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Vacuun Tube Coomiitee ing September 15, 1930

Present: Messra. Dike, Nottinghan, Peters, Behr
¢C -~ Mesars. Stein and Doyle

¥illiams deseribed the 60 cycle mmplifier at some length. The
most sericus difficulty was the coupling of the galvancmeter to the
output. The galvancmeter stability was considered satisfactory when
the electrical control did not exceed cne-third th mechanieal control.

A satisfactory eircuit for the gelvancmeter has hnln‘phn m
of 0.2 degree and this angle Mldhmﬁuﬁ 0.1 degrees.

shunt inductance of & transfurmer would cause phuun.uh
about twenty degrees, and if this is to be reduced by means of a con-

denser, a rather precise balance is necessary, which is moreover mot
constant because of the effect of d.ec. plate current en the trans-
former characteristics. A resistance capacity coupling has therefore
been used, as this is not sensitive to ccmparatively wide variations
{£10£) in the elementa.

The work on the Ives optical pyrcmeter has been primcipally
a study of the properties of the important elements, ineluding the
high resistances, vacuum tubes, photocell and veltage regulator.

Hizh Resistance. The thin metal film resistances have a
high temperature coefficient and questicnable stability. Wire woand
resistances, in units of 2.1/2 megobms, can be purchased for sbous
$8.00. Their temperature coefficient is 0.0001 per degree C and the
guaranteed accuracy is 1 $#. A group of four is to be used to obtain

ten megohms.

« When it became necessary to replace the tubes
in the fier it was impossible to find any ia the radic shops with
a sufficiently small grid current. Tubes have been cbtained from
Yestinghouse, however, similar to a 250, but apparently with a better
vacuum and these are satisfactory. DBell Telephone representatives have
informed us that well evacuated tubes similar to 101D, 102D and 104D
are being made. ¥We have not yet received them, however.

. f#e are prineipally interested in the temperature
coefficient and the change with time in the shape of the wave length-
sensitivity characteristic. From what informmation can be gathered,
the Semperature coefficient is apparently small. No definite informa-
tmulmlnhmltothm”inmuuﬂ'mﬂh
check up on 1% here, by using the photecell as an optieal pyrometer to
mmokwm:-muﬂhnmat-pammn
possible.
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¥ \14
H TO: Messrs. J. V., Adams
L. Behr
A, J. ¥illiams, Jr.
FROM: Ce S, Redding
Re: Record of Invention No, 127 =
You will be interested in learning that we
have instructed Mr. Ihret to g:cuod with a patent application
covering Reocord of Invention No. 127 « "Two=-Speed Drive Sys-
tem". preparing this application, iir, Ehret has been re-
quested to have in view the following records of inventioni-

Ho. 128 - "irmature for Quick Acting Electromagnetiec
Brake"™ - Adams

No. 129 - "Mierophone Detector Amplifier" - Williems

No. 132 « "Elimination of Pickup in Low Range Poe-
tentionmeter Cirocuits™ - Nottingham

Noe. 134 - "Special Shielded Core Type Transformer” -
Williams .

No. 136 = "A Cirouit for Tandem Power Tubes" =
Behr and Willisms

Cs Se Re

4 | V/f

o¢ Mr, W. B, Nottingham




Vecouum Tube Committee Meeting September 29, 1930

figures were given for photo-cell curremt versus temperature
of source:
=3 ~§
T ampe ra ture Gﬁu %uu-
of Scuree Cell Cell
1800 °F. 38 -
m.'o 190 |
2800 Y. 540 34
3000 °F. 1100 180

end it is intended to put
¥lectric cells through an

The "dc-ac” smplifier using e chopper has been set up.
u.mtmu.w-rummﬂom' t the
sensitivity is © mv, per for input impedances not exceeding
10 megohms, The semsitivity goes dowm as the imput lmpedance
ineresses and with 50 megohms the sensiti |

The next mesting of this Comaittes will be held on October

4

2
4
3
&

15th,



Oetoder 20, 1930

X=3B9 -~ Yacuum Tube Coumittee keeting of Oet. Z0, 1930

']
y

Precent: Nessrs. Dike, Nottinghesm, Petere, Williams and Sehr
' 00~ Nessys. Stein and Doyle

Some of the high vecuum amplifier tubes, referred to im
the minutes of Ueptember 15, have been regceived aad their charscter-
istice measured. Three Westerm Eleetrie D 88326 tudbes, siailar
to the 101D, gave grid currents of 4.5, © and 14 x 10~9 saperes
uwith 90 volts on the plate, spproximataly -4. volts on the grid
and with 3 milliemperes ia the plate oireuis. Teo Testinghouse
Slﬂ::';-hl. simllar to the 250, gave grid eurrents of 2 and
6 x amperes with the plate at 90, the grid at -B. volte and
with a plate current of & milliemperes. The mutual condustence
of the Western Fleotrie tubes is about 450 and of the ¥esting-
houge tubes G600 mlero-shos,

The apperatues for the photocell tests is about set up
end the tests should get under way at an early date. The voltage
reguletors on order with Werd Lecunsrd have not yet baen received.

The chopper type de-ae emplifier has been provided with
sn additional stage of mmplificetion resulting in a sensitivity
of 100 nlﬁn-vdt: per ma, ¥ith & 10 megohs resistance this
moens 107" amperes per wa, Hosever, the stability ie bad, the
interrupter belug under suspicion. The imcediate plan of atteck
ie to try veriocus contaot wmaterials.

There sas a general discussion of the use of the thyratron
in conjunction with a photocell, particulsrly as regards the effect
of the thyratron grid eurreas.

At the weeting of Jume 30, it was pointed out thet Sonn's
eapacity bridge was not sulted for se industriel limit bridge be-
cause of poor stadility and thet further work on this probdlem should
logieally await the completion of the 80 eycle smplifier. The 60
eyele amplifier having been completed, 1t 1= intemded to start on
the limit bridge as scom as the other sctive jobe permit.

The next weeting of this Coumittee will be held on

Kovember 3,
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|

tor. The voltage regulstor has been a source
trouble ts short life., The difficulty is apparently

to poor design rather than wrong principle of operetion., Ward-
are to supply us with three regulators for test which are to

following specifications:

Cutput voltage 114-116 volts, iaput 108-125 volts,
frequency 59-61 eyeles, load 50 watte unity power

factor.
The next meeting of this committees will be on September 29,

i

L. B,
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November 11, 1920

To: Dr. Lec Behr
00 - Dr. W. B, Nottinghénm

From: I. M. Gtein

Subjeet: X-389 - Characteristics of
Vacuum Tubes and

Their ipplications

3 I understand that under this job you have produced what
appears to be a stable amplifier setup for use with photoelectric
“u’o

#Will you pleese prepare & preliminary report covering
this part of your work under X-389, so that this can be turned
over to Dr. Dike for his work in comneetion with the development of
the Ives opticel pyrcmeter under X-426.

1 understand that the vacuum tube amplifier developed
for use with the photcelectric cell is representative of the
various problems which require a high current sensitivity D.C.
vacuum tube amplifier.

1 understand thet Dr. Nottinghem will take up next the
development of a satisfactory vacuum tube amplifier having high
voltage sensitivity in D.C. eircuits.
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Analysis of Balanced Tube Circuit

for Plate Battery Stability and Amplification

An approximate fom of the tube equation is

fekel (Ee 0)
Z

When §{ = plate current
E= " voltage
C = impressed grid volts
A = yoltege amplification
Z = tube impedance
AL

A L

k = constant




Over wide rangee of 1, & and C, the values of «, k, and Z are
not constant. The following analysis holds only over the range for which
these three are comstant.

For the balanced c¢circuit, we have

:;1 =k + %1 (By #.4 ©;) (2)
{ 1

Eig = k! e ES (Es * cg) (3)
{

%"1"3'(‘1“;’31 (4)
23, =B - (15 - 1) R, (5)

The solution of these five equations gives:-

4 = (RpZy # RiRp) (Zgkp + Cy'p + B) - (n%za + RRp) (Z)ky+ C14] + B) (7)
8 31212.;08 Z'tnl '!'Rl 34"3101 Z‘O'
or

L. w + R1R Z + = (RyZp + R Zikys C - - By1Zo) B
€  RiZ)Zp + RglyZg + RyRgly + RyRglp # Rg (Zy » Ry) ( Zg + Rp) -
8

To make ig independent of B, we must have

RpZy = RyZg = 0

or
h.S (9)
Rg Zg

In case it is required that ig = O when the eircuit is balanced,
there is & second condition on the ratio of ‘B‘l’ which is

43Ry - 1Ry ¥ 0 (10)
2.3 (11)

Rg 1)



Be
The two conditlons can always be met and the straightforward
way of doing this is the following:i-
Choosze 31 = Ep = Io

After the tubes to be used have been "aged" determine the grid
floating potentials 710 and ?m and the corresponding plate eurrents 1),

and 1”.

The impedance is determined by Z, = 2710 o %o - B
10 -
Al 4

The grid voltage on ome tube should be made more negative unvil
the condition

1, = 1,5 410 1

2 J.ozg (12)
We then have

L W R | (13)

1o 2 Rp

We then have the conditions for balance and for zero galvancmeter
current met and have the gride equal to or negative with respect to tholr
floating potentials,

In order to determine the sensitivity of the circuit, let

Ry =Rg =R i
) = g = Z ;
) (14)
kl = kz ;
Ay Wy WA ;
1g = {1+ '13') (GL-» Cz) e (18)
2R+ 22 ¢ By (B +32 +2)
5@ 1 )
Define spensitivity as
R
. DR . S ~ (1s)

“G-% aa+az+ag(%+.§.+a!



4.

Certain points of interest cen be seen by making the follow-
ing substituticns:-

= )

Let L %‘- ;

)
Hu%; ; (1?)

; )

S
l-§~E }
then
B o e (18)
azo‘ﬁg}L:r.L;

from which we see that with Z and R‘ given, the value of S is in-

creased by increasing N. We have for N = O i.,e. for R very large
compared with Z.

RN
§ = wiape g (19)
and with Z})R‘ we have for the maximum possible sensitivity
adgad
=l IR .

where G. = mutual conductance,

Consider the percentage increase in semsitivity which would
always be possible in any given case by allowing R %o go from R = Rl

to R ==< ., This would be
P = 100 s_:%._"_ﬁ. (21)
i
where Sy = the sensitivity with R = Ry,

Using equations (17) and (18), we get

P-L - (22)
M)



- ——

T .It.'lln.lvllillll'rli'.' -
L

Q




This represents the percentage by which the semsitivity can
be inoreased by meking R = o compared with R = Ry; for example, take

--.3_- -
I.B‘ %a

0

P-Bz‘ -9.”

By increasing R from 5000’ to 5 megs, we could not gain more then 9.5%
in sensitivity.



6.

Analysis for the Two-Stage Amplifier

<—— Second Stage

Zg1 “01 kg1

X e

23812 g
(e

Assuming i11>> grid current of tube 21 and 112/‘ygrid current
of tube 22, we have

Jute
e
i
'_'W
ot

(23)

i S N G VN i P G G G~
. .
2
= ™
] '
w N
i 0
= +
H
-t Iw
) o N
’—l
=t — -
W
[
n
:.;ﬁ
et
ny
T Ve Vaael® Nt Wt g e gt N i

f=3
bt
n
i
to
[ws

Zya 1y =%y By =4y By 1 O ¢ B

‘B"lekll’“ilc_l_l_

. B+ ip Ky + 4 O
312 * 312

11



7.

The potential applied to the grids of the secmd stage is:
Vo = 132 Byp - 133 By

c B+ Zyy kyy + <13 O
»” Rlz i z}.,g k..l.grﬂj___w - R]_l 2 »
Bip * 299 By * %

For V,p, to be independent of B, we must have

Byg
iz * % T—B}z—: oy s

11

that is

%.% (25)

which is the same condition as was found for the single-stage amplifier.
Letting Rll - th = ﬁl
=R h
gy » Exn
31 7 04

and 8y -__3.9.&..... (26)

C12 - C1n
we bave
R
Sy ® gpwin g 27
1 102’.1 1 (27)

This shows that the maximum bou!blo amplification of the first
stage is -+ and is realized only when R1>) Zye

Let N = Bl as before

5
and define P = 100 ER_:.B.
. Sp = 0

Pegyy 100



we have

R
This shows that when R,))%, we have the maximum possible

amplification, which then gives

S -
R =c0

Let Ny = . (AT
4

we have
81 = g 1 (28)
- P
» "i"g"i (29)

This is shown by attached curve.

HU W. B. Nottingham






Mulder and Razek® have shown that the effective mutual con-
ductance of a three element "vacuun" tube can be greatly increased by
opsrating the tube in a grid circuit containing a high resistance.
Their treatment of the problem does not show clearly the conditions
which must be met in order %o cbtain this high sensitivity without a
discontinucus end non-reversible part im the characteristie,

With the plate voltage and the filament current in a three
slement tube constant, the plate curreat and the grid current are re-
lated to the grid voltage as shown by Figs. 1 and 2, The firet of these
is of course perfectly familiar and needs no explanation. The second is
a composite of three curremts. For very small values of grid voltage
the current is predeominating by electron current from the filament. This
of course falls off rapidly as the grid is made more and more negative
with respect to the filament,

There is the leakeage current over the base of the tube and the
other external partas, This current is usually negligible if the surfaces
are c¢lean and the tube is kept in a dry atmosphere. This leakage current
increases as the grid voltage is made more negative. The third and im-
portant component depends on the presence of gas in the tube. It is this
component which plays the all important part in the type of amplifier
under discussion. The positive ion current to the grid decreases as the
grid is made more and more negative becasuse the number of positive ions
decreasaesas the electron current froa the filament to the plate is de-
ecreased., As the subsequent discussion will show, it is the point of
inflection (A) in the grid current characteriatic that is of primary
intereat. This charscteristic in the immediste meighborhecd of the point
of inflection can be represented very accurately by the egquation

s

where i, = ocnetant

-1, - mE (1)

m = a constant (the slope at (4) )
ig = the grid current

and E= " " voltage

1.




The corresponding part of the plate current characteristioc
can also be represented by a straight line

1-1’0.' (2)

Ig = constant

g= " (mtual eonductance or slope
at A' of Fig. 1)

1 = plate current
£ = grid voltage

Referring to the circuit sketched in Fig., 5, we have a third
relationship given by

T-ﬂ." (5)

These three equations can be solved to give

1-% -F8 oLy (4)

which expresses the relation between the plate current and the "C" battery
voltage V., We see at once from the eguation

-

II'I# | .(6)

can be made very large if we make
R = X (7)
n



E
:
é

It is at once obvious that in order ¢
effective mutual conductance severe requiremen be
filament, plate and grid dbatteries and also the tube must be
structed that the amount and kind of gas does not change with time, It
is thought that this requirement can be met if the tube is
thet the metal and glass parts can be thoroughly buked cut under good
vecuum conditions and purified argon or some other inert gas is introduced
to produce the required gas pressure. The "balenced bridge” circuit could
probably be used to make battery maintenance a little easier.

Applications!

The most important application to¢ which a tube of this character
ecan be applied iz %o the amplification of thermocouple potentials since
this type of smplifier is in a sense really "voltage sensitive™, that is,
its sensitivity does not necsssarily depend on producing the voltage es an
"IR" drop as in the usual photoeleetrie sell applicaticn which has become

so popular,

From the preceding discussion, it is not at once cbvious that
there would be any advantege in this type of tube for photoelectric or
other high resistance probleme, The following anslysis shows that here
too an advantepe oan be realized under certain eonditionas.

:
:

Referring to Fig. 4, we can write the following equations:

YeleR(ige-iy (From Pig. 4) (8)
Iel,+gs (From Mg. 1) ' (e)
1‘ - tﬁq - il (?mm rig. a) (10)

These equations are essentially the same as (1), (2) and (3)
above. In thie case, V is t0 be comstant and the relation between i,

(the photoelsctric current) and I (the plate current) is of interest,
Solving these equationa, we have

I-Ioos—‘%&l o.i.:im (11)

This can be more simply written
I=«K+8" Ri (12)

where £ = constant

and @& = T-#E (13)



Again the sensitivity is represented by

2.1 . & (14)

A iy

and this is very large when
Bul

m
From the equations, we see that for values of R less than 1
n

the cireuit has no discontinuity and is stable for all values of V or
i, as the case may be. On the other hend, if n); there will be a

discontinucus region which can be marked cut on tHe grid current

characteristic by locating the twe points of tangenoy of the line of

slope 1 with the grid current curve., The region between these points
R

of tangency is that in which e discentinuity is certainly %o de found,
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September 26, 1929

To: Mr. E. Ds Doyle
CCe Mr. Notingham
From: F. H. Wyeth

Mr. C. J. McCarthy of Electrical Research
Products mentioned to me on his recent visit that an
article appeared in the QST for June, 1929 entitled
"Photo~electric Cells and Methods of Coupling to Vacuum
Tubes™ by Thornton P. Dewhirst, and that the information
contained might be of some interest to us in our applice-
tion of the photoeleetric cell as a radiation pyrometer.

The style of the article is a typical
QST wording but the sub jeet matter in regard to the
use of a tube may be of some slight interest to you.

’. H. W.

’ o
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