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ABSTRACT 

The aeasurement of the direct int er- electrode capaci tances of vacuum 
tubes with accuracy, rapidity, and reliability has grovm in importance as 
new types of tubes have made their appearance. The importance of accurate 
measurements for shielded grid tubes and for tubes employed f or ultra- high 
frequency work has received added significa..,ce. This report intends to 
give a description of an improved means of making these measurements. Ap
paratus developed for the purpose is also described. 



INTRODUCTION 

(a) Authorization 

1 . The development of the equipment described -in this report was 
undertaken to supply informat ion desired by the Bureau of Engineering in 
Eng.let. fi>7/38/L5(7-29-W8) of 6 August, 1935, Eng.let. S67/38(6- 21-W8) of 
14 July, 1937, and Eng.let. So7/38(6-21-W8) of 27 July, 1937. 

(b) Statement of .Problem 

2, The problem is to devise a method, and construct equipment1 by 
means of which interelectrode capacitance measurements of vacuum tubes are 
made with a high degree of accuracy, rapidity; reliability and repeatability. 

(c) Known Facts Bearing on the Problem 

3+ In the Vacuum Tube Section, Radio Division, of the Naval Research 
Laboratory, the method of substitution for the measurement of the direct 
interelectrode capacitances of vacuum tubes has been in use for a number 
of years• tnis method was described by A.V. Loughren and H.W . Parker of the 
General Electric Company in the Proceedings of the Institute of Radio 
Engineers for June, 1929, and employs thermocouples as current indicating 
devices1 Dissatisfaction, however, with the old means has resulted in the 
conception and successful development of a new means, described :in this re
p ort, of making interelectrode capacitance measurements. The method developed 
at the Laboratory empl oys vacuum tube voltmeters as voltage indicating devices. 

(d) Theoretical Considerations 

4. Referring to the schematic circuit diagram, Plate 1, the analysis 
of the underlying method of measurement is given for the case of the three
elactrode vacuum tube. 

Cs r epresents the capacitance of the standard condenser. 

Cgp is the direct capacit ance we desire to measure. 

GPK represents the terminals of a three-electrode 
vacuum tube. 

C
0 

is the II output" capacitance of the tube under 
measurement. 

Risa small non- inductive resistance, such that R 
is very much less than the capacitive reactance of C

0
• 

Hence, i 3 is negligible with respect to i 1 + i 2• 

Let the conditions, with the tube in circuit, be represented at aDy 
instant as shown in Fig. 2 . 

Then, the vcltages acting have the following relationship in absolute 
magnitudes, 

(1) 

-1-



where, VQ~ VT, and, VQ { Vs 

vs 
i2 i1 (2) = = 

wcs wcgp 

(J) 

~ben the t ube is r emoved, the original values of VT and VQ are changed. By 
means of the driver attenuators, VT is made equal to i ts original value , and 
by varying Cs by an amount ..6.. C, V Q i s also brought to its original magnitude . 

Since R i s constant, and VQ and VT are kept constant, it follows that the 
current through R is again equal to i 1 + i 2 • 

Obviousl y , the current through Cs is also i 1 + i 2 , or the current t hrough 
Cs has increased by, very approximately, the current taken by Cgp, that is , 
by i 1 • 

H vs= 

Since VT and VQ were kept constant, v8 is also constant. 

But from Eq. (2) , 

Hence, 

or, 
::, 

Vs i1 i2 + i1 = . . = 
. I ,.. " \ -· vgp ..,._, '"S ' vgp, 

( 5) 
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Comparing equations (4) and (5), we notice that they are identical provided 

6. C = C gp (6) 

This is more nearly true the smaller we make R with respect to the 11 output11 

capacitive reactance, Xe> of the tube under measurement, such as to make i 3 
negligible with respect ~o i 1 • 

The above analysis for the case of the triode is also applicable to 
multielectrode tubes. 

(e) Narrative of Work Done at This Laboratory on the Problem 

5. Except for the underlying method, which is a method of substitution 
of an unknown capacity, represented by the interelectrode capacity of a vacuum 
tube> for the known fractional capacity of a standard condenser, the equip
ment developed for making these measurements had its conception and origin 
in the Laboratory. The method of Loughren and Parker employs thermocouples 
as indicators of the electrical energy, whereas the Naval Research Laboratory 
method employs a r adio f requency ampli fier and vacuum tube voltmeters as radi o 
frequency voltage indicators. 

6. The r eason for discardi ng thermocouples in favor of vacuum tube 
voltmeters is that the former have certain distinct drawbacks. It is well 
known that at best a thennocouple exhibits a certain amount of sluggishness 
which is a distinct obstacle to an identical repetition of the reading. 
Furthermore, thermocouples suffer fyom crystallization and aging effects . 
Their lives are relatively short and uncertain. On many occasions they have 
been known to fail when most needed without any evident or kno¥m cause. The 
replacement expense and the unusual care they demand when connected in any 
electrical circuit are reasons for avoiding the use of thermocouples, whenever 
it is possible to do so. 

?. The method of substitution was employed for its inherent merit, 
particularly because it was possible to design and construct standard condensers 
of the coaxial cylindrical type with a high degr ee of accuracy. The importance 
of repeatability of readings, high sensitivity and stability was constantly 
borne in mind during this development and it is felt that equipment has been 
developed and a technique of measurement perfected which combine to make the 
operation of the equipment simple, direct, instantaneous, and trustworthy. 

METHODS 

(a) Circuit diagrams , photographs. 

8. The schematic circuit diagram of the 500 KC crystal-controlled 
driver is given on Plate 3. It consists of a crystal-contr olled, type 6.Ab 
class B twin amplifier tube, used as a push-pull oscillator, feeding two 
type 837 radio frequency power amplif i er pentodes, arranged, similarly> for 
push-pull operation. The output wave form of the driver at 500 KC was found 
to be perfectly sinusoidal, as viewed on the screen of a cathode ray oscil
lograph. Plate 3 also gives the schematic circuit diagram of the vacuum tube 
vn1 hnPt.P.r r1.nd t.hA.t. of thP. nower nack . the latter sunplyin_g power to both the 
driver and the tube voltmeter. The power pack employs a type 5Z4 full-wave 
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high-vacuum rectifier t ube. The vacuum t ube voltmeter consists of two t ubes . 
A type 85 duplex-diode tr{ode tube connected as a simple diode rectifier for 
producing recti fication of the impressed radio-frequency voltage from the 
output of the crystal-controlled driver. The r ectified average voltage from 
the diode is used to vary the bias of a type 77 tripl e- grid amplifier tube 
which in turn feeds a di rect current indicating instrument~ A photograph of 
the driver and the vacuum t ube voltmeter, housed in a single unit, is given on 
Plate 5. 

9. The schematic circuit diagram of the intermedi ate frequency al!l!)lifier 
is given on Plate 4. The amplifier consists of two stages of amplification, as 
shown. The tubes employed are of the all-metal type 6K? triple-grid super
control amplifier. Plate 4 also gives the schematic circuit di agram of the 
vacuum tube voltmeter and that of the power pack, the latter supplying power 
to both the amplifier and the tube voltmeter. The power pack employs a type 
5Z4 full-wave high-vacuum rectifier tube. The vacuum tube voltmeter consists 
of t wo tubes. A type 6'fr7 duplex-di ode triode all-metal tube, connected up as a 
simple diode rectifier for producing r ectification of the illlpressed radio
frequency voltage from the output of the amplifier. The rectified average 
voltage from t he diode is used to vary the bias of a type 6J7 triple-grid 
amplifier all-metal tube, which in turn feeds a direct current i ndicating 
instrument. A photograph of the ampli fier and the vacuum tube voltmeter, 
housed in a single unit, is given on Plate 6 . 

10. A short discussion of the voltage amplification capability of the 
inte:rn.ediate frequency amplifier as built might be of interest. With 100 volts 
output of the amplifier, the overall gain, including the input and output trans
fonners, was measured at 388, 000. Table 1 gives in tabulated f orm the values 
of input and output voltage of the amplifier over a r ange of 5 to 140 output 
volts . Plate 10 gives a curve of input microvolts against output volts. It 
will be noted that the graph is a straight line in the range 20 to 100 output 
volts~ This, incidentally, is the range at which the amplifier is being used. 

(b) Description of Experiments. 

11. Refer to Plate 2 which is a simplified bl ock schematic di agram 
showing the arrangement and position of the vari ous items making up the measur
ing circuit. 11A11 is a crystal controlled driver of substantially constant 
frequency which feeds 500 kilocycles of radio frequency energy to the measuring 
circuit 11 C11 , by means of series capacitance attenuators 11B11 • The input voltage 
is measured by vacuum tube voltmeter 11E11 • The standard coaxial condenser is 
normally connected in parallel with the direct capacitance of this tube, deter
mination of ,vhich capacitance we desir e to accomplish. A small non- inductive 
r esistance i s connected to the 11 output11 of the tube under measurement, followed 
by an amplifier 11D11 which, in turn, f eeds the second vacuum tube voltmeter 11 E11 • 

12. By means of the driver attenuators, the gain control of the amplifier, 
and other controls on the vacuum tube voltmeters, the latter may be made to give 
a certain desired i ndication in millia.rnmeters 11 F11 when t he tube is in circuit. 
W'nen the tube is either t aken out of circuit, or i ts connection to the circuit 
i s broken at a speci f ied point, the voltmeters will produce different deflections 
of the milliammeters .. These i ndications are positive and instantaneous i n 
t heir actions. Again, by means of the driver attenuators and the variable 
standard condenser, the deflections are made exactly equal to their origi nal 
,r:>1n~ 'f'hp v :>ri ::i t ,inn of t.hfl ,;+,andard ~~n2.citance read accurately by mear1s of 
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a Veeder counter, measuring the amount of travel of t.~e inner cylindrical rod 
of the standard condenser, gives by direct substitution the interelectrode 
capacitance desired of the tube. 

DATA OBTAINED 

( a) Data in Tabular Form 

13. Considerable data have been accumulated over the past year and 
one-half in the measurement of the direct interelectrode capacitances of 
vacuum tubes of various sizes, types, and manufacture. These data have been, 
during this time interval, reported on to the Bureau of Engineering in con
nection with authorized type approval work on vacuum tubes. Most of the data 
have been obtained with the first experimental model of the equipment. The 
first model made use of the original crystal-controlled oscillator, which, 
however, was rebuilt and greatly improved. The first model of the intermediate 
frequency amplifier was also rebuilt,making use of metal type tubes and in 
other ways improving the electrostatic and electromagnetic shielding of leads 
and circuits. The second model is the one described in this report. The 
values of capacitance obtained by the second model have been found to be 
i dentical with those obtained by the first model. The data given on Table 2 
have actually been obtained a year ago by the firs t model and some of it have 
since been checked to the last decimal place by the second model, r ecently 
completed. The data shown on Table 2 represent a comparison of the data ob
tained at the Laboratory with those of a certain well-known manufacturer of 
vacuum tubes, identified in this report as manufacturer A. The manufacturer ' s 
data are given t o the first decimal place, whereas those obtained at the Lab
oratory are given to the second decimal place. It will be noted that the 
agreement is quite satisfactory. Another set of data obtained at the Lab
oratory i s also shovm on Table 2. These data were obtained t o the third 
decimal place and all tubes except the fourth repeated identicall y 100%. The 
fourth t ube repeated to within 0 .01,A',,«f · It is intended that more data, 
which will be accumulated in the normal course of events by means of the second 
model recently completed, will be sent to the Bureau in a supplementary report~ 

(b) Stat ement of Probable Errors 

l4. The overall accuracy of t he measurement depends upon the following 
factors: (a) Frequency stability as controll ed by the crystal; (b) The shape 
at resonance of the selectivity curve of the intermediate frequency amplifier; 
(c) Possible reaction effects of the amplifier due to possible high gain that 
may produce instability; (d) The accuracy with which the standard of capacitance 
employed may be designed and built. 

15. The precautions taken and the care with which each i t em was de-
signed and constructed have all combined to make the effects enumerated in 
paragraph 14 of negligible consequence . It is felt that equipment has been 
developed for the measurement of the direct interelectrode tube capaci·tances 
that is capable of making the desired measurements with accuracy, rapidity, 
and reli ability exceeding anything known before. 

CONCLUSI ONS AND RECOMMENDATIONS 

( a) Conclusions 

.LU • 
.,. • • • • •• ",, _ L .. r-- .~i ... .. ,- ~ \.. ... - ~ -

J.l l e lU~l,,.iJVU V J. .:>ULJ.:.>l.,.LVUV.J..V ~ .a. ..L V .L v, ,v Hi.....,d'-'.....,.1,.-.u..,...,.u.v .._,, ._ ....,.. .4 ...,_ ._ _ ...__._....,_ ...,..___ 

- 5-



capacitances of vacuum tubes of all types from the smallest to the largest 
fotmd in practice has been found to be technically sound in itself and capable 
of a high degree of accuracy. 

(b) Recommendations 

17. It is recommended that the Bureau of Engineer ing request the various 
manufacturers supplying the Naval Service with vacuum tubes to submit to the 
Laboratory representative types of their manufactur ed tubes accompanied by 
their respective interelectrode capacitance data which should be obtained ,nth 
greater than ordinary care. These tubes should be r emeasured at the Laboratory 
and data compared to discover the degree of accuracy and the adequacy of the 
equipment employed by each manufacturer. 

-o-



TABLE 1 

Table of intemedi ate frequency amplifier i nput microvolts and output 
volts with constant gain setting. 

Signal Generator Amplifier Amplifi er 
Output Output Gain Setting 

(~volts) (Volts) (Divisi ons) 

8.00 X lo2 140 88 

2 4.23 X 10 120 88 

2. 58 X lo2 100 90 

2. 00 X 102 80 90 

1.45 X 102 60 90 

9 .02 X 10 40 90 

4.13 X 10 20 90 

J.53 X 10 20 90 

1.71 X 10 10 90 

8.90 5 90 



TABLE 2 

1. ( a) NRL Data· 

Type of Serial Cg-p 
Tube Number (/{/fr1) 

Cg-K Cp-K 
(,R,h'f) (ft/ff) 

38211 57433 13.62 5. 10 4.68 

57444 13 . 80 5. 30 4.76 

57448 13.72 5.40 4.76 

57471 13 . 70 5.09 4 . 72 

(b) Manufacturer A's Data 

38211 57433 13. 6 5.1 4.? 

57444 13.6 

57448 13.6 

57471 13.6 

2. NRL DATA 

Type 
of Tube 

Serial Cg-K 
Number (,;k' /( :f) 

38152 7418 1.635 

7435 1.585 

7436 1.630 

7450 1.675 

7451 1.625 



----- - - \' 's 

I v_ 
' 

>-I 
I 

i + i 
I 2 

CIRCUIT A NALYSIS FOR THE MEASURE~ENT OF 

I NTERELECTROOE CAPA~IT IES OF TRIODES 

f 

R 
V 

L. 

PLAT'"~ 1 



{ >-+--·- -0 

A 8 C D 

A FUNCTIONAL DIAGRAM SHOWI NG THE EQUIPME NT 

ANO METHOD OF MEASUREMENT OF DIRECT CAPA C J

iANCE S OF VACUUM TUBE S. 

A = 500 KC. DRIVER. 

8 = SERiES CAPACITANCE ATTENUATORS. 

C = MEASURING UNIT, WlT H TUBE UNDER MEASUREMENT 

AND STAND ARD CA PAC ITOR . 

0 = 500 KC. INTERMEDIATE F RE QUEN CY A MPLIF iER . 

E = VAC UUM TUBE VOLTMETER. 

F == DIRECT CURREN T MI LLIA MMET E R . 

PLAT:2 2 



""'O 
r 
l> 
-I 
rn 
(>I 

rr-------"·'· c: ;, .. 

V I~ 
~ * ~ (>IJI~ i ' ·rt· ... ~i . -c:i: -. li •~o i ...... , 

!II ' ~ . ·- . - -,--+ . 

!¢' .. ... 
0 • " 0 <> 
0 <> . ~ 

i 
! 

.oooosw 
~ ~.r 
iia 1;1 •. ~ ' 

"' ~ ~u , Q () 

g ~ 

. 0 

i 
~ 

--· ~ r · ~ I 11 I 1 • -
I I 

500 KC. DRIVER AND VACUUM TUBE VOLTMETER 

USED WITH INTERELECTROOE CAPACITANCE 

MEASURING EQUIPMENT. 



1J 
r 
)> 

-i 
rn 
~ 

/N f UT 

" "< \ 

~ ~ 
"' "' "' 

T · 6181,-

.0/ 

-tl-

-u-
. oUJ. 

5on 
1 

, 1 I I i L--4-H~ 
,0/U,f 

25,000.fL 

115,000A 

.,.: 
0 

"' "' 
i 
~ 

.1.af. 

,; 

4,000 n_ - 7$ n. 
250 v. 

~ :------------' 0 

~ 
<:>' 

"' 

500 KC. AMPLIFIER AND VACUUM TUBE VOLTMETER 
USED WITH INTERELECTROOE CAPACITANCE 

MEASURING EQUIPMENT. 

2M./'. 

.u;.,f. 



f--- ' 
r: 
,:--t 
':: 

~y 

.Ltmeter 

Exposcci Hear .,ni{i.e View of 
500 KC . Driver ~uJ 7ube Vol tmeter 

C~ystui-Co11trulied 
Oscli.Lhtor 

ll 

• 

.. 
,. 



-4.) ~ 
'.l) ·,-l 
s ; 
.µ A 

-f 8 
0.: 

C> 

C, 

,, - t- e 6 L. -(...I. ... 

"' . ""'~ a:, 0 
•r I :-:I 
+I C.., 
•d 
r--1 ~ 
• .. :. (I) 

~:;" :: 
-"1 C, 

1, 
'..,..; 

C --~ 

;:~ _j 

~ 
.,; h 
> (1) 

..µ 



t--

,-:· 
(D 

~ 

Exposed Top View of Unit 
Containlng t he St~ndurd Conaens ers 





f 

◄ 

Driver St~ndurd C&p&c i t ors Lmp..:.. i i'ier 

Front Viev. of Entire l:'.:c!uip Yier~t . 



u. s. NAVAL RESEARCH LASORATORY~ .. .. 
(. • · . 8£1..LEVUE. o.c~ ·· ~ ·· · :;:. 

· . .,:.• .. ·· 
~·=t,,: 

DATE 

.............. ___ _ ............... -...... . •UIIN~••--------• 
•--■-anR•••~•----UD■ ....... -···---···-··· ....... ·-··-········· :::::::-.ru:::ru:-.1:::::::: 
..::=:r:::-=: := ............ _ ..... . ····--····· .... . .. U■■■■-■■■ ■Sll-■•■ ............ ···----·••xa••···· •••••••• .::::.-::::::::=:::::--.::::::: _ ............... __________ _ ............... ~ .............. -......... -................ ·-··-·········· ·-·······.. •!!!,!••············ --·-·--············· :5:!:5!5!S5!!=5lli5L~55.5!: :!::!m!:1!i:mi!!:' 

::::::::::::=~:=m-:::::::::c: ~=====:::::::. ···-·---········-············ ···--···· .. ·····-··· ........... ·-·····----···-····-- ...................... . .................. .. .................. ·-····· ........... 2&1lall.. ·······---:::::m::::ru= :m:::: ··--··-··.,..-all.. ... ..... ■•■--•-•llu..s:•■■:11 ■a.a.a■-
---■•■•••••·• ....... . ............... . ...... . .. ,................ . .... .. ... ............... . ..... . ...... _.......... ·-

··---•-•r11-....■ 

~!:;:::e:,::·~m:!:ii:ii:!i!i:55iliiii:iim........ • ..... -............ , ................................ _ 
~•••••••• ... •• ••u .. ,.•••••.a•••••-••••••• ... ••••• ..... ,--:-_ .............................. ·--··---
···~•-,■• • · ·· ............ ••■-■■■--Sll----■■■--

■■■-t.A l-11'.••■-.,..Jl•--•••••-■••m••••·••---■--■ ............ "'■■..:,.11, .. ........................ ·--·-· :::l~:::;:::~;:-=~:::::11:=.::::::::::=::::::::::: ... ,. ......... ·•~ ........... ,. ..................... _ .. ... ,-_ ..... , ... ·-·········· .. ·····-········-··--·· ... .: ..... ................................ -·-··--·••21 .... .,. ........ ····"'··-····· ...... _ ... ,. ......... ... 
•• tt_,, •• .,~ •. · ............ ·-·-·······-.... ·--··· .. ,..__~-·--· ...... .,, .. ·-········--· .. ····-········-·· ••••••• •;."•■--•·~ .. ~ ...................................... . .......... ....... ,. ···-·-·--.. ··········-·... . .. , .......... ~--............... ·-······-·····-- . ··~··· .. ·· .. ~ QI............................ . 
•■-.....-.L·m ... • .-;-a11J1a.a■·--••••• .. ~--••• • 
........ '"J•■-■.a.--.•1 ........... --··-·····-- • 
............ ....... "' ... •.•·······-·•--■-..... • ............... _ .... ~ ................... ·-··· . ....... , •• -....r ....... ••-••-•••••••---•••••• • ···~•• ........ -. ... ,.. .. .. ·-····· ·---······ ..... ~·- ......... ... ~ ~-·--

•.:: ..... -...... 
·-~....-----•..■--........... ·-·········------·~·········----·· •-:::::.-: ......... :=::::•:::.:e:::: :: -·· .. ·····-·--····· .. ····iiii--···~-- • .. ._. ::::::c::.:s::ea:m:··::ru::a:=:-:::.:::::::-¾ . 

• .:=:!:::::i:5!5:iS5i:i!5i5:1:i;:i =ii:!555!5:!C-i!:::-. ._. 
·:m:1::::-::1:::::::::;:::::=::;;.-:: :::::::::=::::::::: : :!!· _.._. .. •--•••••~-•m••••••._.• ... -•••••--fl.H■■••• . . , 

11• • .=■::-::a:=:es===::r:1::::::aa::::::::m::a:5:::a::1aa:m5 . _ ,.. 
■•■==-.. =••ll-==•■•=--■■••=■•■••••••• .. •1•11••••••••·•••••••••■-~■=••■=••=•=••-■■■-"'~ • .::::::::!!!.!!!!!::.::~:::::::::::::::::::::::::.::::::::::::::::;:::::: •• :.:::··-==---=======· -.... ~ ••••••-•Ill==::;: • .,., • ..,. . .... .... ., ••• ,. •• ., ••• .,., • .,.• ••••• .. •••• ....... ••••••••• •••• .. •"•••••• .. •••••• •••••••• .. ~ •••••••• 


