
VOLUME 31 No . 7 DECEMBER , 1956 
-...,..,..,.,...., ... 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



GENERAL RADIO EXPERIMENTER 

COVER 

T .. tl"ua"eap.u!c.tad 
R-C " a lwa,k. fo, 
'raquaney "'ponn 
01 Phllco Corpo.a_ 
tion. Thl. 'a" used 
Ih . G t n .. al Radio 
Swup D.I"a and 
B.ol_f,.qu.n~y Oa n _ 
ar alor (ltft 'o,a· 
ground) 10 pra .. nt 
Iha 0"",011 f" . 
qua "ey <hOrOcl .. lule 
on 0 cothoda_roy os­
cillotcop" Th. lin .. 
d,own on Iha fa~a 

of th a ooeilloscopa 
indica .. th a .. sl 

IIrnll •. 

, 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



, 

RESPONSE 

OF 

PEAK VOLTMETERS 

TO 

RANDOM NOISE 

BnndOIlH1oi1j(' signaL; are u..ro ill 11 
gr('at vUI'iely of ('le('tri(,ll!, nroll1"ti(,!ll, 
nnd vilmllional t('lOts.! III lh('~ uppli. 
{'ntiol1!-1 (l. lll('tUiur(' of the nrnplilude of 
the random-noi.se ~i~nl\1 is u"lmlly lie£,­

l',,;.."'tlry. "oitmetel'S with either r-Ill-::! or 
n\"('mg(' r('_~poll:se nrc the ll1(k;t ~ltisrtH'­
torr tylX'~ for this measurement, and 
it hnl'; I)('('n tl .. ....,umro that I)('ak-rc~pond­
iug \'oltmrjf'r8 ('ould not. be u:;('(l, 1)('­
('au~ the ohservcd results ('Quid not 
easily 1)(' rdaled to tho.."C obtained lI'ith 
the other types, 

Th(' popular pcnk-resl>onding "olt­
mett'n;, >iu('h U.'I the General Bndio 
TH't;S 1800 t and 1803 ' ('an, however, 
mclUlul"(' random noise Nlti!<factorily. 
To show this, some of the imllOrtllnt 
chanu·tNi,.;tir8 of random noi~ and of 
peak \'oltmeters will be (,oll~id('red , tUtd 
('ompariilOlls will ~ mad£' of predittcd 
and nf'iunl performnlH'<', 

' 0 """iO -'0 -0 ;F iD 1~ 
... ',," __ ...... ..ou_ '" '~ Of ~. ,. . , YOI.'_ 
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FI\lu.' 1. O .. ill .,.om. of Ih, •• d lff ••• ,,' l ampl .. 
.1 ,h •• ,,'pIII ... 110,1 ".m Ih . T.,.pe 1390_" 
Rondom_N.ln Oln •• olo. , 5 ....... p .peld .... b. 
Ih •• ol io l 1:4 :20. lop 10 "o"'m, " .In\ll l ........ p 
........... d 10 ..... h ••• mo, •• m. 

CHARACTERISTICS OF RANDOM 
NOISE 

,\ r:mdom-noi;;(' .!ligna I is, in some 
re:-;pects, n difli{'uh. aliI' 10 measure, 
becausc it is r hnrneterized by rnndom­
IlC&i mtiwr than fl'gllinrily , lUi showl! 
in Figufl' I. COIIlSC'quelllly, Iloi.sc is or­
dinarily de8('ribed by stnti:;lical means, 
and a random lloi.!IC ('an be defined as 
tL nai.sc that has n lIormnl di:.;tribution 
of amplitudCij. Thi~ COIH'f'pt ill illus­
trated grnphimlly by till' ('un'e of Fig­
ure 2. The probnbility thni a \'oltage 
IX'I ween nlly two limits will be ollbCrved 
if! gi\'clI hy the nren under the normal 
('U I've belween lhOM! LwO li mits. Ex­
pressed in olher lerm>!, if the outpu t. 

f l\l .... 2 , No.m.l d lll.I .... ll o n .u .... 01 a I.u l.,. 
. a ndam nal .. , 
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• 
fig .. ,. 3 . EI . ..... llo,., d . c .. i, of a p. ok""polld ill g 

d iad . "cliff • •• 

\'oltng(' iii oh:;('rw'd O\,f'r lOti!!: I>f'riod l'l 
of lim(', Ill(' frnrtiOIl of till' tolal time 
th(' \'OltllP;(' h l'K'twcen till' two \'Ohllgl' 
limits i~ ~i\"{:'Jl by th(' ('orre"'polldillg 
Ilr<'l1 IIndf'r thl' probahility ('urw', Fur 
(-'xlI mpll', 111(' lU1<tnnlllneOU!i \'ultllp;(' 
will 1)(-, p:r(':ll('r than the r-nHI \'olu(' in 
the po..~itiH' din'ction nhou t IG' ( of 
the timi·. Himilurly, it will bt· },(rf'llll'r 

1111\11 IWu tim('~ thl' r-m-$ ntlul' in til(-' 
po,iti\'(· dh'('l'Iiofl :lh01l1 2.!lt ( of t ili.· 
tinl{'. I II t h(':«' 1 wo rX:l. ml}l l~i'I;, t il(' Ilpp{'r 
\,UItUj.l,I· limit W:\ ... 'i t;lkf'1I :I.."; infinity. 
:'\:Iturally . III lin ('1{,I·trouil' sy:.ll·m, til(' 
ll",unl limit:ltloll~ of amplilirr .. uJI!,-(,l 
thi..: IllI·:dil.l'tl di~lrihlltion. III parlic'u", 
iar, IIIl' Illu\lmlllll in~t!llllall('()I1'" \"CIII­

agi.' that j,.. obt!\lIJ:lhle i", limilt·d, lind 
I:IOI11f' di""''''ymnwtry l,.c oft('n tn lrodul'(,{1. 
l>O Ih:lt til(' Hoi,.i.· i!'i not l'tril'tly r:ttH lulll. 

F urlh{' l·uwn·. til(' noi~(' .-Ollrl·t· ibplf 

Ill :ly han ",imil:u' lim itatiOlls. HilI. in 
g(,lll'ml. n()i~t· dt .. ,,, IlIJI 1m\"!' 11 Wl·lI­
defh\t'd IX'llk ,·ullt£'. ,.0 that lilt' u~lml 
simplifil't/ (·ow·i.'pt (If til{' UP4'r;1I101J IIf 
n Iwnk \"oh ml·!t·r t'[\IlIWt h(' appliNI III 
II\(' tll('a,.ltn·nll'HI oj" nlll.~('. 

BASIC CIRCUIT OF THE PEAK 
VOLTMETER 

I'IIt' ,\i(h'I~' II~NI 1)(':lk-I.'"I'I· \"01\­
flU'lpr ,JI"{lin:lnly "on.~i..,ts uf thrl'c' ('1(·­
mcn!."" II diut!t· rl·(·lifi('r. 1\ "!IPltl'ilOl", 

a1l(1 a d ... c· \"oit nlPt('r ~y~I(·m. :1,.. illll:-­
tmlNI in I'i~urt·:t 'I' lli.' di"dr 1Il1lk.-.. II 
I}(,.""ihlt fUI' Ihl' ('a p:u'itor to III'qllill' a 
d-i.· (·lutl·!.!:1' 111,,·1t lilt a ... (, "oitaW' I.'" :II}­
Illif'1.i 10 Ih,' c·in·uil. alld til\' d-c ' \"(llt ... 
nwtN indil'all'.., tilt· rl·"ultin!.!: \"olta!.!:(· 
:\I'ro,..~ tlu' 1·:lP:I(·l\oI'. rn thi,. (·in·lIit. 1111' 

", 

f ig .... .. , '.0<1;<01 fa .... of Ih . cifCyil of Fig ... . 3. 

n,,.i,,lalH'(· Nt: t"Cpl·c.:;cnt" Ihl' lutal dlllrg­
inA" J"('"i,.,UlII£,{>, whi('h ilwlucil's llw (-'f­
f(>1:ti"e n·~i".t:)lw(, of Ihe r('etifier whcn 
it i", ('onclu('titlK :wd til£' r£,,,,i:sta n('(' of 
tilt' :;allrc£'. 1'11[' r(-'.,..i .. tnu{"(' HI) i:s that 
t(-'nding to di"('hllrg(' Ihe l':\pacitor C. 
Th(-' ('apfwilor i'l (,lulrKrd when the 
I"oitagl' !1I th(' input i", ill lIueh iI dil'('('­
tiult and of Fu{'h a magnitudl' ihal the 
diode ('Olh:.lUI'I.~. Tl1i.' II('t vullagt' f!.\·fl.il­
( .. bll' fur :<Il ppl ying ('h:II'gl' t.o Ihl' ('U P:\('­
i!()r ~ rc(\u('{'d 1\"; 111(' 1'1I1>:l('iIOl' \'oitag(' 
IIlf·rrll.:5e':': ilnd. finnlly. whl'l1 Ih{' \"011-
ag{' :1(:1'0,.", 1111.' e:;tpUr'ilor i,., Hlfficientiy 
high, nQ furthrr il1('r{'lI:;(' in lhe "olt:lge 
Ih'ro,.,~ th(-' cap:witor ()('{,Ul", .\t thi" 
point, the l'h:lrgl' >'lIpplil'(l to Ihe ('u­
p/witor during till' "Oltllgi.' jJ(-'1li0; mU,;I, 

011 1 h(-' !l \'erag{', ,·qual till' I"IHl rgl' t 1111 t 
It':l k;'\ olT, " ow d()~lr t Itl' \'olt ag(' fit'rO&! 
til(' cn pai.'itol' npl>l·oadw.~ the p('a k 
"ahu' of til(-' applil'd \\"111'1' i>i dcpmd{,tlt 
tllXlI1 tli{' dlHr.e;in!.!: r{'~i"t1\lWt' lIIlIl til(' 
cli~4'h:trginp; n·~i.-tan('{'. 

.\ mort· pnH'lirlll form of I,lrt'uil tlc'­
\"(·lnrl('{1 hy Tutt ll' ~ for a jWllk-rl·!.Iding 
'ultmCI('r is that ~hO\nl itl Fi).\"u rf' I. 
\~ far llS ti ll' 1li.'11h:-n·;Hhng (·hanwtel"­

I,.tit-. of I hi ... ('in'uit aN:' l'oIl('errled. l ite 
1I1\1IIy,.i:s i.~ {,~"<'lItinll." thl' .. :\l11e :\., fo r 
th(' ... impl{'r ('in·uit. lie!"l'. till' ('1Tl'e\iw 
('ha rp;ing r{'.~i~t!llll·l' i .... lllal of tlw diOtI(·. 
Ill(' .... Ollr('l·. fwd 11ll.\' olh{'!" ",'ri ('~ n· .... i~ ... 
lor. for 1':'::lInpl(', Ihn\ ,,1101\"11 a" HI. 'I'll(' 
cli~c'har!.!:(' 1'I''''H:U1t·(' i,., th(' j):1.mllj·! ('0111-

"ill{l\1tJ1l of \1\1' "llIml n'~i,.,to r /(: am i 
\llI' h:wh: 1"I'~hlul!t'l' oj till' lIil;(\('. 1111 til 

"'·nt· .... Wllh ti lt' n'.~i.~t;ilw(· R io '1'11(' l'I'n,·s """ 
r('"i~tlU1C'(' h:l . ..; fI, Cllflllt·), £,fl't'('1 011 \Ilf' 
a(·ltlal d ... (· "()lta~I' "'u ppli('(l ttl tht' <1 ... (. 
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, 
voltmeter, but this effect. is taken {'arc 
of in the calibmtion of the vol tmeter 
by a sin('-\\'!1\'(' sigllft! . 

CALCULA TION OF RESPONSE 

I n OI"(I('r to cultulate the rcsponse of 
the&' JX'nk-type \"oltmclers to any 
input 11':1\"0, c("rtain simplifying lLS­

sumptions nrc lIsually made. F or input 
voltage abon' a few yolts it is assu med 

• , , 
i . 
! I . 
! .' ! . , 
" j " 

• 
!! -t. 

: - .. 
~ 

Figu" S. I' .. ~i .. ,,".,. ""bli, ho d d",o 01 'ho 
, u pon .. ,,' .. ".ok ~ohm.'. r to ,,,"dom nol .. 
(upp. , cu''' ', ,, ' '',nce ($) ; low. . cu, " ', 

r" "'nce (6 ). 

th:\1 the rectifier is a Ix·rfed switch but 
with ('otl.~tallt forwJlrd rc.sistallec and 
constant r('\' ('r»C rC'.:;istllIlCC. 1 L is also 
ilS!;llmcd thnt the discharge time is 
very long compared to Lhe period of 
the applied W3.\'e. On lhe basis of these 
u&Sulllptions, t il{' ff'IlPOIlS(' fo r a sine­
wave signal can be readily calculated , 
and this respollse is ordinarily used as 
OlP hasis. for the calibration of the 
meter. The c:dibration is usually Jlladc 
experi mentally in terms of the r-m-s 
mlue of the applied sille wave. Th i:; 
type of ('alibration will 00 lI&iumed for 
thc subsequcnt di"cuS:s.ion of response 
to mnt.lom lIoise. 

The !·Ctolpon,.,e to random noise has 1)('('11 

Fig .. re 6 . Ru pon .. 01 p. o k .. ohme te. 10 ,,,ndom 
noi ... Cu,ye Is . ,,' . ulottd . polnr. or . e xpe,lme nt,,1 

doto . 

OECEMBER, 19S6 ~ 

cl1leulatcd Oil Lhe basis of the abovc ru;­

sumptiolU;,'" but no correct numcriC1l1 
values appear to havc been published. 
The results publif'hcd prc\'iousiy lire 
shown in Figul1.' b. These dilTer by such 
large fartors t hat OIiC wonders which is 
corrcd . 8trangeiy, neither of t hem is. 
Beranek ' analyzed the problem ('or­
rectly on the basis of the procedure 
givcn above nnd ohtained the equation 

where Eb is lhr t~\'erllge voit3ge 3eross 
the cllp:l{'itor C, J~ is the instantancous 
value of the input. \'ollnge, P(R) is 
the probability distribution of the in­
stantaneOllS amplitu<i('s of th(' input. 
wa\'e, He is thl' tot31 resist:lIlcc through 
II'hi('h the> rapaf'itor is charged, and 
HI) is lhc tOlai rC'sistancc through 
whi('h the cnpaeitor disehargcs. li e 
also a..~urned that the rcaetanr(' of lhe 
capaeilol' was small compared to He 
and RIl for all fr('quelH'ics of the input 
W:H'e>. 1':rl'Ors apparently O<'eUlTcd in 

. \\ N. TUll ~. "TIll! T l r><' 7!<J-A \'IlCIlUnt·T ut... \'..It _ 
n'~I~r", 0 _ ....... 1 Htulio P.i,.n ",~"'n. II , t~. M. y . 1{I37 : 

I't L~iJ,e .. n~k." ,\ rollel" M.,..uretnente." Jol", \\' ,I~y '" 
So .... , N. Y_ . l!}.Ill , I'fl- I;i)--rnr. 
• H. M. Oli,'e •. "Some Etre<!te of \\ avefon n on \'T\'M 
R_ ltnp " lIotrl.u_l'ftt:b",' Jo" ...... I. 6. 10, J " n~ 10:':;. 
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Fig"," 7. E"p".im"n ' al da'a fa. Fig" .. 6, Ihawi"g 
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the calculation·, however, and the 
published curves arc nOL correel. The 
other analysis- im'ol\"cd two impor. 
1nnt simplifying llSSumptiolls beyond 
tho.sc tllready I:Itated. The first was the 
l\I;Sumplion that the voltage developed 
I\croos the capacitor did not ntTect the 
ehnrging current, and the second WI\S 
that, for a sine wave, the indicated 
voltage was equat to the penk value. 
The first assumption makes the Ilnalysis 
ineorrcct fo r large values of the ratio 
of discharge and charge resistances, 
and the :5Ccond makes the analysis ill­
correct for IImall mlue8 of this ratio. 

This problem WI~ reviewed some 
time ago, and new data were calcu­
lated from Beranek 's formuill. These 
are shown in Figure 6 as the solid 
curve. Also on this eun'e are plotted a 
number of points which show the re­
sults of an experimentlll test in which 
the Typ F. lBOO Vacuum-Tube Volt­
meter was used to measure the output 
of the TYJ'~ 13OO-A Random Noise 
Generator at. a noise level of 3 volts 
r-m-s. Ln order to obtain the series of 
points shoWJl on the figure, resistors 
ranging in value from 10,000 to 100,000 
ohms were put in series with the. high 
terminal of the probe of the voltmeter. 
Various resistors were also put in 
paralle.1 with the 125-megohm resistor 

shunti ng the diode. For each point, the 
reading was calibrated in terms of the 
r-m-s value of a sine wave to gil'e the 
same reading obtained for the noise, 
The data are plotted as a function of 
the ratio of the discharge to the charge 
resistance. It is sccn from tim figurc 
that thc observcd values ab'Tcc very 
well with the theoretically calculated 
curve, At low values of t he ratio the 
re1iponse is simila r to that of an averflge 
meter, and, as the ratio increnses, the 
response increases gradually. ;\ Iuch of 
the departure of the observed points 
from t.hc calculated curve can be ac­
counted for hy thc resistance of the 
diode, which was neglected in t he cal­
culation of RD/ UC for the (~xperill1en­
tally obsen'cd point!!:. 

DI SSY MMETRY OF NOISE WAVE 

The actual noise \\'!l.Ve Illca";lI red was 
somewhat dissymmetricai, and t his 
characteristic is a common one for 
1I0ise signals. The di ymmetry is not 
indicated on the usual r-Ill-8 or average­
type lneler, but. it is observable 011 a 
cathode-my oscillograph display of the 
wave, It cun be measured on the I>cak­
type voltmeter by noting the indi{'ntiOIl 
for both the positive and negntivc 
hal ves of the wnve, and the r('sults of 
these two sets of measurements are 
shown in f igure 7. When t he voltmeter 
is operating as a good )>cak I'oltmeter, 
that is, with a discharge resistance 
many timcs the charge resistance, fhe 
dissymmetry is readi ly measured, as 
s.hown by the exa mple of Figure 7. 
When till' charge rcsistance. is about 
equal to t he discharge rcsisLance, how­
ever, the instrument responds essen­
tially to the I\I'erage \'ahlC, and the 
dissymmetry cannot be measured . 

The meter used fo r obtaining the 
reference r-m-s reading was a full-wave 
type, and the calculutions were based 
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, 
on a symmetrical dist.ribulion . Conse· 

r qucntly, for comparison with the cal­
culated curve in Figu re 6, the average 
of the t.wo observed readings for each 
val ue of the ratio was used. 

EFFECT OF VOLTAGE LEVEL 

At the voll,age level used for the 
experimenlal points of I'jgurcs 6 and 7, 
the diode behaved csscntinlly us a 
switch wi th a discon tinui ty in its char­
l~ctcristic, as assumed in the analysis. 
. \ 1. low "oltagc levels, however, the 
diode rectifies mainly by virtue of the 
curvature of ibs characteristic. T he 
voltmeter is then no longer peak-indi­
cating. but rather it approximates an 
r-m-s indication. The transition be­
tween lhese two modes of operation 
occurs betwccn abou t one tenth of u. 
volt and olle volt. 1 Th is transition is 
shown in the experimcntally deter-

_ mined curves of Figure 8 and F igure 0. 
These curves show the ratio of the ap­
plied r-m-s lloiilC \'ol tage t.o the ob-

-
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served voltage. T he behavior is shown 
hcm as u. correction factor to be applicd 
to the rcading of tbe \'oltmeter to ob­
tain the r-m-s value of the applied noise 
voltagc. Two curves a re shown for each 
voltmeter. One is for no added series 
resistance, and thc other is for 100,000 
ohms series rcsistancc.8 If intermediate 
values of resistullcc are used, the cor­
rection factor can be easily interpolated 
between these two wit h the aid of lhe 
cun'c of Figure () to supply the limiting 
value. 

Whcn no series resistancc is IIsed, 
thc indicatcd voltagc is highly de­
pendent on the Iligh instantaneous 
voltages that occur occasionally. For 
exa mple, for ll. random noise at an 
r-m-s \·olt:1.gc of a bou t 10 volts, thc 
actual d-c voltage developed across thc 
capaei tor in thc T YPE 18OO-B Vacuu m­
T ube Voltmeter is about 3 1:l times thc 

lC. Il. Aiken . " T heo.y "I the Diode \'oltme.e,". I'roc. 
IR11. 16. 7. July 1938; !,p. 8Ml-876 . 
• 'l' h~ 100.000 olun • ..,,.,to! _ .. tan~ .If""", the 0; ......... ·0"0 
""hbn!!;o" or the met.,.. by .... Iy .bout 1<;. Ibid .. Po 870. 
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r-m-s \'aluc of the noise. Instantaneous 
voltages that. urc still higher mUSL, 

therefore, OI.'cur orcasioHully to supply 
the charge for the eapacitor. For a 
normal distribution, the lIoilj(> \'Oit:lgC 

is higher than this value only ahon! 
0.02% of the time. This diree\, meas­
urement ClUl, therefore, be a u~ful in­
dicalioll of the highcr' volt:\ges exi"t­
ing in the noise; for eX:lnlple, to deter­
mine the extent of peak clipping. 

A good measlLl-e of the r-m-s va\ue 
('!UI usuil.lly he obtained from the rpad­
lng of a peak vol unctt'r when it. ill pos­
sible to usc a high rcsisitUlce in series 
with the diod('. The indicated value 
tlwn dt'!:>c-nds on :1. larger .>lUlU pie of 
the inlitanwncous voltage. \rhcn a 
100,000-ohm :;cries r('sistor if! used, 
the r-m-s value of mlldom noise call be 
oulained by applying t.o the meter indi· 
calion the correction sho\\'n in Figure 8 
or Figure 9. The one disach'antage of 
u;sing:t series resistor is Ihal it redu("e8 
tl\(' frequent'y range ovel' which the 
\'oitmetcr rt.·.~pOllse is essentially uni· 
form, 

FREQUENCY CHARACTERISTIC 

One of the important ad\'ulltnges of 
the !lenk·typc' voltmeter with its at· 
taehed prol)(' is its excellent frequency 
Char:leleri:;tie, for example, the Tn'E 
18QO.-H \ 'aeullm·Tuhe Voltmeter can 
be u:;('{1 to hUlldrcds of megacycles. 
When lllellSUrellleJl!S must be made up 

to those frequellcies, the pmbe Inu:;! be 
attached nt the point where the meas­
urement is de~ircd ill order to obtn.in 
this good frequency response, nlld 110 
series resistance should be used. 1£, 
howe\'('r, mcaslII·cmcn lS of audio-fre­
quency 1Ioi8(' :I re being made, high I"e­
sistall l'eS enll I:w inselted in series with 
the probe terminal without seriously 
affecting the r('~ponsc to the audio 
voltage. Thus, for example, if 100,000 
ohms is in&'rted in &' I" ies with t he high 
lerminal right at the probe, thl' re­
spon~e is down about. 10 per cent at. 
130 kc. If .)(),OOO ohms is used, the 
cOlTesponding frequency is r:liscd to 
250 kc; or if 12 megoh m is used, the 
lOoper ccnt point. occurs at. nbout 30 kc. 

CONCLUSION 

The peak-rending \'oltmctcr can bc 
more useful in the me!lSlltemcnl. of 
random Iloihe than has heretofor(' bcell 
belicyc·d. 

The {'Urre(."lion cur·\·es or Figures 8 
and 9 l11ake it po:ssible to relate the 
meter indi('ntions to the tr·ue r-I11-S 
tlluplitude of random noise. The:;c data 
:-<hould prO\'e useful when I"·m·s or nvcr­
HgC meters are lIoi available or where, 
for some re:l~on, their uS(' is IIOt feasihle. 
I n addition. the Ul";C of Ill(' volt meter 
dircctly, i.('., without :I .~('ri('s resistor, 
yields infonnation about in!-; tantan ('OUS 
peak \'Oll:lgcs Ihut. C:l1l11ot be oht:line(1 
with other types of meters. 

-.\ RNOLD P. G. P E'l'EIISON 

AUTOMATIC DATA DISPLAY 
CRO - RECORDER-X - Y PLOTTER 

The sc\'er:ll :lutomati(' dial drivcs 
d('scribed in recellt issues of the Hx­
paimcllicr I.:. I. 4 .• h1l.\'I' grcatly sim pli­
fied lhe prohlem of automa.tic display 
and recording as :l routine labomtory 

opcralion. They atlileh to ('xlstrng os­
cill:llors nnd make possihle bOl h oscillo­
scope nnd graphic di:;piay without. 
IIcces.sitating t.he uS(' of specialized 
swC('ping equipm('nt. T hey combine 
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lh(' features of (,{'Quomy and ~i mplid t y 

with til(> nl>ilil,y tu proouce highly !;atis­
rl~('lory r('slllt.~. 

('nll el rin's and th{'ir uses have 11('('1\ 
tabulated \)('10\\, together wit h the 
General H:Hlio o:,eillators with which 
t h<,y can he uS('d, list{'d in the on.lcr of 
iucrcu..<;ing frequen(')' mngc. 

To fa(' ilil3.tc 3. I'('1CI'11011 uf the ht'lit 
drin' for 11 gin'lI nppiil:lI tioll, tht' !i('\'-

GENERAL RADIO SWEEP DRIVES 

F'~'1"rt'l1J ROIIf/t 

I() f' 10 UM) ke 

20 to 20,000 c 
20 1.:1' toW 1.:1' 

2IJ to 20,0(10 t' 
20 kl' 10 10 kc 

20 to 2001' 
0 .2 to 2 k,' 
:l 10 20 kc 
20 to 200 kr 
;)11 to [141() kr 

0.5 to [, \I ,' 
S to:.o \I I' 

.i lu 15 ke 
15 10 ;,0 ke 
:')(I l() ];)() k(' 
ir)IJ to 500 kt· 
U.;. \1) 15 Me 
I;, \U;,o \Ie 

roO 10 2 ·,0 ;\k 

\1\1(1 tn 2000 ;\1(' 

OM'il/a/or 
Tllpt Xo. 

J :{(J:'/. ,\ 

I :ilJI- 11 

12 10-/1 

1211_B' 

1215- H ' 

1 2()~ I .. H I 

1:l1S-.\ • 

T 'IIC b7 1· LB 
~1(JIlCd I.iu!' 
",ilh IlllPro-

Ilrifltc oscil .. 
ntor 

/),if.'t TIIP' "(I. 
I 750.A 
\lOS- ,",.! 
OOS-I'I 
UOS-IH2 
tlOS- I!!Jt. 
175U- \ 
ntiS-I".! 
008-1' 1 
IT;I!).. \ 
WS-I'l 
1l()8.1'2 
oo7-IH8 
oo7-HI I I 
1(1i(}... \ 

OOS-' ''l 
HO.~1'1 
tkJb- U 12 
!l1)S.IW(J 
1750 .. \ 

~ I(JS- I' I 
H0 7 .. 1{ 18 
!HI1. 1{ I I I 

W$-'''l 
!J08...1'1 
oos...H 12 
00S-1I00 
1750-.\ 
!~\'2 
OOS-I' I 
1")7 .. 11 If! 
{lU7·H I II 
I 75H .. \ 
008-1' 1 
tl()S. I0 2 
!)(~I!'16 
17[,/) .. \ 

('uo It 
, 
, 

, 
" , 
X ", 1 

, 
" 

, 

, 
" 
, 

\ I 

, , , 

, 
, 
, , 

, , , 

, , , 

, , , 

, , , 
, , , 

X· I'I'/oIkr 

• 

, , 

, , 

, , 

, , 

, , 

, , 

, , 
, 

, II. C I.,,,a.-j..t..n.· M".o, I)", ... I .... 1'r«1o.i .. n n", ... 
.nd IJMI-~""'u",,~y o...-,u.\.< .... ·, (i • ..,.", ktul,. HI",", 
_~I ... , :l\l, II; ~o .. _b<'~. I\I:H. 1'1', 1--3. 
, hl" ... 1 K.'1,t"". ",\ N~ .. I<,'-'Nn lot AUIOln.h~ n.l. 

\\ I Ry~ ... ~ Th~ Ty,,,, 1~1fI3..\ II"pI .. n,,,,"n~,,,,,,,,,,,, 
I'llaff :;"I'I'b .... (;.",·~I /I, .... K .. JOV1_~" , :1\1 II ; '1"..1, IU:.r. •• 'p. ft 10 
• I.-......,ntald..tl .... " ... ~"II.1t'" h<ll I'I'O~"I{~L: .y"ch", ........ 
dn"~. U"I'Ia," (h~"",' Ht>ol.~ r. .. "... .... ntlrr, ~'11, II; .1.,,,,­

m",3, J'I" I .1, 
• II .. ~. 1'<.o.lMmo.n, •• Aut.., ..... tie ~M''''I. I)ri,'~ rnt d,~ 
";I.)~I .. I I.,,,~". G,,,.ro/ Hddi. f: .. twr'''''~I'', ~'\I. II %",,1. 
19M. 1'1', 1O .. 1~. 
• (1. A, ("\00"", ... "l'ynch .. ,noua n •• 1 \)ri, .. fu, ,~ut< .. 
..... 1;. 1'1,,''' ...... (;"' .... 1 kaJ .. K .. ,v-i.,.",.t. :U :1; 
Au ..... I. l\)'~;, !>p. ~II 

' ll orilontal d~Il""';On .. ,,1I.I«' .... n ~ fum",'"", .i.to ltoe 
T¥,wo 1211).1'1 1)(0' .... '0 •• ".1 l)....,riUli".lo • 
• o..oillat.or m ... 1 I", po".,,," tor Ihe Tn'" 1:I<;:t-~ \"",11 
"l(I~ It.,.Ia';no; " ., .... ""1'1,1)" 
• f)"I'~" \"S\\ II d,"",II)" "n ('RO . 
(~~ oj, ~,~I toa'.I"no;·\ ....... ,no ............... 
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GENER ... l R",DIO E X PE.,ME N TE. .. 
THE TYPE 1750 ·A SWEEP DRIVE 

10 .. c .... . . ) 

(If all tlw driv,'I', tl1l' THE 1150-,\ ie tht' ~1X«l tauJ.,>e i~ 0.5 to 5 fl)ll Q\'{'r "rr~ from 30D 

mn,t fll· ... ibll' ill aPlllil'8tion, lM'('IUlO(' il (illl a.IIY to 3())D. Thi~ driv{' i/t full.\· ,I('..mll('({ in tl .. • 
knob or dial I\l1d i~ easily IIdjuMIllbl(', "hil(' t 'rptr'''Wl/U for April. 10M. 
op{'ratinjl;. bOlh in ~"('('p arc lind ",,-r'l'l) NUt', 

Pri« TilPI' 

1750· ... SW.'P 0,; ... . II 1$ .... 1". 50-60 eyelu) ........ ,. I 
('()(k Word 

IITl: IU' 5440 .00 

AMPLITUDE·REGULATING POWER SUPPLY 

\\ hl'1'(' indil'/H('(I ill lilt> tabil' ("ilh Ty".;-, 
1211·U, 1216-8, 12O'l-B, and Tyl't; 12]~.\ 
('nit l ..... il!a.torIl 11,(' THE ]2ti3-_\ \ m,)litmk'" 

TV" 

Hl'gll!a.ting POller ~UI)JlI.,· i~ n~'\T\' to hold 
thf. O'!("ilhtor outllllt fOil-tun!. Thi_~. II illl otll('r 
uCfi'~~ri('~. ill1i~I('(1 1)('1011. 

1263· ... 
'74 _V. 
' 7 4 _VO 
274. NF 
'74_06 
174· W'oI 

"'mplltud . . . ..... 11 .. ' P.w. , S .. pply •.•..••.•• IlUIJ'If 
\'J~XR£('T()R 

t"OAXHIQI-Ut 

lIT"''' t''''IWA(l 
Ct)\XCI.oSt;/i 
\'U,~X\I f;.:T.:1t 

$210.00 
30.00 
30.00 

1.$0 
2.2$ 

12.$0 

V.llm. " .... 1111. ' ,.,."." ...............•. 
Vollm'I" O. '.elo' ........... , ....... . .. . .. . 
P.ICh Co.d ........................ , ......•. 
... doplo' ..... ,.. . ............ .. 
50 •• hm ' .. ml ... U ... ... , ............. . .. . .. . 

( .......... ) V'. w of Typo 901 • •• 144 X. 1' 
0 1.1 Dr' .... , ... Ion.d 0 .. a .. -h-f Unll 

O.dllal." 

' I"h,) Plot 01 Ih. f' ...... ncy .hor_ 

~ • • w 

., 

• et • • ,ot" 01 0 'y ... '74_FIU Fill., 
o"tol ... d ." ." X.1' platt .. with Ih. 

• • • 
X. Y OJ.I Orl .... how" .... y • . 

TV" lhal Spud /(010//0/1 

901 •• 11 007 ISo/ min ('C\\ 
907 •• 144 007 I liD/min ~lr.l'('vet"ijing 
901 -.12 008 12D/ m in C(' \\' 
901 . R96 !108 OOo; min ~If-I'('vl'rsing 

THE TYPE 907-R ond TYPE 
908-R X-Y DIAL DRIVES 

TIle"(' dth'ee (ue designed to fit the General 
Radio TYI'E 907·W,\ (I_inch) and 1'Yrt; 
tl08-WA (6-illeh) Gear I)rh·(' Prol'i.!liOll DialJJ 
for front-(lf-patlel mowlting. ~illator!l using 
thl"IC disl~ are li~ted in the table fot the It-type 
lirin'!'. The drive "'L>IaCC'~ the knob 011 the 
front of the dial Rntl ie 008i1y inliialled. lu 
1I.\'IIChroIiOIl.!l motor rotat('fl the· dill] Ilt a uni­
form nne. A potentiometer i.!l rotated aimul­
lalleo\l ~ lr' providill!$ nil output vollage pro­
portiona to dia l po!!lt ion, which can be u!<Cd to 
drin' the X-axi~ of " plotter, i\ comll]He de­
pcriJltion and .l!pecifirlf!iona will Ix- ound in 
Ill(' f."Tpf'rimClIn for Augu~l , IMG. T wo .l!peeda 
Art' available in I.'I\rh ~ ize, 

., 
Po/~/ltiom(tu .110'" 1'0/. ('YrN'nt HtMJiutiofi 

20 kll 
20 kn 
50 kn 
50 kll 

10 ma 
10 ma 
10 mn 
10 nm 

0.1° 
0 ... ° 
0.20 
0.20 
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rOIl,. 11'0111 /',;« 

.;.\RI.,' U5 .00 
t;orn: H .OO 
t:GRl."T .5.5 .00 
.;..n:("1' 55.00 

9O;~:;H X.V 0101 0,; ................................... . 
907_1144 X.V 0 101 Orl .... .... . .. . ... 0' •••••••••• • •••••••• 

90'.R12 x_v 0101 O.lv ................................ . 
90'_196 x_v 0 101 0 ,1 ... 0 ••••.••••.••..•.••..••••..••.•.. 

THE TYPE 90S-PI and TYPE 908·P2 SYNCHRONOUS DIAL DRIVES 

~illl"ICllt IUIcl ~t \·XI)t'l'I.~i\'l' of till' dial 
dri~ lh~ synl'hronollll unit!! "'ill fit hoth 
lh(' TVI'': HOI-\\ 1\ :lnd tht' Tnt: oog...WA 
Gt'llr·l)rh,l' l>reci~ion J)i,,\.oI, Tlil'~- do 110~ in­
cludl' the pott·ntium!!ter for lIupplying II hori­
wntal ddlec:tion VOltl.lt:l'. Adjlll!luble ~topll Ilrt· 
pTOvidNl for lillliting 11'1\.\'('1. Dr iw'f! Ill'(' lI('\( 
n·\1(·nJin«_ TIlf' fMwr mod!'!, Typt: 91)8...1'2, ('1111 
II{' ul!(:d for ol!<'illosrop" Ji~p16y if II ~1U11)1(' 
(i1!<'rimiIUilOr I~ I>ro\'idf't! to I'upJlly th(' :\<flxu: 
original. The Tn.: ~IOS-I'I i! I'('('Ommendcd for 
uS(> \I"jth a !("l1Iphi(' n'<'Otd('r, \ t'Ompl(·\(' df" 
IICription \lith ~p""'ifi{'nlioll~ \\'fI~ j)uhli,11N1 in 
tll(' t,'.Tpfrimt"la for '\1)\'t'lnl'l('r, Ul.)I. 

Sp u d , 

7'/IPf 
{MIS-PI 

Pinion 
I RP~I 

'1()g.1'2 30 HP:\I 

{I()'i /hol 
l,'j HI'\! (lr 

2'2,; ~'t.~ n'\' 
2 HI'\! orW 
~~ N'\' 

(If); /hul 
I 10 IlP'1 or 
150 ~"<:'~ n'\' 

3 RP:\I or 20 
>«'('~ fl'\' 

( Abo",) VI. w of Ihe Typo 901_1'1 Sy,,<h.onOUI 
Dial D.;", ;,,"laUe d o n a Ty p . 130"-8 1 8 . .. 1-

f ...... . II,y A .. d lo Ge " erolo • • 11 •• 
(hlo"' ) Reco.d of ,h ...... U. n"y . u pon .. of l. 
1m." louds ..... k •• I" 0" a" .. holc ellomlte • • 
0 .. 111010' was d, lyo" by Ih . Ty ... 901 _PI Sy,, _ 

ch'OnOUI 0 101 o,.;y. , --

90'-'1 
tol-n 

$r"d"ollo\l' Dia l D,i" • ...... ".,', ......... . $21 .50 
21 .50 $r" <h,ollo,,, Dial D'i" •. . , _, .. _'" ,. , ••• , ." , , 

I 

View of Ihe Type 11"_LBA $Iolle d l i" e wilh Ihe 
Ty ... 1 1 ... MOMoI0, D.ly., 

7'1I/W 

'1 .. _MD I Sloned · LI"e Malo. o,.;y •• , 

-

SLOTTED LINE MOTOR DRI VE 
The ~Iollro-lin/" mQlor uri\'/" dc;.lllnM to 

dri\·(' the probe cal'TUllI:" of Ih(' GNII'ral Itlldio 
TrPE 8H-I.B.\ ~1<)1t('(1 Lin"" mak{'!! IlO8I<>lhll' 
the di~play of r:-iWIt {hn'dlr on an ()IO('ilk~ 
'"'OPE'. 1111 Ulle ,l(n'lltl~' ~IM'I'd~ ttl) slutted Ime 
lII('t\surcm(,IIIJO. N.'f' Ih(' r.rprrimt'lllfT for 'pril, 
H!55, for rOlllllh,t(' ,JNll.il~. 

VSWR 1'011.'11, 01 
disploye" 011 .. 01'., 
oblo;". d ... ith Ih . 
mola._driy.n ",01_ 

ted U" • • 

PM 

$290,00 
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Since 1915-Manufacturers of Electronic Apparatus for 

Science and Industry 

ADJUSTABLE TRANSfORMERS 
ADMITTANCE BIiIDGES 
ADMITTANCI ""nus 
AlII C"'P"CllORS 
AMI'UflEU 
ATTlNUATORS 
AUDIO. FREQUENCY MElEU 
AUTOMATIC 'IOlTAGf: JIlGUl .... rOItS 
BlAT_FREQUENCY OSClllATOIIS 
BINDING ,osn AND ASSEMBLIES 
BOLOMETER BRIDGES 
UIDGE TItANSFOItMUS 
8IO",OC"'51 FItlQU(NCY MONitORS 
C"'''CITANCE 81100fS 
c ... ,,,cnolts 
COAXIAL AO.VTORS 
COAXIAL CONNECTORS 
COAXIAL HEMENTS 
COM'ARISON BRIDGn 
DECAOE ATTENUATOItS 
DICAOE c . .., ... CITOIU 
DECAOE INDucrolS 
DECADE ltESISTOIU 
DECADE VOUAGE DIVIDUS 
OUAY LINES 
DIAlS 
OIAL 011\115 
DIRleY_CURItENT "M!'LlFtERS 
OISTOIiTION AND NOISE MElEU 
HECTItOMUU.$ 
F-M MONITORS 
fllUItS 
FREQUENCY DEVIATION MONITORS 
FIEQUENCY MfASUIUNO EQUIPMEN T 
FItEQUENCY stANOA,ItDS 
HETERODYNE fREQUENCY MHEIS 
IM,fOANCE BRIDGn 
I""'EDANCE (OM' ....... TORS 
IMnD ... NC!E- M ... tCNINO TR ... NSFO.MERS 
IM, ... CT-NOISE ",N ... LYZE.S 
INDUCT",NCE 1I.IOGn 
INDUCTO.S 
KLYST.ON OSClll ... TO.S 
KNOllS 
LIGHT MUER S 

LIMIT B.IDGES 
UNE ST. ETCHERS 
MEGOHM I.IDGES 
MEGOHMMEUU 
MODOL ... TION MONITOU 
MOTO. S'UD CONtROlS 
NULL DETECTO.S 
OSClll ... TO.S 
oonOT MEU U 
OOT'UT T .... NSFO.MERS 
' .... TS ... ND "'CCESSO.IES 
'LUGS ... ND J ... CKS 
'Ol .... ISCO'E 5 
'OLYSTYRENE C ... , ... CITO.5 
'OUNTIOMEn.s 
'OWER SO"UE5 
'Ol SE ... M'UFIER S 
'ULSE OENER ... TORS 
.... NDO M NOISE GENER ... TO.S 
R-C OSClll ... TORS 
.UISTOU 
SHiElDED COND UCTORS 
5l0nED LINES 
SOOND ... N ... LYZERS 
SOOND-LEVEl MEn.s 
ST ... ND .... D-SIG N ... L GENER ... TO.S 
ST.OIIOSCO'U 
SWU, D.IVES 
SWIE, GENER ... TORS 
SWITCHES 
SYNCH.ONOUS DI ... L DRIVES 
TElEVISION ST ... TlON MONITO.S 
Tl ME. DEl ... Y GENER ... TORS 
Tl ME / F.EQUENCY C ... LI8I ... TO.S 
TU NING- FO.K OSCILL",TO.S 
ONIT INST.U MEN TS 
V ... CUUM- TUIIE VOLT MEURS 
V ... RI ... CS ~ 
VIBR ... TlON ... N ... LYZERS 
VIBR ... TlO N METERS 
VO LT ... GE REGUL ... TORS 
W ... VE ",N ... LYZE. S 
WHE ... TS TO NE II.IDGES 
X- Y DI ... l DRI VES 
Z- Y II.IDGES 

General Radio Company 
extends 10 a ll EKperimenf.r readers its best w ishes ......-. 

for 0 Me rry Chri , tma s and a Hoppy Ne w Year. 

":'" ... 
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