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Receivers using AGC
without delay suffer
from the disadvantage
that full output will only
be obtained with a much
larger signal input than
in the case of a similar
receiver with delay, and
the overall amplification will appear to be less.

Delayed AGC may be obtained with various types of two-
diode circuits, but modulation distortion frequently results
from the loading of the primary of the IF transformer by the
delayed AGC diode. This disadvantage may be overcome by
the use of a three-diode circuit in which each diode performs
its separate function—detection, AGC, and delay. ‘The circuit
to be described is a modification of this circuit which uses a
single-diode pentode, the pentode section being the IF
amplifier valve. While the advantages of coupling the AGC
diode o the primary of the final IF transformer are lost, the
circuit avoids modulation distortion and a very satisfactory
delayed AGC characteristic results.
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Fig. 1 illustrates a circuit using a UAF42 (or EAF42) diode
pentode in which the main diode D1 provides the detector
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and AGC voltages while the suppressor is used as an auxiliary
diode D2 to provide the delay which prevents operation of the
AGC line until a predetermined signal level is reached.

The satisfactory operation of the circuit depends on the
fact that for the E/UAF42 (a) the Ig3/Vg3 characteristic rises
sharply with increasing suppressor volts and will consequently
give a well defined delay voltage and (b) the internal resist-

DELAYED AGC WITH E/UAF42

ance of D2 is low (50K Ohm). The suppressor is connected
through a high resistance R1 to the HT supply and through
R2 to the AGC line. For small signals, the suppress:)r will be at
substantially the same voltage as cathode since the negative
voltage developed by D1 will be small. D2 will conduct and
the AGC line voltage will remain constant ; as the input signal
increases, the suppressor will be driven negative, D2 will no
longer conduct and the AGC line will operate. The magnitude
of the delay voltage will be determined mainly by the values
of Rl and R3: R1 = 22M Ohms, R2 = R3 = 2.2M Ohms,
HT = 170 volts, the delay will be approximately 15 volts.

INPUT TO FC.INmMV

. 0 1000 10000
30' 10 10 25
] 20 DETECTOR
-t [ A OUTPUT
20 - v 1548.
" R
AGC. ol /
LINE [ 7
7 o]
) .5
O 10 20 30 40 50 60

DETECTOR VOLTS (PEAK)
FIG. 2 .

The graph of volts on AGC line against peak detector volts
(in full line) in Fig. 2 shows that the change in AGC line
voltage over the range 0 to 15 peak detector volts is only
0.5 volts compared with 9 volts from 15 to 30 peak detector
volts. The AGC characteristic for 30% modulatien of a
typical receiver using E/UAF42 is shown (in dotted line) in
Fig. 2, the delay operates from 0.2 to 1mV and the AGC
characteristic is flat to within 5db from 1 to 1000mV signal.

[Mullard

Reprints of this report together with additional circuit
notes can be obtained free of charge from the address
below. )

MULLARD ELECTRONIC PRODUCTS LTD,,
TECHNICAL PUBLICATIONS DEPARTMENT,
CENTURY HOUSE, SHAFTESBURY AVE., W.C.2

(MVYM72)
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Comments

T is freely admitted that broadcast receivers

are numbered among the very few articles of
commerce of which the present supply exceeds
demand by a considerable margin. The recent
reduction in purchase tax has apparently done
little to stimulate buying, and, indeed, the reason
for reluctance on the part of the general public
to do so is by no means obvious. Judging by
the steadily rising licence figures, broadcasting is
not losing its attraction, and new homes, presum-
ably needing new equipment, are being set up in
considerable numbers.

The price of receivers, if we deduct the un-
popular purchase tax, has not risen since 1939 to
as great an extent as that of most other compar-
able articles. In spite of that, it is widely be-
lieved in wireless circles that high cost is respon-
sible for public apathy, and the view is often
expressed that there would be a widespread de-
mand for a really cheap set. Those who voice such
opinions generally add that such a set could best
be produced by abandoning continuously variable
tuning in favour of switch selection of three or
four stations. The advocates of this type of set
contend that it would be vastly cheaper, and
would satisfy the needs of the majority ; even the
minority who normally require continuous tuning
and a good R.F. performiance would buy it freely
as a ‘‘second set,”’ especially if the price were
made sufficiently attractive.

This question. of the cheap set raises many in-
teresting problems, both technical and economic.
In the first place we doubt very much if a switch-
tuned receiver, of a design suitable for use in all
areas of the country, would be appreciably
cheaper than the more-or-less standardized 4+ 1
superheterodyne. It might well be more costly.
Admittedly, a really cheap receiver for use in dis-
tricts where high selectivity is not necessary for
meeting the simpler requirements could easily be
devised, but its retail distribution would probably
introduce many commercial problems. This matter
of selectivity is the fundamental problem ; so far,

of the Month

the most economical solution has been found in
the conventional superheterodyne. We think,
however, that the time has come for designers of
broadcast receivers to explore basically new
methods of cheapening production.

Radio Equipment of Buildings

E welcome the issue, under the agis of the
Ministry of Works, of a ‘' Draft for Com-
ment "’ of a British Standard Code of Practice* on
the equipment of new buildings for broadcast
sound and television reception. The recommen-
dations relate mainly to aerial systems, the instal-
lation of which has hitherto been in the nature of
an afterthought. A number of different types of
aerials are treated.

On the broader issue, it is gratifying that the
code is issued in the form of a ‘“draft for com-
ment,”’ available to any interested member of the
public who cares to buy it; comments are speci-
fically invited, and will presumably be taken into
account in the preparation of the final code. This
is a procedure that might be followed much more
widely. Standard specifications are being issued at
a great rate and, however good the qualifications of
those who prepare them, there is always the risk
of some glaring "error or serious omission, due,
perhaps, to lack of knowledge on some highly
specialized aspect of the subject by those respon-
sible. A case arose recently where it was found
that standardized symbols could not be legibly
printed by ordinary type-setting methods, with
the result that the wide adoption of this particu-
lar form of standardization was in jeopardy. This
is a matter where a great deal of circumspection
and a fine discrimination is clearly needed. ‘In
a multitude of counsellors there is safety,”” though,
as some cynic recently added, ‘‘ there is the prob-
ability of intolerable delay.”

* Broadcast Receplion: Sound and Television by
Radio (Code 327:201). British Standards Institu-
tion; ss.
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Vibrator Power Packs

Some Notes on the Principles of Design

Bv
D. A. BELL, mA, Bsc.

ARGE numbers of vibrator
power packs are now being
used in mobile P.A. and

V.H.F. equipments for obtaining
H.T. supply from a lower-voltage
D.C. source. It therefore seemed
worth while to collect the results
of investigations into several
aspects of vibrator power packs
which the author has carried out
at various times. The problems
can be sub-divided as follows :—

(i) The role of the ‘' timing”
or ‘‘ buffer ”’ condenser which is
connected across the transformer
secondary, and the choice of
the correct capacitance.

(ii) Operating conditions of the
transformer iron and copper with
approximately square-wave
currents. :

(iii) Regulation:

(iv) Suppression of radio inter-
. ference or ** hash.”

The fixed condenser which is
connected across the whole of the
secondary winding is sometimes
called the ‘‘ buffer’” condenser,
but in view of its true function it
is better described as the ‘‘timing”
condenser. The basic circuit of
a transformer with a self-rectifying
' or synchronous vibrator is shown
.in Fig. 1, and both sides of the
.transformer are wound for double

voltage and centre-tapped in the
same way as the secondary of a
" transformer feeding a full-wave
 valve rectifier ; but to obtain the
_ simplest circuit for theoretical
analysis we will first replace the
_double-wound transformer and
vibrator by a single-wound trans-
“former and reversing switch, and
then replace the transformer by
‘the equivalent circuit viewed from
- the secondary side. Thus in
.Fig. 2 the battery is assumed to
be stepped up to the secondary
voltage, R is the secondary load,
C the timing condenser and L

.and # the inductance and resist--

--ance’ of the transformer circuits
as viewed from the secondary.

The operation of the vibrator is
then represented by the periodical
changing over of the reversing
switch, and when this opens there
is a certain current, i, say,
flowing through the inductance L
as well as a load current flowing
through R. The inductance tends
to maintain this current ¢;, but
the load R is disconnected by
whatever rectifying system is used
(since the maintenance of 7, after

2
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Fig. 1.
vibrator with transformer and
“timing '’ condenser.

Circuit of synchronous

the battery switch is opened
would require current flow through
R in a sense opposite to that of
the main battery current through
R), and in the absence of the
condenser C there would be an
abrupt cessation of the current
through L, ie., a large negative
value of diy/d¢ and hence a high
voltage. In fact there will always
be some stray capacitance even if
no external condenser is fitted,
so the current 7y, after the opening
of the battery circuit flows in an
oscillatory circut, L, », C; and
if there were no ‘losses (¥ = o)
conservation of energy would
require the condenser to be
charged to a peak voltage Vg
such that
$CV3 = 3Li%, . .. (1)
In the particular case of a trans-
former supplying a small radio
set with so mA at 300V, if the
secondary inductance is 30 H,
the stray capacitance is o.co1uF.
and the ‘' magnetizing current ™’
i, = 1o mA, equation (1) will
give Vg = 1740 V. approx. This
is the secondary voltage ‘‘ spike ”
which in the absence of losses
would occur under incorrect
operating conditions and would

break down any insulation de-
signed for the normal 300 volts
working.

Now suppose that the capacity
across the secondary is increased
by adding an external condenser.
The peak voltage is reduced
according to the square root of
the capacitance, since from equa-
tion (1), V; = i5,4/L/C, and at the
same time the period of oscillation
is increased as the square root
of the capacitance. Considering
only a single break of the circuit,
the effect of adding capacitance is
to change the waveform from
curve (i) to curve (ii) of Fig. 3(a).
In practice the vibrator contacts
re-close in the opposite polarity
shortly after opening, so ideally
the voltage waveform should be
as shown in Fig. 3(b), and the
problem is to produce a rate of
voltage change during the ‘* con-
tacts open” part of the cycle
which will fit as smoothly as

Fig. 2. Equivalent circuit of vibra-
tor and transformer.
possible into the ‘‘contacts

closed ”’ parts. This will occur if
the point marked X in Fig. 3(a),
curve (ii), which corresponds to
— 300 V., also corresponds in the
time scale to the instant of re-
closing of the vibrator contacts.
Fig. 4 shows idealized waveforms
for limited variations of condenser
capacitance about the correct
value, and Fig. 5 shows tracings
from oscilloscope pictures obtained
in practice with different sizes
of condenser. Clearly the timing
conditions will be least critical
if the point X in Fig. 3(a) occurs
near the (negative} crest of the
free oscillation of voltage, where
the rate of change of voltage with
time'is small ; but in the absence
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of dissipation the reverse-voltage
peak would fall to the working
voltage only when the condenser
was so large as to make the
oscillation period of the same
order as the whole period of the
vibrator cycle, i.e. the transfer
of the inductive energy to the
condenser would take as long as
its accumulation in the induct-
ance. With the small condenser
required for correct timing, there-
for, the voltage is likely to be
still rising at the instant of
vibrator contact closure, though
the presence of iron and copper
losses in the circuit reduces the
amplitude of free oscillation.

One firm manufacturing vibra-
tors has suggested including a
resistance in series with the
timing condenser, presumably in
order to provide additional damp-
ing for this purpose, but it is
more usual for the damping to
be light enough for the voltage
to over-swing appreciably, and
correct timing is relied upon to
give the appropriate voltage for
re-closing the contacts. For a
given time of change-over of
vibrator contacts, the value of
capacitance C which is required
is inversely proportional to the
transformer inductance L.

Now in any given iron-cored
transformer the inductance L
will usually vary inversely with the
flux density, and therefore in-
versely with the input voltage. It
follows that if the timing capaci-

+300V

(2)
S
t ¥
$ Nx  / ,—300V
[ NS
(11) WITH SUITABLE
~1,740V CAPACITY ON SECONDARY
APPROX.
{]eb——— (1 ) WITH VERY SMALL
CAPACITY ON
U SECONDARY

(b)

TRANSIT TIME OF
VIBRATOR CONTACTS

Fig. 3. (a) Effect of secondary
capacitance on voltage waveform
for asingle break. (b) Ideal voltage
waveform for break and re-make.

c
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tance is initially set to be correct
at nominal input voltage (e.g.
12 volts from a 6-cell lead-acid
accumulator), it will be too small
when the transformer inductance
falls or high input voltage (e.g.
15 volts with battery on charge)
and toc large on low input voltage
{e.g. 10.8 volts from a discharged
battery). Since too small a
capacitance can give rise to
dangerous over-voltages on the
transformer secondary, but too
large a condenser causes little
more than a slight loss of efficiency
the timing condenser should al-
ways be chosen of value appropri-
ate to the highest input voltage

(8)

(b)

—

(c)

Fig. 4. Theoretical waveforms for
different condenser values ; (a) too
small, (b) correct, (c) too large.

likely to be met, not to the mean or
nominal input voltage.

If the condenser is too large,
giving a waveform of the type
of (c) in Figs. 4 and 3, the con-
denser is abruptly charged to the
new voltage when the contacts
re-close, but since the energy from
the inductance will not all have
been transferred to the condenser,
the residue of the inductive energy
should be transferred back to the
battery. Small upward pulses of
primary voltage have been detec-
ted under suclh conditions, but
according to a moving-coil am-
meter there is no saving of mean
battery current. In fact, the
capacitance value for minimum
mean battery current corresponds
very closely with the value which
gives waveform (b) of Figs. 4 and
5 ; and although it is desirable to
check the waveform oscillo-

273

graphically, the condenser size
can in an emergency be adjusted

(a)

(b)

Fig. 5. Observed waveforms
corresponding to Fig. 4.

for minimum input current. An
open-circuit  timing  condenser
makes the transformer behave like
a short circuit, even if no per-
manent damage is caused, and this
is presumably due to the secondary
voltage surges setting up a con-
tinnous arc across the vibrator
contacts.

Provided that the timing con-
denser is of sufficient capacitance
to give correct timing with the
transformer in question at maxi-
mum input voltage, there appears
to be no reason why it should have
any exceptionally high voltage
rating : it is never likely to receive
a voltage more than 10 per cent
above the amplitude of the square
wave onthe transformersecondary.
On the other hand, it is working
under A.C. conditions, and must
be capable of handling a small
amount of current. The change-
over time of a vibrator is, in very
round figures, 1 millisecond ; and
if we take a condenser of 0.0z pF
reversing its charge from + 300
to — 300 volts, the current can
be found as the change of charge
divided by the time during which
it occurs, and comes out to I2 mA.
This should not cause any trouble.

The simplified form of the
voltage wave of a typical vibrator
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transformer is illustrated at (a)
in Fig. 6. This is drawn to scale
for a vibrator with contact closure

(2)

VOLTAGE

FLUX

Fig. 6.
forms. (a) Vibrator, 809, time
efficiency. (b) Perfect square wave.

Voltage and flux wave-

time of 40 per cent each way, i.e,
each contacts-open period is 10
per cent of the complete cycle.
Since the voltage per turn is
proportional to the rate of change
of flux, E, = 107% do/dt, the
flux may be determined by inte-
grating the observed voltage :

P = IoS-J’F,odt

By carrying out the integration
of the voltage waveform for a
vibrator-driven transformer (full
line in Fig. 6a) the flux waveform
is obtained, as shown dotted ; and
for the sake of comparison the
pure square wave of equal ampli-
tude and its integral have been
plotted in Fig. 6(b). Since the
flux is the integral of the voltage,
the maximum flux is less in Fig.
6(a) than in Fig. 6(b) in the same
ratio as the mean arithmetic
value of voltage is less in Fig. 6(a)
i.e. by a factor of (1 — x/2) where
x is the fraction of the cycle for
which the vibrator contacts are
open. {x¥ = 0.2 in Fig. 6a).

It might be thought that since
the primary circuit is broken
during the period of voltage
reversal, and the primary current
is then zero, the magnetomotive
force and the flux would also be
zero. But in fact the flux is
maintained, as shown, by the
secondary current which is flowing
into the timing condenser.

Now the flux ¢ is the product
of the area A of core section and
the flux density B, so that

Wireless World

108
NA

where N is the number of turns
in the winding across which E is
measured, and B, is the value of
Bat¢ = o. Sincea half-period of
the vibrator cycle covers the
reversal of the flux from a maxi-
mum in one direction to a maxi-
mum in the other, the flux change
corresponding to the integration
of E over half the period T of the
vibrator is equal to twice the
maximum flux :
108 [ T2
NA J,
E is constant over a half wave of
the square waveform of Fig. 6(b),
so that 2B_,, = 108ET/2NA and
writing T = 1/f where f is the
vibrator frequency in c¢/s., and
1 — x is the “ time efficiency.”
B,,..=(10°E/4AN/)(1 —2/2) . .(4)
A transformer operating on a
sinusoidal voltage of R.M.S. value V
would have B, =10%V/4.44ANYf;
so that comparing D.C. input
voltage with R.M.S. alternating
voltage, the transformer fed
through a vibrator will run at
11 per cent higher flux density
than it would if fed with a sinu-
soidal voltage of the same nominal
magnitude. (If one compared
the D.C. voltage with the peak
value of a sinusoidal voltage, the

B—

J.Edt+Bo . (2)

2B,,. = Edt .. (3)

12 /
f\n/
S
10 SA—Hi00%
-
o =
e g A 80% =
- RO w
w L, E?F\C\EN =
o <7 60% &
= L °
=
/
S a0%
2 l'// 20%

00 2 4 6 8 IOo
WATTS QUTPUT

Fig. 7. Typical input-output char-
acteristic of vibrator transformer.

ratio would be increased to 1.57 : 1;
and this comparison is relevant if
the transformer with sinusoidal
input feeds a rectifier with con-
denser-input filter, the D.C. output
of which on no-load is equal to the
peak voltage from the trans-
former.)
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Having determined the flux
density, the iron loss can now be
considered. It is, unfortunately,
a characteristic of vibrator trans-
formers™ that their efficiency is
usually about 60 per cent to 70
per cent instead of the go per cent
which one might expect from a
small transformer working on
sinusoidal supply. A plot of
output power versus input power
shows that an appreciable part of
the loss is constant and may be
regarded as the open-circuit or
magnetising-current  loss. An
analysis of the power input at full
load to the transformer respon-
sible for the graph of Fig. 7 was as
follows :

Output power v 9.03 watts
Open-circuit losses e 14 .

Vibrator contact losses ...  0.93

Secondary copper loss ... 0.37 ,,

Primary copper loss 011

11.81 .

Total input power 12.2 o
Balance of loss un-

accounted for ... 0.36 ,,

The vibrator contact losses were
checked both by measuring the
voltage drop across the contacts
oscillographically and by observ-
ing the temperature rise of the
vibrator when handling current,
The temperature rise was cali-
brated in terms of the constant
power dissipated in the vibrator
driving coil, and since a vibrator
with independent drive circuit
was used the driving power was
the same with or without load
current on the contacts. The
open-circuit losses are-#he biggest
item, and since there can be little
loss in the timing condenser they
must be mainly iron loss. The
genuineness of this dissipation is
confirmed by the fact that if the
timing condenser is removed the .
peak voltage does not rise to the
extent indicated by calculations
based on equation (1).

According to elementary theory,
the hysteresis loss should depend
only on the maximum flux density
and the frequency of repetition of
the hysteresis loop, and should
therefore be the same for a square
wave as for a sinusoidal wave of
the same frequency and B,,.
Eddy-current loss is usually
assumed to be based on an ex-
pression of the type E2/R where R
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is the resistance of the path round
which the eddy current flows and
E, the E.M.F. driving this current,
is proportional to flux density and
frequency,sothat the lossincreases
as the square of the frequency.
E is also assumed to be propor-
tional to a uniform flux density,
and therefore to have the same
waveform as the transformer
input voltage. The mean-square
value averaged over a quasi-
square wave such as Fig. 6(a) is
nearer to the peak value than is
the mean-square of a sinusoidal
wave ; and therefore for a given
maximum flux density, E}/R will
be greater the more nearly the
vibrator waveform approaches
a perfect square wave. By inte-
gration of the actual trap.zoidal
wave, one can calculate the
average value of E?/R in terms of
the proportion of the complete
cycle time for which the contacts
are closed on one side or the other,
and compare the ratio of mean-
square-voltage to  maximum-
voltage-squared with the similar

Wireless World

rapid, as shown by Fig. 8 which
is based on handbook? figures
for transformer sheet of o.o14in
thickness. The vibrator wave-
form can be approximated by
the limited series

E = 4LEo<sin pt +'Lsin 3pt
K 8

I
+ —sin 5 t)
5 P

where E, is its peak amplitude.
The mean-square value of the
wave is equal to the sum of the
mean squares of the harmonic
components (since the product
terms of two components of
different frequency vanish when
averaged over the cycle) and for
this series is of magnitude 0.935 E,,.
1f in a particular case E, corres-
ponds to the flux density for
which Fig. 8 was plotted (9,000
gauss) and the vibrator frequency
is 100 c¢fs, the total*iron loss for
this material should be

I 1
W = i <\Vmo + —“7300 + “‘\Vsoo>
‘" 3 5

ratio for a sinusoidal voltage, where the W’s represent the losses
which is o.5. at the various frequencies. From
) - [2/E i
Contacts-closed E/E?, 0 B2/, for vibrator

time, per cent |

for vibrator

K2/E2?,,,, for sinusoid

2 x 35 | 0.8
2 % 40 0.87
2 x 45 0.93
2 x 50 1.0

1.6
1.73
1.86
2.0

Thus even with a perfect vibra-
tor having contacts-closed time
of 2x350 = 100 per cent and
transit time =zero, the increase
of eddy-current loss on this basis
would be only 2:1 for a given
maximum flux density and it
would be about 1.7:1 for the
average practical value of vibrator
closure time. This is not enough
to account for the observed iron
loss. But it is generally known
that thé iron loss in a transformer
increases with frequency more
rapidly than can be accounted
for by an increase of the measured
hysteresis loss linearly with fre-
quency and a calculated eddy-
current loss. It has been sug-
gested! that the additional increase
of loss with frequency is due to
distortion of the flux waveform
within the body of the core;
but whatever the cause, the
increase of loss with frequency is

Fig. 8 this leads to W=

4'—<o.85; + et +- 2): 5.5 watts/lb
- 3 5

or about six times the loss for a
100 c¢/s sinusoid of the same B,
as the square wave. This agrees
qualitatively with the observed
losses, but should not be regarded
as quantitatively true because
the loss mechanism is probably
non-linear with amplitude and
this will invalidate the addition
of the effects of the component
frequencies.

In addition to the effect of
secondary copper loss, the mean
output voltage is less than the
product of effective primary volt-

L F, Brailsford, * Investigation of the Eddy-
Current. Anomaly in Electrical Sheet Steels,”
J.I.E.E., Part II, Feb. 1948, Vol. 95, p. 38.

2 “ Glandard Handbook for Electrical En-
gineers,” (7th Edition), Edited by A. E
Knowlton, McGraw Hill Book Co., 1941.
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age and turns ratio, because of
the intervals when the vibrator
contacts are open. If x is the
fraction of the cycle for which
the contacts are open, the mean
output voltage when feeding a
resistance load would be (1 — x)E,;
and correspondingly the current
in the windings when the contacts
are closed would be %, /(I — %)
where 4, is the mean output
current. The regulation is there-
fore increased by afactor 1/(x — x).
The maximum squared current is
increased by (1 — #)-2% but it
flows for a fractional time 1 — ¥
only, so that the mean squared
current and therefore the copper
loss is increased by a factor
1/{t — x) only.

In the practical case, with a
reservoir condenser connected
across the rectified output, the
conditions are slightly less favour-
able, because the loss of charge
during contacts-open periods tends
to cause an initial peak of cur-
rent when the contacts close;
but this is not very serious
since the variation in condenser
voltage is wusually less than 5

per cent.
The fraction of the cycle for
which contacts are closed is

commonly known as the ‘' time
efficiency ”’ of the vibrator. It
has no direct relationship to the
output/input power ratio of the
complete equipment, but a high
*time efficiency *’ is useful for
the following reasons :—

(i) It reduces the size of
“buffer ” or timing capacitor
required.

(iiy By bringing the mean out-
put voltage nearer to the peak
voltage it lowers slightly the
maximum flux density, so reducing
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Fig. 8. Loss v. frequency for 0'014-
in. transformer sheet.
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ibrator Tower Packs—

m losses, and at the same time

redinces the ratin of TAMS. to

zan currents in the windings.

The interruption of the carrent
om battery to tramslormer pri
nary by the vibrator contacts
produces a series of dizcontinuities
which can be represonted bw
Fourierseriesextending throughout
the radio-frequency band. As-
suming a periodic time of 10
milliseconds (100 c/s) the circuit is
likely to be broken in a time of
less than o.1 m-sec; with a pri-
mary current of 5 amperes this
phenomenon may be described
as a rate of change of current of
50,000 amperes per second, which
perhaps suggests some radio inter-
ference. The secondary contacts
of a self-rectifying or synchronous
vibrator cause relatively less
interference, partly because of the
smaller current and partly because
the timing condenser reduces the
steepness of the wave-front.

The best method of suppressing
the interference depends on the
particular frequency band which

Wireless World
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able dimensions is not very low. and (b) better cooling of the
Thorefore, the volt-drop limita-  transformer, but if the trans-
tions require that the minimum former is to be hermetically
[ AT N K WL o
3 I |
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= U Y 1 | L5 LLT
Foa Al LR
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Fig. 10o. Filtering of individual vibrator contacts is practicable at high

radio frequencies.

number of filter stages should be
used ; and by completely screen-
ing the vibrator and transformer,
only two leads need be filtered, the
live battery lead to the primary
and the H.T. + outgoing lead,
of which the battery lead will
probably need a 2-stage filter but
the H.T. lead only a single stage;
as indicated in Fig. 9. If filament
(directly - heated)
types of wvalve
are used in the
equipment, care
must be taken
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of vibrator power pack
for low radio frequencies.

injection of low-
frequency ripple
into the filament
circuits via the
] impedance of any
common battery
leads, and it may
even be necessary
to include a fur-
ther stage of low-
- frequency filtering
in the lead to the
valve filaments.

Typical filtering

Py
i

L

(-] INUT O =
is to be protected. In general,
suppression is more difficult at
the lower frequencies, and one of
the worst cases is a receiver
which has to cover the long-wave
broadcast band. At such fre-
quencies it is difficult to make a
choke of high R.F. impedance but
low D.C. resistance, and the

reactance of a condenser of reason- .

e

Where only

o To LH.vawve  the higher fre-
T HEATERS quencies are
W), LR involved, e.g. in
V.H.F. equip-

ment, adequate

attenuation can

be obtained with
filter coils of low D.C. resistance.
1t is then feasible to insert filters
directly in the leads to all vibrator
contacts, and so avoid the neces-
sity for enclosing the transformer
also in a screen. An arrangement
of this type is illustrated in Fig. 10.
The advantages of eliminating the
screen round the transformer are
(a) easier wiring and assembly

to avoid the-~

sealed for tropicalization it might
as well be screened by the same
enclosure.

This article originated in work
which was carried out in the
Research Laboratories of A. C.
Cossor, Ltd., in 1945-6.
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Loudspeaker Cone Assemblies

’I‘O facilitate the rapid repair of
damaged loudspeakers, A. W. F.
Radio Products, Sharpe Street,
Bradford, can supply diaphragms,
centring spiders, cardboard fixing
segments, etc., to fit the principal
commercial types. Diaphragms are
supplied in cartons of 12 in various
assortments and prices range from
48s to g6s per carton. Instructions
for fitting the cones are included.
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The Synchrodyne

Selectivity Without Tuned Circuits
By “CATHODE RAY"

I AST month I tried to show that

modulation, frequency
changing, beating, de-
tection, rectification, etc., were

all fundamentally the same—the
results of alternating currents in
non-linear circuit elements. In-
variably there is the production of
new frequencies, and the name
that one calls the process depends
mainly on which of these frequen-
cies one has a use for. Admittedly
there are differences in the practi-
cal details, and one of them—the
difference between the so-called

{

Fig. 1. With a simple additive
detecter and no tuning, there
is no selectivity, because every
programme received is sub-
ject to its non-linearity.

A.F. A:IPLIFlER
LOUDSPEAKER

additive and multiplicative
methods—is important. In both
methods the modulating signal
varies the slope of the modulator
characteristic, but in the additive
method it does it as a fellow pas-
senger (not necessarily left-wing,
though it often should be to avoid
grid current !) and is liable to be
modulated itself, whereas in the
multiplicative method it does so,
as it were, from its own private
control room, shielded from per-
sonal risk.

Where in this co-ordinated
scheme of things, one may ask,
fits the receiver system known as
the synchrodyne,* developed
mainly by Dr. D. G. Tucker of
the G.P.O.? It appears in some
ways to be revolutionary, notably
in requiring no tuning circuits
other than an oscillator, and yet
providing  exceptionally  high
selectivity

To see how this remarkable
feature is possible, consider why
tuning is necessary in the ordinary

e

* Electronic Lngineering, March, 1947.

receiver. Imagine an aerial con-
nected direct or via an untuned
amplifier to a detector of the recti-
fier type, such as a crystal, as in
Fig. 1. All signals picked up by
the aerial are applied indiscrimin-
ately to the detector. Generally
they would include an assortment
of broadcast transmissions. Since
the sidebands constituting, say, a
variety programme are excessively
complicated, let us simplify
matters by supposing that all the
stations are doing their morning
tuning notes, and that for identifi-
cation these notes are all different.
Then each carrier wave is escorted
by two side waves differing from
it in frequency by one of these
audible frequencies. The top part
of Fig. 2 represents the transmis-
sions in part of the broadcast band
in the form of a spectrum. Each
of the upright lines represents by
its position a transmitted fre-
quency and by its height the re-
ceived strength. The non-linearity
of the detector will cause every
frequency to modulate every
other; so even with our simplify-
ing assumption there will be a
glorious mix-up. The+ frequen-
cies due to intermodulation be-
tween different stations’ transmis-
sions will, in general,

be above audibility ; & SIDE

but every carrler

wave will beat with ADJACENT
CHANNEL

its own side waves,

| X

so the tuning note of every station
within range will be made audible.
When their programmes come on,
all will be heard at once; which
is just what one would expect of
a receiver with no selectivity.

Fig. 3. The simplest synchrodyne,
for comparison
AF. AMPLIFIER gl
LOUDSPEAKER
A4

3

L I

Suppose now we substitute a
multiplicative detector for the
additive one. Although a triode-
hexode (Fig. 3) is not the best for
the purpose, it is the most
familiar, so will do very well for
explanation. The important
thing is that the hexode section
should work on as nearly as pos-
sible a linear part of its control-
grid characteristic, otherwise it
would act more or less in the same

SELECTED CARRIER

EHEQUENCIES OTHER CARRIERS

& SIDE FREQUENCIES

ADJACENT
7 CHANKEL

diada, f‘l b

(d) ih llllll lJ]llL HI 111
FREQUENCY SCALE —»
(b) - 2
_L J \ff/
( )D'//_\,J
INAUDIBLE (SUPERSONIC) = TQ\
. (2 no)___/ 7L opuLaTinG FREauERcY
DIFFERENCE 3 4/
FREQUENCIES } AyDIBLE (ACCEPTED)

Fig. 2.

s (VERY HIGH; FILTERED our))

Part of a broadcast frequency band. Each of the groups of three

lines on level (a) represents a carrier wave and a single pair of side fre-
quencies ; the single vertical line on scale (b) (which can be shifted
horizontally by the tuning control) represents the oscillator frequency in a

synchrodyne.

frequencies produced when (b) modulates (a).

Between them is shown the various zones of difference

They move along with (b).
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The Synchrodyne—
way as Fig. 1. Since this is an
imaginary receiver, it is as easy to
imagine it to be perfectly linear
as anything else. On that assump-
tion, no new frequencies can be
formed ; and as all those coming
in from the aerial are radio fre-
quencies there is complete silence.
Now start the triode oscillating.
It varies the slope and amplifica-
tion of the hexode sinusoidally,
modulating all the incoming
signals and forming + frequencies
with them all, as I explained last
month. Whereas the slope of the
rectifier characteristic in Fig. 1 is
varied at all the incoming frquen-
cies, so that they all modulate one
another, in Fig. 3 the right of
modulation is strictly reserved to
itself by the oscillator frequency.
When that frequency is adjusted
to be exactly the same as the
carrier frequency of one of the
broadcasting stations, as shown in
the lower part of Fig. 2, the differ-
ence between it and that carrier
is (obviously !) zero, so is in-
audible. The difference between
it and the side frequencies from
that station is, of course, its tun-
ing note, so that is made audible.
The difference between it and any
of the other stations’ carrier waves

Wireless World

modulation frequencies of the
wanted station may then suffer.

But compare that with any
orthodox receiver, where to cut
out this adjacent-channel inter-
ference it is necessary to use R.F.
bandpass filters. Even the best
designs tend to cut the wanted
modulation at a considerably
lower frequency than the inter-
ference, while if they are very
beautifully aligned to give excep-
tionally good results they all the
more easily drift out of adjust-
ment. An audio filter can be
made with better characteristics
and has practically no tendency to
lose them.

Looking at Fig. 3 you may have
thought it seemed remarkably like
a superhet, except for the lack of
tuning. If so, it is all the easier
for me to say that in principle it
is a very extreme case of super-
het. Only it isn’t the ‘‘super”
that is extreme; quite the con-
trary, for ‘‘super’’ here has no
connection with the enthusiastic
exclamation ‘‘It’s super !’ but
is an abbreviation for ‘‘super-
sonic '—‘* above audibility.”” In
Fig. 4, where again there is a
horizontal scale of frequency (not
very uniform this time, I'm
afraid), the line (a) carries a

(d) LWMLMIL
(v) Mm
!
(<)
010 465 1,000
FREQUENCY kc/s
Fig. 4. Spectrum (a) represents a typical broadcast transmission as

received, and as applied to the detector in a straight set ; (b) the same after
the frequency-changer in a superhet ; and (c) after the modulator in a
synchrodyne.

or sidebands is generally too high
to be audible; except that those
immediately next to it in fre-
quency (the “‘adjacent channels’’)
may be only 9 or 10 kc/s differ-
ent, so if they are strong enough
a heterodyne note of that fre-
quency will be heard, together
with lower but generally more
transient notes due to the nearer
sidebands. If these are annoying,
then the low-pass filter used for
disposing of the R.F. by-products
must be adjusted to cut off at a
lower frequency and the highest

spectrum representing an incom-
ing broadcast on (for example)
1,000 kc/s. The more compli-
cated sidebands show that it is
transmitting something more in-
teresting than a single note. In a
straight set, all the tuning circuits
have to be adjustable to select
such a band, which is very
narrow, anywhere out of the whole
frequency scales provided. 1In a
superhet the oscillator frequency
is adjustable to make one set of
difference frequencies come into
line with the fixed-tuned I.F.
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amplifier, as indicated on line (b).
The nearer the oscillator frequency
is to the incoming frequency, the
lower the I.F. In the synchrodyne
the oscillator frequency is adjusted
so near to the incoming carrier
frequency that it actually coin-
cides with it, making the ““I.F.”
zero, as shown on line (c). The
sidebands are, as before, arrayed
on each side.

But how can one of them be
arrayed beyond zero, in what is
presumably a zone of negative
frequency ? We came up against
this entertaining little question
last montH, and once more I am
going to ask you to postpone it
for a while and in the meantime
just to regard them as frequencies,
without any + or —.

The important point is that
whereas in the straight set and
superhet all the frequencies are
supersonic and have to be ‘‘de-
tected”” by some non-linear
device which sets up audible beat
notes between carrier and side-
bands, in the synchrodyne they
are already in the A.F. band and
no detector is needed.

An interfering station with a
a carrier spaced g kc/s from 1,000
kc/s is less than 1 per cent
different ‘in frequency, so it is
difficult to make a variable-
frequency  filter cover the
wanted sidebands evenly, and
then cut off sharply to exclude
such a near neighbour. In the
superhet the separation is in-
creased to 2 per cent and the filter
tuning does not have to be varied,
so the problem is eased. In the
synchrodyne, the adjacent carrier
is as much as 8o per cent higher
in frequency than (say) 5 kc/s
wanted sidebands; or looking at
it another way, the synchrodyne
filter can be made to accept
wanted sidebands much closer to
an interfering adjacent channel
than either straight or superhet
receivers.

Incidentally, what is really the
same scheme has been suggested
for getting round the general diffi-
culty of making filters with very
narrow pass bands.t The signals
are frequency-changed to bring
the desired band down to the
region of zero; a simple low-pass
filter is used to cut out all the
others; and the remaining ones
can then, if desired, be trans-

t N. F. Barber, Wireless Enginecr, May, 1947,
p. I32.
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ported back to their original fre-
quencies. The synchrodyne is the
same thing without the transport-
ing back. Or in other words it is
a ‘‘superhet’’ in which the fre-
quency changer changes the
frequency direct to audio instead
of first to an intermediate fre-
quency.

Fig. 3, as I implied, is a highly
theoretical sort of synchrodyne,
imagined solely for explaining the
basic principle. To malke the idea
work in practice it has to be elab-
orated. The two main things are
the oscillator and the modulator.
Taking the oscillator first; it is
obvious that the whole plan de-
pends on its frequency being
adjusted and kept exactly the
same as the carrier frequency of
the wanted station. The slightest
difference would canse a loud
heterodyne note, reminiscent of
the dark ages of wireless. One
possible solution is to use the car-
rier wave itself as the modulating
oscillation. But to do that it
would be necessary to have an
extremely selective tuner, vari-
able over all the reception bands,
to pick the carrier out; which
would destroy most of the attrac-
tiveness of the synchrodyne for
broadcast reception. Something
like this has been used under the
name of ‘‘ exalted-carrier ”’ recep-
tion, for working on fixed com-
mercial frequencies, to counteract
distortion due to fading of the
carrier wave.

A more convenient idea is to
make use of the fact that an oscil-
lator automatically falls into step
with another oscillation on nearly
the same frequency. This fact
was more generally familiar in the
days of receivers with reaction
controls, If such a receiver was
brought to the oscillating condi-
tion and tuned around, the hetero-
dyne whistle due to an incoming
carrier wave grew lower in pitch
as exact tuning was approached,
but instead of declining steadily
to zero, as indicated by the dotted
line in Fig. 5, it generally fell
suddenly to it and remained silent
over an appreciable span of the
tuning control until it emerged
suddenly at the other side. This
““silent space’’ was the range of
oscillator tuning within which its
own free-running frequency was
under the overriding influence of
the carrier wave.

By having the incoming signal

Wireless World

coupled to the oscillator, the syn-
chrodyne is locked in synchronism
against a reasonable amount of
inaccurate tuning or drift. Within
those limits, drift causes some
variation in volume, but except at
very high frequencies or with a
bad oscillator that is not a very
serious trouble.

The important thing is that,
unlike what happens with the
ordinary highly-selective receiver,
slight mistuning of the synchro-
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all the time and in 99.9 per
cent of homes nearly all the
time, people listen to one of
two or three stations. But for
the sake of the small minority of
ether-searchers, the patient Brit-
ish public are condemned to grind
away at the old tuning knob every
time they want to change between
Home and Light, and have to
carry out the skilled operation of
setting the control accurately to
the carrier-wave frequency. It is
not  surprising
that the accuracy
is often poor, and
the quality of re-
production corre-
spondingly poor.
What nearly
everybody wants
most of the time
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DIFFERENCE BETWEEN OSCILLATOR'S “FREE" FREQUENCY
AND INJECTED FREQUENCY
Fig. 5. The dotted line illustrates how an

oscillator can be “ tuned to zero beat’ with

another if the other is not coupled to it. When

coupled it falls in step over a range of frequency

(the ““silent space ’’) whose width depends on
the closeness of coupling.

dyne causes no appreciable varia-
tion in quality of reproduction.

As Dr. Tucker has shown, the
synchronized oscillator is a very
selective device, for the other fre-
quencies present in the control
circuit have negligible effect un-
less they are very strong or very
close in frequency. As regards the
former, it is not much trouble to
provide a moderate amount of
tuned-circuit selectively as a pro-
tection against relatively strong
interference. The point to notice
is that this selectivity is used in
the synchronizing circuit, not in
the main signal circuit, so has no
effect on fidelity. And the influ-
ence of very close frequencies,
such as those in the sidebands of
the station being received, can be
minimized by reducing the coup-
ling to the oscillator.

During the process of tuning
from one station to another, the
loud heterodyne whistles are an
unpleasant feature. At least, they
are with the continuously-variable
method of tuning, which is the
only one provided in most broad-
cast receivers, notwithstanding
that it is quite unsuited to the
listening habits of the wvast
majority of people. I estimate
that in go per cent of homes

is a switch or set
of buttons for in-
stantly selecting
any of the usual
programmes,
with continuous
tuning as an op-
tional extra for
those who care to
pay for it.
Assuming then that tuning is
carried out in what, for ordinary
needs, is the common-sense way,
and not the archaic way still com-
monly provided, the synchrodyne
howl need never be heard. Al-
though the synchrodyne is feasible
for long-range reception, especially
if preceded by a superhet section,
it seems to me that its natural
role is as a high-qnality local-
station receiver with switch tun-
ing. There is then no need to
spoil its sweet simplicity by hav-
ing to provide elaborate R.F.
amplification to bring the weaker
carriers up to oscillator-control
strength, or means to prevent the
stronger signals from overstepping
the linearity of the modulator.
That brings us to the modula-
tor. A triode-hexode is possible,
but not very suitable, because the
carrier voltage needed to syn-
chronize the oscillator section is
of the order of ten times larger
than the maximum that can be
allowed at the control grid if per-
ceptible intermodulation is to be
avoided ; which means that a car-
rier amplifier is desirable. Dr.
Tucker favours one of the
balanced rectifier types of modu-
lator, such as the one shown in
Fig. 6. The arrows show the direc-

2 S kcfs
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The Syonchrodyne—

tion of current during one half-
cycle of the modulating signal
from the synchronized oscillator.
Yaou will see that it balances out
i both input and output circuits,
z0 does not interfere directly with
them.

What it does do is to make the
resistance of rectifiers A and B
low and C and D high, so that the
output is connected one way
round to the input. In the next
modulating half-cycle the situa-
tion is reversed, and so are the
input-to-output connections. The
frequency of the carrier wave in
the input is, of course, the same
as that of the modulating signal.

Fig. 6. One type of bridge modulator used in syn-
. chrodynes, showing

the

AN

direction of
modulating current
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different from the -carrier - fre-
quency, so there is a progres-
sively increasing phase difference
between them, amounting to one
whole cycle for every cycle of the
audio frequency. During that
cycle the component of output
due to the side frequency first
adds to the carrier D.C.,” then
declines to zero, reverses, grows
to a maximum in opposition to
the D.C., declines, reverses, and
completes the cycle with a maxi-
mum, Fig. 7 (b). The addition
of this to the D.C. due to the
carrier is shown at (c¢). In words,
the output reproduces the modu-
lation of the received programme.
This is where one can take another
look at the vector
diagram, Fig. 7
(d), in which the
observer is sup-
posed to be rotat-
ing with the vec-
tors at the same
speed as the carrier
vector so that it
appears stationary,
with the sideband
vectors rotating in
opposite directions.

during one

- -~

MCDULATING
OSCILLATION
What happens to it depends on
their relative phases. If it is in
phase, the carrier is full-wave
rectified, giving a D.C. (plus car-
rier harmonics) output in one
direction, Fig. 7 (a); while if the
phase difference is 9o° the change-
over in polarity of the carrier
occurs half-way through each
half-cycle of the modulating sig-
nal, and cancels out, giving no
output. .

The last point is an interesting
one, because if the phase can be
controlled accurately enough the
synchrodyne principle can be used
to reject a signal completely.

At intermediate phases, the
D.C. attains intermediate ampli-
tudes ; which is the cause of the
volume declining when the oscil-
lator is tending to pull out of syn-
chronism. If there are strong ten-
dencies of this kind, as there
would be when receiving short
waves, it is a good thing to em:
ploy something like A.F.C. (duto-
matic frequency correction) to
keep the synchronization steady.

So much for the receiver car-
rier. What about the sidebands?
Each frequency in these is slightly

half - cycle.
gourrw

In Fig. 7 the modu-
lating signal does
this slowing down
for us, rather like a stroboscope,
converting the R.F. carrier into
D.C. and each pair of R.F. side
waves intoa + and — A.F. vector
(that negative frequency again!).
Just one other thing about this
modulator that may worry some
readers. During the modulating
half-cycle shown in Fig. 7 (or any
other half-cycle for the matter of
that) the input sig-
nal has to go
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MODULATING
OSCILLATION

T

Fig. 8. An alternative synchro-
dyne modulator, more conveni-
ent but less efficient than Fig. 6.
““wrong "’ direction, but, assum-
ing the speed of the lorry is
greater than his, his net velocity
is opposite to the way he is facing,
and no offence is committed by
him, at any rate in respect of the
one-wayness of the street. What
is thought of his conduct in other
respects is not our business. The
point is that the modulating cur-
rent is always made much larger
than the modulated current, so
that to the latter the rectifiers
appear to be either practically
linear low resistances or very high
resistances.

A suitable input signal is 0.1 V
which is just about what is needed
to synchronize an oscillation of
1 V or rather more, which in turn
is just about what is needed to
work the modulator, if the new
germanium rectifiers are used.
They are more convenient than
thermionic diodes ; especially in

CARRIER HALF—CYCLES
RECTIFIEQ BY
MODULATING OSCILLATION
APPLIED TO

RECTIFIER “‘BRIDGE™

through one of the
rectifiers in opposi-
tion to the modu- -
lating current. This
does not mean that

~

(b)

o [

(e
s

SMOOTHED

it has to defy
nature’s traffic re-
gulations by going
the wrong way
through a one-way
street. If a cyclist

N

N

SIDE—-FREQUENCY
QUTPUT

TOTAL OF ABOVE
TwW0 COMPONENTS

on a long lorry
which is proceed-
ing in the legal
direction through
such a street cares
to ride his machine
from front to back
of the vehicle
he is riding in the -

(d) /\I/\.

Fig. 7. (a) represents the out-
put in Fig. 6 due to a received
carrier wave. When smoothed it
is D.C. (b) represents the output
due to side waves, after smooth-

ing. Added to (a), they give (c) a reproduction of

the original transmitter modulation.

vector diagram ; the resultant as the side-wave
vectors rotate varies as at (c).

(d) is the
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the Fig. 6 circuit, where the
cathodes are all at different R.F.
potentials.

Wireless World

The vital thing about any pre-
modulator stages is that they
must be very nearly linear, so

RF.
AMPLIFIER

follower.

—
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on normal high-fidelity lines.
Putting these parts together gives
something like Fig. 9. But the
attractive thing about the syn-
chrodyne to experimenters is that
it offers plenty of scope for trying
variations and adapting it to indi-

Fig. 9. One form of synchrodyne circuit, with
an amplifier aperiodically coupled to a cathode

The third valve is the synchronized
oscillator.

MODUL ATOR AR
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But at best Fig. 6 is not ideal
from the practical point of view,
although 1t is very efficient. The
special  transformers can  be
avoided, at some sacrifice of effi-
ciency, by using the Cowan modu-
lator, shown in Fig. 8. Here the
points X and Y are always at the
same potential so far as the modu-
lating oscillator is concerned,
because the current (if any, and
if the rectifiers are well matched)
divides equally and sets up equal
potentials, as in a balanced bridge.
During one half-cycle it makes all
rectifiers low resistances, so that
they more or less short-circuit the
input-to-output path, and most of
the signal is absorbed by R. Dur-
ing the next modulating half-
cycle all rectifiers are high resist-
ances and the signal goes through.
So what we have is a half-wave
modulator, and a less than per-
fect one at that; while twice the
modulating voltage is needed, to
cope with two rectifiers in series.

To supply the ¢‘signal” to
either type of modulator using
germanium rectifiers, a fairly low-
impedance source is desirable;
preferably a cathode follower.
What goes before the cathode fol-
lower depends on how strong are
the signals one wants to receive.
Except for very strong locals, at
‘least one stage will be needed.
It can be broadly tuned, not selec-
tive enough to cause any reduc-
tion of the highest programme
modulation frequencies, but
enough to reduce relatively strong
signals, noise, etc., to a level at
which it cannot intermodulate.

‘and each includes all neces-
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vidual taste and fancy. So I'll

negative feedback is indicated.

The post-modulator stages can be

say no more.

Miniature Coil Pack and LF.T.

THREE-RANGE coil pack

measuring 35 x 2% x 1}in
overall and small permeability tuned
I.F. transformers to match for use in
miniature superhets have been pro-
duced by the Weymouth Radio
Manufacturing Co., Ltd., Crescent
Street, Weymouth, Dorset.

Three models of the coil pack are
available, the type Bs (illustrated
here) when used with a two-gang
midget condenser having a 365-pF
capacitance swing tunes over the
following wavebands:16 to 50, 200
to 550 and 8oo to 2,000
metres.

There is a B6 pack designed
for a standard size 483-pF
tuning condenser and two ex-
port models (types B7 and
B8) covering 12 to 37, 33 to
100 and 200 to 550 metres.

The coils in all these packs
have adjustable dust cores

sary trimmer and tracking
capacitors. Each is fully
screened and costs 35s.

Weymouth type Bjs coil pack
and miniature I.F. transformer.

The companion 1.F.Ts are assem-
bled in aluminium cans measuring
1ic square and z2in. high. Primary
and secondary connections are
brought to the base and trimming
is effected by adjustment of the
cores, one on the base, the other at
the top. The dynamic resistance is

given as 300k and the Q 110 (at
465 kc/s), so that a stage gain of
about 140 is available with a normal
type ILF. valve and good selectivity
is assured. 3
7s 6d each,

These transformers cost
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Manufacturers’

“Cathodray” Capacitor

Improvements

A SPECIALLY developed and
processed mineral oil impreg-
nant is now used by the Telegraph
Condenser Company, Ltd., North
Acton, London, W.3, in the manu-
facture of the ‘‘Cathodray’’ range
of high voltage tubular capacitors.
The resulting improvement achieved
in the paper dielectric, has led to a
better power factor, greater ability
to withstand short-time transient
surges and a higher breakdown volt-
age for the same form of construc-
tion.

Other manufacturing modifica-
tions, not apparent in either the
shape or size of the capacitors, com-
bine to make them less affected

v e e o e g

T.C.C.
Cathodray
capacitors
with Visconol
impregnated

dielectric. .

L % s

than hitherto by changes in atmo-
spheric humidity.

Fixing arrangements are as for
existing models of the same capa-

OUR COVER

A control position at the B.B.C.’s
short-wave station at Skelton,
Cumberland, is illustrated on
our front cover. Each of the
twelve 100-kW Marconi trans-
mitters is completely controlled
from an independent glass-
panelled cubicle. Through the
window can be seen the two
valves in the final stage.

Wireless World

Products

citance and rating so that no re-
placement problems arise.

Triple Ceramic
Capacitor

MONG the latest products of
United Insulators is a miniature
triple capacitor of the post, or ver-

Some ot the latest miniature cera-
mic capacitors, including a triple
model, made by United Insulators.

tical mounting, type. All three
sections have a common earth
connection and each has a value of
1,000pF. These comparatively high
values of capacitance for such small
dimensions (the overall length is
just over 1in and the diameter is
less than }in) are obtained by the
use of the latest type of ‘‘Hi-K"
ceramic.

The illustration also shows two
other new types using this form of
dielectric. Their small sizes and
good dielectric characteristics make
them particularly attractive
for use in television and
other equipments designed
for operation on extra high
frequencies.  The makers
are United Insulator Co,,
Ltd., Oakcroft Road, Tol-
worth, Surbiton, Surrey.

Pre-Amplifier
Converter

HIS is a self-contained
unit which can be used
either as a superhet con-
verter or as a pre-amplifier
for an existing amateur
communications receiver.
1t covers the four follow-
ing bands: 14 to 14.5Mc/s,
21 to 21.5Mc/s, 27 t0 30Mc/s and
50 to 60Mc/s. The last-mentioned
is wider than the others to take in
the 6-metre band.
Special care has been taken to
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ensure good oscillator stability
throughout, as C.\W. telegraphy is
now so widely used on the two
highest frequency bands,

When the unit is used as a pre-
amplifier it covers the three lower
frequency bands only, the EFso
R.F. stage giving high amplification
with a good signal-to-noise ratio and
its two tuned circuits greatly im-
proves image-signal rejection. As a
converter the EFs50 is followed by
an ECH3s frequency changer and
the two signal circuits are ganged
with the oscillator.

The unit can be left permanently
connected to the main receiver as
all operations, such as switching on
and off, range selection and aerial
change over from the unit to the
main set, are effected by switches
neatly arranged on the front panel.
There is also a transmit-receive
switch. The large semi-circular dial
is calibrated for each range. The
LI'. is 4 Mc/s.

Made by Labgear, Ltd., Willow
Place, Fair Street, Cambridge, the
price for A.C. operation is £25.

Three-Band Scale and
Drive

CONDENSER drive giving a
reduction ratio of 16 to 1 and
fitted with an attractive tuning scale
measuring 1oin long and 44in high
has been produced by The Albert
Manufacturing Company, 5, Shakes-
peare Road, Finchley, London, N.3.
1t is intended for use in a 3-band
receiver having a short-wave range
of from 16 to 50 metres. Station
names and tuning points, as well as

s

Labgear optional pre-selector or convertor

unit for A.C. operation.

wavelength scales, are included for
all three ranges. The dial consists
of glass and provision is made for
diffused illumination from the top.
Price is 22s 6d.
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Electronic Circuitry

Selections from a Designer’'s Notebook

Bv

Negzaiive Feedback Circuit. —
Readers will be familiar with the
use of negative feedback in the
stabilization of amplifier gain. It
is generally applicd to audio
amplifiers—when the stabilization
of gain is a secondary effect—
the aim usually being the reduc-
tion of distortion. However, in
amplifiers for oscillographs and
measuring instruments generally
the stabilization of gain against
valve and supply variations is of
as much (or greater) importance
as the reduction of distortion.
Such amplifiers often have to
operate over bandwidths of 100
ke/s upwards.

When applying feedback to a
wide bandwidth amplifier it is
tempting to employ circuits
similar to those used in audio
amplifiers, simply because the
technique is familiar.  Unfor-
tunately the standard methods
nearly all involve potentiometer
circuits of fundamantally high
impedance, and at high frequencies
the effect of stray capacitances is
often troublesome. A useful way
of avoiding some of these troubles
and of combining three stages in a
negative feedback loop is given in
H. W. Bode's book * Network
Analysis and Feedback Amplifier
Design *’ (Macmillan and Co.) and
is shown in Fig. 1.

The figure shows only the bare
bones of the circuit, without
decoupling and bias arrangements.
It will be seen that the feedback
is applied from the cathode of the
third stage back to the cathode of
the first via the common cathode
resistor R, of very low resistance,
and a little consideration will show
that the phase relations are cor-
rect for negative feedback. The
gain obtained from such an ampli-
fier is best expressed in terms ot
the three individual valve gains
M,, M,, and M, and the overall
gain M, when R, is zero; ie.

M,.M,. M, =M,

J. McG. SOWERBY (Cinema Television Ltd.)

When R, is inserted the overall
gain becomes
M’

My(1 — R/MRR))
CER, LR, & (O, 4 My )
For many practical cases the
approximate simplified relation :
M
M, = oo (2)
I — M,R,/R,
is quite sufficiently accurate.
Taking practical values of

valves, when in fact it has been
due to an unsuspected common
cathode impedance in the wiring—
if only of a fraction of an ohm.

Cathode-coupled Limiter. —
Occasionally in electronic devices
of one sort or another it is required
to clip a waveform of arbitrary
shape to a square or rectangular
shape. For example, it is desirable
to clip incoming work waveforms.
to a roughly square shape before
using them to synchronize an
oscilloscope time base, for then
the sharp-fronted waveform and
constant amplitude enables the
time base to be synchronized
more stably over a wider range
of frequency than would otherwise

M, = M, = M, = 20,givingM, = be possible.
8000; R =R,=1Ry= kQ Various clipping devices using
-
R‘ Rz R!
ouTPUT
b— b —rit
o244 - = -4
T
1
b T
INPUT
< ,_/1 S, N,
RC
Fig. 1. Feedback circuit for wide-band amplifiers.
and R, = 1o ohms: M’ = 379 diodes or pentodes are well known.

by (1) and M’, = 381 by (2).

Sc we see that quite a low common
cathode resistance reduces the gain
very markedly by a factor of more
than 2o in this case—thus stabi-
lizing the gain to a great extent.
Incidentally it is rather interesting
to make R, one ohm in the above
example. Even this modest feed-
back reduces the gain by a factor
of three, and it rather makes one
wonder how often an unduly low
gain has been ascribed to poor

The double triode cathode-coupled
limiter is not perhaps so well
known, but has certain advantages
The circuit is shown in Fig. 2.
It will be seen that it consists,
virtually, of a grounded-grid
triode (V,), and a cathode-follower
driver (V,), and so is a relatively
wide bandwidth device, since
Miller effect is absent.

On the positive half-cycle of
the input, the common cathode
follows the grid of V;, and V, ig



284

Electronic Circuitry—

cut off. if the input is of sufficient
amplitude. On the negative half-
cycle of the input, the current in
V, is soon reduced to zero and is,
in fact, transferred to V,; there-

Wireless World

as the standard pentode type)
the current charges the grid
coupling condenser and imposes an
undesired negative bias on the
valve. This can only be elimin-
ated by ensuring that such a

after V; is cut off and has no limiter is driven from a low-
further effect. When V, is cut impedance source—a require-
off, V, is work- ment which is not
ing as a cath- imposed by the
ode follower outeut (Eo) double triode
and R, can be R, circuit.

chosen so that
a large positive

o Mo
=

The characteris-
tic of the limiter
of the figure is
much as shown in

>
3
b3

7' £ Fig. 2. Cathode-

2" coupled limiter.

1 Typical values

are ;: Eyp =250V,

E =50 V, R.=

27 kQ, Ry =
27kQ,E;=3.5V,

> 1 Eo =50 V, Ein
(peak) = 5o V

(approx.). V,, V,,
ECC3zs.

peak input voltage can be handled
without grid current in V,, This
is a very real advantage if the
mark/space ratio of the clipped
wave must be constant with vary-
ing input amplitude. In limiters
depending on grid current (such

IYig. 3, and it will be seen that
limiting action does not begin to
take place until the peak input
amplitude is greater than E,. A
short cut-off valve such as the
(Mullard) ECC35 or ECCgr should
therefore be used when E, must

!
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be small. It is obvious that

separate valves may be used if a
double triode of exactly the desired

V, AT CUT-OFF

V, AT CUT-OFF

Fig. 3. Characteristics of limiter.

characteristics is not available.

In design, the values of R,
and R, should be chosen to permit
the use of a fairly high value of
R, and the drop, E, across R,
should be 20 to 100 volts. The
peak-to-peak amplitude of the
output waveform will be E, =
ER,/R, approximately, and the
maximum permissible peak input
will be that corresponding to the
onset of grid current as calculated
for V; with an anode current of
(E + E)/R, and an anode
voltage of (E,, — E — E,), as
is usual for a cathode follower.

The writer feels certain that
this circuit has been published
elsewhere, but has been unable to
trace any reference to it. Any
information on this point would
be much appreciated.

New

Valve Technique. By D. N. Cor-
field and P. V. Cundy. Pp. g9;
59 figures. The Radio Society of
Great Britain, New Ruskin House,
Little Russell Street, London,
W.C.1. Price 3s 6d.

HIS publication sets out to

‘‘ present in as simple a manner

as possible the calculations asso-
ciated with the application of ther-
mionic valves.”” It is obvious that
only a part of this field can be
covered in the space of g9 pages,
and many omissions can be ex-
plained by the somewhat obscure
line of demarcation drawn between
valve and circuit technique. Sub-
jects clearly on the ** valve’’ side of
the line, on which little or no infor-
mation is given, include voltage
stabilizers, crystal valves, limiters,
noise diodes, and frequency drift in
local oscillators. The last two of
these are of particular importance
to anyone concerned with communi-
cation receivers and the authors
have missed an opportunity of fill-

Book

ing some of the more serious gaps
in existing amateur radio literature,

The greater part of the book is
comprised of useful material. The
various '‘Classes”’ of power ampli-
fication, voltage amplification (audio
and video), detectors, frequency
changers, frequency multipliers,
power rectifiers and cathode and
anode followers are treated in a
simple manner adequate for most
purposes, which will appeal particu-
larly to those readers who like
numerical examples.

The treatment of noise in valve
amplifiers (Ch. IX) contains numer-
ous misleading statements. John-
son noise is attributed to thermal
agitation of wmolecules and de-
scribed as dependent on the passage
of a current, bandwidth is wrongly
defined, the equivalent noise tem-
perature of a television aerial
(actually about 5,000°) is taken as
293°, and instead of obtaining the
required input circuit bandwidth by
proper aerial coupling a damping

resistance is introduced, and with it
unnecessary noise (correctly calcu-
lated) and loss of signal. The figures
given for ‘‘the input impedance
(Re) of valves intended for V.H.F.
operation’’ are only correct for
valves such as the EFs54, and the
figure of merit for different valves is
not, as stated, the noise resistance
Req but for most purposes the ratio
Re/Req, both quantities being (for
example) about 10 times higher for
Acorns than for the EFs54.

The section on wide-band ampli-
fiers is technically correct as far as
it goes, but the presentation is mis-
leading; for example the bandwidth

is expressed in the form f,/ L/C/R
which makes it apparently depend-
ent on f and L, instead of in the
more useful form 1/22CR. There
is no mention of the valve ‘‘ figure
of merit,”” gn/C. _

The glossary defines Q as the
‘“usefulness ’* of a tuned circuit. If
this were correct the circuits in a
wide-band amplifier would be more
‘“useful ”’ with the damping resist-
ances removed! The definition of
‘“Class A’ is at wvariance with
BS204. L. A M.
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Two-Unit T.RF. Receiver
for Mounting Above the

Windscreen

HE car radio receiver made
by the Kresla Electric is
quite different from any

other apparatus of its kind both as
regards the nature of the construc-
tion and the circuit design. It con-
sists of two parts, the most in-
teresting one being the receiver
unit, which is assembled in a long
flattened tube measuring 15 by
2} by 1}in, designed for mounting
along the top edge of the wind-
screen. Where space is available
it could even be fitted between the
inner fabric and the roof of the
car.

A small control pillar, contain-
ing the scale, the tuning knob, on-
off switch and volume control pro-
jects downwards at one end, where
it is very conveniently located for
the driver. Inthe majority of cars
it will be at about eye level, but
being close to the vertical screen
pillar it does not impair the
driver’s view ahead.

The main technical feature of
interest is that a T.R.F. circuit is

used with permeability tuning,
giving continuous coverage on the
medium waveband and one spot
frequency on the long waves.
There are three R.F. stages, each
completely screened from its neigh-
bour, and these, in conjunction
with the very efficient interstage
couplings employed, give ample
sensitivity for all normal require-
ments in a car.

As only a limited amount of
travel of the adjustable dust cores
is possible in a set of this design,
the necessary variation in coil in-
ductance is obtaiued by using U-
shaped cores and binocular coils.
The cores are operated by a thin

Wireless World

Novel Car Radio

steel tape, the movement of which
is effected by the tuning mechan-

ism inside the control pillar. This
carries a spirally engraved scale
marked with the names of the prin-
cipal British and European broad-
cast stations.

The volume control is concen-
tric with the tuning knob and
combines the function of switch-
ing on and off the set.

A separate wavechange is not
employed, but it is arranged that
when the tuning control reaches
the end of its travel insu-
lated tongues on the dust
core carriages trip switches
that bring the long-wave
circuits into use. For use in

Loudspeaker, power output
valve and H.T. supply are
contained in one unit, which
is usually fitted below the
instrument panel.

this country these circuits are pre-
tuned to the Light programme.

Four valves are used in the re-
ceiver unit, two being exclusively
R.F. amplifiers. The third, a
double-diode R.F. pentode, com-
bines the functions of R.F. ampli-
fier, detector and A.G.C., while
the fourth is an A.F. amplifier.

The signal from the receiver is
fed, via a screened cable, to the
supply unit which contains a
power amplifier, loudspeaker and
a synchronous-type vibrator for
the H.T. supply.

During the course of a brief
test made in the centre of. London
Continental broadcast stations
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The R.F. unit of the
Kresta Car radio set is
intended to be mounted
above the windscreen.
Above is an enlarged
view of the control
column.

were well received with the car in
motion and using a very short
inside aerial.

Although only one suppressor
was fitted to the engine, in the coil
lead to the distributor, ignition
noise was noticeably absent. The
power unit contains filters in the
input supply leads, and owing to
the mounting position of the set
the lead to the aerial is well re-
moved from the worst zones of in-
terference.

Heavy lorries, coaches and buses
produced some interference when
passing, but otherwise the recep-
tion of the Home and Light pro-
grammes was free from extrane-
ous and background noise. The
A.G.C. is particularly good, and
the performance in general was
most impressive. The quality of
reproduction ~ compared  very
favourably with that of the aver-
age domestic receiver operating
under very much more favourable
conditions.

The receiver is made by Kresta
Electric, Ltd., Parkes Street, War-
wick, and distribution is effected
by J. H. Carvill & Co., Ltd., 3,
The Vinyard, Richmond, Surrey.
1t costs {22 plus purchase tax, and
both 6- and 12-volt models are
available. The consumption on 12
volts is 2.75 amps only.

VALVE TESTING

A NEW range of valve adaptors (in-
cluding types for the BoG, B8A,
etc.) for use with Taylor valve testers
has been introduced by Taylor Electri-
cal Instruments, Ltd., 419, Montrose
Avenue, Slough, Bucks. There is also
a new issue of the firm’s valve supple-
ment.
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High-stability LC

Standards
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Performance Approaching Crystal Control

By THOMAS RODDAM

popularity of the resistance-

capacitance oscillator and the
superlative performance of the
best crystal oscillators have
tended to divert attention from
the merits of the inductance-
capacitance oscillator. For many
purposes the fixed-frequency LC
oscillator provides a performance
which is quite adequate, and
which is considerably better than
that obtainable from an RC
oscillator. Indeed, a good LC
oscillator is quite as stable as a
bad crystal oscillator.

The bridge-stabilized LC oscil-
lator, which is described in this
article, has a very high short-

IN recent years the growing

Rg

the valve characteristic and their
exact performance is difficult
to calculate in advance. Usually
they are not calculated at all
exactly, but a rough calculation
is followed by a series of trials of
different component values until
a satisfactory performance is
achieved. This circuit, however,
really does work exactly as pre-
dicted, and the job of prediction
is no harder than that of designing
a single-valve Class “ A’ ampli-
fier : in fact, that is all it is.
Moreover, the waveform of the
oscillator is very good.

+350V
Fig. 1.

period stability, and has the
additional advantage that it works
exactly as calculated. Most
oscillator circuits depend to some
extent on the non-linearity of

Circuit diagram of high-stability LC oscillator.

+

- Cy, €y, 950pF

100pF variable ; C,, 2uF ; C;, 0-14F 5 C;, 500pF + 10pF variable ; R, see

text ; R,, 82Q ; R, 22,0000 ; R, 1,000Q ; R;, 100,0000Q ; Rg, Ry, 100Q

Ry, 1,500Q ; Ry, 2,000Q variable; R,,, R, 50Q; V,, 6AG7; V,, V,
VRis50; T,, T, L, see text.

The oscillator described was
designed to operate at a frequency
of 20ke/s to provide calibration
points at 20 ke/s intervals up to
1.5 M¢/s.  The actual frequencies

n X 20kcfs were obtained by
means of a single-valve transitron
pulse generator, locked at 20 kefs, -
which will not be described here.
The 20kcfs was checked by
beating the roth harmonic with
the Droitwich transmitter carrier
in an ordinary broadcast receiver.
If the beat is adjusted to one per
second the frequency is correct
to within 5 parts in a million,
so that the soth harmonic, which
is 1 Mc/s, is within 5c¢/s of the
correct value. This was more than
sufficient for the purpose for
which the oscillator was con-
structed. Furthermore, a crystal
oscillator using an X-cut crystal,
without temperature control, had
failed to give this accuracy, but
was causing trouble owing to the
trust in crystals which led the

users to leave the frequency
unchecked for too long. The LC
oscillator gave a short-term

stability of 1 in 105, so that the
error at 1 Mc/s never exceeded
10 C/s.

All oscillators consist essentially
of an amplifier and a selective feed-
back network. The circuit of
Fig. 1 has been arranged so that
the two parts of this oscillator can
be seen clearly. The lower part is
the amplifier, a single high-gain
pentode, with tuned input and
output circuits. Negative feed-
back is not used, for any improve-
ment obtained by stabilizing the
amplifier itself is lost as a result
of the reduced gain. The feed-
back network is the upper part
of the circuit, which is redrawn
in Fig. 2. If the coil has an effec-
tive resistance R at the operating
frequency and the lamp has a
resistance R, the bridge is exactly
balanced if Ry, = R, = R = R,
This can only be true if 1/(27f)2LC
= 1: that is, if the tuned circuit
is resonant at the operating fre-
quency. Suppose now that R, is
reduced slightly ; then the bridge
will give a finite output: if R,
is increased beyond the balance
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point, the bridge will give a
finite output, but in the opposite
phase. If therefore the value of
R, is initially below that needed
for balance, the feedbaclk circuit
can be connected so that it gives
positive feedback. Increasing R,
reduces the feedback until, as R,
passes through the balance point
the feedback becomes negative.
If a small change of frequency is

made, two things happen : there
is phase shift at the output and
there is also, if R, is less than the
value for balance, a reduction in
the amplitude. The operation of
the oscillator depends on making
R, self adjusting to the correct
value which will just maintain
oscillations at a chosen level. By
using a small tungsten-filament
lamp, any increase in the bridge
input causes an increase in the
power dissipated in the lamp, and
consequently an increase in R,
This reduces the amount of posi-
tive feedback and the amplitude
is reduced accordingly. It is
assumed that the amplifier is
operating under Class “ A’ con-
ditions and that it has zero phase
shift.

The design starts with the choice
of a lamp. The one actually used
was a 4.5 volt torch bulb which was
found to have a resistance of 100
ohms at 2 volts and a characteristic
shown in Fig. 3. If approximately
equal ratio arms are used in the
bridge, the bridge impedance is
1oo ohms and the total power
dissipated is 160 milliwatts. The
bridge input voltage is then 4 volts
RM.S.

It was decided to design the
oscillator to give 1 watt output.

Fig.

N
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This means that the amplifier
must have an available output of
1160 milliwatts, of which 1000
milliwatts is useful power and
160 milliwatts is dissipated in
the bridge. The valve chosen was
the 6AG7, a high-slope pentode.
Operated with an anode voltage
of 300, and 150 volts on the screen,
the anode and screen currents are
30 mA and 7 mA respectively with
—3 volts on the grid. The opti-
mum load is then 10,000 ohms, the
cathode bias resistor 82 ohms and
the mutual conductance 11 mA/
volt. The screen dropping resistor

Feedback network and its
equivalent circuit.

i

is 22,000 ohms. In Fig. 1 it will
be noted that the 150 volts for the
screen could have been obtained
directly from the voltage regula-
ting tubes, but it was desired to
keep the oscillator independent of
the power supply arrangements.

To obtain 1160 milliwatts in
10,000 ohms we required 108 volts
R.M.S., or 153 volts peak. Witha
mutual conductance of 1I mA/
volt, the peak grid swing is seen
to be 1.4 volts, which is well
within the — 3 volts bias provided.

The output transformer is de-
signed from a power point of
view ; this is much easier than
thinking in terms of impedances.
The 108 volts RMS. on the
primary must produce 4 volts at
the bridge input, so that the
ratio is 27:1. With an output
impedance at the load winding
of 100 ohms, the power of 1
watt means 10 volts R.M.S,
so that this ratio must be 10.8 : 1
Thke three windings are therefore
271 2%

The input transformer should
have as high a step-up ratio as
possible, in order that the ampli-
fier gain should be high. The
limit is set by the stability of the
input capacitance. If we assume
that the valve capacitance will
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be stable to within +1pF, we
must be sure that this will not
produce too great a frequency
shift. The frequency shift pro-
duced by a detuning of 1 ¢/s
in the transformer secondary,
assumed to have a Q equal to
Q,, will be Q,/Q,c/s, where
Q, is the Q of the frequency
controlling circuit. This is because
the phase shift produced by
detuning the transformer must
be balanced by a phase shift in
the feedback tuned circuit, and
the oscillation frequency changes
until the two phase shifts are
equal and opposite.

We can probably assume a Q
of 200 for the tuned circuit:
for the transformer we can take
a Q of 10. The effect of detuning
the transformer is then to produce
1/20th c/s change in oscillation
frequency for each 1 c/s detuning.
We know also that if we change
the tuning capacitance by x9%
the frequency will change by
x/2%. Then if we change the
transformer tuning capacitance
by x9% the operating frequency
will change by 1/20 X x/29%.
For this oscillator it was decided
to keep the instability from this
cause to within 43 c/s at 20,000
c/s, with an assumed change in
valve capacitance of 1 pF.
Immediately it can be seen that
the total grid capacitance must
be 1,000 pE. As the Q) is to be
10, this gives a secondary im-
pedance of Q/27 fC = 80,000 ochms

so that a step-up of 11:4/800,
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Fig. 3. Characteristic of tungsten-
filament lamp used in bridge.

or 1:28, 1is used, The overall
gain from bridge output to bridge
input is then 28 X 11 X 10 X
1/27, or just over 4o decibels.
The loss through the Dbridge is,
of course, also 40 decibels, which
is very close indeed to the balance
point.
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High-stability L.C. Oscillator—
Both anode and grid are tuned
with 1,000 pF, from which the
inductance at 20kcfs is given
immediately as 63.5 mH. To save
a little arithmetic the grid ratio
was made 1:27, so that both
step-up at the amplifier input
and step-down to the bridge are
the same. The inductance of the
bridge windings is then 87.2 pH.
The stép-down to the load is
108 : 10, which means that the

:‘ 4 fgsr2uH
87-2uH ,{{ 63smH 63 SmH I

1 [fk@0-545mH

It il

INPUT ouTPUT
Y1g. 4. Inductance values re-

quired in the dust-cored input
and output transformers.

load winding must have an in-
ductance of o0.545 mH. These
values are collected together in
Fig. 4. The transformers were
constructed on special dust cores
which are not commercially
available. They are quite straight
forward affairs, however, though
it is probably worth while making
the bridge windings screened and
balanced if facilities are available.

The inductance for the fre-
quency control circuit must have
a resistance of about 100 ohms
at 20kefs. The writer used a
127 mH coil, tuned by so00 pF,
which had a Q of just over 200.
This gives a resistance of 80 ohms,
and it was considered that this
was satisfactory. The stability
increases as the Q is.increased, so
that a good Q) is desirable and the
recommended procedure is to use
that valué of inductance which
will give a resonant impedance
of 8o-100 chms with the core
material available. If it is im-
possible to get such high values
with a good Q, the design must
be modified to use a lower bridge
impedance by the use of unequal
ratio arms or a lower resistance
lamp.

The actual setting up of the
circuit is quite easy if a reasonable
amount of test equipment is
available. The amplifier is con-
nected up and an input of about
20 millivolts at 20 kc/s applied to
the input transformer. The input
and output circuits are tuned for
maximum gain, and the input
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transformer is loaded with R, to
bring the Q down to about 10.
If an oscilloscope is available the
tuning can be done very exactly
by collapsing the ellipse produced
when the input is applied to the
X plates and the output to the
Y plates. This is not as easy as
it looks, because the oscillograph
amplifiers must have identified
phase shifts at 20 kc/s if it is to
be carried out successfully. When
the amplifier has been adjusted
the feedback circuit is connected
and the resistance R, adjusted
until the circuit oscillates and
gives an output of 10 volts R.M.S.
across the load winding or 306
volts peak-to-peak at the
anode if an oscilloscope is to be
used for the measurement. By
adjusting R, we can control the
operating level until it is equal to
that assumed in the design, which
we know to be well within the
Class “ A "’ limits. If no accurate
way of tuning up C, and C, is
available, it is possible to get the
optimum values by varying the
anode voltage and observing the
frequency shift. C; and C, are
trimmed to give the best stability.
Several different anode voltages
must be used, as there is a danger
of passing through zero beat and
getting a false value for the
frequency shift.

In the circuit of Fig. 1 there are
a few additional points which
require mention. When first ad-
justing the circuit to operate
at the correct level Ry was set to
its mid position and Ry or R,
trimmed by means of a parallel
resistance to achieve an approxi-
mate balance. R,, and R,; were
used simply because the following
circuit requires 5 volts input in a
high-impedance circuit, and it
was necessary to dissipate the
one watt for which the oscillator
was initially designed. Voltage
stabilization was included to save
the trouble of checking the overall
stability of the oscillator, which
was needed for immediate use.
Neon stabilizers were also con-
nected across the heater supply
circuits, although this precaution
has now been removed. The
whole oscillator, including the
VRi150’s was mounted inside a
metal box and this was enclosed
by a wooden outer box. Heating
lamps and a bimetallic strip
maintained the internal tempera-
ture at 40° + 1° C: this also was
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intended to be a time-saving
feature. Other oscillators of this
type now under construction will
not include such elaborate pre-
cautions.

The calculation of woscillator
values above really does mean
something : it is as easy as that.
In the writer’'s experience os-
cillator circuits are normally very
stubborn brutes, if only because
adequate valve data is not avail-
able to enable the amplitudes
to be calculated. This circuit,
operating as it does well within
the linear region of the wvalve
characteristic, behaves exactly as
it should. It is well worth using
when a stable fixed frequency is
needed, and is probably satis-
factory if modified to work over a
limited band by the use of a wide-
band amplifier.

News from the Clubs

Baldock.—The call sign of N. F.
Wilshire, secretary of the Baldock and
District Radio Club, was misquoted in
our last issue; it is G3CEU.

Halifax.—Meetings of the Halifax
Experimental Radio Society are held
fortnightly in the Toc H Rooms, Clare
Road, Halifax. Sec.: E. Allen, 13, New
Road, Halifax, Yorks.

Romford.—The transmitter, G4KF /P,
of the Romford and District Amateur
Radio Society is now operating on
160 metres. Reports will be welcomed.
Weekly meetings are held on Tuesdays
at 8, at the Y.M.C.A.,, Western Road,
Romford. Sec.: R. C. E. Beardow,
G3FT, 3, Geneva Gardens, Whalebone
Lane N., Chadwell Heath, Essex.

Southall.—The West Middlesex
Amateur Radio Club is in need of a
permanent club room where a work-
shop can be provided for members.
Meetings are held on the second and
fourth VWednesdays of the month at
7.30 at the Labour Hall, Uxbridge
Road, Southall. Sec.: C. Alabaster,
34, Lothian Avenue, Hayes, Middlesex.

Stockport.—It is learned from the
late secretary of the Stockport Amateur
Short-Wave Radio Society that it is
at present inactive owing to the lack
of suitable premises.

Walworth.—The radio club asso-
ciated with the Walworth Men's Insti-
tute has been reconstituted and the new
secretary is B. E. Symons, 100, East
Dulwich Grove, London, S.E.22.

Watford.—Monthly meetings of the
Watford Radio and Television Society
are held at 7.30 on the first Tuesday
in each month at the Carlton Tea
Rooms, Clarendon Road, Watford.
Sec. S. E. Sumner, G3BGK, 48, Hil-
field Lane, Aldenham, Herts.

Weston-super-Mare Group, R.S.G.B.,
meets at 7.30 on the first Friday of
each month at the Y.M.C.A. Sec.:
W. C. Holley, G5TN, 252, Locking
Read, Weston-super-Mare, Som.
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Frame Deflector-coil

Conditions in

Coil and Valve

T is well known that the back-

E.M.F. across a deflector coil

which is carrying a saw-tooth
current consists of the sum of a
pulse and a saw-tooth voltage.
The pulse voltage is produced by
the inductive element of the coil
and the saw-tooth by the resistive
element., The magnitude of the
latter depends on the amplitude
of the current, but the magnitude
of the pulse depends on the rate
of change of the current.

In the case of the line scan the
inductive back-E.M.F. greatly pre-
dominates and the resistive com-
ponent is often considered negli-
gible in comparison. The frame
scan is much slower, however ;
the inductive back-E.M.F. is only
about 1/5,000th as great and it is
usually small compared with the
voltage drop across the resistive
element. Because of this, it is
sometimes thought that the in-
ductance of a frame deflector coil
is an unimportant quantity and
that only the resistance is im-
portant.

This would be true if only the
scan conditions had to be con-
sidered, but it is very far from
being true when the fly-back is
taken into account. Resistance
and inductance then become of at
least equal importance. In order
to show this, it is necessary to
examine in some detail not only
the characteristics of the deflector
coil but the conditions in the valve
and circuit which are used to feed
it.

During the scan period =,
which is 19 msec for the present
transmissions, it is assumed that
the current in the deflector coil
has its ideal form and changes
linearly with time in the manner
shown by Eqn. (1) of the ap-
pendix. The power which must
be supplied to the deflector coil
is given by Eqn. (2) and, since 7,
is a constant, it depends on two
factors only—I%L. and R/L.

With a given cathode-ray tube,
picture height and final anode
voltage the magnitude of these

factors depends only on the
design of the deflector coil. Under
these conditions the magnetic

field required in the neck of the
tube is of constant maximum
amplitude. Now the term IZL is
a measure of the total field pro-
duced by the coil. Consequently,
if the field in the tube neck stays
constant, an alteration in the
value of I?L. means a change in the
ratio of the useful to the total
fields. Regarding the coil in its
primary function as a field-pro-

DEFLECTOR

ColL
LD
i, &R

Fig. 1. Basic circuit of a resistance-
capacitance fed deflector coil.

ducing device, its efficiency in-
creases as I%L. becomes less. In
the design of a deflector coil,
therefore, it must be a major aim
to minimize the value of I%L,
The second term, R/L, is a
measure of the resistance loss and,
again, it is clearly advantageous
to minimize it. Its importance
depends on its magnitude relative
to 6/7,, however. Practical values
of R/L range from about 200 to
2,000 while the value of 6/, is 316.
In practice, therefore, the value
of R/L has a considerable influence
on the power needed by the coil.
It is important to note that with
a deflector coil of given design the
values of both I?I. and R/L are
substantially independent of the
number of turns, N, on the coil.
It is well known that under the
conditions assumed the ampere-

Efficiency

By W. T. COCKING, M.LEE.

turns NI are constant and LocN? ;
therefore

L2oct/N? and IPLoc —, X N =

constant. For a given wire
diameter Roc N, but for a constant
winding area the wire area is
inversely proportional to N;
hence, RocN2% and R/L is constant.

The coil power is thus inde-
pendent of L.. Varying the induct-
ance does alter the ratio of voltage
to current, however, and has the
same effect as altering the turns
ratio of a matching transformer,
The inductance must be chosen to
suit the valve and its supply
voltage, and its choice becomes a
form of impedance matching.

The foregoing remarks about
the constancy of I?L. and R/L are
true only for a coil of given design.
By changing the physical shape
of the coil and the winding area,
large changes in their values can
be obtained. Not a great deal of
information about their possible
values is available, but there is
some evidence to indicate that
R/L tends to increase as I2L
decreases.

So far only the question of the
coil power has been considered.
The magnitude of this is not a
matter of very much interest in
itself, however, for the factor of
real importance is the power
drawn from the H.T. supply.
This must be greater than the
coil power but does not necessarily
bear any direct relation to it.

Two methods of coupling a
valve and a deflector coil are
available—transformer and resist-
ance-capacitance coupling. Both
are commonly used, but there is
an increasing tendency towards
the use of the latter because it
permits an appreciable saving of
wire and laminations to be made.
In view of this, only resistance-
capacitance coupling will be con-
sidered here, and the circuit is
shown in Fig. 1.
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It will be assumed that the
valve characteristics are linear
and that the capacitance of C is
large enough for any voltage
change across it to be negligible.
In practice neither assumption is
strictly true, and a finite capaci-
tance is used to compensate for
non-linearity of the valve charac-
teristic.!  However, the voltage
changes across C are normally
sufficiently small to have an un-
important effect on the power
calculations.

The conditions existing in the
valve are sketched in Fig. 2, for
a pentode (a) and for a triode (b).
The D.C. load line is R, and the
mean voltage drop across this
resistance is ¢,R,, where 7, is
the mean anode current. Ignor-
ing for the moment the effect of
the inductance, the A.C. load line
is for RR /(R + R,) and is drawn
through the intersection of the
R,-line with the ¢,-current ordi-
nate, During the scan there is a
constant back E.M.F. of magni-
tude LI/r, across the inductance,
however, and so the actual load
line is displaced to the left on the
diagram by this amount.

The relations involved are de-
veloped in the Appendix and
Eqgns. (5), {6), (7) and (8) sum-
marize everything of importance
during the scan.

From the point of view of power
efficiency there is an optimum
relation between the coupling
resistance R, and the coil resist-
ance R which is given by Eqn. (g).
Provided that this relation can be
adopted there is a direct relation
between the input power P;, and
the coil power P, and a reduction
of the latter involves a reduction
of P;,, of the same order of magni-
tude. No such relation necessarily
exists if the optimum value of
R,/R is not used.

In practice, it is common to
find that the optimum value
cannot be used, for the attainment
of proper fly-back conditions sets
a minimum value to R, It is
usually permissible to ignore
shunt-capacitance effects on the
frame fly-back. If, also, the fly-
back of the grid-voltage waveform
s more rapid than that of the
anode, the conditions are approxi-
mately those of a current-carrying

t « Deflector Coil Coupling,” by W. T, Cocking,
Wireless World, November 1946, Vol. 52, p. 360.
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coil L shunted by a resistance R,
comprising R in series with the
parallel value of R, and #,, the
effective A.C. resistance of the
valve.

The current has changed by
98 per cent of its total value when
73R/l = 4, where 7, is the fly-
back time ; this is 1 msec for the
present transmissions. This leads

to Eqn. (10) which gives the
smallest value of R, /R which is
RR,
R+R,
PN
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order to obtain a sufficiently rapid
fly-back. It is found that under
this condition, which is a common
practical one, P,, does not depend
nearly so much on P,. In par-
ticular, P, becomes insensitive to
changes of R/L.

Expressed somewhat more fully,
the input power is always reduced
if the coil power is lessened by a
reduction of 12[.. If the reduction
is achieved by altering R/L,
however, it entails
a  corresponding
reduction of input
power only if R,
can be close to its

A, optimum  value.
2 This entails re-
¥ ok (e) ducing R,and R
ai, together, Beyond
[ a certain point,
! however, it is ne-
Vi i E cessary to increase
l:- L1 ,L__. {oR, _,im R, as Ris reduced
k) in order to main-
A“-g%;. tain a sufficiently
2 R+ RR, rapid fly-back.
R4R, When thishappens
/ ng =~
1] IO S
ro R\ | h
ai,y |
2 { !
R S A T - o
Ai, [ | |
7 L |
) ESD” N N N VLU W
' T T
- :
] RY
By RRy j«*l*% tofs -
2 R+R,
Fig. 2. The operating conditions of the valve are shown here (a) for a

pentode and (b) for a triode.

permissible if an adequately rapid
fly-back is to be secured. When
the A.C. resistance of the valve is
high, as it usually is with a
pentode, the simpler Eqn. {11) can
be used.

When R/L is fairly large (say
above 1,500) Rgpr, is usually
larger than R uy,- The optimum
condition can be adopted and P;,
is usually proportional to P, ; the
fly-back time may be less than the
maximum allowable value, but
there is no harm in this. With
smaller values of R/L, however,
R opp Will be less than R,y
and it is necessary to adopt the
minimum permissible value in

the efficiency of the coupling falls
off rapidly as the efficiency of the
coil increases and the net result
is only a small change of input
power. As a consequence, there is
usually little to be gained by
reducing R/L beyond a certain
point.

Before giving an example of
this it is necessary to consider the
valve. There are three important
factors—the values of V,, 1,
and 7,.

The value of 7;, the minimum
permissible anode current is set
chiefly by the amount of non-
linearity which can be allowed, and
it varies somewhat with different
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valves. It is not possible to assign
any exact value to ¢, without
rather lengthy and laborious calcu-
lation. With the sort of values
usually adopted, however, it is
generally satisfactory to take 7,
as about 5 mA-—of the order of
10-20 per cent of the mean anode
current, The main effect of
choosing a low value of 7, is to
increase efficiency and valve dis-
tortion ; the latter makes it more
difficult to secure a linear scan.
The value of ¢, is usually much
the same for both triode and
pentode.

The value of V,, the minimum
permissible anode voltage, varies
much more. With a triode it is
set quite definitely by the inter-
section of the ¢ ,-ordinate (i,=peak
current = i, + 4i,) with the grid-
volts curve for a grid-cathode
voltage which is just sufficiently
negative to avoid grid current—
about —1V. The working A.C.
load line must be arranged to pass
through this point, as shown in
Fig. 2 (b). Itis only necessary to
inspect a number of valve curves
to see that V, increases markedly
with an increase of 1,. V, depends
also on the A.C. resistance of the
valve and increases with it. With
a valve of under 1-kQ resistance
V, is likely to be around 50-100 V
with one of 3-k Q resistance it is of
the order of 100-150 V, and still
more with a higher resistance
valve.

In the case of a pentode, V| is
again set by the intersection of the
1,-ordinate with a grid-volts curve.
This curve is not now necessarily
the one which just avoids grid
current, although this still sets one
limit ; it may be one more negative
than this. It is set chiefly by the
knee of the curve and does not
vary with current nearly as much
as with a triode. It nearly always
lies between 50 V and 100 V, and
in most cases is around 70 V.

Tt is clear from Fig. 2 that V,
reduces the effective H.T. voltage.
Consequently its practical import-
ance depends on its value relative
to Ey. If Egp is very large
compared with V,, a change in the
latter will atfect the input power
very little, whereas if the two are
of comparable magnitude an in-
crease of V,, say, will entail a
reduction of L. and an increase in
I and ¢,, and hence, quite a large
increase of P,,.

If the A.C. resistance of the
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valve is below a certain value it is
not possible with any value of R,
to obtain a quick enough fly-back
in the absence of negative current
feedback. With a higher value an
adequate fly-back is possible, but
entails the use of a much higher
value of R, than would be needed
for a pentode. This results in
some improvement of current
efficiency but a considerable reduc-
tion of voltage efficiency, and the
power efficiency is nearly always
lower.

However, it is always possible
to make the effective valve resist-
ance as high as with a pentode by
using sufficient negative current
feedback. The A.C. resistance does
not then affect the power efficiency.
It is usually found, however, that
the input voltage to the grid be-
comes inconveniently large when
this is attempted, and it is rarely
practicable to use as much feed-
back as this.

It is also desirable to consider
the power loss in cathode-bias and
screen-feed circuits. A triode
tends to need more bias than a
pentode, although not all types
do, and so the power loss in the
cathode resistor tends to be
greater. There is, however, no
screen-grid to supply.

It is not possible to draw any
general conclusion about the
superiority of either type of
valve. In some cases there is not
a great deal to choose between
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operated with the screen at more
than 250 V, a dropping resistor
becomes necessary and causes-an
extra power loss. The triode may
then become the more efficient of
the two, but it may still be the
less convenient on account of the
large amount of negative feedback
required. - In addition, the high-
voltage low-current conditions
suited to a triode demand a high
value of inductance in the de-
flector coil, and it may prove
impracticable to wind a suitable
coil.

In order to illustrate these
cffects two deflector coils of very
different design will be considered.
Both are of 1-H inductance, but
whereas  one — coil A — has
R = 1,700Q and I = 40 mA, the
other-—coil B—has R = 208 and
I —58mA. The values of I:L
are thus respectively 0.0016 and
0.0034, while R/L. has the values
1,700 and 208. Coil A is the more
efficient of the two in producing
a magnetic field where it is needed
for deflecting the beam of the
C.RR. tube, but coil B has a much
lower resistance loss in its wind-
ings. As far as the coil power is
concerned the resistance loss out-
weighs the field loss and coil B
needs little more than one-half
the power of coil A. For con-
venience of reference the relevant
figures are collected in Table 1.

Now consider the use of these
coils with a pentode valve of high

the two. However, it will nearly  A.C. resistance for which V, =70V
always be found that the pentode and 4, = 5 mA. The first step is
TABLE I TABLE 11
Vi=7V; ¢ —=5mA; r, >
Coil A | Coil B ! Coil A | Coil B
L (H) 1 1 R orm) Q) | 2760 670
R Q) 1,700 208 R, oum (Q) 2,300 3,800
I (mA) 40 58 i, (mA) 37.3 35.5
2L . 0.0016 | 0.0034 1, (mA) 69.5 66
R'L 1,700 208 Egyp (V) 210 215
PL (W) | 0.269 | 0.149 P.. (W) 7.85 7.65

is better than the triode when the
H.T. supply voltage is under
about 250 V, for then the lower
value of V, obtained with this
valve has a considerable influence
and there will also be no loss in a
dropping resistor for the screen
supply—only the actual screen
loss of the valve itself. At higher
voltages V, becomes less impor-
tant, and as few pentodes can be

to apply Eqns. {9) and (10). As
shown in Table II, the optimum
values of R, for coils A and B are
2,760Q and 670Q, whereas the
minimum permissible values are
2,300Q and 3,800Q respectively.
In the case of coil A the optimum
value is higher than the minimum,
and it can be adopted. With
coil B, however, the minimum
value is much higher than the
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optimum, and it is necessary to
adopt this minimum value., In
what follows, therefore, the values

of R, for coils A and B are respec-

tively 2,760Q and 3,800Q.

The application of Eqns. (5),
(6), (7) and (8) leads to the
remaining figures of Table II, and
it is interesting to see that the
powers drawn from the H.T.
supply are almost the same—
7-85 W and 7.65 W. Practically
speaking, the difference is negli-
gible. Although one’ coil needs
only about one-half the power of
the other, because of the fly-back
requirement it can only be
coupled so much less efficiently to
the valve that there is virtually
no difference in the demands on
the H.T. supply.

Now with a valve such as the
EL33 with a screen-cathode
potential of 215 V the grid bias
needed is approximately — 4.25 V
and the grid saw-tooth voltage
input some 7 V p-p. The screen
current is some 4 mA. For coil B,
therefore, there is a screen power
loss of 215 X 0.004 = 0.86 W and
a cathode bias-resistor loss of
4.25 X 0.0395 = 0.168 W, The
total power drawn from the H.T.
supply system thus becomes
7.65 + 0.86 + 0.168 = 8.078 W,

If the same valve is connected
as a triode it has an A.C. resist-
ance of about 3,000Q, and so a
large amount of negative feed-
back must be used. Suppose R,
is made arbitrarily 4,500, then
7, must be 24,500 Q and sufficient
feedback must be employed to
increase the effective A.C. resist-
ance from 3,000Q to 24,500Q.

With this value of R, 7, and 1,
are negligibly different from their
previous values. Inspection of the
valve curves for i, = 66 mA and
— 1 V between grid and cathode
shows V, to be 180 V. The grid
bias needed is about — 3.7 V and
the bias power loss is some
3.7 X 0.0355 = 0.13 W. Applica-
tion of Eqn. (7) gives Egy = 350V
and so P;,= 12.4 W and the total
power becomes 12.4 + 0.13 =
12.53 W as compared with 8.08 W
for the pentode. Taking feedback
into account the input grid volt-
age needed will be about 5.4 X
24,500/3,000 = 44 V p-p. The
pentode input of 7 V p-p will, in
practice be greater rather because
it is usually desirable to employ
some feedback even with this
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type of valve in order to linearize
the characteristic. The difference
of input grid voltage is not, there-
fore, a very important one,

In this instance the pentode is
very considerably superior to the,
triode on a power basis. This
superiority is due almost entirely
to the lower value of V, obtain-
able with it. It is obvious from
first principles that the advantage
of the pentode will decrease if 1.
is made larger, for this will
decrease the current needed and
V,; will fall more for the triode
than for the pentode. Such a
change will increase Eg,;, how-
ever, and this may be undesirable ;
in addition, with some designs of
deflector coil it is inconvenient to
make L much over 1 H, for it
entails the use of very fine wire,
and there is an increased risk of
fracture during the construction.

It thus becomes clear that the
pentode usually leads to higher
power efficiency than the triode,
and this is especially the case when
the H.T. supply voltage is limited
and it is necessary to use a
deflector coil of moderate induct-
ance and needing a fairly large
current. In seeking to improve
efficiency it is much more impor-
tant to reduce I?L than R/L as
long as the latter is not of such
a value that R gpp is much less
than R, aqw,.

Appendix
Let the current through the de-

flection coil have the ideal form

g ¢ I

zL_I(Tl 2) W
during the period =, of the scan.

The power loss in the resistance is
I2R/12. The energy stored in the
inductance once each cycle is LI2/2
and this is dissipated in the resistance
elements during the following fly-
back. The total power supplied to
the deflector coil is thus :—

I’L (R

L——I—z(]-.:-f-Tl .o .o (2)

The back E.M.F. across the de-
flector coil during the scan is,

= (@R +LE d"*

1
-l H
T, 2 T
the minus sign indicating that it
acts in opposition to the EM.F,
which drives the current through the
circuit,

(F)ore =
RJopr 1+ 211/1
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When the change of voltage across
C can be considered negligible, this
is also the back E.M.F. on the anode
of the valve additional to the mean
voltage drop in R,.

Referring to Fig. 2 the D.C. load
line for R, is drawn from Egq in
the usual way and the mean drop
across it is {4R,. The A.C. load line
for RR,/ (R + R,) is drawn through
its intersection with the i,-current
ordinate. On account of the back
EMLF. across L, the actual working
line during the scan is displaced by
the amount L1/7,.

The change of voltage during the

scan is clearly 4i, RL-SEIT and this

must be equal to the chanage of vol-
tage across the coil resistance IR.
Hence,
. R
Az,,=1(1+R—) @
By inspection of Fig. 2,
o =4y + diyf2

oI R
=11+;(1+-§a) . .o (5)
i2=il+Aiu R
=i,+1(1 +E) )
and *
4i, RR,
EHT=V1+%'m—
+—+1o
—V1+1R +
R 7

The power drawn from the H.T.
supply is clearly,

Py, = Enri, 00 .o (8

Dlﬁerentlatmg (7) with respect
to R,/R and equating to zero gives
for the optimum value,

/ TR u{

During fly-back the coil current is
approximately of the form,

wm 1Y)

<. (9)

assuming shunt capacitance effects
to be negligible and the fly-back time
of the grid voltage to be less than
that of the anode. The change of
voltage is 98 per cent complete when

Rﬂ y[l
tR,/L = 4 where R, = R+ m
and so the minimum permissible
value of R,/R is,

R, 1
(o g
4L 14
AR
and when 7, is large this reduces to,
(&) 7 L 1 . o (11)
R/umx  mR .






