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Figure 116 gives the same sort of information for the same tube
used as a triode. Here the plate-to-cathode voltage was fixed; anfl as
the cathode temperature varied, the current was held constant by a,dyu'st..
ment of the grid potential. To have bee'n complejoely comparable with
the diode characteristics, the plate-to-grid potential should have been b
held constant; however, the results differ only by 1/u. It is seen that
the slope 9E./dE, is about the same as was the slope dE,/0E) for the
diode and that in this case, too, it remains fairly constant with changes
in plate current.

If no compensation is employed, a direct-coupled amplifier will
suffer a drift in the zero with any variation in the heater voltage. As
will be shown later, it is not possible to cancel this drift with inverse
feedback. As measured at the input, the drift caused by the first stage
is simply (9E./0En)AEs; ie., about 200 mv for a 20 per cent heater- 4
voltage change (assuming an oxide-coated cathode and low plate current).
Drift in subsequent stages is less important, depending on the preceding
gain. 9
Various practical methods of counteracting the effect of change in
heater voltage will be detailed in later sections. The most important
of these rely, in some manner, on the canceling effect of an auxiliary tube
that has the same heater supply and therefore undergoes the same sort
of drift as the amplifying tube. Usually, equivalent tube types are used
for the compensation, but some methods employ a diode to compensaf
a triode or pentode. The use of double tubes, such as the 6SL7, i8
preferable, since the cathode characteristics of a pair of triodes in the
same envelope, made on the same day by the same manufacturer, are
likely to be more alike than the characteristics of a random pair. T
check this, the characteristics of 18 6SL7 double triodes (36 triod
were measured. For each triode was recorded the change in grid bi
that was needed to hold constant g, plate current of 0.2 ma at a pla
voltage of 150 volts while the heater voltage was changed from 10 per o
below normal to 10 per cent above normal. The tubes were of various:
ages and makes. The average value of AE, for the 20 per cent chan
was 210 mv, and 90 per cent of the values lay between 191 and 210
Pairing the triodes at random without regard to envelopes, the ayera
d!ﬂerence I AEj, between pairs! would be 14 mv, whereas the average
difference between the two triodes in each envelope was only 8 mv.

A set of mutual characteristios for a 6SL7 is given in Fig. 11-7 for
two different heater voltages. For a given current, 9f,/dF is 0ot
affected by the value of E,; nor is 9E,/dE) appreciably affected by t
value of I, for currents less than 1 ma, such as are employed in m0st

. 'In a gaussian distribution of values, the average difference between pairs of ¥
18 20/~/r, where o is the standard deviation of the distribution.
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voltage amplifiers. For higher currents, no longer negligible compared
with cathode emission, d%./3E; changes somewhat more with change in
current and is also subject to much more variation from tube to tube.
Table 11-1 gives the average characteristic (in terms of AE, required
by a 20 per cent change of ; about normal) and dispersion of the char-
acteristic for rather limited samples of certain tube types. DBoth high
and low values of current were applied, and the results show that for

Plate current in ma

5

~

~N
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Seconds after an abrupt B, change

Fia. 11-8.—Heater-cathode time lag of a
68L7.

Millivolts time lag error (log scale)

Grid bias in volts

Tra. 11.7.—Effect of heater volt-
age on 6SLY characteristies.

high currents the effect of heater-voltage variation is greater and much
more erratic. Pentodes were connected as triodes for these tests;
this type of operation is legitimate, because it is found that the ratio
between plate and screen currents is not affected by this connection.

Tasre 11-1.—Errecr or Errorrope Vorrsees aNp CURRENTS ON THE AVERAGE
Drrrr Resurring FroM HEATER-VOLTAGE VARIATION AND ON THE DEVIATION
rroM THiS AVERAGE, AND THE GRID Bias anp DuviarTion THEREFROM

|
Plate Plate A"e‘fgge Probable g?"e“;ff Probable
Tube | No.of | (and (and B¢ | deviation | D128 5 dt deviation
type tubes in | screen) | screen) (& 2 of grid léeqlirg of bias
sample | potential,| current, _?' bias, ] shift,
volts ma = 85, volts =20%, mvy
volts mv
6SN7 | 10(20 sec.) { 60 2.0 —1.65 | £0.15 210 + 15
. 240 10.9 —6.70 | +0.40 425 + 90
10 { 60 2.5 —1.60 | +0.10 215 + 15
o 240 10.0 —7.20 | +0.35 400 +110
7 10 { 60 2.0 —1.30 | +0.25 210 + 15
W 240 8.0 —5.10 | +0.60 200 + 40
¥ 10 60 10.0 —3.20 | +0.20 220 + 20
{240 40.0 —-7.90 | +0.25 325 + 50
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There is a certain amount of thermal lag between a change of heater
voltage and the resulting change of emission. Its magnitude, for g
sudden increase or decrease of heater voltage on a 6SL7, is shown in
Fig. 11-8 in terms of the lag in bias for a given current. This lag is of
particular interest where the method of compen-
sation involves the direct application of heatey

voltage as a circuit parameter. Where the com-
R, pensation employs another tube as mentioned
above, it is of interest only in so far as the lag

ey varies from tube to tube.

Epp

ey DESIGN PRINCIPLES

11-7. Single-ended Triode Amplifiers.—The
amplifier of Fig. 11.9, with fixed cathode poten-
tial, may be analyzed by drawing a load line on

Fia. 11-9‘——S_i§191e triode  the graph of plate characteristics in the conven-

o tional manner (see Fig. 11-10). The plate cur-

rent and plate-to-cathode voltage may then be read directly from the
figure for any value of grid voltage.

In so far as the characteristics may be considered to be straight and

parallel and to start from zero plate current at zero plate and grid voltage,

Epp {5’
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Fig. 11-10.—Plate characteristics with load line,

the operation of the amplifier may be analyzed mathematically from the

formula for plate current:

o B T 8 (1)
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) ap

. de ;c
where p is —=
aegk

plate current is found to be

Substituting E,, — R, for e, the
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and the plate voltage is

El

~ employed for R, if a voltage amplifier is to realize b
" Actually, r, is approximately inversely proportional to pl
~ small values of 7, and u drops slightly as plate curren
" Therefore, for a given E,,, the gain ceases to increase as

I-':"beyon'd a finite multiple of 7,. For instance, in a 6J 6 triode,
~ the increment of plate voltage obtained between & =
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T
R;p Byp — pegr
€p = Epp AT R;ﬂ;p = 2 ?‘p . (3)
L fripr
: om Eq. (2) the current gain (considering R, as the load) is
3y 44 H
desx  T»t+ Ry (4)
d from Eq. (3) the voltage gain is
I dep T H
! aeg;.; 1 + _?:{ (5)

»

Thus the current gain approaches gm if R, is small compared with 7,;

iﬁd if R, is large compared with r,, the voltage gain approaches p.
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Fig. 11-11.—Typieal triode amplifier characteristies.
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directions is achieved with E = E.pp/2 and B = 1/gn, but the maximum

i oeeurs with an B of several times 1/g. . J .
g If a pentode is used in the lower posi-
tion, as in Fig. 11-39, the formulas are
simpler. In this case, Eq. (74), the voltage
gain with B, = «, becomes

A
Ej{ = —gulry + uR), (79)

where g, refers to the pentode and p and
7p to the triode. The output impedance is
simply

Zo = 1y, (80)

because the pentode current is independent
of its plate voltage, so that if ¢, is moved
by external means, the triode hias will re-
main constant and its current will vary

From Egs. (79) and (80) the voltage gain

I'ra, 11:39,—Series amplifier using
pentode,

according to plate resistance.
with load is found to be

s e Mﬁ_R, (81)
In
Lo
and the current gain is
Ay _ _ "ot uR 82
Be, = v e + Ry ®2

A practical example of this output circuit is given in Fig. 11-42. Both =
tubes are pentodes, hut the upper tube behaves like a triode because its
plate and screen both are fixed.

A comparison of this eireuit with the differential amplifier shows that
for tubes of the same capabilities, the former has at least four times the
gam and twice the maximum output current in both directions as the
lﬁtt?:r- On the other hand, this circuit requires a low-impedance inter-
mediate voltage source, and, for a given available B+ voltage, the
nput voltage level must he considerably lower than that for a differential
amplifier, . b

11:12. Cancellation of Effect of Heater-voltage Variation.—The funda-
mental effect of heater-voltage variation was explained in Sec. 11:6
Aﬂ definite change of heater voltage is the equivalent of a definite change
of .the cathode potential relative to the other electrode potentials. For
oxide-coated cathodes, a 10 per cent increase of heater voltage is the
SAMe as a cathode-potential decrease of about 100 myv, although this
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figure is subject to some variation from tube to tube and is larger and

more erratic if the cathode current is very great, Thus the effect can

be canceled either by an equal displacement in the opposite direction of

the cathode potential or by approximately the same grid potential dis-

placement in the same direction. If such a cancellation is not applied,
the output of the amplifier will shift by its gain times this equivalent

cathode-potential decrease. If more than one stage is involved, each

will contribute to the heater effect by an amount

that depends on the gain of the following stages, B+

but, in general, the gain of the first stage will be
great enough so that the heater effect in following
stages is negligible in comparison.

Negative feedback cannot reduce the amount
of adjustment required at the input to cancel
this effect. This fact is obvious in the case of a
cathode follower. The effect of an increase of
E; is the same as the insertion of a low-voltage
battery of zero resistance in series with the
cathode, as shown in Fig. 11-40. If this were
done, with no change in e,, ¢ would change by
an amount almost equal to the battery voltage
AE. To cancel this change, e, must be lowered
by just AE.

In a majority of applications, some method of canceling the effect of
variations of heater voltage is necessary or advisable. (Of course, if
the heater supply is well regulated, or if the resulting error is within allow-
able limits in a specific application, no cancellation will be needed.)

Diode Cancellation.—A comparison of Figs. 11-5 and 116 shows that
the slopes of these curves for the diode are substantially the same as
those for the triode. (At extremely low currents the triode curves
become g little steeper, because incomplete grid control over the electrons
is more noticeable with increasing temperature.) Thus the variation
in a diode, whose heater is connected to the same source as that of the
triode, may be used to offset the variation in the amplifying tubes.

One method of diode cancellation is shown by Fig. 11-41. The
negative B voltage is large compared with the expected fluctuation at the
cathode, so that the current in R may be considered constant (R is
required to be large compared with the diode’s variational resistance).
It is desired that, with no change in ¢,, 7, (and thus e,) will remain con-
fitant. To permit this, a certain increase of E; must be compensated
for by a certain rise Ae;. at the cathode of the amplifier. But if the diode
has the same cathode characteristic, this same increase Ae, will oceur at
the diode, since the diode current is constant. If the two cathodes

Frg. 11.40,—Heater-
voltage variation effect on
a cathode follower,
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have different heater-voltage charac’ﬁeristics,. the compensation will
suffer accordingly. But generally the error will be less than one-tenth
of that with no correction; e.g., the error due to a 10 per cent change of
By, measured at e, will be less tha}‘l 10.mx'r. . | ;
’ The error due to the fact that R is finite is not noticeable in comparison
ith that due to tube differences unless the voltage across R is less than
. 10 volts. It can be shown that this error is only ra/(R + r,)
E?Otfe error wi.th no compensation, where r; is the diode variational
IGSI;T‘J}?ncez;lue of R must be such that its current will be greater than the
maxim{ilr‘;-in the amplifying tube; otherwise the diode will cut off, and
the amplifier will cease to function as‘such. .The cathoc%e return of 1Ehe
lifier is through the variational diode resistance 7, (in parallel with
et R, which should be large enough

B+ to be negligible in comparison),

A loss of gain [Eq. (9)] results

R unless ury [or (de,,/de,)rq if a pen-
P

tode is used] is very small com-
pared with R,. It must be
remembered, in selecting R, that
¢ is a function of the diode cup-
rent and may be determined from
the slope of the diode current-
voltage curve. At very low cur-
rents (e.g., below 0.2 or 0.3 ma,
? 5 for a 6ALS5) r; becomes inversely

proportional to the current, with

a multiplier that is not a function

B- of the diode type or even of the

H16. 11-41.—Balancing By variator by means number of diodes in parallel (since

of a diode. i 4

Inereasing the number would de-

crease the current and increase the variational resistance of each). Thus,

for all diodes with unipotential oxide-coated cathodes, the variational
resistance at very low current approximates

0.09

Tq = —— =
¢ B

kilohms (83)

if 44 is in milliamperes.! This variation of the diode impedance might

conceivably be used to linearize & portion of the amplifier output curve
Y varying the gain in g direction opposite to its natural curvature,

* This equation derives from the fact that the current at small values is exponential

With respect o voltage: i, = {yell800es/Z where 7' is the absolute temperature of the
cathode ang ig 1000° to 1100°K in this instance.

-~
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Tubes with diodes using the same cathode as the triode or pentode
are especially useful in the cireuit shown in Fig. 11-4-_1, since the heater-
voltage characteristics are bound to be nearly identlcal: For Efxanllple,.
a sample of six 68Q7 double-diode triodes was tested in the circuit of

+350

Fre. 11-42.—D-¢ servo amplifier.

Fig: 11-41, with the diode plates in parallel (e, = 150 volts; 7, = 0.1 ma;
ta = 0.08 ma). The adjustments required at the grid by a 20 per cent
heater-voltage change were — 10, —5, 0, +2, +3, and +6 mv, whereas
the adjustments required with the cathode grounded ranged from 195
to 212 mw. The drift due to aging

of the heater or cathode may also be
fairly well canceled in this way.

Figure 1142 is the circuit dia-
gram of a direct-coupled velocity
servo amplifier,%2 which furnishes
field excitation for a d-¢ servo motor.

The input stage of this amplifier uses
diode cancellation of heater-voltage o
variation. The zero-adjustment re-
sistance and screen-grid bleeder do
not impair this function because the currents here are substantially
constant. The diode current is two or three times the cathode current
or the pentode.

A method that requires two diodes but needs no negative supply and
permits manual adjustment for differences in cathode characteristics is
illustrated by Fig. 11-43. The circulating current due to initial electron

Fra, 11-43.—Diode heater-voltage cancel-
lation at amplifier grid.

! Telecommunications Research Establishment Report.
? Cf also Sec. 11-14 for further discussion of this circuit,
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locity (Edison offect) in the diodes inserts a negative voltage in series
V?t(]; the grid. This voltage increases with increasing heater voltage,
i be adjusted with the potentiometer. The

o glope factor may
and its slop be anywhere from 10,000 ohms to 1 megohm.

A single diode is not potent enough
because of the load imposed by the
resistance. :

Cathode Follower and Differential
Amplifier Cancellation.—In Fig. 11-44
the diode of Fig. 11-41 is replaced by
a cathode follower. The same reason-
ing that explained the action in the
case of the diode circuit is equally
appropriate here, as are the remarks
concerning the assignment of the value

B- of R.. For the cancellation to be as

Fra. 1144—Balancing E, variation effective as possible, the B— wvoltage

BL e sathods oflowor. must be large enough so that [p may

be very large compared with the reciprocal transconductance of the

eathode follower. In the comparison with the diode circuit, this latter
quantity corresponds to the diode variational resistance.

The grid of the cathode follower provides a convenient high-impedance
point for zero adjustment for the amplifier. This and other features
of the circuit have been discussed under
differential amplifiers. If the load re-
sistor is transferred to the right-hand
triode in Fig. 11:44, to obtain an output
of the same sense as the input, or if the
circuit is made into a symmetrical differ-
ential amplifier, the cancellation of
heater-voltage variation still obtains in
the same way. Double triodes, such as
the 6SL7 or 63U7, are convenient for this
type of application and give reasonable
assurance of similar cathode character-
1stics.  (The 6J6 should be very appro-
priate, since the same cathode is used
for both triodes; but it seems subject
to considerable drift because of its type of construction.) _

The circuit of Fig. 11-45, which employs a self-biasing cathode:
follower as a cathode return for the amplifier tube, permits adjustmenti
for the inequality that may exist between the cathode characteristi

resistance employed may

B+

ey

XR;,
b
{[l-x)Rk

Tra. 11-45.—Balancing Fy vari-
ation with a self-biased cathode
follower.

of the two tubes. If 1,1 is to be held constant in spite of any given change

e f

iy o o | o s

i

SN
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f)f heater voltage, ¢, must be changed by some amount AE,;. Since ,,
is constant, the resulting change of current in By, all oceurs in the cathode-
follower tube.

; AR
Adyg = W, (84)

If = is the portion of Ry between the cathode and the grid tap, the change
of grid bias is ;

Aegy = —x AR, (85)
But this tube behaves as if a small voltage —AZE, (which is approximately
gqu&] to —AE,;) had been inserted in series with its cathode (as in Fig.
11-40). Thus the effective grid-to-cathode voltage has changed by the

amount AE,; — x AE;, and effective plate-cathode voltage has changed
by AE, — AE;.  So from Iiq. (1),

AEQ s L\‘El + p‘,z(AEg =l QEI)

A’ipz =
ok D) ATy
_ Aue —I—- 1) A — (Tu sl AE
i 2?"192( 2 : * i
Jombining (86) and (84),
Ry = o :
AR, AE, (87)
’ JM(QEI x) i AE, l
Or, approximately,
5By \ g o
(AEI x)Rk it (38)

If the tw.o cathodes have exactly equal characteristics, so that AE, = AE,
the portion of Ry below the grid tap is simply :

1 i T
(1 — )Ry = ff, (89)

where 92 is the plate resistance of the cathode-follower tube, and if there
18 a resistor iqserted in series with this plate, it is included :':11 T p2
& The amplifier tube ca_thode is, in effect, connected to a voltage
t;lp;é{grt-;_ 1) ;ol};ough a rems’c-apce rpe/ (1 + 1), regardless of the value of
e i C():31 c; % & zj,bove the grid tap (a.lthqugh this value does determine
ot 13e;ao ?-‘;1 er p?a.t-e current, which in turn affects r;;). Thus the
e : [% will be just about cut off at zero grid voltage, and it will
il gld b. g. (9_])] of pR,/(R, .—l— 2?,{). The value of Ry is not critical
should be between two and eight times #,/x. The triodes should be

aged for a while and cycled several ti
. . 3 imes through the extre f
voltage before the adjustment is made. - s
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Cancellation by @ Series Triode—In the circuit of’Fig.. 1146, th‘e pla,t%'?_;

~tor the amplifier (lower) tube comprises a cireuit rese:r_nbhn'g the
g nt device of Flig. 11-18 except that the voltage E is omitted,
onstant-current device but is simply the equivalent
of a resistor whose upper end is attached to H,,
and whose value is rp, + (¢ + DR [Eq. (23)]. Thus
from Eq. (7), if the two triodes are similar, il

rp + (u + 1)Rs
T (v + DR
T » + ( + DRe
L+ FGF DR

If the two cathodes respond equally to a change of
heater voltage, R should equal R for cancellation
of the effect.! With e, fixed, a given increase of By =
causes a certain small increase of current; but since
this increase is the same in both tubes, the grid —
Tre, 11-46—Can-  biases change identically. Therefore, the two plate-

gellation t‘]‘[f 4y ‘;”‘:;g to-cathode voltages suffer no change, and e, remains
ation with a serie:

resi
constant-curre
Thus this 18 not a ¢

Epp — uey

©90)

triode. constant. If Rr = R, Eq. (90) becomes
o=z 2 (1)

Thus, when e, is zero, the output voltage is half the pllate-supp]y potentlal_:, :
(as it already apparent by symmetry), and the gain is /2. '.I‘he output -
voltage is linear with respect to e, because r, does not appear in Eq.’- (91)
Of course, the two r,’s were assumed equal, but this assumption is nob _
far in error, as the currents in the two tubes are equal. '

The output impedance, from Eq. (11), is (if Bx = R)

_ 7yt DE: (92)
= 2 ; i

ZP

If the two cathodes have different heater-voltage cha'racterlstl_ﬂﬁ
either ® or Rj; may be adjusted until cancellation is obtained. T
adjustment will not, usually change the gain from p /2 by more than 5 per
cent.

Cancellation by Means of a D-c Potential Proportional to .H eater tif
If the d-c load on the power supply is fairly constant, its unregu 3;
output will vary in proportion with the a-c line voltage and therer
with Z;,, Thus this output may be employed in some way to offse

! Maurice Artzt, “Survey of D-c Amplifiers,” Electronics, August, 1945
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effect on the cathode of the variations of Ey. For example, in Fig.
11-47, if E» increases, e; will rise a small amount, which, if the adjustment
is right, will keep the plate current constant with no change of e, If

_the cathode is on the bleeder at a point 1 volt from ground, then regard-

less of the total voltage on the bleeder, ¢;, will

rise 0.1 volt with a 10 per cent rise in the Unregulated
F : B source cc B,

unregulated source. This rise is just about

the required amount. Another resistor, in-

gerted in series with the cathode for degenera-

tion or zero adjustment, will not affect the

cancellation. _|:|

If the source is not well filtered, filtering =
may be done at the cathode. But a condenser
of a given capacity is more effective if placed
as shown, about midway on the bleeder. €y

Rapid line fluctuations will produce errors
whose nature and duration is revealed by Fig,
11‘8.  Another disadvantage of this method
is that the correction is linear with respect
to If; whereas the effect itself is curved (Fig.
11-6); therefore, the cancellation is of limited range.

Cancellation by Special Connections of Multigrid Tubes.—The circuit
of Fig. 11-48, wherein the second grid of a tetrode or pentode is used
as the control grid for the plate current, is actually very much like the
circuit of Fig. 11-41. Here the first grid instead of a separate diode
plate is grounded (or otherwise fixed) and acts as a
diode plate to furnish a large part of the cathode
current. If the cathode temperature is increased,
its potential will rise; and since ¢, is practically
constant (e, is assumed to be held constant, and
the variation of e; is small compared with the drop
across Ity), its rise will be just enough to neutralize
the effect on the other electrodes in the tube. The
advantage over the diode-cancellation method of
Fig. 11-41 is that the same cathode area is used
in the cancellation as in the amplification. The
e 1ol drift that is (_:ausecll by’chal.lge of average ?nitial

a8 diode plase, electron velocity with time is also canceled in the

same way as that due to temperature change.

Ordinary pentodes are generally unsatisfactory in this cireuit because
Fhe screen grid has so much control over the plate current that the latter
18 completely cut off (except of extremely high plate voltage) when the
Streen-grid potential is lowered far enough so that its own current is

Approx. 1 volt
{ PP

Fre. 11-47.—Variation of e
with ep.
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: r orid, on the other hand, has very little
bl Th:;ﬁiﬁfﬁiﬁ tﬁe E;Vﬁ, however, the effect of the screen
Go-ntl:ﬂL Il'l ﬂlJn these two extremes. Figure 11-49 shows the plate char-
= 5 }-)et“ ?e 6V6 in the circuit of Fig. 11:48, with a negative supply
pirstics O id Ry = 90,000 ohms, so that 4z is just about § ma. The
e Vg}lt: }s?milar to those of an ordinary triode with a u of about 40,
curves ¢

0.5

04+

OO 50 100 150 200 250
€,in volts
T'1g. 11-49.—Plate characteristics of a 6V6 triode.
+0.25
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N s T e

Heater volts
Fig. 11-50—Effect of heater voltage on gz and ek

except that the current has an upper limit of 4 ma. Figur.e 11-50 sho
the effect of heater voltage on e; and e,s, the latter being adjusted B0
maintain constant plate current. When 7, and 4, ars about tholel .
€2 18 fairly constant over a large temperature range.

The 6AS6 miniature pentode has a specially designed suppressor &
that has unusually effective control over the plate current. r'FhJSl
may be used in a manner similar to the one in the circuit of Fig. 12
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but with the suppressor as the control grid and the screen grid at some
positive potential. This method of operation has the advantage of
producing plate characteristics more like those of a pentode, but the
cancellation of heater-voltage effect seems to be less effective over a wide

“operating range than in the case of the tetrode. A pentagrid con-

verter tube might also be applicable in the same way as the 6ASS.
More research is indicated in this field, with a possible objective of
developing a suitable tube for the purpose.

11-13. The Use of Feedback in D-c Amplifiers. Conductive Negative
Feedback.—Conductive, or direct-coupled, negative feedback can reduce
the dependence of gain upon output d-¢ voltage or current (i.e., non-
linearity or amplitude distortion) and tube characteristics. It cannot
reduce the effect of zero drift or displacement of a given amplifier
(as referred to the input terminals) no matter whether it is due
to heater-voltage variation, tube aging or replacement, or microphonics.
This fact was illustrated in Sec. 11-12 for the case of a cathode follower,
in which the zero drift referred to the
input terminals was found to equal the
tube drift in terms of the shift of @ a ey

IFrg.  11.51.—Direet feedback using
rezistance adding,

grid-to-cathode potential required to
maintain constant current. In some
instances, as in the arrangement of
Fig. 11-51, negative feedback can
actually increase the effect of drift
as seen at the input terminals. In Fig. 11-51, if the amplifier drifts so
that a given change Ae, is required to hold e, constant, the change
required at the input terminals is Ae; = Ae,(Ry + Ry)/R..

However, if a given over-all gain is required, negative feedback can
reduce the effect on zero displacement of changes in certain parts of an
amplifier by permitting the use of more amplification ahead of these
parts. This is often of great value, since a power-output stage is much
more susceptible to shifts caused by variations of load, supply voltage,
heater voltage (because of greater tube currents), ete., than is a voltage
amplifier with very low power output.

The common form of the feedback equation is

P
9‘1—&3'

Where @ is the gain without feedback, G is the gain with feedback, and 8
18 the fraction of output voltage that is added to the input voltage. This
€quation is based on the assumption of simple addition involving no
attenuation of the input voltage and no disturbance of the amplifier
Parameters by the feedback action. In Fig. 1151 the resistance addition

(93)
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