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[SEc, 114

desired. Also, when a quick current response in spite of load inductane
is required, it is preferable to use the plate circuit. In this case, fhe
current through the load tends to follow the grid voltage without heing
influenced by the voltage across the load as much as it would be if the
load were in the eathode circuit. -

If a pentode differential amplifier, where p and r, are almost infinite,
is used as an output circuit, Eq. (70) reduces to

T IR
-ﬁ(ﬂ] = 632)_ 5 RL.
2 R
TR,
Twice as much current gain can be realized if the load is divided 1nto
two parts, as in the case of a differential relay or a magnetic oseilloscopg,
where each of the two parts is simply one of the E,’s and the output
the difference between these currents. For a pair of triodes, this outpuf
current is [adding R, to r, in Eq. (61)] '
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In the case of a pair of pentodes, the load resistance does not

E,, the gain, and Eq. (66) applies directly.

Two-tube Series Arrangement—The cireuit
of Fig. 11-37, where ¢ is the output voltage, is
sometimes useful as a power amplifier. A simi ar
circuit, having another resistor equal to R i
series with the lower cathode and with the outpuf;
terminal at e,, affords cancellation of hes
voltage variation and is described in Sec. 11-12
The circuit between K,, and e,, comprising the
plate load for the lower tube, resembles the
constant-current circuit of Fig.'11-18, but with-
ol out the battery it is not actually a constant
Fig. 11-87—Series ampli-  current device. It is merely the equivalent of

fier, a simple resistance, of value r, + (u -+ 1R,
returned to E,,. Thus in Fig. 11-37 the voltage gain to the e, terminalis

e, "%+ T DR ]

Since all the current flows through R, the cathode is at a point at a dis-
tance £ from the e, end of the total equivalent resistance re + (u + 1)R,
™+ (o + 1R — R

and therefore ¢; moves =Sy times as much as e,. Thu_g},‘ﬁ
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the gain to the cathode (with no load) is

Ao _ —p(ry, + uR)
Aey  2rp + (w4 1R

(74)

To find the gain with a load, it is easiest first to determine the current
gain in the case of a zero-resistance load. If R, is zero in Fig. 11-38,
s0 that e; is fixed at E, a change Ae, will produce a plate current incre-
ment Aiy; of p Ae,/(r, + R). This inere-
ment, in turn, lowers the upper grid by a
voltage inerement R times this, so that the
upper tube current changes by an amount
Bipy, equal to —u2R Ae,/r,(r, + R).
Thus, if B, = 0, the net current gain is

ey e A8, Sl
Be, ~ 1, F R 10r, + R)
Pl )
I TR (75)

The current gain with a load of negligi-
' ble resistance, where a suitable intermedi-
\afe voltage source exists for a load tie
B point, is considerably greater than that
B ior a simple amplifier or a differential ' 11'38‘_5?;i;§_ ARl with
B amplifier or cathode follower.
The output impedance is the ratio of open-circuit voltage gain to short-
B circuit current gain.

S rp + R ;
A S e T TR

(76)

|  from Eq. (74), by means of Thévenin’s theorem, the voltage gain with
Lany load resistance is found to be

8 - _#(?.'P _I— ”If) 2 {?7)
2+ (e DR + (r + B) 2
tihe current gain with any R is
Af s + ulR
ﬂZL = _-gm. w z ; i RL- v (78)
2 Tp’['R,:]-‘[_(#‘i‘l_}?J“,_zRL
]

It is apparent from Eq. (78) that as long as R, is considerably smaller
than 7, B may be chosen so that the current gain is several times g,,.
The maximum range of output current in bhoth positive and negative
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directions is achieved with B = E,,/2 and B = 1/gm, but the maximum
gain oceurs with an R of several times 1/g,,. ‘

If a pentode is used in the lower pos-
tion, as in Fig. 11-39, the formulas are
simpler. In this case, Eq. (74), the voltage
gain with Rz = «, becomes

el
Ae,

= —gm(rp + uR), (79)

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

_}_\ simply
ea,ﬁ*—— ’;;‘j Z 0= Tp, {80}

because the pentode current is independent
of its plate voltage, so that if e; is moved
Fra.11-39.—Series amplifier using by external means, the triode bias will re-

Demtode. main constant and its current will vary
according to plate resistance. From Eqs. (79) and (80) the voltage gain
with load is found to be

R _
S =—gn u_i_, 81)
i X
Lt
and the current gain is
ﬂi]} e i Tp + P—R_
Y 2

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

A comparison of this circuit with the differential amplifier shows that
for tubes of the same capabilities, the former has at least four times the
gain and twice the maximum output current in both directions as the
latter. On the other hand, this circuit requires a low-impedance inter-
mediate voltage source, and, for a given available B+ wvoltage, the
input voltage level must be considerably lower than that for a differential
amplifier. £

11-12. Cancellation of Effect of Heater-voltage Variation.—The funda-
mental effect of heater-voltage variation was explained in Sec. 11-6:
A 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 mv, although this



