'V'ERY often designers of electronic equipment are
confronted with the problem of determining the
quiescent electrode voltages and currents for a given
amplifier circuit, particularly when an existing
design is being checked. i ! b

If a triode is used, the solution presents little diffi-
culty, but for pentode amplifiers greater difficulty is
experienced mainly because the screen grid voltage
is unknown. Although values of anode and control
grid voltages can be found for a known screen volt-
age, this voltage in a particular circuit depends on
the parameters of the circuit so that the bias on the
tube, and the anode and screen voltages are inter-
dependent. The following is an approximate method
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of obtaining the quiescent values of anode, screen
grid and control grid voltages and currents when the
circuit parameters and supply voltage to the ampli-
fier are known.

Dynamic Characteristics of Pentodes

Manufacturers of valves usually give anode charac-
teristics for one particular n:;eenchvoltase (usually
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Thus if #¢is known, the spacing between the dynmi‘ig'
characteristics can be calculated and a family of
dynamie characteristics can be drawn, without re
course to the anode characteristics at various sereen
voltages. =

A typical family is shown in Fig. 2 ; the curve for
zero screen voltage is similar in shape to the others
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Family of dynamic characteristics, EF91
RL=23.5 k0, Es=250 volts

but is further spaced and of lower slope.

Relationships between Anode Current and Screen Voltage
For any given amplifier, if the screen voltage i

known, the quiescent conditions are readily

mined.
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The grid voltage and anode current are related
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h as is shown in Fig. 2 anode current versus

1 voltage can be plotted, the shape of the curve
-as shown in Fig. 8.

curve is practically a straight line which
rapidly and is asymptotic to a current slightly
elow Ez/ Ry, the limiting value of anode current.
A second relationship between anode current and
| sereen voltage is furnished from the conditions exist-
| ing in the screen circuit. With a screen resistor R.

and screen supply voltage E. we have
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Anode current versus screen voltage
which is the second relationship needed to determine
& and i, for the particular amplifier. This relation-
Ship is a straight line. It should be noted that E»
are the effective values of screen supply volt-
4ge and screen resistor respectively. If a simple
m ping resistor is used, Es is equal to En, the

voltage, and R. is the value of the series

, but if a voltage dividing network is used,
enin’s Theorem must be applied to find E»
m of the two lines gives the quies-
screen voltage and anode current.

valve, connected as shown

hical approach, consider an
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EF9] Pentode : RL = 23.5 k ohm. RS = 82 k ohm, £ = 212 ohm,
e e cohm RE = 212 ohm.
Quiescent Value ~Graphical | Measur:
Results Values
Screen Voltage ... 2V
Anode Volt::a urs }43§¥ :i% :
Anode Current ... 4.8 mA. 4.65 mA
Screen Current ... 1.22 mA. 1.20 mA.
Grid Bias 1.27 Vv 1.31 V

6J7G Pentode : RL = 250 k ohm.

R& = I.2 Megohm. RK = 1200 ohm.

EB = 300 V.

Graphical Measured

Result Value

Screen Voltage ... 47 v 43V

Anode Veltage 88 Y 85V
Ancde Current ... 0.85 mA 0.86 mA.
Screen Current ... 0.21 mA 0.21 mA

Grid Bias 1.28 1.30 v

R =235kn 250V

Fig. 4.
Typical pentode amplifier

In Table 1 results are also given for a pentode
amplifier using a type 6376 valve. It is thought that
in the majority of cases the calculated results will
be within 10 per cent of their actual values, but it
must be remembered that individual valve charac-
teristics can vary greatly from the published values,
particularly if the anode current 1s well below the
normal operating value. Also, consideration must
be given to variation of resistors from their nominal
values. The changes in operating conditions due to

variations in resistor value can be easily determined
y making t ove for the

by making the calculations outlined a

ul;;p::- ind lower limits of the resistor concerned.

Analytical Treatment Y e
“The equatior , of dynamic characteristics
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where E: = a/b is the projected grid base at ex = 4.

This is the equation to line 4 in Fig. 3.
The equation to the screen line is
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where E: = effectwe screen supply voltage,

k =i/t
Rs = »ffective screen resistor.
‘Combining Equations (5) and (6) we have that the
quiescent screen voltage is given by
E.(1/b + 1 + k Rx) —kRs(E:—A [#1)
- 1/b + (1 + k)Rx + kRx[kz i
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onough for design purposes. It must be rem
that lndlvwlmi valves vary from the averag
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accurate calculations are seldom warran
approach is particularly useful in determinin
effect of changes in circuit parameters, s
cathode resistor or screen resistor, on the
of the amplifier.



