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It i8 now necessary to consider the conditions for no-signal current.
Under these conditions RL — 8700 ohms and with C, — 8u¢F the minimum
value of inductance for good regulation will be 9.3 H so that a selection of
10 H wonld give a slight margin. In certain cases it may be preferred to
use a bleeder to decrease the value of RL for no-signal conditions and so
permit a lower value of L, to be used. .
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Figure 9: Curve for determining the smoothing effect of a resistance
capacitance (RC) filter, for full wave rectification and a supply fre-
quency of 50 c/s.

The calculation of the voltage regulation is rather involved and will not
be considered here. Those interested are referred to Prince and Vodges
“Mercury-arc Rectifiers and their Circuits” (McGraw-Hill, 1927).

Finally it is necessary to design a suitable second section of the filter
as in Example 2.

Resistance Capacitance Filters

In many cases it is possible to use resistance-capacitance filters, par-
ticularly in the earlier stages of an amplifier. As an example, the dropping
resistor and bypass condenser to the screen of a resistance coupled pentode
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form an effective filter. An - approximate formula for calculating the
smoothing effect of such a filter is,

Er, |

ERl oCR

and is reasonably accurate for values of CR above 10,000 (xF. X ohms).
It should not be used for low values of CR. This formula is used as the
basis of the curve of Fig. 9.
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A resistance capacitance filter cir- A
cuit described by H. H. Scott, * and
claimed to give almost complete at- Ry Ry Ry Ry
tenuation at any one desired fre- o
quency, is shown in Fig 10, In this = - =
arrangement the resistance of RB 4 5
and the tapping point on R, are ad- © ©
justed for balance at the desired fre- Frigure 10: Resistance capaci-
quency. At slightly higher frequen- tance filter circuit giving com-
cies the attenuation decreases, but ,jete attenuation at any one
at still higher frequencies it rises desired frequency (after H. H.
again, although the attenuation at Scott).
the higher frequencies is always less
than that with the conventional form of filter. In some cases a sufficiently
close approach to balance may be made by returning Rs to one end of R,.

For bibliography see at end of Chapter 22.

* Electronics, Vol. 12, No. 8, pp. 42-48, August (1939).
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CHAPTER 24
Hum

Causes of hum—insufficient filtering-—neutralising hum—
hum-bucking coil—induction hum—electromagnetic coup-
ling—R.F. interference from mercury vapour rectifier—
valve or barretter in magnetic field—capacitive coupling—
heater to cathode leakage—emission from heater—emission
from cathode to heater—modulation hum—miscellaneous
cures for hum — vibrator interference.

Hum in a receiver or amplifier may be due to numerous causes such as
(1) lack of sufficient filtering,

(2) induction into a high impedance circuit from a neighbouring con-
ductor,

(3) electro-magnetic coupling from the power transformer or filter
choke to an A.F. iron-core transformer or choke, or in certain cases
even an air-core inductance,

(4) R.F. oscillation in a mercury vapour rectifier which is picked up
by the receiver,

(5) the presence of a magnetic field near a valve,
(6) capacitive coupling between the heater and other electrodes,
(7) leakage through heater-cathode insulation, ’

or (8) emission from the heater to other electrodes, or vice versa.

The cure for hum due to lack of sufficient filtering is obvious. The
hum in the filtered B supply of a typical radio receiver is about 0.1 Volt
R.M.S., (0.04% with 250V. D.C.) with C;, = 8 uF.,, LL = 2000 ohm speaker
field and C, — 8 uF. Increasing C. to 16 uF. reduces the ripple to 0.06 Volt
R.M.S. (0.024%), the supply frequency being 50 c¢/s in both cases. This
figure is the R.M.S. value of the ripple frequency (100 c/s) with all its
harmonics. Since the various harmonics bear a fixed relationship to the
fundamental it is immaterial with such a fllter whether the ripple voltage
is measured as total R.M.S. or fundamental ripple frequency R.M.S. The in-
ductance of a typical 8” or 10” speaker field having a resistance of 2,000 ohms
is 15 Henries,* but lower resistance windings tend to have lower inductance
and in such cases there may be difficulty in obtaining sufficient filtering.
In such cases a second section may be added to the filter, the additional
components being a choke and condenser. The inductance of the choke
may be quite small (see Chapter 23).

#The following are typical inductances for 2,000 ohms in all cases:—
Large 127 gpeaker, 20 Henries.
Medium 87—10” gpeaker, 15 Henrles.
Light 127 speaker, 13 Henries,
Light 57—63” speaker, 8—9 Henries.



200 \ ‘ Chapter 24.

For economy it is generally preferable to determine the stage or stages
in the circuit at which a reduction of hum is most beneficial, and to increase
the filtering on these stages only. If the supply voltage is fairly high,
and the current low, it is sometimes possible to gain sufficient filtering by
a resistance-capacitance filter. As a certain measure of hum neutralisation
usually occurs, it may be found that additional smoothing in one stage may
actually increase the hum, and it is frequently possible to balance out the
greater part of the hum voltage by careful adjustment. This neutralisation
should however be conducted with caution, since any variation such as the
aging of the valves is likely to bring back the hum.

A rather interesting method of neutralis-
ing hum is shown in Fig. 1 in which, by
means of a capacitance voltage divider, a
predetermined hum voltage is fed to the
screen of a pentode amplifier valve, being
consequently 180° out of phase with the
hum in the plate circuit. This arrange-
ment is only practicable when the screen
is fed from a high resistance dropping re-
sistor or voltage divider.

A hum-bucking coil is frequently used in
series with the speaker voice coil to intro-
duce a hum voltage in opposition to the normal hum but even with care-
ful adjustment this cannot entirely eliminate hum owing to phase differ-
ences and harmonics.

Induction hum is particularly objectionable since it consists of a large
proportion of higher order harmonics to which the ear is more sensitive
than to the fundamental frequency. It is readily detected by ear owing
to the higher pitched and rather rough tone. It is usually caused by
capacitive coupling, and the cure is isolation or shielding.

Electromagnetic Coupling may be reduced by the use of a non-magnetic
chassis or a separate power chassis, but the effect may sometimes be re-
duced by rotation of one component to obtain minimum coupling.

R.F. interference from a mercury vapour rectifier may be isolated by
enclosing the rectifier in a shield can and by inserting screened R.F. chokes
in each plate lead. Owing to this difficulty, M.V. rectifiers are not generally
used in radio receivers, although used very widely in amplifiers and trans-
mitters.

A high gain amplifying valve should not be placed in a magnetic field
such as near a power transformer, filter choke, or speaker field. A bar-
retter (which has an iron filament) should also be kept well away from
a magnetic field.

Capacitive coupling between a heater pin carrying A.C. and a nearby
grid pin is sufficient to cause hum in a high gain amplifier. This may be
reduced by earthing the side of the heater nearest the grid pin or by fitting
a potentiometer across the heater, the moving contact being earthed and
adjusted for minimum hum. This form of hum is almost eliminated by
the use of valves having grids brought out to top caps.

Hum due to heatercathode leakage may be reduced by generous by-
passing, or by connecting the cathode directly to the chassis, or by adjust-
ing the voltage between heater and cathode.*

Hum due to emission from the heater to the cathode may usually be
eliminated by operating the heater at a voltage which is positive with re-
spect to the cathode. Hum due to internal emission from cathode
to heater may be eliminated by operating the heater at a voltage which is
negative with respect to the cathode. In both cases it is inadvisable to use
a voltage which is higher than is necessary to reduce the hum.

~ Figure 1

*See “Heater-Cathode Leakage as a Source of Hum,” Electronics, Vol. 13, No. 2,
p. 48, February, (1940).
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With amplifiers having high gain it i3 sometimes advisable to operate
the heater of the first stage from a D.C. source.

Modulation hum is hum which is only apparent when the receiver is
tuned to a carrier. It may be due to any of a wide variety of causes such as

(1) Lack of sufficient filtering,
(2) Coupling from the mains, generally through the power transformer,
(3) Inefficient earthing of the receiver,

(4) Inefficient earthing of the conduit carrying power mains in the
vicinity,

(5) Heater-cathode leakage in converter or R.F. amplifier valve.

It is advisable always to employ an electrostatic screen in the power trans-
former between primary and secondary windings. In cases where this

is ineffective, a line filter may be included in the power lead. The filter

should be in a metal box which should be earthed separately from the re-

ceiver, and the leads between the filter and the receiver may also be

shielded and earthed.

In modern superheterodyne receivers modulation hum may be due to
insufficient filtering of the oscillator plate supply, particularly when the
plate is fed through a resistance-capacitance filter directly from the fila-
ment of the rectifier valve.

Miscellaneous Cures for Hum

Py

Bypass cathodes to earth.

Connect a potentiometer across the heater of the valve most critical
to hum and earth the moving contact.

3. Bypass both ends of such a heater to earth.

Use separate chassis, one for power amplifier and power pack and the
other for tuner and low level audio amplifiers.

6. Use non-magnetic metal for chassis.

6. Apply negative feedback (degeneration) to a stage introducing hum.
7. Add electrostatic screening to prevent capacitive pick-up. Separate
screened compartments are preferable to shielded wire since the-latter
has considerable capacitance and may seriously affect the sensitivity
or frequency response.

8. Add electromagnetic screening (i.e.,, heavy iron or steel case or several
such cases inside one another) to prevent inductive pickup to audio
transformers, etc. An improvement may also be effected by decreasing
the leakage inductance of the power transformer, filter chokes, audio
transformers, etc.

9. Arrange wiring to give minimum hum pickup. Use short leads and
rigid wiring. )

10. Twist together return leads carrying A.C. or radio frequencies.

11. If the chassis is used for earthing, cathodes and heaters should be
wired separately to the chassis, and screen grid bypass condensers
should be wired directly from the screen grid to the cathode on the
socket. Do not use an earth busbar.

12. Check for dry soldered joints.

13. Bypass screen grids, etc., at the valve socket, not at a common voltage
divider tapping.

14. Check that valve shield cans make good contact with the chassis.

15. Neutralise the hum by adding an out-of-phase hum voltage.

M

»
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Vibrator Interference

The reduction of hum and “hash” from a vibrator unit is & difficult
one, and a full treatment is not possible in this handbook. The following
papers may be consulted for assistance in this matter:— .

V. C. McNabb, “Power Transformer Design for Vibrators," Electronics,
Vol. 7, No. 5, p. 149, May (1934).

A. 8. Nace, “Vibrators—Theory and Practice,” Service, Vol. 4, Nos. 7, 8, 9,
pp. 302-303, 335-336, 393-394, July, August, September (1935).

W. Garstang, “Vibrators—History, Design and Applications,” Radio Engi-
neering, Vol, 15, No. 11, p. 18, November (1935).

Editorial, “Vibrators,” Electronics, p. 25, February (1936).

G. A. Gerber, “The Practical Application of Vibrator ‘B’ Power,” R.M.A.
Engineer, Vol. 2, No. 1, p. 16, November (1937).

J. W. Alexander, “A Vibrator for the Connection of Alternating Current
Receivers to the Direct Current Mains,” Philips Technical Review,
Vol. 2, No. 11, p. 346, November (1937).

J. C. Smith, “Automobile Receiver Design,” R.C.A. Review, Vol. 1, No. 4,
p- 94, April (1937).

Graham G. Hall, “Vibrator Power Units,” Proceedings World Radio Con-
vention, Sydney, April (1938).

W. H. Cazaly, “Vibrators, A Simplified Explanation of How They Work,”
Wireless World, Vol. 44, No. 26, p. 594, June 29 (1939).

Graham G. Hall, “Design Problems in Automobile Radio Receivers,” Proc.
LR.E. (Aust.), Vol. 2, No. 4, pp. 69-79, April (1939). Also reprinted
A W .A. Technical Review, Vol. 4, No. 3, pp. 105-126, November 17 (1939).
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PART 4 RECEIVER COMPONENTS

Chapters 25 to 28, inclusive

CHAPTER 25
Voltage Dividers and Dropping Resistors

Voltage dividers and dropping resistors—for R.F. stage—
common dropping resistor for R.F. and converter—A.C. re-
ceivers—6A8-G and 6K8-G—battery receivers using 1C7-G
—anode grid dropping resistor—screen supply for LF.
stage—when no R.F. stage is used—Magic Eye Tuning
Indicator—resistance coupled audio amplifier pentodes.

In the R.F and LF. stages of a receiver it is possible to use either
a voltage divider or dropping resistors as means for providing the correct
voltages on the screen grids of valves. There are advantages in both
methods for certain applications, and no general rule can be made to cover
all circumstances. In the case of R.F. amplifiers it is preferable that the
screen voltage should be obtained from a source of fixed voltage. This
will give the most effective A.V.C. action and thereby assist in preventing
overloading and distortion in the LF. amplifier. In the case of a battery
receiver the voltage may be obtained from a tapping on the B battery,
or if no suitable tapping point is available to give the exact voltage required,
the lowest tapping point above the required voltage may be used and a
small dropping resistor fitted to decrease the voltage to the desired value.
In a battery receiver it is possible to use a common dropping resistor for
the R.F. and converter valves and this will have the effect of providing
fairly constant voltage under all conditions, since the screen current of
the pentagrid converter is generally higher than the screen current of
the R.F. valve and increases slightly as the control grid voltage is made
more negative.

In an A.C. receiver the arrangement to be adopted depends upon the
type of converter valve. With type 6A8-G it is preferable to use a voltage
divider to supply a fixed voltage to the screen, and the same tapping may
also be used for the R.F. stage. When the supply voltage exceeds 200
volts, an anode-grid dropping resistor should be employed. A value of
20,000 ohms is suitable for a 250 volt supply.

With the 6A8-G, to avoid “flutter” on short wave operation it is ad-
visable to series feed the screen grid and anode grid by a resistance
capacitance circuit directly from the unfiltered side of the supply. At
the same time, the A.V.C. should not be applied to this stage.

When type 6K8-G is employed the recommended arrangement is to use
a common dropping resistor for the screen and oscillator plate. For a
supply of 250 volts the value of the dropping resistor should be 15,000
ohms. Since the screer voltage of this type is fairly critical it is advan-
tageous to adjust the resistance when lower supply voltages are used,
so that the screen voltage is 100 volts on an average valve. Although a
voltage divider may be used for the screen and oscillator plate of the.
6K8-G, its use is not recommended since the frequency drift with change
of grid voltage is much more pronounced.
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In the case of a battery receiver, using Radiotron 1C7-G (1C6) under
the recommended conditions, it is essential to use a screen dropping
resistor. In such a case the dropping resistor may be adjusted to suit
the R.F. stage in addition. A resistance of 80,000 ohms is recommended
for the 1C7-G (1C6) alone while a resistance of 50,000 ohms is recommended
when both the R.F. and converter valves are operated frcm the same
dropping resistor,

Radiotron 1C7-G (1C6) should be operated with an anode grid drop-
ping resistor of 50,000 ohms for the broadcast band and 20,000 ohms for
the short-wave bands.

The screen of an I|.F, amplifier should preferably have its supply from
an individual dropping resistor. The reason for this is that if A.V.C. is
used on this stage the screen voltage will increase as the grid is made
more negative, with the result that the valve gives less distortion on strong
signals than would otherwise be the case. This applies particularly to
valves having a short grid base such as the 1D5-G (1A4) or 1M5-G (1C4)
in the battery series. It is also desirable with Radiotron 6G8-G (6B7S)
when used as an LF. amplifier. It is not necessary although it may be
desirable in the case of Radiotron 6U7-G (6D6). In a receiver having an
R.F. stage and with A V.C. applied to three stages in all, a dropping
resistor for the screen of the LF. stage causes no appreciable loss in the
efficacy of the A.V.C. system. If no R.F. stage is used a compromise
is necessary and it will generally be desirable to supply the screen of the
I.F. amplifier with a constant voltage, such as would be obtained from a
voltage divider, in order that the A.V.C. may be fully effective.

In a Magic Eye Tuning Indicator the plate supply may be obtained
from any point having a potential of approximately 250 volts, the exact
voltage not being critical. On the other hand, the voltage applied to the
target is critical and should not under any circumstances exceed 250
volts. It is strongly desirable to obtain this voltage by means of the
correct value of dropping resistor rather than from a voltage divider in
order that more consistent operation may be obtained. The dropping
resistor gives a considerable self-regulating effect which is most valuable
in this application, where the supply voltage is above 200 volts. In order
that longer life may be obtained from the Magic Eye it is preferable to
maintain the target voltage below 250 volts, from 180 to 220 volts being
recommended. This may be accomplished by the use of a 20,000 ohm
dropping resistor from a supply of 250 volts. This resistor need not be
by-passed. ;

In normal resistance coupled audio amplifier pentodes the screen
supply should always be obtained from a drepping resistor. This will
give very much improved self-regulating effect and is necessary if the
full performance of the stage is required under all conditions without
individual adjustment. The correct values of dropping resistors are given
in the table in the loose leaf Radiotron Valve Data Book, and these values
should rigorously be adhered to. In the case of the 6G8-G (6B7S) a
dropping resistor is-not generally satisfactory, and it is preferable to
use a special divider consisting of a 1.0 megohm and a 0.25 megohm
resistor in series as shown in the table.
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CHAPTER 26
Transformers and Iron Core Inductances

Ideal transformers — impedance calculations — multiple
secondaries—practical transformers—the effect of losses—
audio frequency transformers—Class B. transformers—
output transformers—the design of power transformers—
calculation of core loss—measurement of inductance—cal-
culation of inductance—design of iron core filter chokes
carrying D.C.

" ldeal Transformers

An Ideal Transformer is one having no primary or secondary resist-
ance, and no leakage inductance or core loss. It has therefore a voltage
ratio equal to the turns ratio, i.e. (see Fig. 1)

¢ ? E:/E; = N./N,
€y T\:,hs :;NS E; The type of transformer illustrated in Fig. 1 is
& 4 known as a Double Wound Transformer because
OOUBLE -wounD TRansrormer  Separate windings are used for the primary and
Figure 1 secondary. An Auto-Transformer as shown in Fig.
2 is “single-wound” with a tapping in a suitable
position to give the required turns ratio. For most purposes an Auto-
Transformer may be regarded as similar to a double wound transformer
having equivalent primary and secondary turns, except that the windings
are electrically connected. An Auto-Transformer is generally more econ-
omical to construct for the same efficiency than a double-wound trans-
former, particularly when the ratio of turns is
about 2 : 1 or 1 : 2, but offers very slight ad-
vantages for high turns ratios. One reason for
the increased economy is that fewer total turns
are required. Another reason is that the cur-
rent in primary and secondary sections is exactly
out of phase, and the resultant current flowing
through the common portion of the winding is the
i difference between the primary and secondary
Figure 2 currents. If the ratio is 2 : 1 (or 1 : 2) the
currents in both sections will be equal. If the ratio is greater than 2 : 1
the current flowing through the common portion (N;) will be the greater,
while if the ratio is less than 2 : 1 the current through the common
portion (N,) will be the less. The Auto-Transformer will be no longer
considered separately in this treatment, but included in the more general
case of the double wound transformer.

AUTO TRANSFORMER

Transformer Impedance Calculations

When the secondary of an ideal transformer (T in Fig. 3) is loaded
with a resistance (R) there is reflected on to the primary of the trans-
former a resistance

(N,/Ny;)* X R.
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Since the voltage ratio between primary and secondary is equal to the
turns ratio, the resistance reflected on to the primary is also

(E/E)* X R.

Consider a more complicated case with a centre-tapping on the prim-
ary as in Figure 4. In this case if the turas ratio N;:N, is 3.16:1, the
square of the turns ratio is 10:1. Now if the secondary load is 500 ohms

T
T P E N
° 1 i 3 2 ]
£ \Ez R B+ Ny E; £5000
i/ } £ M
Ny TORNS Ng TURNS e, 2
Figure 3 Figure 4

the load reflected back to the primary is 5000 ohms (P; to P,). The load
reflected to one half of the primary is however

(3.16/2)% X 500 = 1250 ohms
or one-quarter of that between P, and P..

This transformer would be suitable for use as an output transformer
from a push-pull amplifier to a 500 ohm line, but if one side of the prim-
ary were not used, the remaining side would present a load of 1250
ohms to a single ended amplifier.

A transformer merely ‘‘reflects’’ on to its primary circuit a load imposed on
the secondary, and does not (apart from its own losses) impose a load on the
primary circuit unless a load is applied to the secondary. It is the turns ratio
between primary and secondary, not the number of turns in the primary, which
governs the reflected impedance. For example, a transformer with 3000 turns on
the primary and 1000 turns on the secondary has a turns ratio of 3:1. If the number
of turns on the primary could be increased to 6000 and the turns ratio maintained
at 3:1, the secondary would then have 2000 turns and the reflected impedance of
the secondary load would be as before, provided that the load applied to the
secondary remained constant.

Muiti-tapped windings may be calcu-
lated in a similar manner (Fig. 5). In
this example all the secondary windings
in series are used for a 500 ohm load,
and the number of turns (N, -} N, 4+ N,)
may be found in the usual manuner from
the number of turns in the primary
multiplied by the square root of the im-
pedance ratio. In order to find the cor-
rect number of turns for matching an output of 10 ohms it is only necessary
to write

Figure 5

(Ng + Ny + Ny\2 500
_—) = — =50
N2+N3 ) ]O
N, + N; + N _
ot 2.1/5():7.07

N, + N,

so that the number of turns included in the 10 ohm section is approxi-
mately one-seventh of that for 500 ohms.



Chapter 26. ‘ : 207

Similarly' the. number of turns in the 2 ohm section (N,) is found

from
N, + N; + N,

= /500/2 = 15.81
N,

from which it is evident that the number of turns in the 2 ohm winding
is 1/15.81 of the number of turns in the 500 ohm winding.

In the case ot a multi-tapped transformer of this nature it is some-
times convenient to make use of additional ratios by connection to inter-

mediate tappings. For example the impedance between terminals A and
B is

N, 2
w) X 500
N, + N; + N,

so that if the number of turns in each section is known, any combina-
tion of tappings may be calculated. If the number of turns is not known
it is possible to calculate from the impedances, since the square

r ENZ TURNS  Ep %nz ?
Ny

£;  Nj TURNS X TURNS
l §N3TURNS 3 %na é
Figure 6 : Figure 7

root of the total impedance is equal to the sum of the square roots of the
impedance of each section in series. That is

V300 = V10 + /Zas
VZAB — /500 — V10 = 22.36 — 3.16 = 19.2
ZAB == 19.22 = 369 ohms

Transformers with Multiple Secondaries

Special problems arise when more. than one secondary winding is
employed (Fig. 6). In this case

Ee/E; = Na/N; and Ea/E; = Ni/N, :
and therefore by simple algebra '
E3/E> = N3/N,.

It is sometimes convenient to redraw the diagram as in Fig. 7 which is
equivalent in every way to Fig. 6. If, as a special case

Nz/Ns = Ru/Rs

then the voltages of the {wo points A and B .will be identical and the

connection between A and B may be omitted without any effect. The
currents in both sections of the transformer and in R, and R; will then
be the same.
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If the preceding relationship does not hold, the following may be
deduced:—

Let W, — watts dissipated in R,
W, = watts dissipated in R,
and W, = W, 4 W, — watts input to primary, then:—
W2 = E;2/Rs and W3 = E3%/R;
.. Wy = W, 4 W3 = (E;?/R2) + (Es*/Rs)
and W3/W2 = (Rz/R3) X (Es?/Eg®) = (Rz/Rs) X (Na?/N.?) ... (1)

If the two secondary load resistances (R.,, R;) and the transformer turns
ratio are known, then the load reflected on to the primary will be given
by
Ry Rs
R =

(Na/N2)? . Re + (No/Ns)? . Ry

An interesting case is when a known power output (W,) from a power
amplifier is required to operate into a known impedance (R,) with two sec-
ondaries each feeding a loudspeaker. If the two loudspeakers have impedances
R, and R; and are required to operate with power inputs of W, and W,
(where W, + W; — W,), the required transformer ratios are given by

N22 R2 Wz Rz WZ
. (3)
N,2 Ry W.4 W3 R, W,
N;2  Rs Wy Ry W;
and — = — | ——— = — . — ... (4)
N2 R W.+W. R W
For example if W, — 3 watts, s — 4 watts, W, must therefore be 7
watts. If R, —= 7,000 ohms, R, = 500 ohms and R, — 600 ohms then
N,? 500 3 1 N> 1
N2 7000 7 32.7 N, 5.72
N,? 600 4 1 N> 1
and _— - = — —_——=
N;* -7000 7 20.4 N, 451

If N, = 3000 turns then N, will be 3000/5.72 or 525 turns and N, will be
3000/4.51 or 665 turns.

This may be put into a general form which may be used with any
number of secondary windings:—

No/Ny — VRJR Wl Ws (5)

where N, — number of turns on any secondary,
N, — number of turns on primary,
R, = load across secondary having N, turns,
R, = load reflected across primary,
W, = watts dissipated in R,,
and W, — total watts input to primary.

When separate transformers are used for each load the turns ratio from
secondary to primary of any transformer will be given by (5)
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If a transformer is supplying power to two or more loads, such as
loudspeakers, and one of these is switched out of ecircuit, the impedance
reflected on to the primary will change due to the reduction of loading on
the secondary. In order to avoid the resultant mismatching it is advis-
able to switch in a resistive load, having a resistance equal to the nominal
(400 c/s.) impedance of the loudspeaker, so as to take the place of the
loudspeaker which has been cut out of circuit. In this case the resistance
should be capable of dissipating the full maximum power input to the
loudspeaker. Such an arrangement will also have the resuit that the
volume from the remaining speakers will be unchanged.

Alternatively if it is desired to switch

° E Narfmws off one loudspeaker and to apply the
Ny S— E"z whole power output to a single speaker,

TURNS N3 it will be necessary to change the num-
ETU“NS ] ber of secondary turns so as to give

T correct matching. This change may
Figure 8 generally be arranged quite satisfactor-

ily by the use of a tapped secondary
winding. In this case the loudspeaker would be used on the intermediate
tap when both speakers are in use, and on the whole winding for single
speaker operation. :

It_does not matter whether two or more separate secondary windings
or a‘smgle tapped winding is employed (Fig. 8). The arrangement shown
in Fig. 8 is effectively identical to that of Fig. 6.

Practical Transformers
The Effect of Losses

The preceding treatment has been on the assumption that no losses
occur in the transformer. In practical transformers there are losses and
. other effects due to
IDEAL : -
Ry L TRANSFORMER R, (1) Primary Resistance
(2) Secondary
Resistance
(3) Core Loss
(4) Primary Leakage
Inductance
EQUIVALENT CIRCUIT (5) Secondary Leakage
Inductance
(6) Capacitances.

Figure 9

The Equivalent Circuit of a typical iron-core transformer is shown
in Fig. 9 in which

R, = equivalent primary resistance
L, = equivalent primary leakage inductance
R, — equivalent secondary resistance
L, — equivalent secondary leakage inductance
R,, L, = equivalent core loss network
C,;, C; — primary and secondary equivalent lumped capacitances.

In this Equivalent Circuit the transformer as shown is assumed to have
ideal characteristics and all the essential causes of departure from the
ideal characteristics are shown externally. From this equivalent circuit
diagram it is possible, although the process is somewhat laborious, to
calculate the performance of the transformer under all practical conditions
with a hig_h degree of accuracy. However, it is possible to make certain
simplifications, which are sufficiently accurate for most purposes, as
shown in the Simplified Equivalent Circuit of Fig. 10. It will be seen
that the leakage inductances, capacitances, and inductive component in
the core loss network have been neglected.
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Since the transformer shown in Fig. 10 is assumed to have ideal
characteristics it is possible to refer everything to the primary side (or
to the secondary if more convenient). Fig. 11 shows that R, and R, re-
main unaltered, R, and RL become greater by a factor (Ny/N,)* and the
output voltage E, becomes greater by a factor (N,/N,). If a transformer
is available for measurement it is possible to determine R,, R, and R, with-
out much difficulty. If however a transformer is in the process of design,
there are so many unknown quantities that progress is difficull unless

Ny 12
IDEA
Ry TRaNSFORMER R Ry [”2} Ra
e § A IRt WU
? } 3 3 2
N N, z Ny Z [Ny
g Ro% uans RS Ef :SERL € Roi {Nz]Ez §[Nz] Ry
{ ?—---J (E sr----—.‘
SIMPLIFIED EQUIVALENT CIRCUIT
SIMPLIFIED EQUIVALENTY CIRCUIT. REFERRED TO PRIMARY
Figure 10 Figure 11

certain assumptions are made. If the transformer is intended to supply
power it is generally most economical to make the primary loss equal -to
the secondary loss. For most transformers it is also fairly reasonable
to assume that the core loss is equal to the sum of the primary and
secondary resistance losses. Then if the input power is W, and the effi-
ciency is given by the Greek letter » (eta)

Power output = 5 W,
Power loss
Primary (copper) loss = § (1—1%) W,
Secondary (copper) loss = } (1—9) W,
Core loss = 1 (1—7%) W,

(Note that » — 1 for an ideal transformer)

By means of these assumptions it is possible to obtain results which are
very useful in transformer calculations.

Voltage Ratio

Let the turns ratio secondary to primary be T.

Then the voltage ratio from secondary to primary will be given by

E; 3 + 7
_— . T

E, 1 4 39
By substituting numerical values for » the following values are obtained : —
7= 05 0.6 07 - 08 0.9 1.0

E,/E, = 01T 0.772T 0.835T 0.894T 0.949T 10T

As an approximation, with a maximum error of only 1% for values of y
between 0.5 and 1.0, we can use the expression

Es/Ey = V7. T.
Impedance Ratio

If the secondary of a transformer is loaded by a resistance R, the
load presented by the primary to the source of power is a function of the
losses in the transformer. If the preceding assumption is made regarding
the allocation of losses between core (%), primary (%), and secondary (%),
it may be shown that the load resistance presented by the primary is
almost exactly equal to Ru/T? for values of n between 0.5 and 1.0, the
error due to this assumption being only 29 at » = 0.5.
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it less than one half of the total losses occur in the core, the load
resistance presented by the primary will be greater than RrL/T2 Similarly
if more than one half of the losses occur in the core, the load resistance
presented by the primary will be less than RL/TZ hd

In any specific case in which the transformer constants are known it
is possible to calculate the load presented by the primary from the equa-

tion
R, (R’s + R'L)
r = R] +
R,+ R+ R'L
where r — load resistance presented by the primary.
R, = primary resistance,
R, — equivalent core-loss shunt resistance,
R’, — R,/T? — secondary resistance referred to the primary,
R'L = RL/T? — load resistance referred to the primary,
R, — secondary resistance,
RL — load resistance,
and T — turns ratio secondary to primary,

Damping on Loudspeaker

The damping imposed by the plate resistance of the power valve on
the voice coil of the loudspeaker is also affected by losses in the trans-
former. However, on the previously assumed allocation of losses, the damp-
ing factor* will be approximately the same as for a perfect transformer.

AUDIO FREQUENCY TRANSFORMERS
No Grid Current

With audio frequency transformers it is necessary to consider not only
the turns ratio and losses, but also the primary inductance and the effect
of leakage inductance and distributed capacitances in both primary and
secondary.

Primary (or Choke) Inductance

The inductance of the primary governs the relative amplification at
low audio frequencies. The amplification at low frequencies with relation
to that at middle frequencies is given by the expression

1

V14 (rp/ol)?

Relative Amplification =

where r, — effective valve plate resistance
w = 27 X frequency
and L — primary inductance,.

From this formula the following tables have been derived:--

Rejative
Loss of Amplification wb/r,
1 db 0.89 1.94
2 db 0.79 1.3
3 db 0.71 1.00
6 db 0.50 0.58

It will be seen that for 3 db loss, L. = r;, i.€, the reactance of the primary
is equal to the plate resistance of the valve.

*See Chapters 2 and 3.
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PLATE

RESISTANCE BASS RESPONSE DOWN 2 db AT

OF VALVE 150 ¢/s. 100 ¢/s. 50 ¢/s. 30 c¢/s.
7,500 ohms 10.5H. 15.75H. 31.5H. 53.5H.
10,000 ,, 14 H. 21.0 H. 42.0H. 70.0H.
15,000 21 H 315 H. 63 H. 105 H.
20,000 ,, 28 H. 42 H 84 H. 140 H.
30,000 ,, 42 H. 63 H. 126 H. 210 H.
50,000 ,, 70 H 105 H 210 H. 350 H.

100,000 ,, 140 H. 210 H. 420 H. 700 H.

For the bass response to be down 1 db under similar conditions,
the inductances should be increased by a factor of 1.5 (approx.).

Leakage Inductance and Capacitances

Leakage inductance occurs in both primary and secondary windings,
and results in loss of high audio frequency response. In order to reduce
this to a minimum it is usual to wind good audio frequency transformers
in three or more sections with primary and secondary alternating. The
equivalent leakage inductance may be determined (for the worst condi-
tions) by short-circuiting the secondary and measuring the inductance of
the primary.

If it were not for capacitances in the windings, together with external
stray and valve capacitances, leakage reactance would be far less impor-
tant. Due to these capacitances there is always a peak in the response
curve at a frequency, generally from 5,000 c¢/s. to 12,000 ¢/s. in good trans-
formers, at which the equivalent leakage reactance resonates with the total
equivalent capacitances. In order to raise this frequency of resonance
to a high value, both leakage inductance and capacitances must be kept
to a minimum. In order to reduce the amplitude of the peak the secondary
is wound with the finest practicable gauge of wire, or alternatively with
wire having a higher resistance than copper. If the peak is still too pro-
minent, a shunt load resistance may be connected across the secondary.
A higher value of valve plate resistance will reduce the peak although also
affecting the bass response.

In order to reduce winding capacitances each section of the winding
may be divided into sub-sections spaced apart by short distances.

Turns Ratio (Inter-valve transformers)

With a given winding arrangement there is a limit to the number of
secondary turns which can be employed for a fixed high audio frequency
response. If a large number of turns are used on the primary the turns
ratio will be limited. Consequently a high turns ratio can only be
obtained by reducing the number of turns, and therefore the inductance,
of the primary. If high incremental permeability steel is used for the
core, some reduction of primary turns may be made without reducing the
inductance below a satisfactory figure.

In most cases a ratio of 1 : 3% is the greatest which can be attained

_ with normal inductance and methods of winding. Increased inductance

and improved high audio frequency response may be obtained with the

same core by increasing the primary turns and decreasing the secondary

turns to provide a ratio of 1 : 2 or 1 : 2. 'When a centre tapped second-
ary is used the turns ratio is calculated for the whole secondary.

A typical audio frequency transformer may be constructed with 5,000
turns on the primary and 15,000 on the secondary, both windings being 40
B.&S. enamelled wire. The turns ratio will be 1 : 3. This transformer
will give fair fidelity with a valve having a plate resistance of 10,000 ohms
and drawing a plate current less than 5 mA.
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The inductance will, of course, depend upon the type of iron lamina-
tions used, and a high incremental permeability grade of silicon steel is
desirable.

A transformer with push-pull primary and push-pull secondary may
be constructed with 7,000 turns on the primary and 14,000 on the secondary,
both being centre tapped. Both windings may be 40 B.&S. enamelled
wire, and the turns ratio will be 1 : 2 (whole primary to whole secondary),

With both these transformers the response above about 5,000 c/s. will
be attenuated unless the secondary is wound in at least two sections,

In transformers of this nature the primary is generally wound next to
the core, with the secondary outside it. Under these conditions the cor-
rect arrangement of connections is

Inner Primary to Plate
Outer Primary to B+
Inner Secondary to C—
Outer Secondary to Grid.

With push-pull windings both halves should be symmetrical, and one way
by which this may be accomplished is to wind two identical bobbins, each
containing one-half of the primary turns on top of which is wound one-half
of the secondary turns. These windings are then placed end to end but
with one rotated 180° so that corresponding sides are together. Both
sections of primary and secondary are then connected in series by respec-
tively connecting together the inside ends of the secondary and the outside
ends of the primary. The connections will then be

Two Inner Primaries to Plates
Common Outer Primary to B+
Common Inner Secondary to C-—
Two Outer Secondaries to Grids.

Class B Transformers

The transformers driving the grids of a Class B or AB2 stage are
required to deliver power, and must therefore be regarded as power trans-
formers with careful attention to efficiency. In general, the primary in-
ductance should be the same as for a Class Al transformer. Leakage
inductance should be kept to the lowest possible value since its presence
tends to cause parasitic oscillation in the grid circuit. Capacitances in
general are of less importance since a step-down ratio is usually employed.
Design on a basis of 709 peak current efficiency with 7.5% loss in the
primary, 7.569% in the secondary and 159 in the core is typical of fairly
good practice.

Output Transformers
(a) Triode Power Valves (Class Al)

With triode power valves the effective resistance shunted across the
primary of the output transformer is the resultant of the plate resistance
and the load resistance in parallel. If the load resistance is a fixed re-
sistive load and is assumed to be twice the plate resistance, the resultant
will be 0.67 times the plate resistance, and this may be regarded as suf-
ficiently close for most design purposes. However, with a speaker load
the secondary load impedance at the bass resonant frequency will be con-
siderably higher than at 400 c¢/s. For most popular types of loudspeakers
it may be assumed to be six times that at 400 c¢/s. On this basis the load
resistance will be approximately twelve times the plate resistance at the
bass resonant frequency, giving a resultant shunt impedance of 0.92 times
the plate resistance. This is so close to unity that there does not seem
to be any appreciable advantage in using it as a basis for inductance.
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Consequently, the following table has been calculated on the basis of plate
resistance shunting only.
Primary Inductance in Henries for

Plate Resistance response 2 db down at resonant
(Triode Valve) frequency of:
Ohms 150 ¢/s 100¢/s 75¢/s 50¢c/s
800 1.12 1.68 2.24 3.36
1,000 14 2.1 2.8 4.2
1,200 1.68 2,52 3.36 5.04
1,500 21 3.15 4.2 6.3
2,000 2.8 4.2 5.6 8.4
3,000 4.2 6.3 8.4 12.6
4,000 5.6 84 11.2 16.8
5,000 7.0 10.5 14.0 21.0
10,000 14.0 21.0 28.0 42.0

These values of inductances should be multiplied by a
factor of approximately 1.5 for a reduction in response
of only 1 db.

The ratio of an output transformer should be designed to reflect into
the primary an impedance of the rated value for the power valve in use.
This will be affected by the losses in the transformer (see earlier part of
of this chaper) but is given approximately by

N;
Ratio — — /\/Rated load resistance of power valve

N.

The impedance of a transformer with loudspeaker load may be measured
by means of a suitable bridge circuit.*

(b) Pentode and Beam Tetrode Valves

With pentode and similar power valves the plate resistance is so much
higher than the load resistance that the load resistance becomes the sole
controlling factor. Due to the rise of loudspeaker impedance at the bass
resonant frequency, the voltage applied to the voice coil through an ideal
transformer would rise to a very high value, and the reproduction would
have excessive bass response over a small frequency range. In order to
give more uniform response the inductance is generally decreased so that
the resultant load on the valve at the bass resonant frequency is of the
order of the nominal load resistance. The following table has been cal-
culated on the basis of L, — RL and gives the transformer primary induct-
ance for output voltage at the bass resonant frequency equal to that at
middle frequencies.

Voice coil impedance at 400 c/s.

Inductance* in Henries to give equal

Nominal Voltages across voice coil at middle
Load frequencies and at a bass resonant
Resistance¥ frequency of:

Ohms 150 ¢/s 100¢c/s 75¢/s 50c/s
2,500 . 2.7 4.0 5.4 8.0
4,000 4.3 6.4 8.6 12.8
5,000 5.3 8.0 10.6 16.0
6,000 6.4 9.6 12.8 19.2
7,000 75 11.2 15.0 22.4
8,000 8.5 12.8 17.0 25.6
10,000 10.7 16.0 21.4 32.0
15,000 16.0 24.0 32.0 48.0

*Plate-to-plate for push-pull operation.

*J. B. Rudd “Impedance Measurements on Loudspeaker Transformers,” A.R.T.S.
and P. Bulletin No. 69.
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Although these values of inductance will place on the valve at the bass
resonant frequency a load impedance approximately equal to the nominal
load resistance, the load will be largely reactive and the loadline will be a
very open ellipse. This will limit the power output for permissible dis-
tortion to a value very much less than the rated output of the valve. How-
ever, this effect is unavoidable if the low value of inductance is used to
act as an appreciable shunt across the load.

In many cases a compromise is made and an inductance up to twice
the values given in the table is adopted so as to give some bass boost with-
out spoiling the tonal balance. -

References to Articles on Audio Transformer Design.
Glenn Koehler: “The Design of Transformers for Audio Frequency
Amplifiers with Pre-assigned Characteristics,” Proc. LR.E, Vol. 16, p. 1742,
December (1928).

Paul W. Klipsch: “Design of Audio Frequency Amplifier Circuits
Using Transformers,” Proc. LR.E., Vol. 24, p. 219, February (1936). (This
article deals with resistance loading of the secondary).

J. G. Story: “Design of Audio Input and Intervalve Transformers,”
Wireless Engineer, Vol. 15, No. 173, February (1938).

For general reading see also the following books:—

F. E. Terman, “Radio Engineering.”
R. 8. Glasgow, “Principles of Radio Engineering.”

Distortion in Transformer Cores.

An excellent series of articles on this subject was given by N. Part-
ridge in the “Wireless World,” commencing in the issue June 22 (1939),
p. 572.

The Design of Power Transformers

The design of power transformers has been very adequately dealt with
elsewhere.* It is not possible in this hand-book to treat the subject ade-
quately but a few comments are made regarding the design of small power
transformers for supplying power to rectifiers for radio receivers and ampli-
fiers.

For transformers of this kind an overall efficiency of about 859% is
usual. This loss may be approximately one-half core loss and the other
half resistance losses in the primary and secondary. Since the regulation
in any case is rather poor, it is usual to neglect the effects of leakage re-
actance as of small importance.

The optimum effective core area in square inches is given approxi-

mately by
A = \/W/5.58

where W — volt-amperes output.

The number of turns (N) on the primary is determined from the
formula:
0.225 X 108 E
N e—eo—
f B max. A
Where E — primary voltage,
£ — frequency in c¢/s,
B — maximum A.C. flux density,
and A = cross sectional area of core in square inches.
*G. Kapp, “Transformers’” (Whittaker).

A, Still, “Principles of Transformer Design’’ (John Wiley and Son).
A. 8till, “Elements of Electrical Design” (McGraw-Hill).
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If B.... — 80,000 maxwells per square inch (a usual value for radio receiver
power transformers) this reduces to

280 E
fA
It E = 250 volts and f — 50 c¢/s, this becomes

N = 1400/A

If, in addition, the effective core area is 1} square inches, the primary
turns will be 1120, or 4.5 turns per volt. For an effective core area of 1
square inch the primary turns will be 1400, or 5.6 turns per volt.

Reference should be made to Chapter 22 for the effects of transformer .
heating due to the form factor of the current. It is satisfactory to base
the design on a current in the secondary winding supplying a rectifier
equal to 0.78 X direct-current for condenser input filter, or 0.707 X direct-
current for choke input filter.

In the case of half-wave rectifiers these factors should be doubled.

Allowance should be made for the fact that the primary volt-amperes
will be 1.11 times the D.C. power output for a choke input filter, the D.C.
output being considered as the total output including voltage drop in the
rectiffier (see Chapter 22). For most transformers of this nature, it is
satisfactory to choose the gauge of wire for the windings on the basis of
1200 to 1500 circular mils per ampere.

The Calculation of Core Loss

The manufacturers of transformer laminations usually supply values
of core loss for various A.C. flux densities. The maximumit A.C. flux density
in a transformer is given by

V2 X 108E

Bumax-A.C. = ———————— Maxwells per sq. inch,
27f N A

E — R.M.S. voltage across primary,

f — frequency,

N = number of turns,

A — cross-sectional area of core in square inches,

If B.ax. A.C. is known, the core loss may be ascertained from published
data. As an example, the core loss for Baldwin’s No. 4 or equivalent 0.014”
laminations at 50 ¢/s. is given below, for no D.C. flux:

N=

where

A.C. flux density Core loss
(Binax-AC.) Watts/lb. Watts/cu. inch.
Maxwells/sq. inch
40,000 0.272 0.068
80,000 1.02 0.252

From knowledge of the input power, permissible percentage of core loss,
-maximum A.C. fiux density and core loss per cubic inch, it is possible to
select a suitable core.

The Measurement of Inductance.

For the accurate measurement of inductance, one of the Bridge methods
is essential; the Owen and Hay bridges{ are very satisfactory for this pur-
pose, the latter being widely used for the measurement of incremental in-
ductance (i.e., with D.C. flowing).

tMaximum in this application has a similar meaning to *peak’” in A.C. theory.
See F. E. Terman, '‘Measurements in Radio Engineering,” pp. 44-58.
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An approximate method which may be used for inductances intended
to be used in choke input filters is given by Terman{ (Figure 490, pp. 57-58).

A method for measuring the
M impedance of an inductance is
shown in Fig. 12. A valve volt-
. meter is used as the indicating
swoeodjvavel device and the voltage drop
veter] across the inductance L is bal-
anced against that across a
R variable resistance R. Any de-
sired direct-current is passed
through the inductance by ad-
justing the tapping on the bat-
tery B until the milliammeter

Figure 12 shows the required deflection.
Since any adjustment to R causes a change in direct-current, it will be
necessary to readjust the battery tapping each time that the adjustment
to R is made. The.secondary voltage of the transformer T may be from
2 to 10 volts for most purposes unless tests are required to be conducted
at high A.C. flux density. Smaller A.C. voltages are not practicable with
this arrangement owing to the insensitivity of the valve voltmeter.

AC.
SUPPLY

A blocking condenser C is used to prevent D.C. deflection of the valve
voltmeter: a value of 0.1 xF. may be used. A switch may be used to short-
circuit the D.C. milliammeter if it is desired to reduce the A.C. voltage
drop across it. When this switch is closed the A.C. voltage across L. will
be half that of the secondary of the transformer T.

The adjustment is made by varying the value of R until the deflection
of the valve voltmeter is the same for both positions of the switch SW. It
is obvious that the voltage drop across L is that due to the impedance and
not to the inductance alone, but for many purposes the accuracy obtained
is sufficient, if it is assumed that the impedance is equal to the inductance.

In this case :
L = R/2xf
or if the supply frequency is 50 cycles per second.

L = R/314 henries.

The Calculation of Inductance

(a) No Direct Current Component
Interleaved Laminations: The inductance is given by
32X 108 X N2 X X A
L = Henries

l

where N = number of turns,

# — incremental (A.C.) permeability,

A — effective cross sectional area of core in square inches,
1

and = length of path of magnetic circuit in inches.

In this formula no allowance has been made for any gap in thé mag-
netic circuit. The value of u depends on the type of iron used ‘in the
laminations, as well as on the A.C. and D.C, flux densities,

The length of the magnetic path is the distance traveiled in a com-
plete circuit of the core (Fig. 13). The path taken will be along the
centre line of each leg, except that when there are two windows each
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path through the centre leg will
be along a line one quarter

way across the leg. Note that | m————n [----% pemm y
In this latter case only a single | ! b ; | |
circuit (around one window) is | | by : i i
considered in the calculation of | | : i | i !
the length of magnetic path. | [ ! f :
The approximate incremental : | | : ! {
permeability of commercial | ---—~4 L. __J [ -
grades of electrical steel such A £ Z
as Lysaght-Sankey’s “Stalloy,”
Baldwin’s “Grade 4" and PATH OF MAGNETIC CIRCUIT
Armco’s “TranCor 3” is given Figure 13
in the following table :—
Incremental
A.C. Flux Density Permeability u
Gauss Maxwell/sq. inch (approx.)
Very low flux density 1,000
100 640 1,200
200 1,280 1,320
400 2,560 1,600
500 3,200 1,700
1,000 6,400 2,000
2,000 12,800 2,700
4,000 25,600 3,000
7,000 44,300 2,000
10,000 64,000 1,000

In the case of audio frequency transformers, which may be operated at
very low A.C. flux density, the value of u should be taken as for very
low flux density, namely 1000. The increase of x at higher flux densities
will result in increased inductance under these conditions.

(b) Direct Current Component

When Direct Current flows through a winding the incremental per-
meability of the core is decreased. The incremental permeability with
heavy D.C. flux density may be improved by making an air gap in the core.
The ratio of air gap to total magnetic length of path is called the gap
ratio. There is an optimum gap ratio for all values of D.C. flux density
as will be seen from the following table. In this table A.T./in. — ampere
turns per inch length of magnetic path, )

TABLE FOR HIGH INCREMENTAL PERMEABILITY
SILICON STEEL.

Table gives value of u under specified conditions.*

Gap 1.0 2.0 5.0 10 20 40
Ratio AT./in. AT.in, A.T./in. AT./in. AT./in. A,T,/in,
0 1000 820 490 340 250 140
0.0005 720 700 680 560 360 170
0.001 530 520 510 490 410 250
0.0015 — 425 410 400 370 270

*Values of ¢ are for very low A.C. flux density.

For example take the following transformer: —
Width of core under winding = 0.5 inch,

*Stack of laminations = 0.55 inch,
Effective iron thickness = 0.5 inch,
Cross sectional area of core --= 0.25 sq. inch,
Length of magnetic path — 5 inches,

Primary turns = 5000.
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When the primary direct-current is 1 mA. the number of ampere turns will
be (0.001 X 5,000) or 5, and the ampere turns per inch will be 5/5 or 1.
The incremental permeability will therefore be 1,000, °

If the primary direct-current be increased to 5 mA. the A.T./in. will
be 6 and the incremental permeability will be only 490. It will be seen
that for a gap ratio of 0.0005 the incremental permeability will increase
to 680. For this to be effected the gap should be 0.0005 X 5 or 0.0025 inch.
This is almost exactly the equivalent gap of a close butt joint. At higher
values of ampere turns per inch a wider gap becomes necessary, and the
two sections of the core may be held apart by a suitable thickness of
fibre or thin board. With the “E” type of lamination the effective gap
is twice the thickness of the spacing since two gaps are inserted in series.
This is particularly advantageous when large air gaps are employed. For
typical small audio frequency transformers the following is a fairly reliable
guide:

No. D.C. — Interleaved.
Up to 5 mA, D.C. — Butt joint,
Above 5 mA. D.C. -—— Butt joint with gap

With push-pull audio transformers allowance .should be made for an out-
of-balance current of about 15% of the nominal current for one valve. In
some cases where high permeability material is used it is necessary to
make special arrangements for plate current balancing.

When an air gap is employed the characteristics of the laminations
become less important, and with large air gaps the incremental per-
meability of the iron alone is relatively unimportant.

The Design of Iron Core Filter Chokes Carrying D.C.
(Hanna’s Method)

The following design holds only for conditions in which the direct-cur-
rent is considerably greater than the peak A.C. current. A further as-
sumption is that the cross-sectional area of the core is constant through-
out the magnetic path, so that in a shell type core the outside legs should
each be half the cross-sectional area of the centre leg.

Let N = number of turns.
I = direct-current.
L — inductance in henries at low A.C. flux density.
1 — length of magnetic circuit (inches).
a = length of air gap (inches).
a/l — gap ratio.
A — cross-sectional area of core.
V = lA = volume of iron in cubic inches.

Procedure.
Knowing the required L. and I, and assuming suitable values for 1, A
and V, to determine N and a—
(1) Calculate (LI?/V) then refer to table to find (NI/1).
(2) Determine N from (NI/I).
(3) Refer to table to find corresponding gap ratio (a/l).

(4) Determine “a” (for large gaps the effective value of “a” will be
somewhat less than the measured value).

The inductance will be greater with larger A.C. flux densities, i.e., the
filtering efficiency of an iron core choke is greater when the ripple voltage

is higher.

With any particular core the highest inductance is obtained by winding
the largest possible number of turns in the space available (limited by
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the maximum D.C. resistance and by minimum gauge of wire) and by
increasing the air gap until the inductance is a maximum.

TABLE FOR 49 SILICON STEEL.

(LI2/V) (N1/1) (a/l) = gap ratio
0.00027 3.18 0.0002
0.00115 6.6 0.0004
0.00197 10.2 0.0006
0.00336 13.7 0.0008
0.00475 17.5 0.0010
0.00647 21.9 0.0012
0.00852 26.0 0.0014
0.0108 30.8 0.0016
0.0135 36.0 - 0.0018
0.0169 43.0 0.0020

The following guide may be used in the design of filter chokes for
use with single phase rectifiers.

(L12/V) (NI/1) (a/l) = gap ratio
Initial Choke* 0.05 96 0.0046
Following Chokes 0.08 148 0.0062

The following simple method may be used for calculating the inductance
of chokes or transformers with fairly large air gaps :—

3.2 A N2
L= —
a X 108
where the symbols have the same meanings as for the preceding case. For

accuracy “a” should bg calculated as the actual air gap plus the air gap
equivalent of the iron core.

The flux density (B) in lines per square inch will be given by

B = 3.2 NI/a

*The first choke in a choke input filter.
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Voltage and Current Regulators

Gaseous voltage regulators — Valve voltage regulators —
Barretters and Current Regulators.

Gaseous Voltage Regulators

Certain cold cathode gas-filled tubes may be used to provide nearly
constant voltage since their characteristics are such that the voltage drop
across the tube remains nearly constant for a wide range of currents. The

REGULATION CHARACTERISTIC regulation characteristic of a typiqal
gaseous voltage regulator tube is shown in
Fig. 1 and it will be seen that the starting
voltage is considerably- higher than the
voltage drop across the tube for normal
7smnmo voLTAGE operating currents. It is therefore neces-

—T T
TyPe VR105-30

@
C

:l-, sary to apply a supply voltage equal to
- or higher than the “starting voltage.” This
g must be applied through a series resistor
;..., - OPERATING RANGE~{ — (Fig. 2) so that the maximum current
§ SERIES RESISTOR
: + T AANMANY v T
&
[+
- VOLTAGE
VOETﬁGE REGULATOR REGULATED
90 SUPPLY TUBE VOLTAGE
() 20 30 - é ' l
OPERATING MILLIAMPERES D.C.
Figure 1 Figure 2

drawn by the tube does not under any circumstances exceed its maximum

rating. This resistor also serves another purpose since it enables the out-

put voltage to be regulated by the characteristics of the tube. With a high

‘ o+t load resistance almost the whole current drain

from the supply goes through the regulator

l tube and very little through the load. With a

TvPE low load resistance the current through the

INPUT 874 +90  load is increased and the current through the

tube decreased. A similar effect occurs when

i a variable D.C. supply voltage is used with

T a constant load resistance so that in all cases

Figure 3 the voltage applied to the load remains ap-

proximately constant. The current through

. the regulator tube should not be allowed to fall below the rated minimum
since its characteristics for very low currents are unreliable.

O —~
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Two or more tubes may be connected in series to obtain higher voltages
which are multiples of the single tube drop and tappings may be taken
from the junctions between them (Fig. 3). The voltage drop across a tube

cannot be changed except by changing the type of tube.

The resistance of the series resistance (Fig. 2) is given by
Ei — E,
R — e
Imax
where E; — supply voltage,
E, — output (regulated) voltage,.
and I,,, — maximum rated current of tube.

Valve Yoltage Regulators

2A3
_———— e
t INPUT
| ———— =y ®
8
-24
: 5 Figure 4, Typical
| ¥ 5 [| valve type voltage
_“..aﬂ': g a regulator capable of
180 _$-ﬁ 2 - 3 delivering 180 wv.,
! :o . D.C, at current
| b jeFo0te drains up to 80 mA.
PFE N
P g tg o oo °
W W) ¢
TCLLLLLN *or 6C6,607G.
[} é
STANDARD RECEIVER
POWER SUPPLY.
500 g
’ l A= N l
& = “r
Sam g o
Al %
90‘; 400 cuL‘"‘oa ]
i N
. S 3
. <] 300
Figure 5. Regulation A
characteristics of 5
valve-type  voitage [| 4500 oo ° _J
regulator shown in { b “4—toureur voTacet—] 200 QUTPUT VOLTAGE
Fig. 4, | A wt
[ 30 wa. BAD 9
® 100
-
pu ]
g
200 | 250 © T e 8o
A.C. INPUT VOLTS LOAD CURRENT wA.
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TveE A triode valve which is
2A3 OR 45 ' capable of passing consider-
able plate current may be
used in a suitable circuit as
a supply of almost constant
voltage. One satisfactory
arrangement is shown in
Fig. 4 and is suited to an
I output voltage of approxi-

UNREGULATED
FILTERED
D-C VOLTAGE
£Q

mately 180 volts D.C. and a
Laeo 7 current drain up to 80 mA.
£s g, total maximum. The regula-
| tion characteristics are given
¢ in Fig. 5.

2-WATT
NEON LAMP
S TIZB VN In an alternative arrange-
ment the bias battery is re-
placed by a neon lamp. The
circuit arrangement* for this

is shown in Fig. 6.

R+ R2=0.2 MEGOHM
R3:0.5 MEGOHM = Type 0A4-G (gaseous
triode) may also be used
very satisfactorily in a

Figure 6 voltage regulator.

Barretters and Current Regulators

A barretter or current regulator is a device incorporating a filament
(usually of iron) mounted in an atmosphere of gas (usually hydrogen), the
characteristics of which are that the current passing through the filament
remains very nearly constant for a wide range in voltage drop. A barretter

TypE 302 may be used, for example, in series with the

’ heaters of the valves in a radio receiver pro-

O—twww vided that the barretter is suited to the valves
AL o.cv being used (IFig. 7). Since the filament of a
MAINS HEYE G parretter is gemerally of iron it should not
be mounted in proximity to any magnetic

o field, otherwise damage may be done to the
CURRENT =:3A barretter. A considerable amount of power

is dissipated by most types of barretters and
good ventilation is essential. A barretter
should be mounted in a vertical position and as far as possible from other
components.

Figure 7

Occasionally it is desired to increase by a small amount the-current
controlled by a barretter and this may be done within certain limits by
operating it in parallel with a fixed resistance. This is not normally
recommended since the effectiveness of the barretter is reduced. It may
be used fairly satisfactorily for an increase of current up to about 10%
of the current in the barretter.

If the barretter is required to control a current which is smaller than
the current rating of the barretter, this may be accomplished by shunting
the current-regulated device by a resistor. In this case there is no_limit
to the degree of shunting.

*R.C.A. Application Note No. 96,
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CHAPTER 28

Tuning Indicators

Milliammeter Type — Saturated Reactor Type — Magic
Eye Tuning Indicator — Null Point Indicator using Magic
Eye.

Tuning Indicators

A tuning indicator is a device which indicates, usually by means of a
maximum or minimum deflection, when a receiver is correctly tuned.
One form which such an indicator may take is a milliammeter in the plate
circuit of a valve which is controlled by A.V.C. Another form is the
saturated reactor tuning indicator. In this type a pilot lamp,
in series with a special form of iron-cored inductance, is excited
‘ from a suitable winding on the
power transformer. A  second
winding on the inductance carries
the plate current of one or more
valves which are controlled by
AV.C. In this simple form the
maximum plate current is sufficient
T - . to saturate the core, and so re-
7 ;j//// //////‘/ 5y ,// duce ‘the impedance in series with
L 4 / [ the pilot lamp. In order to make
the pilot lamp reach full brilliance
when the receiver is tuned to a
station, a “bucking” current is
passed through another winding
— /) 7 so that saturation occurs when the
s / plate current is very small (Fig. 1).

INDICATOR LAMP

Another, and extremely popular,

) form is the Magic Eye Tuning In-

& dicator, such as Radiotron

B+ Nu"f_ 6U5/6GG5, which operates from

i either the signal diode or A.V.C.

Figure 1. 'Satulra:‘t.edtReactor Tun- diode circuit. The Magic Eye is

ing Indicator. not limited to use on receivers

with A.V.C,, since it operates so as to indicate a change of voltage across

any part of the circuit. For example it may be connected to the signal

diode circuit irrespective of the presence of A.V.C. or it may be connected

across the cathode bias resistor of an “anode bend” detector. The correct

type of Magic Eye Tuning Indicator to be selected for any position depends
on the controlling voltage available.

TO PLATE
SUPPLY

The most popular types of Magic Eye have a triode amplifier incor-
porated in the same envelope, so that the voltage necessary to obtain full
deflection is decreased. In most types this amplifier has a super-control
characteristic so that the sensitivity may be high for weak signals and yet
not cause “overlapping” on strong signals. Type 6E5 has a linear charac-
teristic and is occasionally used for special applications. Type 6AF6-G has
two independent Ray-Control Electrodes, one of which may be used for
strong signals and the other for weak signals, but has no amplifier incor-
porated in the same envelope.
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In a typical receiver with delayed A.V.C. the Magic Eye may be con-
nected to either the signal or the A.V.C. circuit, but since it will give no
indication until the diode commences to conduct, it will not operate on
weak signals when connected to a delayed A.V.C. circuit. Consequently
most delayed A.V.C. receivers employ the signal diode circuit for exciting
the Magic Eye. There is one objection to this arrangement, since there
is an A.C. shunting effect on the diode load resistance causing distortion
at high modulation levels. This may be minimised by using a resistor
in the grid circuit of the Magic Eye having a resistance at least four times
the resistance of the diode load resistor. In order to prevent flicker due
to modulation it is necessary to add a smoothing condenser (0.05 pF.) at
the grid of the Magic Eye as shown (Fig. 2). If simple AV.C. (i.e, com-
mon diode and no delay voltage) is used, it is preferable to operate the
Magic Eye from the A.V.C. line to avoil more shunting on the diode load
resistor than that already incurred by using simple A.V.C. (Fig. 2).

4°0001
i

INDICATOR

Figure 2: Circuit diagram illustrating the application of the
" Magic Eye Tuning Indicator. With the switch in the “Det.”
position the grid of the tuning indicator is connected through a
2 megohm resistor to the detector diode circuit. With the switch
in the “A.V.C.” position it is connected directly to the A.V.C.
line. The cathode of the Tuning Indicator is returned to a suit-
able tapping point on the cathode bias resistor of the power
valve.

The cathode of the Magic Eye should be as closely as possible at the
same potential as the cathode of the diode. If its cathode is more negative
than that of the dlode, grid current may flow, increasing the inital bias on
the controlled stages and reducing the sensitivity of the receiver. Con-
sequently if the diode cathode is earthed, the Magic Eye cathode should
also be earthed, but if the diode cathode is positive then the Magic Eye
cathode should. also be positive by an approximately equal value. One
satisfactory method of obtaining this positive voltage, which however may
only be used when a Class A power valve is used, is to connect the cathode
of the Magic Eye to a tapping on the cathode bias resistor of the power
valve (Fig. 2). With this arrangement it is advisable for the tapping to
be adjusted to make the cathode of the Magic Eye about 0.5 volt more
negative than that of the diode in order to allow for contact potential in
the Magic Eye, the “delay” due to this small voltage being negligible.

H
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Alternatively the cathode return of the Magic Eye may be taken to
a suitable tapping point on a voltage divider across the B supply. Due to
the fairly heavy and variable cathode currents drawn by the older types
of Magic Eye Tuning Indicators it is essential that any voltage divider or
other source of voltage should not appreciably be affected in voltage by a
current drain of from 0 to 8 mA. It is for this reason that it is not
satisfactory to tie the cathode of the Magic Eye to that of the diode valve.
With the newer “space-charge grid” construction the cathode currents re-
main more nearly constant throughout life, and this allowance for change
of current need not be made. However, it is advisable not to base cal-
culations for cathode bias resistors on the published values of cathode
currents since these are higher in some cases than the average currents
with valves of the new construction.

Overlapping of the two images is possible on very strong signals,
whatever type of Magic Eye may be selected, but it is generally found
with a remote cut-off type such as the 6U5/6G5 that under service condi-
tions this is not very general. Certain arrangements have bheen devised
to reduce the tendency to overlapping, but none is free from criticism.
Desensitisation of the Magic Eye is readily applied, but also affects weak
gsignals. The use of two separate Magic Eyes, or a single 6AF6-G with two
separate amplifiers, one for weak and the other for strong signals, is
excellent but expensive. If the grid of
the Magic Eye is excited from the
moving contact of the Volume Control
the deflection will depend upon the
setting of the control, and ‘silent-

CIRCUIT FOR WIDE - ANGLE TUNING

tuning” will not be possible.

Wide Angle Tuning with a maximum ec, TYPE 6E5,
angle of 180° is practicable if an exter- 6G5,OR 6US S |35y,
nal triode amplifier is added.* With l R |
this circuit (Fig. 3) the edges of the ) 1
pattern are sharp from 0° to about 150° Ri+ R2=16700 OHMS =

to 180° : Figure 3

Null Point Indicator Using Magic Eye

A Magic Eye Tuning Indicator may be used in many applications as
an indicating device, one of these being as a null point indicator for use
with A.C. bridge circuits. Such an arrangement is preferable to the use
of head phones or sensitive instruments, since it may be used without
disturbance from external noises and is capable of withstanding consider-
able overload without damage. The sensitivity of Radiotron 6E5 is 0.1 volt
R.M.S. for a very clearly marked indication. When used as a null point
indicator the 6E5 grid is biased approximately 4 volts negative and the
A.C. voltage is applied between grid and cathode. Any suitable pre-
amplifying stage may be used to increase the sensitivity of the device
if desired. When an A.C. voltage is applied the sharp image will change
to a blurred half-tone and as the null point is reached the image will
again become sharp. A heavy overload may cause overlapping of the two
sides but this is not detrimental to the valve.

*R.C.A. Application Note No. 82, reprinted in Radiotronics 86, p. 128, May, 1938.
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PART 5 TESTS AND MEASUREMENTS

(Chapters 29 to 32, inclusive)
CHAPTER 29
Receiver and Amplifier Tests and Measurements

Introduction—definitions of terms—summary of tests—
static tests—dynamic tests—sensitivity—gain of single stage
—apparent aerial coil gain—converter valve gain—oscillator
grid current—tests with reduced battery voltages—tracking
—selectivity—bandwidth—cross modulation—blocking in-
terference—image ratio—noise level—oscillator frequency
drift—A.V.C. characteristic—overall distortion—fidelity—
audio frequency response and distortion—audio linearity
and distortion—overall frequency response and distortion—
modulation distortion—residual hum—modulation hum.

Introduction:—The following test-procedure has been set down to
determine the practical performance of modern radio receivers. Although
there are many other tests which could have been included, it is considered
that, as these are of a very specialized nature, their inclusion is not war-
ranted.

The tests listed below and described in detail later, are those which
are the most important for purposes of design. In general they agree with
the “Standards on Radio Receivers, 1938” laid down by the LR.E. (U.S.A)
with, of course, due regard to Australian conditions.

No attempt has been made to describe any acoustic tests as this sub-
ject is one in which there is considerable divergence of opinion. Such
tests are left to the choice of the individual designer.

Many of the tests listed are not necessary for production schedules
but, if carried out during the initial design work in the laboratory, the
receivers produced can be kept within the accepted limits by means of
simpler tests.

Definitions of Terms
1. Standard Test Frequencies.

Broadcast Band:—
600 Kc/s
550 Ke/s to 1600 Ke/s .. .. .. .. .. .. .. .. .. .. .. 1000 Ke/s
1600 Kc/s
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Short-Wave Bands:—

No standards have been set, but the following are recommended, and
if other bands are used similar points may be chosen.

Band Test at

35 metres -- 105 metres j 37.5 metres— 8.0 Mc/s
50 metres — 6.0 Mec/s

858 Mc/s — 2.86 Mc/s L 90 metres — 3.33 Mec/s
16 metres — 51 metres 17 metres — 17.65 Mc/s
30 metres — 10.0 Me/s

18.75 Mec/s — 5.88 Mc/s , L 45 metres — 6.66 Mc/s
13 metres — 39 metres ‘l . 14 metres — 21.4 Mec/s
{ 25 metres — 12.0 Me/s

23.1 Mc/s — 7.7 Mc/s r . 35 metres — 8.58 Mc/s

2, Standard Input Voltages.

Four standard input voltages have been specified for certain tests (cross
modulation, ete.).

1. “Distant-signal voltage”: 86db below 1 Volt — 50uV.
2. “Mean-signal voltage”: 46db below 1 Volt — 5000uV,

3. “Local-signal voltage”: 20db below 1 Volt = 100,000xV.
4. “Strong-signal voltage”: 6db above 1 Volr — 2 Volts.

3. Sensitivity Test Input.

Sensitivity test input is expressed in mierovolts and is the least input
signal which, when modulated 309 at 400 cycles per second and fed into a
receiver, will produce standard output with all gain controls at maximum.

4. Standard Output.

(1) For receivers capable of delivering one watt maximum undistorted
~output the Standard Output* is an audio frequency power of 500 milliwatts
delivered to a standard dummy load.

2001F o5 20 H 400 0

4 )

A Q P
‘\l —r

Figur(.e 1 (left). Dummy antenna for broadcast frequencies.
Figure 2 (right). Dummy antenna for frequencies above 2.6 Mc/s.

(2) For receivers having less than one watt maximum undistorted
output the Standard Output is an audio frequency power of 50 milliwatts
delivered to a standard dummy load. When this value is used, it should
be so stated. Otherwise the 500 milliwatts value is assumed.

5. Interference Test Output.

The interference test output is 30 decibels less than (or 0.001 of)
the power of the standard test output, i.e., an output of 0.5 milliwatt.

*At the time of going to press the ‘“standard output” of 500 mW. has not
heen universally accepted, and there is much difference of opinion on the matter.
In view of this position our laboratory conducts tests with an output of 50 mW.
on all receivers, and takes additional tests with an output of 500 mW. on receivers
having a rated output exceeding 1 Watt—Ed.
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6. Standard Dummy Antennae,

Until recently two dummy antennae have been set down as standard;
one for use at broadcast frequencies and up to 2.5 Mc/s, and the other
for frequencies above 2.5 Mc/s. These are shown in Figs. 1 and 2 respec-
tively.

2000 A new dummy antenna, stan-

200344 20,H. dardised by the LR.E. (U.S8.A) in
\\ ﬂ—m\, 1938, was designed to approximate
100 the above two antennae over their

essential frequency ranges. It is
T shown in Fig. 3 together with its
= impedance characteristic (Fig. 4).

\ 121 Lt
N\ 7 The new dummy antenna has a
\>%
7
A

particular advantage in testing re-
ceivers which include the frequen-
cies between two and three mega-

OHMS

8

F cycles in their tuning range. With
£ y the old type dummy antenna
/ ‘"/X there is a sudden large change of
L impedance between the two so
/ \ that replacing one by the other re-
A sults in different measured values

-

IMPEDANCE

|
|

| of receiver sensitivity. The new
: \ i dummy antenna provides a grad-
3

i
i | ual transition bstween the two im-

o FREQUENCY In MEGACYCL o6 %  pedances as would occur with
3 aerials. At other frequencies out-
Figure 3 (Inset): Dummy an-  gjde the range of 2 Mc/s to 3 Me/s
tenna f‘_"' ali  frequencies. {here is no outstanding advantage
Figure 4: Impedance charac- gjther way between the new and

teristic of dummy antenna  (ne old dummy antennae.
shown in Fig. 3.

Summary of Tests

A. Static Tests.
Voltage.
Current.
Resistance.
Line Voltage.

B. Dynamic Tests.

Sensitivity .. .. .. .. Sensitivity at various points.
Absoclute sensitivity.
Gain of a single stage.
Apparent aerial coil gain.
Converter valve gain.
Converter valve oscillator grid current.
Tracking.

Selectivity .. .. .. .. Bandwidth.
Cross modulation (Two-Signal Generator test)
Blocking Interference.
Image Ratio.

Noise Level .. .. .. ENSIL

Oscillator Frequency
Shift ., .. .. .. .. (On short waves).

A.V.C. Characteristics A.V.C. curve.
Overall distortion with variable input to aerial
terminal at 400 c¢/s and constant output.
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Fidelity . .. .. .. .. Audio Frequency Response and Distortion
with both speaker and resistive load.
Linearity and Distortion, speaker load only.
Overall Frequency Response from aerial ter-
minal at 5,000 xV input 309% modulated,
speaker and resistive load.

Modulation Distortion Distortion at constant output with 5,000V
input modulated at 400 c/s.

Hum .. .. .. .. .. .. Residual Hum.
Modulation Hum.

in all the following tests the receiver should be allowed to operate for
a sufficient time to reach stability before testing is commenced.

A. Static Tests

All voltages throughout a receiver should be checked before any dy-
namic measurements are made. Particular care should be taken to see
that the screen and grid bias voltages are as specified. Modern pentode
valves have high mutual conductance and are necessarily critical as to
these voltages. The heater voltage also should be kept within close
limits.

The above measurements should be made with a voltmeter of the high
resistance type (at least 1,000 ohms per volt). Where measurements are
made on resistance coupled audio frequency amplifiers a more sensitive
meter should be used, preferably one having a resistance of 20,000 ohms
per volt,

A check should also be made of the line voltage, and if testing is
made over any length of time this check should be repeated at regular
intervals, and an allowance made to compensate for the rise or fall of
voltage.

B. Dynamic Tests
Sensitivity:

A signal modulated 309% at 400 c/s. is applied directly between grid
and earth (or the negative terminal of the bias source in the case of
back biased receivers) of the valve in the stage under measurement. The
grid circuit direct current path is through the attenuator to earth or to
the bias point. The reading of sensitivity is the input which produces
standard output* with all gain controls and tone control set for maximum
output.

Absolute Sensitivity:

Where appreciable noise is present with the signal, as is generally the
case at the aerial terminal, the normal sensitivity figure is not a true
indication.

Absolute sensitivity is the input modulated 30¢% at 400 ¢/s which will
give standard output* at a frequency of 400 ¢/s. only. This is carried out
by adjusting the input to the receiver until the difference in output with
modulation switched on and switched off is equal to the standard output* in
milliwatts. That is, the difference in output between signal plus noise and
noise alone is equal to the standard output.*

This method holds good only when the noise power cutput is less than
the signal power output. In receivers of very poor design the noise power
output may exceed the signal power output, in which case it is necessary
to use a tuned band pass filter for 400 c/s.

*Standard output may be either 50 or 500 milliwatts: see earlier gection in this
Chapter under Standard Output.
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Gain of Single Stage (not converter stage).

The gain of a single stage or valve may be measured by means of valve
voltmeters placed across both input and output, There is some difficulty
in doing this, however, due to stray capacitances introduced by the wiring
and also the time required to carry out a test of this nature on each stage.

The approximate gain may be calculated quite simply from the indivi-
dual stage sensitivity figures.

Input to Stage 2
e.g. Gain =

Input to Stage 1.

By reference to valve ratings, and with a knowledge of the coils or LF.
transformers in use an approximate check on gain may be made.

RuL X 1,
Gain = gp . ———
RL + 1
where g, — mutual cgnductance }Under working
r, — plate resistance conditions
RL — dynamic load resistance

Apparent Aerial Coil Gain:

When measurements are made to determine the apparent gain of an
aerizl coil, care should be taken to make due allowance for noise by using
absolute sensitivities.

At high frequencies the gain of a coil may be quite low, owing to
damping imposed by the grid impedance of the following valve.

Converter Valve Gain:

The gain of a converter valve as an amplifier at intermediate fre-
quency may be calculated in a similar manner to the gain calculation for
other stages. Conversion gain, however, is not readily calculable, al-
though the apparent conversion gain may be calculated in a similar manner
to the intermediate frequency gain. This does not give a true indication,
as the gain may be vastly different with and without a tuned signal grid
circuit.

This phenomenon is apparent both on the broadcast band and on short
waves, and is due partly to degenerative or.regenerative effects which also
affect the Q of the tuned circuit, but more largely to the fact that a cur-
rent at oscillator frequency flows in the signal-grid circuit. ‘When ' the
grid circuit offers impedance to oscillator frequency, a voltage of oscillator
frequency appears across the grid circuit and increases or decreases the
conversion gain depending upon the phase relations. When a low resistance
grid circuit is employed, as would be the case when a signal generator is
applied between grid and earth, the impedance presented to this current
of oscillator frequency is so low that no appreciable voltage of oscillator
frequency appears on the signal grid, and the performance is therefore
different from that with a tuned grid circuit. ‘

A fairer comparison between different converter valves and/or dif-
ferent receivers may be made by measuring the sensitivity at the grid of
the first intermediate frequency amplifier and also at the stage preceding
the converter valve (Aerial terminal or grid of R.F. stage). The gain
over the two stages may be calculated from these two measurements and
this, together with a knowledge of the intermediate frequency transformer,
may be used as a basis for comparison.
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Converter Valve Oscillator Grid Current:

The oscillator grid current of the converter valve in a receiver, whe-
ther it be pentagrid, triode-hexode, or mixer with separate oscillator, should
be measured by inserting a 0—1 milliammeter in the “cold” end of the
oscillator grid leak. The grid current should be measured at each of the
standard test frequencies. On each short wave band, it is particularly
important that it should also be measured at the low frequency end of the
band, where the condenser gang is at maximum capacity and the L/C
ratio is very low.

With battery receivers it is necessary that the above tests be repeated
with reduced battery voltages in order to ensure that oscillation will still
take place when the batteries are near the end of their useful life.

To approximate the internal resistance of a partly used battery the fol-
lowing table* of resistors is recommeénded to be inserted in the “B” battery
lead when using fresh batteries.

When 135 Volt Battery Drops to Equivalent Internal Resistance
120 V. 60 ohms.
102 V. © 300 ohms.
90 V. 660 ohms.
72 V. 1500 ohms.

When other than 135 volts is used the internal resistance should be cal-
culated as a preportion from the above figures.

The filament voltage should also be reduced te simulate a rundown A
battery. In the case of a 2 volt accumulator the voltage should be brought
down to 1.8 volts or legs. In the case of 1.4 volt valves the voltage may
be reduced to 1.1 volt for broadcast band operation, or 1.2 volt for dual-
wave receivers.

Tracking:

Tracking tests should be carried out at each of the standard test fre-
quencies in each wave-band. This test is most easily carried out with a
“Resonator” which can easily be made from a short length of 1” diameter
bakelite tubing. A small plug of brass is inserted in one end and a small
plug of high frequency iron in the other end.

The test is carried out by placing one end of the resonator into the
coil in question. If the brass end gives an increase in output the induect-
ance is too large, whilst if the iron end gives an increase in output the
inductance is too small. If both ends cause a decrease the LC ratio is
correct and the circuit is at resonance.

No limits on allowable tracking errors have been standardised by
overseas Standards Committees. The following limits are suggested and
have been used in practical production work. They can be maintained
once a suitable design has been found for a set of coils.

Good Fair Bad
Broadcast Band } 0.5 db. 14db. 2 db.

Short-wave Band

The output should not increase by more than the amount shown in this
table when the circuits are brought into resonance. Note that the values
given in this table are not meant to be used as an indication of the sen-
sitivity taken over a particular band, this being a function of the coils used.

*P. Marsal, *‘Battery Radio Design,” Electronics, January (1938), pp. 12-14.
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Selectivity:
(a) Bandwidth.

This test should preferably be carried out at 600 Kc/s. and 1500 Kc/s.
The signal generator, modulated 30% at 400 c/s, is set at one of the above
frequencies, the receiver aligned to it, and the input adjusted to give
standard output. The signal generator is detuned on each side of reson-
ance and the input voltage increased until standard output is obtained.
Observations are repeated at intervals until the ratio of the input off
resonance to the input at resonance is 10,000 times.

These results may then be plotted as a curve on linear-logarithmic
graph paper with frequency plotted horizontally on the linear scale and
the ratio of the two inputs plotted vertically on the logarithmic scale. If
the test is made at one frequency only this should be at 1000 Kc¢/s. For
comparison of the selectivity of the LF. section with that of the complete
receiver the bandwidth test may be done in the same manner by feeding
directly at intermediate frequency to the control grid of the converter
valve instead of to the aerial terminal as previously. The difference
between the two curves will show the effect on the bandwidth of the R.F.
section of the receiver.

(b) Cross Modulation: Two Signal Generator Test.

The bandwidth test is not a sufficient check on the selectivity of a
receiver, especially one which is to be used in close proximity to strong
stations. When a receiver is tuned to a signal and there is a strong signal
on a nearby channel, the interfering signal may cause cross-modulation,
this being dependent upon the selectivity preceding the converter valve.

Oumy ANTENNA The test is carried out by feed-
SIGNAL o T — ing signals from two signal gene-
ceneraTor 3 | QB0 Lo~ J rators to the aerial terminal of
NO- 1 the receiver. The standard dummy

antenna is used and the generators

a are coupled together as shown in
RECEIVER Fig. 5. These two signals are the
3 desired (No. 1) and interference
(No. 2) signals. The receiver is

SIGNAL |

GENERATOR
NO. 2

tuned to the desired signal which
is set at one of the standard in-
1 put voltages of 50uV., 5,000 pV. or
Figure 5: Arrangement of appar- 100,000 xV., modulated 30% at 400
atus for two signal generator ¢/s. and supplied by signal gene-
test of cross modulation. rator No. 1. The volume control
of the receiver is adjusted to give
standard output (500 mW.), after which the modulation is switched off.
Signal generator No. 2 which supplies the interference or undesired signal
(modulated 309 at 400 c/s.) is then switched on and tuned to various
points on either side of the desired signal. At each point the input is
adjusted to give standard interference test output (0.5 mW.).

The coupling transformer from generator No. 1 is not critical, but the
secondary inductance should be small in comparison with the inductance in
the dummy antenna itself. A low inductance transformer of approximately
unity turns ratio will provide the 50 xV and 5000 xV desired signals, but
careful design may be needed to obtain the 100,000 »V desired signal unless
signal generator No. 1 can deliver more than 0.5 volt at the primary.

Alternatively the transformer and dummy antenna may be combined,
the 20 pH inductance of the latter becoming the secondary of the trans-
former. Loose Coupling (less than 30%) should then be used between
primary and secondary in order to avoid upsetting the constants of the
dummy antenna. The primary inductance should be such that its reactance
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is of similar order to the impedance of the signal generator at maximum
output.

The voltage transfer ratio of the coupling transfcrmer does not have
to be known, since a substitution method is used in order to obtain the de-
sired signal from signal generator No. 1. With signal generator No. 1
switched off and No. 2 switched on, the receiver output is adjusted
to 500 mW. by means of the volume control, and signal gene-
rator No. 2 is switched off. Generator No. 1 modulated 309 at 400 ¢/s
is next switched on and the input adjusted, at the standard frequency
selected, until 500 mW output is again noted. Modulation is then re-
moved from the output of generator No. 1.

Generator No. 2 is again switched on (modulated 309 at 400 c/s) and the
generator tuned to each side of the desired signal. At each point the input
to give standard interference output (0.5 mW) is noted. Observations
should be taken at least every 10 Ke¢/s above and below the desired signal
frequency until the undesired signal input reaches-1 volt. It is not neces-
sary to test with an interfering signal less than 10 Kc/s. from the desired
signal, as 10 Kc/s. is the minimum channel width employed and also be-
cause beat note interference would give false results.

This test should be repeated with each of the other standard input
voltages and curves may then be drawn as for the bhandwidth selectivity
curves, undesired signal input in microvolts being plotted vertically and
interference frequency in Kc/s. off resonance horizontally.

If two standard signal generators are not available, a modulated oscil-
lator may be used in place of signal generator No. 1 provided that it will
give the required optput, and that the modulation is 309% and remains
constant with change of output from the oscillator.

(c) Blocking Interference.

The strength of the undesired signal carrier in the cross modulation
test may be such that the desired signal output is reduced. This may be
due to overloading or a poorly designed A.V.C. system. It is not shown
up by the cross modulation test but can easily be distinguished by the
following method.

After each point on the cross-modulation curve is noted the modula-
tion on the interfering frequency is switched off, the desired signal modu-
lation is switched on, and the output of the desired signal noted. These
pointg may then be plotted as curves on the cross modulation graph, the
desired output being plotted linearly on the horizontal axis. If no block-
ing is present, this will be indicated by the production of straight lines
instead of curves.

(d) Image Ratio.
Superheterodyne receivers respond mainly to two signal frequencies,
which differ by twice the intermediate frequency.

One only of these is the desired signal frequency, the other being re-
ferred to as the image frequency.

Image Ratio is defined as the ratio of signal voltage input at the image
frequency to that required at the desired signal frequency for the same
output from the receiver. The value of the image ratio is determined
largely by the selectivity of the tuned circuits preceding the converter
valve. It should be checked at each of the standard test frequencies.
but is most important on the higher frequency bands.

The test is carried out by measuring the sensitivity of the receiver
at the aerial terminal at a frequency equal to the signal frequency plus
twice the intermediate frequency if the oscillator frequency is higher than
the signal, or minus {wice the intermediate frequency if the oscillator fre-
quency is lower than the signal frequency. This figure of sensitivity divided
by the sensitivity at signal frequency gives the Image Ratio.
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Noise Level:

E.N.S.].—The Equivalent-Noise-Sideband-Input is the equivalent input
voltage of all random noise which appears in the output of a receiver, and
thus of wall the noise which is passed by the frequency response of the
recefver. This test is used in preference to the measurement of the nolse
level in milliwatts at some selected input since over a limited range it is
not appreciably affected by changes in carrier input.

It is calculated from the results of measurements, by means of the
formula®*.—

En = mEs (E’n/E’s) = mEs \% P’n/P’s

where E, — BE.N.S.I. in microvolts,
, — Signal carrier input voltage, in microvolts,
¥, — Output voltage; noise only,
E’, — Output voltage; signal only,
m — Signal modulation factor,
P’, = Output power; noise only,
and P’, — Output power; signal only.

Two standard input voltages have been set down for the noise level
test.

For Receivers having an

Absolute Sensitivity of: Test for E.N.S.1, at
under 5uV. 5uV.
under 50uV. 50uV.
over 50uV. Noise level test not
necessary

The tone control of the receiver should be set for maximum treble re-
sponse, whilst the volume control should be set to avoid overloading the
audio system. The input from the signal generator, modulated 30% at
400 c/s. is fed into the receiver through the standard dummy antenna.
The input should be set to one of the standard input voltages depending
upon the absolute sensitivity of the receiver. The noise output only is
measured by switching off the modulation. The 400 c¢/s. output may be
measured alone by either a highly selective 400 c/s. filter in series with
the output, or more simply by measuring noise and signal together. Signal
output alone may be calculated by subtracting the noise output from the
combined output. The output meter should have as small a wave form
error as possible or alternately a correction can be used for the meter.
The noise level in terms of E.N.S.I. may then readily be calculated from
the formula already given.

Oscillator Frequency Drift:

This test should be carried out on all short wave bands, and in par-
ticular on the high frequency end of the highest wave band covered. There
are three principal factors which influence the oscillator frequency stability
of a converter (whether pentagrid, triode hexode or heptode), namely

1. Signal grid bias voltage variation.
2. Oscillator anode voltage variation.
3. Screen voltage variation.

Of these the first is particularly importaut, for with A.V.C. this voltage is
changed when the signal strength is changed. The second and third
occur when the supply voltage fluctuates, or when the output voltage from
the filter varies owing to fluctuating curreat drain. The latter effect is the
cause of “flutter” on short waves.

*For ready calculation the nomogram given in Chapter 40 may be used.



236 Chapter 29.

In order to carry
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and a comhbined Figure 6: Arrangement of apparatus for measur-

test may be carried ing oscillator frequency drift.

out by operating the receiver in a normal fashion and varying the input
from 10 'V to 100,000 4V, the oscillator frequency shift being measured at
conveénient intervals. Owing to the regulation of the power supply, as the
A.V.C. operatés so the current drain varies, thereby affecting the voltages
applied to the other electrodes. This combined test may be carried out
most easily by using two signal generators as shown in Fig. 6.

Signal generator No. 1 supplies the variable signal voltage whilst
signal generator No. 2, operating at intermediate frequency, is fed into
the IF. amplifier through a very small condenser (C) to minimise loading
effects. This produces a beat note in the loudspcaker,

The frequency of Generator No. 2 is set to give zero beat with the
signal frequency at 10 uV. from Generator No. 1. The input is increased
in convenient steps up to 100,000 microvolts and Generator No. 2 is ad-
justed to zero beat at each point, the new intermediate frequency being
caused by the change in oscillator frequency. Observations of the fre-
quency shift are taken at each point and these results may be plotted as
a curve on logarithmic paper.

This test may be supplemented by a test of oscillator frequency
stability with line voltage variation. The line voltage should be varied
say 10%, on either side of the correct voltage, and the drift measured
by the same method as in the previous test. In order to simplify the test
the heaters should be operated from a source of fixed voltage. The re-
sults may again be plotted as a curve on linear graph paper.

Alternatively measurments may be made to indicate freedom from
“flutter” by operating the heater of the converter valve from a fixed volt-
age source, but in all other respects following the procedure in the pre-
ceding test.

A.V.C. Characteristics:

The A.V.C. Characteristic of a receiver should be checked at the cen-
tral standard test frequency in each band covered by the receiver. The
signal generator is modulated 309, at 400 c¢/s., the input being fed to the
aerial terminal of the receiver througzh a standard dummy antenna. The
.volume control of the receiver is adjusted so that, with a signal of two
volts applied to the aerial terminal, the oulput system is not overloaded.
The overload point may, for the purrose of this test, be considered as one-
half the maximum output.

The input is varied from one microvolt to two volts in suitable steps
and the output is observed at each of these points. These points should
be taken at close intervals arouind the “knee” of the curve where the A.V.C.
comes into operation, and also with inputs from 100,000 microvolts to 2
volts where “modulation rise” is likely to take place.

These recsults may be plotted as a curve on log.-linear paper, output
in decibels to any convenient refereuce level being shown vertically on the
linear scale and input horizontally on the log. scale.
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A.V.C. Characteristic: Alternative Method.

An alternative method due to M. G. Scroggie is described in detail n
Chapter 19. In this method the volume control is set for maximum gain,
the input signal increased until a pre-determined fraction of the maximum
power output is reached, the volume control set back to reduce the output
by a known amount (with due allowance in plotting the curve) and the
process continued until complete. The curve, when drawn according to
this method, will show the output power which would correspond to the
input voltage at the maximum setting of the volume control if no overload-
ing occurred in the audio system.

Overall Distortion:

In order to determine the harmonic distortion which appears in a
receiver due to causes other than in the audio amplifier, an Overall Dis-
tortion Test is employed. Of the causes of sucn distortion the A V.C.
system is the most likely, and the method of test is as follows:—

A signal modulated 30% at 400 c¢/s. is fed into the receiver through
the standard dummy antenna and is varied from one microvolt to two
volts. The output is held constant at some convenient low level (say
50 mW.,) in order that the distortion due to the audio system, although
present, may be a constant factor.

The distortion measuring device which is most convenient for this test
is a “Distortion Factor Meter.” This consists of a highly selective band
pass filter, and measures total distortion at 400 ¢/s. This instrument is
connected across the output load, which should be resistive for this test,
and the percentage distortion measured at each level of input.

The results of this test may then be plotted on the same graph as the
A.V.C. characteristic, thus giving a direct check on distortion due to the
A.V.C. system used in the receiver.

Fidelity:
(a) Audio Frequency Response and Distortion.

The frequency response of an amplifier or audio section of a receiver
should be tested both with loudspeaker load and resistive load on the out-
put stage. A beat frequency oscillator is fed into the input or pick-up
terminals, as the case may be, and the frequency varied from 30 c¢/s. to
10,000 c/s., whilst the input voltage is kept coustant. The input volt-
age should be increased until, at the frequency giving maximum output,

grid current just commences to flow in the power valve, or a predetermined
output is reached.

Some device for measuring distortion at any frequency is connected
across the output load. A “Wave Analyser” is the most satisfactory in-
strument for this work, giving fundamental and harmonic voltage com-
ponents directly. If the fundamental is set to read 100 volts the har-
monics will read directly as percentages, provided that the amplifier
has a reasonably flat response. The results should then be plotted as a
curve on logarithmic paper, frequency being plotted horizontally to a
logarithmic scale and the output in decibels and the distortion as a per-
centage plotted vertically to a linear scale. Maximum output is most
conveniently considered as zero level (0 db) and the curve will then give
directly the output in “db down” from maximum output at any frequency.

By suitable adjustment of scales and their position on the graph it is
possible to arrange the curves of harmonic distortion in the lower section,
and the output curve in the upper section. There is no need to measure
beyond the fifth harmonic except in special cases, and for most work if

the distortion is low it is sufficient to measure second aud third harmonic
distortion only.
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It a tone control is fitted to the apparatus under test, this should be
in the position for maximum high frequency response. If necessary the
test can be repeated with the tone control set in various positions.

The test should be repeated in its entirety with a resistive load re-
placing the loudspeaker used in the previous test and from the character-
istics obtained, the effect of the variable load presented by the loudspeaker
may be seen.

(b) Audio Linearity and Distortion.

The output of an audio frequency amplifier is not directly proportional
to the input, owing to curvature of valve characteristics. From the fol-
lowing test a curve may be drawn showing output and distortion against
input voltage.

The same set up of apparatus is used for this test as for audio fre-
quency response, but the test need only be done with a loudspeaker load.
The test frequency is 400 c¢/s. and the input signal should be adjusted for
maximum rated output.

Both output and distortion are observed as the input is reduced in
suitable steps to zero. The results are plotted as curves on linear graph
paper, input horizontally and output and distortion percentages vertically
to a suitable scale. The outpul should be in terms of voltage across the
load to give the curve showing linearity.

(c) Overall Frequency Response and Distortion.

This test is carried out over the whole c¢f the receiver, from aerial
terminal to loudspeaker, to determine the fidelity of both audio frequency
and R.F. sections of the receiver combined. From these results together
with the audio section response curves the designer may see the effect of
the LF. amplifier, through side-band atienuation, on the high frequency
response.

The signal generator is externally modulated 30% from the beat fre-
quency oscillator whose frequency range should be variable from 30 c¢/s. to
10,000 c¢/s. A Wave Analyser is connected across the output load as for
the audio response curve. The output load should consist of the loud-
speaker and the test should be repeated using a resistive load.

The standard input signal for this test is 5,000 xV. 30% modulated,
and the output is adjusted to maximum by means of the audio frequency
volume control with a modulating frequency (generally from 400 c¢/s. to
1,000 c¢/s.) which gives maximum gain throughout the receiver.

The input to the receiver is kept constant (both carrier level and
modulation percentage) throughout the test and the frequency is varied
in suitable steps from 30 c/s. to 10,000 c¢/s. At each frequency test point
readings of output and distortion are taken.

Results should be drawn out as curves in a similar manner to that
used for the audio response curves. If a selectivity and/or tone control
is fitted to the receiver this should be set in the high or treble position
and the test repeated if necessary at other settings of these controls.

Modulation Distortion: ,

This test is carried out to determine the distortion produced in a
receiver when the modulation percentage of a constant signal is varied
from 10% to 1009%.

A 5,000 uV, 1,000 Kc/s. signal modulated at 400 c¢/s. is fed to the
aerial terminal through the standard dummy antenna. The output of the
receiver is maintained constant, by means of the audio volume control,
at some convenient low level (say 50 mW.) so that any distortion due
to the audio system, although present, may be a constant factor.

The modulation percentage should be varied from 109% to 100% in
convenient steps and the distortion measured at each point. As with
Overall Distortion measurements the “Distortfon Factor Meter” is the
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most convenient instrument for this test. The results may be drawn
as a curve on linear graph paper.

Hum:

Hum is present to some degree in the output of any recelver whose
power is derived from A.C. mains. In the case of 50 ¢/s. mains, the hum
present is mainly second harmonic (100 c¢/s.) produced during rectifica-
tion, although the fundamental (50 c¢/s.) and higher harmonics are present
_in small proportions. Hum may be due to either or both of:—

(i) Residual Hum which remains when only the audio frequency sec-
tion of the receiver is in operation.
(ii) Modulation Hum which is produced in the R.F. and LF. stages of

a receiver when a carrier is being received and which takes the

form of spurious modulation of the carrier at hum frequency.

(i) Residual Hum:

Residual Hum is due to lack of sufficient filtering in the high tension
supply or to stray coupling between grid leads and others carrying 50 c¢/s.
and harmonic voltages. '

The volume control of the receiver is set to maximum, the tone control
turned to the treble position and the last L.F. amplifier valve removed from
its socket, this being done so that any hum picked up by the diode circuits
may be included.

In the case where a 6B8-G or 6G8-G valve is used as the last LF.
amplifier and detector it is not possible to remove it, but by disconnecting
the screen supply voltage the effect will be the same.

The hum may be measured by any suitable output meter of high im-
pedance or hy a cathode-ray oscillograph. The test should be carried out
with both loudspeaker and resistive load.

(ii) Modulation Hum.

A 1,000 Kc/s. signal modulated 309% at 400 c¢/s. is fed into the receiver
at each of the four standard input voltages. The tone control, if fitted, is
turned to the treble position, the volume control is adjusted to give ap-
proximately the maximum undistorted output obtainable with the given
signal, and the modulation is then switched off. The hum components are
measured with the same apparatus as for the residual hum test. Hum
modulation at each component frequency is given by the equation

m = 30 E),/Es

where m = hum modulation percentage,
E, = hum output voltage,
and E, — signal output voltage.

This test can only be carried out accurately if the modulation hum
is considerably greater than the residual hum. If this is not the case, the
test is relatively unimportant and may be neglected.

In all hum measurements it is essential that an actual listening test

be made of the receiver with the speaker intended to be used, mounted
in the cabinet.

- References: .

“Standards on Radio Receivers, 1938,” The Institute of Radio Engineers
(U.S.A).

“R.M.A. Specification for Testing and Expressing the Overall Performance
of Radio Receivers,” LE.E. (England), Vol. 81, p. 104 (1937), and
reprinted in the Proceedings of the Wireless Section, Vol. 12, No. 36,
p. 179, September (1937).

“British Standard Specification for Testing and Expressing the Overall
Performance of Radio Receivers” (in preparation at time of going to
press).
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CHAPTER 30
Valve Testing

Valve testing — shorts test — emission — setvice emission
tester — plate and screen currents—gas — mutual cohduct-
ance—special tests—microphony—noise — heater-cathode
leakage—blue glow and fluorescence—Class B valves—
frequency converters—diodes—vacuum rectifiers.

Valve testing as carried out in the valve factory requires elaborate
and expensive equipment which is unlikely to be available except in well
equipped research laboratories. In most cases the valve user does not wish
to duplicate these tests in their entirety, although specific tests may be
required.

A number of important tests will be outlined in this chapter so that
valve users may satisfy themselves that their valves are satisfactory in
certain respects.

It will be realised that no single test or small number of simple tests
can be regarded as comprehensive, and the reading of a valve checker or
similar instrument can only be regarded as one of the many tests which
may be applied. Consequently, it is not sufficient merely to test a valve
for emission and short circuits in order to demonstrate that it is satis-
factory. From the point of view of the user, the principal requirement is
that the valve should operate satisfactorily in the position in which it is to
he used. The most satisfactory test in radio service work is therefore
the direct substitution of a new valve for the old. The difference in per-
formance may be demonstrated by the use of a modulated oscillator and
output meter.

Shorts Tests

It is very important that a test for short circuits should be made bhe-
fore more delicate tests are applied to the valve. A Shorts Test is gene-
rally required to be suflficiently sensitive to indicate a leakage resistance
of 0.25 megohm. It is desirable to test a valve with about 110 volts applied
between any pair of electrodes and to use a 110 volt neon lamp as an in-
dicating device. For a complete test it is desirable to apply voltages be-
tween all electrodes and the arrangement shown in Fig. 1 is recommended
as very satisfactory. Care should be taken owing to the high voltages
employed between certain electrodes, and the hand should not be allowed
to touch the bulb during the time that the voltage is applied, owing to the
risk of bulb breakage. It will be seen with this arrangement that short
circuits between any pair out of eight electrodes are indicated.

It is permissible to tap the valve gently with a pencil fitted with a
rubber band, in order to make sure that no intermittent short circuits
exist. Many types of battery valves, if tapped too severely, will show a
flicker through the filament approaching the grid owing to excessive
vibration.  This is not a fault in the valve and is only to be expected
under severe treatment. k
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With most valve types, lamp No. 1 (Fig. 1) will indicate filament or
heater continuity; with a few types having unusual pin connections, some
other lamp may correspond to the filament or heater. Condensers (0.01
uF.) are shunted across all neon lamps to avoid slight glow due to the
capacitance of the wiring, etc.

A simpler test to construct, although slower to operate, is one employ-
ing a single 110 volt transformer winding and single neon lamp. These
are connected in turn to each of the possible combinations of pairs of elec-
trodes, either by means of a switch or flexible leads.

SHORTS __TEST

I o
SQUKETS VIEWED FROM BENEATH O@ UNIVERSAL 7 PIN

umowvat_L 7
NEON LAMPS

¥ NO.t INDICATES FILAMENT CONTINUITY 15w 240V. 507
FOR MOST VALVE TYPES. 4" >

W.N.W.

Figure 1

Hot cathode shoris tests are sometimes used. In one possible arrange-
ment a heavy negative D.C. bias voltage is applied to the control grid so
that no thermionic current flows. An alternative arrangement uses neon
lamps which have two similar electrodes, one only glowing on D.C., but
both glowing on A.C. Any valve electrode drawing thermionic current
will result in a glow on one side only of the neon lamp; a short circuit,
however, will cause both sides of the neon lamp to glow. The usefulness
of this test is limited by the fact that ceriain valve electrodes (e.g., sup-
pressor grids) do not draw sufficient thermionic current to result in neon
glow.

Emission

Emission testing is important, but its importance is inclined to be over-
rated. There is no such standard as “100% emission,” but every Radiotron
valve leaving the valve factory has heen tested to ensure that it reaches
a certain minimum emission under specified operating conditions. Any
valve having emission above this limit is satisfactory, but no appreciable
difference in performance can be observed between valves having emission
greater than this limit. Readings on valve testers showing “1009% emis-
sion” are therefore misleading. It is preferable for the scale to be marked



242 Chapter 30.

“Good,” “Doubtful” and *“Bad” without any further distinction. The
centre of the “Doubtful” section should correspond with the end of life
point as discussed in the section on mutual conductance. Slight structural

changes which exist between valves of different makes may show a ditfer-
ence of indicated emission up to 259% without there being any increase
whatever in true emission. A further factor to be considered in inter-
preting the readings is that the emission does not decrease steadily through-
out the life of a valve, but it frequently happens that a valve shows greater
emission after some hours of life than it does when new. The difficulties
which have been brought forward are sufficient to explain why emission
tests alone are somewhat inconclusive, and why mutual conductance test-
ing is to be preferred for determination of the “end of life” point. Emis-
sion tests do, however, provide valuable data which may be used in con-
junction with other tests.

Service Emission Tester

The circuit diagram of an emission tester for service use is shown in
Fig. 2. In this emission tester valves are operated at the rated fillament
voltage and a fixed A.C. plate voltage of 30 volts RMS is applied between
the cathode and all other electrodes tied together. A series resistor is
placed in circuit, having the value of: —

A. 200 ohms for all
types other than HH R KR EsEsEsfsEg Eo b
diodes, or bat-
tery valves hav-
ing limited emis- 1000
sion, but includ- 200 5,000
ing power recti-
fiers. ] .
B. 1,000 ohms for 'H' () A Py
battery valves [ ac.
having limited A
emission. ) vours o aTe vars

C. 5,000 ohms for
diodes  exclusive 508040000
of power recti- s W

1

fiers. oot o—b
240V. 501y
It will be seen that o

three instruments* are X

required; a multi-range Figure 2.

A.C. filament voltmeter, a 40 volt A.C. plate voltmeter and a D.C. indicat-
ing milliammeter. The voltmeter should be set to the rated filament volt-
age, the plate meter to read 30 volts RMS, and the milliammeter used to
indicate the emission. In certain circumstances it might be possible to
omit the filament voltmeter provided that multiple tappings were arranged
on the filament winding and sufficiently good regulation provided for the
voltage to read correctly under all conditions of loading in either the fila-
ment or plate circuit. If the filament voltmeter is omitted, the plate
voltmeter may be used as an indicating device, and a single rheostat and
transformer would then be used.

|

| “

This instrument is intended to read only a single value, namely, the
“end-of-life point.” The readings of emission on new valves have no direct
significance provided that they are above this limit and the instrument
should not be used indiscriminately for indicating the advantages of one
valve over another. This emission tester does not indicate any faults
in the valve other than loss of emission, and it is quite possible for a valve
to be at fault in some particular and yet show a satisfactory reading for

*Alternatively a single multi-purpose instrument may be used, with suitable
switching.
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emission. If a valve Is suspected of being faulty and yet shows good
emission, it should be checked for the points outlined elsewhere in this
chapter.

In order to calibrate this instrument it is necessary for valves to. be
checked for “end-of-life” by an accurate mutual conductance test for ordi-
nary valves, or in the case of Class B amplifiers a power output test, while
a rectifier test should be used for rectifiers and diodes. As a general rule
the end-of-life point will be for

Power amplifiers: 70% of rated mutual conductance.

Voltage amplifiers: 70% of rated mutual conductance.
Converters: 60%* of rated oscillator mutual conductance.
Diodes: 20% drop in rated diode rectification current.
Vacuum rectifiers: 209% drop in rated operating current.

Gas-filled rectifiers: 25 volts D.C. drop at 70 deg. F.

MILLIAMMETER

PLATE ‘

B BATTER

Y
1 MEGOHM =+

C BATTERY
MICROAMMETER

SWITCH ‘1||||F+ l
C BATTERY

Figure 3. Figure 4.

Testing For Plate And Screen Currents

One of the most important tests for a valve is the measurement of
plate and screen currents under typical operating conditions of filament
(or heater), grid, screen and plate voltages. It is essential to employ
either separate voltmeters or a single volimeter with a switching device,
so that the voltages of all electrodes may be measured under working
conditions. )

Testing For Gas

Gas current and other forms of negative grid current may be measured
by means of a microammeter connected in the grid circuit with the valve
under normal operating conditions (Fig. 3). The gas current in a small
valve should not be greater than 1 gA., while in the case of power valves
it should not be greater than 2 to 5 pxA. for most types, and 10 to 15 uxA.
for type 50. An alternative method of mieasuring gas is shown in Fig. 4
in which a resistance of 1 megohm in the grid circuit is intermittently
short-circuited. @ Any gas current in the grid circuit will show up as a
change of plate current as the switch is moved, the gas current in miecro-
amperes being approximately equal to the change of plate current in milli-
amperes multiplied by the mutual conductance of the valve in mA/V. This
may also be shown as

Igas = (Inl“Ipﬂ) . (1000/gm)

(provided that the grid resistor is 1 megohm)
where I,,, is measured in pA.
I,, and I,, are measured in pA.
gmn is measured in micromhos,.

*The drop in oscillator mutual conductance which may occur before t
stops oscillating depends upon many factors, including the type of cirglexitvanliv’3
sign of coils, frequency coverage, etc. » de-
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Mutual Conductance

One of the most important tests which can be made on a valve in
order to determine whether it is capable of satisfactory operation is that
for Mutual Conductance. A test of this kind is usually far more compre-
hensive than one for emission, although each serves a useful purpose and
both tests are desirable. The reading of Mutual Conductance may be ob-
tained under normal working conditions, and is therefore quite definite and
free from ambiguity.

Mutual Conductance is the valve characteristic which determines stage
amplification and power output in receiver operation. A certain minimum
of emission is necessary in any valve to give normal performance. Emis-
sion currents above this value do not materially improve the performance,
and the mutual conductance remains nearly constant. Similarly, the
emission of a valve must fall to this minimum value, before the valve per-
formance begins to be impaired. Below this value, falling emission indi-
cates decreasing performance. For this reason, in an emission test, the
fact that the emission exceeds the minimum emission is more important
than the actual value of emission, while in a mutual conductance test the
result obtained is a direct indication of valve performance as it would be
in a receiver.

Mutual Conductance (also known as Transconductance) is the relation-
ship between the signal voltage and the plate current for zero load re-
sistance, and is measured in micromhos (microamperes per velt) or mil-
limhos (milliamperes per volt). It is actually the slope of the plate cur-
rent—grid voltage characteristic of the valve.

There are two common methods of testing for mutual conductance,
the static (or “grid shift method”) and the dynamic method. The static
test may be carried out without any special instruments beyond those usu-
ally employed for measuring electrode voltages and plate current. The
filament or heater should be operated at the rated voltage, this being mea-
sured at the valve pins in order to eliminate errors due to voltage drop in
the wiring. In the case of triodes the plate voltage is critical while with
pentodes the screen voltage is critical.

The plate voltage of a
tetrode or pentode valve is less
critical than the screen voltage.
The control grid voltage is par-
ticularly critical and every
effort should be made towards
the highest accuracy.

OIRECT=
CURRENT
METER

The static test (Fig. 5) is ac-
complished by taking a reading
of plate current with a grid bias
say 0.5 volt less than the rated
bias, followed immediately by
a reading of plate current with
a bias 0.5 volt greater than the )
rated bias. By this means a —ifiibs
“grid shift” of 1 volt is pro-
duced, and the difference be-
tween the plate current read- ‘
ings is equal to the mutual conductance. For example, if the readings of
plate current are 6.5 and 5.0 mA. respectively, the difference is 1.5 mA. and
the slope is 1.5 mA. per volt or 1,500 micromhos.

Figure 5.
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it is important to choose the two bias voltages so that they are situated
equidistant on each side of the rated bias voltage since otherwise the in-
evitable curvature of the characteristic will introduce error. The change
in voltage may be accomplished by means of a steady voltage supply to-
gether with a second supply which is adjusted to-give a voltage of 1.0 volt
which is switched in or out of circuit as desired. This arrangement re-
quires two separate voltmeters for accurate measurements, and a simpler
although slightly less accurate arrangement would be to adjust the voltage
divider to the two voltages in succession,

This static test does not en-
able very rapid tests to be
made since the plate and screen
voltage controls need resetting

ane for each reading, owing to the
Oamseres  varying drain on the voltage
TYee) dividers.

The dynamic test (Fig. 6) is
preferable since the valve is
tested under conditions more
nearly those of actual opera-
tion. It will be seen that a

San signal input of 1.0 volt R.M.S.
. is applied to the grid, and the,
¥ alternating component of plate
current is read by means of a
dynamometer-type of milliam-
meter. With this arrangement
the mutual conductance in micromhos is equal to 1,000 times the A.C. plate
current in milliamperes. That is to say that a reading of 2.0 mA. (A.C.)
represents a mutual conductance of 2,000 micromhos. With this test it is
essential for the plate and screen circuits to be of low resgistance in order
to avoid errors. The dynamometer type milliammeter may, if desired, be
replaced by an audio frequency choke of low D.C. resistance, across which
is connected a large blocking condenser and a rectifier type milliammeter.
The accuracy of this arrangement is less than that with the dynamometer
instrument, and it is usually necessary to calibrate it from a more accurate
instrument. It does, however, make a very valuable comparative test.

Valves are usually capable of operating satisfactorily until the mutual
conductance falls to 70% of the rated value for voltage or power amplifier
valves.

Special Tests

Tests may also be made for amplification factor, mutual conductance
at points approaching cut-off, plate resistance and transconductance be-
tween any two electrodes by means of more elaborate testing equipment
such as is described in text books on laboratory testing.

Testing For Microphony
(Acoustic Feedback)

The most satisfactory way of testing a valve which is suspected of
being microphonic is in an actual chassis or amplifier similar to one in
which it is intended to be used. The method of socket mounting and the
position of the valve, in relation to the loudspeaker, are very important.
A cabinet, particularly a small table cabinet, exercises a pronounced effect,
and valves should therefore be tested under ordinary working conditions.
It is frequently found that a valve which appears to be microphonic under
certain special conditions is satisfactory in many other chassis, the effect
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often being that a valve is most sensitive to microphonics at a particular
frequency, and this frequency may be very strongly accentuated at the
particular point where the valve is placed.

Testing For Noise

Noise should be distinguished from microphony and the term should
only be used to describe the output from the loudspeaker which exists when
no acoustic feedback occurs. It is best observed when the loudspeaker is
placed at some considerable distance from the valve under examination.
Noise generally appears as a hissing or crackling sound which may be due
to any one of a great number of causes. Among these causes are bad
contact in the socket, and moisture or leakage across the socket or valve
base. These causes should be eliminated before the valve can be claimed
as being noisy.

Testing For Heater-Cathode Leakage

When a voltage is applied between heéter and cathode of an indirectly
heated valve there may be current flow due to

(a) emission from cathode to heater,
(b) emission from heater to cathode, or
(c) leakage.

If the current changes when the applied voltage is reversed in polarity, it
is evident that at least part of the current is due to either (a) or (b) or a
combination of the two. Pure leakage current is not affected by the
polarity of the applied voltage, but is comparatively rare. Complete
breakdown of the insulation may occur due to chipped coating of the heater,
even though there may have been no leakage current up to the time of
breakdown.

Emission between heater and cathode may cause hum in high gain
amplifiers (see Chapter 24), but is usually not detrimental in a radio re-
ceiver. For most radio service work it is sufficient to test only for com-
plete breakdown. ’

Blue Glow And Fluorescence

Blue or blue-violet glow in a valve under operating conditions may
exist between the cathode and the plate due to ionisation of gas. Its
presence indicates that a certain amount of gas exists in the valve but due
to the heavy current used in large power valves a slight amount of glow
may be observed, even with the valve within its rated limits of gas current.
Vacuum rectifiers may have a considerable amount of glow before any
damage occurs in the valve.

Fluorescence is to be distinguished from blue glow since it has no
barmful effect whatever and is rather an indication of a good vacuum. It
may be observed as an extremely thin layer of colour existing at a small
distance from the glass bulb, plate or other parts inside the valve, It is
commonly seen on the bulb and frequently fluctuates with the signal.
Fluorescence is caused through electron bombardment of the glass or other
portions of the structure. The black coating inside the bulbs of many
types of valves reduces the tendency towards fluorescence as well as the
secondary emission from the bulb.
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Testing Class B Power Valves For Output

Since a Class B Power Valve cannot conveniently be tested for mutual
conductance, 2a power ocutput test is desirable as an indication of satisfactory
performance. It is preferable to test such a valve separately for each

9. BNT-G triode unit, and therefore the plate
o—y
240v.
507

load should be one quarter the re-
commended load from plate to
plate. In order to simulate the
gr_conditions obtaining with a driver
valve and transformer, a resist-
ance is inserted in series with the
grid, and a 50 c¢/s A.C. voltage is
then applied to the grid circuit.
The conditions of operation of cer-
o tain types are given in the table
“Ec ~Ea +Ea  below, and the circuit diagram is

. *Ee shown in Fig. 7.
Figure 7.

The approximate formula for
power output for one unit only, on the assumption that the standing plate
current is very small compared with that at full output, is

Power Output = 2.47 I, Ru

where 1,, — Average (DC) current for one plate at full output
and RL = Load resistance for one plate.

End
Esia Bogie* Point
EF EB Eg, A.C.RMs Re RL P.O. P.O.
Type Volts © Volts Volts Volts Ohms Ohms Watts Watts
6A6
6N7 6.3
6N7-G 295 —5 35 500 2500 5.4 2.8
53 2.5
19 ] 2.0 135 —5 30 1500 2500 1.1 0.6
1J6-G j . . .
79 6.3 250 —2 35 500 2500 4.65 2.4
1G6-G(T) 14 90 [} 20 500 3000 0.36 0.24
6Z7-G 6.3 180 —2 25 250 3000 2.1 1.1
6AC5-G 6.3 250 0 35 500 2350 5.0 2.8
The unit not under test should be tied to the cathode,

Testing Frequency Converters

In addition to the usual static tests, a Frequency Converter valve is
generally tested in the valve factory for conversion conductance, together
with an oscillator test which may take the form of a mutnal conductance
test or of a dynamic oscillating test. Any falling-off in performance during
life will affect the emission, the conversion conductance and the oscillator

*The ‘“‘bogie’” is the result which should be obtained from a normal new valve.
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mutual conductance. It is therefore generally sufficient as an indication
of “end of life” to take one of these, and the one most generally satisfactory
is the oscillator mutual conductance.

The permissible “end of life” point will vary with the application and
the conditions of operation. It frequently happens that a valve which fails
to operate over the whole of an extended short-wave band will operate
quite satisfactorily in another receiver or on the broadcast band. These
differences are due to the design of the receiver and not to the valve. The
most satisfactory test for radio service work is therefore operation in the
receiver concerned,

4
240 V. AC. g 1 V.RMS
S0

“

CHOKE

L
[} [+]
-Eca +Eca  +Eca +Eca +Ep
Figure 8.

When it is necessary to conduct a test apart from the receiver it is
most satisfactory to test for oscillator mutual conductance under the
conditions specified in the table following, with the circuit shown in Fig. 8.

0SC. MUTUAL
Oscill. Oscill. Signal COND.

Valive Fil. Plate Grid Anode Screen Grid Normal End of
Type Volts Volts Volts Volts Volts Volts Life
1A6

. 180 0 1 . — 0
1D1-G 2.0 35 67.5 3 575 33
1AT-G(T) 1.4 30 0 30 45 0 600 360
1C6 .

. 0 5 7. -3 0
107G } 2.0 180 0 135 675 1050 600
2A7 25
6A7 6.3 180 0 180 55 —0.5 . 1150 750
6A8(Q) 6.3
6D8-G 6.3 135 0 135 675 —3 1500 900
6J8-G 6.3 180 0 100 55 —0.5 1600 960
6K8(G) 6.3 180 0 100 55 —0.5 3000 1900
6SAT 6.3 . 100 0 — 100 0 4500 2700
In filament types all voltages are with respect to the negative fila-
ment terminal. In metal types the shell pin should be connected

to the cathode.
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Diode Testing

Diodes may be tested for diode rectification current by operating them
at normal heater (or filament) voltage with a diode load resistance of suit-
able value, suitably shunted by a capacitance. Each diode should be tested
separately in accordance with the following table, which is for 50 ¢/s supply.

RECTIFIED
Load Capacit- CURRENT
Resistance ance Applied (microamperes)
Valve Type (megohm) uF. Volts Normal End of Life
A.C. duo-diode am-
plifier valves .. 0.25 2 50 240 200
Directly-heated duo-
diode amplifier 240 200
battery valves . 0.25 2 50 { 235* 195*
6H6(G) .. .. .. 0.034 2 125 4,500 3,600
*These values apply to the diode situated near the end of the
filament remote from the load resistance.

Vacuum Rectifier Testing

Vacuum rectifiers may be tested as full wave (or half wave) rectifiers
under normal operating conditions with full load current, and the voltage
across the load may be compared with the published curves for the type.

Alternatively if greater accuracy is required, they may be tested as
half-wave rectifiers in a similar manner to Diodes, except that the load
resistance, capacitance, A.C. voltage and rectified currents will be as given
in the following table.

Eac
Type EF  RMS C Rr. RECTIFIED CURRENT
Volts Volts uF Ohms Normal End of life

5W4 5 100 12 6800 63mA 50mA

573

5X4-G 5 550 6 3550 141 113

5U4-G

574 5 500 4 9000 66 53

6X5(Q) 63 400 12 12000 41 33

1273 126 300 16 5600 66 53
2575

5570(C) % 25 250 16 4000 71 57

v 63 400 8 8100 60 48

80

5Y3-G 5 550 4 8000 72 58

5Y4-G

81 75 1100 4 12000 98 78

83V

LA } 5 450 5 4200 113 90

84 63 400 8 15000 32 26
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CHAPTER 31
Valve Voltmeters

Valve voltmeters—loading effect—probe construction for
high frequencies—acorn diode type—R.M.S. reading volt-
‘metets — Mean-reading voltmeters — Peak-reading volt-
meters—A.C. operated linear reflex peak voltmeter—Bat-
tery operated valve voltmeter.

Valve Voltmeters

Owing to its relatively high input impedance, the valve voltmeter pro-
vides a convenient method for the accurate measurement, across high
impedance sources, of both D.C. voltages and A.C. voltages up to very
. high radio frequencies. The input impedance is a complex function of the
frequency of the applied voltage, having resistive and reactive components,
which are due principally to the electron transit-time and input capacitance
respectively of the valve employed.

The resistive component imposes a loading effect* on the source of
voltage and is inversely proportional to the squares of the frequency of the
applied voltage and the electron transit time, so that, at high radio fre-
quencies the voltmeter input resistance decreases to a small fraction of its
value at low frequencies, at which it may be considered infinite. The re-
duction of the resistive component due to transit-time effects is a function
of the total space current and may be very much reduced by arranging for
the mean space current to be small.

The reactive component, due to the input capacitance, is inversely
proportional to the trequency of the applied voltage, and although it de-
creases to a low value at high frequencies, being a quadrature component
the mean energy absorbed from the source is zZero. The main effect of
the reactive component is to preduce detuning of the source when the
latter consists of a tuned circuit. In general, however, such circuits can
usually be retuned and the effect of the reactive component thereby
eliminated.

The loading effect of a valve voltmeter on a source may be determined
by connecting a second instrument of similar type and range in parallel
across the source. The reading of the second voltmeter is observed and
the first then removed. The change of indication of the second instru-
ment is then a measure of the loading effect of the first on the source.

From the preceding consideration, it will be seen that considerable
care must be exercised that the valve voltmeter is not used to measure
voltages having frequencies which are sufficiently high for the loading
effect of the voltmeter on the source to become appreciable. For this
reason, standard type receiving valves, owing to their relatively high elec-
tron transit-times and-input capacitances, resulting from the conventional

*The loading effect due to dielectric hysteresis is neglected in this treatment as
being small compared with the transit-time effect.



Chapter 31. 251

electrode spacing and structures employed, are, in general, suitable for
use in valve voltmeters only at relatively low frequencies not exceeding
about 1.5 Mc¢/s. At higher frequencies, the loading effect of the resistive
component across high impedance circuits becomes serious. In the case
of type 6J7-G, the input resistance at 10 Mc/s. is approximately 150,000
ohms, while at 30 Mc/s it is reduced to 20,000 ohms. These values are
comparable with values of dynamic {impedance of tuned circuits
which are attainable at these frequencies. Where the loading
effects are permissible, however, suitable standard receiving type
valves (e.g., type 6B6-G) may be used up to frequencies of approximately
20 Mc/s. without serious calibration errors.

For the measurement of voltages having frequencies above 1.5 Mc/s.
and up to and above 30 Mc/s. without introducing appreciable loading
it is necessary to employ valves of the “Acorn” type with a special “probe”
construction, as shown in Fig. 3, to reduce lead impedance by allowing
direct connection to be made from the voltage source to the grid lead
of the valve. The loading effect of the grid resistor may be made negligible
either by omitting it and the coupling condenser altogether when there
is a conducting path for the bias through the source and there is no super-
imposed D.C. voltage on the A.C. voltage to be measured, or by making its
value sufficiently high, e.g. 5 to 10 megohms. In this latter connection, how-
ever, it should be noted that the resistance of 5 to 10 megohm resistors,
as measured under D.C. conditions, may fall to several thousand ohms at
frequencies above 10 Mc/s, unless of a type specially designed for opera-
tion at very high radio frequencies. In order to reduce this effect, as well
as to reduce the self-capacitance effect, it is preferable to use several
smaller resistors of low self-capacitance connected in series,

A wider range of operation up to and above 100 Mc/s. may be obtained
by the use of the “Acorn” type diode-rectifier with its lower input capaci-
tance and transit-time, but although a high rectification efficiency and high
average impedance may be obtained using a diode load of the order of 50
megohms, the application of this type of voltmeter is somewhat limited
due to its very low input impedance during the peak of the positive half
cycle of applied voltage and also the dependence of its reading on the
impedance of the source, which results in a reduction of the applied volt-
age at the terminals of the voltmeter.

The type of voltmeter to be used in any particular case depends on
the wave-form of the voltage, on the value required (i.e. R.M.S. Mean or
Peak), the frequency of the voltage and the impedance across whlch the
voltage is to be measured.

All A.C. voltmeters are essentially rectifiers, employing either diode,
grid circuit or plate circuit rectification and may be grouped according
to the value of the wave form of an applied voltage to which their read-
ings are proportional, namely R.M.S., Mean or Peak values. A brief des-
cription is given in the following of the more important characteristics of
some of these types, but for circuit arrangements and a detailed discussion
reference should be made to the various papers listed in the bibliography
at the end of this chapter.

R.M.S.-Reading Voltmeters.

The response of this type of volimeter is proportional to the R.M.S.
value of applied voltage and is obtained by employing a rectifier having
a square law relation between applied input voltage and mean rectified
current. Such voltmeters may therefore be used to measure R.M.S. values
of voltages irrespective of wave form. The scale may be calibrated to read
R.M.S. values of applied voltages, from which, peak and mean values of
sinoidal voltages may then be obtained by multiplying the scale calibration
by 1.414 and 0.9 respectively.
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A characteristic, which is closely square law for a limited range of
applied voltage (usually not exceeding about 1 volt peak) may be obtained
by operating a triode or pentode valve as an anode bend (plate circuit)
rectifier, at a point, on the lower curved portion of its mutual characteristie,
for which plate current flows over the full cycle of applied voltage and the
relation between grid voltage and transconductance is linear over the work-
ing range. To ensure that the negative peak of applied voltage does not
approach too closely the cut-off bias for the valve, the static plate current
must be slightly greater than twice the increment of plate current required
to produce full scale deflection of the indicating meier. When operation
commences from cut-off and the indication is dependent only on the positive
half cycle of applied voltage, a square law characteristic cannot usually
be obtained with existing valve types, owing to the non-linearity which
occurs in the grid voltage-transconductance characteristic as cut-off is
approached.

In order to obtain the true R.M.S. value of a voltage having a non-
symmetrical wave form, full wave rectification is usually necessary, since
the response of a square law rectifier is generally not equally dependent on
both halves of the cycle of the applied voltage.

Values of applied voltage higher than one volt peak may be measured
without departure from the square law characteristic, by using a voltage
divider across the source of voltage and applying a known small fraction
of the total voltage to the voltmeter terminals. Constant voltage division
for both D.C. and high frequency A.C. voltages may be obtained by shunt-
ing each of the resistive sections of the voltage divider, by a capacitance
of such a value that the time constants (C.R) of the two parallel circuits
so formed, are equal.

The calibration of this type of voltmeter is essentially dependent upon
the maintenance of the square law characteristic and frequent recalibration
is usually necessary. The ranges available are also usually restricted,
since it may not always be convenient or desirable to use a voltage divider
to provide higher ranges, particularly in the measurement of voltages of
high radio frequencies. Since grid current does not flow over any portion
of the cycle of the applied voltage the input impedance is very high, sub-
ject, however, to the limitaticns referred to in the previous section.

Valve voltmeters employing diode and grid circuit rectification are also
approximately R.M.S. reading for low values of applied voltage, but have
the serious disadvantage of a low value of input resistance.

Mean-Reading Voltmeters.

In this type of voltmeter, a response proportional to the mean value
of the applied voltage is obtained by employing a rectifier having a linear
relation between applied input voltage and mean rectified current. The
latter is proportional to the mean value of the positive excursions of ap-
plied voltage and the voltmeter reading is dependent on wave form. The
voltmeter may be calibrated to read R.M.S. values of sinoidal voltages
directly, from which the mean values of applied voltages of any wave form
may then be obhtained by multiplying the R.M.S. sinoidal calibr¥ation by the
factor 0.9.

The rectifier employed may be either a simple diode rectifier without
the usual shunt condenser, or a biased triode or peutode anode-bend rec-
tifier operated from approximately cut-off over the linear portion of their
respective characteristics. Owing to the non-linearity, which occurs at low
voltage levels, a substantially linear response is obtained only for relatively
large values of applied voltage. The linearity may be considerably improved
by the use of a high diode load resistance in the case of the diode rectifier,
and a high plate resistance and negative feedback in the case of the anode
bend rectifier. The greatest degree of linearity in the characteristic of the



Chapter 31. 253

latter is usually obtained when all the loading resistance is placed in the
cathode circuit, since the maximum amount of feedback is then obtained.

Stray capacitances of wiring, the valve and circuit components set
a low limit to the maximum frequency at which this type of voltmeter re-
mains mean reading. At higher frequencies the response tends to be peak
reading.

Peak-Reading Voltmeters.

This type of voltmeter has a response which is proportional to the
peak value of the applied voltage and is hence independent of wave-form
when calibrated in peak volts. Peak reading voltmeters may be calibrated
to read R.M.S. values for sinoidal voltages, which then correspond to 0.707
of the peak value of voltages having complex wave forms. Such voltmeters
include the diode, grid leak, reflex and slide-back type peak voltmeters.

The Diode Peak Voltmeter provides one of the most convenient and
accurate methods of measuring peak voltages, especially at high radio
frequencies. It consists of a conventional diode rectifier, having a capaci-
tance of such a value, shunted across the load resistance, that the time
constant of the circuit is large compared with the period of the applied
voltage. Indication is exponential at low values of applied voltage, but is
linear for voltages above about 10 volts R.M.S.

While a high rectification efficiency and high average input impedence
may be obtained by using a very high value of load resistance, as stated
previously, the indication of this type of voltmeter is dependent on the im-
pedance of the voltage source, owing to the very low value to which the
input impedance falls and the flow of current through the source during
the positive half cycle of applied voltage.

When the rectified current through the load resistance is too small
to be measured conveniently by means of a D.C. microammeter, the volt-
age developed across the load resistance may be applied to the grid of a
D.C. amplifier. Under these conditions, the load resistance is usually con-
nected across the diode and the input voltage applied to the plate of the
latter through a condenser of negligible reactance at the frequency of
operation.

The Grid Leak Peak Voltmeter consists of a grid circuit rectifier em-
ploying either a triode or pentode valve. Rectification takes place between
grid and cathode in a similar manner to diode rectification, and grid cur-
rent flows over the positive half cycle of the applied voltage. The input
resistance, while substantially the same as that of the peak reading diode
voltmeter, is considerably below that of the anode bend type. The scale
is substantially linear and the response peak reading for all but low values
of applied voltage, for which it is approximately square law. This type of
voltmeter, although somewhat unstable with regard to calibration, is
useful for measurements of voltages less than one volt providing, however,
that the loading effect of its input circuit is permissible.

The Reflex Peak Voltmeter consists essentially of a self-biased anode
bend rectifier, employing either a triode or pentode valve operated approx-
imately from cut-off over the linear portion of the mutual characteristic.
A response, which is substantially peak reading for all but low values of
applied voltage, is obtained by shunting a cathode resistor, the negative
voltage developed across which is used to bias the valve to cut-off, by a
capacitance of such a value that plate current flows only at the positive
peaks of applied voltage. The indications of this type of voltmeter are
dependent on wave form. However, since the scale can be made sub-
stantially linear for all but very low values of applied voltages by the use
of degeneration and the sensitivity independent of reasonably large varia-
tions in supply voltage, this is usually not considered a great disadvantage,
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as the wave form of most of the voltages used in practice is sinoidal. In
addition, since grid current does not flow over any portion of the cycle of
the applied voltage, this type of voltmeter possesses the important advan-
tage of a very high input impedance, subject, however, to the limitations
previously stated.

Both the reflex and diode types give indications which approach more
closely to peak reading as the rectification efficiency is made higher. Thus,
when the rectification efficiency is 90 per cent, indication is a function of
all the top section of the positive half cycle of applied voltage which ex-
ceeds 90 per cent, of the peak value. This may be a large fraction of
the period of the whole cycle. For voltages of complex wave form, both
diode and reflex types have similar errors at equal rectification efficiencies.

The Slide Back Type Voltmeter consists essentially of a threshold indi-
cator, which is used to enable a D.C. voltage, the value of which is indicated
on a D.C. voltmeter, to be made equal to the peak value of the applied
voltage. A triode or pentode valve is operated at a very low value of
plate current and the bias read on a D.C. voltmeter. The voltage to be
measured is then applied to the grid in series with the grid bias and the
latter is increased until the plate current is reduced to its initial value.
The peak value of the applied voltage is then equal to the increase of grid
bias, as indicated on the D.C. voltmeter, by subtracting the initial from
the final reading.

This type of voltmeter is true peak reading and due to the method
of operation is self-calibrating. It has also a very high input impedance
and is completely independent of variations in operating voltages and valve
characteristics. It also possesses the important advantage, that a wide
range of applied voltage may be measured simply by increasing the slide-
back voltage. Owing to the adjustment of the latter which is required,
however, the application of this type of voltmeter is restricted to the mea-
surement of steady voltages.

At the present stage of development, the “linear” reflex peak volt-
meter employing an “Acorn” type triode, such as the triode-connected 954.
" with a flexible probe connection appears to be the most generally satisfac-
tory type of valve voltmeter for general use, since by suitable design its
frequency error and loading effect due to input impedance can be made
small up to 50 Mc/s. Its application is, however, restricted to use with
voltages of sinoidal wave form, so that for voltages of complex wave form
a true peak reading voltmeter, such as the diode peak reading type, must
be used. The use of the latter type, however, is restricted by the source
impedance as previously described.

The valve voltmeters described in the following sections are typical
of the peak reading types, and for the reasons previously given employ
“Acorn” type valves.

A.C. Operated Linear Reflex Peak Voltmeter.

The circuit arrangement of a linear reflex* peak reading A.C. volt-
meter of high input impedance, which has been designed for A.C. operation
with either type 6J7-G or the ‘“Acorn” type 954, depending upon the fre-
quency range required, is shown in Fig. 1. For operation up to low radio
frequencies type 6J7-G may be used, but where the voltmeter is intended
for use across high impedance tuned circuits at frequencies up to and above
10 Mc/s, and in cases where the input capacitance must be kept small, the
latter type is unsuitable and the type 954 should be employed. Both types
are used as triodes with the suppressor connected to the cathode. D.C.
voltages may also be measured by omitting the coupling condenser shown,
but require a separate calibration.

. - The scale of the voltmeter is substantially linear on all but the lowest
ranges and the response is closely peak reading for applied voltages above

*Reflex used in this connection indicates the application of negative feedback.
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about 0.4 volt. Below this value, the response is approximately square
law due to the curvature of the characteristic. =~ The voltmeter readings
are therefore subject to the usual wave form errors. The scale may be
calibrated to read directly R.M.S.. values of voliages of sinoidal wave
form, which then correspond to 0.707 of the peak value of voltages having
complex wave forms for voltages above 0.4 volt. The calibration is sub-
stantially independent of changes in the mains supply voltage of approxi-
mated + 10 per cent, provided that the scale zero is reset when necessary.
The effects of mains fluctuations are experienced only on the lowest ranges
due to change of contact potential with heater voltage.

LiNgaR Rertex Peak VALVE VOLTMETER

6J7-G or 954 2t o ——
(D

E KMJ E Re Ry J\? *

' 1
-, 3z & L] Ry

- ey 400 v. OC
==Cy Ry

-

Figure 1. 'A.C. Operated Linear Reflex Peak Voltmeter.

R = 5.0 Megohms. R; = 0.1—0.5 Megohm.

C = Coupling Condenser. R; = 3000 Ohms for Zero Balance

Cp, C, = 0.005 uF. Mica Condenser Adjustment.

C;, C,: Refer Tables I and II. R, = Protective Meter Shunt (100

C; — 16 uF. 500 volt Electrolytic —200 ohms) for use during
Condenser. adjustment.

M = Microammeter 0—100 pA. = S, Zero Balance Switch.

R,, R;, R;, R,: Refer Tables I andIl. S, Switch for Meter Shunt.

. The range of the voltmeter is determined by the values of the resistors
R,, R; and R, and the full scale current of the meter M. The ratio of the
values of the resistors R, and R, is made equal to the amplification factor
of the valve and the latter biased to cut-off by means of the bias deve-
loped across the resistors R, and R,. On the lower ranges, however, the
contact potential of the valve may appreciably reduce the developed bias
and it is necessary to balance out by means of the zero-balance circuit
(consisting of the resistor R; and the 3,000 ohm potentiometer R;) the
resulting plate current, which may be a large proportion of the full scale
meter current. In the case of the type 6J7-G, this effect may be consider-
ably reduced by operating the heater at 4.0 volts, which also allows a 5
megohm grid resistor to be used without excessive grid emission effects.
For this purpose, a resistor of 8.8 ohms may be connected in series with
the heater when the heater supply voltage is 6.3 volts. Operation of type
954, however, at reduced heater voltage is not recommended, since the
total emission available is considerably less and heater operation is more



256 : ‘ Chapter 31.

critical. The use of a 5 megohm resistor with type 954, under the con-
ditions given, has been found satisfactory with actually less grid emission
effect than experienced with type 6J7-G. The effect of grid emission, which
in both cases is negligible, is to reduce the bias applied to the grid by the
voltage developed across the grid resistor, with the result that a slight
unavoidable shift of the zero occurs if a low resistance path is substituted
for the 5 megohm resistor or the latter is short-circuited. Both this effect,
however, and that above due to contact potential may be made negligible
by using valves specially selected for low grid emission and low contact
potential.

Suitable values of R,, R, R, and R, for voltage ranges from 0—1 to
0—150 volts R.M.S. are shown in Tables I and II for the types 6J7-G and
954 respectively. The indicating instrument used on all ranges has a range
of 0—100 uxA, so that satisfactory operation can be more easily obtained
on the lowest ranges. This has the additional advantage that reduction
of the input resistance at high frequencies due to transit-time effects is
kept small. Range changing in a multirange instrument is facilitated
since the same values of R, and R, are used for all but the 0—100 and
0—150 volt ranges, which frequently are not required, so that to change the
range of the voltmeter for ranges up to and including the 0—50 volt range
it is only necessary to alter the values of R, and R,. For the two higher
ranges, the value of R, must be increased to provide additional bias and
the.same values of R; and R, are then used for both ranges.

The voltmeter response is made substantially “peak reading” by shunt-
ing the bias resistors, R, and R,, by the capacitance C,, the value of which
is such that the time constant of the network is made sufliciently great
for the peak value of the bias voltage, developed across the latter, to re-
main appreciably constant during a cycle of the applied voltage, at the
lowest frequency of operation. It is also necessary effectively to bypass
for all frequencies the meter in the plate circuit, in order to avoid fre-
quency discrimination effects due to the inductance of the moving coil of
the meter movement.

Owing to the relatively large value of C; required for effective bypass-
ing on the lower ranges, it is necessary to decrease this value proportion-
ally as R, is increased on the higher ranges, in order to avoid the undesir-
able effect of excessive time constants of the cathode and plate circuits
in slowing up the action of the indicating meter. Values of C; and C, are
given in Tables I and II for a time constant of each circuit of approxi-
mately 0.1 second on each range, which enables a satisfactory response to
be obtained for audio frequencies down to 20 c¢/s., while at the same time
allowing reasonably rapid indication. ‘Where the instrument is not in-
tended for operation at such low frequencies, however lower values of
capacitance than those shown may be used. To ensure satisfactory by-
passing at radio frequencies, mica condensers (C, and C,) each of 0.005 uF.
capacitance should be connected in parallel with C, and C, at the valve
socket.

To enable a wide range of adjustment of the zero on the low voltage
ranges to be obtained, the resistance of R; should have a value of 0.1
megohm since the range of adjustment required is less and the divider
current greater.

The supply voltage required for the operation of the voltmeter is 400
volts D.C. which may vary within + 10 per cent. For this purpose, a type
- 6X5-G, indirectly heated, full-wave high-vacuum rectifier may be used with
a half-secondary voltage of 350 volts R.M.S. and a condenser input filter,
across which is connected a 15,000 ohm voltage divider.
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TABLE 1.
Circuit Constants for Use with Type 6}7-G.

Heater Voltage — 4.0 Volts.

Series Heater Dropping Resistor (from 6.3 Volts) — 8.8 ohms.
D.C. Plate Supply Voltage — 400 Volts.

Indicating Meter — 0—100 pA. Microammeter.

C; = C; = 0.005 uF.

Range

Volts R, R, R;* R, C; C, 1Bt
R.M.S. Ohms Ohms Ohms Megohms uF. uF. mA.
0—1.0 500 10,000 3,750 0.10 35.0 8.0 4.0
0—1.5 500 10,000 8,750 0.10 12.0 6.0 4.0
0—3.0 500 10,000 26,000 0.10 4.0 3.0 4.0
0—5.0 500 10,000 50,000 0.05 2.0 2.0 6.9
0—10 500 10,000 113,000 0.05 1.0 1.0 6.9
0—15 500 10,000 175,000 0.04 0.5 0.5 8.7
0—25 500 10,000 300,000 0.025 0.5 0.5 11.0
0—50 500 10,000 610,000 0.0125 0.25 0.25 16.2
0—100 5,000 100,000 1,175,000 0.075 0.25 0.25 2.5
0—150 5,000 100,000 1,800,000 0.04 0.10 0.10 3.2

*Approximate only; value must be adjusted to give full scale deflection.
tTotal Supply Current.

TABLE 11I.

Circuit Constants for Use with Type 954.

Heater Voltage — 6.3 Volts.

D.C. Plate Supply Voltage — 400 Volts.
Indicating Meter — 0—100 pA. Microammeter.
C; = C; = 0.005 uF.

Range '

Volts R, R, R* R, C, C, I8t
R.M.S. Ohms Ohms Ohms Megohms uF. uF. mA

0—1.0 500 10,000 2,500 0.06 35.0 8.0 6.0
0—1.5 500 10,000 8,000 0.075 12,0 6.0 5.0
0—3.0 500 10,000 25,000 0.075 4.0 3.0 4.9
0—5.0 500 10,000 48,000 0.075 2.0 2.0 4.9
0—10 500 10,000 107,500 0.05 1.0 1.0 7.0
0—15 500 10,000 175,000 0.05 0.5 0.5 8.0
0—25 500 10,000 300,000 0.035 0.5 0.5 9.0
0—50 500 10,000 600,000 0.0225 0.25 0.25 120
0—100 5,000 100,000 1,220,000 0.05 0.25 0.26 3.0
0—150 5,000 100,000 1,915,000 0.02 0.10 0.10 4.0

*Approximate only; value must be adjusted to give full scale deflec-
tion with individual valves.
{Total Supply Current.
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Battery Operated Reflex Peak Voltmeter.

The circuit of a battery operated valve voltmeter using type 954 as a
conventional reflex or self-biased anode-bend detector is shown in Fig. 2.
Type 954 is triode-connected and two ranges are provided by means of the
bias resistors R, and R,, low range, 1, and a high range, 2. The network
composed of the resistors R,;, R, and R; is used in conjunction with a 10—20
volt battery to balance out the initial reading of the meter M, due to the
standing plate current, with the input terminals short-circuited. The scale
of the voltmeter is substantially linear except at low input voltages, where
it is approximately square law. The voltage range is determined by the
sensitivity of the meter M and the value of the developed grid bias.

Typical calibration curves showing the meter range required for input
voltages up to 14 volts R.M.S. are shown in Figs. 4 and 5.

The values of R;, R, and R; depend upon the magnitude of the plate
current to be balanced out, the resistance of the meter and the voltage of
the battery supplying the balancing current. In general, R; should be
large compared to the resistance of M; R, and R; should be chosen to per-
mit coarse adjustment by R, and fine adjustment by R;. For values of
meter resistance and bucking-battery voltages other than those specified,
the ratio of R; to the resistance of M and the ratio of R, to R; may be the
same as those given. It is also necessary to make R, and R; sufficiently
large so that the current drain from the bucking-battery is not excessive.

The D.P.S.T. switch opens and closes ihe heater, plate and zero bal-
ance circuits simultaneously. The filament current (150 mA.) should be
supplied from four heavy duty dry cells.

It is essential that the circuits be adequately bypassed if a low fre-
quency calibration is to hold at much higher frequencies. The bias re-
sistors, R; and R., must be well bypassed at the lowest and at the highest
frequencies at which the voltmeter is to be used. ¥For satisfactory bypass-
ing at both low and high frequencies the bias resistor should be bypassed
by a capacitance of 16 uF. (electrolytic condenser of high voltage rating
for low leakage) in parallel with a mica condenser of 500 wuuF. By this
arrangement, the calibration is made substantially independent of fre-
quency from 50 c/s. up to 25 Mc/s.

The valve voltmeter may be constructed in three separate units:

(1) The probe, consisting of a metal housing, which contains valve type
954, its socket, C,, C, and a shielded four-wire cable terminating in a five
pin plug. These four leads, labelled b, ¢, d, and e connect the housing to
the control unit (2); lead a is the shield surrounding the cable.

(2) The control unit containing C,, R,, R, R;, R, R;, S, and the D.P.S.T.
Switch. This unit is equipped with a five-contact socket in which unit
(1) is plugged.

(3) The power unit, consisting of the filament plate and bucking batteries.
The control unit may connect to the power unit by a plug and socket
arrangement similar to that employed between units (1) and (2). Two
voltmeters may be powered by the same batteries by having two sockets
connected in parallel in unit (3).

If the voltmeter is to be connected to a source through a series con-
denser, no bias will be applied to the grid of the 954, and it is necessary to
connect a resistor of high resistance across the input terminals to conduct
the bias voltage to the grid. The value of this resistor will depend upon

the permissible loading.
(Continued on page 260)
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TYPE 954 (AS TRIODE)

R3
Rg
Rs
- + -t
[ 4
67.5 V. 10-20 V.
C|=500j0Jf CONDENSER (MICA) R4.=40000-0HM POTENTIOMETER
C2=16 Juf COND.FOR CALIBRA~ FOR COARSE ADJUSTMENT
TION WITH AND MEASURE- IN BALANCING OUT
MENT OF LOW FREQUENCIES PLATE CURRENT

C3= 500 U F CONDENSER (MICA) Rs5=2000-0HM RES.(VARIABLE)
M=MICROAMMETER (50 OHMS APPROX) [ON POSITION | GIVES RANGE
R} =2000-0HM RES.(WIRE WOUND) g{ OF 2 VOLTS RMS
R2=50000-0HM RES.(WIRE WOUND) ON POSITION 2 GIVES RANGE
R3=10000-0HM RES. (WIRE WOUND) \ OF 14 VOLTS RMS

NOTE: LEADS b,c, d AND e RETURN INSIDE CABLE. LEAD a IS
CONNECTED TO GROUNDED HOUSING.

CONSTRUCTION OF PROBE

\ PROBE
SHIELDED / TERMINALS

CABLE \:f -

CONDENSERS C; & C3
LOCATED WITHIN HOUSING

Figure 2 (upper): Battery operated valve voltmeter using type 954
acorn valve specially adapted for probe arrangement.

Figure 3 (lower): Construction of probe for acorn valve, either
A.C. or battery operated.
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(Continued from page 258) ’

The voltmeter described has been operated at frequencies up to 25

Mc/s. without serious loading effects or changes in calibration. Voltages,
however, at somewhat higher frequencies may be measured, the upper
limit depending upon the permissible loading.

This voltmeter is based on the description given in the R.C.A. Applica-
tion Note No. 47, May 20, 1935.

MEASURED VOLTS-RMS
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Figure 4: Calibration of battery operated valve voltmeter (Fig. 2)
on high range. Bucking battery 16.5 volts.
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Figure 5: Calibration of battery operated valve voltmeter (Fig. 2)
on low range. Bucking battery 16.5 voits.
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CHAPTER 32
Measuring Instruments

Moving coil instruments—moving iron instruments—form
factor—rectifier type instruments—valve voltmeters—hot
wire and thermo-couple instruments—electrostatic volt-
meters—Dbibliography.

A description of measuring instruments and their application is out-
side the range of this handbook. A few brief notes are appended re-
garding certain types of instruments.

Moving coil instruments indicate the average current. They are most
satisfactory when used for D.C. measurements, but when used on rectified
A.C. the deflection indicates the average value of the current.

Moving iron instruments indicate the R.M.S. value of the current.
They may be used for D.C. measurements although most satisfactory for
A.C. When used on rectified A.C. the deflection indicates the R.M.S. value.

The ratio of R.M.S. to average values is called the Form Factor (see
also Chapter 22). This is therefore the ratio of the indication on rectified
A.C. of a moving iron to that of a moving coil instrument.

Rectifier type instruments may be used for A.C. and audio frequencies,
with only very slight error at the highest audio frequencies, and may be
used with suitable correction factors at low radio frequencies. They are,
however, only accurate when used on sinoidal waveform.

Valve voltmeters of the usual type do not indicate either true R.M.S.
or true peak voltages. In most vases, therefore, valve voltmeters are only
accurate when .used on sinocidal waveform. For further information on
valve voltmeters, see Chapter 31.

Hot-wire and Thermo-Couple Instruments indicate R.M.S. values and
may be used up to high radio frequencies.

Electrostatic voltmeters may be used for measuring medium and high
alternating and direct voltages, and have the advantage of not consuming
any power. When calibrated on D.C. they indicate the R.M.S. value of A.C.
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PART 6 VALVE CHARACTERISTICS

(CHAPTERS 33 and 34)

CHAPTER 33
Valve Constants

Amplification factor—mutual conductance—plate re-
sistance—durchgriff—plate conductance—differential coef-
ficients—partial differential coefficients—valve constants
expressed as differential coefficients—valve capacitances.

Valve Constants

Certain relationships between the voltages and currents of the
electrodes of a valve are known as the Valve Constants. As the name
implies, they may be considered as constants although their values
depend upon the operating conditions. .

Of these the best known are the amplification factor, mutual
conductance, and plate resistance. These are defined as follow :—

The amplification factor (u) is numerically equal to the rate of
change of plate voltage with change of grid voltage, the plate
current being maintained constant.

The mutual conductance (gn) is the rate of change of plate
current with change of grid voltage, the plate voltage being
maintained constant.

The plate resistance (rp) is the rate of change of plate voltage
with change of plate current, the grid voltage being maintained
constant. The relationship between these three ‘‘ constants ™
may be expressed as

# = Lm . Tp, .
I
or gm = )
Iy
“w
or rp = —.,
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The reciprocals of two of these constants are occasionally used and
are as follow :— :

=D where D is called the Durchgriff, or Penetration Factor,
and which may be expressed as a percentage ;

.é"lv-‘l:lo—-

= Gp where Gy is called the Plate Conductance.

In cases where the grid circuit cannot be considered as of infinite
impedance the following may be used :—

Grid input resistance .. .. Ry
» ,, conductance .. .. gi
” ,, reactance .. .. X
" ,, susceptance .. .. B;
' ,, impedance .. .. Z

Reference may be made to Chapter 39 for these and other units.

Valve constants, as well as other allied characteristics, may be
expressed as differential coefficients. For a full explanation of
differential coefficients reference should be made to a mathematical
treatise on ‘‘ The Differential and Integral Calculus.” In brief, how-

€ 2

dy . . . .
ever, —7- is the ratio* between “ an increment of y”’ and “an in-

dx
crement of x.”” The letters ““dx " or ‘“ dy "’ should be always treated

as a combined symbol, not as two separate symbols. The ratio —%

should also be considered as a combined symbol, and ““ dx ”’ should not
be considered apart from ““ dy *’ except as governed by the mathematical
laws of differentiation.

The quantity 3—1— represents the slope of the curve showing

the relationship between x and y, at a particular point.

Partial differential coefficients, designated in the form —g—i—, (the

symbol 0 being pronounced ‘“ der ”’ to distinguish from “d ” in %%)

are used in considering the relationship between two of the variables
in systems of more than two variables, such as the volume of an enclosure
having rectangular faces, the sides being of length x, y and z respectively:

V=XYz

* Strictly speaking, the finite increments should be designated 5x and dy,
d 8

y y
and then —— is the limit (as 3x and 3y approach zero) of —.
dx 8x
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Thus, the rate of change of volume with the change in length of
the side x, while the sides y and z remain constant, is

ov
=y z
0x
ov
Similarly —— = z x, where z and x are constant,
9y
ov
and = x y, where x and y are constant.
0z

In three-dimensional differential geometry, the equation repre-
senting a surface may be represented generally in the form

y = f (%, z).

In this case, the partial differential coefficient gi represents

the slope at the point (x, y, z) of the tangent to the curve of intersection
of the surface with a plane parallel to the plane passing through the
x and y axes and separated by a fixed distance z from the latter.
7
Thus ——a% represents the slope of a tangent to a cross section of
a three-dimensional solid, the partial derivative reducing the three-
dimensional body to a form suitable for two-dimensional consideration.
113 a bRl ¢
% is equivalent to —g% (z constant)” when there are three

variables, x, y and z.

Partial differentials are therefore particularly valuable in repre-
senting Valve Constants. The following list of equivalents may be
used in many problems concerning valves and amplifiers.

Let e = A.C. component of plate voltage,
eg = A.C. component of grid voltage,
and i, = A.C. component of plate current.

(These may also be used with screen-grid or pentode valves provided
that the screen voltage is maintained constant, and is completely
bypassed for A.C.).

dep
Then p = — (ip, = constant),
Oeg
dip/0eg
or more completely -+ '
dip /ey
0Oip

gm = -+ (ep = constant).

€g



Chapter. 33. 267

dep

rp, = + (eg = constant),
dip
1

or more correctly* + .
.
ip/0e,

In a corresponding manner the gain (M) and load resistance (Ry)
of a resistance-loaded amplifier may be given in the form of total
differentials :— .

dep | T
M| =

deg

de,
Ry = —

di,

Particular care should be taken with the signs in all cases since
otherwise serious errors may be introduced in certain calculations.

Conversion Factors : See Chapter 40.

Valve Capacitances.

Cgx = capacitance from grid to cathode

Copp = »i ' » 5 plate
Cpk = ” ,» plate to cathode
Cgs = " ,,» control grid to screen.

The Static Input Capacitance is for a
(1) Triode— Cg
(2) Screen grid or pentode— Cgx + Cgs

Note that the input capacitance for a pentode used as a pentode
is Cgx + Cgs while when used as a triode it is Cyy.

The Dynamic Input Capacitance is approximately equal to the static
input capacitance + (M 4- 1) Cyp, where M = stage gain. (See Miller
Effect, Chapter 7).

The Qutput Capacitance is the capacitance from the plate to all other
electrodes.

* The simple inversion of partial differentials cannot always be justified.

t M is a complex quantity which represents not only the numerical value of the stage gain but also the
phage angle between the input and output voltages. The vertical bars situated one on each side of M
and its equivalent indicate that the numerical value only is being considered.

(0]
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CHAPTER 34
Graphical Representation of Valve Characteristics

Characteristic curves—load line—plate characteristics—
mutual characteristics—dynamic characteristic—grid cur-
rent characteristics—grid load lines—positive grid drive—
constant current curves—resistance coupled amplifiers—
triode power amplifiers—driver valve for Class B output
—pentode power amplifiers—beam tetrodes—rectification
effects—push-pull amplifiers—amplifiers drawing grid cur-
rent—screen current—diode curves—rectifier curves—
regulation of supply—bibliography.

Characteristic Curves and Their Application

The most convenient method of expressing valve characteristics is in
the form of Characteristic Curves. These are of three kinds:

(1) The plate characteristic in which the plate current is plotted (ver-
tically) against the plate voltage (horizontally), each curve being
for constant grid voltage, )

(2) The mutual characteristic in which the plate current is plotted
(vertically) against the grid voltage (horizontally), each curve
being for constant plate voltage, and

(3) The constant current characteristic in which the plate voltage is
plotted against the grid voltage, each curve being for constant plate
current.

Of these three types of curves, the first two are widely used for most appli-
cations, while the third is particularly valuable in the case of R.F. power
amplifiers. ’

Ry

INPUT Cq
SIGNAL
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€ =[]
0 &

voLTs
Figure 1 Figure 2

In addition to these plate current characteristics, it is sometimes
necessary also to show the grid current or screen current characteristics,
and these may be drawn either supplementary to the plate current curves,
or on separate graphs. There are also special curves for diodes and
rectifiers.



Chapter 34. 269

Characteristic curves represent experimental results, and are there-
fore accurate for an average valve, but certain variations are to be ex-
pected with most valves. It is therefore desirable to check the calcula-
tions made on the basis of the curves with representative batches of
valves, or else to allow a safety margin.

Load Line

The usual plate (E,I,) characteristics are drawn for zero plate load
resistance, and if any load impedance is inserted in the plate circuit it is
necessary to add the correct Load Line which will then, in association
with the curves, give the locus of the operating point. In- the case of the
mutual ([,E,) characteristics the effect of a plate load resistance 4s shown
by the Dynamic Characteristic.

"_31.
2
+
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Figure 3 Figure 4

The Load Line may be drawn quite independently of the valve charac-
teristics, a typical one being shown in Fig. 1 for a resistive load of 20,000
ohms and a supply voltage of 200 volts. Since E, represents the voltage
actually on the plate of the valve it is evident that the full supply voltage
(200) can only be the plate voltage when the voltage drop in the load re-
sistor (RL in Fig. 2) is zero, that is when the current is zero. Point B of
Fig. 1 is therefore the point of zero current. and full supply voltage. Point
A is the point at which the voltage across the valve is zero, that is when
the full supply voltage (200) is across the load resistor (20,000 ohms),
and the current is therefore 200/20,000 or 10 mA. Point A is therefore
the point of voltage (E,) zero and current 10 mA. Since the load is a pure
resistance it will obey Ohm’s Law, and the relationship between current
and voltage will be a straight line (AB). The slope of AB is actually
—1/RL, the sign being negative since the plate voltage is the difference be-
tween the supply voltage and the voltage drop in RrL, and the inverted form
(1/RL) is due to the way in which the valve characteristics are drawn with
current vertically and voltage horizontally. The slope- of AB is often
loosely spoken of as being the resistance of RL, the negative sign and in-
verted form being understood.

The quiescent operating point (Q) must essentially lie on the load line
(except in the case of push-pull amplifiers), and if the load under dynamic
conditions is th~ same as the D.C. load the instantaneous operating point
must also always lie on the same load line. If however the A.C. load is
different from the D.C. load, then the dynamic load line will pass through
Q but will have a slope corresponding to the total A.C. load (Figs. 3 and
4). In Fig. 4 the D.C. load resistance RL is shunted by a load resistance
R,, through which D.C. is prevented from passing by the condenser C
which is assumed to have negligibly small impedance to A.C. The total
A.C. load R is therefore given by the expression

1/R = (1/Ru) + (1/Ry)
and the dynamic loadline A’QB’ therefore has a slope of —(1/RL 4 1/R.).
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If Ry is replaced by an inductance L, forming a very high impedance
to A.C., the slope of AB becomes the D.C. resistance of the choke, and the
slope of A’B’ becomes —1/R (Figs. 5 and 6).
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From this description it will be seen that the load lines are quite inde-
pendent of the valve characteristics, except that the quiescent operating
point Q is fixed by the intersection of the D.C. loadline (AB) and the
selected valve curve. We may now return to a consideration of the valve
curves themselves, and apply to them the proper loadlines.

Plate Characteristics

The Plate Characteristic family for a triode valve is shown in Fig. 7.

It is assumed that the plate voltage has been selected as 180 volts, and the
grid bias —4 volts. By drawing a vertical line from 180 volts on the E,
axis (point K), the quiescent operating point Q will be determined by its
intersection with the “E, — —4"” curve.
By referring Q to the vertlcal scale (I,)
the plate current is found to be 6 mA. o( ,7 ¥
The plate resistance at the point Q is __-______71 7A AL o
R

-
n

found by drawing a tangent (EF) to the
curve for E; == —4 so that it touches
the curve at Q.

[+ ]

MILLIAMPS [1p)
R
N
(o}

The plate resistance (r,) at the point

Q is then EK in volts (65) divided by / DAY/
QK in amperes (6 mA. — 0.006 A.) or - - ‘7‘7#‘ d 9
10,800 ohms. / /é’: /“‘l/’ :(
c wi 1
The amplification factor (u) is the ° 10 s (> 30
change of plate voltage divided by the
change of grid voltage for constant plate Figure 7

current. Line CD is drawn horizontally

through Q, and represents a line of constant plate current. Points C and
D represent grid voltages of —2 and — 6, and correspond to plate voltages of
142 and 218 respectively. The value of pn is therefore (218 — 142) plate volts
divided by a change of 4 grid volts, this being 76/4 or 19.

The mutual conductance (g,) is the change of plate current divided
by the change of grid voltage for constant plate voltage. Line AB which
is drawn vertically through Q represents constant plate voltage. Point A
corresponds to 9.6 mA., while point B corresponds to 2.6 mA., giving a dif-
ference of 7 mA. Since points A and B also differ by 4 volts grid bias, the
mutual conductance is 7 mA. divided by 4 volts or 1.75 mA./volt or 1,750
micromhos.

In these calculations it is important to work with points equidistant
on each side of Q to reduce to a minimum errors due to curvature.
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The plate characteristics of a

124 T £=0 pentode are shown in Fig. 8.
. ] Owing to the high plate resis-
= | | -2 tance of a pentode the slope of
o . —] the portion of the curves above
5—1'7‘7 i 4 the “knee” is frequently so flat

g“-: e -—==>*that it is necessary to draw ex-

d éﬁ e T tended tangents to the curves

z — 8 as at A, B and Q. A horizontal
1 line may be drawn through Q

r -10 to intersect the tangents at A

[0 = and B at points C and D. As
° W s Ppey X with a triode, points A and B

. are vertically above and below

Figure 8 Q. The mutual conductance is

AB (4.1 mA.) divided by 4 volts change of grid bias, that is 1.025 mA./V.
or 1025 micromhos. The amplification factor is the change of plate voltage
(CD — 447 volts) divided by the change of grid voltage (4 volts) or 111.7.
The plate resistance is EK/QK, i.e. 180/0.00165 or 109,000 ohms.

The plate characteristics of a beam tetrode are somewhat similar to
those of a pentode except that the “knee” tends to be more pronounced.

The plate characteristics of a screen-grid or tetrode are in the upper
portion similar to a pentode, but the “knee” occurs at a plate voltage
slightly greater than the screen voltage and operation below the “knee” is
normally inadvisable due to instability.

Mutual Characteristics

The Mutual Characteristics of a
triode valve are shown in Fig. 9.
Each curve corresponds to a constant
plate voltage. L.et P be a point on the
E, = 250 curve, and let us endeavour
to find out what information is avail-
able from the curves. The bias cor-
responding to P is given by R (—§6
volts) and the plate current is given
by S (6 mA). Let now a triangle
ABC be constructed so that AP —
PC, AB is vertical, CB is horizontal
and point B -comes on the E, — 200
curve,

The mutual conductance is given
by AB/BC or 2.26 mA./4 volts which
is 0.565-mA./volt or 565 micromhos.
Thus the slope of the characteristic
is the mutual conductance.

The amplification factor is given by
the change of plate voltage divided by the change of grid voltage for
constant plate current, that is

Epl - Ep2 Epl - Ep2
n o= = e——
CB A E,
250 — 200
_— = 125

4
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The plate resistance is given by the change of plate voltage divided by
the change of plate current for constant grid voltage; that is

Epl - Ep2 Epl - Ep2

rp T e———— ==
AB AT
250 — 200
- — = 22,100
2.26 X103

These curves hold only if there is no series resistance in.the plate
circuit. They could therefore be used for a transformer coupled amplifier
provided that the primary of the transformer had negligible resistance. In
the present form they could not be used to predict the operation under
dynamic conditions. The static operation point P may however be located
by their use.

t -
4 DYNAMIC CHARACTERISTIC 4
FOR Eg = 250 /
Ry = imd ’
R -
SLOPE =-3fe, % SLOPE Fﬁ—ﬁ
N_ 0O
P -~--—-- -

1

[}

1

[}

'

I

!

_Eg 0] +Eq
Figure 10 Figure 11

If self-bias is used, the static operating point may be determined,
as shown in Fig. 10, by drawing from O a straight line OD, which has a
slope (—1/RK) determined by the cathode resistance. The point P where
OD intersects the curve corresponding to the plate voltage will be the
static operating point.

Dynamic Characteristic

If a resistance load is inserted in the plate circuit the Dynamic Charac-
teristic (Fig. 11) no longer takes the same form as the static characteristic
but is affected by the load. While the slope of the static characteristic is
gm Or u/r,, the slope of the dynamic characteristic is x/(r, 4+ Rr). Owing
to (r, -4 RL) being more nearly constant than r,, the Dynamic Characteristic
is more nearly straight than the static curve.

The Dynamic Characteristic may be drawn by transferring points from
along the Loadline in the Plate Characteristic to the Mutual Characteristic.
An alternative method (which may only be used with a resistive load) is
as follows (Fig. 11):—

‘When the plate current is zero, the voltage drop in the load resistance
is zero, and the plate voltage is equal to the supply voltage (250). For
the plate voltage to be 200 volts, there must be a drop of 50 volts in the
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load resistor (100,000 ohms) and the plate current must therefore be
50/100,000 or 0.5 mA. and so on. A table may be prepared for ease of
calculation:

Plate " Voltage Drop in Plate Current
Voltage L.oad Resistor (= volts drop /RL)
2560 0 0
200 50 0.5 mA.
150 100 1.0
100 150 1 5
50 200 2.0

It will be seen that this table is not affected by the shape of the valve
characteristics. The Dynamic Characteristic may then be plotted by taking
the intersections of the various plate voltage curves with the plate cur-
rent values given in the table.

The operating point on the Dynamic Characteristic may be determined
by the applied grid bias or by the method already given for the static
characteristic when self bias is employed.

The shape of the Dynamic Characteristic may be used as a measure
of distortion. This will be treated in detail later in the chapter.

The Dynamic Characteristic of a Triode is curved gradually upwards
over the whole range of negative voltages, but it has a ‘“top bend” at some
positive bias. It approaches, but never reaches, a plate current of EB/RL.

The Dynamic Characteristic
of a Pentode* is of particular im-
portance with resistance coupled
amplifiers and will generally be
found more convenient as a basis
of calculations than the Plate
Characteristic. A typical family of
Pentode Dynamic Characteristics
is shown in Fig. 12, these being
for type 6J7-G (6C6). The curves
for all screen voltages are very
similar and have a fairly rounded
bottom bend, a nearly straight
portion, and a fairly sharp top
bend. As a detector, either the top

Figure 12 or bottom bend may be used, the

top bend being more suitable for

small input voltages. As an amplifier, the operating point should

be chosen so that the dynamic path does not leave the straight portion.

If only a small output voltage is required, there is considerahle latitude in

the choice of operating point without the occurrence of perceptible dis-

tortion. When the maximum possible output voltage is required the working

point should be at a current of about 0.56 EB/Rr. When EB — 250 volts
the RL = 0.25 megohm this becomes 0.56 mA.

PLATE VOLTAGE

PLATE CURRENT MA.

It will be seen from the shape of the curves that those corresponding
to the lower screen voltages have the longest straight portions. There is
therefore an advantage in selecting a low screen voltage when a high
output voltage is required. The limit to the choice of a low screen voltage
is set by the occurrence of grid current (at a bias of about — 0.7 volt for
type 6J7-G). A screen voltage of 37 volts is a good compromise for the
conditions of Fig. 12. The final adjustment of the operating point may be
made by slight alteration of either screen or bias voltage, until the plate
current is 0.56 Es/RL.

*A detailed description of the dynamic characteristics of the 6C6 pentode was
given in Radiotrqns No. 69 (28th October, 1936),
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Slightly higher gain may be obtained by operating at a higher plate
current, since the point of maximum gain occurs at the point of inflexion
immediately below the commencement of the top bend, Only a limited out-
put voltage is obtainable, under these conditions, before distortion ap-
pears as a result of non-linearity. The adjustment of voltage is also con-
siderably more critical than for the centre point of the nearly-straight
portion of the curve.

A further reason for the choice of the lower operating point is that
the distortion, even though small, is largely second harmonic, while that
at the point of inflexion is largely third harmonic.

Since the plate current is also the current flowing through the load re-
. sistor, there is a linear relationship between the plate current and the

plate voltage, either D.C. or A.C. Consequently the Dynamic Curves may
he calibrated with a plate voltage scale in addition to plate current. In
Fig. 12, for example, zero plate voltage corresponds to 1 mA., and 250
volts on the plate to zero current. Thus the gain of the valve under dynamic
conditions (A E,/ A E,) is given by the slope of the dynamic characteristic.
If the swing is sufficient to operate the valve beyond the limits of the
nearly-straight portion of the curves, the gain will vary as the signal
voltage is increased. For most practical purposes the ratio between the
peak plate voltage and the peak grid signal voltage may be taken as
the gain, since the excitation of the following stage is dependent upon
the peak voltage.

When the D.C. load resistance is shunted by an A.C. load R,, such
as in the case where R, is the grid resistor of the following valve, the
gain and peak output voltage will be reduced. The modified gain under
these conditions will be R,/(RL 4 R,) of the gain without any shunting.
The peak output voltage will. be reduced in the same proportion as the
gain. -

Since the curvature of the dynamic characteristic is a measure of
the harmonic distortion the peak output voltage which may be delivered
with limited distortion is readily calculable.

When self bias is employed, it is possible to apply the method pre-
viously given (Fig. 10) for determining the static operating point. ‘With
triodes the dynamic charactertistic may be used directly as in Fig. 10,
but with pentodes there must be an adjustment since the cathode current
is the sum of the plate and screen currents. In this, use may be made
of the fact that the ratio between screen and plate currents is nearly
constant. If this constant is A, the intersection of the dynamic charac-
teristic and a straight line from O having a slope of —1/[Rx (1 4+ A)] will
indicate the static operating point. If, for example, the published plate
and screen currents are 2.0 and 0.5 mA. respectively, A will be 0.5/2 or
0.25. The cathode resistor may be 2000 ohms, but the effective cathode
resistor as regards the plate current only will be 2000 (1 + 0.25) or 2500
ohms. If now the sloping line is drawn for 2500 ohms, its intersection with
the dynamic characteristic will give the operating point.

Screen Dropping Resistor.

In order to determine the resistance of the screen dropping resistor,
it is necessary to make use of the plate characteristics of the valve as
a triode, that is, with the plate connected to the screen. To a fairly
close approximation the screen current is equal to A/(1 4 A) of the
triode cathode current (i.e., plate | screen electrode currents) where A is
the ratio between screen and plate currents. The plate characteristics
of the valve as a triode may therefore be used to represent the screen
current — screen voltage characteristics provided that a new scale is added
for screen current in which 1 mA. of screen current is equivalent to
(1 4 A)/A milliamperes of cathode current (Fig. 13). Since a considerable
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change of plate voltage results in
o2 'y r only a slight change of cathode cur-
r S rent, these characteristics may be
regarded as being independent of
plate voltage.

.t $

On these curves a loadline may be

» drawn, the slope being —1/R, where

= ' R, is the resistance of the dropping

resistor. The loadline drawn in Fig.

13 is for a screen supply voltage of

300 volts and a screen dropping

resistance of 1 megohm. The inter-

O, by — section of the loadline and the corre-

. sponding grid bias curve gives the

Figure 13 screen voltage. Alternatively, if the

grid bias and screen voltage are known, the loadline may be drawn and
the resistance calculated from its slope.

Grid Current Characteristics

Grid Current Characteristics (Fig. 14) may be added to the plate
mutual characteristics although it is usually desirable to employ an en-
larged scale for the grid current since it is so much smaller than the
plate current at negative or slightly positive bias voltages. Negative Grid
Current (“Gas Current”) flows from the point of plate current cutoff
to the so called “Contact Potential Point.” The peak gas current should
never exceed 1xA. for small valves, but may be 2uA. or higher in the case

of power valves. The initial gas cur-
/ rent frequently tends to ‘“clean up”

during running, but all design shounld
be based on the possible presence of
some gas current.

If any Grid Emission is present, the
negative grid current tends to in-
crease as the grid is made more nega-
tive (Curve A). Grid Emission may
therefore be distinguished from Gas

~ -, Current by tes.ting a_t a point beyond

rooNTACT. P?s.“' plate cutoff 1mmed}ately after the

_ ° ¢ \j I . valve has been running under normal
g *t9 conditions for a considerable time.
- e Once the plate current has ceased

Aqm=="GS CURRENT the heating of the plate and indirect
N8. GRID CURRENT TO ENLARGED SCALE heating of the grid will decrease, and
Figure 14 the Grid Emission will also tend to

decrease slightly.

The “Contact Potential Point” is the point at which the grid current
is zero, being negative on one side and positive on the other. In indirectly
heated valves it generally occurs about — 0.3 to — 0.7 volt, but individual
valves may be anywhere within the range of 0 to — 1.4 volt. Generally
there is a tendency for the Contact Potential to approach towards — 0.3
volt as valves become older, although high-mu triodes (e.z. 6B6-G) always
tend to have more negative values than general purpose types.

Positive Grid Current flows at all grid voltages on the positive side
of the Contact Potential Point. Occasionally there is sufficient secondary
emission from the grid at some well-positive voltage to give a downward
(negative) slope to the grid characteristic (Curve B in Fig. 14). If such
a condition obtains, and a surge causes the grid to reach the negative
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portion, it is possible for the grid to “block” and fail to return to its
normal voltage until the power is switched off. In normal amplifiers this
may generally be overcome by avoiding surges where possible, and by
making the surge due to switching-on to be in a negative direction on the
valve most likely to “block.” '

Grid Load Lines

When a valve is operated with a fixed negative grid bias, but has
a total grid circuit resistance of R,, the actual voltage on the grid may
differ from the applied bias due to grid current. If negative grid current
is present the condition will be as
shown in Fig. 15 in which OA rep-
resents the applied bias. The plate

current operating point with no grid " UMITING POINT
current will obviously be Q but if
the negative grid current characteristic d

I
{

is ‘as shown, the grid operating point !
will be B and the plate operating point |
Q. Point B is determined by the in- Q |
|

i

i

i

I

]

CURRENT

tersection of the grid current charac-

teristic and a load line having a 2
slope of —1/R,. The shift in grid

bias due to voltage drop across R, 7
will be AE; or R.L. The operating /]
point can obviously never be swung 4 o T
beyond the contact potential point, \. J\sLopz.-%q
so that the static plate current can 2F9=Fq-4
never go beyond D (Fig. 15) due to

negative grid current. ’ Figure 15

Positive Grid Drive

When a valve is operated so that the grid is driven appreciably
positive, power is required in the grid circuit. Fig. 16 shows the grid
current characteristic of a valve operating at a bias — Ec, when a signal
of peak voltage E, is applied. The grid current is shown by curve C and
the peak grid current (I; ,..x) by point D. The peak grid input power is
equal to the peak signal voltage multiplied by the peak current, or

Wpeak = Eg peak >< Ig peak-
== 2 X area of triangle ADF.

The peak grid input resistance is
R, pox Where . Iy

Ri peak == Eg peak/ Ig peake

It is evident that the peak grid in-
put resistance is given by the inverse
of the slope of AB. The grid input
resistance over a complete cycle
may be shown by drawing a succes-
sion of lines similar-to AD to inter- - &
sect OCD at grid voltages correspond- 9 :A ;° |
ing to equal angular increments. Un :‘—“EC —EgreaxEc—!
til the signal voltage exceeds Ec re—Eq pean —————"
there will be no grid current, the
grid input impedance will approach Figure 16
infinity and the grid input power will be zero.

Iqm
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If zero bias had been used in the preceding example in place of —Ec,
and E, ,.. reduced so that the peak positive voltage remained as before,
the peak grid input power would be represented by twice the area of the
triangle ODF, and the peak grid input resistance by the inverse of the
slope of OD.

The average values of input power and grid input resistance are
generally of little assistance in design, although the average grid current
is useful as a practical check on whether the grid drive is sufficient. It may
be taken for granted that if the driver valve is capable of supplying the
peak grid voltage and current, it is easily capable of supplying the smaller
voltages and currents at other parts of the cycle, irrespective of the load
on the driver, which is of minimum resistance at the peak voltage.

An interesting observation is that the input resistance over the cycle
for push-pull operation is more nearly constant for zero bias opera-
tion than for high negative bias operation.

Constant Current Curves

The third type of valve characteristic is known as the “Constant Cur-
rent” Characteristic. A typical family of Constant Current Curves is
shown in Fig, 17, these being for a typical triode (type 801). The slope

of the curves indicates the

120 e I T T TIT a,;npliﬁc;}tizg falcto(li', and the

W & slope o e loadline indi-

80— \:— 31,1 rvee 801 cates the stage voltage gain.
e, __fsom The operating point is fixed

‘\ \ércc,; definitely by a knowledge of

8 150 plate and grid supply volt-
) = - ages, but the loadline is only

g ™ ‘\\\ b _m straight when both plate
E_-ﬁ ~L gla F and grid voltages follow the
o 1 ‘-"% = - same law (e.g., both sine
60l SLOPE = Ly, 25 wave). Distortion results
| ~N] | | 1in curved characteristics, so

i 0 that this form of representa-

4 tion is not very useful ex-

160 ! cept for. tuned-grid tuned-
0 400 800 8OO plate or “tank-circuit” coup-
PLATE VOLTS led R.F. amplifiers. Constant

Figure 17 Current Curves may be

drawn by transferring points
from the published characteristics. For a full treatment the reader is re-
ferred to

(1) Mouromtseff and Kozanowski: “Vacuum Tubes as Class C Ampli-
fiers”, Proceedings LR.E., July, 1935.

(2) “Making Life More Simple” (F. A. Everest) Radio, July, 1937, and
Radio Digest, November, 1937.

Resistance-Coupled Amplifiers

The plate characteristics of a valve may be used, in association with
the corresponding loadline, for the purpose of estimating the performance
of the stage. Fig. 18 shows the plate characteristics of a triode on which
hag been superimposed the loadline AB corresponding to a supply voltage
EB and a D.C. load resistance RrL (Fig. 2), which determines the slope of
AB. The operating point Q is determined by the intersection of AB and
the curve corresponding to the applied grid bias E,. If now a rectangle
OCDB is drawn so that CD passes through Q, the total area of OCDB re-
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presents the total power (Es.,) drawn from the B supply. If a vertical
line QK is drawn through Q, the area of the rectangle OCQK represents
the plate dissipation of the valve (E.I,.), and the area of the rectangle
KQDB represents the dissipation in the load resistance [(EB — E,) I, =
I, RL]. These only apply when no ;nput is impressed.

The conditions obtaining when an input signal with a peak voltage of
E,, is impressed are shown in Fig. 19. The assumption is made in this
diagram that Q is midway between E and G, that is to say that there is no
second harmonic distortion or rectification effect. The power output (that
is the A.C. power developed in RL due to the impressed signal) is 3 X the
area of the rectangle EFGH, or the area of the triangle MQJ. The D.C.
dissipation in RL is the area KQDB as before, but it must be realised that

Ip Ip

W\

Figure 18 Figure 19

there is also being dissipated in Ry the A.C. power indicated by MQJ. The
plate dissipation is reduced by the amount of the power output and is
therefore indicated by the area of OCMJK. This decrease in plate dissi-
pation under dynamic conditions occurs with all Class A Amplifiers, and
it is for this reason that a pure Class A Amplifier is designed so as not
to exceed its dissipation under static conditions.

In order to facilitate calculations of |,
voltage gain the plate characteristic has
been redrawn in Fig. 20. With a peak
grid signal voltage E,, the operating
point will move along the loadline from
E to G. Since E corresponds to a plate
voltage E’ and G to G’ it is evident that
the plate voltage excursion correspond-
ing to a grid excursion from 0 to 2E is
the difference in plate voltage between
E’ and G’. The stage gain is therefore
E'G’/2E,. If an A.C. shunt load (R, in
Fig. 4) is added, the dynamic loadline
will pass through Q and have a slope
of —1/R which is equal to — [(1/RL) -+ Figure 20
(1/R;)]. For the same grid veltage ex-
cursion as previously, the operating point will move from P to R and the
plate voltage from P’ to R’. The stage gain will therefore be P'R’/2E,,.
This stage gain may be compared with the valve gain with inflnite A.C.
loading which is C’'D’/2E,,. The progressive decrease in stage gain (C’D,
E'G’, P'R’) is evident,

The peak output voltage under dynamic conditions (P’K — KR’ etc.)
is the peak grid voltage for the following stage in a resistance-capacitance-
coupled amplifier. If R; is of comparatively low resistance, the dynamic
loadline PR will slope steeply and may cut the zero plate current axis or
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else R may be in the region of excessive curvature, either effect leading to
distortion. If a high output voltage is required it is good practice to make
R, at least 4 times RL to reduce this effect. If however only a small out-
put voltage is required, the ratio R./RL may reach unity or even lower
in extreme cases. The distortion which occurs with a resistance-coupled
triode is mainly second harmonic, and if PQ/QR (Fig. 20) does not exceed
1.22 this distortion does not exceed 5%. The shape of the characteristics
indicates that minimum distortion occurs with any triode when E_ is as
small as possible without any risk of running into grid current. For the
purposes of calculations the grid current point may be taken as

—0.2 volt for 2 volt battery valves
—0.7 volt for medium-mu indirectly heated valves
and —1.0 volt for high-mu indirectly heated valves.
The bias should therefore be adjusted so that the peak signal voltage
swings nearly up to these “grid current points.” The optimum bias is
therefore influenced by the load resistor and the following grid resistor as

well as by the characteristics of the valve, the supply voltage and -the re-
quired output voltage. .

If the stage gain (M) is known, a close approximation to the optimum
bias (Ec) is given by

Epeuk
Ec = — (0.3 4+ ) for 2 volt battery valves,
Epenk
Ec = — (0.8 4+ —) for medium-mu indirectly heated valves
M
Epeak
or Ec = — (1.1 4 ——) for high-mu indirectly heated valves
M

where E,., — plate peak output voltage.

If M is not known it may be calculated approximétely from
®
1 + rp [(RL 4 Ry)/(Ru.R;)]

When R, is less than 2 RL, or when the peak output voltage exceeds
0.15 Es, the graphical method should be used for greater accuracy.

M

The load resistance of a triode
valve should not under any normal !e
circumstances be lower than twice
the plate resistance, while a value of
5 times the plate resistance is gener-
ally preferable. For general purpose
triodes 0.1 megohm, and for high-mu
triodes 0.25 megohm will be found
suitable.

The plate characteristic of a pen-
tode valve with resistance coupling
is shown in Fig. 21. The general
treatment of a pentede is somewhat
similar to that of a triode, except Figure 21
that, due to the control of the voltage

2
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on the screen grid, it is possible so to adjust the operating conditions that
the working part of the characteristic (the “straight” portion) is well away
from the grid current region. Since with a pentode the operating point is
arranged not to enter the grid-current region, the control-grid voltage
swing is only limited by the curvature at each end of the dynamic charac-
teristic, and the permissible peak A.C. plate voltage is much higher than
for a triode with the same supply voltage and distortion. Although the
plate characteristic of a resistance coupled pentode is the basis of calcula-
tion, it is more convenient to derive from it the dynamic mutual charac-
teristic and to use the latter for further calculations. (See under Dynamic
Characteristic).

TRANS. ' CHOKE
PRIMARY RES. R’ INTERNAL RES. R’
)
SIGNAL
INPUT
LNI +
73

Figure 22 Figure 23

The plate load resistance of a pentode is not limited as with a triode
and may be varied within wide limits. For general voltage amplifier
application 0.25 megohm is recommended, while 0.1 megohm may be used
for improved high frequency response, or where a very low following grid
resistance is used, and/or where a slightly lower gain is desired. (See
also Chapter 1.).

Triode Power Amplifiers

* When maximum power output is required from a valve which is oper-
ated from a source of limited voltage it is generally used with transformer
or choke coupling. These two methods are illustrated in Figs. 22 and 23
respectively, but are identical as regards the characteristic curves provided
that the transformer ratio is unity. It is assumed that the inductance
of the transformer primary and of the choke are sufficiently high to pre-
vent any appreciable shunting of the
A.C. load, that C offers negligible
impedance to A.C. compared with Rr, lr
and that no losses occur in any of
these components.

ES*O

The plate characteristic correspond.
ing to either of these circuits is
shown in Fig. 24, the assumption
being made that no second harmonic
or rectification effects are present.
EB represents the supply voltage and
the line QEB has a slope —1/R’ where
R’ is the resistance of the trans-
former primary or choke. QEB inter-
sects the curve corresponding to the
bias E, at Q which is therefore the Figure 24
quiescent point. The lcadline EQG
is drawn through Q with a slope of —1/RrL. In a power amplifier it is
generally assumed that for maximum power output the grid swing is taken
to zero bias, even though a small amount of grid current may then flow.
If it is desired to determine the power output for zero grid current this
may readily be done by a reduction of grid swing.

The quiescent point Q gives a plate voltage E,; (Fig. 24). It is evident
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that the same, operating point could have been reached
in a resistance coupled amplifier by an increase of sup-
ply voltage from EB to E’'B, where E’B is the point where
the extended loadline cuts the axis. In Fig. 24 the dis-
sipation in the transformer primary is the area of the
réctangle QDBK, and the total power from the B supply
is the area of the rectangle OCDB. If there is no signal
input the plate dissipation iz OCQK, but if full signal
excitation is applied the power output is 3 X the area
of the rectangle EFGH, or the area of the triangle MQJ,
and the plate dissipation decreases to the area OCMJK.

3
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\ PLATE
\\ DISSIPATION~ W
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MAM \ \J
]
. '
oF--—f -~
+ X~
] 1 b ST
1 ' i
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t | 1
A A A :P
-0 Epen. o Emax.
Figure 25

If the characteristics of a triode valve are available
(Fig. 25) and it is required to select the operating condi-
tions for maximum power output the procedure is as
follows:—

(1) Select the plate voltage. This may be the maximum
rated voltage, or it may Dbe limited by the B supply.

(2) Note the maximum plate current. This may be
limited by the plate dissipation, or by the rating.
limit or by the B supply.

(3) Make a “5% distortion rule” as Fig. 26. This has
each division to the left of 0 a length of 11/9 or 1.22
of the length of a corresponding division to the right
of 0. It may be made with each left-hand division
11 millimetres and each right-hand division 9 milli-
metres. Each of these divisions may be divided into
10 equal subdivisions.

(4) Place the “0” of the distortion rule at any likely
operating point such that of maximum rated plate
voltage and maximum rated plate current, and tilt
the rule gradually until the reading on the rule cor-
responding to the zero bias curve is the same as the
reading corresponding to the curve of twice the grid
bias at the operating point. EQ/QG will then be
11/9 and the second harmonic distortion correspond-
ing to EQG as a loadline will be 5%.

(5) The power output corresponding to this loadline is
approximately

(Emnx - Emiu) (Imnx -
8

Imin)
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(6) If I, is less than 0.25 IQ it may generally be assumed that the load-
line which has been selected is fairly tlose to the optimum. If L., is
greater than 0.25 Iq it is desirable to make one or more further trials,
with slightly varying grid bias, and to calculate the power output from
each. With the aid of these data the loadline for maximum ‘“undis-
tolrtei(tl':1 (i.e., less than 5% second harmonic) power output may be
selected.

1N
(7) The load resistance corre- 1
sponding to the selected load-

line is
P
Emax - Emin

o

(o]
N
N

RL =

Imnx - Imin

—
»
N

Alternatively, a line may be
drawn parallel to EG (Fig. 25)
so as to cut both axes. The
resistance is then equal to the
voltage intercept divided by
the current intercept. 7

S

% 2np HARMONIC

(V]

(8) For the greatest accuracy it
is necessary to correct the 1 15 2:0 2.5 30
loadline  for  “rectification” RATI
(see section later in this _O EQ/ Qs
chapter). Figure 27

As a guide to the first choice of loadline (which shoulfl then be
checked by the method already given in order to find the optimum) the
following may be used:—

Zero signal bias * = 0.675EB/u
Imnx = 2 IQ-

Values of second harmonic distortion in addition to 5% may be cal-
culated from the approximate formula

'% (Imax + Imln) "“IQ
% 2nd harmonic = X 100.

Imax _ Imin

This is also given in Fig. 27, in which the second harmonic distortion is
plotted against the ratio of the two portions of the loadline (EQ/QG). The
curve of Fig. 27 was calculated from the formula (see Fig. 25).

EQ — QG
2 (EQ + QG)
Driver Valves for Class B Output

When a Class AB, or Class B output stage is employed, the load on the
drivpr valve varies during the cycle. If a negative bias is supplied to the

% 2nd harmonic = % 100.

*The bias voltage which is determined by this method Is to the negative end of
the filament with D.C. heating. If the return is made to the centre-tap of an
A.C. heated filament the bias should be increased by one half the fllament
voitage.

This should not be regarded as being an accurate formula since it does not
take all factors into consideration. In general it will be found to give resuits
which are smaller than the optimum bias for highly efficient valves, and greater
than the optimum bias for less efficient valves.
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output stage the grid impedance, up to the point where griq current flows,
will be practically infinite and may be represented by a horizontal loadline
on the plate characteristic
b of the driver valve (Fig. 28).
2 TYPICAL TRIQDE As the driving voltage in-
@y DRIVER creases the peak grid resist-
\ ance decreases, and a curved
S " loadline is produced. At }he
Eg Pean 4 point of extreme excursion
the “peak grid resistance”
(E; peas/I; peax) determines
the position of the end point
of the loadline, and the in-
' Y A 8 cremental grid resistance de-
LOADLINE termines the slope of the
loadline at this point. This
incremental grid resistance
is determined by drawing a
Ep —— > tangent to the grid current
H curve at the point of ex-
Figure 28 treme excursion (Fig. 28).

MINIMUM ~

The curvature of the loadline introduces distortion additional to that
due to the straight loadline (E; pea/I; peax). The calculation of this distor-
tion, and the determination of the optimum operating conditions for the
driver stage are beyond the scope of this Handbook,

If the secondary of the driver transformer were loaded by a fixed re-
sistance there would be no horizontal portion of the loadline, and the load-
line would slope more steeply. Unless the power of the driver stage were
increased, or the transformer step-down ratio decreased, the effect would
be to increase the distortion.

Pentode Power Amplifiers

The plate characteristics of a typical power pentode are shown in Fig.
29. The general procedure is similar to that with a triode except that
EQ/QG is usually made equal to unity so that the second harmonic is zero.
The third and higher harmonics are usually fairly large and must be con-
sidered. Sometimes a lower
Ip value of load resistance. (load-
line E'QG’) is adopted so as to
decrease the third harmonic
distortion with a small increase
of second harmoniec, and usu-
ally a slight decrease in power
output. Higher values of load
resistance should be avoided
since they increase second and
third harmonic distortion and,
Es if the loadline cuts the zero
grid bias curve below the knee,
Figure 29 the screen current tends to rise
unduly and the screen dissipa-
tion may be exceeded. The formula for power output as used for triodes
gives a result lower than the actual output when third harmonic distortion
is appreciable and a more accurate formula suitable for pentodes (and

other valves having appreciable third harmonic) is

[Imax — Imin + 141 (Ix — Iv))* RL

Power Qutput =

32
where Ix and IY are the plate currents corresponding to grid voltage 0.293
and 1.707 Ec respectively (Fig. 29).
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Using the same method

Emax - IE':min
RL ==

Imux - Imln

Imax + Imin - ZIQ
% 2nd harmonic = X 100

Imax — Imin + 1.41 (Ix —Iy)

. Imﬂx - Imin‘_' 1.41 (IX —_— IY)
% 3rd harmonic — X 100

Imnx - Imln + 1.41 (IX -_— IY)

This is known as the “5 Ordinate” method and is sufficiently accurate for
most purposes where percentages of harmonics higher than the third are
not required. A still more accurate method is the “11 Ordinate Method.”

Eleven Ordinate Method Is
When the 5 Ordinate Method is lo
not sufficiently accurate, or when 50 {’;’
it is required to calculate the fifth &< 10_:

harmonic, the 11 Ordinate Method & .
may be adopted. The “dynamic [ MWHRNE | Of o
characteristic” is transferred from &F___ .. /o R P
the E,J, curves to a dynamic |4 < !
mutual characteristic (Fig. 30). ° 0@"' 13
The plate current is noted for grid & Iy
voltages of 0, 0.2, 0.3, 0.5, 0.7, 1.0, &f2° i
13, 1.5, 1.7, 1.8 and 2.0* times the oo
bias voltage (— Ec). The full -

signal D.C. plate current is 175, T I w7,

and may be derived experimentally £9=—2& “Ee ©

or by the methods given under Figure 30

“Rectification Effects.” Know-

ledge of the value of I”B is not necessary for the calculation of the various
harmonics. These may be obtained from

2nd Harmonic = 1/, (I, + I, — 2I,) = H,

Ve Clys + I, — I, — 2L5) = H,

4th Harmonic = 1/, (I, + 2I, + I, — 2I,, — 2I,.,) = H,

5th Harmonic = 1/,, (21,, + I, + 2I,.4 — 2[5, — 2I,., — I,) = H;
Fundamental = 1/, (I, — I,) + H; — H, = H,

(Note that all currents are peak values.)

I

3rd Harmonic

Power due to fundamental

= 1/,H,?® Ry.

*The exact values corresponding to these points are 0, 0.191, 0.293, 0.5, 0.691, 1.0,
1.309, 1.5, 1.707, 1.809, 2.0. The approximate values are, however, sufficiently
accurate for most purposes.
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Beam Tetrodes

The procedure for Beam Tetrodes is similar to that adopted for pen-
todes. The “knee” of the curve is more sharply defined than in the case
of pentodes, and the loadline should not cut the zero bias curve below the
knee owing to the sharp rise of screen current and unsatisfactory operation.

— Rectification Effects

& Rectification Effects, due to curva-
ture of the valve characteristic, are
found with all types of amplifiers,
By 4 including pure Class A. One result
I /'"1 Y. lo is that the B current drain under
sl & dynamic conditions varies from the
5/ static value, and may be either high-
. er or lower. The average D.C. cur-
L] rent drain may be calculated by tak-
ing equal angular increments of the
6> -%° o0 . +xr 40 +w°  vector of grid voltage (e.g, 0°, 15°,
 Prase ancie s (8] 30°, 45°, etc.) as in Fig. 31, and find-
y Ing the corresponding plate current
at each point. The mean plate cur-
rent (I”B) may then be determined
Figure 31 from

I'g = /15 (3o + Lge + Igpe + Lise + Iaoj’ 4 L + Ig 4 Ioyp
+ I~30° + Togse + Iogee + Igpe + 41 g0°)

3

PLATE CURRENT MA,

...
£

C,
24,

8
N,

\

Eg =-2F¢ éo

-1-97 ---
-1-87---
-3-7

~1.26

— 29 —--
-l —an-
-03 -

.
0
|

—1e8-
- EC .
-74

which is equivalent to

I”B = 1/12 (%Io + Io-os + Io-ls + Io~29 + Io-s + Io-74 + IQ + Il~26
+ I1 5 + I1-71 + Il~s7 + Il~s7 + %Iz-o)
A simple approximation is given by
AIB = % (Imax + Imin — 2 IQ)

where AIB — rise in B current from no signal to full signal. This formula
may be put into a more convenient form for certain applications by making

Inax — IQ equal to Ix
and Iq — I, equal to Iy
Then I 4 Loy — 2Ig = Ix — Iy

Ix — Iy
€4 N ..AIB=

4

haag- = - - - -~ AN Fig. 32 shows a typical triode plate
N M7 g characteristic with an *“uncorrected”
SR S loadline EQG. Since EQ is greater
N YT A R, - than QG there will be reéctification
s ;Q EVATSRTAN ., and a rise of average plate current

; AN from Iq to Is where IB is equal to
Iaing- A — ~ - - = — S R Ig 4 AIB. The point of intersection

of Is with the loadline may be de-.

termined graphically in the following
Figure 32 manner.

-
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From E lay oft EF along EQ equal to QG. Divide FQ into four equal
parts of which MQ is one. Then the current (IB) corresponding to M is the
average plate current for the loadline EQG. The justification for this pro-
cedure is that just as EQ corresponds to a current change Ix, and QG
to a current change Iy, so MQ corresponds to a current change
(Ix—1v)/4 or Als

It will be seen that the point M which corresponds to the average cur-
rent on the loadline EQG does not correspond to the supply voltage
loadline EBN and therefore this condition is not permissible. The loadline
must therefore be lifted until the point on the loadline corresponding to
average plate current corresponds with EBN. In most cases the position
of the point M will change as the loadline is moved. It is therefore desirable
to adopt some convenient method by which a laborious “trial and error”
process may be avolded.

The suggested method is to draw any other loadline E'P'G’. In a
similar manner to the previous case, the point on the loadline correspond-
ing to the current axis (M’) is determined, so that

EIP! — PIGI
M'P’ =
4

If now points M and M’, corresponding to the current axes of the two
loadlines, are joined by a straight line MM’, the.point where MM’ inter-
sects EBN will be on the maximum signal dynamic loadline. It only re-
mains to draw through M” a loadline E”M”G” parallel to EQC, and this will
be the desired maximum signal dynamic loadline.

It is evident that the change from the no signal quiescent point Q to
the maximum signal dynamic loadline E”M”G” will be a gradual process.
As the signal increases so will the loadline rise from EQG towards E*M”G”.
At intermediate signal voltages the loadline will be intermediate between
the two limits. The average plate current for zero signal is Iq, but this
will rise to I”B (corresponding to point M”) at maximum signal.

It will be observed that M” does not correspond with P” which is the
intersection of the loadline and the static bias curve. Point P” is not the
quiescent point (which is Q) but may be described as “the point of instan-
taneous zero signal voltage on the dynamic loadline.” Point P” must
therefore be used in the calculations for harmonic distortion at maximum
signal. The loadline E”M”P”G” provides the data necessary for the cal-
culation of power output, second harmonic distortion. and average D.C.
current. All these will, in the general case, differ from those indicated
by the loadline EQG.

Summary
1. Power output is calculated from the loadline E"G” in the usual
manner.
2 Mupn
2. Second harmonic distortion at maximum signal = ——
E’/G’I
3. Average D.C. current at maximum signal = I”B == Iq + AI”B
= current corresponding to point M”.
4. Rise of D.C. current from no signal to maximum signal = AI”B

= difference in currents corresponding to points M” and Q.
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The graphical method outlined in this section is equally applicable to

pentodes or beam tetrodes.

It should be noted that the rise of plate current, due to rectification.
affects the bias when self-bias is employed.

Push Pull Triode Amplifiers

Although it is possible to treat graphically a single Class A Amplifier
and then to make certain adjustments for two in push-pull, a more general,
more illuminating and more accurate method is to draw composite charac-
teristics and loadlines according to the method here given. In single Class
A Amplifiers the second harmonic distortion is limited to a certain per-
centage, and the grid voltage swing is therefore limited. In a push-pull
amplifier in which even harmonics are balanced out this limitation no
longer holds, and in many cases the bias and grid swing may be increased,
with consequent increase of power, up to the point where odd harmonic
distortion becomes objectionable (see Chapter 5 on Fidelity, etc.).

Owing to the fact that push-pull amplifiers are normally terminated
by a transformer or centre-tapped choke the alternating plate voltages are
equal and opposite regardiess of individual plate currents. Even though
one valve may have cut off completely, its plate voltage may continue to
rise. Due to this effect, the load on each valve is not constant but
approximately equal to

P} Ru (1 + I'pl/rp2)

where RL — load resistance from plate to plate,
r,; — plate resistance of valve V, on which the load is being
measured,

and r,, — plate resistance of valve V,.

The proof of this statement is given in Radiotronics 79, 6th September,
1937, p. 64.

As a result of this effect, the
Ip loadline of each valve is curved, and

if cutoff is reached the corresponding
part of the loadline is horizontal
Tuad =~ ===~ (ADE in Fig. 33). For the greatest
DYNAMIC. LORDLINE UNDER power  output, neglecting distortion,
° \  PusH-puL conoiTions  €ach  valve should operate into an
V) \\ effective load equal to its own plate
% \N resistance at every point throughout
. JLOADLINE ON A the cycle. This condition may be
\ésmd va-vE approached very closely under push-
. \D\ € pull conditions.
0 Eoy [ Er On the other hand the dynamic

Figure 33 loadline is a straight line passing

through the point (B) of zero plate

current and supply plate voltage EB as well as through the point (A) of
maximum plate current, zero grid voltage.

The dynamic loadline will therefore not pass through the individual
quiescent operating point and its position will not be affected by the applied
grid bias provided that the plate-to-plate load resistance remains constant.
Under these conditions the power output is also unaffected by the grid bias.

Push-pull amplifiers are usually employed in order to produce the
maximum power output rather than to give the greatest efficiency. It can
be shown (Radiotronics 79, pp. 64-67) that maximum power output in a
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pu_sh-pull aml')liﬂer occurs when the load is of such a resistance that the
point of maximum current (A in Fig. 33) corresponds approximately to a
plate voltage 0.6 EB. Wilh this assumption we have the following :—

Inax . EB
Power Output = —
(2 valves) 5

Es

Load Resistance = 1.6 ——

(plate to plate) Tiax
The grid bias for Class A operation may be anywhere between the
value specified for single-valve operation and that equal to one-half the

grid bias voltage required to produce plate current cut-off at a plate voltage
~of 1.4 EB. Any further increase of bias will result in Class AB operation.
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Figure 34

In order to determine distortion and average plate current it is desir-
able to draw Composite Characteristics* for both valves in push-pull as
shown in Fig. 34. In this diagram, which is for 2A3’s operating at 300
volts on the plates and —60 volts bias (for D.C. on filament), and with a
quiescent plate current of 40mA. for each valve, the individual valve charac-
teristics are shown with broken lines, and the Composite Characteristics
with continuous lines. It will be seen that the lower characteristics are
the same as the upper ones but turned over and placed so that the quiescent
operating points Q, Q' are on the same vertical line. The Composite
Characteristic corresponding to the static bias voltage (—60) is obtained
by subtracting the currents of each of the single characteristics of the
same bias voltage. Other composite characteristics are obtained by com-
bining the single characteristics for bias voltages equally on either side of

*See B. J. Thompson, Proc. LR.E. April, 1933, p. 591.
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the static bias, e.g.,, — 60 and — 70, —40 and — 80 and so on. Each of these
Composite Characteristics is nearly a straight line. The points of inter-
section of these Composite Characteristics with the load line are used in the
determination of harmonic distortion.

Harmonic Distortion may be calculated by methods as used for single
amplifiers, or by special methods only suitable for push-pull amplifiers*
which are outside the scope of this Handbook. A simple method which

CURRENT { BOTH VALVES)

R —

~Eg—- /‘ +Eq

! w

! SEgrean  Egrean 1

| Q

I

‘ A i B L

! 0 a0 20 Q) 20 a0 60
______ = lpgan —Eg A.C.GRID VOLTS ~tq

Figure 35 Figure 36

gives the percentage of third harmonic makes use of the “dynamic charac-
teristic” ‘as shown in Fig. 35. The curve A represents the dynamic charac-
teristic while B is a straight line joining the two ends of A and passing
through O. I, is the difference in plate current between curve A and line
B at one half of the peak grid voltage. The percentage of third harmonic
distortion is

2/3 Taiee X 100 )

Ipenk i 2/3 Idit!

/3 Tar X 100
or ————————— approx. (2)
Ipeak

The Average Plate Current over
the cycle is found by adding the
two plate currents in Fig. 34 in-
stead of subtracting them as for
the Composite Characteristics. The
total plate current may then be
~ plotted as in Fig. 36 as a function
of A.C. grid voltage. In order to
find the average current it is
generally most convenient to take
equal angle increments over the
cycle, for example, every 10° as
shown in Fig. 37. The plate cur-
rent should then be noted at each
point corresponding to 10° in-
crease in angle over the whole
360°. The average plate current
is then the average of these in-
Figure 37 dividual values.

*Mouromtseff and Xozanowski, Proc. I.R.E. Sept., 1934.

J
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In order to reduce the amount of
work involved in this calculation, use
may be made of the fact that each
quadrant (90°) is similar. It is very
easy to make an error in this calcu-
lation and the following method of
obtaining the average from the plate
current curve over one quadrant is
therefore given.

This method is illustrated in Fig.
38, which shows the total plate cur-
rent for both valves over one-quarter
of a cycle. Grid voltages are shown
as fractions of the peak grid volt- ——n——
age. The plate currents correspond- TIMES PEAK GRID SWING
ing to grid voltages of 0,0.17,0.34, 0.5, Figure 38
0.64, 0.77, 0.87, 0.94, 0.98 and 1.0 times
the peak voltage are shown as I, Il,,, etc. The average plate current
(I,) is then given by

TOTAL PLATE CURRENT (BOTH VALVES)
}

Iav = 1/9 (‘%Io + 10-17 + Io~s4 + Io~5 + Io.u + Io-77 + Io-87 + Io-u
+ Io~9a + ‘}Iro)-

Class AB, Amplifiers may be treated by the method already outlined. Class
AB, and Class B Amplifiers may also be treated similarly so far as plate
current is concerned, but require additional consideration on account of
Grid Current.

20 pmmvancana: 4
TY G g
s TYPE 6F6C
Ega=25% v 3 ———
3 T EaaiRuma; Ega= 250 v
- NEER + \Sanes
Z .0 Egy=+ 30 H . .
]
iR s
4 + 30 -
v + bt { V]
o W
H = F10f 1 a
It} T b s g
0 O] ©
- 100 200 D w100
(] PLATE VOLTS %
=)
G
Figure 39 (above)
os Ep
Figure 40 (righ o 20 0
9 (right) K PLATE  VOLTAGE

Amplifiers Drawing Grid Current

Amplifiers which are operated with flow of grid current over part or
the whole of the cycle can only be designed completely if the valve grid
current characteristics are available. Fig. 39 shows the grid characteris-
tics (E;I;) and Fig. 40 the plate characteristics of a typical pentode (Type
6F6-G). The treatment for other types such as beam tetrodes or triodes
will be evident.

The procedure in the case of a Class AB, amplifier in which it is re-
quired to find the peak grid current and peak grid power is as follows : —

(1) From the Eg point (350 volts) draw a loadline corresponding to a
load resistance of one quarter the load resistance plate to plate (Fig.40).

(2) On this loadline choose a point (A) of extreme positive grid swing.



Chapter 34. 291

This choice will be limited by the plate dissipation, available grid driv-
ing power and distortion. For the sake of an example, take A as cor-
responding to a grid voltage 430, plate current 183 mA. and plate volt-
age 76 volts.

+ (8) It is now necessary to refer to the grid characteristic (Fig 89) in
order to find the grid current corresponding to a plate voltage of 76
and a grid voltage of +-30. This is obviously 11.5 mA., and is the peak
grid current.

(4) The peak grid voltage is equal to the negative bias voltage (38
volts) plus the peak positive swing (30 volts) or 68 volts. The peak
grid power is therefore 68 volts X 11.5 mA. or 782 mW. The input
transformer will consequently be called upon to supply 782 mW. peak
power into a resistance of 5,900 ohms (ie., 68/0.0115).

(5) If the peak power and peak grid voltage can be supplied, it is next
advisable to calculate the power output. Neglecting distortion, the
approximate power output for both valves is W where

El RI2 E?
= — = —— = — watts
2 2 2R
where E — total plate voltage swing per valve.
I — peak plate current in amperes.
and R — load resistance per valve,
For more accurate calculation of power output, reference should be
made to the earlier section on Push-Pull Amplifiers.
(6) The average plate current (both valves) may be calculated as for
Push-Pull Amplifiers, but an approximation is possible for Class B
Amplifiers biased almost to cut-off, in which
I,y = 0.637 I cax approx.
where I,, — average (DC) current for two valves.
(7) The average plate input power in watts is equal to the plate supply
voltage multiplied by the average current in amperes.
(8) The plate dissipation is equal to the difference between the plate
input power and the output power.

A useful guide which may be used in many cases where no other limita-
tion of positive grid swing is available is as follows : —

“The minimum plate voltage

< should be twice the diode line
c >Dm nE voltage at the peak current
D point.”

e This is illustrated in Fig. 41 in which

the loadline cuts the diode line at point

LOAD LINE D corresponding to a plate voltage Eb..

The grid swing is limited to point A

where EA = 2 Epn. The diode line is

shown in many characteristic curves,

8 and is the line where the grid loses con-

te trol, in other words the minimum plate

Figure 41 voltage for any specified plate current

no matter how positive the grid may be.

For obvious reasons (distortion and excessive grid current) the drive
should never reach the diode line.

Reference should be made to the treatment of grid current under the
section on Mutual Characteristics. The method used in the design of
Class B Amplifiers is given in Chapter 2.

b~ - e o

Ep

o
~
»
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Screen Current

In a pentode or beam tetrode, if the control grid bias is kept constant
and only the plate voltage varied, the total cathode current (plate 4 screen)
will remain very nearly constant, decreasing very slightly as the plate
voltage is reduced down to the knee of the curve. Below this plate volt-
age the screen current increases more rapidly until zero plate voltage is
reached at which point the screen current is a maximum (Fig. 42). It is
evident therefore that if a dynamic loadline cuts the zero bias curve below
the knee the screen current will rise rapidly and the screen dissipation
may be exceeded. The average maximum-signal screen current may
be calculated from the approximation

Igzav-=4lIA+%IQ

where Ia = screen current at mini-
mum plate voltage swing
and zero bias (point A).

lgas Ip - 1

and Iq — screen current at no sig-
nal and normal bias.

The screen dissipation is therefore
W, where

Weo = Eg (31a + 31Q)

The variation of screen current with change of control grid voltage is such
that the ratio between plate and screen currents remains approximately
constant provided that the plate voltage is considerably higher than the
knee of the curve. This ratio may be determined from the published
characteristics.

Figure 42

. APPROXIMATE DIODE CHARACTERISTICS— TYPE 6B8-G ETC.
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Diode Curves

The diode characteristics of a typical diode are shown in Fig. 43. Each
curve corresponds to the peak voltage of a constant unmodulated carrier
voltage. On this graph may be drawn loadlines corresponding to diode
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load resistances in a similar manner as for triodes. The intersection of
the applied loadline (OA) with the peak input voltage curve indicates the
D.C. voltage developed by the diode and available for A.V.C. As the load
resistance increases, so the D.C. voltage approaches the peak input voltage.

For example, if the input carrier is 10 volts peak and the diode load
resistor 0.5 megohm, the diode current will be 17 pA. and the D.C. voltage
— 8.7 volts. If 100% modulation is applied to the carrier, the operating
point will move at audio frequency along the loadline from the intersection
with the “O” curve, through X to the intersection with the 20 volt curve.
The distortion over this excursion is small (about 5% second harmonic)
and may be reduced still further by operating with a higher carrier input
voltage. -

If however the D.C. load resistance of 0.5 megohm is shunted by an A.C.
load (such as would occur due to the grid resistor of the following valve)
the dynamic loadline will be similar to BC, which passes through the static
operating point X but which has a slope corresponding to the total effective
A.C. load resistance. This loadline (BC) reaches cutoff at about 75%
modulation, and the distortion at higher percentages of modulation will
consequently be severe. For any combination of D.C. and A.C. loads it is
possible to draw the loadlines and determine the limiting percentage of
modulation before distortion becomes severe.

Rectifier Curves.
The subject of Rectifier Curves is treated in Chapter 22.

Effect of Plate and Screen Supply Regulation

With a triode valve, the rise in average plate current at full output
(due to rectification) causes a decrease in the effective plate voltage, due
to the resistance of the B supply. The result is a comparatively slight re-
duction in power output, since the drop in plate voltage opposes the rise
in current.

With a pentode or beam tetrode valve, however, the effect is much
more pronounced. If the plate and screen operate at the same voltage
from a common supply the drop in plate voltage due to the resistance of
the B supply also causes a similar drop in the screen voltage. This drop
in screen voltage results in a complete change of valve characteristics, the
zero grid bias curve being then lower than with the full voltage. The cut-
off grid voltage is then lower, and a lower grid bias voltage is required for
optimum operation, possibly also accompanied by an increase in the
optimum plate load resistance. The combined result is therefore to reduce
the maximum power output and to reduce the grid input voltage required
for full output. ’

It is obvious that a Class A amplifier is less affected by poor regula-
tion in the B supply than is a Class AB, or other amplifier drawing con-
siderably more current at full output than at no output.

For further consideration see Radiotronics 80 (October, 1937), pages
76-77.
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PART 7 GENERAL THEORY

CHAPTERS 35 TO 39, INCLUSIVE
CHAPTER 35

Resistance, Capacitance, Inductance

(1) Resistance—Ohm’s Law—resistances in series and
parallel—Kirchhoff’s laws—application to voltage divider—
power—(2) Capacitance—condensers in series and parallel
—capacitive reactance—Ohm’s law—impedance—power—
unit of capacntance—capacntance of parallel plate condenser
—resistance and capacitance in series—time constant—
stored energy—(3) Inductance—inductances in series and
parallel—inductive reactance—Ohm’s law—impedance—
power—kinetic energy—time constant—(4) Resistance,
capacitance and inductance in series—(5) Resistance,
capacitance and inductance in parallel—conductance, sus-
ceptance, admnttance—-graphlcal method for resistance and
reactance in parallel.

1. Resistance

Ohm’s Law: I — E/R where I — current in amperes,
E — voltage drop across R in volts,
and R = resistance in ohms.

Resistances in series:
=Ry + Ry + Ry 4+ .. ... ...

Resistances in parallel:
1

(1/R1) + (1/R:) + (1/Rs) + ...

Two resistances in parallel:

R =

R, R
Rew —
R, + Rq

Kirchhoff’s Laws:

(1) At any point in a network of conductors the sum of the currents
flowing towards the point is equal to the sum of the currents flowing away
from it.

(2) In any closed circuit in a network the sum of the electromotive forces
introduced into the circuit is equal to the sum of the voltage drops across
each of the conductors. In other words, in following any closed circuit in
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a certain direction. clockwise or counter-clock-
wise, take as positive all electromotive forces
which tend to produce currents in the selected
direction and also take as positive the cur-
rents flowing In this direction. Opposing
e.m.fs and currents are given a negative sign.
For example in Fig. 1 any closed circuit may
be selected, such as A BC D E F A, Com-
mencing at A and following in a clockwise
direction we have

+ e1 + ex = 1Ry 4 isRe 4 isRg - isR4

In a similar way any other closed circuit may
be followed, for example A B C D A in which

+ € = i1R1 + i2R2 — i5R5-

Similar expressions may be obtained from any other closed circuits, and
these, together with the application of the first law, will solve the network.

"
leea
R3 R
-—— D - y——
i, iy
Ry
- L7
Figure 1

As an example of the application of the first law, consider point D
where the current flowing inwards is i, 4 i; and the current flowing out-

wards is i,.

odg 15 = g

If the direction of current assumed in any conductor is incorrect, the value

for current in that conductor will be shown as negative.

One of the most important applications of Kirch-
hoff’s Laws in radio design is to a voltage divider, and
the following example shows the method of calculation

(Fig. 2).

Assume that the supply voltage E and the tapping
voltages e, e, and currents i,, i, as well as the current
I, through the section R, are known, and that it is re-

quired to find the values of R, R,, R,, I and I,.
By applying Kirchhoff’s first law:
I—=1 +i
also I, =1 - iy

Sl =1 + iy 4+ ip (by substltutlon)

- (1)
(2)

be,

Rq

be..

Rz

E

Figure 2

-

and since I, i, and i, are known, I may be determined, and also by sub-

stituting this value in (1), I, may be found.

Now es — IR,
also e; — e = I1iRy

and E — ¢; = IR

so that R, R, and R, may be determined, and the solution is complete.

Power:

The power (watts) dissipated in a resistance is W where

W = EI = IR = E?/R

2. Capacitance

The capacitance of Condensers in Parallel:

C=C +C +GC3 4+ ...
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The capacitance of Condensers in Series:

1
(1/Cy) + (1/C2) + (1/Cs) + ...

The capacitance of two Condensers in Series:

C =

C.C.
C=—n—
CG+GC
The Capacitive Reactance* (Xc) of a Condenser is
1 1
oC 2xfC
0.159
ie. X0 == — —— ohms, where f — frequency (c/8)
fCc and C = farads
159000
or X0 = — ohms, where f — frequency (c¢/s)
fC and C = microfarads
159 )
or X¢ —= — —— ohms, where f — frequency (Kc/s)
fC and C = microfarads.
Ohms law may be applied to capacitive reactance,
ie. I = E/Xc
but the current through the condenser will lead the voltage by an angle
x/2 (90°).

If a resistance R and a condenser C with re-
actance Xc are connected in series the com-
bined impedance will be Z where

Z = VR? 4 Xc?

and the resultant current will be I where

E E
Figure 3: Vector dia [——=
gur H ector - _\/-T————2
gram for R and C in z R* 4 Xc
series. and the current I will lead the voltage E by

an angle ¢ whose tangent is Xc/R and whose
cosine is R/ VR? 4 Xc® (See vector diagram Fig. 3).
The current through the capacitance is “wattless,” that is it does not

represent any loss of power.
The power is given by

W = E I X Power Factor
where the Power Factor is the cosine of the angle ¢ by which the current
leads the voltage,
ie. W=ETIcos ¢
when ¢ — 0,cos ¢ =land W=EI
when ¢ = 90°, cos ¢ = 0 and W = 0.

Thus ¢ = 0 represents a resistive load and unity power factor, while ¢ —
90° represents a purely reactive (“Wattless”) load and zero power factor.

*Capacitive reactance is conventionally considered negative reactance.
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An examination of the Vector Diagram (F'ig. 3) shows that

RI R R
€COS ¢ == —m == — ==
ZI Z VRZ 4 X¢?

R
W= Elcos¢ =E] ——r
VR? 4 Xc¢?
E? 1
- IR = — ——
R 1 1 Xc?/R?
The total power dissipated in the circuit is only that dissipated by the

resistance, but its magnitude is affected by thé value of C fors any given
value of E.

A Condenser is said to have a capacitance of 1 farad when a charge of
1 coulomb raises it to a potential of 1 volt. Since the farad is too large
for convenience, the capacitance of a condenser is generally expressed in
microfarads (uF.) or micromicrofarads (uuF.).

Q=CEor C— QJE

where Q — charge in coulombs,
C — capacitance in farads
and E — potential across C in volts.

An imperfect condenser (i.e., one having losses) may be represented
by a perfect condenser of the same capacitance, with a series resistance
(r) or a shunt resistance (R) associated with it. If either r or R is
known, the other may be calculated since

1
r —= —
R (27£C)2
when r is very much less than Xc.
Such a condenser may be said to have a power factor equal to 2.fCr or
1/2xfCR. This may also be expressed as a phase angle. The value of

the phase angle in radians is equal to the power factor, e.g., a power factor
of 0.01 represents a phase angle of 0.01 radian or 0.573°.

Resistance and Capacitance in Series:
E=RI+ (Q/C)

It a steady voltage E is suddenly applied to a circuit with R and C in series,
C having no initial charge, the charge in the condenser will increase ac-
cording to the relation

q=Q (1 — e¥CR)

where q = instantaneous charge on condenser,
Q = EC = final charge on condenser,
e = 2.718
and t = time in seconds from the instant that the voltage E is
applied.

The Time constant of the circuit is CR and is the time required for the
charge to reach [1—(1/¢e)] or 0.632 of its maximum value.
In a similar manner
i = (E/R) /CR

The maximum current flow occurs when t — 0 and is equal to E/R. As't
increases, q also increases, producing a counter e.m.f. (q/C) which cuts
down the current and hence the rate at which the charge increases.

’
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If a condenser having capacitance C, charged to a potential E, is dis-
charged through a resistance R,
q = EC e t/CR
and i = — (E/R) et/CR
The negative gign for i indicates that the current is drawn out of the con-
denser. It will be seen that the current and charge both decrease
logarithmically from their maximum values to zero.
The electro-potential energy stored in a condenser due to its charge is
1 CE? joules.
Capacitance of Parallel Plate Condenser of Known Dimensions:
AK

C == —— micromicrofarads
11.31d
where A — useful* area of one plate in square centimetres,
‘K = dielectric constant (“specific inductive capacity”)—for
values see Chapter 40,
= gap between plates in centimetres,
. = thickness of dielectric in centimetres.
Alternatively (in inch units)
AK
C = ——— micromicrofarads
4.45d
where A — useful* area of one plate in square inches,
and d — gap between plates in inches.
Capacitance with air dielectric, plates 1 mm. apart:—
C = 0.884 ppF. per sq. cm. area of one plate.
Capacitance with air dielectric, plates 0.10 inch apart:—
C — 2.245 ppF. per sq. inch area of one plate.

and d

3. Inductance
The inductance of inductances in series:

L—=Li+L+Ls+...

The inductance of inductances in parallel:
1

1/Ly 4+ 1/Ly 4 1/Ls + . . .

The inductance of two inductances in parallel (not coupled together):

L =

L,L.
L= —
Li + L,
The Inductive Reactance (Xr) of an inductance is oL, or
XL — 24fL }where f — cycles per second
i.e. XL 6.28fL, ohms and L. — henries,

or XL — 6.28fL ohms, where f — megacycles/second
and L. — microhenries.

Ohm's law may be applied to inductive reactance

ie. I = E/XL
but the current through the inductance will lag behind the voltage b an
angle /2 (90°). g by

*The useful area is approximately equal to the area of the smaller pl h
square root of the area is large compared with the gap. er plate When the
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If a resistance R and an inductance L are
connected in series the combined impedance
(see Fig. 4) will be Z where

Z = VR? + Xi1.2
and the resultant current will be I where

E E .

I = — =

VR 4 Xi2
z R® + Figure 4: Vector dia-

and the current I lags behind the voltage by for R and L in
an angle ¢ whose tangent is XL/R and whose gra@ series.

cosine is R/VR? 4 Xi?
The power is given by

W = EI X Power Factor

R
= Elcos¢ = El ————— = IR
VR2 4 X1.2
The current through a pure inductance is “wattless.”
The kinetic energy of an inductance of 1. henries carrying a current of I
amperes is 3LI* Joules.
If an eem.f. E be suddenly applied to an inductance L in series with
a resistance R, the current will be
i = E/R (1 — < RU/L)
The maximum rate of change of current occurs when the time t — 0,
and as t increases the value of i approaches its limiting value I — E/R.

The time constant of this circuit is L/R and is the time in seconds for
the current to reach 0.632 of its final value.

‘When the current through the inductance has reached its final value
(I = E/R) and the input circuit is short-circuited, the current will be

i — (E/R) e RYL
in which case the time constant L/R is the time taken for the current to
fall to (1 — 0.632) or 0.368 of its original value,
4. Resistance Capacitance and Inductance in Series

It a Resistance R, Capacitance C and Inductance L are connected in
series the impedance will be

Z = VR | X2
where X = 2xfL — (1/2xfC) = oL — (1/0C)
If a potential E is applied to the circuit, the current will be

E

I—
VRZ 4 [2fL — (1/22£C) )2

This may be expressed in the form

E

VR [zl [1— (£2/F)]]?
where f, = 1/(2xVLC)

It will be seen that the inductive and capacitive reactances counteract one
another. When 2.fL — 1/24fC or f — f, the resultant reactance is nil
and resonance occurs, the current then being I — E/R.

I—
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In a circuit including several impedances (Z,, Z, etc. where Z, —

VR + X% etc.) in series, the numerical value of the resultant impedance
(Z) may be found by adding the resistive components of all impedances,
adding algebraically the reactive components of all impedances and by
taking the resultant of the two in quadrature, i.e.

Z=V RFRF. .. VCF K FXF.. )

or in complex algebra (see Chapter 37)
Z=(R +R+..)4+7Xa+Xa+4...).

5. Resistance, Capacitance and Inductance in Parallel

When two or more impedances are connected in parallel the total
current is the vector sum of the currents through each of the impedances.
This fact may be used to determine the combined impedance.

A vector diagram for the currents through

®-«f g resistance and an inductance in parallel is

1
X shown in Fig, 5 where E is the applied voltage,
[ Ir the current through the resistance (IR — E/R)
: and IL the current through the inductance
! (I. = E/XL), this lagging 90° behind Ir. The
resultant current is I = VIR* 4 I = E/Z from
R . R which the numerical value of Z may be found.
Figure 5: Vector dia- 1 i5|aeeing behind E by an angle whose tangent
gram for R and L in is IL/Ik or R/XL.

arallel.

P When considering impedances in parallel it
is often convenient to work in terms of conductance, susceptance and ad-
mittance (see also Chapter 39).

R

= G is called the conductance.

R 4 X?
X

————— == B is called the susceptance.
R? - X2
G2 - B?2= Y is called the admittance.
It is evident from this definition that
| S 1
Y TR ———— R —
VRZF X2 Z
i.e. that the admittance(Y) is the reciprocal of the impedance (Z).

The conductance, however, is not the reciprocal of the resistance un-
less the reactance is zero. Similarly the susceptance is not the reciprocal
of the reactance unless the resistance is zero.

R and X may also be expressed in terms of G and B:—

G
R A ————
G2 +B?
B
and X ==

G? +B?
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When there are a number of circuits in parallel, their resultant con-
ductance is given by the sum of their separate conductances:—

GC=G +G +G+....

Similarly when there .are a number of circuits in parallel, their re-
sultant susceptance is given by the sum of their separate susceptances:—

B=2B, 4+ B+ B;+ ...

The resultant admittance is therefore

Y — VG f B

and the resultant impedance

1 1
Z=—=—
Yy VJVGEIB

Susceptance may be either positive (inductive) or negative (capac-
itive), and susceptances should therefore always be added algebrajcally.
Admittance, conductance and susceptance are measured in reciprocal ohms
(mhos).

In complex algebra (see Chapter 37)

21 = R1 + ]Xl
and Y; = Gy — jB;

When there are a number of impedances in parallel

Y=(Gi+G+...) —JiBi+B+...).

Fig. 6 shows a simple graphical method
for the determination of the impedance of a
resistance R and a reactance X in parallel.
OAB is a right angle triangle in which the
length of OA represents R, OB represents X, X
and OC, a perpendicular drawn from O to

8

the hypotenuse, represents the resultant im- -
pedance, In these diagrams OC not only rep- o R
resents the absolute value of Z but the angle Figure 6: Graphical

COA also gives the numerical value of the method for determining
phase angle between the applied voltage and impedance of R and X
the resultant current. in parallel.

Information on more complex graphical methods for impedances in
parallel is given in Electronics, January 1938, p. 54, and in the “Standard
Handbook for Electrical Engineers” (McGraw-Hill, 6th Edition) p. 103.
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- CHAPTER 36

Vectors

Vector notation—two vectors in series—three or more
vectors in series—application of vectors.

Vector notation provides a comprehensive graphical method for A.C.
calculations involving reactances and phase differences. The length of a
vector (e.g. OB in Fig. 1) represents, to some arbitrary scale, the ef-
fective value of the alternating quantity, while the position of the vector
with respect to a selected reference vector gives the phase displacement.
Counter-clockwise rotation as shown by the arrow in Fig. 1 is always con-
sidered positive, so that vector OB leads vector OA by an angle ¢.

Figure 1 Figure 2

The resultant of two vectors in series may be found by completing
the parallelogram (OADB in Fig. 1) and taking the resultant OD.

Three or more vectors in series may be treated as shown in Fig. 2
where AB’ is equal and parallel to OB and B’C’ equal and parallel to OC;
the resultant is 0C'.

As is evident from the definitions, if the voltage drop RI across a
resistance is drawn along the axis OX, the vector XuI, being the voltage
drop across across a pure inductance, will be along the axis OY and the
vector XcI will be along OY’

In considering a circuit including impedances in series, a vector dia-
gram may be drawn which represents by a vector the voltage drop across
each impedance (e.g. RI, XvI). Similarly with a circuit including im-
pedances in parallel a vector diagram may be drawn which represents by
a vector the current through each impedance,
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CHAPTER 37

Complex Algebra

Complex algebra—operator J—modulus or absolute value
~—application—procedure—rules of complex algebra.

Many difficult problems can be solved by the methods of Complex
Algebra, so that a working knowledge of the subject is of great assistance
in the complete understanding of technical literature.

In this algebra, the operator j
corresponds to a change of 90°
Yy in the phase angle. This idea can

be represented graphically. If we
take the ordinary graphical axes
8 2'Ox, 'Oy (Fig. 1) a quantity X
. b4
jx
o] N ¢
x C X A =
llx
X
) V) W,
Figure 1. Figure 2.

can be represented by the length OA marked on the x axis. Application
of the operator j is equivalent to rotating OA through 90° to the position
of OB, so that jX is represented by OB. A further application of j rotates
OB to the position OC, i.e. j°X is represented by OC. But OC is opposite
in direction to OA (OA having been rotated through 180°), so that ;°X =
—X. Thus we may write j* = —1, or § = V—1. The number j (some-
times referred to as ‘‘imaginary”) obeys all the ordinary laws
of arithmetic, 52 always being replaced by —1. A *“complex” number
R 4 jX, where R and X are ordinary, real numbers, can be represented
graphically by a vector OP (Fig. 2) which is such that OM — R units and
ON = X units. The length OP, which is equal to VR? { X% is called the
“modulus” or “absolute value” of the vector quantity R 4 ;X. It will be
seen that the quantity R 4- jX can be interpreted as representing a vector
R combined with a perpendicular vector X, the modulus VR?* 4 X? cor-
responding to the resultant (or sum) of the two vectors; further, it will
be seen that the phase-angle ¢ between the resultant OP and the horizontal
vector R is given by: tan ¢ = X/R.

The complex notation is of particular importance in A.C. calculations.
Thus, the impedance of a circuit consisting of a resistance R in series with
an inductive reactance XL may be represented as a vector R 4+ jXL.
Similarly, if a resistance R is in series with an inductive reactance X
and a capacitive reactance Xc the vector impedance is R 4 j(XL-Xc), the
negative sign corresponding to the 180° phase angle between the in-
ductive reactance and the capacitive reactance, When two impedances
(Z, = R, 4 jX, and Z, = R, 4 ;X,) are connected in parallel the result-
ant impedance is

. Z: Zo» (Ry + 7X1) (Rz + 7Xo)
Zi+2Z: Ri+R + (X + Xo) .
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In order to use the complex notation, each vector quantity is represent-
ed as a complex number; in the ensuing calculations, the operator j obeys
all the ordinary laws of arithmetic, j2 being replaced by —1. The result is
reduced to the form R - jX, and the modulus, or absolute value,

VR X, then calculated.

Rules of Complex Algebra
Z; = Ry + jX1; Zo = Ry + §X3; §2 = —1.

1. Addition.
Zi+ Zz = (Ry + jXi1) + (Ry + 7X2) = (R1 4+ Re) + j(Xat X2).

2. Subtraction.
Z, —Zy = (Ry + jX1)—(R; + jXz) = (R;y — Ry) + j(Xi — X2).

3. Multiplication.
Z1 X Zy = (Ri+ 7X1) (R 4 7Xa)
= (RiR; 4 J% X1Xz) + 7(XiR: + RiXz)
— (RiRs— X1X3) + 7(XiRs + R;iXo)
4. Division, .
Z, (Ry + 7Xy) (R1 + 7X1) (Re—jXz)

Z:  (Re+iXs)  (Re+7%s) (Roa—iXa)
. (R +7X1) (Rz —7Xz2)
- Ro? + X,?
RR:4+XiX:  XiRe—RiX:

+ 7
Re? 4 X2 Ro? 4 Xo?

5. To find the modulus or absolute value.

|Z], or mod"Z = V/R% - X2

6. Phase angle.
X R X

tan ¢ = —;cos § = —————; 5in ¢ —= —-r
R VT X VEF X

7. Conjugate complex numbers.

The complex numbers (R 4 jX) and (R — jX) are said to be
conjugate, and

(R + jX) (R — jX) = R? 4 X2.

I R—jX R X

R+ jX R% 4 X2 RZ - X2 RZ 4 X2 .
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CHAPTER 38
Simple Trigonometry
Sine: Sing = AB/OA
Cosine: Cosf — OB/OA
Tangent: Tané = AB/OB
Cosecant: Cosecé - OA/AB — 1/Sin0
Secant: Sech = OA/OB = 1/Cost
Cotangent: Cot# = OB/AB = 1/Tané
A
SIMPLE RELATIONSHIPS :
Sin% -+ cos®¢ = 1
Tan# — Sinfd/cos ¢
Cot8 — Cosé/sin @
1 4 tan% = sec — 1/cos?6 /o
1 4 cot? — cosec®¢ — 1/sin?#é ¢} B
’ Figure 1
tané 1

sind = V1 — cos® — =
V1 4 tan% V' 1 4 cot?

1 coté
cosd = V1 — sin¥ — =
V1 + tan® V1 4 cot®

sin(—4) — —siné
cos(—9) = cosé
tan(—9) — — tanéd
sin26 — 2sind cosé
cos24 — cos? — sin®g
= 1-—2sin%
— 2co0s—1
2tanéd
tan26 - —
1 —tan?

Sin (A + B) = sin A cos B + cos A sin B
Cos (A4+B) — cos A cos B— sin A sin B

' tan A 4 tan B
Tan (A + B)

1 — tan A tan B
Sin (A—B) — sin A cos B — cos A sin B
Cos (A—B) — cos A cos B 4 sin A sin B
- tan A — tan B
Tan (A — B)

1 4 tan A tan B

For Natural Sines, Cosines and Tangents, see Table on page 344 (Chapter
40).
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CHAPTER 39
Units
Quantity English Metric
Length 1 inch = 2.56400 cm. 1 centimetre =— 0.3937- inch
1 foot = 30.48 cm. = 0.0328 foot
1 yard = 0.9144 metre 1 metre — 1.094 yards
1 mile = 1.6093 Km. 1 Kilometre =— 0.6214 mile
1 mil = 0.001 inch 1 mm. = 39.37 mils.
= 0.00254 cm.
1 micron = 10-6 metre
= 0.0001 cm.
= 10,000
Angstroms
1 Angstrom
(A°) = 10-10 metre
= 10-8 cm.
= 0.0001 micron
Area 1in? = 64562 cm. 1 cm.? = 0.1550 in?
1ft2 — 92%9cm? = 0.001076 ft.
= 0.0929 m.? 1 m2 = 10.76 ft.2
Volume 1 in® = 16.39 cm.? 1 cm.? = 0.06102 in3
— 0.01639 litres* 1 litre* — 61.02 in?
(Avoirdupois)
Mass 1 grain — 0.0648 grams 1 gram = 15.432 grains
: 1 ounce — 28.35 grams = 0.03527 ounce
1 1b. = 7000 grains = 0.002205 1b.
— 453.6 grams 1 Kg. - 2.205 1b.
= 0.4536 Kg. 1000 Kg. —= 0.9842 ton
1 ton = 1016.1 Kg. = 1 metric ton
Force 1 1b. weight
— 4.448 X 10° dynes 1 dyne — 0.2248 X 10-5 1b. weight
1 dyne = 0.0010197 gram weight
1 gram weight — 980.621 dynes
Intensity 1 atmosphere
of = 10182 x 10*
Pressure _ dynes/cm? 1 dyne/cm?
— 760 m.m. mercury — 0.9863 X 10-6 atmosphere
at 0°C.
1 inch mercury at 0°C. 1 m.m. mercury at 0°C.
— 3.386 x 10¢ = 1.333 X 10* dynes/cm?
dynes/em?® 1.359 grams/cm?

— 3453 grams/em?

1.316 X 10-3 atmosphere

*1 Litre = 2.202 lIb. of fresh water at 62° F.

t approx., at

latitude 45°, on sea level.
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, Electrical Units ’
Quantity Symbol Unit Relationshlp
Current Li Ampere (A) I = E/R, I = E/Z,
I =Q/T
Quantity
Charge § Q. q Coulomb = IT
Resistance R, r Ohm (Q) R = E/I
Electromotive
force (EEMF.) E, e Volt (V) E = RI!
Capacitance C Farad (F) C = Q/E
Jar 1 Jar =— 1000 cm.
= 111 X 10-9 F,
Centimetre lem = 111 X 10-12 F,
= 111 puP.
1ppF. = 09 cm.
Self inductance L Henry (H) L = Xur/24L
Mutual
inductance M Henry (H)
Inductive-
reactance XL Ohm () XL = 2xfL
Capacitive-
reactance Xe Ohm (Q) Xc = — 1/241C
Reactance X Ohm (Q) X = [2#iL — (1/241C)]
fmpedance Z Ohm () Z = VR 4+ X3
Power P Watt (W) W = EI ’
- 1 Watt — 10° ergs/second.
Energy or
Work — Joule (J) 1 Joule == 107 ergs
= 10" dyne-cm.
Watt-hour
Conductance G g Mho G = R/(R* 4+ X»
Susceptance B,b Mho B = X/(R* 4+ X?)
Admittance Y,y Mho Y =1/2
Angular
Velocity w Radians/
second w = 2xf
Time T, t Second = 1/t
Frequency f Cycles per
second (C/s) f = 1/T

Kilocycles per
second (Kc/s)

Megacycles per
second (Mc/s)
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Magnetic Units*

Quantity Symbol Unit Relationship
Field intensity H Gauss (dynes/unit
pole)
Magnetic flux ¢ Maxwell ¢ = wHA = BA
Flux density B Gauss =Maxwell/cm.* B=— ¢/A
4yN 1
Magnetising force H Oersted = Gilbert/cm. H=
101
Magnetomotive 4r N1
force F Gilbert MMF —
10
Permeability m —_— # = B/H
Reluctivity — _— 1/u
MMF 1
Reluctance R, 8 —_— = —
] sA
Permeance — — 1/R
NB. N number of turns
1 length of path in em.

A area in square cm.
1 electric current in amperes.

*British Standards Institution, ‘'Glossary of Terms used in Electrical Engineer-
ing,” November, 1936.

ol

-Photometric Units

Quantity Symbol Unit Relationship
1
Light Flux ¢, F Lumen 1 Lumen = — X flux emitted
4y by 1 candle
Light Intensity 1 Candle Flux emitted
by 1 candle = 45 lumens
Illumination E Foot-candle — lumens/ft?
Phot = c¢m. candle = lumens/cm?
Lux = metre-candle — lumens/metret
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PART 8 SUNDRY DATA

CHAPTER 40
Tables, Charts and Sundry Data

R.M.A. Colour Code for Resistors and Condensers

The standard Colour Code adopted by the Radio Manufacturers’ Asso-
ciation (U.S.A.) usés distinct colours to represent the numerals 0—9 in-
clusive; thus the resistance or capacitance of fixed resistors or condensers
may be indicated conveniently by combinations of various colours.

The ohm is used as the unit for the resistance code. The ‘“body”
colour represents the first digit; the “end” colour the second digit; and
the “dot” colour the number of following ciphers. (e.g., a 500,000 ohm
resistor has a green body (5), black end (0), and yellow dot (0000).

The condenser code uses the micromicrofarad (upF.) as the unit. Con-
densers are usually marked by means of three coloured dots. For example,
a 1500 uuF. condenser has: first dot, brown (1); second dot, green (5);
third dot, red (00).

The R.M.A. Colour Code gives values of resistance in ohms and capacit-
ance in uuF. correct to the first two integers, which is, in general, suffi-
cliently accurate for most radio design work.

However, in some cases, such as a 1250 uuF. condenser, the three
digits may be indicated in the following manner:—The first two digits are
indicated as usual; the third dot or ring is left blank. The remaining
code appears in two dots or rings beside the blank. The dot or ring
nearest the blank indicates the third digit, the other the number of ciphers.
For example: 1250 uuF. or 0.00126 uF. condenser has; first dot, brown
(1); second dot, red (2); third dot, green (5); fourth dot, brown (0).

R.M.A. RESISTOR COLOUR CODE.
Values in Ohms.

Body First End Second Dot Remaining
Colour Digit Colour Digit Colour Digits
Black 0 Black 0 Black —_
Brown 1 Brown 1 Brown 0
Red 2 Red 2 Red 00
Orange 3 Orange 3 Orange 000
Yellow 4 Yellow 4 Yellow 0000
Green b Green 5 Green 00,000
Blue 6 Blue 6 Blue 000,000
Violet 7 Violet 7 Violet 0,000,000
Grey 8 Grey 8 Grey 00,000,000
White 9 ‘White 9 ‘White 000,000,000

R.M.A. CONDENSER COLOUR CODE
Values in Micromicrofarads

First Second Remaining
First Dot Digit Second Dot Digit Third Dot Digits
Black 0 Black 0 Black®* —
Brown 1 Brown 1 Brown 0
Red 2 Red 2 Red 00
Orange 3 Orange 3 Orange 000
Yellow 4 Yellow 4 Yellow 0,000
Green 6 Green B Green . 00,000
Blue 6 Blue [ Blue 000,000
Violet 7 Violet 1 Violet 0,000,000
Grey 8 Grey 8 Grey 00,000,000
White 9 White 9 White 000,000,000

*Optional
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Table Showing Popular Sizes of Resistors in the R.M.A. Code

Reasistance in Ohms Body Colour End Colour Dot Colour
50 Green Black Black
100 Brown Black Brown
150 Brown Green Brown
200 Red Black Brown
250 Red Green Brown
300 Orange Black Brown
350 Orange Green Brown
400 Yellow Black Brown
450 Yellow Green Brown
500 Green Black Brown
750 Violet Green Brown
1,000 Brown Black Red
1,500 Brown Green Red
2,000 Red Black Red
2,500 Red Green Red
3,000 Orange Black Red
3,500 Orange Green Red
4,000 Yellow Black Red
4,500 Yellow Green Red
5,000 Green Black Red
6,000 Blue Black "Red
7,000 Violet Black Red
8,000 Grey Black Red
9,000 ‘White Black Red
10,000 Brown Black Orange
12,000 Brown Red Orange
13,000 Brown Orange Orange
15,000 Brown Green Orange
17,000 . Brown Vialet Orange
18,000 Brown Grey Orange
19,000 Brown ‘White Orange
20,000 Red Black Orange
22,000 Red Red Orange
25,000 Red Green Orange
27,000 Red Violet Orange
30,000 Orange Black Orange
35,000 Orange Green Orange
40,000 Yellow : Black Orange
45,000 Yellow Green N Orange
50,000 Green Black Orange
60,000 Blue Black Orange
70,000 Violet Black Orange
75,000 Violet Green Orange
80,000 Grey Black Qrange
90,000 White Black Orange
100,000 Brown Black Yellow
125,000 Brown Red Yellow*
150,000 Brown Green Yellow
175,000 Brown Violet Yellow*
200,000 Red Black Yellow
225,000 Red Red : Yellow*
250,000 Red Green Yellow
275,000 Red Violet Yellow*
300,000 Orange Black Yellow
350,000 Orange Green Yellow
400,000 Yellow Black Yellow
450,000 Yellow Green Yellow
500,000 . Green Black Yellow
600,000 Blue Black Yellow
750,000 Violet Green Yellow
1 megohm Brown Black Green
11 megohms . Brown Red Green*
1% megohms Brown Green Green
1# megohms Brown Violet Green*
2 megohms Red Black Green
2% megohms Red Red Green®*
23 megohms Red Green Green
3 megohms Orange Black Green
4 megohms Yellow Black Green
5 megohms Green Black Green
10 megohms . Brown Black Blue

*The colour code does not extend beyond the first two digits, and consequently
the code can only be used by dropping the third digit. Values shown by the
asterisks are therefore only approximations.
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TABLE SHOWING POPULAR SIZES OF CONDENSERS
IN THE R.M.A. CODE
Capacitance . COLOURS
puF uF First Dot Second Dot Third Dot
10 .00001 Brown Black (Black)*
20 .00002 Red Black (Black)*
25 .000025 Red Green (Black)*
50 00005 Green Black (Black)*
100 .0001 Brown Black Brown
250 .00025 Red Green Brown
‘350 .00035 Orange Green Brown
400 0004 Yellow Black Brown
500 .0005 Green Black Brown
750 00075 Violet Green Brown
1,000 .001 Brown Black Red
1,200 0012 Brown Red Red
2,000 002 Red Black Red
3,000 003 Orange Black Red
4,000 .004 Yellow Black Red
10,000 .01 Brown Black Orange
20,000 .02 Red Black Orange
50,000 .05 Green Black Orange
100,000 1 Brown Black Yellow
250,000 .25 Red Green Yellow
500,000 5 Green Black Yellow

*May be left blank.

TOLERANCES AND VOLTAGE RATINGS OF CONDENSERS

The R.M.A, Colour Code may also be used to indicate tolerances and
voltage ratings of condensers.

Tolerances are indicated by a single colour as follows:—

Brown
Red
Orange
Yellow
Green
Blue

Voitage Ratings are indicated as follows:

Brown
Red
Orange
Yellow
Green
Blue

1%
2%
3%
4%
5%
6%

100 volts
200 volts
300 volts
400 volts
500 volts
600 volts

Violet
Grey
White
Gold
Silver

No Colour

Violet
Grey
‘White
Gold
Silver

No Colour

%
8%
9%
5%
10%
20%

700 volts
800 volts
900 volts
1000 volts
2000 volts
500 volis

In order to avoid confusion between the different markings the
following arrangement is standard:

Condensers of polygonal cross section: Six markers (dots) are arrang-
The upper three indicate the
digits of the capacitance, and the lower right hand marker indicates the
The middle marker of the lower row indi-

ed in two horizontal rows of three each.

number of following ciphers.

cates the tolerance, and the lower left hand marker indicates the voltage

rating.
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Condenser Tolerance and Voltage Ratings (Contd.)

Condensers of circular cross section: Six rings, three being wide and
three narrow, are arranged around the body. When viewed with the three
wide bands to the right of the three narrow bands the indications are :—

Pirst digit of capacitance — left hand wide band.

Second digit of capacitance — next adjacent wide band.
Third digit of capacitance — third wide band.

Number of ciphers of capacitance — right hand narrow band.
Tolerance (if any) — next adjacent narrow band.

Voltage rating (if any) —third narrow band.

REACTANCE-FREQUENCY CHART
. .

. & . o $
001 HY, o\\‘é-ooo Ay, 0.\‘9‘0 iy, \9"€o LHY. \09{3.' MY, \e‘) oy, &
b =100 MC

01 HY,

1 HY.

10 HY!

Q00000 N 100,000 10000 2 woon 100 1on 14

This Chart is reproduced by courtesy of Radio Ltd. and
appeared in the issue of ‘“Radio” for January, 1939.
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. Chapter 40.
INDUCTIVE REACTANCES (Correct to three significant figures)

AUDIO FREQUENCIES XL = oL
REACTANCE IN OHMS AT:—

Inductance

(Henries) 30c¢/s 80 c/s 100 ¢/s 400 ¢/s 1000 ¢/s 5000 c/s
250 47,100 78,500 167,000 628,000 1,570,000 7,850,000
100 18,800 31,400 62,800 251,000 ,000 3,140,000
50 9,420 15,700 31,400 126,000 314,000 1,570,000
25 4,710 7,850 15,700 62,800 157,000 85,000
10 1,880 3,140 6,280 25,100 62,800 314,000

5 942 1,670 3,140 12,600 31,400 157,000

1 188 814 628 2,510 6,280 31,400
A 18.8 31.4 62.8 251 628 3,140
.01 1.88 3.14 6.28 25.1 62.8 314
1000 =H. .188 314 .628 2.561 6.28 31.4
200 uH 0376 .0628 .126 502 1.26 6.28
100 «»H. 0188 .0314 0628 .251 .628 3.14
RADIO FREQUENCIES XL = oL

REACTANCE IN OHMS AT:—

tnductance

(Henries) 175 Kc¢/s 252 Ke/s 465 K¢/s 550 Kc/ s 1000 Kc/s 1500 Kc/s
1 1,100,000 1,580,000 2,920,000 3,460,000 6,280,000 9,430,000
1 110,000 158,000 292,000 346,000 628,000 943,000
.01 11,000 15,800 29,200 34,600 62,800 94,300
1000 =H. 1,100 1,580 2,920 3,460 6,280 9,430
200 uH. 220 317 484 691 1,260 1,890
100 wH. 110 158 292 346 628 943

CAPACITIVE REACTANCES (Correct to three significant figures.)

AUDIO FREQUENCIES X¢ = 1/0C
.REACTANCE IN OHMS AT:—
Capacitance
Microfarads 30c/s 50 ¢c/s 100 ¢/s 400 c/s 1000 ¢/s 5000 c/s
.00005 —_ _ - —_— — 637,000
.0001 — -— — — 1,590,000 318,000
.00025 — — — 1,590,000 637,000 127,000
.0005 —_ — 3,180,000 796,000 318,000 63,700
.001 — 3,180,000 1,590,000 398,000 159,000 31,800
.005 1,060,000 637,000 318,000 79,600 31,800 6,370
.01 531,000 318,000 159,000 29,800 15,900 3,180
.02 263,000 159,000 79,600 19,900 7,960 1,590
.05 106,000 63,700 31,800 7,960 3,18 637
1 53,100 31,800 15,900 3,980 1,690 318
.25 21,200 12,700 6,370 1,590 637 127
.5 10,600 6,370 8,180 796 318 63.7
1 ,310 3,180 1,590 389 159 31.8
2 , 650 1,690 796 199 79.6 15.9
4 1,310 796 398 99.5 39.8 .96
8 663 898 199 49.7 19.9 3.98
16 332 199 99.5 24.9 9.95 1.99
25 212 127 63.7 15.9 6.37 1.27
35 152 91.0 45.5 11.4 4.55 910
RADIO FREQUENCIES Xc = 1/0C
REACTANCE IN OHMS AT:—
Capacitance
Microfarads 175 Kc/s 252 Ke/s 465 Ke/s 550 Ke/s 1000 Ke/s 1,500 Kc/s
.00005 18,200 12,600 6,850 5,800 3,180 2,120
.0001 9,100 6,320 3,420 2,900 1,59 1,060
.00025 3,640 2,530 1,370 1,160 63 424
.0005 1,820 1,260 685 579 318 212
.001 910 632 342 290 159 106
.005 182 126 68.5 67.9 31.8 21.2
.01 91.0 63.2 34.2 28.9 15.9 10.6
.02 45,6 81.6 17.1 14,6 7.96 5.31
.06 18.2 12.6 6.85 4.79 8.18 2.12
1 9.10 6.32 3.42 2.89 1.59 1.06
.25 3.64 2.563 1.37 1.16 .637 424
5 1.82 1.26 .685 579 .318 .212
1 910 .632 .342 .289 .169 106
2 455 316 A7 .145 0796 0531
4 .227 158 .0856 L0723 .0398 0265
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IMPEDANCE OF RESISTANCE AND CAPACITANCE
IN PARALLEL.
R ‘= Resistance (ohms) C = Capacitance (uF.).
Z — Impedance (ohms). f — Frequency (¢/s.).
Z (OHMS)
CXf= CXf= CXf= CXf= CXf= CXf=
500 1000 1500 2000 2500 5000
: c. . 1. c. 1(').0 <1: 115*.0 0 c. f. c. f. c. f
~ 1 .1 10000 .
AT 5%%0 1 1000 1 1500 1 2000 1 2500 1 5000
i 5 100 5 200 5 300 5 400 6 500 5 1000
I| 10 50 10 100 10 150 10 200 10 250 10 500
O 25 20 25 40 25 60 25 80 25 100 25 200
~ 50 20 50 30 50 40 60 50 50 100
4 100 20 100 25 100 50
100 95.6 84.5 72.8 62.3 53.7 30.3
150 136 109 86.6 70.3 58.6 311
200 169 125 93.7 73.9 60.7 315
250 196 134 98.6 75.8 61.7 316
300 218 140 100.0 76.9 62.3 31.7
350 235 145 101.5 77.6 62.6 31.7
400 249 148 102.6 78.1 62.9 31.7
450 269 150 103.2 78.4 63.0 31.8
500 269 152 103.8 78.6 63.2 31.8
600 281 154 104.5 8.9 63.3 31.8
700 289 155 104.9 79.1 63.4
800 296 156 105.2 79.2 63.5
900 300 157 105.4 79.2 63.5
1000 303 157 105.5 79.3 63.5
1200 308 157 105.7 94 63.6
1400 311 158 105.8 79.4
1500 312 158 106.8 795
1600 313 158 105.9 79.5
1800 314 159 105.9 79.56
2000 315 159 105.9 79.5
STANDARD AMERICAN SCREWS USED IN RADIO
MANUFACTURE.
4 3
A, ,ém & ® = =5 =0
5 g Rg  AE g EE 52
£ BE g & & = g
A S g3 88
W 05 &E &E 317 3133 B0
2-56 .0860 .0744 .0628 No. 49 (.0730) No. 49 (.0730) No. 50 (.0700)
3-438 0990 .0855 0719 No. 44 (.0860) No. 44 (.0860) No. 47 (.0785)
4-40 1120 L0968 .0795 No. 42 (.0935) No. 43 (.0830) No. 43 (.0890)
5-40 .1250 .1088 .0925 No. 34 (.1110) No. 35 (.1110) No. 38 (.1015)
6-32 .1380 1177 .0974 No. 32 (.1160) No. 33 (.1130) No. 36 (.1065)
8-32 .1640 1437 .1234 No. 27 (.1440) No. 28 (.1405)  No. 29 (.1360)
10-24 .1900 1625 .1359 No. 21 (.1509) No. 22 (.1570) No. 25 (.1495)
10-32 <1900 1697 1434 No. 19 (.1660) No. 20 (.1610) No. 21 (.1590)
12-24 .2160 1889 1619 No. 16 (.1770) No. 17 (.1730) No. 16 (.1770)
3-20 .2500 2175 .1850 No. 7 (.2010) No. 8 (.1990) No. 7 (.2010)
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B.A. Screw Threads
Dimensions given are only approximate.
B.A. Outside Core Turns Clearing Tapping
No. dia. dia. per in. drill, drill.
0 236 .189 25.4 ¥ or“B” Nos. 10-12
1 209 .166 28.3 Nos. 2-3 18-19
2 185 .147 314 10-11 25.26
3 .161 127 34.8 18-19 30-31
4 142 11 38.5 26-27 33.34
5 126 .098 43.1 29-30 39-40
6 .110 .085 47.9 32-33 44
7 .098 .076 52.9 38-39 48
8 087 066 59.2 42-43 51
9 075 .056 64.9 46-47 53
10 .067 050 72.5 49-50 55
Wood Screws
Gauge Shank Clearance Gauge Shank Clearance
No. dia. drill No. No. dia. drill No.
1 066 - 44 9 178 9
2 080 41 10 192 4
3 .094 35 11 .206 2
4 .108 30 12 220 1
5 122 28 13 234 ”
6 .136 24 14 .248 17 [as”
7 150 19 15 262 9 /a5
8 .164 15 16 .276 19 /04"
Decimal Equivalents of Fractions
1/20 03125 17/ 04 53125
/16 .. 0625 %16 .. .5625
3/30 .09375 19/ 59375
1/q . 125 5/4 .. 625
5/32 15625 /0y 65625
3/16 .. .1875 e .. 6875
/a2 21875 28/49 71875
1/, . .25 8/, .. 75
9/a9 .28125 25/40 .78125
5/16 .. 3125 1B/6 .. .8125
/g2 34375 /30 84375
8/s . 375 A .. .875
18/32 40625 29/20 90625
L .. 4375 15/.8 .. 9375
18/32 46875 /s 96875
Y, . 5 1 ., 1.0
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Whitworth Screw Threads
Outside Core Threads Tapping
dia. dia. per inch drill
- 144 .093 40 41
3/16” 134 24 9/64”
3’ .186 20 No. 12
5/16" 241 18 ¥
i .295 16 /16"
¥ 393 12 13/3"
3 509 11 17 /34"
¥ 622 10 &
1” .840 8 2T/ "
TWIST DRILL SIZES
Drill Dia. Drill Dia. Drill Dia. Drill Dia.
No. Inch No. Inch No. Inch No. Inch
1 .2280 21 .1590 41 .0960 61 .0390
2 .2210 22 1570 42 .0935 62 .0380
3 .2130 23 . 1540 43 .0890 63 .0370
4 .2090 24 .1620 44 .0860 64 .0360
5 .2055 25 .1495 45 .0820 65 .0350
[ . 2040 26 .1470 46 .0810 66 .0330
7 .2010 27 . 1440 47 .0785 67 .0320
8 .1990 28 . 1405 48 .0760 68 .0310
9 .1960 29 .1360 49 .0730 69 .02925
10 .1935 30 .1285 50 .0700 70 .0280
11 .1910 31 .1200 51 .0670 71 .0260
12 .1890 32 . 1160 52 .0635 72 .0250
13 . 1850 33 L1130 53 .0595 73 .0240
14 .1820 34 L1110 54 .0550 74 L0225
15 .1800 35 L1100 85 .0520 75 .0210
16 1770 36 .1065 56 .0465 76 .0200
17 .1730 37 . 1040 87 .0430 77 .0180
18 . 1695 38 .1015 58 .0420 78 .0160
19 . 1660 39 .0995 59 - .0410 79 L0145
20 .1610 40 .0980 60 .0400 80 .0135
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Multiples and Submultiples

Multiply Reading in By To obtain Reading in
Amperes % 1,000,000,000,000 micromicroamperes
Amperes % 1,000,000 microamperes
Amperes %X 1,000 milliamperes
Cycles %.0:00,001 megacycles
Cycles %X.001 .. .. kilocycles

Farads % 1,000,000,000,000 micromicrofarads
Farads % 1,000,000 microfarads
Farads .. .. X 1,000 .. millifarads
Henrys .. et %X 1,000,000 microhenrys
Henrys .. % 1,000 millihenrys
Kilocycles %X 1,000 cycles

Kilowatts %X 1,000 watts

Megacycles % 1,000,000 cycles

Mhos %X 1,000,000 micromhos

Mhos x1,000 . millimhos
Microamperes X .000,001 amperes
Microfarads %.600,001 farads
Microhenrys X 000,001 henrys
Micromhos %.000,001 mhos

Microvolts . % .600,001 .. volts
Micromicrofarads %.000,000,000,001 .. farads
Milliamperes %.001 .. .. .. amperes
Millihenrys x.001 henrys

Millimhos X.001 mhos

Millivolts X.001 volts

Milliwatts. %.001 .. watts

Volts % 1,000,000 microvolts

Volts % 1,000 millivolts

Watts X 1,000 milliwatts

Relative Resistance and Temperature Coefficients
(Approximate Only)

Relative Temperature co-eff. Approx.
Material. Resistance per 1°C. Zero Temp.
at 20° C. 20° C. l;)0° C. coeff. at
Copper (annealed)* 1 .00393
Iron (99.98% pure).. .. 5.8 10050 0068
German Silver (189 Nickel) 19.1 0004
Eureka .. .. 28.4 00001 .000033
Advance (Constantan) 28.4 00001 000033
Manganin 25.5 " .00001 —.000042 | 25°-35°C.
Nichrome 58 0004

*100% conductivity,

The values given may be used for all ordinary calculations, but there
is considerable variation between alloys produced by different manufactur-
ers. The temperature coefficients of resistivity vary considerably
throughout the temperature range, particularly with iron, manganin and
nichrome.
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Solenoid Resistor Ratings
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LENGTH OF RESISTOR WINDING IN INCHES

This chart has been drawn on the basis of 1 watt dissipation per square
inch of winding. It may be used for other dissipation ratings by multi-
plying by the appropriate factor. It may also be used for lengths under
17 by dividing both the length and dissipation scale readings by 10.

The following factors may be used as an approximate guide.

FACTOR
Temperature rise
CONTINUOUS DUTY 250°C 100°C
450°F 212°F
Free ventilation and 127 clearance .. .. .. .. .. .. § 1.36
Reduced ventilation and clearance .. .. .. .. .. 25 .87
Cramped locations .. .. .. .. .. .. .. .. .. .. 125 .34
On cardboard formers (voltage dividers in radio .
recefvers) .. .. .. .. .. .. .. .. ... — 0.4
INTERMITTENT DUTY FACTOR .
On 15 seconds in 4 minutes .. .. .. .. .. .. .. 3
On 30 seconds in 4 minutes .. .. .. ..... .. .. .. 2
On 60 seconds in 4 minutes .. .. .. .. .. .. .. ) 1.5
On 1% minutes in 4 minutes .. .. .. .. .. .. .. .. 1.3

On 2 minutes in 4 minutes .. .. .. .. .. .. .. .. 1.2
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Fuse Wire Table

The fusing current of wire depends largely upon external conditions
such as the atmospheric temperature, method of mounting, proximity of
other objects, and time of operation. Copper wire is particularly subject
to corrosion when operated continuously at a current approaching the
fusing current and should preferably be coated with a metal which does
not oxidise so readily. The following table applies only to conditions
with the wire freely suspended in air.

The maximum safe working current may be taken as approximately
67% of the fusing current, under the same conditions.

Fusing Copper. Tin. Allo-Tin, Lead.
Current,
Awmps. [ Dia. S.W.G. Dia. S.W.G. Dia. S.W.G. Dia. |S.W.G.
inch |Approx.| inch. }Approx.| inch. |Approx.| inch. |Approx
1 .0021 47 .0072 37 .0083 36 .0081 35
2 .0034 43 .0113 31 .0132 29 .0128 30
3 .0044 4] .0149 28 .0173 27 .0168 27
4 .0053 39 .0181 26 .0210 25 .0203 25
b .0062 38 .0210 25 -0243 23 .0236 23
10 .0098 33 .0334 21 .0386 19 .0375 20
156 .0129 30 .0437 19 .0508 18 .0491 18
20 .0156 28 .0529 17 .0813 16 .0595 17
25 .0181 26 .0614 16 L0711 15 .0690 15
30 .0205 25 .0694 15 .0803 14 .0779 14
40 -0248 23 .0840 14 -0973 13 .0944 13
50 .0288 22 .0976 13 .1129 11 .1095 12
70 .0360 20 .1220 10 . 1413 9 L1371 9
100 .0457 18 .1548 8 .1792 7 .1739 1

R.M.A. (U.S.A.) Radio Colour Codes

I.F. TRANSFORMERS Brown ...plate (start) lead on

C.T. primaries. Blue
IB{lel:ie" :gf_teleﬁid' may be wused for this
Green....grid (or diode) lead. lead if polarity is not

. . important.
Black....grid (or diode) return, Green....grid (finish) lead to sec-

Note: If the secondary of the ondary.
LF.T. is centre-tapped in order to Black....grid return (this applies
feed a full-wave diode rectifier, whether the secondary
the second diode plate lead is is plain or centre

green and black striped, and black tapped).
is used for the centre-tap lead. Yellow...grid (finish) lead on
C.T. secondaries. Green
A.F. TRANSFORMERS may be used for this
Blue..... plate (finish) lead of lead if polarity is not

primary. important.
Red..... B4 lead (this applies Note: These markings apply al-
whether the primary is so to line-to-grid, and valve-to-

plain or centre-tapped). line transformers.
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R.M.A. Colour Codes

LOUDSPEAKERS

MATCHING TRANSFORMERS
Colour coding for loudspeaker

transformer leads 1is identical

with that for A.F. transformers,

as given on page 320.

VOICE COILS

321
FIELD COILS
Black and Red ....start.
Yellow and Red....finish.
Slate and Red....tapping (if any).
Note: If two field coils are fit-
ted to the same loudspeaker, the
basic colour coding is used for the
lower resistance field, and green
is substituted for the red in the

Green. .. .finish. leads to the higher resistance
Black. .. .start. fleld.
RADIO POWER TRANSFORMERS.
1. Primary Leads .. .. .. .. ¢t tv vv en oo oo on o . Black
If tapped—Commo: . .. Black

' Black & i(.el'lt.)vs;'S(')}Eb. S.t'riped Design

=-—Tap .. .. ..
—PFinish .. . Black & Red 50/50 Striped Design
2. Rectifier—Plate Winding .. .. .. .. .. .. .. .. .. .. .. .. .. Red
Centre Tap .. .. .. .. Red & Yellow 50/50 Striped Design
3. Rectifier—Filament Winding .. .. .. .. .. .. .. .. .. .. .. Yellow
Centre Tap .. .. .. .. Yellow & Blue 50/50 Striped Design
4. Amplifier—Fil. Winding No. 1 .. .. .. .. .. .. .. .. .. .. .. Green
Centre Tap .. .. .. Green & Yellow 50/50 Striped Design
5. Amplifier—Fil. Winding No. 2 .. .. .. .. .. .. .+ .. .. .. .. Brown
Centre Tap .. . Brown & Yellow 50/50 Striped Design
6. Amplifier—Fil. Winding No. 3 .. .. .. .. .. .. .. «v . .. .. .. Slate
Centre Tap .. .. .. Slate and Yellow 50/50 Striped Design

RESISTORS FOR USE WITH AIR CELLS

Since the voltage delivered by an Air Cell considerably exceeds 2 volts,
it is necessary to use a dropping resistor when an Air Cell “A” Battery is
employed with 2 volt valves. The following table is based on the require-
ments that the applied voltage should not exceed 2.1 volts for any ap-
preciable period, and should be from 1.95 to 2.0 volts over the greater
portion of the battery life. The resistance of battery leads should be
subtracted from the values given in this table in order to obtain the value
of the additional dropping resistor.

Series Resistor

Nominal Drain including lead resistance

600 mA. 0.5695 ohm
540 mA. 0.685 ,,
480 mA. 0.81 v
420 mA. 0.96 ”
360 mA. 1.10

RESISTORS FOR USE WITH 14 VOLT VALVES
OPERATED FROM DRY CELL “A” BATTERY.

The voltage applied to the filaments of battery valves should not
under any circumstances rise more than 109, above the rated voltage.
In the case of 1.4 volt valves the limit is 1.54 volts, and it is advisable to
keep below this limit in order to obtain better service from the valves.
New dry cells give a voltage often as high as 1.6 volts, and it is recom-
mended that a resistor be incorporated to bring about a total drop of 0.08
volt, including the drop in the battery leads.

Total Resistance Required in

Total Current Drain Filament Circuit

200 mA. 0.4 ohm
250 mA. 0.32
300 mA. 021 ,
350 mA, 023
400 mA. 020
450 mA. 018
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Musical Frequencies
There are many musical pitches in use, but the “physical pitch”

which is adopted for electro-acoustical calculations is based on a fre.
quency of 256 ¢/s. for middle C. The octaves of C are therefore
CCCC CCcC cCc cC o i it v cv

16 32 64 128 256 512 1024 2048 4096 c/s.
The “tempered scale” has the following frequency ratios within the
octave, on the basis of ¢ = 1.

¢ =1 e = 1.2599 g# — 15874

c# — 1.05946 f — 1.3348 a . 11-763113
; af¥F = L.

d# = 1.1892 g = 1.4983 ¢ = 2.0000

It will be seen that increasing the frequency of any note by a factor
1.05946 raises its pitch by a semitone, while a further application of
the factor raises it by a further semitone, and so on through the scale.

Two popular books which are well worth reading are Sir James
Jeans “Science and Music” (MacMillan Company and Cambridge
University Press) 1938, and John Mills “A Fugue in Cycles and Bels”
(Chapman and Hall) 1936.

Visibility Curves of Human Eye, and Relative Spectral Energy
Curves of Sunlight and Tungsten Lamp

The wavelength of light is measured in Angstrom Units (A°). One
Angstrom Unit is equal to 1/10,000 of a micron, that is 1/10 of a milli-
micron. A micron is 1/1,000,000 (10-6) of a metre.

The wavelengths visible to 5070 A° 5550 A°
the human eye extend from 10 \;‘ e
about 4,000 to 7,000 A°. Be- F—\
yond these extends the ., : HIB S a
region of “invisible light” I T NS
which, although invisible to w / 1 I D,
the human eye, may be de- »'° N |
tected by the photo-tube or 3 - Bl A/ 4
other means. ER y B— % \

The eye, when accustomed 3 / / kY \
to high light intensity, is A7 VTN
most sensitive to a wave £ / N
length of 5,550 A° in the 2 y; ~T
green-yellow region. The re- « o =
lative visibility curve for 4'0100 ww:f;ﬁ,m ANGG;?,OMS B i
these conditions is Curve A, 1 - t . t . } /
which is taken after H. E.  ULTRA-VIOLET ~GREEW REO-  imrma-
Ives*. As the light intensity BLut vELLOW

is reduced, the wavelength at which the eye is most sensitive decreases
until at very low intensity it is approximately as shown in Curve B.

Different light sources have different spectral energy curves. The
curve for sunlight (Curve C is for sunlight at the earth’s surface at a
zenith distance of 25°) is more nearly constant over the range of visible
light than that for a tungsten lamp (Curve D is for a 1,000 watt gasfilled
tungsten lamp, 20 lumens per watt). The relative positions of curves C
and D are quite arbitrary.

*See R. A. Houston, ‘‘Vision and Colour YVision,” Longmans, Green and Co.
(1932). Chapter 5
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Decibel Relationships

1. Decibels expressed as Power and Voltage Ratios.

Note that the Power Ratio columns give values which are equal to the
number of milliwatts when the reference level is 1 mW,, this being also
numerically equal to the number of vu for steady sine-wave conditions.

The Voltage Ratio columns also give values which are equal to the
number of volts when the reference level is 1 volt.

Interpolation: If it is required to find the power ratio corresponding
to 23 db, or any other value which is not included in the table, the follow-
ing procedure may be adopted :—

1. Take the next lowest muitiple of 20 db (in this case 20 db), and note
the corresponding power ratio (in this case 100).

2. Take the difference between the specified level and the multiple of 20 db
(in this case 23—20 — 3 db) and note the corresponding power ratio
(in this case 1.995).

3. Multiply the two power ratios so determined (in this case 100 >< 1.995
= 199.5).

DECIBELS EXPRESSED AS POWER AND VOLTAGE RATIOS.

“Power Ratio =

Power Ratio =

Voltage 3 . Voltage W to 3
Ratio mw ‘lt&cvef Lovel ab Ratio Tevel 1rF:|ev‘\'I

1.0000 1.0000 , 0 1.000 1.000
.8913 7943 1 1.122 1.259
7943 6310 2 1.259 1.585
7079 5012 3 1.413 1.995
.6310 .3981 4 1.585 512
5623 .3162 5 1.778 162
5012 2512 6 1.995 3.981
4467 1995 7 2.239 5.012
3981 1585 8 2.512 6.310
.3548 1259 9 2.818 7.943
.3162 .1000 10 3.162 10.000
2818 07943 11 3.548 12.59
.2512 06310 12 3.981 15.85
.2239 05012 13 4.467 19.95
1995 .03981 14 5.012 25.12
1778 03162 15 5.623 31.62
.1585 02512 16 6.310 39.81
1413 .01995 17 7.079 50.12
1259 .01585 18 7.943 63.10
1122 01259 19 8.913 79.43
.1000 .01 .20 10.000 100.00
.056 00316 25 17.78 316.2
.03162 001 30 31.62 1,000
01778 .000316 35 56.23 3,162 -
.010 .0001 40 100.0 10,000
.0056 0000316 45 177.8 31,620
003162 .00001 50 316.2 100,000
001 1000001 60 1,000 1,000,000
0003162 0000001 70 3,162 10,000,000
0001 00000001 80 10,000 100,000,000
.00003162 .000000001 90 31,620 1,000,000,000
00001 0000000001 100 100,000 10.000,000.000
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(2) POWER AND VOLTAGE RATIOS EXPRESSED IN

DECIBELS.
db (Power db (Voltage db (Power db (Volitage

Ratio Ratio) Ratio) Ratio Ratio) Ratio)
1.0 0 0 5.5 7.404 14.807
11 0.414 0.828 5.6 7.482 14.964
1.2 0.792 1.584 5.7 7.559 15.117
1.3 1.139 2.279 5.8 7.634 15.269
1.4 1.461 2.923 5.9 7.709 15.417
1.5 - L1761 3.522 6.0 7.782 15.563
1.6 2.041 4.082 6.1 7.853 15.707
17 2.304 4.609 6.2 7.924 15.848
1.8 2.553 5.105 6.3 7.993 15.987
19 2.788 5.575 6.4 8.062 16.124
2.0 3.010 6.021 6.5 8.129 16.258
21 3.222 6.444 6.6 8.195 16.391
2.2 3.424 6.848 8.7 8.261 16.521
23 3.617 7.235 6.8 8.325 16.650
24 3.802 7.604 6.9 8.388 16.777
25 3.979 7.959 7.0 8.451 16.902
2.6 4.150 8.299 71 8.513 17.025
2.7 4.314 8.627 7.2 8.573 17.147
2.8 4.472 8.943 7.3 8.633 17.266
29 4.624 9.248 74 8.692 17.385
3.0 4.771 9.542 7.5 8.751 17.501
31 4914 9.827 7.6 8.808 17.616
3.2 5.051 10.103 77 8.865 17.730
33 5.185 10.370 7.8 8.921 17.842
3.4 5.315 10.630 7.9 8.976 17.953
35 5.441 10.881 8.0 9.031 18.062
3.6 5.563 11.126 8.1 9.085 18.170
3.7 5.682 11.364 8.2 9.138 18.276
3.8 5.798 11.596 8.3 9.191 18.382
3.9 5.911 11.821 8.4 9.243 18.486
4.0 6.021 12,041 85 - 9.294 18.588
41 6.128 12,256 8.6 9.345 18.690
4.2 6.232 12.465 8.7 9.395 18.790
43 6.335 12.669 8.8 9.445 18.890
44 6.435 12.869 8.9 9.494 18.988
45 6.532 13.064 9.0 9.542 19.085
4.6 6.628 13.255 9.1 9.590 19.181
4.7 6.721 13.442 9.2 9.638 19.276
4.8 6.812 13.625 9.3 9.685 19.370
49 6.902 13.804 9.4 9.731 19.463
5.0 6.990 13.979 9.5 9.777 19.554
5.1 7.076 14.151 9.6 9.823 19.645
5.2 7.160 14.320 9.7 9.868 19.735
5.3 7.243 14.486 9.8 9.912 19.825
5.4 7.324 14.648 9.9 9.956 19.913

10.0 10.000 20.000
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VOLTAGE GAIN ————ip-

Decibel Conversion Chart
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GAIN IN DECIBELS

—— THE OUTPUT OF A MICROPHONE AMPLIFIER ETC. MAY BE CONVERTED
FROM DECIBELS TO VOLTS [OR VICE~VERSA] BY PROJECTION ONTO
THE CORRECT™LOAD —LINE. THIS ONLY HOLDS WHEN REFERENCE
LEVEL FOR 0 clé iS EQUAL TO 6 MILLIWATTS INTO S00 OHMS.

—— VOLTAGE GAIN MAY BE EXPRESSED IN DECIBELS [OR VICE -VERSA]8Y
PROJECTION ONTO THE VOLTAGE —DECIBEL GAIN LINE.FOR GAIN
CALCULATIONS INPUT & OUTPUT IMPEDANCES MUST BE EQ! .

—— TO CONVERT POWER OUTPUT FROM WATTS TO DECIBELS [OR VICE~

VERSA] REFER TO THE POWER OUTPUT LINE. REFERENCE LEVELS
. EITHER 1 OR § MILLIWATTS..
® | OAD-LINE REFERS TO THE VALUE OF THE A.C. LOAD INTO
WHICH A DEVICE WORKS.
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3, Decibels above and below reference level expressed in watts and
volts.
Reference level 6 milliwatts into 500 ohms

Note that the power in watts also holds for any impedance, but the
voltage holds only for 500 ohms.

Power
db. down level db. up.

Volts Watts db. Volts Watts
1.73 6.00xX10-3 — 0 + 1.73 .00600
1.54 4.77X10-3 1 1.94 00755
1.38 3.87X10-3 2 2.18 00951
1.23 3.0110-3 3 2.45 0120
1.09 2.39X10-3 4 2.75 0151

974 1.90x10-3 5 3.08 0190
.868 1.51X10-3 6 3.46 0239
174 1.20X10-3 7 3.88 0301
690 9.51 X104 8 4.35 0387
615 7.55X10-4 9 4.88 .0477
548 6.0010-4 10 5.48 0600
488 4.77x10-4 11 ; 6.15 0755
435 3.87X10-4 12 6.99 L0951
.388 3.01x10-4 13 ' 7.74 120
.346 2.39X10-4 14 8.68 151
.308 1.90 X104 15 9.74 190
275 1.5110-¢ 16 10.93 .239
.245 1.2010-4 17 12.26 301
218 9.5110-5 18 13.76 .387
194 7.55X10-5 19 15.44 477
173 6.00X10-5 20 17.32 600
0974 1.90X10-5 25 30.8 1.90
0548 6.00xX10-6 30 54.8 6.00
0308 1.90x10-8 35 97.4 19.0
0173 6.00 X10-7 40 173 60.0
00974 1:90 X 10-7 45 308 190
.00548 6.00x10-8 50 548 600
00173 6.00 X109 60 1,730 6,000
000548 6.00<10-10 70 5,480 60,000
000173 6.00 X 10-11 80 17,300 600,000

Abac for Calculating Ensi
(See facing page)

Random noise may be expressed as “Equivalent Noise Sideband In-
put” (ensi) which may be expressed in microvolts. The equivalent noise
sideband input voltage may be computed from the formula

Ex = m Es VP'~N/P’s (See Chapter 29)

or more readily in most cases by the use of this Abac. In this Abac the
signal output power (P’s) and noise output power (P’'N) are expressed in
milliwatts, while the signal voltage (Es) and ensi voltage are given in
microvolts, the modulation percentage being 30%.

There are two scales for P'n, that on the extreme right being used
when P’s — 50 mW (see key diagram No. 2) while the other is used when
P’s is other than 50 mW (key diagram No. 1). :
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Es R
(wv] [mw.
100 1,000
60 ¥ 800
203 600
50§ s00
40 400
30 ¥ 300
203200
10 4100
s3¥e0
e o0
s3=50
aF a0
3= 30
2%-20
1:0 310
e s
BT =X
P S
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¥ =
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Abac for Calculating Ensi

See descriptive matter at foot of facing page.

ENSI = *3Eg p'%,s

KEY

@ - GENERAL CASE

Ps
A
s ENSI

@ - 50 mw. OUTPUT
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Numerical Values
x == 3.141593 € —
1/m == 0.318310 1/e ==
‘ll’2 = 9-86960 62 —
1/n% == 0.101321 -
a3 == 31.0063 10g1:/-:. -

1/7% = 0.0322515+ |
Vo = 177245+ -

1/Vr = 0.56419 logio <

Vw2 = 125331 1/2n =
2r = 6.283186 (1/22)? =

(27)2 = 39.47840 §
logio = = 0.4971 2 =
logio (w/2) = 0.1961 V3 =
logip #* = 0.9943 1/ \/5 =
logio Vx = 0.2486 1/\V3 =

Area of Circle = (x/4) X D? = 0.785398 D?

Chapter 40.

2.71828
0.367879
7.38906
1.64872
0.4343

2.3026

0.159155
0.025330
1.4142
1.7321
0.70711
0.57733

Volume of Sphere — (#/6) X D? = 0.523599 D*

1 Radian = 57° 17’ 44”.806
= 57° 17’.7468
= 57° .295780

.1° = 0.0174533 Radian

Valve Conversion Factors

It is sometimes necessary to determine the plate current, power out-

put and other characteristics of a valve when the ap

plied voltages are

increased or decreased from the published typical operating conditions.
The Conversion Factor Chart may be used for this purpose. The accuracy

is reasonably high for small changes, but becomes less

for larger voltage

changes, and the chart is unsuitable for voltage changes exceeding 2.5 : 1.

Example: A pentode valve is rated as follows :—

Plate and screen voltage .. 250 volts
Control grid voltage . .. .. —15 volts
Plate current .. .. .. .. .. 30 mA.
Screen current .. .. .. .. .. 6 mA.
Mutual conductance .. .. .. 2000 pmhos
Power output .. .. .. .. .. 2.5 watts

1t is required to determine the optimum operating conditions for a plate

voltage of 200 volts.

The Voltage Conversion Factor (F,) — 200/250 — 0.8

The new screen voltage will be 0.8 X 250 — 200 vo

1ts.

The new control grid voltage will be — (0.8 X 15) — —12 volts.

Reference to the chart then gives the following:
Current Conversion Factor (F,) 0.72
Mutual Conductance Conversion Factor (F,») 0.89
Power Output Conversion Factor (F,) 0.57

The new plate current will be 0.72 X 30 — 21.6 mA.

The new screen current will be 0.72 X 6 — 4.3 mA.

The new mutual conductance will be 0.89 X 2000 — 1780 umhos.

The new power output will be 0.57 X 2.5 — 1.42 watts.
Note :— If only one voltage (e.g., plate or control grid

voltage) is varied,

the Conversion Factor Chart is unsuitable for the necessary calculations,

which should then be made with g, g, and r,.



Chapter 40. 329
Valve Conversion Factor Chart
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CURRENT, ]
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VOLTAGE CONVERSION FACTOR [Fg]

The Chart is based on the following relations:
Fgm == Fe1/2 baead \/ Fe
Fi = F#?% — V/F3? = F.VF, F. Fem
F, = F®? = \/F? = F2VF, = F, F.
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Conversion of Temperature

32° Fahrenheit

0° Centigrade

273.1° Kelvin (Absolute)
212° Fahrenheit

100° Centigrade

373.1° Kelvin (Absolute)
5/9 Centigrade degree
0.5556 Centigrade degree
0.5556 Kelvin degree
1.800 Fahrenheit degree
1.0 Kelvin degree

Freezing Point of Water
(normal pressure)

Boiling Point of Water
{normal pressure)

1 Fahrenheit Degree

1 Centigrade Degree

o n

Temperature in °C 5/9(°F —32)
Temperature in °1;{ 1.8(°C) 4 32
Temperature in ° _ (o
Absolute temperature } = (°C) + 2731
Temperature in °C = (°K) —273.1
. Absolute Zero = 0°K
= —273.1°C
= — 459.6°F

Dielectric Constants (K)

Values given cover a wide range of qualities of each material, but must
only be taken as typical. There is a correction for temperature and fre-

quency with each material.

Material, ' K Material. K
Air (normal pressure) 1.00 | Glass (crown) .. .. .. .. 6.2-7.0
Asphalt .. .. . 2.7-3.1 { Gutta Percha .. 2.6-4.9
Bakelite (moulded) 4.5-7.5 | Isolantite .. 6.1
Bakelite (paper base) 4.5-6.8 | Marble 8.3-11.5
Beeswax 2.9-3.2 | Mica .. .. 2.5-8.0
Cambric (varnished) 3.3-5.5 | Mica (clear India) 6.4
Castor oil . 4.3-4.7 | Paraffin wax (solid) 2.0-2.6
Celluloid . . .. .. 4.2-16 | Paraffin waxed paper 3.5
Celluloid photo ﬂlm 6.7 Paper .. .. .. . 2.0-2.6
Ebonite . . 1.9-3.5 | Porcelain .. 5.7-6.8
Fibre (red) . 4.8 Pyrex glass .. .. 4549
Glass .. .. .. .. .. .. .. 51-99|Quartz .. .. .. .. .. .. 45-5.1
Glass photo. plate .. 7.5 Rubber . 2.0-3.5
Glass (window) e e 8.0 Shellac .. .. . 2.9-3.7
Glass (flint) .. .. .. .. .. 7.0-9.9|Slate .. .. .. 6.6-7.4
Glass (plate-glass) 6.8-7.6 | Wood (dry) 2.0-7.7

Properties of Insulating Materials

For the detailed properties of the older materials reference should be
made to the many excellent electrical handbooks. For a review of the
more recent materials see

G. F. Bloomfield, “Insulating Materials for the Higher Frequencies,”
T. and R. Bulletin, May (1939), reprinted in Radio Technical Digest,
September and October (1939); see also Industrial and Engineering
Chemistry (Industrial Edition) March (1939) for further data on
polystyrene; also “General Radio Experimenter,” June, 1939.



Percentage Relative Humidity—Wet and Dry Bulb Thermometer Readings
Table gives Percentage Relative Humidity.

‘o 121doy)

e DIFFERENCE SETWEEN READINGS OF DRY AND WET BULB THERMOMETERS, °C
RATURE A

°C. 12 3 4 8 6 -7 8 9 10 o2 1 16 17 18 19 20 21 22 25 24 6 27 28 29 30 3132 3% 34 33 36 37 38 39 40 4 42 3 G O

30 93 86 80 73 67 61 33 50 44 39 34

32 93 86 20 74 68 62 56 31 4% 40 38

3¢ 93 87 80 74 69 63 58 52 47 a2 38

36 93 87 81 75 69 64 59 34 49 4 40

. 93 87 81 76 70 6% 60 33 30 46 e 37 14 30 26

0 95 87 82 76 7t 66 61 36 31 47 43 39 3% 81 28

.2 o 8 82 77 N2 67 62 37 53 49 43 41 37 1 30

. 9 88 83 77 N2 67 63 38 54 50 46 41 39 33 92 N

a8 94 88 A3 78 73 68 64 39 33 3) 47 4 40 3 B

. 94 89 83 78 M 69 65 60 6 32 48 43 41 38 3

0 94 89 84 79 74 70 66 61 37 53 30 46 43 40 36

22 94 89 84 79 73 70 66 61 38 34 51 48 44 41 38 .

34 9% %0 45 80 76 7167 63 59 3% 52 40 4 42 39

6 93 90 83 80 76 71 68 64 60 6 35 %0 47 43 40 3895 8 30 27

28 95 %0 &% &t 77 72 68 64 61 37 3 St 48 a4 41 39 36 34 N 29 % 24 21 0 18

50 9 90 86 81 77 | 73 69 &) 61 58 33 51 e a3 4y 40 37 15 312 30 s B on e i

62 9 90 8 82 78 74 70 66 62 39 36 32 49 46 44 a0 38 36 33 91 w27 5 on

o 9% 91 36 82 78 | 74 70 67 63 60 17 33 %0 47 43 4 19 37 3 n 0 8 26 M 22

o6 95 91 &7 B3 79 | 73 71 67 64 bl 37 % 31 48 46 43 40 37 35 33 S129°27 13 8

68 9 91 87 8 79 | 75 72 68 64 61 58 35 %2 49 e7 44 a1 38 36 M 32 30 8 26 M

70 9 91 87 8 79 | 76 72 69 6 62 39 % 33 %0 48 43 42 39 37 38 3351 29 22 4 22 20 19 17

n” 9% 91 87 8¢ 80 | 76 73 69 66 63 59 %6 33 31 4 43 43 40 58 36 4 31 30 28 26 323 21 19 18

70 96 91 87 84 80 | 76 73 70 66 3 60 37 34 32 49 16 44 41 39 37 333 0 29 27 6 24 22 20 19

7 9 91 BB 34 80 | 77 73 70 67 64 61 SB 3% 52 %0 | 47 e4 42 a0 38 16 34 32 30 28 W 24 B 2w

k7Y 9% 92 88 34 B 77 74 21 67 64 61 38 36 33 31 48 45 43 41 39 37 33 33 31 29 7 23 4 12 n |

20 % 92 88 84 81 78 74 71 68 &% 62 39 56 34 31 49 46 44 42 a0 3833 33 31 W 0 03 23 0 19 18 17 13

8 % 9! 85 83 8) 78 75 71 68 65 62 39 37 4 %2 49 47 44 42 a0 3 38 34 32 3t 9 22 3 4B 220 19 18 16

84 96 92 88 B8y M 78 7% 71 69 &b 63 & 37 33 %3 S0 48 43 43 & 9 37 3 13 %2 10 28 26 23 23 22 21 19 e 1?7

8 9 91 A9 8% A2 77 72 69 66 63 61 38 3% 33 50 48 46 43 41 39 37 36 34 32 30 28 27 26 24 2321 20 19 18

" 96 92 89 83 82 79 76 71 &9 67 64 61 18 36 54 3 49 46 44 47 40 38 36 34 33 3V 29 28 26 23 2322 21 20 18

o0 9% 92 89 86 82 % 76 73 Y0 67 64 627 39 36 54 52 49 47 435 4 41 39 37 85 34 32 30 28 27 26 4 23 22 20 19 18 17 16 13 014 [ LI I I

92 9 93 89 86 83 79 76 7% 70 67 63 62 %9 57 34 32 50 48 4% a3 41 39 38 36 34 32 30 29 18 27 3 24 2 u 20 1918 16 13 e B oo

94 9% 93 89 85 83 79 76 73 70 68 65 62 60 37 9% 32 30 48 46 4e 42 40 38 36 35 33 3 30 28 27 6 M 23 n o 19 18 17 16 4% I« 13 12 1 10

9 9 91 B9 36 83 79 76 73 71 68 63 63 60 38 5% S SH 48 46 44 42 40 39 37 36 34 32 30 29 28 6 23 24 22 1) 20 o 18 17 16 15 14 13 12 11

o8 9 63 89 86 83 | 80 77 74 71 62 66 63 60 38 33 33 %1 49 47 4 43 41 39 38 36 M3 01 30 29 7 6 24 B3 21 21 220 19 18 a7 16 15 14 13 12

oo 9 95 89 86 33 | 80 77 24 71 69 66 63 61 39 3 %452 %0 48 48 s 42 40 8 36 35 33 32 30 29 8 2 13 4 o0 19 18 17 16 15 e 13 13

Thu wbie w caken from the “Repon of die Physucs Department for the year 1932” of the “National Phymcal Laborsory Repent for the year 1932,” and is reprinted by wrtten permussion of the Conuraller of H.M. Stauonery office.
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WIRE TABLES

BARE COPPER WIRE, B. & S. (20° C. — 68° F.)

Area Area Ohms Ohms Feet Pounds
B. & S.|Diametery  Circular Square per 1000 per per per 1000
No. Mils. Mils. Inches Feet Pound Pound Feet
0000 460 211.600 166.2 .04901 .00007652 1.561}640.5
000 410 167,800 L1318 L06180 .0001217 1.968[507.9
00 364.8 133,100 0405 07793 0001935 2.482[402.8
0 324.9 105,500 .032.89 LOUR2T 0003076 3.130[319.5
1 289.3 83,700 .065.73 L1239 LON04891 3.947253.3
2 257.6 66,400 .052.13 L1563 007778 4.9771200.9
3 229.4 52,600 .041,34 L1970 .001237 6.276|159.3
4 204.3 41,700 .032.78 L2485 001966 7.914126.4
5 181.9 33,100 .026,00 .3133 .003127 9.980/100.2
[} 162.0 26,250 .020.62 L3951 004972 12.58 | 79.46
7 144.3 20,820 .016,35 L4982 007905 15.87 | 63.02
8 128.5 16,510 .01297 L6282 01257 20.01 § 49.98
9 114.4 13,090 .010.28 L7921 01999 25.23 | 39.63
10 101.9 10,380 .008,155 . 9989 .)3178 31.82 | 31.43
11 90.7 8,230 .006,467 1.260 05053 40.12 | 24.92
12 80.8 6,530 .005,129 1.588 .N8035 50.59 | 19.77
13 72.0 5,180 004,067 2,003 L1278 63.80 | 15.68
14 84.1 4.110 003,225 2.525 L2032 80.44 | 12.43
15 57.1 3,257 02,558 3,184 L3230 101.4 9,858
16 50.8 2.583 .002,028 1.010 L3136 127.9 7.818
17 45.3 2,048 .001,609 5.064 .B167 161.3 6.200
18 40.3 1,624 L001,276 G.385 1.2090 203.4 4.917
19 35.89 1.238 L001,012 8.051 2.065 256.5 3.899
20 31.96 1,022 .000,802,3 10.15 3.283 323.4 3.092
21 28.46 810 L000.636.3 12,80 5.221 407.8 2.452
22 25.35 642 L000,504,6 16,114 3.301 514.2 1.945
23 22.57 509 .000,400,2 20,36 13.20 G48.4 1.542
24 20.10 104 L000,317.3 25.67 20,9 B817.7 1.223
25 17.90 320.4 L000,251,7 32.37 33.37 1,031.0 0.9699
26 15.94 254.1 L000,199,6 40,81 H53.06 1,300 0.7692
27 14.20 201.5 LOUDLHR3 D147 84.37 1.639 0.6100
28 12.64 159.8 ,000,125.5 64,90 134.2 2,067 0.4837
29 11.26 126.7 . 000,099 .53 31,83 213.3 2,607 0.3836
30 10.03 100.5 L000,078,94 103.2 339.2 3,287 0.3042
31 8.928 79.70 . 000,062,610 130.1 539.3 4,145 0.2413
32 7.950 63.21 000,049,654 1641 857.06 5,227 0.1913
33 7.080 50.13 000,039,837 2069 1,364.0 6.591 0.1517
34 6.305 39.75 .000,031,22 2609 2,168 8.310 0.1203
35 5,615 31.52 LO00.024,76 3200 3,448 10,480 0.09542
36 5.000, 25.00 000,019,64 $14.8 5,482 13,210 .07568
37 . 4.453 19.83 .000,015,57 H32.1 8,717 16,660 .06001
38 3.965 15.72 .000,012,35 659.6 13,860 21,010 04759
39 3.531 12,47 .000,009,703] 831.8 22,040 26,500 03774
10 3.145 9.888 L000,007,766] 1,049.0 35,040 33,410 .02993
41) 2.75 7.5625 | ,000,005,940] 1,370 59,990 43,700 .02289
(42) 2.50 ¢.2500 | .000.004,909( 1,660 87,700 52,800 .01892
(43) 2.25 5.0625 | ,000,003,976] 2,050 133,700 065,300 .01532
(4 2.00 1.0000 | .000,003,142] 2,600 214,000 82,600 0121t
(45) 1.75 3.0625 | ,000,002,405] 3,390 356,200 107,900 .00927
(46) 1.50 2.2500 | ,000,001,767| 4,610 476,800 146,800 00681
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BARE COPPER WIRE, S.W.G. (60° F.)

Dia- Area Area Ohms. Ohms Feet Pounds
18.W.G] meter | Circular Square per 1000 per per per 1000
No. | Mils. Mils. Inches Feet Pound Pound Feet
4/0 400 160,000 .125,66 .06368J .00013146| 2.064 [484.4
8/0 372 138,400 .108,89 .0736 ,00017574 2.390 (418.9
2/0 }.348 121,100 .095,11 .0841 .0002295 2.730 [366.7
1/0 324 105,000 .082,45 L0971 .0003054 3.147 |317.8
1 300 90,000 .070,69 .1132 .0004155 3.670 [272.5
2 276 76,180 .059,83 .1338 .0005800 4.338 |230.68
] 252 63,500 .049,88 .1605 .0008345 5.200 [192.3
4 232 53,820 .042,27 .1893 .0011617 6.139 |162.9
] 212 44,940 .035,30 .2267 .0016661 7.348 1136.1
[] 192 36,860 028,95 .2764 0024768 8.961 [111.6
7 176 30,080 .024,33 .3289 003507 10.66 93.8
8 160 25,600 020,11 .3980 .005135 12.90 77.5
9 144 20,740 .016,286 .4914 .007827 15.93 62.78
10 128 16,380 .012,868 .8219 .012537 20.16 49.61
11 118 13,460 .010,568 7570 .018587 24.55 40.74
12 104 10,820 .008,495 .942 02877 30.5¢4 32.75
13 92 8,464 .008,648 1.204 .04698 39.01 25,63
14 80 6,400 .005,027 1.592 .08216 51.60 19.38
15 72 5,184 .004,072 1,966 .12523 63.73 15.69
16 64 4,096 .003,217 2.488 . 2006 80.65 12,40
17 56 3,136 .002,463 3.249 .3422 105.4 9.49
18 48 2,304 .001,809,6 4.422 .6340 143.3 6.98
19 40 1,600 .001,256,6 6.368 1.3146 206.4 4.844
20 36 1,296 .001,017,9 7.860 2.004 254.8 3.924
21 32 1,024 .000,804,2 9.950 3.209 322.6 3.100
22 28 784 .000,615,8 12.997 5.475 421.2 2.374
23 24 576 .000,452,4 17.69 10.144 573.4 1.74¢4
24 22 484 .000.380,1 21.05 14.366 682.6 1.485
25 20 400 .000,314,2 25,47 21.038 825.8
26 18 324 .000,254,5 31.45 - 32.06 1,019
27 16.4 269 .000,211,2 37.88 46,52 1,229
28 14.8 219 .000,172,03 46.52 70.14 1,508
29 13.6 185 .000,145,27 55.09 98.37 1,786
30 12.4 153.8 .000,120,76 66.27 142.35 - 2,148
81 11.6 134.6 .000,105,68 75.7 185.87 2,455
32 10.8 116.6 .000,091,61 87.4 247.4 2,832
33 10.0 100.0 .000,078,54 101.9 336.5 3,302
34 9.2 84.64 .000,066,48 120.4 469.8 3,001
35 8.4 70.56 .000,055,42 144.4 676.0 4,682
36 7.6 57.76 .000,045,36 176.4 1,008.7 5,718
37 6.8 46.24 .000,036,32 220.4 1,574 7,143
38 6.0 36,00 .000,028,27 283.0 2,596 9,174
39 5.2 27.04 .000,021,24 376.8 4,603 12,210
40 4.8 23.04 .000,018,096 442,2 6,340 14,330
41 4.4 19,36 .000,015,205 526.3 8,979 17,060
42 4.0 16.00 .000,012,566 636.8 13,446 20,640
43 3.6 12.96 .000,010,179 786.3 20,040 25,480
4 3.2 9.734 | .000,008,042 995.0 32,090 32,260
45 2.8 7.840 | .000,006,158 |" 1,299.7 54,750 42,120 .
46 2.4 5,760 | .000,004,524 | 1,769 101,440 57,340
47 2.0 4.000 | .000,003,142 | 2,547 210,300 82,680
48 1.8 2,560 | .000,002,011 | 3,980 513,500 129,000
49 1.2 1.440 | .000,001,131 | 7,077 1,628,000 229,400
50 1.0 1.000 | .000,000,785,4] 10,190 3,365,000 303,000
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TURNS PER INCH AND INSULATED WIRE DIAMETER, B. & S.

Copper Wire.
Diameter (mils) ‘Turns per inch (exact winding)
B. & S. :
No.
*Enam.| D.C.C. | Bare | Enam.| S.C.C. | D.C.C. | 8.C.C. | DS.C.

) 130.6 | 142.5 7.78 7.65 7.32 7.01 — —_—

9 116.5 | 126.4 $.74 8.58 8.23 7.91 -— —
10 104.0 | 112.9 9.81 9.61 9.26 8.85 — —
11 92.7 | 100.2 11.02{ 10.7 10.4 9.9% — —
12 82.8 90.3 12.37 1 12.0 11.6 11.07 — —
13 74.0 81.5 13.89 | 13.5 12.9 12.27 — —
14 66.1 73.6 15.60 { 15.1 14.4 13.59 — —_—
15 59.1 66.6 17.52 | 16.9 16.1 15.0 — —
16 52.8 60.3 19.63 | 18.9 17.9 6.5 18.9 18.2
17 47.1 54.8 2.1 212 19.8 18.2 21.1 20.2
18 42.1 49.8 24.8 23.7 22,0 20.0 23.0 23.5
19 37.7 45.4 27.8 26.5 24.4 22.0 26.3 %5.0
20 33.8 41.5 31.3 29.5 27.0 24.1 29. 4 27.7
21 30.2 38.0 35.1 33.1 29.8 26G.3 32.7 30.7
92 27.0 33.8 39.4 37.0 33.5 29.5 36.6 34.1
23 24.1 31.1 44.3 41.4 36.9 32.1 40.6 37.5
24 21.5 28.6 49.7 46.5 40.6 34.9 5.2 41.4
25 19.2 26.4 55.8 52.0 44.6 37.8 50.0 45.6
26 17.1 24 .4 62.7 58.4 49.0 40.9 55.8 50.0
27 15.3 22,7 70.4 65.3 53.4 44.0 61.7 54.9
28 13.6 21.1 82.8 3.5 58.4 47.3 68.4 60.2
29 12.2 19.8 88.8 $1.9 63.2 50.5 75.1 65.3
30 10.8 18.5 09.7 92.5 68.9 54.0 83.3 71.4
31 9.7 17.4 | 112.0 | 1u3 1.6 57.4 91.7 71.5
32 8.7 16.3 J125.8 | 114 $0.0 60.6 | 100 83.3
33 7.1 15.6 | 141.2 | 129 86.2 64.1 | 109 90.0
31 6.9 14.8 | 138.6 | 144 92.5 67.5 | 120 97.0
35 6.2 14.1 ] 178 161 99.9 70.9 {131 104
36 5.5 13.0 | 200 181 111 76.9 | 142 111
37 4.9 12.5 | 224 204 17 80.0 | 153 117
38 4.4 12.0 | 252 227 125 83.3 | 166 125
39 3.9 11.5 | 283 256 | 133 86.9 | 181 133
40 3.5 11.1 | 318 285 149 90.0 | 196 140
(41) 3.05 — 363 327 — ey — —
(42) 2.064 — 400 378 — — — —
(43) 2.37 — 414 421 — — — -
(44) | . 2.12 - 500 471 - —_ — —
(45) 1.91 — 571 523 — — - —_
(46) 1.72 - 666 581 — — — —

*Nominal Value. Actual dimensions vary slightly.
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TURNS PER INCH AND INSULATED WIRE DIAMETER, S.W.G.
Copper Wire.

Diameter (mils) Turns per-inch (exact winding)
S.W.G.

No.

*Enam.| D.C.C. Bare | Enam.| S8.C.C. | D.C.C. | S§.8.C. | D.S.C.
10 132 142 7.81 7.63 7.35 7.04 — —
11 120 130 8.62 8.33 8.07 7.69 — —_
12 108 118 9.62 ] ' 9.26 8.93 8.48 —_ -
13 96 106 10.87 | 10.42 | 10.00 9.43 — —
14 84 94 12.50 11.90 11.36 10.64 — —
15 15.5 84 13.89 13.25 12.66 11.90 — —
16 67.5 76 15.63 14.81 14.08 13.16 14.93 14.71
17 59 68 17.86 16.95 15.87 14.71 16.95 16.67
18 50.7 59 20.83 19.72 18.18 16.95 20.00 19.61
19 42.6 51 25.00 23.47 21.28 19.61 23.81 23.26
20 38.5 47 27.78 25.97 23.81 21.28 26.32 25.64
21 34.3 43 31.25 29.15 26.32 23.26 29.41 28.57
22 30.0 | 39 35,711 33.33| 29.41| 25.64| 33.33) 32.26
23 25.7 34 41.67 38.91 34.48 29.41 38.46 37.04
24 23.6 32 45.45 42.37 37.04 31.25 42.55 40.00
25 21.5 30 50.00 46.51 40.00 33.33 46.51 43.48
26 19.4 28 55.56 51.53 43.48 35.71 51.81 48.78
27 17.7 26.4 60.98 56.50 46.73 37.88 56.50 52.91
28 16.0 24.8 687.57 62.50 50.51 40.32 62.11 57.80
29 14.8 23.6 73.53 67.57 53.76. | 42.37 67.11 62.11
30 13.4 22.4 80.65 74.63 57.47 44.64 72.99 67.11
31 12.6 21.6 86.21 79.37 60.24 46.30 77.52 70.92
32 11.7 20.8 92.59.| 85.47 63.29 48.08 82.64 75.19
33 10.9 20.0 100.00 01.74 66.67 50.00 88.50 80.00
34 10.0 19.2 108.7 100.0 70.42 52.08 95.24 85.47
35 9.1 17.4 119.0 109.9 80.65 57.47 | 103.1 91.74
R 8.3 16.6 131.6 120.5 86.21 60.24 ) 112.4 99.01
37 7.4 15.8 147.1 135.1 99.2 63.29 | 123.5 107.5
38 6.6 15.0 166.7 151.5 100.0 66.67 | 137.0 117.6
39 5.7 14.2 192.3 175.4 108.7 70.42 | 153.8 129.9
40 5.3 13.8 208.3 188.7 113.6 72.46 | 163.9 137.0
41 4.8 — 227.3 208.3 — — 178.6 151.5
42 4.4 — 250.0 227.3 — — 192.3 161.3
43 3.9 — 277.8 256.4 —_ — 208.3 172.4
44 3.5 —_ 312.5 285.7 — — 227.3 185.2
45 3.1 — 357.1 322.6 -— — 250.0 200.0
46 2.65 _— 416.7 377.4 — —_ 277.8 217.4
47 2.25 - 500.0 444 .4 — -— 312.5 238.1
43 - — - - — - - -

*Nominal Value.

Actual dimensions vary

slightly.
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MULTI.LAYER COIL WINDING AND WEIGHT OF
INSULATED WIRE, B. & S.
Copper Wire.
Enamelled D.C.C. Weight—lbs. per 1000 ft.
B.& s
No. Turns Ohms ‘Turns per Turns Ohins .
Square Se P e b | e | Bam. | DCC. | DS.C
Inch tuch Insujated Inch luch
E

8 57 L00315 > 48 .00265150.55 15115

9 72 00475 3 39 .00388140.15  [40.60

10 90 00748 3 76 .00631]31.80  132.138

1 113 01183 £ 93 .00074]25.25  [25.60

12 141 .01878 2 114 01519]20.05  [20.40

13 177 L0295 8 140 0233 15.90  [16.20

14| 2n 064 | 5B 171 0359 [12.60  |12.91

15 277 .0734 2y 208 L0551 110.00  |10.33
16 348 1162 < § 260 0869 | 7.930 | 8.210 [7.955
17 437 .1840 3y 316 331 ] 6.275 | 6.540 {6.315
18 548 L2910 2 378 2008 | +.980 | 5.235 [5.015
19 681 4560 3 ¢ 455 3018 | 3.955 | 4.220 |3.990
20 852 .7200 F ‘g 545 4605 1 3.135 | 3.373 [3.173
21 | 1.065 1.134 == 630 6920 | 2.490 | 2.685 {2.520
22 | 1,340 1.800 g s° 865 | 1.162 | 1.970 | 2.168 |(2.006
23 | 1.665 2,820 &9 1,030 | 1.774 | 1.565 | 1.727 [1.593
24 | 2,100 4.488 L420 | 1,215 2.596 | 1.215 | 1.398 [1.272
25 | 2,630 7.080 )& 1,750 | 1,420 3.8922 .988 | 1.120 [1.018
%6 | 3.320 11.27 |g "2,080| 1,690 [ ~5.740 | .7845 | 0140 | -8100
27 | 4,145 17.75 | 2620 1,945| 8.330 .6220 | .7560 | .6450
28 | 5,250 28.34 |3 3250} 2250 | 12.15 .4940 | .6075 | .5140
29 | 6,510 41.32 |+ 3920} 2,560 | 17.30 3015 | 4890 | .4130
30 | 8,175 70.15 4780 } 2930 | 25.15 .3105 | .3955 | .3330
31 {10,200] 110.4 5 6780 | 3.330 | 36.05 .2465 | .3257 | .2678
32 12,650 | 172.6 3 8250 3,720 30.76 1960 | .2700 | .2170
33 {16,200 | 279.0 |7 10,600{ 4140 71.30 L1550 | .2270 | .1750
34 {19950 | 433.2 [§ 12400} 4,595 99.77 1230 | 1928 | L1412
35 {25000] 684.5 = 15200} 5,070 | 138.7 0080 | .1600 | .1130
36 {31,700 | 1,004 = 21,500 | 5,550 | 191.6 0776 1 (1361 | .0920
37 {39,600 | 1,723 & 26,300 [ 6,045 [ 263 .0616 | .1204 | .0740
38 | 49,100 | 2,693 f‘ 32,000 | 6,510 | 357 .0488 | .1049 | .0623
39 |62,600 | 4,332 ‘5 40,000 | 6,935 | 480 .0387 | .0037 | .0504
40 | 77,600 | 6,770 - 48,400 | 7,450 | 650 .0307 | .0838 | .0429




Chapter 40.

MULTI-LAYER COIL WINDING AND WEIGHT OF

INSULATED WIRE, S.W.G.
Copper Wire.
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Enamelled. D.C.C. Weight-1lbs. per 1000ft
SWG
No. | Tpeus Ohr® | squave B | per® | %er® | Enam. |D.C.C.| D.S.C.

Square Cubic Layer Square Cubic
Inch Inch Insulated Inch Inch

10 58.22 . 00295 . 49.56] .00256J47.77 [50.77
11 69.39) .00437 e 59.14]  .00373l44.40 [41.83
12 85.75 .00873 g 71.91 .oossilgs.o«; 33.71
13 108.6 0109 [ & & 88.92) .00893|25.89 126.50
14 141.6 0189 [ B g 113.2 .0150 {19.60 [20.12
15 175.6 0287 o 141.6 .0234 |15.87 |16.36
16 219.3 0456 | & g . | 1732 .0358 [12.56 [12.67 ]12.56
17 287.3 0776 | 4 < £ | 216.4 .0585 | 9.607 |10.03 | 9.640
18 388.9 1431 ] 2 &% | 287.3| .1055 | 7.060 | 7.43 | 7.003
19 550.8 290 | B S| 3846 204 14.910 | 5.262] 4.945
20 674.4 440 | £ 24| 452.8 .206 | 3.987 | 4.267 4.011
21 849.7 705 | g S8 | o1.0| 448 | 3152 | 3.408] 3181
22 1,109 1200 | & & 657.4 .710 | 2.419 | 2.649| 2.446
23 1,513 2.23 864.9 1 1.26 1.779 | 1.918| 1.807
24 1,789 3.14 1,220 | 976.61 1.71 1.408 | 1.667] 1.305
25 2,162 4.58 1,460 | 1,109 2.35 1.241 | 1.392] 1.247
26 2,663 6.95 1,760 | 1,274 3.33 1.008 | 1.152] 1.013
27 3,192 10.05 |3 2,080 {1,436 4.51 .836 | .977 .844
28 3,906 15.18 |3 2,500 | 1,624 6.28 .683 | .811] .680
29 4,570 20.9 = 2870 1,798 8.23 .578 | .699| .582
30 5,565 30.7 g 3,430 | 1,980 10.98 .478 | .604] .486
31 6,304 39.8 <+ 3,840 | 2,144 13.45 .419 | .524] .428
32 7,310 53.1 4,360 {2.314 16.83 .364 1 .467| .371
33 8,409 71.2 5,680 12,500 | 21.15 313 | .412 .329
34 | 10,000 100.5 g 6,670 | 2,714 27.3 .264 | .328] .271
35 | 12,080 145 3 7,920 |3,306 39.3 221 | .317 .228
36 | 14,520 212 . 936013624 |[53.1 181 | .238] .188
37 | 18,220 336 ‘& .11,400| 4,007 73.5 146 | .207] .151
38 | 22,950 544 ~ 14,100 | 4,436 |104.% J114 | .169) .119
39 | 30,770 965 . 20,900 14,956 [155.0 .0854] .138] .0868
40 | 35610 1,310 8 24,000 |5,256 [193.5 .0726] .123] .0791
41 | 43,390 1,905 2 78,800 .0608 .0677
42 | 51,620 2,740 = 33,700 .0505 L0571
43 | 65,740 4,300 = 41,800 .0408 0473
44 | 81,620 8,760 50,800 .0324 .0386;
45 (104,300 | 11,250 .0249 .0309)
46 142,100 {21,000 .0182 .0231
47 197,100 | 41,700 .0126 .0172
48
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RESISTANCE WIRE TABLE, B. & S.
20° C. (68° F.).

B.&s. | pin. Advance Wire Nichrome Wire**
No. mils. Current Current
Ohmnis per Lhs. per | Feet per Mitti Ohms per LUs, per Milli
1,000 feet | Lonoteet [ Olun Amps* | LUvu feet [ 1L,UUUSeet | Amps 3
8 128 17.9 | 50 55.9 — 40.8 | 45 —
9 114 22.6 {39 44.2 — 51.9 | 36 —
10 102 28.0 | 32 35.7 — 64.9 129 —
11 91 35.5 125 28.2 -- 81.5 | 28 -
12 1] 44.8 | 20 22.3 — to2 I8 _—
13 72 56.7 115.7 17.6 — 150 14 -—
14 64 1.7 112.4 13.9 — 1G4 11 —_
15 57 904 9.8 1.1 — 207 9.2 —_
16 51 113 7.8 8.85 — 259 7.2 —
17 45 145 6.2 6.90 — 333 5.6 —_
18 40 184 4.9 5.44 800 42] 4.42 —_
19 36 226 3.9 4.43 650 520 3.538 —_
20 32 287 3.1 3.18 522 659 2.83 —
21 28.5 362 2.5 2.76 420 831 2.24 —
22 v5.3 169 1.9 2.17 335 1,055 1.77 -
23 22.6 575 1.5 1.74 273 1,321 1.41 —_—
24 201 728 1.2 1.37 220 1,670 j.12 460
25 17.9 919 .97 1.09 178 2,106 89 300
26 15.9 1,162 .77 . 861 144 2,669 .70 330
27 14.2 1,455 .61 .687 117 3,347 .56 278
28 12.6 1,850 .48 .541 95 4,251 44 298
29 11.3 2,300 38 435 78 5,286 .35 196
30 10.0 2,940 .30 340 63 6,750 L2760 165
31 8.9 3,680 .24 272 52 8,521 199 158
32 8.0 4,600 19 .27 43 10,346 177 117
33 7.1 5,830 15 172 36 13,390 139 97
34 6.3 7,400 12 135 20 17,006 .110 82
35 5.6 9,360 .095 107 24 21,524 .087 69
36 5.0 11,760 76 L0885 20 27,000 069 58
37 4.5 14,550 .06 L0687 17 33,333 U306 49
38 4.0 18,375 047 544 14.5 | 42,187 015 41
39 3.5 24,100 .038 L0415 12 33,102 034 34
40 3.1 30,593 .028 L0327 10 70,239 025 28
(1) 2.75 | 38,888 | .o2200 0257 8.5 | 89.256 0209 24
(42) 2.5 46,400 .0189 L0215 7.5 1108.000 L0173}  20.5
(43) 2,25 | 38,103 L0153 L0172 6.8 |133,333 .0140 17.5
(44) 2.0 73,500 L0121 L0136 G.0 |168,750 .0110 14.5
(45) 1.75 | 96,078 .0092 L0104 5.0 |220,408 .0084 12.0
(46) 1.5 130,666 .0068 L0076 4.0 1300,000 L0062 9.5

#*Wire produced by some manufacturers differs considerably from the
resistance values given.

*D.S.C. wound on spool.

{Bare wire on slab—well ventilated. Spacing between turns equal to wire
diameter.

N.B.—To find current for Advance wire wound on slab, multiply Nichrome
Current column by approx. 1.5.
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RESISTANCE WIRE TABLE, S.W.G.

sw.cl Dia. Eureke Wire Nichrome Wire**
No. mils. Current Current
Ohms per | Lbs. per | Feet per Milli Ohms per Lbs. per Milli
1,000 feet | 1,000 feet{- Ohm Amps® | 1,000 feet [1,000feet| Amps$
10 128 17.4 | 49.7 57.5 —_ 40.8 | 45 —_—
11 116 21.2 | 40.9 47.2 —_— 50.2 | 37.3 —
12 104 26.4 | 32.9 37.9 — 62.4 | 29.5 —
13 92 33.81 25.7 29.6 —_ 79.7 | 23.4 —
14 80 44.6 | 19.5 22.4 —_ 105.4 | 17.7 —_
15 72 55.1 1 15.8 18.15 —_ 130 14.0 —
16 64 69.8 | 12.5 14.33 —_ 164 11.3 —
17 56 91.1 9.5 10.98 - 215 8.7 —
18 48 123.9 7.0 8.07 — 292 6.4 _—
19 40 178.5 4.9 5.60 —_ 421 4.42 —
20 36 220.4 3.9 4.53 650 520 3.58 —
21 32 279.1 3.12 3.58 510 659 2.83 —
22 28 364 2.38 2.76 390 861 2.17 —_—
23 24 496 1.75 2.02 300 1,170 1.60 —_
24 22 590 1.47 1.70 250 1,390 1.33 —
25 20 714 1.21 1.40 210 1,680 1.12 —
26 18 882 0.99 1.134 170 2,080 .897 400
27 16.4 1,062 .82 .942 140 2,510 .746 350
28 14.8 1,305 .67 .766 117 3,080 .607 300
29 13.6 1,545 .56 .647 101 3,650 .5613 250
30 12.4 1,858 .47 .538 85 4,390 C 427 230
31 11.6 2,123 .41 .471 75 5,010 .373 205
32 10.8 2,450 .35 .408 66 5,780 .324 185
33 10.0 2,857 .304 .350 57 6,750 .276 165
34 9.2 3,376 .257 .296 49 7,970 .235 145
35 8.4 4,049 215 .247 41 9,560 .195 125
36 7.6 4,947 175 .202 35 11,690 .160 110
37 6.8 6,179 . 140 .1618 29 14,600 .128 91
38 6.0 7,936 .109 .1260 23 18,700 .100 76
39 5.2 10,565 .082 .0947 19 24,900 075 62
40 4.8 12,395 .070 .0807 16 29,200 .064 55
41 4.4 14,756 .059 L0677, 13 34,800 .0536 48
42 4.0 17,855 .049 .0560] 1 42,180 . 0450 41
43 3.6 22,045 .039 L0454 9.5 1 52,000 .0358] 35
4 3.2 27,888 -031 .0359, 8.0 65,900 .0283] 30
45 2.8 36,216 .024 .0276) 6.5 86,100 .0217 25
46 2.4 49,588 .018 .0202] 5.0 | 117,000 .0160] 20
47 2.0 71,428 .012 .0140; 4.0 1168,000 .0112 15
48 1.6 |111,333 .008 0090 3.0 | 263,600 L0071 —_

**Wire produced by some manufacturers differs considerably from the
resistance values given.

*D.S.C. wound on spool.

fBare wire on slab—well ventilated. Spacing betwen turns equal to wire
diameter.

N.B—To find current for Eureka wire wound on slab, multiply Nichrome
Current column by approx. 1.5.
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Wavelength-Frequency Conversion Chart

1 2 3 a 5 6 7 8 9 10
] ggg» \C ma R T o T 0
' h ma 1
NS T 1
W N,
Rg8 § ao
N
N
-~
@
& N
-
(")
2 N
\
z 2888 0
o g
Z 9
(%]
o ' 8
<
2 ~28 g 7
‘ 6
o
0 5 § g 5
; a
mggg i N 5
‘—‘— 10 20 30 40 — 50 70 100
100 200 300 ——— 400 — 500 700 1000
1,000 2000 —-—-— 3000 — 4000 — 5000 7,000 —— 10,000
10,000 20,000 30,000 — 40,000 ~ 50,000 —— 70,000 —— 100,000
FREQUENCY  [KC/S.)
Wavelength-Frequency Conversion Table
Convenient Points Selected for Rapid Reference.
Broadcast Band Short Waves
Fre- Wave- Fre- Wave- Fre- Wave- Fre- ‘Wave-
quency length | quency length | quency length | quency length
Kece/s. Metres Kc/s. Metres | Mc/s. Metres | Mc/s. Metres
550 545 1050 286 15 200 11 27.3
600 500 1100 273 2 150 12 25.0
650 461 1150 261 3 100 13 23.1
700 429 1200 250 4 75.0 14 21.4
750 400 1250 240 5 60.0 15 20.0
800 375 1300 231 6 50.0 16 18.8
850 353 1350 222 1 42.9 17 17.6
900 333 1400 214 8 37.6 18 16.7
950 316 1450 207 9 33.3 19 15.8
1000 300 1500 200 10 30.0 20 15.0
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Greek Symbols

Name. | Large.] Small. English Equivalent.
alpha A o a

beta B B | b

gamma| I g

delta A g d

epsilon | B € e (short e as in ‘“met")
zeta YA 4 z

eta H ) e (long e as in ‘‘meet”)
theta 0] ] th

iota 1 t i

kappa K x® k

lambda| A A 1

mu M 7] m

nu N v n

xi g E | x

omicron| O o o (as in “olive”)

pi IT T p

tho P P r

sigma X c s

tau T T t

upsilon | Y v u

phi 0] P ph

chi X x ch (as in *school”)

psi \F (p ps

omega | ® | o (as in “hole”)

341
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0 i 2 3 4 s 5 s Differences.

6 11 23] 456] 78039

10 | 0000 | 0043 0086 0128 | 0170 0212 0253 | 0294 0334 0374 | 4 & 12| 17 21 25 | 20 33 37
11 | 0414 | 0453 0492 0531 | 0569 0607 0645 | 0682 0719 0755 | 4 & 11| 15 19 23 | 26 30 34
12 ] 0792 | 0828 0864 0899 | 0934 0969 1004 | 1038 1072 1106 § 3 7 10| 14 17 21 | 24 28 3t
13| 1139 | 1173 1206 1239 | 1271 1303 1335 | 1367 1399 1430 3 6 10| 13 16 19| 23 26 29
14 | 1461 | 1492 1523 1553 | 1584 i614 1644 | 1673 1703 1732 3 6 9| 1245 18 | 21 24 27
15| 1761 | 1790 1818 1847 | 1875 1903 1931 | 1959 1987 2014 | 3 6 8| 11 14 17 | 20 22 25
16 | 2041 | 2068 2095 2122 | 2148 2175 2201 | 2227 2253 2279 3 5 8{ 11 13 16| 18 21 24
17 | 2304 | 2330 2355 2380 | 2405 2430 2455 | 2480 2504 2529] 2 5 7| 101215 |17 20 22
18 | 2553 | 2577 2601 2625 | 2648 2672 2695 | 2718 2742 2765 ] 2 5 7| 912 14 | 16 19 21
19 | 2788 | 2810 2833 2856 | 2878 2900 2923 | 2945 2967 2989 | 2 4 7| 911 13|16 18 20
20 | 3010 | 3032 3054 3075 | 3096 3118 3139 { 3160 3181 3201 | 2 4 6| B8 1143|1517 19
21 | 3222 | 3243 3263 3284 | 3304 3324 3345 | 3365 3385 3404 | 2 4 6| 810 12] 14 16 18
22| 3424 | 3444 3464 3483 | 3502 3522 3541 | 3560 3579 3598 | 2 4 6| 81012 14 15 17
23} 3617 | 3636 3655 3674 | 3692 3711 3729 | 3747 3766 3784 | 2 4 6| 7 9 11|13 1517
24 | 3802 | 3820 3838 3856 | 3874 3692 3909 | 3927 3945 39621 2 4 S| 7 9 11 ] 12 14 16
25 | 3979 | 3997 4014 4031 | 4048 4065 4082 | 4099 4116 4133 | 2 3 5] 7 90121415
26 | 4150 | 4166 4183 4200 | 4216 4232 4249 | 4265 4281 4298} 2 3 s| 7 0| 111315
27 ] 4314 | 4330 4346 4362 | 4378 4393 4409 | 4425 4440 4456} 2 3 5| 6 8 9| 11 13 14
28 | 4472 | 4487 4502 4518 | 4533 4548 4564 | 4579 4594 4609 2 3 5| 6 8 9| 111214
29 4624 | 4639 4654 4669 | 4683 4698 4713 | 4728 4742 4757] 1 3 4| 6 7 9] 101213
30| 4771 | 4786 4800 4514 | 4829 4843 4857 | 4871 4886 4900] 1 3 4| 6 7 9101113
31| 4914 | 4928 4942 4955 | 4969 4983 4997 | 5011 5024 5038 1 3 4| 6 27 8] 10 11 12
32} 5051 | 5065 5079 5092 | 5105 5119 5132 | 5145 5159 5172| 1 3 4| 5 7 8l 911412
33| 5185 | 5198 5211 5224 | 5237 5250 5263 | 5276 5289 5302 1 3 4| 5 6 8] 91012
34 | 5315 | 5328 5340 5353 | 5366 5378 5391 5403 5416 5428 | 1 3 4| 5 6 8| 9 10 11
35 | 5441 | 5453 5465 5478 | 5490 5502 5514 | 5527 55395551 ] 1 2 4| 5 6 7| 910 11
36 | 5563 | 5575 5587 5599 | S611 5623 5635 | 5647 5658 5670 1 2 4| 5 6 7] 81011
37 | 5682 | 5694 5705 5717 | 5729 5740 5752 | 5763 57755786 | 1 2 3| 5 6 7| 8 910
38 | 5798 | 5809 5821 5832 | 5843 5855 5866 | 5877 5688 5899 1 2 3{ 5 & 7| 8 910
39 | 5911 | 5922 5933 5944 | 5955 5966 5977 | 5988 5999 6010} t 2 3| 4 5 7| 8 9 10
40 | €021 | 6031 6042 6053 | 6064 6075 6085 | 6096 6107 6117 ] 1 2 3| 4 5 6| B 910
41| 6128 | 6138 6149 6160 | 6170 6180 6191 | 6201 6212 6222} 1 2 3| 4 5 6] 7 8 9
42} 6232 | 6243 6253 6263 | 6274 6284 6294 | 6304 €314 6325 ] 1 2 3| 4 5 6] 7 8 9
43 | 6335 | 6345 6355 6365 | 6375 6385 6395 | 6405 641564251 1+ 2 3| 4 5 6| 7 8 9
44 | 6435 | 6444 6454 6464 | 6474 6484 6493 | 6503 6513 e522| 1+ 2 3| 4 5 6| 7 8 9
45 | 6532 | 6542 6551 6561 | 6571 6580 6590 | 6599 6609 6618} + 2 3| 4 5 6| 7 8 @
46 | 6628 | 6637 6646 6656 | 6665 6675 6684 | 6693 6702 6712) 1+ 2 3| 4 5 6| 7 7 8
47| 6721 | 6730 6739 6749 | 6758 6767 6776 | 6785 6794 6803} 1 2 3| 4 5 5| 6 7 8
48 | 6812 | 6821 6830 6839 | 6848 6857 6866 | 6875 6884 6893 | 1 2 3| 4 ¢« 5| 6 7 8
49 | 6902 | 6911 6920 6928 | 6937 6946 6955 | 6964 6972 6981 | 1 2 3| 4 4 5| 6 7 8
50 | 6990 | 6998 7007 7016 | 7024 7033 7042 | 7050 7059 7067} 1 2 3| 3 4 5| 6 7 8
51| 7076 | 7084 7093 7101 | 7110 7118 7126 | 7135 7143 7152 | 1+ 2 3| 3 4 5] 6 7 B
52 7160 | 7168 7177 7185 | 7193 7202 7210 | 7218 7226 7235} 1 2 2| 3 4 S| 6 7 7
53 ] 7243 | 7251 7259 7267 | 7275 7284 7292 | 7300 7308 73t6 | 1 2 2| 3 4 5| 6 & 7
54 | 7324 | 7332 7340 7348 | 7356 7364 7372 | 7360 7388.7396 } 1 2 2| 3 4 S| 6 6 7
o |l 2 3 4 5 6|7 8 9]l123[es56|/7809




Chapter 40.

LOGARITHMS
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Differences.
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7427

7435 7443 7451
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7466 7474
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7482
7559

7709
7782

7490 7497
7566 7574
7642 7649
7716 7723
7789 779

7505
7582
7657
7731
7803

7513 7520 7528
7589 7597 7604
7664 7672 7679
7738 7745 7752
7810 7818 7825

7536
7612
7686
7760
7832

7543 7551
7619 7627
7694 7701
7767 7774
7839 7846
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7853
7924
7993

8129

7860 7868
7931 7938
8000 8007
8069 8075
8136 8142
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7945
8014
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8149

7682 7889 7896
7952 7959 7966
8021 8028 8035
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7903
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8176

7910 7917
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8116 8122
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8388
8451

8202 8209
8267 8274
8331 8338

8215
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8248 8254
8312 8319
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8370 8376 8382
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8457 8463
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8426
8488

8432 8439
8494 8500

8445
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8519 8525
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8814 8820 8825
8871 8876 8882
8927 8932 8938
8982 8987 8993
9036 9042 9047

8831 8837 8842
8887 8893 8899
8943 8949 8954
8998: 9004 9009
9053 9058 9063

8848 8854 8859
8904 8910 8915

8960 8965
9015 9020
9069 9074

8971
9025
9079
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9090 9096 9101
9143 9149 9154
9196 9201 9206
9248 9253 9258
9299 9304 9309

9106 9112 9117
9159 9165 9170
9212 9217 9222
9263 9269 9274
9315 9320 9325

9122 9128
9175 9180
9227 9232
9279 9284
9330 9335
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9289
9340
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344 ‘ Chapter 40.

TRIGONOMETRICAL RELATIONSHIPS
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INDEX

Admittance .. .. .. . 301-302, 308
Air Celis, resistors for use with . 321
Amplification Factor (Valve)
definition of .. .. .. .. .. .. 264
graphical determination of 270-271
Amplifiers, A.F. Power (Chap. 2) 13-19

cost considerations .. .. .. .. 16
damping on loudspeaker .. .. 15
harmonic distortion in 14-15
overload characteristic of 15-16
parasitic oscillation in .. .. .. 16
power efficiency of .. .. .. .. 13
power output, measurement
of .. .. .. .. 22, 228, 237-238
power sensitivity of .. .. .. 14
relationship with
loudspeaker .. .. .. .. 20-23
see also “Amplifiers, Audio, De-
sign,” ‘“Valves, Pentode, Power
Amplifier,” ‘“Valves, Tetrode,
Beam Power,”” ‘Valves, Triode,
Power Amplifier”
Amplifiers, A.F. Voltage
(Chapter 1) .. 1-12
choke capacitance coupled .. 6
pentode valves,
using .. .. . b-6, 28, 279-280

resistance coupled, 3-6, 8, 57, 277-280
see also ‘“‘Ampliflers, Audio, De-

sign,” ‘“Phase Splitting Methods”
transformer coupled .. 1-2, 6-7, 272
triode valves, using, 1-5, 6-12, 277-9
wide band amplifiers .. .. .. 8

Amplifiers, Audio, Design

(Chapter 8) .. .. 49-57
equivalent circuits .. .. .. .. 57
frequency response calcu-

lations .. 4-5, 27-28, 53-56, 61-63
push-pull beam tetrode output 52-53

push-pull pentode output .. .. 51
push-pull triode output .. .. 51
ratings for amplifiers 49, 84-88
see also chapter 34 .. . 268-294

single beam tetrode output, 51-52
single pentode output .. .. .. 50

single triode output .. . 49-50
Amptifiers, Audio,

Push-pull . . 9-12, 287-291
composite characteristics 287-9
harmonic distortion in .. .. .. 289
plate current, average, 289-290, 291
see also ‘‘Amplifiers, Class B

Power''; also Chapter 8 .. 49-57

Amplifiers, Class Power
design procedure .. .. .. .. 17-19
graphical treatment .. .. 287-291
Amplifiers, D.C. .. .. .. .. .. .. 89

Amplifiers, I.F. (Chapter 17), 157-160
formulae, relevant .. . 137-139

screen grid supply for .. .. .. 204
see also “Tuned Circuits”
selectivity considerations .. 157-8
valve input capacitance, 47, 96-8, 267
Amplifiers, R.F. (Chapter 14) .. 90-98

advantages of .. .. .. .. .. .. 90
formulae, relevant .. .. 91-2, 136-7
gain of .. 90-1, 136-7

screen grid, supply for .. .. 203-4
see also ‘‘Tuned Circuits”

valve input capacitance, 47, 96-8, 267

valve input loading .. .. 92-6
Automatic Frequency Control
(Chapter 20) 180-2

definition of .. .. .. .. .. .. 180
electronic reactances for 181-2
Foster-Seeley discriminator for, 181
frequency drift, correction of . 182

Round (Travis) circuit for . 180-1
Automatic Volume Control
(Chapter 19) .. .. .. .. .. 168-179
amplified AV.C. .. .. .. .. .. 174
application of .. .. . 173-4
audio A.V.C. .. .. .. .. .. .. 174
battery valves, with .. .. .. 175
bibliography .. .. 179

characteristics, plotting 175-8, 236-7
deflnition of .. .. .. .. .. .. 168

delayed A.V.C. . 169-171
differential distortion .. 170
modulation rise, causing . .. 174-5
simple A.V.C. .. .. .. 168-9, 175
time constant of .. 168, 171-3, 178-9
typical circuits .. .. . 172-3

voltage, methods of feeding . 171-2
Band-Pass Circuits

formulae, summary of .. .. .. 138
Bass Attenuation

cathode bypass, due to, 27-8, 55, 64

grid coupling condenser,

due to .. .. .. . 4, 54-5, 63
lateral cut recordings, in .. .. 75
screen bypass, due to . 26, 28, 56, 64
see also Chapter 9 .. .. .. .. §8-73
transformer, due to .. 211-5

Bass Boosting
gramophone pick-up, for .. .. 71
see also Chapter 9 58-73
shunt fed transformers, with .. ki
volume level, effect on .. .. 69-70
Bels .. .. .. . e ee e es ae .. 84
Bias (Chapter 4) ve ee ee e a. 24-5
back-bias .. .. .. .. 24-5

cathode blas . .. .. 24 25, 272, 274
graphical determination

of .. . see Chapter 34
grid leak bias e e . 5, 276
optimum bias (for RC triodes) 3
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self bias — see under ““Bias,
Cathode”
Blue Glow (in valves) .. .. .. .. 246
Bunet's Inductance Formula ... 148
Bypassing (see Chapter 4) .. .. 25-8

cathode circuit .. .. 11, 25-8, 55, 64
screen circuit 26, 28, 56, 64
tone control, used for — see under

‘“Tone Control”’

Capacitance
and inductance, circuits with, 300-2
and resistance, circuits
with .. .. .. .. .. .. 297-302, 315
calculation of parallel plate

condenser .. .. .. .. .. .. 299
capacitances in parallel .. .. 296
capacitances in series .. .. .. 207
capacitive reactance .. 297, 313, 314
imperfect capacitance .. .. .. 298
Ohm’s lIaw for .. .. .. .. .. .. 297
see also “Vectors” (Chapter 36) 303
units of .. .. .. .. .. .. 298, 308

valve input capacitance, see under
“Input Capacitance, Valve'

Cathode

cathode bias .. .. .. .. see “Bias”

cathode bypass .. 11, 25-28, 55, 64

cathode loading .. 39, 45
Cathode Ray Tubes (reference) .. 263
Chokes, Power, design of

(Hanna's method) .. . 219-220

see under “Inductances, Iron Core”

swinging chokes 196-7
Coils, design considerations
(Chapter 16, Part 3) 152-6
inductance calculations
(Chapter 16, Part 2) 140-151
see also ‘“Inductances, Air Core”
Colour Codes (R.M.A.)
A.F. transformers .. .. .. .. 320
condensers .. .. .. 310-313
LF. transformers .. .. .. .. .. 320
loudspeakers .. .. .. .. .. .. 321
. power transformers .. .. .. .. 321
resistors .. .. .. .. 310-313
Combination Tones .. .. .. .. 23, 33
Complex Algebra (Chapter 37) . 304-5
absolute value and modulus .. 304
operator “j” .. .. .. .. 304
Condensers, colour code for 310-3
see also ‘‘Capacitance” '
Conductance .. .. .. .. .. 301-2, 308
valve input .. . 92-6, 105, 265
valve plate .. .. .. .. .. .. .. 265
Contact Potential .. .. .. .. .. 275

Converters, Conversion
see “Frequency Converters,” etc.
Coupled Circuits

coupled impedance .. 91, 137-8
formulae .. .. .. 91, 186-9
miscellaneous forms of

coupling 126-7

Index

mutual inductance .. . 149-150
see also Chapter 16 (Part i) 121-130

Coupling Factor .. .. oo 121
critical .. .. 122, 123 120, 137 138
transitional .. . . 123
use of .. 121 130 133, 137 9.

Cross Modulation

audio amplifiers, in .. . 23, 33
R.F.,, testing for .. .. 233-4
Current Regulators (Chapter 27) 223
Decibels (Chapter 13) .. . 84-7
definition of .. .. .. .. .. .. 84-5
tables and curves . 323-6
Decimal-Fraction Equivalents .. 318
Decoupling (Chapter 4) .. .. .. 28-30
Detection (Chapter 18) . 161-7

diode detection — see under ‘‘Diode
Detectors’’

grid detection 163-4
plate detection .. .. . 164-5
power grid detection .. .. .. 164
reflex detection .. .. .. .. .. 165
Dielectric Constants .. . . 330
Diode Detectors, A.C. shuntmg,
compensating for .. .. .. .. 162

A.C. shunting, effect

of .. .. .. .. 161-3, 166-7,. 292-3
A.F.C., for .. see ““Automatic Fre-

quency Control”
AV.C, for .. see

Volume Control”
input voltage, optimum .. .. 161-2
mathematical consideration . 166-7
testing .. .. .. .. .o o0 L. L. 249

‘““Automatic

Distortion (Chapter 5) veoee .. 31-3
detectors, in .. .. .. .. 161-7, 292-3
differential distortion . 162, 170

frequency distortion .. .. .. 32

harmonic distortion .. see ‘Har-
monic Distortion”

modulation rise distortion 173, 174-5

overload distortion .. .. 15-16
phase distortion .. .. .. .. .. 32
receiver, in .. .. .. .. .. .. 237-9
scale distortion .. .. .. .. .. 33
selective harmonic
distortion .. .. .. .. .. 14, 21, 69
transient distortion .. .. .. .. 33
Distortion Factor Meter .. .. .. 237
Dropping Resistors (Chapter 25) 203-4
for air-cell receivers .. .. .. 321
for 1.4 v. receivers .. .. .. .. 321
see also ‘“‘Resistors”
Dummy Antennae, Standard 228-9
Durchgriff .. .. .. .. .. .. .. 265
Dynamic Resistance .. .. .. .. 119
coupled Impedance 91 137, 138
formulae, summary .. .. .. .. 135
Emission, testing for .. ... 241-3
Ensi, definition of .. .. .. .. .. 235
abac for calculation . 326-7
Esnault-Pelterie’s Formula .. .. 144
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Farad .. .. .. 298, 308
Fidelity (Chapter 7) e e <e .. 31-33
measurement of .. .. .. .. 237-8
see also ‘‘Distortion,” ‘'‘Harmonic
Distortion’*
Filters — Power Supply
(Chapter 23) .. . 191-8
choke input .. .. .. .. 192-3, 195-6
condenser input .. .. .. 191-3, 194
design, examples of .. . 194-7
hum, see under ‘“Hum”
peak currents in .. .. 192, 193-4
resistance-capacitance 197-8
second section .. .. .. .. .. 194-8
swinging choke .. oo, 196-7
Fluorescence (in valves) .. .. .. 246
Fraction — Decimal Equivalents . 316
Frequencies, Musical .. .. .. .. 322
Frequency Conversion
(Chapter 19) .. .. 99-114
converter valves, see '‘Frequency
Converters’
general principles 99-100
oscillator circuit design .. .. 110-4
typical circuits .. .. . 107-9
Frequency Converters 100-9
application of 107-9
AV.C., use with 106, 173
characteristics, general 102-3
constructional features of 100-2
frequency drift, tests for .. 235-G

gain in receiver .. .. .. .. 231
grid current, measurement of 232

special features of 103-7

testing .. .. .. .. .. .. .. 247-8

voltage supplies for .. . 203-4
Frequency Drift .. .. .. .. .. 182

bibHography .. .. .. .. .. .. 182
Frequency Response

calculations for .. 53-56

resistance coupled amplifier, in
3-4, 5, 27-28, 54-6, 63, 64
see also “Distortion,” *Fidelity,”
“Tone Control”
transformer coupled amplifier,

fin .. .. .. .. e ee .. 21155
Frequency/Wavelength Chart .. 340
Fuse Wire Table .. .. .. .. .. 320
Greek Symbols .. .. . Loe. .. 841
Grid Coupling COndenser

bass attenuation of 4, 54-5, 63
recommended value of .. .. .. 4
Grid Current .. .. 243, 275-7
contact potential .. .. .. .,/ 275
gas current .. . 243, 275
grid emission .. .. .. .. .. .. 275
load lines, grid .. .. .. .. .. 276

positive grid drive . 17-9, 276, 200-3

Hanna's Method (for design of
chokes) .. .. 219-220

347
Harmonic Distortion 31, 82
detectors, in .. .. .. 161-7

diode detectors, in
ve s .. .. 161.3, 166-7, 170, 292-3
measurement of .. .. .. 237-9
negative feedback, ‘effect of

11, 14, 22-3, 35-7, 43-5
power amplifiers, in 14-5, 281-5, 289
see also under ‘Distortion’
selective harmonic distortion

te ee e e ee e e 14, 21, €9
Hayman’s Inductance Formula .. 145
Heater-Cathode Leakage
hum due to .. .. .. . 200-1
testing for .. .. .. .. .. .. .. 246
Hum (Chapter 24) .. .. .. .. 199-202
causes of hum .. .. .. .. .. .. 199
electromagnetic fields, from .. 200
filter hum .. .. .. .. .. .. 199-200
heater-cathode leakage, due
to .. .. e e e e 200-1
hum- buckmg coil .. .. .. .. 200
induction hum .. .. .. .. .. 200
measurement of .. .. .. .. .. 239
mercury vapour rectifiers, from 200
microphone amplifiers, in Lo T8
miscellaneous cures for .. .. 201
modulation hum .. .. .. .. 201
neutralising hum .. .. .. .. 200
phase splitters, in .. .. .. .. 11
see also Chapter 23 .. . 191-8
vibrators, from .. .. .. .. .. 202

I.F. Amplifiers, see ‘“Amplifiers, L.F.”
Inductance
and capacitance, circuits with 300-2
and resistance, circuits with 300-2

inductances in parallel .. .. 299
" in series .. .. .. 299
kinetic energy in .. .. .. .. .. 300
Ohm’s law for .. .. . .. 299
reactance-frequency chart .. 313
» ” table .. 314

reactance, inductive . 299, 313, 314
see also “Inductances, Air-core”
“Inductances, Iron-core’”
w s ‘‘Vectors” (Chapter 36) 303

Iinductances, Air-Core

” ”

(Chapter 16) . .. 115-156
bibliography 150-1, 155-6
calculation of inductance .. 140-151
current sheet inductance . 140, 145-8
design of . 152-6
general treatment of, in

tuned circuits . . 115-139
multilayer circular 148-9
mutual inductance,

calculation of .. .. . 149-150
see also “Coupled Circuits”

5 "Tuned Circuits”
single layer spiral,
inductance of .. .. .. .. .. 149
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golenoids, screened,
inductance of .. .. .. .. .. 148
solenoids, unscreened,
inductance of .. . 140-8
Inductances, Iron Core (low
frequency)—Chapter 26 205-220
core loss, calculation of .. .. 216
direct current, with .. .. 218-9
" without .. .. 217-8
ﬁlter chokes .. 219-220

general transformer
considerations .. .. .. .. 205-11

Hanna’s method of design 219-220

inductance, calculation of 217-220
' measurement of 216-7

see also “Transformers Audio”

“Transformers Iron Core”
e ,» ‘“Transformers Power”

Input Capacitance, Valve

” [

change in .. .. .. .. .. 46-8, 96-7

detuning, causing .. 96-8, 159-160

mixing systems, in .. .. .. .. 81

see also “Miller Effect”

static and dynamic .. .. .. .. 267

space charge, due to .. .. .. 48
Input Conductance, Valve .. 92-6, 265

frequency converter valves, in 105
Input Resistance, Valve
Miller effect, due to .. .. .. .. 47
phase splitter .. 11, 40, 45
see also ‘“Input Conductance”
Insulating Materials, properties of 330
interference, R.F.

blocking interference .. .. .. .. 234
cross modulation .. .. .. .. 233-4
mercury vapour rectifiers,
“due to .. .. .. .. . 199-200
vibrators, from (ref.) .. .. .. 202
“J”’, Operator .. . 804-5
Kirchhoff's Laws .. . 295-6
Logarithmic Decrement .. .. 177, 135
t.ogarithms, Tables of 342-3
Loudspeakers
acoustic output of .. .. .. .. 23
characteristics of .. .. .. .. 20
colour code for .. .. .. .. .. 321
output stage, relationship
with 15, 20-3, 211
Magic Eye Tuning Indicators .. 224-6
circuit considerations .. 162, 225-6
null peint indicator, for .. .. 226
overlapping of image .. .. .. 226
supply voltage for .. .. 204, 226
wide-range indication .. .. 226
Measuring Instruments (Chap. 32) 263,
bibliography .. .. ..., 263
cathode ray oscillographs
(reference) .. .. .. .. .. .. 263
electrostatic voltmeters .. .. 263
hot wire instruments .. .. .. 263

Index

moving coll meters .. .. .. .. 263
moving iron meters .. .. .. 263
. rectifier type instruments .. .. 263
valve voltmeters .. .. 250-262, 263
valve  testers .. see “Testing
Radio Valves”
Meters see Chapter 32 .. .. .. .. 263
Microphone Amplifiers
(Chapter 11) .. .. 60, 79-80
mixing system, with .. .. .. 81-3
Microphones (Chapter 11) 77-9
crystal microphones,
coupling .. .. .. 78-9, 80
decibel-voltage chart for .. .. 325
microphone amplifiers 50, 79-80
ratings of .. .. .. .. 78, 86, 87
Microphony, testing for .. .. .. 245-6
Mitler Effect (Chapter 7) .. .. 46-8

automatic frequency control, for 182

automatic tone control, for .. 48
definition of .. .. .. .. .. .. 46
detuning due to .. .. 47-8, 159-160
microphone amplifiers, in .. .. 79
resistance coupled amplifier,
In .. .. .. .... ... ..845
see also ‘‘Input Capacitance”
Mixing Systems, A.F. .. .. .. .. 81-3
Multiples and Submuitiples .. .. 318
Musical Frequencies .. .. .. .. 322

Mutua! Conductance .. .. .. 244, 264
graphical determination of 270, 271

testing for .. .. .. .. .. .. 244-5
Mutual Inductance .. .. .. .. 149-150

see also ‘‘Coupled Circuits”
Nagaoka’s Constant (K) .. 141-4, 148

curves for determining .. .. 143

for short solenoids 144-5
Natural Resonant Frequency . 115-6
see also ‘“‘Resonant Frequency’
summary of formulae .. .. 133-4
Negative Feedback (Chapter 6) . 34-45
affecting frequency response
11, 23, 37
' gain .. 10, 36, 39
" generator impedance
15, 37-38, 39

" harmonic distortion
11, 14, 22-3, 36-7, 39

" input capacitance .. 47
" input resistance .. 11, 40
" noise .. .. - ¥4
" power output oo 18
application methods 40-3, 51-3
design data .. .. .. .. .. .. 48-5
negative current feedback
36, 39-40, 44-5
negative voltage feedback
36-8, 43-4

over number of stages 34-5, 42, 52-3
tone control, for 11, 68-9
typical applications .. . b51-3
Nepers (Chapter 13) .. .. .. .. &7
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Noise
effect of feedback on .. .. .. 37
in frequency converters .. .. 106-7
in receiver, testing for .. 235, 326-7

in valve, testing for .. .. .. 246
Nuil Point Indicator
‘ using magic eye .. .. .. .. 226
Numerical Values of Mathematlcal
Symbols .. .. .. ... .. .. .. 328
Ohm’'s Law .
applied to capacitance .. .. 297
" ,» inductance .. .. .. 299
” ,» resistance .. .. .. 295

Operator “jJ” .. .. .. .. .. .. 304-5
Oscillater, Superheterodyne
coil design, for .. .. .. .. 110-4
see also “Frequency Conversion’”’
w» » ‘“Frequency Converter’
Oscillograph, Cathode Ray (ref.) 263
Overload Characteristic

A.F. power amplifier, in .. .. 15
Paimermo’s Formula .. .. .. .. 141
Parasitic Oscitlation

in A.F. power amplifier .. .. 16
Penetration Factor .. .. .. .. .. 265
Phase Angle

in capacitances 297-8, 300-2

,» inductances .. .. .. .. 299-302
,, tuned circuits .. .. .. .. 120

see also ‘“Complex Algebra’’ 304-5
v s ‘‘Simple Trigonometry’” 306
w9 ‘Vectors” .. .. .. .. 303
Phase Splitter
application of 10-2, 51, 52-3
gain with .. .. .. .. .. 10, 39, 44-5
hum with .. .. .. .. .. .. .. 11
input impedance of 11, 40, 45
output voltage capabilities of 11

providing tone control .. .. .. 11
Phase-Splitting Methods .. .. .. 9-12

centre-tapped choke .. .. .. 10

centre tapped transformer .. 9

simple transformer .. .. .. .. 9

see also ‘‘Phase-Splitter”’

with resistance coupling .. .. 11-2
Phon (Chapter 13) .. 88-9

Pickups, Gramophone

bass boosting for .. .. .. oon
crystal, load requirements ot ..80
crystal, response curve of .. 76
desirable frequency response . 75-6
general characteristics of .. 75-6
installation, notes on .. .. .. 77
tracking and alignment of,
(references to literature) .. 80
Plate Conductance .. .. .. .. .. 265
Piate Resistance (valve) ... 264

graphical determination of . 270-2

Power Efficiency
in AF. power amplifier .. .. 13
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Power Factor .. .. .. 297, 298, 300
Power Output, note on .. .. .. .. 13

see also ‘“Amplifiers, A.F. Power”
Power Ratios in Decibels .. .. 323-6
Power Sensitivity

in A.F. power amplifier .. .. 14
Power Supplies

importance of regulation in

16, 186, 293
see also Chapters 22, 23, 24, 25, 27
w »  “Transformers, Power"”

Q Factor (Chapter 16, Part 1) 115-139
definition of .. .. .. .. .. .. 117-8
effective Q of coupled circuit

91, 121-3, 137-8
magnification by tuned circuit . 136
summary of formulae .. .. .. 135-9

R.F. Amplifiers
see under ‘‘Amplifiers R.F.”
Reactance-Frequency Chart .. .. 313
Receivers
receiver testing . . . see under
“Testing Receivers”
see also under ‘“Amplifiers A.F.
Power; “Amplifiers A.F. Volt-
age; “Amplifiers I.F.; Amplifiers
R.F.; Detection; Frequency Con-
version;' Power Supplies”; or
under other specific items.
Recording (Chapter 11) .. .. .. 76
Records, Gramophone .. .. .. .. 75-7
reproduction of .. .. 71, 76-7, 80
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