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5-VALVE DUAL-WAVE RECEIVER

Accumulator, Air-Cell or Vibrator Operation

Several deblgns of battery recelvers have
been given in previous issues of Radiotronies,
but it is now poss1ble to design a circuit Wthh
with only minor modifications may be used
for operation from an accumulator or an air-
cell or a 6 Volt battery and vibrator. The
advantages of a common basic design for
these three applications is immediately ap-
parent. For simplicity the ecircuit diagrams
have been drawn as two separate diagrams,
the first being for 2 Volt battery operation,
and the second, which includes the vibrator
unit and filter, for 6 Volt operation. Radio-
tron cireuit A56 is a b-valve dual-wave re-
ceiver using valve types 1C4 (R.F.), 1C6 (con-
verter), 104 (LF.), 1K6 (second detector),
and 1D4 (output pentode). Since the fila-
ment current of these valves together exceed
the limit permissible for air-cell operation, the
1D4 wmay be replaced by type 1F4 so as to
bring the filament drain within this limit.
This may be done without any other change
in the cireuit. Type 1F4 draws higher plate
and screen currents than the 1D4 and for this
reason the 1D4 is to be preferred in receivers
operating only from a 2 Volt accumulator.

This eirecuit incorporates several improve-
ments in fine detail which may not be im-
mediately apparent. In order to enable the
receiver to function without overloading, even
when ‘situated close to a transmitting station,
as may happen in a number of country dis-
tricts at the present time, a special A.V.C.

arrangement has been adopted. The 1C6 con-
verter is operated on fixed bias on hoth wave
hands in order that it may operate under
optimum conditions without any difficulties
such as are experienced when A.V.C. is ap-
plied to this stage, particularly on the short
wave band, and also in order to prevent dis-
tortion due to overloading. The only two
controlled stages are the R.F. and 1.F. stages,
and it has been found possible to obtain very
good results by a very simple method. It is
nearly always found that the overloading is
most serious in the I.1. stage and if the con-
verter stage is operated on A.V.C. this also
tends to overload. The method adopted is to
arrange for the R.F. stage to have very rapid
A.V.C. action and for the I.F. stage to have a
very much less severe action. The result is
that the major part of the control is accom-
plished by the R.F. stage, which, since it oper-
ates with smaller grid signal voltages, is
therefore capable of giving more effective cot-
trol without overloading. In order to provide
the most effective A.V.C. action, the screen of
the 1C4 R.F. stage is connected to the screen
of the 106 whiech is effedtively a point of fixed
voltage since the screen current of the 1C6
is much larger than that of the 1C4 and, be-
ing operated on fixed bias, does not change
with alteration of signal strength The 1C4
I.F. stage has a screen supplied by a drop-
ping resistor from B+ which provides a much
more remote cut-off and thereby prevents
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3—VALVE DUAL-WAVE BATTERY RECEIVER—Continued

overloading in this stage. In order to obtain
the highest possible A.V.C. voltage, the A.V.C.
diode is fed directly from the plate of the
IL.F. valve as in previous Radiotron circuits.
The full A.V.C. voltage, as shown in the ecir-
cuit, should be applied to both controlled
stages. Any method of applying a lower
A V.C. voltage to the L.F. stage is more likely
to produce distortion than the method shown.
This method of operating the LF. stage also
enables excellent uniformity to be obtained
from valve to valve in receiver production,
due to the self compensating action produced
by a series sereen dropping resistor together
with A.V.C.

The Radiotron 1C6 is operated under the
conditions recommended in Radiotronies 79
and provides very high gain with a complete
coverage of the short wave band, even with
run down batteries. It will be noticed that
the sereen dropping resistor is 50,000 ohms in
place of 60,006 ohms so as to allow for the
additional current drawn by the sereen of the
1C4 R.F. valve. Use is made of the padding
condenser to obtain additional feedback at
the low frequency end of the short wave hand
and this gives assistance towards maintaining
oscillation under all conditions. The ecoils
used in this circuit should he identical with
those described in Radiotronies 79 as any less

efficient coils will reduce the sensitivity and
probably also reduce the strength of oseilla-
tion at the low frequency end of the short
wave band. Under the conditions specified,
the wave range on the short wave band will
be from 16 to 51 metres. The padding con.
denser is shown as .004 pF but some slight
adjustment of this capacity may be required
with different layouts.

Provision has been made in this cireuit for
a pick-up to be connected and suitable switch-
ing is shown. Due to the low distortion and
high power output provided by this ecircuit, a
pick-up can be operated with entire satisfac-
tion. Series inverse feedback has been applied
to the 1D4 and an output of approximately
.35 Watt is available with 135 Volts B supply.
The distortion is less than half that which
would he obtained without the use of inverse
feedback.

The B battery drain with this receiver us-
ing the 1D4 in the output stage will be 15
mA with no signal and 12 mA with a fully
modulated strong signal on the broadeast
band.

For air-cell operation the 1D4 should be
replaced by a 1F4 and the B battery drain
will be increased by 3.1 mA as compared
with the use of the 1D4. Since an air-cell pro-
duces a voltage of considerably more than 2
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5 VALVE DUAL WAVE VIBRATOR RECEIVER
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Volts, it is necessary to employ a dropping
resistor so as to protect the filament of the
valves. The resistor of 0.52 ohm (including
leacd resistance) shown in the diagram has
heen chosen to give the best operation from
these particular valves and no change in this
resistor should be made.

Vibrator Model

The vibrator receiver is shown in eircuit
No. A57. This is essentially the same as cir-
cuit A56 but it will be noticed that 2 Volts
minimum hias is employed on the I.If. stage
in place of zero bias, 2 Volts bias on the 1K6
in place of —1.5 Volt and -4 Volts bias on the
1D4 in place of —4.5 Volts in the other circuit.
These changes were made necessary by the
elimination of the hias battery and all bias
voltages are obtained directly from the fila-
ment circuit. Since only 4 Volts bias is used
on the 1D4, the plate current of this valve
will bhe considerably higher than in the pre-
ceding cireuit but this will not be of any
consequence with the vibrator receiver and
the high power output which it will permit is
of distinet value. As regards sensitivity and
performance in other directions, the two eir-

cuits are in all essential respects identical.
Both of them can be claimed to be the most
up-to-date of their kind at the present time
and can be deperided upon for excellent re-
ception. A number of fine points have been
given particular attention and the result is
demonstrated in the improved performance
under carefully measured testing conditions.

RADIOTRON RELEASES
WATER COOLED VALVES
FOR ULTRA HIGH
FREQUENCIES

An outstanding forward step in Ultra High
I'requency operation has been made in the
new Radiotron Water Cooled Valves 887 and
888. These types are capable of operation at
the maximum power input of 1200 watts at
wavelengths as low as 1.25 metre. An output
of 750) watts is obtainable at a wavelength of
5 metres with 3000 volts on the plate. The
overall dimensions of these types are remark-
ably small, being only 74" x 1-11/16” inelud-
ing the water jacket. The two types are
identical apart from the amplification factor,
which is 10 for the 887 and 30 for the 888.
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R.C.A. APPLICATION NOTE ON THE USE OF THE
PLATE FAMILY IN VALVE POWER-OUTPUT
CALCULATIONS

The set of curves known as a plate family
iy useful in predicting the performance of a
valve under a wide variety of operating con-
ditions. After some experience with the use
of plate families, much useful information
can be obtained by graphical analyses. Ior
example, a single graphical analysis yields
data which can be used to calculate plate dis-
sipation, screen dissipation, power output, and
distortion. Additional simple analyses can be
used to predict the effects of plate and scereen
regulation and to indicate the necessary cor-
rections to minimize these effects.

Because a plate family represents the aver-
age of a large number of valves, it should not
be used to predict the performance of a par-
ticular valve under given operating conditions
when high accaracy is desired. When the
results of a graphical analysis which includes
the use of a plate family is to be verified by
test, a representative number of valves should
be used. This Note describes several w eful
graphical methods for predicting the perform-
ance of single-valve amplifiers when grid cur-
rent does not flow during any portion of the
input-voltage cycle. A later Note will des-
cribe graphical methods for predicting the
performance of push-pull amplifiers.

The Load Line

When the voltage across a resistor If; of con-
stant value is varied throughout a given range,
the relation between current through the re-
sistor and voltage across it is a straight line,
as shown in Fig. 1. Given the straight-line
relationship, it is evident that R, is constant
and is equal to e/t at any point. When the
applied voltage is adjusted to a value F and
the current is reduced to the value i by means
of a series resistor K,, the voltage drop across
R, is (KF—e), because the sum of the voltage
drops across I, and I, equals E. This con-
dition is represented by the diagram in Fig, 2.
The straight line connecting points O and ¥ is
the voltage-current characteristic of R, using
the point K as the origin. Thus

R, = (E—e)/1 = cot b.

The values of the resistors need not be con-
stant in order to represent their voltage-
current characteristics on a diagram. In Fig,
3, for example, the voltage-current characteris-
tics of R, and of R, are functions of the ap-
plied voltage. When the resistors are connected
in series across an applied voltage E,, the
value of the current is i, the voltage drop
across I, is e, and the voltage drop across R,

is (E,—e). The value of the current and the
voltage across each resistor is determined by
the point of intersection (O) of the two curves.
The a-¢ value of R, at the point O is cot o
where ¢ is the angle between the voltage axis
and the tangent to the curve at point O; the
value of R, at this same point is cot b". The
d-¢ resistances of £, and E, at point O are
e/1, and (E,—e) /1, respectively.

The curve £, in Fig. 3 may represent the
plate-voltage vs. plate-current characteristics of
a valve for a given value of grid voltage. A
number of such curves, each corresponding to
a different value of grid voltage, constitute a
plate family. A typical plate family for a
pwitode is shown in Fig. 4A. Because each
curve represents a voltage-current characteris-
tic of the valve, the intersection of any curve
in the family with a line representing a load
resistance connected in series with the plate
cireuit determines a point of operation.

When a voltage E is applied to the plate of
a pentode through a load resistance R, the
plate current varies with bias in accordance
with the interesctions of the ‘‘load line'’ R and
the grid-bias curves. The relation between
erid-voltage and plate current is shown by
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curve K in Fig. 4B3. TFor a zero-signal bias of
—15 volts, the operating point is O, the voltage
250 volts, and the plate
It is seen that when an

at the plate is

o

current is 105 ma,

alternating voltage having a peak value of 15
volts is applied to the grid of the valve, the
plate voltage falls to a minimum value émin
50 volts and rises to a maximum value émax
corresponding plate-current
change is (fmax—tmin) = 205 — 30 = 175 ma.

395  volts;

‘When the B-supply voltage £ is applied to
the plate threugh a choke of negligible resis-
tance, the operating point is O" for a bias of
A reduction of the B-supply volt-
age to the value of ¢, = 250 volts shifts the

—15 volts.
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operating point to O. When the choke is
shunted by a resistance [, operation with a-c
signals takes place along the load line K, pro-
vided the reactance of the choke is much
greater than the value of K. Thus, when the
load consists of a choke shunted by a resistance
R, the valve operates as though a scries resis-
tance [ is connected in the plate circuit and
the B-supply voltage is increased by an amount
(E—e,). When a second resistor R, is shunted
across It through a condenser of low reactance,
as shown in Fig. 4C, the zero-signal operating
point is O; it is determined only by the inter-
section of the d-c load line and the operating-
bias curve. The a-c operating line is then de-
termined by a new load line, R’, which passes
through O and has a value BRE,/(R -+ Rl)
In an output-valve circuit, however, B’ =
when the d-c resistance of the choke can be
neglected.

Determining Power Output When
Distortion is Negligible

In the practical use of a plate family for
output-valve calculations, the load line R is
drawn through the point determined by the
plate voltage I and zero-signal plate current or
zero-signal bias. When an alternating voltage
18 applied to the grid, the plate-current varies

between imax and 4., the plate voltage varies
between emin and ewmax, and the voltage across
R varies between (E—n ,,,m) and (ewa—H). The

alternating power in £ is the product of the
alternating voltage across £ and the alternat-
ing current through R. [In this example, the
peak value of the altcrnating component of the
plate current is

i_ma::. - 7:.121'@. R
2 H
the peak value of the alternating component of
the voltage across R is

(@ - emm._) -+ (ema;r. — E)
T

Emaz. — Cmin.
2
Thus, the peak power is

(imua:. — imin.) (€maw. — emin.) T
— :
the average power, P, as indicated by a watt-
meter, is

P = “l“} — Twin.) (€. —— Cmin.)
= . .

This expression for power is independent of
valve type; it gives good accuracy only when
the distortion is nominal,

Optimum Load for Pentodes

An output valve should be operated for
highest power output al minimum distortion.
To satisfy this condition, plot the grid-voltage
vs. plate-carrent characteristics for a number
of load resistances and biases from the plate
family, as shown in Figs. 5A and 5B; a com-
putation of approximate power output for each
operating condition should also be made, as
illustrated in Fig. 5C. 1t is assumed that grid
current does not flow during any portion of
the input-voltage cycle.

For zero plate-circuit distortion, the dynamiec
characteristic should be a straight line over
the operating range; for high efficiency, the
power output should he a maximum. The
curves in Fig. 5 show that a bias of —15 volts
and a load (No. 2) of 2000 ohms represent a
good operating condition, provided plate and
sereen dissipations are not exceeded. It should
be noted that the load line representing 2000
ohms passes through the knee of the zero-bias
characteristic and through an operating point
determined by approximately twax/2. That this
Joad and operating point are suitable can be
predicted by an inspection of Fig. 5A; a re-
duction in the value of K causes a nearly pro-
portional decrease in the plate-voltage swing
with no appreciable change in plate current;
an increase in the value of R causes a large
decrease in fy.x and a small increase in plate-
voltage swing.  From these considerations,
several short-cuts can be used to obtain quickly
a satisfactory value of load and bias.

Deiermining Optimum Leoad
for Pentodes

In Fig. 64, from a point A which is just
above the knee of the zero-bias characteristic,
draw load lines to the plate-voltage axis; these
lines should surround an operating point whose
coordinates are (K, 1,./2). Along any load
line, say I’,, measure the distance 40,; lay off
an cequal distance 0,4, along K,. For optimum
operation, the change in bias from A to 0O,
should nearly equal the change in bias from
0, to 4,. The value of the load, R, is:

. Cmax. — Cmin.

Tnace, Tmin-

[t is well at this time to determine the
change in power output with load by means of
equation (1), hecause it may be desirable in
some cases to obtain high power at the expense
of increased distortion. When the knee of
the zcro-bias characteristie is not well-defined,
several points should be used, in turn, until
the proper one is found. The results should
be checked by actunal test, using a reasonable
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number of valves. It may he necessary to in-
¢rease the hias above the value determined by
this test in order to satisfy plate- and screen-
dissipation requirements.
Optimum Load for Triodes
The method shown in Fig. 5 for determining
the proper load and bias is independent of the
characteristics of the valve type. Because the
plate characteristics of a triode do not have
“‘knees’’ at negative control-grid Diases, the
use of approximate relations which serve to
reduce the number of trials is advisable,
Consider the typical 1irviode plate family
shown in Fig. 7. The proper load line R in-
tersects the operating-bias curve at point O
and the K. — O curve at point A. The follow-
ing relations may be used as guides; final
values should be obtained by the methods des-
j=

cribed for Fig. 5.

Zero-Signal Bias = 96,7571?
’.L

tmaw. = 2 I,

Compensating for Rise in D-C
Plate Current

When the change in plate current due to
rectification in the plate cireuit i appreciable,
the load line should be shifted from its zero-
signal position for improved accuracy in cal-
culating power output and distortion at full
output. Consider the plate family shown in
Fig. 8A. The load line 4 is drawn through
the zero-signal operating point 0. Calculate
the change in plate current using point O as
the operating point; this change is designated
Al at full output.

Vinae. + Yin, — 21
4

Al = ¢ = 16-25 ma.(2)
When Al, is positive, the d-¢ plate current
at full output is greater than I,; when Al 18
negative, the d-¢ plate current at full output is
less than /,. In this problem, A, is positive.
Now, shift the load line to another, arbitrarily
chosen, position B. With O’ as the operating
point, obtain another value of caleulated plate-
cwrrent rise Al
. "
Aty =020 4605 ma
A very good approximation to the actual
position of the load line is determined from
these values of A, and A, in the following
manner. The plate current at the original
operating point O is I, = 70 ma.; AI, for this
condition 1s 16.25 ma. Then, [, = I, +
A, = 86.25 ma.; this condition is represented
by point 4 in Fig. 8B. For the line B, a cal-

culated value of £, = I,/ + A I,/ = 75 + 16.75
= 91.75 ma. is obtained for a value of I of
97.5 ma. 'This condition is designated by point
BB in Fig. 8B, Points A and B are connected
by a straight line. From ihe origin, draw an-
other straight line inclined 45 degrees. The
point of intersection C of these two lines is
a very good approximation to the actual mea-
sured value of full-signal plate current I".
The final location of the load line (line C) is
then determined by the plate voltage and the
calculated value of [,".

The ordinate of Fig. 83 represents caleulat-
ed values of full-signal plate current deter-
mined from the operating points O and 0O,
respectively; the abscissa represents the plate
current determined by a load line and the
zero-signal plate voltage. For the example of
Figs. 8A and 8B, the actual rise in plate cur-
rent, as read by a d-c¢ meter, is 1, — [, =
20 ma.

Determination of Distortion and
Power Output

The distortion in a single-valve amplifier
can be determined from a plate family and a
corrected load line. As a first step in calculat-
ing distortion, determine the rise in d-c plate
current and draw the load line through the
proper operating point. Then plot the relation
between grid voltage and plate current, as
shown in Kig. 9; this curve was plotted from
the plate family and corrected load line of
Fig. 8A,

The full-signal plate current is I,”. The
value of plate current corresponding to [,,” is
used as a new plate-current axis from which
currents in the harmonic analysis are measured,
Thus, the actual value of I,” is 75 ma.; its
value in the harmonic analysis is —15 ma. All
values of plate current below the new plate-
current axis are negative in the harmonic
analysis,

The abscissa of Fig. 9 is divided into ten
parts; ordinates are erected from each point of
division to the plotted curve, as shown. In
terms of the zero-signal bias F. these points
are 0, -0.28., -0.3E,, -0.5E,, -0.TE., —E,, -1.3K,,
-1.5E., -1.7K,,-1.8E,, 2E.. 'The value of the
current at each of these points is designated
by 1o, Iy, Iy, ete.  Designating the funda-
mental component of the plate current as H,,
and the harmonic components of plate current
as H,, H, H, and Hj;, we have

H2:10+124—211
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21y +1,—1,—21
H3 — 0.5 77277 - 5
Ly +21, +1,—21,,—21,,
H, — .
200, + 1,21, ,-21,,— 1,41,
H, — » o -
1, — 1,
Hy == _.7* 4 H, — H,

Because H, is the fundamental component of
the plate current, the power, P, due to the
fundamental, is —

H.?

B5) .

&

P —

Plate and Screen Dissipation in
Tetrodes and Pentodes

The power dissipated in the screen cireuit is
added to the power in the plate to obtain the
total B-supply input power. With full-signal
input, the power delivered to the plate cirenit
is the product of the full-signal plate-supply
voltage and the full-signal d-¢ plate current.
The power dissipated by the plate in heat is
the difference between the power supplied to
the plate circuit and the power supplied to the
load.

Screen dissipation increases with load resis-
tance. In order to vismalize this relation, as-
sume that the sum of the screen and plate cur-
rent is independent of plate voltage for zero
control-grid bias or for a mnegative value of it.
A decrease in plate voltage causes a certain
decrease in plate current; it is assumed that
the screen current rises by an equal amount.
Hence, when the screen-grid valve operates with
a load which intersects the zero-bias charac-
teristic below the knee, the screen current rises
to high values during low-plate voltage execur-
sions of the output voltage. This action pro-
duces a rise in the d-c¢ value of screen current
with signal. Therefore, the screen dissipation
with full-signal input may be several times the
zero-signal value. To reduce screen dissipation,
the load should always be chosen so that it
passes through the knee of the zero-bias charac-
teristie,

Increasing the applied signal voltage to a
value higher than that for which the load is
designed also increases screen dissipation. For
this reason, it may be advisable to use a value
of load which is slightly less than the optimum
value. This precaution has another advantage,
which is especially important at high audio

frequencies. The impedance of a loudspeaker
increases with frequency. When the load is
adjusted for the proper value at 400 cycles, the
load is usually too high at 2000 cycles; thus, a
screen-dissipation limit may be exceeded at
2000 cycles even though operation is normal at
400 cycles. The use of a load which passes
through the =zero-bias characteristic somewhat
above the knee is desirable for these reasons.

The curves of Fig. 10 consist of a zero-bias
plate characteristic and a zero-bias secreen
characteristic. This sereen-current curve is the
only one required for the determination of
full-signal screen dissipation.  Draw in the
corrected load line, as previously desecribed.
Project point A on the plate-voltage axis to e,
as shown in Fig. 10. The projecting line inter-
sects the zero-bias screen curve at 4ic,. The full-
signal sereen current is then approximately
(ten/4) + (1,/2), where 4, is the zero-signal
screen current at normal bias; the full-signal
sereen dissipation is £ [ (4.,/4) + (i,/.)]. It
is evident from an inspection of Fig. 10 that
the screen curvent rises rapidly with increasing
load resistance,

Effects of Plate and Sereen
Regulation

‘When the internal resistances of plate- and
sereen-supply sources are high, plate and sereen
voltages decrease with increasing power output.
[t is possible to determine approximate full-
signal plate and screen voltages when the
value of the internal resistance of the B-supply
unit is knownn.

Consider the zero-bias characteristics of a
pentode, shown in Fig. 11A; assume that plate
and sereen voltages are equal and that they are
obtained from the same power-supply unit.
Draw the corrected load line AB through point
O and determine the rise in cathode (plate
plus sereen) current (A1), as previously
described. The product of the increment in
cathode current and the value of the internal
resistance of the B-supply source is the ap-
proximate decrease in plate and sereen voltage,
AE, and AFK., respectively. The zero-bias
characteristic of Fig. 11A should now be re-
drawn to correspond to the new sereen voltage
E,, =FE,, — AE, The load for this new
value of screen voltage is represented by CD;
the new operating point is now ('. Calculate
the rise in cathode current using CD as the
load; a new wvalue A" is obtained. A good
approximate value for the final cathode-current
rise (A7"’) is obtained by the method des-
cribed in Fig. 11B. The product of the full-
signal eathode ecurrent I.”’ and the internal
resistance of the B-supply source detcrmines
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the final operating point and the new location
of the plate family.

The change in location of a plate character-
istic and an operating point for a change in
screen voltage can be found. Consider the
point X on the zero-bias characteristic at which
the plate voltage equals the sereen voltage (Fig.
11A). The plate eurrent corresponding to
point X is 235 milliamperes. If the screen
voltage is reduced to 90 volts, for example,
the value of the plate current at the corres-
ponding point on the new zero-bias charac-
teristic is approximately 235 x (90/100)%* =
235 x 0.854 — 200 milliamperes; the corres-
ponding plate voltage at which this point
oceurs is 90 volts. Hence, the new location of
X is at X. By a similar computation, the
point X, shifts to X,” and the point A shifts
to 4°. The operating point O located at F =
100 volts, £, = 100 ma., B = —15 volts, shifts
to O loeated at £ = 0.9 x 100 = 90 volts,
I, = 0.854 x 100 — 85.4 ma., B, = 0.9 x 15
= -13.5 volts. By proceeding in this manner
the B., = —27 volt curve, which is necessary for
the determination of A/, can be obtained from
the given K. = -30 volt curve.

The proper negative bias and peak input
signal with 100 volts on the sereen is 15 volts;
the proper negative bias and peak input signal
with 90 volts on the sereen is 0.9 x 15 = 13.5
volts. Thus, one effect of power-supply resistance
is to reduce the value of input signal required
for full output: a second effect, as shown by Fig.
114, is to reduce the power output with full-
signal input. An increase in the value of load
resistance may be necessary in order that the
load line intersect the new zero-bias charac-
teristic at the knee.

The effect of power-supply resistance is small
when the output valve is a triode, because the
load is usually adjusted for a small rise in
d-¢ plate current with signal.

Conclusion

The analyses described in this Note are use-
ful in determining with fair accuracy the
operating conditions of single-valve power-
output amplifiers. The analyses are also use-
ful in determining the operation of a valve
under given conditions. Although first ap-
proximations are acenrate emough for most
purposes, some second approximations are
given for higher accuracy. Whenever possible,
the results of the analyses should be cheeked
by measurements with a reasonable number of
valves.

LEVEL INDICATOR
USING RADIOTRON 6G5

In public address systems and studio am-
plifiers where the output is not directly aud-
ible to the operator, a level indicating device
is necessary. This usually takes the form of
a copper oxide rectifier type voltmeter con-
nected across the output of the amplifier at
some suitable point.

A highly satisfactory type of level indicator
may be made by using a Radiotron 6G5
Magic Lye. The deflection of the 6G5 follows
approximately a logarithmic law and will thus
indicate proportionally to the output level in
dB. One Radiotron 6H6 is used as a diode
rectifier with a ‘load consisting of a 0.5
megohm potentiometer. This is shunted by a
0.25 uIP filter condenser which gives a time
constant suitable for most applications, but
which may be varied over wide limits while
still giving a clear shadow on the target of
the 6G5. The voltage required to close the
eye is approximately 25V. RMS input to the
6H6.

(o)}
T
(e}

= %oasis
. = '5M.{).::
'55_?_ow RESISTANCE
gi""‘ﬁ- D.C. PATH.
z3 &
1,. —_— +250
*

ADJUSTED TO GIVE SUITABLE TIME CONSTANT WITH
LOAD RESISTOR USED

The source of audio frequency voltage
should have a reasonably low resistance D.C.
path compared with 0.5 megohm. If a low
impedance line is used to supply the speakers,
the indicator may be placed across this line.
The 0.5 megohm potentiometer can be cali-
brated in dB. or in any other suitable units
hut the potentiometer should preferably be
one in which the resistance is proportional to
the rotation.

Tn operation, adjustment is made so that
the shadow area on the target becomes zero-
at a convenient level, which may be the point
of overload or of full modulation. When this
level is exceeded there will be overlapping of
the 635 and a bright line will appear on the
target, this being the danger signal.
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PUSH-PULL TRIODE AMPLIFIERS

The first part of this article was given in Radiotronics 79, Pages 64-67, and it gave the
theoretical basis on which the following Graphical Application is built. In this article a very
simple method for the determination of working conditions of push-pull triode amplifiers is

described.

PART 2. — GRAPHICAL APPLICATION

To find the correct operating conditions for
any pair of triodes, for a specified plate voltage,
it is necessary to find the plale current at zero
bias and 0-6 of the supply voltage. From this the
output and load may be calculated. As it has
been decided that each valve shall just cut off
on negative input voltage peaks, the cut-off grid
voltage is found for B, = (B, + E) = 148,
One half of this may be taken as the bias, and
the working point for one valve fixed on the &,
I, family at ¢, = E,. A composite family
should be drawn for the two valves and a load

line having the slope — IfTLdrawn through the

composite working point (K, = By, iy = iy
= 0), and the two peak currents (zero bias on
each valve).

By plotting 4, against e; a dynamic character-
istic may be drawn as in fig. 3. By adding
instead of subtracting the plate currents of each
valve, 7, may be plotted in terms of e;, as in
curve B, fig. 3. To find the mean plate current,

a curve 3, — F (e; sin pt) may be drawn by
300
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Fig. 3-—Dynamic characteristics of push-pull 845’.
Curve A — signal output current (dynamic) — i,.
Curve B — total plate current — 4z
Curve C — sine wave signal input voltage.
Curve D — total periodic plate current.
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Fig. 4—Determination of working constants for maximum
power output.
ip = plate current.
Ip = peak plate current.
ep == plate voltage.
Ly = minimum plate voltage.
B = peak (negative) output voltage.
Ky = plate supply voltage.

projection, (fig. 3, curves Cand D). By counting
the squares under the curve, or by averaging
ordinates, the mean total current may assessed
for maximum (or any other) output.

The linearity of the dynamie line is the criterion
of distortion, and the percentage of third harmonic
may be computed® by measuring the ordinate
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Fig. 5—Graphical determination of distortion.
Curve A = dynamic characteristic.
Curve B = ideal straight line.
As the dynamic line is symmetrical about the
origin, only one half is shown.
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difference between a chord and the curve at
e; = % peak e;, the percentage of third harmonics
Hy% = 3%%%
peak
If self bias is to be used, it is necessary
to calculate the power input to each plate at
zero signal input. Quite frequently it is found
that the plate dissipation execeeds the maximum
allowable, The load resistance must then be
increased until the required bias at maximum
signal requires a bias resistor high enough to
keep the valve working within its ratings. If
the mean maximum signal plate current is
taken as half the sum of the total peak and
total zero signal current (for two valves) an
approximate curve for mean plate current
(maximum) against grid voltage may be
drawn. If the I, E« static curve for two valves
is drawn on the same sheet (fig. 6), and a
straight line drawn through the origin and the
maximum plate current for the plate voltage
under consideration, its slope will be the re-
quired cathode resistance, and it will intersect
the mean current line at the required bias. The
required load may be fixed and the dynamic
operation studied from a composite family.

At the applied voltage (1000V.) in fig. 6, it
is found that the 845 valve would have been
overloaded seriously at zero input if self bhias
were employed with the operating conditions
for maximum possible output. The cathode
resistance has been chosen, therefore, to limit
the dissipation at zero input to the maximum
rating (75W. per plate).

It should be noted that while the total plate
input at maximum signal may far exceed the
figure for the maximum allowable dissipation
of the valves, the actual power consumed by
the valves themselves is the difference between
the input power and the power output to the
load. When self bias is used, the bias is reduced
as the signal input is diminished, because the
plate current is itself reduced. Quite frequently
it is found that a stage may be working well
within its rating at maximum output, but due
to the bias reduction at zero input the dissipa-
tion may rise dangerously. That is why the
load has to be increased to reduce the power
output (and input) when self bias is used. The
distortion also, is found generally to be greater.

The methods outlined have been found to be
in close agreement with practical results. A
table of operating conditions for triode ampli-
fiers has been published as a loose leaf for the
Radiotron data book.

*Hutcheson—I8lectronics, Januvary, 1936,

NEW RADIOTRON
RELEASES

1608: 20 Watt Dissipation High Efficiency
Triode, filament 2.5V. 2.56A, amplification fac-
tor 20, maximum plate voltage 425, maximum
plate current 95 mA, medium 4 pin ceramic
base. Dimensions similar to 801. Typical
output 18 Watts (plate modulated), 27 Watts
(telegraphy). Australian nett price, £1/15/-.

1609: Pentode for use in Battery operated
Pre-amplifiers, filament 1.1V. 0.25A, plate
voltage 135 maximum, low mierophonic con-
struetion, small 5 pin base. Australian nett
price, 17/6.

1610: Crystal Oscillator Pentode, filament
2.5V. 1.75A, maximum plate voltage 400,
maximum plate dissipation 6W., typical out-
put 5 watts, medium 5 pin hase. Australian
nett price, £1.

914: 9” Electrostatic Cathode Ray Tube
with medium persistence (greenish) screen.
Australian nett price, £58.

921: Phototube (Gaseous Type). This new
phototube of the gas-filled type has a short
double-ended construction which eliminates the
conventional base and provides a long insulat-
ing path between electrodes. This construe-
tion offers features of compactness and con-
venience in circuit arrangement. Because the
921 has high gensitivity to red light and infra-
red radiation, it is particularly well adapted
for use with the readily available incandes-
cent lamp as a light source. Australian nett
price, 17/6.

922: Phototube (Vacuum Type). Similar in
construction to the Radiotron 921, the 922 is a
sensitive phototube of the vacuum type hav-
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Fig. 6—Self bias operations: Type 845, Ey = 1,000V,
Curve A — Ip, Ily, zero signal (fwo valves).
Curve B — Ip, iy, maximum signal (two valves).
The slope of the line ¢ determines the value of
the bias resistor.
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ing high internal resistance and low leakage
current between electrodes. The 921 is, there-
fore, especially suited for space-limited ap-
plications where the use of a high resistance
load is desirable to give maximum circuit sen-
sitivity. The large spectral response of the
922 in the infra-red region makes this type
particularly useful where tungsten-filament
lamps are employed as light sources. Australian
nett price, 17/6.

923: Phototube (Gaseous Type). This new
phototube is similar mechanically and elec-
trically to Radiotron 918 but has a shorter
overall length. Australian nett price, £1/1/-.

RADIOTRON 1603

Pentode for Microphone Amplifiers

I'or gpecial applications where a very low
degree of microphonicity is desirable, Radio-
tron 1603 (Australian price 20/- nett) is to
be recommended. This valve is very similar
in dimensions and in electrical characteristics
to the well-known 6C6, and may be applied in
an identical manner. As a resistance coupled
amplifier Radiotron 1603 should be operated
as shown for the 6C6 in the table on page 41
of Radiotronics 76. The 1603 is designed par-
ticularly as a low-level microphone amplifier.

RADIOTRON 302
BARRETTER

The Radiotron 302 Barretter which was
announced in Radiotronies 79 has already met
with a ready response and it is being used by
a number of manufacturers in their new
models. The Australian price of the 302,
which was inadvertently omitted from the
announcement, is 14/6. This Barretter is
rated at 0.3A with a voltage drop across the
barretter of from 112 to 195 volts, and it is
therefore suitable for A.C./D.C. or D.C. re-
ceivers operating from 200 to 260 volt mains.

It is desirable to arrange so that the volt-
age drop across the barretter is in the region
of 165 to 170 volts with nominal mains volt-
ages so that the fullest protection is secured
in the case of fluctuating voltages, With a
240 volt supply the voltage drop in the
heaters should therefore be somewhere about
70-75 volts. This is provided by a 25Z5 reec-
tifier and 43 power pentode together with
earlicr stages as shown in Cirecuit [51, des-
cribed in Radiotronics 79.

The 302 is fitted with a standard ‘‘Edison
screw’’ base in conformity with the larger
current regulators (876 and 886) which are
fitted with the larger ‘‘Mogul Screw’’ base.
The screw base gives more rigid mounting
than a valve base, and prevents the barretter
Jfrom  coming loose from the socket during
transport.

REDUCED PRICES

Transmitting and Miscellaneous

Types

A reduction has been made in the Austra-
lian nett prices of many types of Radiotron

Valves, among which are the following popu-

lar types:—
New Nett

Type Description Price
6P6 10 Watt Pentode .. 12 6
800 35 Watt H.F. triode .84 0 0
801 20 Watt H.F. triode .. 115 0
802 10 Watt Pentode .. £1 15
804 40 Watt Pentode .. £6 10 0
807 21 Watt Tetrode . £2 0 0
808 50 Watt H.F. Triode .. £4 0 0
8308 60 Watt Triode .8 5 0
334 50 Watt UH.I. Triode .. £6 10 0
364 Low mierophonie Triode . 15 0
866 Mereury vapowr Reetifier £1 0 0
866A Mercury vapour Reetifier €1 15 0
868 Photo-tube . Lok 10 0
878 Halt wave Rectifier .. £4 10 0
879 Half wave Rectifier .o £1 5 0
885 Gas Triode - .81 0 0
905 5" Cathode Ray Tube ..£18 0 0
906 3" Cathode Ray Tube .. £6 10 0
913 1" Cathode Ray Tube .. £1 15 0
956 Acorn RI. Pentod

(Super-Control o £2 0 0
1603* Liow mierophonic Pentode £1 0 0
1608* 20 Watt Triode .. Lo €115 0
1609* Low microphonic Pentode 17 6

1610* Crystal oscillator Pentode £1
* New types described eclsewhere in this issue.
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