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CATHODE BYPASSING

Derivation of Mathematical Formula

In the Radiotron Designer's Handbook (chapter 4, page 27) a Jormula is given for the response of a single
stage due to the effect of the cathode bypass condenser. The derivation of this formula in the more convenient,
explicit form is now given and the result shown to be identical with that previously obtained. For con-
venience, ¢ family of curves is also given for response against frequency, with capacitance as parameter, for

type 6J71-G valves operated under standard conditions.

Analysis

The notation to be used is asg follows:

e; = Instant. a-c. input voltage.

e, = Instant. a-c. grid voltage with respect to
cathode. -

ey = Instant. a-c voltage developed across
self-bias resistor with respect to cathode.

e, = Instant. plate voltage with respect to
cathode.

€0 Instant. effective output voltage.

Ry Resistance of self-bias resistor.

Cg = Capacitance of cathode bypass condenser.

Ry Effective a-c plate load resistance.

[,L Valve amplification factor at the operating
point.

gm = Valve mutual conductance at the operating
point.

r, = Valve plate resistance al the operaling
point.

w = 2ni rad./sec.

f = Frequency of operation (c/s.).

M = Stage amplification with self-bias resistor

completely bypassed.
M" = Stage amplification with self-bias resistor
incompletely bypassed.
In Fig. 1 the circuit is shown of a conventional
self-biased stage, together with the instantaneous

A.C. voltages developed across the valve elect-
rodes and associated circuits, when an instan-
taneous a-c input voltage e; is applied. The
plate load impedance is assumed to be non-reactive
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Fig. 1.

and the relative phases of all voltages referred to
that of the cathode. It is then evident that

ep = € + e ... .. .. (1)
e = € — e . . . ... (2)
. Zy
and e, = ¢ THHH(B)

L
where Zj, is the parallel impedance of Rg and Cg
at the frequency w rad./sec.

(Continued overleaf, column 1.)
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Since e, = — p.e,. E——i%; ..... 4)
e = i (®)

_#.eg.m..n.

Z
AISO, e; = € (1 "‘1" m) e (6)

The degenerative stage amplification M ” with
the impedance Z; in the cathode circuit is then

given by—
€o — [.L.R L

M= - = {7
e " EBintLErn 7
When Z; — 0 at the frequency w rad./sec.,

i.e. when the self-bias resistor Rg is completely
bypassed at this frequency, the mnormal stage
amplification M is given by—

_ % _ —ul
M= 2= (8)
(Zr — 0).

Hence the ratio to which the stage amplification
is reduced at the frequency w rad./sec. due to
incomplete cathode bypassing is—

M 1

M p+ 1
1 — . Z
+ RL + ,rp k

Substituting for Z;

Z =

and putting
p 41
L B 11
R I -I- Tp ( )
the expression (9) becomes
M" 1
B

=
V4 y e T 5.0

of which the modulus is

}M" _ A/ 1 + (wCpRy)?

M| NI F yR)E + (wCiBi)?

which gives explicitly the exact scalar ratio to

which the voltage amplification of a stage is

reduced at the frequency o rad./sec. due to
incomplete cathode bypassing.

The attenuation in decibels is then—
Attenuation—

. (13)

1 + (0CiBy)?
db) = 201 J .. (14
@) =20le J o yRy + (war 1Y
In the Radiotron Designer’s Handbook (Chap.
4, page 27) the formula given is

M =A/ 1 + (0CpBp)? (15)
|M | (1 + aMRB)? + (wCrpRy)? ™
where o = S -+ Lo (16)

M(E; + 7p) Ry

and the other symbols are as defined in the
present notation. This formula is in an implicit
form but on substituting the expression (8) for
M in the first term in the denominator, it is seen
that—

oM=Lt
RL + Ty 4
and the two formulae become identical.
In the case of high-mu pentode valves, generally
rp >> Rp,
& p>>1
sothat y == gn..........

- and the exact expression (13) may be written as

the more immediately applicable approximation—
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|ﬂ£

= 1 + (wCrk)?
= ,\/(1 F gnEBr)? T+ (wCpBR? (17)

which is usually sufficiently accurate for most
practical purposes.

14

or 20 log IJJIZ ’ against f for relevant valve types,

when operated under specified standard condi-

tions.
In Fig. 3, the latter family of curves has been

plotted for type 6J7-G (6C6, 1603) when operation

6J7-G is under the following conditions :
E— E, = 250 volts
R; (DC) = 0-25 megohm
Bq = 0'5 megohm
[o W— Mk Rg = 1-5 megohms
B - Ry = 2,000 ohms
gm = 750 pmhos
3 MEG. = 4-0 megohms approx.
o—t The effectwe A.C. plate load resistance Ky is
= = given by ’
Ry — Ry (D.C.)y x R,
250 v ST RUDCY ¥ R,
* foR £S SEE FIG. 25 X -5
Assu\r;AEL: 'TSOSHi\sL:G aecucnat,e REACTANCE = 25 B = +167 Megohm.
Flg.2 . w41 _gm-'rp"f'l
andymRL+Tp— Ry + 1
Owing to the number of independent variables (750 x 10— (4 x 10%) 41 h
involved, it is difficult to represent the formulae = 167 & 4 pImnos
(18) or (16) in convenient, general graphical 3001
form. A useful set of curves, however, is obtained = 1167 pmhos
by plotting a family of curves of Cj for % = 720 pmhos
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Fig. 3.



