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RADIO-FREQUENCY 
CHARACTERISTICS OF THE 

TYPE 726-A VACUUM· 
TUBE VOL TMETER 

• BECAUSE OF THE Wl0E AC· 
e E PTA NeE of the 1'yPi; i26-A Vacuum. 
Tube Voltmeter ' for the measurement of 

loltage and current: at radio frequencie8, a discussion of ils be llavior 
at frequencies up to 150 megacycles may be of some general interest. 

A knowledge of the effecti ve input impedance at the terminals of a 
\'01lmelcr is desi rable 80 that the instrumen t can be used with confidence 
in a give n, applica
tion. With a n exact 
knowledge of the in . 
put illll)('Jance and 
i l 8 varia t ion \\j lll 

frequency. it \\ill, in 
general, he possi ble 
10 es timate or (:O llt

pule the effect of the 
voltmeter o n the cir
cuit under IlJCllsure· 
m eLl t. 

] n most applica
tions, however, one 
('Olllponent on ly of 
the impctlancc is of 
real 6ign ifican(~ . For 
c,\;a rnple, when m elll!· 

urin g the voltage 
across luned ei reuits 
it is usually possible 
10 retune the circuit 

FWUREl. Panel "jew of the 1" '1'£ 726·A Vacuum-Tube 
Voltmeter. 
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GENERAL RADIO 2 

to (:ompcusate for the capaci tance, 80 

thut the parallel resistance RJ> Ilccomcs 
the effecti ve inpu t impcdull{.'t! . When 
ma king mcasuremcll ls on untuned cir
euil,s, OLl the otber hand , the capacitance 
is the significant component, its ililpecl
a lice being Illllch smaller t han R" at high 
freque ncies. 

When the \'oltmc lcr is useel as an indi
ca tor in the parallel-resonance method 
of impc(iancc measurement, both com
ponents of im JlCdance are absorbed by 
virtue of the subs titution me thod e lll
ployc ~:I. In this case, however, the fiuite 
impedance of t he vacuum-tube \'olt 
meter acts to reduce the " resolving 
power" of the method of measurement. 
Thlls, even here, a knowledge of the 
impeda nce is useful, as it. permits LIS to 
estimate the rcsullillg limitations 011 
range and accura<:y. 

Figure 2 shows the measured varia tion 

of the effective parallel resistalH.:c H,,, 
as well as the parallel ca pacitive reac· 
tam."e X,. of the THE 726-A Va cuum- ~ 
Tube Voltmeter. The ncw T YI'E 82 J-1\ 
Twin-1' Impedancc -Measuring CircuitS 
was used in making these measuremen ts 
O\'c r the frequenc)' range from 1 mega-
cycle 1.030 megacycles. At the lower fre 
qucllcics the 'rYI'E S16-C Hadio·Fre
quelley Br idge was used, while in the 
region from 30 to 100 megacycles a 
susceptance-variation circuit' was em
ploycd. The measurement s were made 
on several voltmeter probes, with the 
plug tips removed. At low freque ncies 
the input imlK!da nre is equivalent to a 
rcsis tancc of approximately 6 1l1cgolnns. 
shunt.ed by " capacit.ance of 6.61JIJf. The 
rcduction in U,. at the higher frequencies 
is caused by dielectric losses. These 
losses occur in the yellO\" bakelit e 
hOllsing bet ..... een the input tcrm inals, 
III the ccramic tube socket, in the 
block ing condenser and the resistors, 

FJGIIIIII 2. Piois of input reactance, rc~iiltancc, ami di$ol ipation factor of TVI'll 726_A Vacuum_ 
Tube Vohmcler U~ a fun ct ion of fre'lucnry. 
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and in the glass envelope of the diode. 
(The diodc. cond uctan ce loss is unim· 
por tHill at high frequencies.) The lolal 
in put illlpcdan(.~ may also be L'Ons:idcrcd 
as that of a capacitulI(:c whose dissipa
tion factor varies with frc(IUI!llcy. T he 

1 
cfTecti vedissipatioll fac lor --c- of the R,,,, 
input ca pacitance ill also plotted in 
Figure 2. 

When the TYPE 726-Pl Muhiplier3 is 
used witb Illc vacuum-tube voltmeter 
the effective input impedance is even 
higher than that indicated by Figure 2, 
being approxima tely equiva lent to lha t 
of a 4.5 foliAr condenser of less than 0.5% 
power factor . The multiplier thus is an 
excellent means of obtaining ex tremely 
high inpu t impedances, i f the 10: L reduc
tion of sensitivity is perm issible. 

It is well kno\\'H t.hat certain frequency 
effects arc prese.nt in any vacuum· tube 
"olt.metcr circuit. which cause the volt
age indica tions at very low and at very 
high frequencies to differ from the true 
\' alne of the applied voltage. At some 
low frequency Lbe reac tance of tbe con· 
denser in the diode rectifier circuit will 
become sufficie lltly higb so that a signifi. 
cant fraction of the applied voltage 
appears across it raUler than across the 
diode. In addition, thc dynamic charac
teristics of tbe indica tiug me tcr and the 
charac teris tics of the amplifier can also 
become impor tant in determining the 
response to the impressed vohage. In the 
'l'YI'E 726·A Vacuum·Tube Voltmeter, 
hm,ever, these other e ffects become 
significant at freq uencies llluch lower 
th an those at which the reac tance error 
JirSl becomes appreciable. The perform. 
all(:e is substautiall)· uJdepe ndent of 
freq uency, even at the lowest audio 
rrequeucies . ./\ t 20 cycles the error is less 
tban 1 ~(,. 

A t high radio freq ucncies, 0 11 the o ther 

3 EXPERIMENTER 

FICURR 3. Schcmlllic ,Iiagrarn of the input 
circuit ofT\"I'R 726·A V uculuu-Tube Voltmeter. 

into pia)· tha t have a progressi,'ely more 
impor tant e ffect all the performance of 
the voltmeter as tbe freque ncy is raised. 
The Illost COUlmoul y kllOI'1l of these 
is resonance in tbe inpu t circuil. of the 
voltmeter . 1'0 II first approximation, it 
can be (:onsidered that the inductance 
of the input leads resonates simply wi th 
t he anode·to·cathode capaf·itance of the 
diode, causin g the voltage acting on the 
diode l(l increase. As a (:o nseqnellce. the 
voltmeter reads h igher than the true 
value of the impressed voltage. Thc 
resulting in crease in voltmeter indi ca· 
tion can he calculated with a fair degree 
of accuracy for freq uencies up to one· 
half or olle· third of the resonant fre· 
quency,· and the result is independent 
of the volt age level. 

The sc<'"Ollti im(Xlrtanl. pllenomenon 
which affect s the bchayior of a vohmetcr 
at high frequencies is the finite tillle of 
transit of electrons fro m the ca thode to 
anode of the diode rectifier . This e ffec t 
has been widely discussed in the li tera
ture 4.5.6 uDder the yarious names or 
"electron-inerti a error," " transit-tillle 
e ffect," and "prema ture cut·off.'· 

Referring to Figure 3. the conilcIl;;cr C, 
tends to charge to the voltage re· 
quired to turn Lack electrOns a t the 
anode of the diode.' If the time of clu-

I I · I "T he. ' ........ ,,' ['oo" ",n01 ... Pw"",iJ".,.ly 100 "'., •• lan( , two Impor tant p lenOlllcna come "leie.. "i,b ,h .. ,,,,,h,, ,ip .... mo.~". 
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GENERAl RADIO 4 

Iron fli ght in the diolle is negligible com
pared to the period of the alternating 
\oitage, Ihe condenser "oltage .... ill be 
\Cr y ncarl) equal 10 the peak value of 
the ill1prc SBC~ rl voltuge. AcLuolly, how _ 
c \'cr, the transit time is comparable to 
the period at the higher frequencies, and 
the electric field acting on an electron 
chungcs while it is in fli ght. T he retard 
ing field acting (luring the inverse por
tion of Lhe cycle effectively reJuees the 
voltage required to lurn the electron 
hack. Consequentl y, the voltage on C 
will Jlo t reach the "alue that \\'ou ld occur 
fo r a negligible transit lime. I t can be 
secn that the effect of this phenomenon 
is a ,'oltage indica tion that is lower than 
the trlle ,'alue. Furthermore. ailll.'t: Lhe 
time of transit is a function of the plale
lo-cathode potential, Ihe deviAtion is a 
fu uction of the applied \' 0 11111.'0 as well 
as of the frequeucy_ 

Figure 4 shows the ratio of applied 
voltage 1.0 indicated voltage for tbe 
TYPE 726-A Vacu um -Tulle Voltmeler as ,-.,. 
It (unction of frequency, for se'-era l di f
fere nt ,' ollage levels_ These data \.ere 
taken wi th the plug lips of the \'oltmetcr 
probe rcmoved_ I f the ti llS are in pla l.'C 
and the voltage is applie(1 ncar the ends, 
the dcviation is larger than that indi
ca tcd, si nl.'C t he resonant frequency is 
lowered by the added inducln nce and 
capacitance of the tips_ 

h will be observed that, at the high 
voltage le \·d s, the l>erCClltage de viation 
is essen tially indepc ndcnt of vollage_ 
That is. the elcctron transit time is small 
by virtue of the rdatin! ly high acceler
a ting GelcJ acting, and rcsona nce is lhe 
controll ing faclor in Ihe l>ehuvior. At 
io" cr levels, howc"cr, lile transit time 
phenomenon inl.roduces a cou'l)(' nsa ting 
effect which reduces Ihe deviation be 
tween thc trlle \'Hllle nnd the indicated 
value of ,'oILage. At Ic\·d s ill the \·icinity 

FICIJRI': . ~. Piol of the ratio of applied voltage to indieall"'! "oltage aft a (unction or rrequency ror 
several dilTerr nl levcl8 of indi (~ated VOl llllll'. The ,' ol tli lle le vels l.rl' iu,lieat cd I,y th ~ figu rCl! l1UO. 

c ia tcd ... ith cal'l; eun'c. 
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of .J.1! voh the two effects very nearly 
cauoel each o ther, and t he freque nc) 
error is less than 2% up to 100 mega· 
cycles. At frequencies up 10 about 50 
megacycles the frc~ l uc"cr error is Icss 
Ihan ±2U'( for all le,'cls. 

The curves of Figure 4 also apply 
II hen the TYI'E i26· I'l Multiplier is 
used. si nce it introduces no appreciable 
frcque nc), error in lhe range fro m I to 
100 mcgacycles. 

Whe n non·si uusoitl al voltages arc 
being measured at It igh frequencies, the 
peak value of the voltage acting on the 
diode may be markedly different frolll 
the peak value at the probe terminalli, 

5 EXPERIMENTER 

because of the different value of reso· 
nan t rise cxpcrie ll{.'ed by the vurious 
t'olll po"ents of the voltage. COIl!iC' 

(I\lently. consideraLJle caution IIIUSl be 
exercised in interpreting readings at 
the higher frcquencies. if the ,'ollage 
under mealiurement is not very nearly 
liinuliOidal. For liioUliOidal voltages, how. 
ever, it is IXJssible 10 make mcasure· 
ments ll t. rre{llICllcies lip 10 LSO megll· 
cycles ,,-ith su hs lantially til(' sa me 
accuracy that ohlains at IOller fre· 
quencies. by using: Ihe (:orrect ion facLors 
indicated iu Figure I. 

- h ' A" C. E,\Sl'ON 
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• lAS T MaN T H \\e pointed out that. in o rder 10 (.'onser\'c cB6Cntial 
materials for National dt-feuse, suLs tilntell are bei ng used in Gene.ral Hadio 
illsirumen ill. An example of this is the use of plastics instead of aluminulII 
for pauds where the subslitution dOcS nol impllir. lhe IJCI·fofmallt.."c of Ihe 
iU ll trumcn(. Im por lll lli mecha nica l \·llllracleri;; tics tluch liS s lrengl h and 
II taLilily, as wt' ll as appearance, ba\'e bet.' 11 oou:5idered ill selec ting the most 
acceptable subli titute, 50 thai the high s tandard of qualil) in General Hat lio 
instruments will be maintained. 

<\fainlenant:e of quality is pa rti t'ularl) illll)Qrlant at Ihi s lime. becau,;e Ihe. 
-. Lul~ of our prot luCls is goi ng ei ther to manu faci tl rers u!I{llahora lorieli cnguged 

in Na tional defense .. ork o r directly 10 t he va riouil govcrnnu:nl uct;\·;,iclI. 
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GENERAl RADIO 6 

THE GENERAl RADIO STANDARDIZING LABORATORY r-. 

• QUALITY CONTROL IN IN· 
STRUMENT MANUFACTURE;, 
an ex tremely important functiOil. Jl ow
ever well-designed an instnllllcnl lTl ay 
be, accurate calibratioil aud reliabilit y 
in service a rc the qualities that deler
mine its ultimat e use fulness. Careful 
inspection, adjustment, and s tandanJi
zation are necessary to achieve the reo 
liability and accuracy that are promised 
in the manufac turer 's published specifi
ca tions. 

At the General IhJio Company, the 
Standardi'l.iug Laooratory is the final 
link oolvoccn the Company and the cus
tomer. Any errors or defects that lIlay 
bave occurred in manufacture mus t be 
caught aDd corrected in this labora tory. 
Inslruments are then adj usted for opti. 
IlIUIII pcrfonuance alld calibrations are 
made. Obviously, the laboratory's job 
must be ' fe ll done or customer dissatis
faction is bound to rcsult. 

The principal function of the ' Stand
ardizing Labora tory is the performance 
of staml ard engineering-lest and cali
bration opera tions as a touliue proJuc-

lion procedure. Closely allied to this are 
the inspection and test of componcnt 
p:lrls before tbeir assembly into com
plete instruments . The comple te pro
duct ion of piczo-elcctric quartz crystals 
is also carried on as an acti vity of the 
laboratory, since the preparation of these 
is primarily a precision calibra tiou oper
ation involving adjustments in terms of 
a kuowll s tandard. 

Capable personnel, adequatc test 
equipment, and standardized test pro
eedure are essential if a uniformly 
accurate and reliablc product is to be 
turncd out. Of the twenty men who tes l 
General nadio instruments, six have 
enginccri ng dcgrees and ten others are 
J,>T8{luatcs of engincering institutions. III 
addition to permanent luboratory per
solmcl, the s talT usually includes several 
students pursuing co-opcrative courses 
in e lectrical cngineering at ncarby 
cngineering schools and colleges. 

Some $25,000 worth of staudard Gen
eral Radio ins truments arc pcrmanent 
equipment in tbe labora tory . iucludin g 
3 Wave Analyzers, 6 Bea t .Frequcncy 

FIGURK 1. View of a po rtion of tbe Stan,jard iv.ing Laooratory, Bhowing a grou!, of T n ' " 605 
S tandard-Signal Generator' undergoing t est aUlI caliLraLion. 
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Oscillators, 6 Vacuum -Tube Vohrnc lCrs, 
7 Bridges. 8 Il c terodyne-Frequency 

,..... ~ I e t ('fs, and ut lenst one each of mOSI 
o ther ins lrumcnls in lhe General Budio 
catalog: ancl there are, of course, many 
special ins trulllent s and as...~mblies de· 
signed to mee t specific tes t requirements. 

Definitely prescribed test schedules 
are carried out on each instrument. The 
lests to be made a re specified by the 
engineer res ponsible for the development 
of the ins lflullenl, and the (Ie t,ailed tes!.
ing speci fi ca tions are ~\ orked out joiutly 
by the engineer ill charge of Ics t.ing lilld 

t he development engineer . 
The thoroughness or the test pro· 

cedure followed 0 11 lIlost instruments cun 
be illustra ted by listing the tests per· 
formetl on a T YPE 736·A Wave Analyzer. 
In brief, these consist of 

1. Over-all Inspection of i\Jechanical 
Asscmbl)" 

2. Inpu t Power i\leasuremenL 
- 3. Adjus tm ent of Plate Suppl y 

Voltage. 
4. Adjustment of Oscillator Bange. 
5. Balance Ad justlllents on Detector. 
6. Preliminary Adjuslmentof Crystal 

Filt.er to Obtain Dcsire(l Band-J)ass 
Characteristics. 

7. De tector 'funing Adjustment. 
8. F inal Crys tal filler Adjustments. 
9. Over-all Ga in Measurement. 

10. Detector Distor tion !l leasuremen l. 
Jl . AUeilua tor Check. 
12. !lle tcr Cheek. 
13. Inpu t. :Multiplier Check. 
U . Phase Invertrr Linearit y Tesl. 
]5. Vrequency Response l\l casure-

ment. 
16. Absolute Volt age Calibration . 
17. lIum l\J easuremenl. 
] 8. Frequcncy Calibra tion. 
These instruments are tes ted in 

~ groups of fi ve, tha t is, each test is per
formed 0 11 each iustrument of the b'l'OuP 
before the test man proceeds to the next 

FIGU R& 2. Calibrating II T,'PE 722 Prcci8ion 
CondeO!lef ill the S tandard i»;ing Laboratory. 

test. In tlus way. more e fficient use of 
time and equipment is possible than 
when the complete test schedule is per_ 
rormed on each ins trulIlent in turn. Ye t 
the minimum test time per instrument 
is ahout six JIIan hours, when no dim
culLies that requirc trouble shootin g arc 
encoll n teredo 

The acti vities of the S tandardi zing 
Lubora tory. however , are not confined to 
produc tion alone, but also touch engi
neering, sales, and sen ' ice. 

The engineering functions of the 
labora tory are three fold , embracing the 
determination of pe rformance (IUla on 
lIew instruments, the maintenance of 
standards, and the training of engineer
ing assistants for thc development 
engllleermg group. 

Trial pr01'luc tion lots of new instru_ 
ments (usually numbering e ither fi ve or 
ten units) are given par ticularly compre
hensive tests . Over·all performance tests 
are made to determine ca talog speci fi ca
tiolls; errors and omissions in manufac_ 

7 EXPERIMENTER 
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FIG"RR 3, ,\IOOIlIIlI;on Ieflts 011 II ""1'1': 605 
Standard-Signal Generator, 

turing specifica tions are corrected; und , 
finall y. opera ting tests under severe 
temperature and humirl it.y conditiom 
are Illude, 

Tn order to calibrate instruments fo r 
voltage, resis tance, capacitallce. induc
tance, and fre(luencYt aecura te standards 
are necessary, These are maintained in 
the laborat.ory with the ex ception of the 
Primary Sta ndard of Frequency, whjeh 
i"ocated in Ihe ElIgLlleering Depart
ment, All working stand ards of resis t
ance, inductance" and capacitancc are 
intercompared periodieall y, and se\'eral 
are sent yearly to the U_ S, Bu.reau of 
Standards for recal ibration. 

Testi ng SI>ccificalions allow in general 
about three-quarters of the tolerance 
gi\en in the catalog speci fica tions, That 
is, a resis tor with a pu blished accuracy 

of 0.1 % is rejec ted by the laboratory if 
its error is over 0,0750/0-

Th(' Sl.allflardizing Laborat ory pro· -
vides excellent traini ng: for engineering 
assistants. and , from tillle to tillie, labo
ratory personnel are assigned to the 
deve lopmen t engineerin g group for \\ol'k 
under the supervision of developlllcnt 
engineers, 

Not so obviolls, bu t ex tremely illl' 
I>or tant is the laboratory's connection 
wit.h sales. It is the responsibility of the 
laboratory admi nis tration to control 
in\'entories so that no more than four 
mon ths' sli pply of major ins truJllents is 
kept in the stockroom. This policy has 
two beneficial resu lt.s. It IlCrmits labora· 
tory time to be allolted mos t efficie ntly 
in terms of salabl ll instruments, and it 
assures thll customer that the calibra · 
tion of any ins trument that be purchases 
is 110 more than four mont hs olt.! . Some 
particularly cri tical calibrations, how-
ever, are made only upon receipt of I!. .-... 

customer's order, 
Each repaire(1 instrument is com· 

ple tely tes ted and calibrated to the same 
specifications as a new instrumen t of the 
same type. Si ncc the volume of repairs 
ca nnot be easily cont rolled, close co
ol>cration betw('e n the lal>ora lory and 
the Serv ice Department is essen ti al in 
order 10 avoid delays in re turni ng re 
paired instruments to their owners. 

GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OffiCES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, LOS ANGElE S. CAllFORNIA 
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