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ABSTRAC

The importance of the correct and accurate measurement
of the direct inter-electrode capacitances of vacuum tubes needs
no special eaphasis. The Naval Research Laboratory has been
making such measurements over a number of years in connection
with work pertaining to tubes submitted for Navy type approval.
The rcsults of the umcasurements at this Laboratory wer:, on
occasion, at variance with some of the tube manufacturers. One
manufacturer in particular has submitted a numbcr of transmitting
tubes with capacitance data specially obtained for comparison.
Purt of the data obtained at this Laboratory wus again at
varience with that submitted. The difference between the two
sets of data was considerable and disturbing because on the
surface, at least, it appeared unaccountable. However, a careful
study of the problem and careful measurements have indicated what
is considered to be thec correct method of ueasuring the direct
inter-electrode cupucitances of vacuum tubes, in particular those
of the transmitting type that have wetallic buse shells.

This report contains a detailed analysis of the
problem, develops u theory to account for the cruscs of diecgree-
went, and presents data showing most excollent agreement botween
theory and experiment. Finally, whaot is considered to be the
proper method of muasurement, which this report proves ana
advocates, is recommended for adoption.



INTRODUCTION

(a) Authorization

A This work was authorized by Bureau of Engineering
letter 567/38/L5 (9-11-W8) of 13 November 1336.

(b) Statement of Problem

s The problem is to determine the ciuse of the disagree-
ment between the data obtained by the Naval Kescurch Laboratory
and those of a specific manufacturer on transmitting tubes submitted
by him for comparison purposes. Two of the threc tvpes submitted,
in which the disagreement occurred, hud metallic tase shells. In
the third type, which had a bakelite bsse, the agrecement was
excellent.

5
t

(¢) Theorstical Considerations

3. Consider a Navy typc 38103 tube. Tuis iIs & transmitting
type of tube containing a metallic besc sholl ang hwving a maximun
rating for plate dissipation of 100 watis.

b Whon this tube is inserted in the proper aduptor socket
of the Naval Rescarch Laboratory Gapacitance woasuring Bgqulpment
for measuring the tube's direct inter-vlectrode capacitunces,
equivalent clectrical notwork represcnting the tube 18 set up in
tr. moasuring circuit. Consider the case whoen tho uetallic base
shell is left floating clectrically. The equivilont clectrical
circuit represcnting this condition {3 shown in Pisurc 1, Plate 1.
In the case illustrated, the dircct capucitancs ausired is that
betwecn the plate and cathodc clectrodes.

5. Tt will be noted that the floating snell, represented
vy the letter S, produces by eleciric induction a newwork of
sapacitances to ground and to the various slecirsdes of the tube

a5 shown in Figure 1.

€y is the capacitance between ihe shell and the plate
elactrode.
is the capacitance bctwoen the shell and cathodo.

Cl

4

C
Lt

is the capacitance between ihe shell and grid.
is the capacitance botween the shull and ground,

[
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The following measursments wWerd then aade:

(a) With sholl floating:
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3
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.
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(b) With shell grounded:

This is to be consirued as the true direct capacitance between
the plate and cathode electrodes, as this report definitely
proves.

(¢) With shell tied to cathode:

{:(P_K)3 = 8.13 ppf. (3)

(d) With shell tied to plate:

Shm), = S50 . (4)

Hence, C, is the difference between equations (3) and (2). That is,

C, = 8.13 - 3.78 = 4.35 puf. (5
Similarly,
C, = 6.52 = 3.78 = 2.74 ppf. (6)

6. Another more direct method for obtaining Cy, C,, and
also C, is given in Figures 4, 5 and 6 (Plates 4, 5 and 6}.
The values obtained by direct measurcment arc az follows:

Cy = 4425 puf. (7)
Cp = 2.68 puf. (8)
Cqy = L.31 ppt. (9)

The close agreement between (5) and (7) and between (6) and (8}
may be noted.

7. Referring to Figure 1, it will be ncted that the
Y-network of capacitances, formed by the floating shell with the
ground and the tube electrodes, effectively forms an agquivalent
capacitance in parallel with the direct plate-cathode capucitance
desired of the tube under measurement.

8. In order to calculate this effective equivalon®
capacitance of the Y-network, we must transform the Y- o & 4 -
network.



S. Refer to Figure 7-A and 7-B, Plate 7. The Y- A
transformation is well kmown and gives the following equation
for 233

 LVED % ZOLRE 3 FRTNE
4= Zne (10)
10. Substituting for the Z's the equivalent expressions

for the capacitative reactances,ws obtain the expression given
below:

CyC
e Cl+02+03+cs
5 15 In equation (11), we know Gy, C,, and C3, but we do

not know C . However, by utilizing equations (1), 22) and (11},
we obtain C, as fallows:

From equations (1) and (2),

Coq. = C(p-K), ~ C(PK);

4.78 - 3.78

1.0 puf. (12)

Substituting (7), (8), (9) and (12) in (11), we have,

oK
b % 4.25 + 2.68 + 1.31 + Cg
. 11.39
8.24 + C
3
-'. Cs = llojg = 8-24
= 3.15 puf, (13)
12, Equation (13) is the capacitance to ground of the

floating shell, employing the socket, shown by its photograph

on Plate 8-a. However, the data given in Table L wereobtained

by means of the same socket but having in addition an improvised
shield, as shown by its photograph on Plate 8-b, which ralsed

the effective ground and brought it closer to the shell, thus
increasing the value of Cg. Consequently, it becomes necessary

to use new values of capacitance corresponding to equations (1)

and (2). These valuss are taken from Table 1 for tubs No. 55629 and
are as follows for the casc shown in Figure 1:



S(px), = 4:64 Wit (1)
C(P-K)Q = 3.80 uuf. | {2')

13, Using the above values, we get for the equivalent
parallel capacitance formed by the floating shell,

Ceq. = C(Px), ~ C(p-K),

i

4064 - 3.80
= 0.84 puf. (14)

Substituting (7), (8), (9) and (14) in (11), we have,
= (4.25)(2.68)
O = 4.25 + 2.68 + 1.31 + C

11.39
8.24 + Cg

Hoili e %—.ﬁ-_ﬁ"-— = 5.32 wf. (15)

This is the shell to ground capacitance, using the socket shown
in Plate 8-b. It will be noted that the value of C; has increased

by bringing the ground closer to the shell, which is as it should
m’

L4. Now refer to Figure 2 (Plate 2). In this case the
desired capacitance is that between the grid slectrode and the
cathode. With the shell floating, we get,

ClgK), = 5-50 wpf. (16)

#ith the shell grounded, we get,

C(Gk), = 5-2L ppf. (17)

15. fie are now in a position to calculate the equivalent
parallel capacitance formed by the floating shell, as of Figure 2,
since we know €3, Cp, C3, and Cg5. It will be noted that Cg remains
constant with the shell floating for all three of the inter-
electrode capacitance measurements.

16. The equation for Ceq. now becomes, referring to
Fig. 2,



C~C
Ce - 2_3 lJB
4 Cp +Cy + 03 + Cgq (38)
Substituting (7), (8), {(9) and (15) in (18}, we have,

. (2.68) (1.31)
e Lo25 + 2,68 + 1.31 + 5.32

o EAY
13.56

= 0.26 pur. {19)

Subtracting (19) from (16),

C(G—-K) = 5,50 - 0.26
= 5.24 puf. {<0)
17. It will be noted that (20), obtained by measurement

and calculation from the theory of the {loating shell effect,
checks excellently the value obtained by direct measurement,
with the shell grounded, as given by (17).

18. Now refer to Figure 3 (Plate 3). In this instance
the capacitance desired is that betwcen the plate and grid
clectrodes.

With the shell floating, we have,

Eipug), = W40t (21)

With the shell grounded, we have,

C(p-G), = 13.98 puf. (22)

19. Again we make a Y- A transformation, and obtain for
the equivalent parsllel capacitance the following expressisn:

C.. = 61593 (23)

R C1 +C2 +C3 +Cy

Substituting (7), (8), (9) and (15) in (23), we have,

- .2 l.l - S = ‘f‘-
Coq. & 0.4l pye (24)

Subtracting (24) from (21), we have,
C(P—G} = 14.43 - 0-41

= 14.02 yf. (25)



Again, (25) checks excellently the value obtained by direct
measurement, as given by (22).

(d) Narrative of Original Work Done at this Laboratory on the Problem.

20, The work done at this Laboratory on the problem was
original and came 2bout in an attempt to explain the cause of
discrepancies of considerable magnitude existing between capacitance
data as obtained by the Laboratory and those submitted by a manu-
facturer for the specific purpose of checkinz the facilities and
measurcment technique existing with each party. The disagreement
in the data gave rise to a study of the problem by the Laboratory
from a fundamental viowpoint, treating it as an clectrical
network which ought to bc amenable to solution in accordance with
well-known principles of electrical circuit theory. The results
obtained gave a most excellent agreement between theory and
experiment.

METHODS

(a2) Circuit Diagram

21. Figures 1, 2 and 3 show the eguivalent networks
existing when the shall of the transmitting tube under measurement
is left floating.

22. Flgures 4, 5, and 6 show the correct method to use in
measuring directly the capacitances formed by the floating shell
with each of the three electrodes of the tube under measurement.

23. Figures 7-A and 7-B give the matnhezatical expressions
for a Y- £\ transformation of impedances.

(b) Description of Experiments

2. The experiments were carried out in 2 straightforward
manner, the equipaent employed for the measurements having been
completely described in a recent rcport to the Bureau of Engineer-
ing contitled "Description of the Naval Resecarch Laboratory
Capacitance Measuring Equipment” having a runge of 0.003 to 100 pf

DATA OBTAINED

(a) Data in Tabular Form

25 The data obtained with the shell floating and shell
grounded are shown in Table 1. The manufaciurer's data are also
shown for comparison.

26. Table 2 gives some previously obiainad data on
recelving tubes containing bakelite bases and shows excellent
agreement with the manufacturer's data. This is additional proct



+hat tubes with metal shell bases must have the shell grounded for
proper evalustion and measurement of their dirsct inter-elsctrode
capacitances.

(b) Statement of Probable Errors

27, The equipment employed for the measurement is capable
of a high degree of accuracy. See Report No. R-1461, entitled
"Description of the Naval Research Laboratory Cepacitance deasuring
Equipment,” previously referred to. The results of the uctual
measurements checked those of the calculations to better than 17.

CONCLUSIONS AND RECOMMENDATIONS

{(a) Conclusions

8. It is concluded that any transmitting type of vacuum
tube, containing a metallic base shell, which is employed in
measuring its inter-elsctrode capacitances, may have its system
resolved into each of the electrical equivalent networks represented
by Figures 1, 2 and 3, provided the shell is left floating. It
is further concluded that the direct inter-electrode capacitances,
as defined for vacuum tubes, may be properly measured only if the
metallic base shell, used by most transmitting tubes, is grounded.

29. A comparison of the Naval Research Laborutory dava,
obtained with the shell floating, with thoee cf tThe manufacturer
discloses considerable disagreement. With the shell grounded, the
Naval Research Laboratory data check very clossly that of the
manufacturer in two general cases - with respect to the gria-plate
and grid-cathode capucitances. On the other hand, the dicagres-
ment for the case of the plate-cathode c:pacitance still remains,
and is in fact increcsed. It uppears that in the two cases the
manufacturer took his measurements with the shell grounded. In
the third case it is not known how he made his measurements. In
every other case considered, however, where the tube had no
metallic base shell the agreement was zost excellent.

(p) Recommendations

30. It is recomuended that, in view of the considerable
extraneous effect introduced into inter-elecirode capacitance
measurements by the floating metallic base shell for those of
the transmitting type of tubes that have it, the Burcau of
Engineering stipulate that these mcasurements be made with the
base shell grounded.



TABLE 1

Comparison of NRL Data with those of
Hanufacturer on Tubes Type 38103,
38111A and 38152 specially sub-
mitted by the latter.

i. Using socket shown on Plate B-a except for type 38152,
1. Measuring Technigue: (a) NRL method, shell floating.
{b) Mfr's method, unknown.

(a) Tube type 38103.

NRL ¥fr.
Tube Ceg-p Ceg-p Difference
No. (ppf) (paaf) ()

55617 14.17 13.60 ~0.57
55622 14,40 13.85 -0 5

55628 14.20 13.70 -G
55629 14.51 1395 =0, 5
55632 14.28 13.80 -G 4

i 1 80 T
oA oY

NAL Mfr.
Tube Ci-k Ce-k Mfference
No. (-,:.;p.:"} {'r'.p..i‘) e
55617 5.80 556 3
55622 5e e PR
55628 .61 g {3 33
56606 5.50 % w2l {3, M)

55632 5.84 5.50 =0 34

NRL Mir,
1be Cp—k SpeE [H en
’ ) 4= iy
\; ¥ kl‘*‘? - ,] Nl 13 } s 7
V7 ' y -~

55617 109 L # !
r; L. BE 10 /

] Y & 3 = J * e v i
55628 45 e ti..8
55629 £ mE L Hi, 2L
r i 3 T o
. 1 A i 0



Tube
NIJ .

56051
56058
56059
56063

Tube
No.

56051
56058
56059
56063

(¢) Tube type 38152.

Tubc
No.

7418
7435
7436
7450
7451

Tube
No.
7418
7435
7436
7450
7451

NEL
Cg-k
(jaf)

5.74
5.2
5«19

556

NRL
(uuf)

L
Jeul f

5.09
522
5.58

Bir.
Cp-k
(put)

£ 4
Jowiht
5. 20
A

so

5.60

ifference
A
(waf)

0.33
~-0.40
=040

=0.L7

ifferonce
(jast)

VA
~(3.53
03,29

~0.46

Difference

oot
VA

+3.132
Hooll
+(.08

+0.04

Difference

(puf)

-0.07
““Oa 05
~-0.05
-0.06
-0.05



Tube
No.

7418
7435
7436
7450
7451

2. Measuring Technigue

(a) Tube type 38103.

Tube
No.

55617
55622
55628
55629
55632

Tube
No.

55617
55622
55628
55629
55632

NRL

! o .:8
1:.82
13.64
13.96
3357
NRL
g K
\.L*-Pf.&
i

5.30

Difference

(upf)

-0.1
~-0.1
-0.1
-0.1
-G.1

: {a) NRL Method, shell grounded.

(b) ¥fr's method, unknown.

W
.

-

PO LT AR
- - L]

ifr

WA AL R An
OO0 000

ET

.
larence

()

H 0L
+3.073
+1, 06
0.0

0 07



fu) Tube type 81117,

HEL Bir.
Tube Ce-p iR Ditrerencs
e Fyag i o) =
HO. Lpkl ) g LigaT)

56081 ¥ 37 3 ool b,

54048 3,20 350 +0.
S6CE9 2,18 G, Hi.l
S AR PINE 0,1

Tube Cp—-k Op-k Fifturance
Ho. (ﬁgf) ST o f-ﬁ“j

56051 425 bl Lo b
56058 4.06 8 G S
5605 £.23 Gy, AC) .0
5606 3 4550 <68 103

Using socket shosm on Plate 8-b.
1. Tube type 38103

(a)! Measurin; Technlque: (a) NEL metho., ‘hell “losting
(b) Hir's metbo !, unknown

=

Tube Ce-p Ca—p Tit Coretice
No. (paf) () {13:5)

y _/3.48
5622 1431 13.af =03 AF
55628 YA 9 13,70 = [
55629 L4 .43 13.95 -0.48
55632 1.2 L3.80 ~0.40

WU
' A

8 il o3
5
~J
Q
&
}--J

J“.l)
o
r

Tub> Ce-k Cg-k Difteraenca
Nc. () Guaf) (1)

55617 5 .80
556722 5
55628 i,
55629 550
55632 5

0 “Dtj'\)}
-0.34
"‘0 = 39

...’D “043‘
«50 ~0.33

~13<



Tube

No.

o0
£5
L
S
e T 8
"
we oy
e
[y

565617

3 &
.%
z
£

4
75622 Jis A0 +o. 47
55628 4.8 .20 0, 38
= = o ~
55629 L6 % 00 +0. 36
55632 4T3 530 +1.33
f1 -

(L)' Measuring Technique:

o T
NBL Biz.
lube e g-p Diffarenc
LUl Tt & .
. { .1 I "y
bl L {rl'.i:} AL VAL,
55617 i 3.61 15 a6 .-
y 2 | [} 3 ‘.
L« L =0l S t iy
-’ = ] rz AN
'.'\_f_’,__H 1 5T iy T F e o LRPE
5629 .58 Lidkakte “li
. -4 [0 8} =
56 3. . 12 - T3 ol BN T,
. L
LERE i o
Tube B Sg—H i1 LerEt
1 [ " i 1
HWO. Lidrd g l\-,xj.-\..}
55617 . )il .
5562«
55628 . 34 A =
¥ \ Wy £v}
55629 0 s AL
5563 54 56 58 :
NIU ¥ir. B L
Tub: “ § "i i .
A
No. (if) Guef)
& 17 A . K 1 .
565 91 vk
F +7 e Fls
{3 2 :
£ A . Tk



Using zucket shown on Plate B-c. Thls automatically grounis the
shueli. Hr's metnod of measurement Un<nown.

(a) Tube type 381U3.

i s b
£ . &t By e\ 43 B
PRRSES 5.0 =

Tube Up=K Cp-k i terence
NG o (j,l,.&'xlj i};pf} {,*.4.1‘\:
55617 A k) BE -l
55652 3«92 5.10 3
3568 3.98 5 e hloRe
55629 3.81 5.00 RS

NHL Mfr.

Muibe Cg—p Cg-p iHifference
.‘I'-‘ ("4-\'!-:-‘,' (H,Li‘j i 1‘}

56051 Fed 3. 00 . 20
S5e05¢ ). 30 Yo 50 +0. 20
S5ti)5Y } S Q.30 0. 08
56063 D4 9.00 +H. Ll



Tube
No.

56051
56058
56059
56063

Tube
No,

56051
56058
56059
56063

NRL
Cg-k
{pus)

5.50
L.97
4.4
5.28

NRL
Cp-k
(Wt

4.29

4.U9

FARPIA

462

Difference
(paf)
=010
~0.07
~.04

-C.13

Dirferencs
()

"}

i
e

[

i

}_
+
+
e

.
R ol o
(Sv e

o el ikl
.



Tube type

Tube
lo.

Li

“

13
14
15
16

Tube

11
12
13

15

1
-

38057

TABLE 2

-3 8=

[ L] . L]
2 il S PP L Y

L]

Ug_.—ia'
(pt)

0.003
0.004
0.004
0.004
0.006
V.00

Difference
Ut}

Lifference

P
el

S G

Differecace
(at')

—0. 0L
~.001
-0.003
=0,002
-0, 001
) K2
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‘Gireuit for measuring “the direct capa.citance bet.ween shaell and plate.
“The cathode and grid are grounded._.
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