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+ understand thet under thia job you have produced what
appears to be a stable amplifier setup for use with photcelectric
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"t+ —ecuum tube emplifier developed
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various nroblers which require a hizh current sensitivity D.C.
yecuiws tube gnrt “ler.

“upAe=etand thet Lr, Nottingham will take up next the
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Analysis of Belanced Tube Circuit

for Flate Battery Stability and Zmplification

An approximate foxm of the tube equation is

Sap .

&gt;

,
(E + «C)

then { = plate current
E= " voltage
C = impressed grid volts
~ = voltage amplification

 ¢&amp; *mbe impedance
Ak
AY

a

i = constant



Over wide ranges of 1, BE and C, the values of «, k, and Z are
not constant. The following analysis holds only over the range for which
theeso three are constant,

For the balanced o..~ ar Lvy #3 ©

1, Fw (Fr cq Cy J (2)

(3)

~ 1s) Ry (4)

I! iq - i.) R, (5)

\
(Vv - 1) 1.) aR, = Rp (ip - ig 16)

The solution ¢? the five equations gives:-

lp. ANPal (2Br: : dnd
+

%

8 (R1Zo + RyRp) (Zk3+ C34] + B) (7)
» Wg (2g+Ry) (Zg+Bg) |i

{RaZy + RRs) (Zot Ryzp  RiRp) (Zykye C144) # (RoZy= RyZo) B
R1Z1Zg *¢ RoZiZe + ™F-71 * Ral # Rg (23 + Ry) ( 22 + Rg)

gy:

Te i. £ = on Aowmt ~ 1, we must have

. ww 0

2)

In case it is required that ig = O when the circuid is balanced,

there 1s &amp; second condition on the ratic of 5 which is

Bl
Rg iy

"gReo ¥ 0 (10)

(11)



The two conditions can always be met and the stralhtforward
way of doinz thie is the following:

Choose P. « ¥. = E_

After the tubes to be used have been "aged" determine the grid

floating potentials Yio and Voq @nd the corresponding plate currents 1yq

The imneAance is Ae”

The grid v
the condition

meg Tg -4 hy 40 : a1, 110 _ 1

2*4 “10
Zo

“ye unvil

(12)

 eé then have

1p =%05h
$3 25 Rg

{13)

We then have the conditions for balance and for zero galvenometer
surrent met and have the grids equal to or negative with respect to their
floating potentials,

In order to ¢ ~~mine the sens’ ‘ity of the circuit, let

7

(14)

ov

ig
R

} (1+3) it

on¢£7

(15)

Define pensitivity es

g x _.

Cp = Cg Re 22+Rg ize?)
16)



Certain point
ing substituticns

Ld
mf ee-f een Fo — i Fp -g the follcwa

17)

then

from which we see that with

creased by increasing ¥.
scmpared with Ze.

” vil 1)
f NN )

(18)

* 7, given, the value of S is ine

T o- 1.6. for R very large

(19)

and wii,

—-3 2 Cp

Le “eo. -—

er . Soup

{ 20}

shere -. = mutual eonductance,

Consider the percentege increase in sensitivity which would
always be possible in any given case by allowing R to go fron R =Ry
t0 R =m =&gt; , This would be

ull

-8Pwl00 &gt; °° =5)

~ the. v with R = P.,

Jsing equations (17) end (18), we get

To x

21)J

(22)



 oa



This represents the percentage by which the sensitivity can
be increased by making R = o© compared with R = Ry; for example, take

= 5000 .
1000

. 10,000
A avd

1000 * 10

Purity = 9.5%

By increasing R from 5000“ to 5 meas, we could not gain more than 9.5%
in sensitivity.



Ana lyYs *» for the Two-Stage Amplifier

Assuming 111)) grid current of tube 21 end 1j5))¢rid current
of tube 22, we have

i Aa gr (fa fa fay

ivy,TO
or “4g C12) (23)

“11 Riz

-  EIT RET

291 F311 = 9 ¥yy -

1.

L19 =
a

Wight

ry

L By #491 Cy ¢+ B

+91 Cy
“11

 2 tlds C12
12 * “12



The potentiel er1%-4 +5 the grids of the second ri=rca ist

Von = $4., }

 1

11 By

 Xp fe C13. Rr,
12"ge

Be7y kn +751 Cn
-- a Z1q

For Vaz to be independent of B, we must have

Hyg + %39
J 24)

that is

which is the same cond... ¥ r-

Rx
~

no, EA
Rie iyo

found 1or thc ae pr

" Ta",

(25)

(26)

¥¢ have

stage o

This
 an}

or hn
Sy we oe

r
- -

3: npn. wha

“1

"le amplification of the first

(27)

and define ™

100



we have

&amp; t &amp;
~ {27

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

amplification, which then =ive

ha tare

sp

(23)

{29)

This is shown by attached curve.

#. Bo. Nottingham
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The corres
san aleg b- = rer

oad “3 eurrent f&gt;-- &gt; —4atic

3 3
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It 48 =* gnoe sbvioua the in ordar +n mova nr #
affective mitual conductance sovrre reaorirerentsg pugt v
filament, plate and grid batteries ani also the tube musat rae Fr» cade
“trmeted that ths amount and kind of gas does not change with wu oe, It
is thought that this requirement cun be met if the tube is so dear nd
that the metal] and glass parts can be thoroughly buked cut under #-
vagum eons feiong and purified srron or some other inert gas is introduced
Fo mweteee the required gas pressure, The "balanced bridge” circuit crud

ste p-od $0 nuke battery maint~nange &amp; little easier,
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Mr. Co. J. McCarthy ~f 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 thet the informetion
sontained might be of some interest to us in our epplice-
tion of the photoelectric cell as a radiation pyrometer.

-

The stvle of the =rti~la ia a typical
 but ** - -ubjeet meth --eoard to the

Balen SA mn to you,
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