 
pa rticular secret abou t them- but it's 
a long story. Urieny. use is made of 
electric fie1ll s in which the electrons are 
guided ( by sha ping of tIle electric lines 
o f force along wllich they move) in a 
Illa llller direcd f a na logous to the guid. 
ing of ligh t rafS in a n optica l lens. It 
sounds stra uge. but it works. 

TYPE 5i8 CA THODE·RAY O SCILLO· 
G RAPH A SSEMBLY 

This (Figu re 2) is a complete oscil· 
logra ph built around the Tn'" S28·A 
Ca th()(le.nay Tube designed and bui lt 
for Genera l n adio bf Westinghouse. 
Beca use o f its large screen, it " ill prove 
to be the oscillograph bes t. adllpted to 
lecture roolll demonstra liollS a nd pre· 
cision measurement prohlems in the 
labo ra tory. The 1)8 lterns are bri ll iant
more SO than in the older Genera l Radio 
oscil logra ph . 

Tile tube itself (Figure L) has a n in· 
direc tly hea ted ca thode nnd a focusing 
systcm req uiring the nppliclltion o f Hn 
adjusta ble IXlSi ti,'e \ olt nge to a "first 
anode:' In addition to this a nd t he 
usual " second-' or accelera t ing a n()(le. 
there is a grid. a negati,e \ oh age ap
plied to " llich decreases the brillia llc~ 

a nd ell ll hics the pa ttern to be " Ill ()(III 
la ted .'· The fOlJ r defl eeli ng plil te con· 
nC(! lions arc ],rought o ut t hrough sep· 
ara te gill!! arlllS. and the operat ing 
\ ollagcs. "i tll Ihe e;\:ccp tioll o f that for 
tl lc second ao()(le, arc delilcretl through 
a large lI \ c-pin hase. 

The sih'ered coa ting " h ich lillcs the 
entire conicail>ort ion o f the tube is the 
second a node. a nd its "ohage is al)' 
plied th rough t he stu(1 Oil the sudace of 
ti le cone. The screen is willcmi le, giving 
a green trace o f e;\:ccllcnl "isual and 
gOOtI photograph ic bril lia ncy. 

At ma;\: imum brillia ncy (a node. 3000 
\ 01t6). the "oltage sensit ;" ity for either 
pa ir of denecting plnt,es is appro;\:;. 
mutely lLO d-c vo lt,s l}Cr inch . It in· 
creases prol>ort ionally as the anode 
\'olt age (alld brilliHncy) is red uced to 
500 \·olls. 

The tube is guaran tced for 500 hours 
of o pera tioll or for one yea r. whichel'er 
COIllC8 fi rst. 

Tile I>o" 'cr .suppir I1l1 it shown a t the 
lcft in Figure 2 dcl ;"ers a d·c voltage 
bc tween 500 \,01", and 3000 \'OllS as 
controlled b~' the kilO], at the left o f 
the anode \'olt ll1etcr on the I.anel. The 
positive focusing ,-olt age CO,'crs the 
ra nge l}Ct" een 7 l}Cr cen t Ilnd 2 L IlCr 

f IGICRl3:3 . Aportableeath· 
ode· ... ) OKiliograph (TYPE 
635-A Electron 06Cillo
graph andlhereillacemenl 

tube) 
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cenl of the anode voltage by IllClIllS of 
the right-hand knob. Also 0 11 the pa nel, 
bllt protected by a cover, are a rheo 
Slat and volt meter for the hea ler. 
current supply. I t is designed for a 
max imum o f 3 volt s and 3 a mpe res. 
The ncgali \'c grid volt age is adj usta ble 
be tween 0 and 15 per cent of the anode 
volta ge by a con tro l p laced nex t to the 
fila men t rheoSlat. On the pa nel at the 
right is a j ack pla te through Wllich ex 
terna l modula ting volla ges may be a p
plied . 

The lube mou nt ing is 11 " 'aInu! case 
filled \\ ilh an e leva tin g bracke t a nd a 
door 0 11 the side through which the (Ie· 
fl eeting plat es llIay be rcached for mak
i llg cOllnections 10 Ihe pe rmanen t biml
ing post pla te on the top side. The 
ca pacitance across either p,.i r of le r. 

minals is 60 sma ll as to be ncgligiblc up 
to frequencies .... ,here the ind uc ta nce o f 
thc connect ing .... ires becOlues a ppre_ 
cia ble (say 100 ~\ l c). J\ ca ble l}Crma
!lently auachcd to thc tubc mo un ting 
and fill etl with a polarized p lug is the 
mea ns for tra nsferring power from the 
po .... er .supply u ni l to the tubc moun t,· 
ing. Thc plug engages the jack on the 
side panel of thc poll cr.sup ply un it. 

TYPE 6J5·A ELECTRON OSCILLOGRAPH 

Tll is ins trumcnt (Figurc 3) is a n ef· 
fO ri to re(luce the ca thode.ray osci llo · 
gra ph to it s 10" csI tcrm s in sim plici ty 
o f ol}Cration a mi price. Bcing a com· 
p lete, readi ly port a ble unit , it is idca l 
for usc in the la bo ra tory lind in thc 
fie ld as an auxili ary fo r the larger, morc 
I'crsa tile assclllbl y prel iously de · 
scribed. 

The tube lIloun t ing a nd the power· 
supply unit a re combined in one casc, 

access to t he lu be being obta ined by 
removing fo ur t hum b screws. T crmi_ 
na ls for the denec ti ng pl a tes a pI}Car on 
the pa ne l im media tely a bol'c the re· 
cep tacle thro ugh which 60·cycle po wer 
is applied. Ca t ho<le hea ter power for 
the tube is adj us ted by means o f a rhc
ostat (max im um s o f 2 .2 a llll}Cres alHl 
2.5 volts, resl}Cc ti vel y) loca ted inside 
the ca bi net. Once adj usted fo r thc lube 
in IISC. it nced not be cha nged . T he fo
c using ,'oh age is adj us t,cd by means o f 
the kno b o n the pa nel be twcen 0 a nd 
300 volts a nd ca rl be made either posi
ti l'e or nega ti l'e by rel'ersing connec· 
t ions. For sim plici ty, the 8 rl o<Ic I'olt age 
re ma ins fi xed a t 1000 l'oiLs. 

The tube ( Figure 3) supplied wi th 
thc inStnnnell l is built for Genera l 
Radio by lI ygrade .Sy h'a ni a. All volt · 
ages, inclu(l ing connections for the de 
fl ectin g p lat es, lire brough t ou t through 
the stall(lard six.pin hasc. A positive 
focusing voltage is used . The wille mi te 
screen has essen t illily t he sa mc char_ 
ac teristics li S t hose of t he TYPE 528·A 
Cathodc- Hay Tnbe a nd the brilliancy 
is sligh tly be ttcr fo r e(IUlll accelerating 
I'olt agcs. T he volt.age sensit il'it y is ap
prox imatel y i5 d·e volt s per inch for 
one pllir of plat es and ,100 d·e vol ts per 
inell fo r the o ther pllir. 'J 'hc ca pacita nce 
across either pair o f denecting.plate 
tcrrn inllls as lueasurcd a t the pllllel o f 
the oscillogra ph is less t ha n 50 ,u,u f. The 
cffecti l'e dia meter of the screen is ap
p rox imlll cly 3 inches. The lube is guar· 
a ntccd for 300 hou rs o f o l}Crat ion or for 
six mon ths, \\ h ichever comes fi rs t. 

- J Oli N D. C IIAWt'Oltll 

[For llddi tional specifications, includ· 
ing prices. on ho th oscillognlphs, see 
the supplementll ry sl}Ccifi ca t ions 0 11 

page 15.] 
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THE VARIAC-A NEW ADJUSTABLE TRANSFORMER 

r \'::i:~:q~::;:~~e:l~:~l~a ~r.e 1:l a~:;~::~ 
115-1'0It, 6O-c}cle mains. Transformers 
ha ,' ing 5e1'cral 181)5 are generally used 
for the purpose, but ha ve the disad
va nlages that a cl13nge in voltage nc
ccssila l,cs an interruption of current, 
si nce, c \'en wilh a switching arra nge· 
menl , o ne lap must be disconnected 
before another is connected in order 
!hnt there shall be no short·circuited 
turns at any lime. Due to the large po
tcntia l difference be tween 181)8 on a 
transformer of this kind. no very fine 
degree of conlrol can be had. T ra ns
formers :n \Ih ich the coupling coeffi· 
c ien t be tween Lhe windings is \'a ricd 
genera lly resu lt in poor regulation. 

To mcct the nced for a conti nuously 
'Iariable source of 6O-cycle alternat ing 
vohage, the Genera l Radio Company 
has de\'eloped a Ilew unit which ha s 
been named the VA IlIAC. This is a 
toroidal auto·transformer with whicb 
the desired resui1 s are obtai ned by us· 
ing a sliding cont act on the transformer 
windi ng. Shorting of turns with eonse· 
(Iuent overheating is eliminated by 
mea ns of a ca rbon brush which has suf. 
fi cient resista nce to limit the current 
ca used by connecting two adjacent 
tums togcther. 

Since the potent ial bet"eell adja. 
cent turns is of the order of 0.5 volt, 
the circula ting current carried by the 
brush is 110 1 great. The brush itself is 
mOilnted in a meta l holder of sufficien t 
size to dissipate effectively the slIlall 
amou nt of hea t generated. 

Tile VA RIAC, since it is " 'oUlld on a 
toroidal core, is (Iuile similar in appear_ 
ance to a heavy-d uty po tentiometer. 
Because of the small potential differ· 

The TVl'E 20()"CM Variae i, I n Idjustable 
aU lo-transJo rmer deli,-cring vohagee bel"-een 
Oltlll 130volu from the 11S-"olt l ine. ( Puleo l 

1I111'lied ror) 

ence between tu rn e, \'ery close adjus t
lJlent of the Oillput voltage iii possible. 
When the VA UIAC is connected across 
a 11 5.volt, 6O.cycle line the output 
voltlt ge lIIay be variell from 0 up to 130 
volts by merely turning the large cali· 
brated dial. The ca librat ion on the 
dial is only approximate. si nce, of 
course, the output voltage ,lill ,'ary 
sollle" liat with load, but for a ll rated 
load va lues, the outpu t volLage may be 
adjusted by mea ns of the ca li brated 
dia l " ithill ±2.5 "OllS r'III-S, providing, 
of CQurse, the line volLage is 115 volts. 
The unit will sa fely carry currents up 
lo 5 umperes. 

An almost unlimited num ber of uses 
may lie found for the VA /HAC. For 
instance, such a unit is of great ya luc in 
controlling thea ter lights and other 
decora ti ve lighting installations. Man
ufacturers of a-c 0llCra ted household 
appliances or radio receivers may use 
the VA HIAC to check the IlCrform
ance of their products o\'er a wide 
ra nge or line volLages. 

The VA R IAC is manufactured in 
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''''0 different modelii: ('r\l'1,; 200-C \1) 
the one shown in the Jlho lograph. and 
Ihe o ther (Tn>~: 200·CL ), ",itholl l the 
shield, terminal pia Ie, ij llied!. and I'ord 
fOr mOlilltin g on II pauel. The Jail er 
has S('rcw lerminals. 

Tllc ma;\:imulIl 1)O"cr loss in the unit 
is about 30 watts anti pro\ is.ion s.ilOuld 
be malle for sufficient a ir circulat ion. 

- II. II. ScOTT 

/For add itional data, see page 15.] 

A BRIDGE FOR TESTING OF ELECTROLYTIC CONDENSERS 

E L~::~~:;IC b;OIl;:~~~~r:al:;:it~::::~ 
large 1)Q",cr fa ctor. apprccialJlc leakage 
{"UTrent , and polarizing d·c \01l8ge. I II 
addit ion, they 111",;1 be tes ted at their 

Both oonlrol i of IlJe e leclrol)tic 
oondenller bridge ba,elo,.rith. 
mic ICalu p laced a. the front 

near the op<'!ra lor 

operat ing (re<luencr, either 60 or 120 
cycles. 

The Tn>~; 632·A CapUCi LllrlCe UTillge 
has been dcsignctl 10 lIIeet these special 
req uirements of electrolytic condensers. 
It ",il lme8sure cal)acil8nce o,"er (our 

{Icealiee, (rom 0.0 1 p.( 10250 p.(, po\\cr 
(actor frolll 0.5 per cenl 10 50 per 

cent, and leaknge current from 
0.05 ilia 10 50 m~l. for 1>oInrizing 

,'ohages up 10600 \'olts wilb 
10 " OII S al 60cyclesapplied 
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to the condenscr. These ran ges co\'cr 
all electrolyt ic condensers now manu
fact ured. bOLh wet and dry. except the 
1010"\ ollage conde nsers for filament 
filters of 1000 /0' ( to '1000 j.' { capacit ance. 

The aprlca rallce of the instrument is 
6110WII in F igu re 1. The brid ge controls 
arc placed at the fron l o f the panel 
ncur the operat or. The bridge is bal
anced for capacit ance and 1)O\\cr fac
lor by IwO logarithmica lly tHpered 
rheostat s. 

T he CA I',\CIH~C E dial is ca lillrat cd 
o\'cr IwO decades (rOIl1 0.25 j.tf to 25 pC, 
the main decade extending frOIll 2.5 pC 
to 25 /0' ( and covering th ree-q lmrt ers of 
t he diul. It s range is ex tended up and 
down olle decade by a Illuhiplier switch 
ha ving thrcc llI ultipliers (0.1.1,811<1 }O) . 

The IlISS U'ATIO.s t'ACTOtt di al is cal i
brated in pe r ce nt power factor from 
0.5 per cellt to 50 per cell I. Dissipa tion 
factor D = RwC is the sa llie as po" er 
factor except at large values. 

The null de tector is a t" O-S lage re
sistance coupled amplifier using 57-
t ype tubes and of Ie rat ing a TYI'E <l88-B 
A·C Voltmeter through a tra nsformer 
tuned to 60 cycles. This me ter is pro· 
tected by a high series resis tance from 
deflecting off.sca le, e \-en if the bridge is 
completely 0 1l t of ba la nce, a s when con· 
densers arc disconnec ted. At the same 
time, i ts sensi li"it y for the sma ll volt
ages obtaining near ba lance is not ma· 
teria lly lowered . This fea ture is made 
possible by the non.linear resistance 
characteristic o f thc cOPI>cr-oxide rec
t ificr. 

The D-C \'OLTACE is COlltrolled by a 

large potentiometer alltlllleasurcd by a 
douhle-range voltme ter. The I.E,\KAGE 
Ct:IIltENT is measured by a doe meter 
ha\-ing a scmi_loga rithmic sca le cover· 
ing three decades from 0.05 m8 to 50 
rna. This valuable featu re is obt ained 
by the use of a copper-oxide rectifier 
shunt a nd depends on the non-linear 
properties of this ma teria l. 0\\ ing to 
the large values of lea kage current oc
c urring at the instan t o f application of 
the polarizi ng ,'oltu ge to an electro
ly tic condenser, it is highly desira ble 
thai this me ter ha\'e a wide range 
"ithoul the use of manuallr controlled 
shun IS. The resulting decrease in ae
curuc), of this meter is unimpor tant be
cmlSC of the wide momentary f1uc tua
tiolls in leakage current which occur 
e\ en under normal operating COIl
ditions. 

The CAI',\CIT,,," CE (Iial is ca libra led 
to \\ ithin 2 l>cr (.-e lll over i ts main de€.
ade. J t can be sct to 0.5 per cent. The 
accuracy of cal ibra tion of the DlSSI· 
I'\TIO"'- }'ACTOIt dial is 10 I>cr cent. The 
ac('uracy of reading t wo dials should be 
5 pe r cent ami 20 I>cr cent, resl>CC
their. The polarizing voltage may be 
read to within 2 per cent of full-scale 
reading. The leakage current lIlay be 
read to within 10 per cen t for 50 ma, 
20 I>cr cent (or 5 lilli , a nd 100 per cen t 
for 0.05 1118. 

The 1)O\\er for the entire bridge is ob
tai ned from the 1l0.,'0It, 6O-cycle 
supply. The 600-\011 polarizing "QII
age is also used for the two-stage am
plifier. -1~oB~:RT }~ . FIELD 

Wor add itiona l dala. see page 16.] 

BRIDGE + VACUUM TUBE - MEGO HM METER 

T
" ~: rapid ami easy measuremen t of l>Orluble in81rumenl has always been 

high resist ances by means of a attended with considcrable difficulty. 
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The bridge mcLllOd demands the lise of 
.a s lIspcndcll coil galva nometer, using a 
telescope- or 81)()1 of liglll. This is nee

oessary to make III' for the loss of sens i. 
li\' ity d lle to the relativel y low resis
tance of the ga lvanometer. The direct 
-deflection method also needs a sensi· 
ti ve galva nometer al)(l, in addition, a 
11igh voltage supply. The unknown reo 
'S istor is eit her comparcli "ilb a lower 
resis tance s tall(larJ by means of a ca l. 
ibrale(1 gal\'anomclcr shunt or is mea
sured directly in IcrllIS of a calibratell 
sca le. For the latter case. the Iligh vol!
age is frcIllIcutly supplied frOIll a hand · 
cranked gellcra lor. 

The TYI'~: 5 11·'/\ .\Icgollm Mcter is a 
bridge havi ng a vactllllll-lube voh 
Jne tcr as the null oetcelor. I t has suf
ficient sensiti"it y so th aI the indica ting 
une tcr llIay he a IlQi lltcr-typc ga lva
nometer. T ile bridge is balanced by 
aneans of a loga rithmica lly ta pered 
rlleos tat , cali bra ted directly in meg
OI1OIS, over two decades from 0.1 .M n 
to 10 1\ 1 n. The larger decade from 
1 .M n to 10M n covers tllree-(Iua rters o f 
the dial, o r 5:k1 inches, a nd provides ap· 
proximately cons tan t fractional ac
curacy of rea{i ing. rive multiplying fac
tors (0.1, 1, 10, 100, an(llOoo) are pro
vided by a switch which "aries the 
resistances in t ll"O a rlllS of tbe bridge in 
decimal s teps. The complete rallge of 
the bridgc is s ix {Iecades from O.Ol M n 
to 10,000 l\ l n, "ith a tota l sca le length 
of 4-1 inches. 

This range of resistance covers most 
of the Iligll resis tallces me t lI" ith in prac_ 
til;c. All grid leaks a nd coupling rc
sis tors for vacuum tubes may be mea
sured. The insula tion resis tance of all 
low_voltuge elec trical a pparat us, such 
as motors, t ransform ers, and hca ting 
,devices; of sullicicntly long lengths of 

Iligh .vol tage cu bics; of paper COll 
dells.;:r8; ar1{1 of slabs o f mOS t insulators 
rUlIy be de tc rmined. Tile ex tremely 
10llg SCll le a llows the effects of tcmper_ 
ature and Ir um idi ty on insulating ma
teria ls to be s l udie(1. 

The ol}Cra tion o f the meter is as fol
lows. Wi th the control switch set at 
CII ECK, the ga lva nometer is "rough t to 
zero by mea liS o f the ZEnO A I)J UST 

knob. The poi nter a nd knob move in 
the same direction. The (.'o nlrol switch 
is then set a t Qr'lm,\ TE lind the ~rUl;I"I 

I'Ll En switch turned until the ga l,·a. 
nome ter point er swi ngs through zero. 
Fillal btdanee is o!.tai ned by means o f 
the ~1 t:GO II ~I S dial. 

The principle of ol}Cralio n o f tbe 
bridge is shown diagram mat icall y in 
Figure 2. The two low-resis tance arms 
A and /J arc conneeled llcross the 
supply volta ge of 90 volt s. The two 
high.resis t.anee arms P and Q, one be · 
illg the unknown resis tor, arc tapl}Cd 
IIcross them. 

T he volt age on tl lC bridge "aries 
from 90 volts down to 1 voll. T he ' ·ari. 
ous voltages for the VHeuum tube lIre 
supplied through a drop wire eOIl
uecled across the supply. I n thus using 
a common voltage for bri(lge and de
tector, it is no longer possible lo eon· 
nect the grid und fi lament terminals 
across oPl}OSit e junctions of the bridge. 
I ns tead, the grid is connect.ed a lte r
nately to these junctions. Such a pro· 
cedure would ruin all the advantuges of 
an ordinary n ull detector. Bu t becallse 
for a vlle ll unI-t ube voltmeter the ini
tia l plate current m ust be bulanced 
out , 11 0 sucrifice of sensiti" it )' occurs 
wi th this method. 

The grid cu rrent of the 32 -t Yl}C 
screen-grid tube del}Cnds 0 /1 the volt
age of the screen.grid tube and the neg· 
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ative bias of tile control grid. It is due 
to positi\'e ions and is about 300 IJ.lJ.a 
a s used ill th is met er. Tile l}()S8ible er
ror due to Ihis grid current is el imi
nated by so arranging Ihecontrol s\\ itch 
that the t .... o high.resistance arlllS are 
ineluded in the grid circuit in the 
CUECK l)06ilion. 

The .\IEGOU\IS dia l is calibrat ed 10 

2 per cent 0\ er iii! main llecade. It ca n 
be set 100.5 per cenl. The h_ O smaller 
s tandards are \\i re_\\ound and ad
justed to 0.25 l}Cr ccnl. The large stand 
ard llsed Oil the t .... o Ilighcst \l UI.T!
I'1.n:1l steps is of the ijpl1ttered.filamcnt 
type a nd is alljusled to 10 per cenl. Jt 
may Le easil y measured in terlllS of the 
middle va lued standnrd. the correct 
"alue of .... llieli is supplied \\ ill, the in
s trument. The rej,dings of the !'ridge 
should be accurate 103 I>cr cent for the 

Flcutu·:2. 
SchelU31iediagrDIIl 
fo rlhe TYPK54.J-.A 
Megollllli\leler 

three lo .... er lWLTlI'U EIl sle ps a nd to 
5 I>cr cent for the t\\ O highest etep', 
\\ hen this correction is applied. 

The megohm Ine ter iii mounted ill a 
sllielded cabinet .... ilh a hinged cover 
a nd carrying handle. S pace ror the 
power sUI'pi,. is pro\·ided in the rear of 
the panel. Either d ry hatteriCij or an 
a-c 1)O\\er pack (see sl}Cci fi ca tions. 
page 16) lila y he used. 

- UOBEItT F. F I ~: t.1) 

"enient operating l>Oii tion. 
Abo-'c the m IIrc the 1.11'10 

.. IlJUSTkno b,contro l llO·itch, 
and :l\cro-cenlet go"'unometer 
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A METHOD OF SECURING SMALL AUDIO VOLTAGES 

SINI~I~}e~h:'U:~t~~:lli\,:f n:!~e61 1 ;~~I~:: :I; 
of it s performance have iJl\'oh'cd \'olt · 
ages so 8111all as to he below the range 
of the 1II0st sensitive voltmeters. J t has 
been necessary. therefore. to usc lhe 
vacuum Illheitselfasa voltmeter. 

The great difficulty in ohtaining ac
curat e results has been in knowing the 
ga in-or SCIiSili,·jty-of Ihe vacuulII

lube voltmeter. As a result, a speciu[ 
techni(llIe has been developed for mea
surements of this c1ulracter. J t is well 
illust rated by the method of gai n mea
surements described in the General 
Hadio Experimenter for J anllary, ]931. 

The fundamental principle involves 
starting with II voltage large enough to 
be delcrmineJ accurately by COli
,'cnicnt and stable voltmeters. This 
"oltage is then attenuated by some 
kno',n amount, "i t ll the re~ult that 
there is available a voltage comparable 
ill magnit ude to the unknown voltage 
in (lucstion. An a mplifier of suitable 
form is now switched a lternately be· 
t"eeu the known alld unknown volt-

When supplied froll' a low·l)()weroaci lla lor. 
the audio·fre'lue,,,:y mierovol ler e llahle8 
k"own ,-ollage8 heh,-eenl ,-oil and les8 1han 

a micr(wolt 10 heohlllined 

ages, and the known voltage is atl
justed lilltil the output of the ampli fier 
is the sa me in bot h cases. Wllile Stich 
metllods are commonly referred to as 
(:ornparison measurements, it will be 
seen that, in effect , the ga in of the am· 
plifier is being de termined for cach 
selling. inaSllluch as the input voh age 
for a given indicate{l output is known. 

Jt will be recogni~ell that the essen
t ia l element in Slich a measurement is 
the calibra t.ed a ttenua tor. F'or moder
ately low voltages, reasonably accurate 
results lIlay be obtaiued with a poten
tiometer arrangement. For potentials 
of the order of one micro,'o lL, how. 
ever, considerable care IIlUst be taken 
ill the design in order t,ha t extra neous 
, 'oltages (due eili ler to capacitance 
coupling or to leakage) do not exceed a 
va lue which would cause a n appre· 
ciable error in the output volLage. 

F'or convcnience in use, and in the 
computation of result s. it is desirable 
that the impedance of the attcnua tor 
as measured a t it s output terminals 
should bc (."OnSlant. 

These several essentia l fea tures ha,'e 
bcen incl uded in Ihe uew calibrated 
a tt enuRlor recently de"eloped. 

The a tt enua tor is in three sections. 
Oue, controlled by a three-position 
switch, reduces the voltage by decimal 
incremen ts. A second , controlled by a 
two-rlOsition switch. a lters the ou tpu t 
vol tage by a factor of 1000 10 L 

The third is a specially designed 
sl ide wire covering a range of two dec
ades and ha ving a n ex ponential scale_ 
The general a rrangement of the scale 
on this element is similar to that of the 
resistance arm of the TYPE 650-A 
Bridge. described in the lasl issuc of 
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s.:-he",'lic .Ii" ... ", o f Ihe Trl'E Sl6-A Audiu.frequeney !IIicnl,·ohe r. The ol"",n..circuit "01 ... ,,,* 
. ho .. ·" by Ibenllibralionareohlained when Ihe ,ohmeler read. 2 "olu 

the £l:/JCrimclllcr. TIle slide·wire a ll en
ua tor is prodded "'ith a compensa ting 
rei is tallce by mea ns of which the im . 
pedance is lIIainta ined eOnSlllnl. 

In vicw of the very cons iderable 
ra nge of ,>oltages co,>ered by thi li in
II t rU ll1ent- from I ,'olt to bclo"" I 
micro"olt- Ihe selection of the a t ten
ualion s teps II liS becn made wi ll i II 
\ iew to s.implifying Ihe reading of Ille 
instrument. The dial of the slide·wire 
unil reads fro m 1 to 10 on the decade 
cO"erillg Ihe major portion of the 
seale. The elliension is t;u lihra lCIJ from 
I 100. 1. Wilh the h.o·s lep a llenua
tor out of circuit. these units COITe
spolld 10 milli volts, the three.step a t
lenuator scn ' ing as a multiplier, 11I"'ing 
fac tors of l. 10, a nd 100. Under Illese 
(:onditiOll!~, therefore. the tll ree.s tep al
lell l1alOr a lld the s lide wire (:o,er a 
ra nge from 0.1 voll to 1 volt. liy cut · 
ling ill tile 1000 to 1 a\l.ellua l,or, these 
"ollages a re reduced liy II factor of 
WOO, and, cOIlSC<luenll), are 111061 con
,eniently expressed as microvolt s. 

The vollage indica led !Jy Ihe three 
a ttenua lOrs (a ft er the input "oltage has 
l.oeeu adjus ted for a 2.voh Ileflection on 
Ihe "ohmeler) referll to the 0llCn
circuit "olta ge a t IIle OU lput lerminals 
of t ile ill81rulllent . When "orking into a 
load of finite iml)Cdam.:e Lhe equi" alcnt 
generator reiiSlance of 200 ohms mU61 

I)C laken int oll(;count. 

Insi.lc Ihe inSl rumenl is Q Il iml)Cd. 
a nce.matching transformer preceding 
Ihealternating-currcllI ,>ohmeter. This 
has beell <Iesigned to gi"e Ille in
strumenl an inl erna l input impedance 
of 5000 ohms. I t is IlO6Sible. 98 a r~ll1t , 

to ohla in sufficient power from oscil
lalOnJ such as the T~'I'E 377- 0 , '1'''1'£ 
5 13-B, or '!'VI't: 6 13-A, to mllintai n a 
reference I)() tlmlia l of 2 volts. 

While the tra t1s former has been de· 
signed to ha, e a reasonably fl lIt char
aCleriSlic over tile fre<lue ney rlmge, it 
is e"illen t, since il precedes the ,·oll. 
meIer. tha t tra nsformer 1000S do not 
enter into the measuremen lll ill any 
"'a y. For co]n euienee, Illc s",itclling 
arrllngernen l pro,·ides for 1I111 inlaining 
conSl9nt tile im pedance of the a lle ll 
uator Hi seen from the generator side. 
\\7hile this is nOI essenlial from the 
stll lllipoinl of voltage compllilltions. it 
is (."Ou, enient to a"oid the ne(.'Cs;;ity for 
readjus t ing Ihe input J)()\\er 8S the 111-
tenllation is a ltered. 

This new unil has JUlIny applica. 
lions in mcasurelllet1t work in volving 
10\\ ,oh ages. It is uscful for COlwe· 
nicntly alljus ling tile out put of ,'acuulll
tube OIICilialOnJ or o ther lIOurces of a l. 
tcrnllting current. Used wilh the TYI'':: 
486 OUlput .\ Ie lers or a Tn'.:: 583·A 
OUIPUI Po"er \ Ie te r it pro"ides all 
the e1luipmellt ne<:esaary for measur· 
ing ga in . - J. W. H ORTON 
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WAVE ANALYSIS 

rlll;~r::I~~5 ~:;:~I~~ a ;:w~~an~p~i~ 
fier "c shou lll like 10 know, not on ly 
the IOlalllislortion, bUl also ho ..... much 
60-c)<:, lc and 120.cyclc voltages arc 
presclli a nd how much the ou tput is 
modu lated by the I)()\\cr frequencies. 
Further, in designing the a mplifier, i t 
is desirable 10 see whether or not tile 
transformers introduce distortion at 
10\\ fr(!(luencies and" he thcr or 1I0t, in 
a pu"h.pull stage, the second harmonic 
remains balanced out at high a udio 
frC(luencies. Perhaps it is lIe\ er abso
IUlely necessa ry to alls\\cr questions 
like these-amplifiers have heen built 
without them- hut the ability to ge l 
8ns"crs "' hen it seems nccci!&lry is II 
"cry va lua hlc tool. I t at least cnab les 
one to rcmo\'c a ll technical doub ts and 
to spend his ti me in de\-eloping a good 

rlCl.Ilf.t . AJ.(we thefreque .-controldi.lof 
the ... lIvellnlll,·ur i$ tbe,· ... ,"meter . ho ... " in 
FICURE 2. AI Ihe Idt i. the meter IIlultilJlie r 

design rather tha n in "ondering "hat 
is happening in the circuit. 

This is to describe a heterod~ ne 
,,8\e a na lyzer "hich has heen huilt to 
meet th is need, The IInit liS completed 
is essentia lly a wide ruu ge \'olrmeter, 
responding to one \'ery lIarrow huml in 
the vici nit y o f II ny frecp,cncy between 
o and 15,000 cycles as chosen by the 
selling on a dial. The instrument con
sists of three l)arts, a he terody ning os
ci lla tor, a bala nced moduilitor, anti a 
50.000 cycle amplifier, emplo) ing two 
{Iuart z-crystal filt ers. 

The oscilla tor frecluellcy Cll n he va
ried bet wcen 50,000 cyclcs lllld 35,000 
cycles by mca ns of a suit a bly sita l)Cd 
air condcnser similar to tlmt used in 
Ccncral Hadio be,al -frccluency oscil
lators. An 8_inch dial is engraved to 
reatl directly the difference l)Ctween the 
oscillator frC<luency and 50,000 cycles. 

The balanced modulator cirenil is 
sho" l1 in Figure 2. Its operation may 
he read ily understood by considering 
the sta lic case "here a ca rrier signal o f 
fl 'eclueney P is applied in the (;01111110 11 

branch of the grid circuit l llHI the volt
age Q from grid to grid is varied . 

When this voltage is zero, it is ob 
, iolls by symme try tlull 11 0 signal ap
pears at the o ulput . \\; hen grid J is 
positi \'e "ilh respcct to gri(1 2, the 
lIlutual conductance of tube I "ill I)C 
grcllter than liIa l of tul lC 2 so Ihlll ils 
out put "ill be grClilcr 1111I n IIl ll t o f the 
SC('ond tu be and 11 signa l "i ll uPFlCur be
I\\ ecn Ihe t\\O plat es. J~urthcr, for 
smull unbalanees the am pli l ll lie of Ihe 
pi li te- to-plute signll l \\ill be prOI)C)r
tional 10 the grid-to_grid ullha la ru:e. 

Whcn Ihe tubc is "orked d)nami
ca lly hy a ppl) iug a sinusoida l signal 
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FIGURE 2. The TYPE 636.A Wa" e A"alyzer hu belle r fre'luCtlcy diac rim;Ulllion ad " 'e ll a s olher 
advantage,overthe conventional l""e<1..., ircllilanalyze r 

frOIll grid to grid, t ile outpu t will 0011-

sist of the uPI)Cr and lower side-band s, 
tile carr ier r' being suppressed. The 
envelope of the output will be a series 
of half siue waves like the outpul of a 
full-wave rec tifier. 

Quite obviously the ra tio of side· 
band ampli tude to input signal ampli
tude wi ll be proportional [0 the ratio 
of unbalanced carrier output to the 
grid -to-grid unbalancing ,·oltage. Thi s 
fa ct is made use of in calibrating the 

ins trumen t. Tlms the heterodyning os
cillator is set to the frequency of the 
tuned amplifier and known incremental 
biases are inserted in the grid circuit. 
All lillcalibrated volume control is 
then varied until the amplifier gi"es a 
predetermined output. This calibra · 
tion is entirely self-oontained and is 
dependent solel y on the ratio of incre
mental bias and signal voltage. De· 
tector tuhes of a different type might , 
for exa mple, be suhstituted, yet the 

TWO EXAMPLES OF WAVE-ANALYZER PERFORMANCE 

, 
! 
! 
; 

, 
I.. 

FlcuRR3.0ull,utofa l (){Mk:ycle"",llivibralor 

~!I~!; :~~~~; ~~: ~~:ll;:~al~lr~:.,~~:r:: 6(\.~~~~~~i ~~~: 
mo nic cO "'I>onc "I~a$ "'ell as Ihe "I't"!r ami 
lower aide·loand fre(I' ,e nc ies of the IOoo.cycle 

horllloni C8 

I = H€ I 

! I 

! . , ·1 , , . 

FtGURE 4. \VII"e lI "al y~i8 Oil a .'ommerdal 
6O-cycle ~irc"it (orcomponenu HI' 10 Ihe 50lh 
harmonic. The relal;'C , .. "pl;I,,<1e5 ... e re ob_ 
l a i,, ~d dir<.'<:lly from the analpcr', "oltm~l~r 
by ~dju~t;n g the funoiame ntal for II deDe<:tiOll 

0(100"0118 
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'tJ 
, 

I 

: 

. 
ilj (cYell!.!> orr R~50NANCr.) 

FIGUIUtS.O' ·c .... ll char.Cleristicor'heSO.OOO' 

e~c~i.qf:il~~~::,l[hl!e:~;!~'~id:~~d·~~i~r. 
S8 mecll libra tion would hold tllroughout 

The circuits ha ve been 80 arra nged 
that the (rc<luclle)' characteristic is 
negligible. It "ill be noticed Ihal the 
input c ircuit has an impedance of 100.-
000 0 11l1l8. The amplifier wilh ou1lmt 
meter has been arranged wilh II multi. 
plier 10 ha\'c full-scale va lue (or II 
l)Oin l8 be tween l lllilli \'oh and 2 \00\1 &. 

The important (IUeSliorl about tile 
de tector is Ihis: if II pure Sig llll\ o f fre
(Iuene), Q "ere im pressed on the grid , 
what response WQuid be obtained cor
retlponding to the products P +2Q and 
P+3Q? 1t lurns out Iha l in II l ota ll ~' 

unilltlanced amplifier. 8S long as the 
signal Q is kept below a 2-,olt limi t, 
the !:!uppressioll of P+2Q "ith respect 
to J->+ Q "ill be greater tll3l1 60 db, 
that of P+3Q greater than 80 db. In a 
perfectly halltn~d modula tor the same 
slIpprcs&ion "ould be ohtained to 
P+3Q, "hi le P+2Q \Iou ld disappear 
entirel). \\ ithout using selected tubes 
"e hal e had no difficu lt y in getting a 
suppression ofiO db for P+2Q, a lalue 
"hieh is ample for most "or!... In par· 

ticular research problems the funda· 
mental Q might be filtered out (by a 
distortion factor meter, for example) 
before measuring the harmonics. 

The luned amplifier presented quite 
a practical problem, be<:ausc it. W 8S 

found necessary t,o usc two crystal fiI· 
lers to get the re(luired selectivity, but 
the in(\i\' i(lual crys tals were so sharp 
that some difficulty was eX I>cctcd in 
matching them. Onc of the crystals ar· 
ranged in a three-electrode filt er, as 
measured in a prOI)Cr circuit where 
careful precau tions hal'e been taken to 
avoid regeneration and reaction o f the 
measuring circuits. has a Q of about 
25.000 gi\' ing a half-ha nd " 'idth for 
6 db of onty 2 cycles. In practicc, one of 
tile crystals was a llowclllO opera te at a 
Q of about 20,000 while the Q of the 
other is decreased to about 5000 by 
electrical damping. This makes it easy 
to match the 'wo crystals and al;w 
keeps the amplifier from becoming 100 

sl.a rp for pract ica l ""ork. The filter 
cha racteristic is gh'cn in Figure 5. 
Three electrica lly.t uned circuits (in
cluded for olher rcasons) avoid I)();;sible 
trouble with other modes of vibration. 

A carefully shicldell 10-mcgohrn 
multiplier has i)Ccn madc which per
lIIit.8 the instrumcnt to bc connectcd 
a lmost anywherc in a circu it without 
using b),-pass condCIlSCfii or ta king an)' 
other preca utions. Thc shielding is so 
elTecti \'c that no frC<lucncy error could 
be detectcd lip to 50_000 cycles. Using 
this multiplier, the fu ll -scale rca.lings 
o f thc instru ment range bch. een 0.1 
am i 200 volts or II full range of 0_02 
to 200 volts, since the mc ter may be 
uscd at appro~ima te ly I 10 scalc. 
Proba bly this arra ngemCll t "ill he 
found the most corl\-enieni one in the 
majorit ), ofcases. - L. B. 1\ IICUlIIIIA l.i 
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SUPPLEMENTARY SPECIFICATIONS 
A Summary of Data Not Included in the 

Article Descri bing the Instrument 

TYPE 528 CATHODE-RAY OSCILLOGRAPH ASSEMBLY 
(See />l.&c l nb,,) 

i'ro()TlI: I'hi.fe<I"i l,rnent indude/,l thc follo .. ·in I!! 3 unit$: 
Tnll 528." Cuhode.lby Tube 
T'-PII 519·A TulM. Mo"ntin!;: 
TYPI1 580.,\ Po.n,r-Sul'ply Unit 

TUDES: The TYI'II 526·,\ Cuhooc- lb)"T"be dtnl.] I • ...,.k.!!:e .• ",1 of rn.kinl!! o.:onue<:l ioni. 
~hould be ordered il<:1'1r.leiy. CoJe Irord: It inel"dtll Ih" cabl" .. It I j.ck for ",.killl!! 
C-• .\flll_ I~r~, $115.00. The r«li li« I"IM. U in- I ....... tr o.:o"ne<: tio .. ~ 10 Ihe IIO .. cr "'''I'I,lr "nil. 
eluded in th" 11O .. ·cr -6" I'l'lr unil. wle 'Ford. co"',!'". 1'.iCf!.I45.00. 
I'O\\-En SUPPLY: The TYPE 580·A Po .. e. 
SUI'I,I )" Unil , uPI,lie.! ma",en'. anode. aud 10-
c".ing voltag" for Ihe T ypt: 528.A CUhodt, 
Hay T""e from .he 115.voh.60~,.cle rna;n ... 
A TYf'K 143.0 1I e<:l ilitr Tnhe i, ineludctl. 
UMle WonlJ: TYPIt 580.'\, CULP", Tn'lI 113.0 
(...,pi-cement), ""' IIY. Pricet: '1" ·"11 580_,\ , 
S 170.00: Tn'lI II3-D (repl.cement ). $3.00. 
TUBE \lOUNTING: The TYPI( 579·'\ T,,!.c 

0 1 \' ENSI01'S: n ·p !! 500·,\ , ( .. ·idtlo) 191{ 
x (hci!;:hl ) 9'8 x (d CI" h) 10 inch~.o'·tr.a ll . 

Tn'lI 579·,\ , (Ieng lh) 25 x (height ) 10 x 
(dCI'th ) 9 inch~,over.a ll exdni!;'·" or ca "'e, 

N ET \l-E IGIIT: Tl'I'K 5110·,\, 36 1,l)lmJg. 
Tn-K 579.A, 18J.i I'o()""d ~. includin !;: Twt: 
528-.'\ Tube.ndC.ble. 

"!lI CE: S330.00. ~ TCII~. 1'0"1111 R" "Ll". 
Mo","ing il I coo,,·enien t me.n~ of BU I'P.:wt· .nd TUlIg 1I01l:o"TI'iC (. llOve) for priC<Ol o f the 
inl!! 110" III be, of I,rol e<:ling il Ig.i'Ult .cd· th~ ooml>onc n .. of Ihi~ .0!iI<:",1,1 ~' . 

TYPE 635-A ELECTRON OSCILLOGRAPH 
(See /'tl&C'''/SO) 

TUU~:S: " he T TI'g 635-1'1 Calh"'le.II.,.~. 
ci llog"'I,h T"b" n'(luire<1 for thi~ inUrllmcnt 
i;!II'PI,lied. 

I>()\l En SUI'PL Y: The in~lrument ol",ratell 
fro,,, Ihe 11 5"'0/1, 6O-c)"de maiM. \ 6-fo')I . 1-
tachmenl cor(/ ieltll'l'lie<l . 

DI\'EXS IONS: (lIei!!;"t ) 13'1 x ( .. idth) 16 
.. (del'lh ) 6', i"eheoo.o,V"_. Il . 

NF'.T WEIG IIT: 19I>OIIn,lij. including 1"I,e~ . 

CODE \\O liOS: '1" ' 1'11 635.'\, CU" '": '1" ·1'1( 
635.1'1 C .. lhode.lla)· '1' ,,1 ... (r('l'llIce rnclll ). 
Co.; lIl.Y: TTI,It It3-D Hcctili crT"bo: (r"I,llIce
mcnl ). "'"OR,"-
!'II ICE: TWII blS-,\ Ele<:tron o.c;lI O(;ra l,h. 
$90.00, induding ."joe;!, '1', ,'II 635.1'1 CII
thod e- It.,. Tube (rq.lacement). 830.00. T'·PK 
113·0 Itec lilier'l'ubc (rel,la«menl ), 3.oo . 

TYPE 200 VARIAC 
(Seo rx·~5 f1/so) 

U I \'E'StO' S: l'wl( :!oo.C~ I , (height ) 5'i CODE WO BDS: TYI'K 200·C \I . I!<I."" 
lC (tI;pmc, l'f) 6}i ,,,,,hCi!, over_all . Tn'II T l"I'II 200·CU, IHo.:IIII. 
200-CU, (del' l l, behind l'""d) 1}8 x (dill"" 
" ter)6 inch~,o~e •• all. "BI C E: 2oo·C \I , 8 16.50: '1" ." 1( 
"iF'.'T \\ E IG IIT: 8 11O'lIld~, 200·CU, $ 11.00. 
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SUPPLEMENTARY SPECIFICATIONS (Concl'd) 

TYPE 544-A MEGOHM METER 
(..,....".,,,..7 .. /..,) 

TUBES: On~ 32-1"I'C ' ellui . eli • • ,,/ ! "I'I"ieol 10 ~ "I'I'I ,. both plate and lil • ..,en. loo" e' (rom 
wi ... thein".umenl. • 115.,-01. line. The 82"}I~ 11",1 871"ype 
1'0\\ En SU P!'L Y (8KIT rEIHF.S) : HI,,· ,,,he!! and d'e line rord ''''1"i.ed arc ''' I'plied. 
mcut. '''0 No.6 dry cdl!. Pitt/e. 'wo 45·~ol l I'~" lr'cip)lI, 7M 1'0",,,16. C<x11! Won/ . ... .(100 .... 

1,lock hailer • ...,. Burgees No. 5308 or 1:<1"''' . ' ,\I'AC1(, /'.,.,.,.535.00 ""h I"h.·~_ 
lenl. S,>&e .. for "'Q,,". ing a ll Inoneri"", i, 1' '1'' DIM ENSIONS, C .. bi",!! ... ith C' .... cr (I.ned. 
,-;det! in. ide the caLi",,'. Conlleclion8 al"(! (witlth}8 1-'2" (lellglh) 22'iix (IR'; lIJ ht ) 8 incht'll. 
",adeby a 7','l"QIlg ,>1"1: and coded Ca/.olei" I" o,er.all. 
"lied. Batle.iee are not ~upplietl. Ir nIP1 oj NET "'- E IG HT: 13M IlOtllld . ... ilhoul I.al . 
n"ucrin.7!il'ouutl.. l e<>iH. 
p()\\- En SL I'I'L Y (60-n-d .. ".e): A Tl'f'II: CODE wono: " 1.001'. 
5H.1'1 1'0"<:1'" 5"1'1,1,. Unil Ihat lilj! Ihe bal. PIIICE: SIb5.00 incl"ding 1,,11ft. )",1 ";\" 001 1 
Ie., OO"'I,u l",enl can be o;ordue" IICI,anlcl,. l.a l lcrie.orTl·PI!5 11.1'1 1'0"er,Sul'l' l, Lroil . 

TYPE 632-A CAPACITANCE BRIDGE 
(For Electrolytic Condensers) 

(&-.-,,,,f/' 6 ,,1.0) 

TUBES, T he 1"0 57. lyp(: and one 523·I)I >C 
IUhC8 " '1Iui.e" are 5uI'I'liw "iil, Ih" in.uu. 
", .. nl. 
1'0\\ Ell SLPI'L\ : ,\11 IOO"'e<> iA d"ri,·.,.1 (rom 

t"e 11 5.,oI l,W.e,cI" mains. a 6·fool cord 
for I"Onn<:etinl .. hi"h i~ i""l"dnl. 

01\IENSION5: P"''':!' ( .. idt h) 12 X (drl'llo ) 
15 incl le.. Em;re ;1I"'rltmNIf. ( .. itllh) 12:0: 
(del' lh) 2Hi x (h";ght ) 8'n .. hH.o,·er.all. 
i\ ~;r \\'E IG IIT: 46 1°01""k 
CO DE \\ onD: IIhn". 
I'II I C~;, $300.00 including I" I~. 

TYPE 546-A MICROVOLTER 

O I \I ~: "'S I O",S: ( \\ ,d lh) 71a x (lenglh) 10 X CO DE \\OliO: eMO"·/\". 

(heighl) 5 34 ind":l!-.o,·c.·all. P III C F ' $7000 
NET \\ E IG II 'I': 8', pollndg. '" .. 

TYPE 636-A WAVE ANALYZER 
(.w />1."..J2 u'w) 

TLBES: Th....." II.IH'" and 1 .. 0 78·IH'" DI\l ENSIOXS: " ollcl (2.JC("f;",,, j. ( .. id lh ) 19 
lui .... arf • ...-quired and ~upj,ti.,.1 .. ilh Ih(: in. x (h"",ht ) 2 .. ... inchH. Cah;","" ( .. idllo 201j 
~tru"'enl. :0: (1 .... , hl}25 ,. (d""I") II i" .. h .... .: ... e . ... II . 
I'()\\ En S lPI'L\: I-il"", .. ,,/s, (rom 6.,011 
! Ioragr I.a llcry I.y "'c"n~ of 1,lug.yutl -c:li l' i\ ~:T \\ EIGIIT: 05j>oumlii. 

lead& li"I'I,Ii..,.I. /""/''S, fro", three 15,"011 CODE \\OHD: "00\' ''. 
Iolocl. ~. ",oulliing ~ I,ace for ... hich iii ".ailaM" 
in U oollll,url"''''' IIw:h ind ,he IO ... .,.lmncl ..... ~· "!l ICE: $175.00 ... ilh lU""~ I"" "ill,olll !.at. 
lioll "f,h" '18Irll"'''"1. I"" ca. -G~N~RAL RADIO COMPANY 

30 Sta.te Street - Cambridge A, Masnchuseth 
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