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TYPE ·726-A VACUU M-TUBE VOLTMETER 

eBECAUSE VOLTAGE MEAS
U R E M E N TS at communication .fre
quencie u ually require a voltineter 
wi h an input impedan e o high as to 

have no appreciahl hunting effect o 
the source under measurement, the 
vacuum.-tuhe voltmeter is a Iaborator 
ne e ity to the commun·cation engi
neer. Commercially available thermi
onic oltineters have in general been 
subject to one or more of the following 
defects: low se sitivity, lllnited voltage 

range, high-frequency error and lim
ited pre ision of reading at low val

ues on the scale. The design of a 

voltineter in which these defect 
are minimized has recently been 

completed, and, since it repre
en-ts a new approach to the 
problem of a-c voltage meas

urements, a number of it 
design features are worthy 

of mention. 
The voltmeter consist 

of a familiar combina
ti on - a di o d e -c o n 

den er rectifier rr
cuit and a d- am

plifi r. A conden er 
becomes charged 

by the re tifier 

F:r RE 1. r PE 726- Vacuum-Tube 
Voltmeter 
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F1GURE 2. chemati ircuit diagram f the 
acuum-tube voltm ter 

to a voltage very c osely equal to 
the p ak alue of applied alternating 
voltag and th d-c amplifi r and a 
millia mmeter provide a mean of mea -
uring th oltage appearing a ro th 
conden r. There are new features in 
both th r ctifi r and amplifi r cir-

uits, however whi h are v ry impor
tant ·n a hi ing high inpu t imped ance, 

of calibration, a cl a ca1i
bra tion v r nearly indep ndent of th 

onstants of the rectifi r and amplifier 
tubes. The ad an tage are obtained, 
moreov r, in an in trum nt o ering a 
wide range of voltag 

THE RECTIFIER CIRCUIT 

The rec ti:fi r ir ui t 1 is hown on he 
Jeft-hand ide of � igure 2. The re i l
ance Ri and Rz ar of high value so 
that th y do n t a:ff ct the operation. of 
the diode T1 and th condenser C1 in 
the input loop of the circuit. If C1 ha 

ufficient capacitan o that no a-
voltage appear a ros it, its barge 
will build up until th voltag i equal 
to the p ak value of the applied a-c 
voltag , after whi h time th anode will 
never be po itive with re pect to the 

athode and no further rectified cur
rent can flow. When equilibrium j 

reached, in other word , the rec-tifier 
will approach th condu ting condition 
only at the tim of the positive peak of 

l For a discussion of diode cir uits, see "Crest Voltmete.re .. 
by C. H. Sharp and E. D. o Je, Trans. .I. E .E ., 35, pp. 
99-107, February, 1916. 
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PLATE SUPPLY 

the applied alt rnating voltag . For 
the re t of the ycle th plate wiU be 
negati e with re pect to th athode. 
Th voltage a ro s th diode thus con-

i ts of a n gati ly-biasing dire t 

oltage in erie with th applied alter
nating vol tage, and it will be een that 
the averag plate potential i negative 
wi th re p ct t o the cath de. 

The purpose of Ri is to permit th 
di charg of condenser C1 and C2 when 
the input v ltage is redu ed. Thi re-

i tori pla ed across the re tifier rath
er than aero C2, o that no direct 
curren-t will flow through R2 e cept 
when the input oltage i aried and 
new equilibrium. condition mu t be e -
tabli bed. o corr ction need b made, 
con equ ntly, for voltage drop acros 
this resistor and the entire d- voltage 
is applied to th a mplifier tube. This 
feature contributes con id rably to the 

tabihty of the in trumen.t and the per
manence of its calibration. 

he direct component of the voltage 
aero the diode is equal to the peak 
value of the applied alternating volt
age. The res· stance Rz and condenser 
C2 remove the alternating component 
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so tha only the direct omponent i ap
plied to the d-c amplifier. Elaborate fil
tering is not ne essary due to the 
extreme linearity of th amplifier re ult
ing from degen ration. nle th al
ternating oltag i sufficient to swing 
the plate curren t to cut-off, only a neg
ligible amount of rectifi ation an take 
pla e. The simple filtering arrangement 

hown i , therefore, entirely adequate. 

T H E  AMPLI F IE R  CI R CUIT 

The d- amplifier circuit is shown in 
th right-hand section of Figure 2. Th 
resistor i n  the athode lead ·s parti u
larly important. This provides degen
erative coupling between the input and 
output circuits an not only ac om
plishes in the d- ca e impro ments a-

alogous to those resulting from the u e 
of degeneration in a-c amplification,2 
hut al o ha other imp rtant re ult . 

Before the manner of operation is ex
plained, the important improvements 
resulting from the use of deg neration 
in the pre ent as will he ou lined: 

(a) The me"ter indication within e y 
close limits is made propo ·tiona1 to the 
direct voltage ·ntroduc d into the grid 
circuit. 

(b) The ens1t1v1t i made pra ti
cally in.dependent of the on tant of 
the tube. 

( c) The grid cir ui t i rendered a -
pable of handling directly oltage 
hundreds of tim greater than th nor

. mal cut-off bia . Hence no vol t age
dividing ne-twork is required. 

(d) The en it" ·t an b changed 
for the ariou de ired oltage rang 
mer ly by changing the value of th 
cathode re i tor and the value of th 
grid-bias oltage. 

Figure 3 i a simpl"fied diagram to il
lustrate the degenerative eff t of th 

2 ee " t.abilized 'eedback Amplifiers," 
B . .  T.J. l::S, pp. 1-18, Januar , 1934. 

Bia k, 
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cathode r i tor. If a voltage E1 is in
troduc d into the grid circuit the plate 
curr nt will t end to ·ncrease, causing a 

o ltage drop ER a r ss the ca·thode re
i tor in opposition to the introdu ed 

voltag . The net change in grid voltag 
is the difference b tw en the two. If th 

athode resi tor is large in value, onl a 
v ry light increase in plate current. is 
required to develop a voltage equal to 
the introduced voltag . The net grid 

oltag , therefore, can change on] 
lightl , and ER mu t always b very 

n arly equal ·to E1. The larg r the alu 
of the cathode i·esi tor the smaller mu t 
b th in r ment in plate curr nt and 
the m re nearly equal mus ER be to 
the in trodu d oltage E1• henever 
the athod resis tor is large enough to 
bri g abou t thi condition, the change 
in plat urrent, ·ndi ated on the m -

ter, will be dir tly proportional to th 
introdu ed oltage, and the tube con.-

tan will b of ry little importance. 
The am impl on idera tion show 

that the sen iti ity f the arrangement, 
on id r d a a d- oltmeter, can be 

changed by ar ing the cathode r -
sistor. If thi re i t or is incr a ed in 

alu ·ten times, nly n -t nth of th 
hange in plate urrent will b required 

+ 

E, 

F1 RE 3. S hematic ·ii- u.i.L diagram of a 
degenera·ti e tl-c amplifier 
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to develop a given oppo in.g oltage. If 
the plate mjlliammeter has a certain 
full-scale sensitivity, consequently, ten 
time the oltage mu t be introduced 
into the grid cir uit to cause full-scale 
deflection.. For suffi iently high alues 
of the cathode resistor, the full-scale 
voltage is dire tly proportional to the 
cathode resistance and depends onl on 
thi quantity and on the sensitivity of 
the milliammeter. 

The polarity of the direct voltage e
veloped by the rectifier circuit and ap
plied to the d-c amplifier is such that 
the grid of the amplifier T2 is made neg
ative with respect to the cathode. This 
is important in preventing damage to 

F1GUR 4. This shows ·th r tifier, mounted 
in the probe with cov r remo ed. he ex
tremely short leads and low hunt capacitan e 
obtained are respon ible for the ex JI nt 

frequency characteristic 

the meter due to overload. The plate 
current de rea e when voltage i ap
plied and can he reduced only to zero. 
The maximum pos ible change in plate 

urrent doe not greatly e ceed the 
milliam et r full-s ale current, so that 
serious overload is not possible, no mat

ter what input voltage is ap lied. The 
milliammeter, of ourse, · s conne ted in 

the circuit backwards, so that a de
crease in plate current is indicated as 
a positi e deflection. 

The three resistan es,�' R5, and R6 
shown in Figure 2., but not in Figure 3, 
make it po sible to balance out the 
initial plat current and to furni h th 
desired grid bia . The re istance Ra and 
the position of the tap on the resistance 
Ra are changed simultaneously when 
the range of the instrument is changed. 

POWE R ABSO R PTIO N 

The power which must be drawn 
from the voltage ource can readil be 
calculated from the known oltages ap
pearing across the resistors R1 and R2. 
In the filter circuit R2C2 just consid-
r d, the entire alternating oltage ap

pears across R2. The same voltage 
appears aero s R1 as appears acros the 
r ctifier, namely, the full alternating 
voltage in series with a direct voltage 
equal to it peak value. The a- frac
ti n of the power loss i the ame whi h 
would result if R1 and Rz in parallel 
were placed directly across the voltage 
our e. In addition, sufficient power 

must be drawn to upply the d-c los in 
R 1 corresponding to the peak v alu of 
the a-c voltage. Short pulses of curren 
fl.ow through the rectifier to suppl this 
power, so for thi component of the los 
the oltage source is loaded relatively 
heavily during a very small part of the 

4 

y le, and not at all during the rest of 
the cycle. 
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Due to the shortness and intensity of 
the pulses through the rectifier any re
sistance ·n the input bran h reduces 
eriously the flow of rectified current 

and lowers correspondingly the meter 
reading. It is this reduction in meter 
reading due to the impedance of the 
voltage source, rather than the total 
power consumption, which is important 
in most a pplica ti on . Thi effect can be 
made negligible only by reducing the 
d-c power absorbed to the lowest pos
sible value. In the TYPE 721-A Vacu
um- ube Voltmeter the re istor Ri 
has the value 50 megohm . About 4 
megohm in series with the applied 
voltage is sufficient, however, to halve 
the voltmeter reading. From the olt
age reduction standpoint the input re-

i tance, therefore, can be said to be 4 

megohms. The power absorption., how
ever, is determined mainly by a-c lo es 
in R2 (10 megohm ) , and from this 
standpoint the input resistance is ap
preciably greater - about 6 megohm . 
At high frequen ies other factors be
come important, so that the simple 
analy i here given is no longer appli
cable. These factors are dis ussed 
below. 

OPE R ATIO N AT HIGH 

F R EQUE N CIES 

To achieve satisfactory operation at 
high frequencies, the elements which 
make up the rectifier circuit are made 
as small as possible a d are mounted in 

a separate housing at the end of a flex
ible cord. Probe terminals are pro

vided so that the measuring circuit 
may be placed close to the voltage 
source. A 955-type acorn tube is used 
as the diode rectifier. The probe ter
minals can be removed to reduce s1:ill 
fw·ther the inductance of the in ut 
loop. 

As a result of these details of con-

5 

FIG RE 5. Fi rang of ollage are pro id d. 
It will be ll that: t:h scale are nead 

lin ar 

struction, the resonan. t frequen y of 
the input loop is about 380 megacycle , 
and 500 megacy les with the probe 
terminal r moved. The frequency 
error in the reading is onl 3 per cent at 
100 megacycle . 

The power con urned from th source 
at high frequencies i no longer de
termined by the values of resistance 
R1 and R2 but by the total stray apac
itance aero the input and the losses 
in this capacitance. Th total capaci
tance is about 6 µµf and the power fa -

tor about 2.5 per cent, the losse oc
curring principally in the envelope and 
socket of the tube and in the material 
surrounding the resistance elem nt R1 
and Rz. It is intere ting hat at high 
frequencies the input impedance is not 
affected by turning on or off the h ater 
of the diode T 1• 

OTHE R ADV A N T AGES 

By including a power-supply voltage 
regulator, the meter indi ation has been 
made as stable a that of a d-c instru
ment. Fluctuations in line voltage have 
no effect, nor do long period drifts 
whi h would otherwise change the read-
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mg t rough changes in filament -tem
perature. 

Although - · the diode rectifier is 
mount d in a probe, the probe can be 
mounted in ide the cabinet for low
fr quency mea urements, if desired, 
and the oltage sour under measure
ment onn t d directly to -terminal 
on th panel. 

The w terminal on th panel is not 
conne ted dire tly o pan l, but is i o
lated by a blocking con den r. Thi i 

onveni nt in mea urmg voltage 

across plate tank cir uits, for instance, 
where the oltmeter can be grounded 
without damage. 

The meter reads dire tly the r-m
value of a sinusoidal oltage. s ha 
been h wn above, h wever, i t  i the 
peak value of the waveform which de
termines the reading. The instrument 
is very u eful for determining the peak 
values of comple waveforms, these 
values being obtain d b multiplying 
the reading by 1.414. 

-W. . TUTTLE 

SPECIFIC AT IO N S  

R ange : 0.1 Lo 150 volt in five ranges 
(1.5-5-15-50-150 volts). 
Accuracy : ± 2 % of full seal at all 
five ranges, on inu oidal voltage . 

Waveform E r r or : The instrument 
i es entially a peak voltmeter cali
brated to read r-m-s values of a sine 
wa e, or 0. 707 of the peak value of a 

omplex wave. On distorted wav forms 
the per entage de iation of the reading 
from the r-m- value may be as large as 
the per entage of harmonic present. 

F r e q u e n c y E r r o r : L than 1 % be
tween 20 cycles and 50 megacycles. At 
100 megacycle , the voltage indicated 
is about 3 % larger than the voltage 
acros the probe terminals when the 
tip are removed. With the tips in 
pla e the error is about 7 % . 
I n put I m p e dance : About 5 meg
ohm at low audio frequencies. Since 
the apa itance between. input -ter
minal at th probe is 6 µµf, the input 
impedance will be lower at higher fre-

Power up ply 

quen ies. The resonant frequency of 
the input circuit is about 380 mega
cycles but can be increa ed to 500 
megacycle by remo ing the plug tips 
of the probe. 
P o we r S u p p I y : 100 to 130 volts, 
a , 60, 50 or 42 ycles and 200 to 260 

ohs, 50 cycles ( ee price list). The 
instrument incorporates a oltag reg
ulator to compensate for supply vari
ations over this voltage range. The 
power drain is le s than 20 watts. 
TU be S : One 955-type, one 75-type, 
and one 1 v-type rectifier, supplied 
with the instrument. 
Ac c e S so r i es : e en-foot attach
ment cord, a pilot lamp, and the three 
tubes are supplied with the in trument. 
M o U n t i n g : Black crackle-finish alu
minum panel moun ed in a shielded 
walnut cabinet. 
D i  mens i on s : (Width) 972 x (depth) 
14 (height) 8Yz inche , over-all. 
N et Weight : 1772 pound . 

Tp Frequency Voltage Code Word Price 

726-A 60 cycle 100 to 130 ALLOT 165.00 

726-A 50 cycle 200 to 260 ALTER 165.00 

726-A 50 cycle 100 to 130 BAFT 165.00 

726- 42 cycles 100 to 130 -M 165.00 

6 
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MISCELLANY 

e 0 N M A Y 1 , Martin . Gilman 
joined the Engineering D partment of 
the General Radio Company. Mr. Gil
man receives his S.M. degree in elec
trical engineering from M.l.T. in June 
of this year. 

e 0 N A P R I L 2 0 , R. F. Field spoke 
before the Pittsburgh section of the 
I.R.E. on the subject of �' Direct
Reading Instruments.'' He plans to 
deliver this paper before the Ind ianap

olis section on May 13. 

e F 0 R S E V E R A. L M 0 N T H S , A r
nold Peterson of M . . T. has been en
gaged in a research proje t at General 
Radio Company studying ultra -high 

frequency oscillators. Some of the re
sults of this project were presented by 
Mr. Peterson at the April 30 meeting of 
the International Scientific Radio 
Union at Washington, D. C. The tit] 
of the paper was HThe Frequency Sta
bility of Ultra-High-Frequency Oscil-
ators .. " W hope to publish ome of 

this material in a forthcoming issue of 
the Experimenter. 

e A. E. TH I ESSEN returned early 
in April from a several weeks' visit to 
our Pacific Coast offices in Los Angeles 
and San Franc· sco. During this time he 
addressed se eral technical ociety 

1 

meetings. A t  the ebruary 23 meeting 
of the Physics Club of Chicago, Dr. 
Arthur H. Compton, Chairman, his 

ubject was HStroboscopes and H igh
Speed Photography." 

'' Direct -Reading Instruments" was 
the title of Mr. Thies en's paper at the 
Los Angeles se tion, I.R.E. The talk 
was supplemented by a few reels of 
high -speed motion pictures . Douglas 
Kennedy is chairman of the Los An
geles section, and the speak r was in
trodu ed by W. W. Lindsa , Jr., of the 
Meeting and Papers Committee . 

This sam pap r was al o delivered 
at the San Francisco e tion, V. J. 
Freiermuth, Chairman. 

Th subject of ��wave Analysi ' was 
discus ed before the El tronic Club 
of Los Angeles, Dr. J. F. Blackburn, 
Chairman . 

number of invitation to addre 
other I.R.E. sections were received, and 
it is regretted that the schedule did not 
permit the acceptance of these. 

e I N 0 R D E R T 0 T E ST the per
formance of th TYPE '726- Vacuum
Tube Vol tme ter at high frequencies, it 
was necessary to develop an accurate 
method of high-frequency voltage 
measurement. In next mon th' Experi
menter, L. B. rguimbau will de cribe 
the high -frequency voltage standard 
used for these m asuremen t . 
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I. R. E. H 0 N 0 R S G E N E R A L R A D I 0 P R E S I D E N T 

e T H E M E D A L 0 F H 0 N 0 R of 
the Jn t itut of Radio Engineers has 

een awarded to MelviJle Ea tham, 
President of the General Radio Com
pany sin its founding in 1915. 

This goJd medal ��is given in recog
nition of distinguished service in radio 
communi ation. It is awarded to one 

who has been responsible for an im.
portant advance in the science or art of 
radio communication. This ad ance
ment may be a single development or it 
may be a series of de elopments which 
in the aggregate have resulted in sub
stantial improvements in radio com
munication. . . . " 

Mr. Eastham has been active in 
radio engineering societies since the 
early days of wireless telegraphy, and a 
member of the Institute since the first 
year of its existence. He served as a di
rector of the Institute for several years, 
and has been its treasurer since 1927. 
He now holds the membership grade of 
Fellow. As founder and president of 
the General Radio Company, he has 
contributed much to the development 
of instruments and methods for radio 
measurements. 

Presentation of the medal will be 
made at the annual convention ban
quet of the Institute on May 12. The 
citation read as follows: 

��To Melville Eastham for his pio
neer work in the field of radio measure
ments, his constructive influence on 
laboratory practice in communication 
engineering, and his unfailing support 
of the aims and ideals of the Institute. ' 

THE General Radio EXPERIMENTER is m.ailed without charge each 
rnonth to engineers, scientists, technicia11;s, and others interested i n  

corriTnunication-frequency measurement and control problerns. When 
sendi.;,,g requests for subscriptions and addres -change notices, please 
supply the following information: naine, company narne, company ad
dress, type of business company is engaged in, and title or position -of 
individual. 

GENERAL RADIO COMPANY 

30 STAT E ST R EET C AMB R I D GE A, M ASSACH USETTS 
BRANCH ENGINEERING OFFlCE-90 WEST STREET, NEW YORK CITY 
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