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A HIGH · FREQUENCY 
VOLTAGE STANDARD 

A, hll'KO\ KI) 
OUTI·l."T \l..:-rKK 

1'0, .IN DESIGNING vlICu ulll-lube volt-., 
5 

meters and sta ndard-signlll generators, i l is 
frequcn 11)' necessary to ha vc a voltage stand
ard ..... hich is good a l hi gh frequencies. t\ COII-

venient standard is the voltage drop across 
a standard resistor .... hen the current through 

il is measured by means of 8 thermocouple. This arru ngcmcnt ca n be 
calibrated on direct curre llt by reference to a Siundard cell and , providc(1 
the frc(luenc}, characteristics of the clements arc known, is quite usable 
(or high frequencies. In practice, the bes t sohnion is to design wurics 
and resistance clements having negligible frc(luc ncy error al Ihe fre
quencies ,\lItre it' is desired to ",ork . 

A fc",' years ago, suflicient accuracy was obtained ",itb an Arrton . 
Perry.wou nd resistor and an ordi nary \ ' aCUUIIl thermocouple, bc("s usc 

(CQII/j,,,j("/ OIl ,JUlY! 2) 

F'Gl KI> l. VQh age s tandard. IlIlIking use of II ril,l!()1I rlosi.!l tor 8eI,arllteU (rom the 
"'clal re turll I'"th hr l.mil miu 
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GENERAL RADIO 2 

3.>('urah' lrI l'a~u rclII l! nl !i 1\I' n ' nOI required 
u ho\(' Il f ("\\ IlICglll') dl'~. Pn"St.'n '-tla ~ re
quirl-III('UI II arc lIIore ~\I·r('. <:a lling for 

IIICll ll llrCIlI('n ls 11\ much higlll'r frcfllu: nci,-". 

CIIIJ!li, lerlll,lc l\Qrk* hail ref-e nll, bet- II 
IIOIH' 011 l'Ollll)lllilig lite chnrllell ' ri s ti ('11 of 

1I\'vrn-'t ,hc \(l llrn I.' Lc r~ and ('ompnrillg the 
pl'rformllm;c of different lubes 'Iilh cllch 
III her 11 11.1 '" i III I hcorCI jeal (;on!>idcra I iU1l8. 

In order In obtain an independent 
l'tl librn.ion of ,oilage indirator,l, II Iher-
1Il01()llrnClcr I:;t ulldard for direl'! IIICllsure· 
I1I t' lIl i1 a l hi!!h fretlul'n f'ies has I)CI' II ;Ie 

,j;:,-(I at tlw Geil('ral n adio C OIIII)llIl) . 

Error" in tl' l' Ihcrmo, ·ouple.rc!;is IOr 
",) 1;1 ("111 ~t n' ca used I,) ( I) 81..in effect lind 
ntpll! 'i lunn' 10 l.'TolIIHI in the Ih{'I'IIH,
eOllpl(' hel.l t· ... and (2) akin effeci. inllul"' 
la ll t'l', lind g-roulld capaeilllllt·(, in Ihe 
I; lamill HI rc.,:i!'lor. 

The dt'~ign of a thc ... m(l(·ouplc fOr U~ 1\1 

frl·tIIH.' lwit''' up 10 humlrells of m('gll(') l' lt's 
is no t Ilimcuh , The heate ... ('lin he madc 
frQm "ire of sllluli diameter, keeping ~ I.in 

'1" 'I. '~rl . .. d, " ~_"""r,~. 1 M ".",..,"'~n .... \\ ••• "",,~,I .. 
I ..... Th." T"v II ., ... ," /., .... I.H. I , .• S. 1"~".I,,,r. I'IM •• 

FIGIl HR 2. 1'1o"' o,,rlll'lo of ,h .. final '''Q<.lel "f Ihe 
high.f.,·','lr'nn 'Ol llll;C ~ l and"rJ . usinlJ II I lII'inch 
lenglh <lr lI,bOOl, inch re.i"l lI lll'" " .. ~ ~~ gn 

itn llc. lancr' unml .. rd. 0\ Ir .. 'UI'" ... ·nl dioe co"'r,, 
,h .. uni, I .. t,rO' ..... 1 lh., I}arh lind 10 noi!! t'1TO .... 

in relld"'gi! rL'iluhing frolll lIir currl'n' " 

cl'Tc('t at a 10\\ \' lllue, The skin ('ff('('1 in a 
pict'e of !IIllIlgunin "ire 2 !IIils in diameter 
Hlllounl S 10 onl) I ~, 81 100 lIlega'·p ' I .. ",_ 
I I is l>OAA. il,le 10 drln\ 11 wi ... e In 0,25 mils 
and this 110,11,1 1I:lI e II l'llleulale{1 s kin 

effect of I '){ al WOO ll1egac~cles. 

The healin g e ffeC I 1'1111 be measu red b} 
lI",ing a Ilwrmot'l)Ul'lc \1 110,. ... jll n(,lion is in· 
s .. Iut ed frolll Ihe heat er. The insulator 
ca n bc made 10 have a I'apacil }' of leli" 
Ihall 0.1 Illl f I!O 111111 Ihc ('a puCili\ e cur_ 
...ent froll1 Ihe henln tn g",ollnd ca ll he 
kepi negligible if the impedance from the 
hea ler to grourul is I.eI'I low. Thus i1 ap· 
pears thai the \'urrenl flo\\ ing in the 
healer of a Iht·rlllocouple ca n be knOII'!l 
accurat e ly. hUI it is anolher matlC[ 10 
make lise of Ihis knowledge. 

\Vhen :1 thcrmU{'olll'le is IIS('" fo ... lIlea ~, 
tiring voltages. a ll illlJ)Cdance Slandar,1 
is necessar}. Probahly the IJes t impetl. 
Illll"e is a pure resis lance. While this 
l'allnOI be II tri(·tly rca li..:cd. il ma). b~ 
prope ... desigll , he approached . The (' i .... ~ 
('uits mlls t Ix: !!-O arrll llg:cd thai the c urre nt 

fl olli ng througll Ille IIWfII10t'(Hlple ii' ,I", 
sa me a s 111111 flo"in g through Ihe 151111111. 
Iml iltllJC,III.II~·e. Further, Ihe Slnruh,rd 
\ollage sllollifl IJt! cS8Ctlli ll ll ) e(lual to the 
lullage (Iroj> in thc res iFo lor. thnt is, Ihere 
s l10 lllfl be no indUt~.'ed emf in Ihe leads 10 

the slalHl a ... d lerminals. 

Oil" a ...... angement mafle five or six ~ear" 
ago for lesling l' ignal genera tors is 5ho\\ 11 
in Figure I. Tile resis wnce unit cOlisislf'd 
o f a shorl lengl h o f 2-milman ga nin Ilire 

rollt'd into a ril,1101l 10 mils "ide and seJl/!' 
ral ed (ro m II grounded s lab of metal by a 
I-mil !;h L"e 1 of mil'a . This rat her 1111(;011 ' 

lenlional Ilesig" "liS lIsc,1 in an al· 
tempi 10 a\oi tl Ihe large ililluelivc ... c · 
aclance a5bQCialefl \\ilh low·rel" i s La nc~ 

ullil5, The reflue tion lIas acoomplis.hl'{1 
h) treating the rCFo is lor as a tranSUlissiun 

line and (I!templing to make V!:. about ~ 
C 

I'qual to Il . \('tuull), a still clOI'cr sp:u: in,g 
woulil h!l\'e bee n dcsirable. 
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DC AC 
FIG"M~ 3. lJiagralll "f cunneclinnil fu, ,IL .. ~la n.l . 
artl of Fig"r" 2. '1'1,,- relurn I'''I'' ~ arr Ilomn!;h ,h .. 

l!irtlu",I ... 1 hr~ caJj(" 

Il \\iI\ Iw notice,) that the 1)I)len l ia l 
terminals are COlllll'c l c d to Jhe resistor in 
II mllllllcr CIIICIII:llc.1 to eliminllic wirin g 
incluclall<!c in II lIorl of hi gh.frcquclH') 
1I11111ogue of Illc con\{'lIliOIlIl I (Oll,-l cr
minal resistor ('om rnonly usetl for .Iircc l 
,'urrellili. 

\noilier DIllI 1II0re sa tis faCIOr) l'dl) of 
dccreailing the inlluclance (and li lt' ('II
pacitancc as \\ell) is 10 dc('rca~ til{' nl 'I'C ~· 

&lIr) lell gl h hr U1;ing much filH'r "ire. 
Figurc 2 g llo \\ i! 8 unit con .. is ling" of a pie ce 
ufrcsiSlun('c \Iire 0.0001 inch in ,lilllll('l('r, 
onl} J.{6 inl'll long". 111111 ha vin g a r('sis lallt'" 
of IIbOll 1 7 ohms, 

In I his ('118(', all \\ i t h the rcsili lor of FiA'
•• n ' I , thc thermocouple !'cater v.as joint·tl 
tlireell) til tlte rcsis tor in air rather than 
ri ~k crrors inhNellt in tllf' long lead "irc", 
of the u"ual glass bulb cons truction of a 
,a.'Utillt 1'OlIple. 

Thc indul"laoee of the SCcond rc~i8 l or 

IInit is compnted al alJOut J.(i ellt ( 1.6 \. 
10- "1t) whi"1! SiH'S an induc ti,'c rcacllUJ("1" 

3 EXPERIMENTER 

of I oh m al 100 'II". Si nce Ihis i;:; ad,I{"l1 in 
q1l11tlralure 10 till' rcs.istancc. Ihe im' 
pedance is onl~ i ll l"rl"a~d I C'} . '\s prl" 
,' iousl) ilIcnlil)ll('tl. tlil' s.l..i n effec t is en
ti rely negligible. 

Wire is now availabll" huving a diamcter 
of 0.00025 inch. 1\ L1uit of thc sarnc sizc as 
tllc pre~l1 t om', if nHul1' of such "ire. 
v.oulrl lta,'C an imhwti,c error of 10fc al 
250 \lc. ,\nothcr illll'roHIII(,lIt over the 
present unit v.ould cOlls i .. 1 in usi ng the 
thennO('ollplc hea ter il i't'"1f ali the s tamlanl 
resistance. taking the lOa lll {" preeautions to 
minimize lIIutual imllt'danl.'c. 

'rhe voltage SLandanl o f Figure 2 has 
I,ecil used in lIleailourin g the error of in· 
.Iiclilioll as a func tion or fre(llIency in tlte 
T\' I'E i26·A VllcuulII·T"bc "oltme ter and 
the \ariation of output ,0!t36'" v.ilh fre· 
(I"ency in Ihe 1'".£ 605-A Standanl. 
Signal Genera tor. Tltis voltage 6tllmlanl 
in conjunct ion "ilh u heterodyne me thOtI 
of measuring alle·tlLlalio n ratios pro\idt"Ii 
an ah,:;olul c \ollllgc ca lihruliorl (Or 81aoll · 
ani-signa l generalors. The l'olllple tc S)8-

lem will be Ilesl"rihcII in lin early issue ur 
the Experimelller. L. B. AIIGUI\llIAL 

Fila Kit I . Oul<!iul" i,· .. · ur Ih l" ""har",' ~ 1 11",Jard ,,( 
Figure 2. i", lkaling ~hiddi!lg 1'1 Ih l' ou ll"'( 
.",minals from Ih" g, .... n,1 1,,11 .1 &. Th" slllm/ar,1 
.. as m ati" U II d"lttdIPhll' IIn;1 iIU .1 ... 1 ;. CIImlti 

L.e II~I in /ie'I'r ll l .. -emhli l'il 
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AT THE SILVER ANNIVERSARY CONVENTION 
• THE PHOTOGRAPH above ShOI\8 the ''lay]O 10 12. A number of the nc",,{'r 
General nadio booth at the Sih er Anni
H!fsar} Convention of the Institute of 
Ha(l io Engineers, held in New York, 

instrumen ts were llisplayed. and sc l eral 
members of the engineering stafT ... ere ill 
attendance. 

NEW DIAL PLATES 

GENERAL RADIO 4 

.THE TYPE 318 - A DIAl PlATE , 
intended for use \\ illl Genera l nadio 
rheostat-potentiometers, has been re· 
placed with a lie" lIIodel. T\'P£ 3IB·B. 
The lIew pla te has len numbered dil'isioll!!. 
each subdivided into fil'c equal pari s. 
This 10lal of fifty divisions covers a ro
ta tional angle of 298", The sca le is photo
e lched, .... illl rllised nickel-silver grnd ua
Lions 011 a fl at bluck bllckground . ~l oullt· 

ing holes coincide with those of Gencfui 
Hadio rheostat-potentiometers having a 
three-hole mOllllting_ 

The diallleler is 3 inches allli the plate 
is intended for usc " iih a 15/s-inch kno,b_ 
such as TYI''';5 637-C , -II , -J, and -K, ,.....,. 

/'r;Cf' 

OK\' II. $0 .. 15 
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5 EXPERIMENTER 

- AN IMPROVED OUTPUT METER 

.THE HIGH IM PEDAN CE ami in . 
herent ruggedness of the COPIM!r -oxide. 
rectifi er type voltme ter are advll ntages 
" hich m OTC t han offse t its accuracy limi
tations, Beca use of this, tbe TYPE: 183 Out 
pu t :\Ieter. which consists of a copper
oxide voltme ter a mi a resisti ve multiplier 
IIc l lolork for c:\. lending the range. has been 
"illcly used in laboratories where aud io
frc<lucllcy measurements IIrc made. 

Heccnl improvements in rec tifier . t ype 
ins trumentil hu\c rcsult c(1 in a me ier "ilh 
much bett er cha racteris tics than " I'! rc I.IOS
sible II fc" }eaNi ago. Using this Il C \\ in
Slrume Ll t., the General Hadio COlllpany 

has designed a lie" muJcI of the 1',, 1''' 483 
Output MeIer . In ad,lil ioll to beUeT elec
trical performance. the lIew Tn'£ 183·Y 
01l1~U t l\'l c tcr has se vernl improved fea-

_ tu res of IIIccltaniea l llesigll . The character · 
is tieil of the inii trulllent a rc disclIsse<1 be-

10". 
Full ·scll ie ddlect.ioll 011 the ilUlkatilig 

illl! trumeli l is 2 volts. The L-tYI>C lUulti 
pi} ing ne t"ork prO\ ides full-sca le range,> 
of 2, ·1. 10. '10, 100. lind 200 \·o lt s. }\ 
b<,hcma til' ~ l ia grall1 of the circuit is shown 
in Figure I, a pholOgraph of the instru 
ment in Figure 2_ 

Errors in I.:o pper-oxide instnlnH'llt 8 fall 
inti) h lO classes : ( I) erro rs in the \'o llllg(' 
inll ita t ioll as a fUliction of frequency, 
tCIIlI>cra tu f", and " aH (orlll . nnd (2) 
dlungcs in im pella ll('c as a fUIiClioll of 
voh llgc. 

( 1) ERRORS IN I NDICATION 
T he frequency error i" ca used by tlw 

.. hun ting e ffect of inpu t ell paci lance li nd it! 
not serious lJelow 6 or 7 Itilocycles. Figurt' 
3 8ho"" an averagc frequency character 
i ... t ie (or a number of meters as " ell a l! the 
maxi mulI1 dCI'ia tion from the a verage 
\I ithill the group t esU!~L 

Fu: u tl\. J. Sche.mll lic , .. rlllg JillJilr~1II vr th .. 
TVPK 183-F OU l pUI \l eler 

All coppcr-oxide recti fi eri! show Icm
I>cratllre etTel'lil, hu l the lIew design lI i>tal 
ill the outpul me ter has It zero tCIIII)Cr11-
lUre coefficient in l he normal rang~ of 
room te ml>crlllmcs. Til;" is ;;ho\\n in Fig
lin· 5_ 

The indi('l1 tion of a ('oPI>cr -ox itlc in
s trulIlelllll tl l.ICmls Iq.lOll the a verage l a lue 

Fu:tJJ<" 2. l' hOlograph or 1111" lip" .,u ll " ,1 OUNer 
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of the llpplicd vollagc over a comple te 
cycle. TYPE 183-F Ou tput Meters are 
calihralell in r-IIl-S va lucs on a sine-wave 
source. \Vhe n used \ 0 measure non-sinu
soidal volt,ages. t he error in indica lion will 
depend upon the degree by which the ratio 
of nns to average for the a pplicli voltage 
differs from thai for a sine wave. Conse
quent ly, Ihi s error is affected by bot h 
magnitude a nd phase of harmonics. 

( 2) IMPEDANCE ERROR 
The impc lluncc characteris tic of the 

t'oppe r -ox illc ins trument itse lf as a {une _ 
lion of volta ge applied is 8ho\\1l in Figure 
'1. This ind icates the average impedance 
error "hit-II (X'ClIrs 0 11 the J multiplier. 
The iUII>cdance of imlj \,jdual iustrument s 
lIlay lleviale from the v/l illes showJl by as 
much as \0%. 

When the multiplying ne twork is in 
cirruit. the error llecreases and , (or LI,e 
100 multiplier, the impedance is 20,000 
ohms ±2%. The error ill impeda nce in
I'reases as the multiplier sctt in g is re(iuecll, 

hut , sinee the meter inq>cdancc error de· 
creases with applied volt age. the minimum 
impedance error (or a given voltage 
measu remcnt. will occur at the mu lti plier 
sc lli ng wh ich gi ves the hi ghes t on·sea le 
reading, In other words, with 2 \'oit s ap· 
plied . the realli ng shou ld be taken at (1111 

• • 
, 

9' 
0, 

• , 
, '-

"-W, I r--~ , . 0 • • WI • • 
• 

.5 ~o l~ 2.0 
METER READlJ<III IN VOLTS 

F,GUlu: I. The fn.·<IUCIII;Y d,araCleriSlic of Ihe 
o.~ i.l e· rcctir' cr mcler ilac l( a8 a (unction uf 
" 1'1.1i ~"{1 volt age. The n. a.~i mum "arialiu" {rum 

Ihe eun ·e ilhown is ± 10% 

scale on Ihe I Illultiplier. rathcr than at 
ha lf-scale on the 2 multiplier . 

Mechanically, improvelllents in the OUI· 

FIGIlR K 3. A, cragc frc'l" r ncy chllraelc rislic of th tl mcte r. T he dOlled lines 
show the rnaximu ", devia tion from average 

.0 , , , , , , 
, , 

1.9 , , , 
1\, , , 

\~ , , , , , , ' 

1.8 

1.7 , , , , 

II 1\ 
100 1000 10,000 

FREQUENCY IN CYCLES PER SECOND 
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50 60 70 80 .0 100 
TEMPERATURE IN DEGREES FAHRENHEIT 

FIGU NK 5. Thi~ ~h ...... ~ tit,. effec t or te"'pe rature On the ", .. Ier indica l;""_ It .. ill he '1'>1l"<llhal in the 
norllla l room (eml ler .. lurc range the temp,enln.c ~fTic; enl ; ~ prlll' Iit-II l1 y 7;('"ro. Th" tlo tl",,1 line>! 

indiCli te the OIlaxinlllm dc.' i .. tio,,~ 10 be <:-'1'<:0;: 10:.1 

put IIl('ler consisl of using a Tn' ~; 510 
S ... i tell ,,;1 h conccalcll ,du8t proof COlli al"' S, 

and rnollnlill~ the assembly 011 an alullli· 
IIl IlI1 pallel finil' hCfl in black \'racklc lul'
qller. 

Frorn the foregoing it is cvillellt that 
the 'I' \I'E 483·F Output l\l tler is not a 
precision s tandard of volta ge. 118 acctl
rat') ill, hOVo c \ cr, sufficient for mos t roll-

lille lab.orato r) IJl ca~lIn· lIl cnIS. U) far it s 

grcalesl fie ld .of uscfulm's8 is in COlli pariw lI 
measurement s of \ <lriOIlS t) pes, wh("re lhe 
meter is IIscd 10 1Il<llt'h l\\ O \olt a"e;;. lI ere 
tcmpcr<lturc lind frcqllc lI(,Y cr.-ors ell ll ecl , 
nlHl c \en wa vefor m errnrs <Ire sc ldom illl
portant_ be('ause usuully a single voltage 
w un:.-c is used. 

SPECIFICATIONS 

Vollale Ranle : Uelow 0.5 volt 10 200 
volts in seven steps. 

Input Impedance : Nomin a lly 20.000 
ohms. 

Frequency Charact e ristic: Sec Figure :\. 

Tem perature Characteristic : See Figure 
5. 

Accuracy : ±5% of full scale, "hieh IS 

___ ~·I\" "!... 
t83-1<' 

equi"alent lO ± O. I \ oh multiplied by the 
multiplier sc l, ing. This fi gure hold s on l) 
whell frequell('y and tf' lUl}Crature fa ll on 
the flat por t ion uf the ('ur \'cs of Fi gures:\ 
and:; and when the "1I\'cform of the ap_ 
plied voltage is sinusoidal. 

Net Weilht : 3 1)()lIruls. 9 Ullrlces. 

Dimension s : (Length ) 9:\8 x (\\il1lh) 
II " x (hei ght ) 51" inches. o\ er-all. 

(hi .. n ani I'r;N' 

\\'o rr> 51.00 
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GENERAL RADIO 8 

MISCELLANY 

.THE GENERAL RADIO COM · 
PAN Y cordia ll) in vit.e !> renders of the 
BX/lI'rimCf!/f'r \0 ins l)I.·cl it s ex hi bi t of 
lahoratory and industrilll appnratlili <II 
the Fortieth Annual Meeting-Exhibit 
of the American Societ), for T esti ng 
\ 'laleri815. The exhibi tion wi ll be held 
.IUIl t! 28 through luly 2 in the Astor Ga l· 
lery of the Waldorf-Astoria Ii olel, Park 
Avenue and 19th Stree t, New York Ci ty. 

\lr. Hobert Field, design engi neer re
sponsible for the development of the 
TYI'I:: 516.C Radio-Frc{llIcncy Bridge, 
the THE 54-1-11 Megohm Dridgc, and the 
Tn'£ 716-A Capacitance Bridge, and J\h. 
Frederick Ire land of the gencrlll cngi.nccr
ing department wi ll be in a llcmJ:. nce a t 
the exh ihit. 

Beca use of their particulllr interest to 
the members of Ihe A.S:r.M .. the new 
Tn'!': 716-A Ca paci tll nce and Power Fa c
LOr Bridge and lhe new TYI''' 544·13 r-. 1eg
oh m Bridge will be 0 11 display. In du stria l 
d('vic('s such as the '1'\' 1'1:: 5'18- 13 Strouo-

SCOpl:, Iht· Tn'~; 631 ·A S trouolae, Ihe 
Typ~; 7.'l9-A Sound -Level Meter, and the 
""' P E 725 ·A Color Comparator will he 
presented for t he inspect ion of engi neer" 
less interested in clecirica lmeasu rclllcni s. 

.THE CHAIRMAN of our Boanl 
of Directors, Mr. Hcnry S_ Shall', hus 
jus l heen honored by being clel' lcd a 
Fellow of the American ·\ eademy of Art s 
and Sciences. 

.ON MAY 21, II. II . &O LL, of the 
General Radio engineerin g s tatT, spoke 
before a joint meeting of the Delroi t sec· 
tion of the Ins ti tute of R adio Engineers 
and the Engineering Socie l), of Detroit. 
Also present \\'ere mcmbers of the Ameri
can Society of Mechanica l Engineers and 
tile Cleveland Engineering Socie ty . .1\ l r. 
Scoll's subject was " T he Stroboscope and 
the Sound·Level .Meter, £ Iel.: lronil' Ai ds '""" 
in the Elimina tion of Noise." T Ill' talk 
was illustra ted by lan tern slides a llfl high-
s l}cCt\ molion picturcs. 

THE General Radio EXP'F.IUMEN1·EU is maired u'itlwut c1wrge ench 
nW'111!. to e ngill eer.'!, sciell tist s, teclmiciuIIs , (Uld o Ow rs interested ill 

co rnm.flllic(ltioll-Jref/llcllcy m eflsure llte rtt (Ilul cO lllrO r problcms. ,,./tcn. 
sendi"g re(lUes t,~Jor suo.'1criptiof!s IUld uddress-ch llllge rlOU ces, preo.'1e 
supply tlleJoUow;IIg infor"wtion: "Clm.e , CQlllpcw y flum e, compo"y tld
dress. type oj bu si1less co m/Hilly is en gnged in, find title or position oj 
;'Idividun/. 

GENERAL RADIO COMPANY 
30 STATE ST REET CA MBRIDGE A, MA SSACHUSETTS 

BRANCH ENGINEERING OFFICE-90 WEST STREET, NEW YORK CITY 

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
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