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Black Level in Television

THEORY AND PRACTICE OF D.C. RESTORATION AND CLAMPING

By H. V. SIMS*, Assoc.1.E.E., M.Brit.l.R.E.

IN a television picture signal the reference datum
is black level. In the complete television waveform
the synchronizing signals (of constant amplitude)
lie on one side of this datum and the picture signals
(of varying amplitude) lie on the other side.

In order to reproduce the various contrast tones
of a picture correctly it is necessary to maintain
black level at a constant ‘voltage value at the grid
or the cathode of the picture tube—in fact at the
<« cut-off ? voltage. of the tube. As picture signals
always represent tones which can never be darker
than black, they virtually consist of a unidirectional
current whose instantaneous value varies according
to picture detail and whose mean value varies in
accordance with mean picture brightness.

When such a waveform is passed through an a.c.
coupling (for instance an, ordinary resistance-capa-
citance coupling) the unidirectional nature of the
signal will be lost; its mean. value will be fixed at
zero and black level will vary (instead of the mean
value) with signal amplitude.

If this signal is applied to the input of a picture
tube all pictures will tend to be reproduced with the
same mean brightness and black level will vary
instead of mean brightness, with resultant distor-
tion of brightness valuest. -

Under these conditions continuous operation of the
brightness control will be necessary, otherwise
bright scenes will have excessive contrast with
intended detail in dark areas obscured at or below
picture tube cut-off, whereas dark scenes will lack
contrast because the dark areas will be too bright—
although there will be no greater detail in these
areas—also flyback lines may become visible unless
they are specially suppressed.

*British Broadcasting Corporation.
4% The Importance of the D.C. Component,” by D. C. Birkinshaw,
Fournal of the Television Society, Volume 7, No. 3 (June 1953).
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As it is impracticable to use direct coupling
throughout a television transmitting and receiving
system, a.c. couplings are used and the unidirec-
tional component (generally termed the d.c. com-
ponent) is re-inserted (i.e. black level is made
constant) when desired by means of d.c. restoration
or by clamping.

D.c. restoration involves rectification of the black-
going peaks of the signal; with clamping the signal
must contain a line-frequency reference period
which bears a constant (or partially constant) rela-
tionship to black level and, by means of an electronic
switch actuated by clamp pulses, these reference
periods are brought to the same voltage value to
ensure that each line waveform commences from the
same level. )

If the output waveform direct from the television
camera tube contains these line-frequency reference
periods, then clamping may be used on all occasions
when a fixed black level is desired; but in practice
the simpler d.c. restoring circuit is also often used
depending on the exact conditions required.

Development of Modern Methods

The output of some of the older types of camera
tube does not contain a reliable reference period
during the suppressed scanning-beam flyback and it
is necessary to d.c. restore the actual picture signals.
After fixing black level by d.c. restoration, line- and
field-blanking pulses are added to the waveform,
thereby providing the necessary reference levels for
subsequent clamping.

Under these circumstances, if there is no black
object in the televised scene, the darkest object
would be reproduced as black and it is necessary
to introduce an appropriate d.c. value into the
transmitted waveform by means of a control known
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level fixed: d.c. component varies in accordance with mean brightness.

This shows effect of a.c. coupling on television signals with varying d.c. components.
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mean brightness is constant and black level varies with signal amplitude.
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are very much smaller than R).
time-constant.

D.C. restorer fitted to a.c. coupling.

as “ 1lift * which is more or less continuously operated.

An important feature in the development of
modern camera tubes has been the provision .of a
true black-level outpur during the flyback periods.
With this d.c. restoration becomes unnecessary, for
it is possible to clamp at line frequency during these
periods and so remove- all low-frequency distur-
bances of black level. -

There will be, in practically all cases, a separation
between the true black output of the camera tube
and the output which corresponds to black objects,
for the scene lighting is so arranged that black
objects do in fact reflect some light, otherwise black
level in the reproduced scene will be marred by
noise. The magnitude of this separation is governed
by scene lighting, the lens aperture and the camera
tube controls. :

Action of D.C. Restorer Circuit

The effect of an a.c. coupling on two simple repre-
sentative signals with d.c. components is shown in
Fig. 1.

%n order to d.c. restore an a.c. signal a diode is
connected across the output of an a.c. coupling as
shown in Fig. 2.

From A to B, the input waveform goes negative,
the diode conducts and the capacitor C is charged
to the peak negative value of the signal (assuming
that the charge time constant is very short). During
this time the output is held at almost earth potential
because the resistance (rp) of the diode, when
conducting, is very low.

From B to D the input rises but C is unable to
discharge as the diode ceases to conduct when its
cathode is positive with respect to its anode. At
E the output is positive to the extent of the peak-to-
peak amplitude of the signal. Slight conduction
takes place at F to replenish the charge lost from C
due to leakage through the discharge resistance R.

In this way a positive direct voltage at the output
is produced equal in value to the mean amplitude
of the signal with the variations of the signal super-
imposed upon it. ]

The discharge resistance R is necessary to allow
the mean d.c. level to fall to a lower value appropriate
for a signal of lower amplitude, otherwise C would
remain fully charged by the signal of largest ampli-
tude and the mean d.c. would be incorrect for
smaller signals.

The fall in mean direct voltage at the output

WIRELESS WORLD, JANUARY 1962

t, = time between points of conduction.

r,= source resistance, rp = resistance of diode when conducting (r, and rp

C (r, + rp) = charge time constant. CR = discharge

. between the points B and F must not be excessive

however, otherwise shading towards black of the
signals will occur. :

The discharge time-constant is effectively CR (as
r, is low and the diode is non-conducting), and this
time-constant should be about a hundred times z,
(the period between the points of conduction B and
F) if the mean d.c. is to be maintained adequately
for video signals.

Practical Values |

In most modern cases the television waveform to be
d.c. restored will be complete with synchronizing
signals and conduction will take place on the sync.
pulse tips. The object of d.c. restoration is to hold
the tips of the syncs at a fixed potential so that if the
syncs are constant in amplitude, blanking level will
also be fixed. (Note: blanking and black level may
be regarded as the same in this discussion.)

The period between the points of conduction will
be approximately 90pusec maximum and the discharge
time constant would be not less than about 0.01sec,
at which value the horizontal shading will be approx-
mately 1%; that is, the brightness at the end of a line
will be about 19 below its correct value. An error
of this magnitude is considered to be unimportant.

The charge time-constant is C(r,+rp) and for
effective d.c. restoration this should be as short as
possible. (In some circuits resistance is deliberately
added in series with the diode to prevent d.c, res-
toration taking place on peaks of noise or sharp
transients present in the signal.) In practice r,
will be the output resistance of a video amplifier
and may be of the order of hundreds or thousands
of ohms depending, in general, on the voltage gain.
The resistance r, varies with conduction current
but a mean value of the order of 200 Q may reasonably
be expected if the diode is driven well into conduc-
tion. Crystal diodes may be used if their back
resistance (which appears in parallel with R) is
sufficiently high for the purpose required.

The ratio of discharge to charge time-constant
CR/C(r;+rp) should be very large and as capacitor
C is common to both this means that the ratio
R/(r,+rp) should be very large.

The value of r, can only be reduced by increasing
the current capacity of the previous stage.

A finite value of rj, results in partial d.c. restoration
as there will be an a.c. component developed across
it which, of course, appears at the output.
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Fig. 3. Diagram showing how efficiency of d.c. restoration
depends on diode and generator resistances.

The resistance R will form the grid to cathode d.c.
return path of the following valve or picture tube and
is therefore restricted to a value not greater than that
recommended by the valve manufacturers to avoid
effects due to secondary emission or gas within the
valve. In parallel with R also will appear any leakage
due to dust, etc., and the input resistance of the
following stage.

Incomplete d.c. restoration means that black level
will vary with signal amplitude and this is demon-
strated in the following example.

In Fig. 3, negative-going line sync pulses are
shown which have been applied to the d.c. restoring
circuit of Fig. 2, with the following values of com-
ponents and periods:—

R = 200kQ C = 0.05uF
r, = 200Q (nominal) 1, = 90usec(discharge
time)
r, = 1.8kQ . t, = 9usec(charge
’ time)

The discharge time constant
(i.e. about 100 times ;).

Under stabilized conditions let the average voltage
E across R during z, equal 20V, when the average
current flowing through it during this time will be:—

20 % 1,000/200,000 = 0.1mA
This current will discharge C slightly during z, and
during 1, the diode will conduct to replenish the
lost charge with an average conduction current of

(2,/t5) x 0.1 = (90/9)x 0.1 = 1.0mA
The charge and discharge currents flow through the
generator in opposite directions and cause voltage
drops in r, during the negative and positive excur-
sions of the waveform.

The mean loss in r, during #, is (1,800 x 0.1)/1,000
= (.18V which may be quite unimportant.

During t,, however, the charge current of 1.0mA
flows through r, and r;, causing voltage drops of 1.8
and 0.2 respectively, and this means that the voltage
for blanking level above the zero datum line is
lower than it should be by a total of 2.0V (this is
shown in Fig. 3). When the signal amplitude
changes the voltage error due to r, and r, will also
change—for instance, if a picture signal is added to
the waveform such that the average voltage E is

CR is 10,000usec

4

doubled then the discharge and charge currents will
be doubled and blanking level will vary; in fact
blanking level will vary with signal amplitude to the
same extent as the voltages across r, and r, and
herein lies a serious deficiency of d.c. restoration.

To minimise the variation of blanking level (and
all other picture tones) the ratio of R to (rs+rp)
should be made as high as practicable, but even so
some variation is inevitable.

Use of Stabilizing Bias

When the conduction peaks are pulses of constant
duration and frequency an almost constant voltage
loss due to r, and r, may be obtained by stabilizing
the discharge current through R. This is done by
connecting R to a point of negative potential instead
of to earth, when the discharge current through R
will be largely independent of signal amplitude

_ variations, the average signal voltage being a small

proportion of the total voltage across R (see Fig. 4).

The value of R must be increased otherwise the
discharge current will be excessive, resulting in a
large conduction current (to replenish the charge on
C) and a large constant voltage loss due to r; and ry,.
Automatically with the increase in value of R, the
time-constant CR is appropriately increased—this
being necessary to minimize signal shading.

It should be thoroughly understood that the fall
in d.c. level during ¢, is a fixed percentage (dependent
on the discharge time-constant CR) of the total
voltage due to the mean signal and the applied bias.
If the time-constant is not increased, the same
percentage of a much larger voltage would result in
an unacceptable fall in d.c. level at the output which
would appear as shading from left to right on the
reproduced picture.

As an example, let R be increased ten times from
200k Q to 2.0M Q and connected as shown in Fig. 4
to a negative supply of 180V.

With a mean signal amplitude of E = 20V the
discharge current is the same as before at 0.lmA
(for the total mean voltage across R is now 18020 =
200) and the voltage across r;+rp during ¢, is
2.0V as before.

When the mean signal voltage is doubled (for
example) so that E = 40, the total voltage across R
is only increased by 10 9%, i.e. from 200 to 220, and
the loss across r,+rp likewise increases by only
10%, i.e. from 2.0 to 2.2V (instead of from 2.0 to
4.0V in the first example).

This reduced variation of blanking level represents
a distinct improvement and might be acceptable for
some purposes, but the method employed still relies
on the ratio 1,/t, being constant. In d.c. restoring
the complete television waveform there will be
variation of blanking during the field sync which
provides a much longer conduction time z, than the
line syncs (and a much shorter discharge time z,)
producing a characteristic distortion of field syncs,
which may be reduced by reduction in value of r,.

D.C. Restoration in Sync Separators

To d.c. restore a signal in which the syncs are
positive the diode connections must be reversed, i.e.
with its cathode earthed and its anode connected
to the output (to stabilize the current through R in
this case a positive bias must be applied).

With a negative-going signal, d.c. restoration may
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sometimes conveniently take place at the grid of a
valve, when the valve becomes a d.c. amplifier
suitably negatively biased by the mean d.c. which
results from the rectification of the positive peaks of
- the applied signal.

In sync separator circuits d.c. restoration usually
takes place at the grid of a separator valve whose
grid base is suitably restricted by reduced screen and
anode potentials. ~ Under these conditions a high
value of grid resistor may be taken up to h.t. positive
because, even in the absence of signal when the grid
becomes slightly positive, the anode and screen
dissipation will not be high owing to the reduced
potentials.

It must be understood that the real purpose of d.c
restoration is to correct for the loss of very-low-
frequency components which are completely removed
by a.c. couplings. The input to the d.c. restorer
should be substantially free from hum, Lf. distortion
and disturbances down to frequencies of the order
of 25 c/s, for any attempt to correct fully for t_hese
effects would require such a short discharge time-
constant that serious shading during each line wave-
form would be produced. ]

Line waveform shading is not important in sync
separators provided the picture on the grid is
always beyond separator valve cut-off; thus a some-~
what shorter discharge time constant CR may be
used in the d.c. restorer than specified for the video
case and this provides a useful correction of some
of the disturbances of blanking level {e.g. surges, 1.f.
distortion, etc.) which cause a lack of synchronizing
resulting in field roll and line tearing (particularly
at the top of the picture).

Economy in Providing Fixed Blanking Level

The peak-to-peak amplitude of a television waveform
is considerably greater when the d.c. component is
absent than when blanking level is fixed and in view
of this d.c. restoration is sometimes used simply
as an economy measure.

VIDEO INPUT
WITH NEG.SYNC t °
rs
R
I
—BIAS
C
VIDEQ INPUT ! -
WITH P0S. SYNC I
s
R
A S
-+ BIAS

Fig. 4. D.C. restorer circuits with negative and positive bias
to stabilize discharge current through R.
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+250VHT.
R VIDEO OUTPUT
A ¢ WITH CORRECTED
1 BLANKING LEVEL
1
VIDEQ 7
—>— a-out \
CLAMP
Yo gitch / Vour
% Ia
Y
RS

Fig. 5. Clamping circuit with clamp switch represented by
ordinary switch.

It is found that with average television-picture
signals the ratio of peak-to-peak amplitudes in the
two cases may be of the order of 1.4/1, therefore a
valve handling the a.c. signal will require a power
capacity of twice that of a valve handling the signal
when blanking level is fixed. This is very important
in transmitters where kilowatts are involved.

Action of Clamping

Clamping is carried out by closing an electronic
switch for a few microseconds during each line-
blanking reference period, thereby adjusting the
charge on a coupling capacitor (and hence the voltage
across it) to obtain a line-frequency correction of the
output voltage representing blanking level.
Clamping ensures that blanking level prior to
each line waveform is maintained at a substantially
constant value. The waviform must contain during

- blanking line-frequency reference periods which

bear a constant or partially constant relationship
to blanking or to black level. By the action of
clamping these line-fréquency references are brought
to a definite horizontal datum, thereby re-inserting
the d.c. component, fixing blanking level and
reducing all distortions of the waveform which are
substantially below line frequency.

A clamp circuit is shown in Fig. 5 with the clamp
switch represented simply by a contact which closes
for a few microseconds (for a time f) during each’
line-blanking period.

Whilst the switch is closed the output voltage
0,4y to the grid of the next stage is zero and this is
the value chosen (in this case) for blanking level.
During the time ¢ the coupling capacitor C charges up
and the voltage across it (95— 4,;) Will be equal to
v, which is the anode voltage for blanking level
decided by the valve current I,.

When the clamp switch is opened v,,,; will remain
(apart from a slight error) at zero until v, changes
with variations of the signal. When the clamp
switch closes again any change in v, for blank-
ing level will either charge or discharge C through
the anode load resistance R, and the resistance of
the clamp switch (which for the present is assumed
to be zero). In parallel with R, will appear the
a.c. resistance of the valve r,, but this may be
ignored as its value is so much higher than R,.

The effective charge and discharge time-constant
will thus be CR,, and if the output is to remain at
zero for blanking level when the switch is opened

5
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CR, must be short in comparison with the time ¢
for which the switch is closed, in fact C will be
charged or discharged to within exp—(t/CR,) of
the required value.

In practice ¢ may be of the order of 2 to 5psec; in
this instance let t=>5psec, then with R,=5kQ and
C=333pF, t/CR,=3 and exp—3=0.05, i.e. 5%.

To illustrate clamp action let the starting condi-
tions for blanking level be as follows:—

I, = 10mA (this is a function of the
input signal) _
then v, = 200V
and v ,— oy = 200V

Therefore v,,; = 200—200 = 0V.

Let some change occur in the input signal so that
blanking level is slightly less positive at the grid
of the first valve, then just before the clamp switch
closes, for blanking level

"~ I,becomes 9mA
g = 205V
but v ,— ,,,; remains at 200V
so that v,,; = 205—200V=-+5V.

This is the error in blanking level immediately
before the clamp switch closes.

Now close the clamp switch for 5usec. v, immed-
iately falls to 200V, the current through R, increases
to 10mA, the valve continues to take 9mA, the extra
1mA being used to charge up C.

After 5usec the current entering C falls to 5%
of 1mA, i.e. 0.05mA; the current through R, falls
to 9.05mA; the voltage across R, being 45.25, v, is
250 —45.25=204.75V; ¥,—ou: is also 204.75V.

The clamp switch is now opened and v, immed-
iately rises from 204.75V to 205V, because the
current into C ceases and the valve still takes 9mA,

Vd
DURING BLANKING

+205V
+200V | )
1 i
1 1
CLAMP SWITCH ¢ | CLAMP SWITCH
CLOSED ! ! OPENED
1
1

. Your H
DURING BLANKING &

]
B
1
+5V !
)
1 .
: Y ERROR IN
V ommm e L T~ BLANKING LEVEL
0 ‘ 3T AFTER CLAMPING
CLAMP SWITCH CLAMP SWITCH
CLOSED OPENED

Fig. 6. Voltage changes on circuit of Fig. 5 during clamping.

but v, ,,; remains at 204.75V therefore v,,,=205
—204.75=+0.25V, ‘

This is the error in blanking level after one clamp-
ing action, thus the original error of 45V is reduced
to +0.25V, i.e. is reduced to 5%.

If there is no further change in blanking level
during the next line this error will be further reduced
to 59% of 5%, i.e. to 0.25 %, and so on.

It can be seen that the clamp action is very power-~
ful, reducing all variations of blanking level which
occur reasonably below line frequency.

Voltage changes during clamping are shown in
Fig. 6 and it will be noted that evidence of blanking-

6

+HT.
Ré ’ c
- |
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T" ’ | ‘ ) 1
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1~
CLAMP PULSES APPLIED
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Fig. 7. Two-diode clamp switch.

level correction will always be left on the wave-
form.

The capacitor C must be much smaller in value
than is usual for video couplings and therefore the
input resistance of the following stage must be very
high to provide a suitable coupling time-constant
for line frequency. In most cases the grid leak
for the following valve is omitted with no ill effect.
as the grid potential is established once in each line
by the clamp; but with large valves internal gas
may be a problem and this can set a lower limit
for the value of C.

So far it has been assumed that the clamp switch
when closed has zero resistance but in practice this
will not be the case. Any clamp switch resistance
(R,,) will increase the charge and discharge time-
constant which now becomes C(R,+R,,) and the
effectiveness of the clamp is dependent on the ratio
t/CR,+R,,). If R,=3kQ and R ;=2kQ, the error
after clamping will be the same percentage as before
(assuming no other component is changed) although
the gain of the first stage will, of course, be reduced.

Two-diode Clamp Switch

The circuit of the simplest form of clamp switch
is shown in Fig. 7 Semiconductor diodes may be
used instead of thermionic devices provided that
their back resistances are sufficiently high to main-
tain the coupling time-constant.

Correctly timed clamp pulses of the appropriate
duration and polarity are applied to the two diodes,
D1 and D2, via the capacitors C; and C,.

The pulses are d.c. restored by the diodes and
C, and C, are charged so that the potentials at a,
and k, are negative and positive respectively during
the discharge time z,.

During t, the outputs of the clamp pulse generator
are in series opposition to the voltages across C,
and C,, causing the diodes to conduct and to re-
plenish charges lost through R; and R, during z,.

When the diodes conduct the junction point of
k, and a, (which is also connected to the output) is
brought to the required clamping potential, which
under balanced conditions, will be earth potential.

During z; the capacitors C, and C, discharge
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Fig. 8. Action of two-diode clamp switch (Fig. 6) working
under balanced conditions.

slightly through R, and R, , the diodes are biased to
non-conduction, and the junction point is free to
move in potential within the potential boundaries
of a, and k, , as shown in Fig. 8.

The amplitude of the clamp pulses must be
sufficient to ensure that the video signal will not
drive the diodes into conduction, otherwise severe
distortion will result due to the shortening of the
coupling time-constant by the low-resistance path
to earth.

If the circuit and pulses are perfectly balanced
the output is clamped to earth but if the symmetry
of the circuit is disturbed or if the clamp pulses
are unequal in amplitude, it will be clamped to a
potential either positive or negative with respect
to earth, depending on the severity and nature of
the unbalance.

Calculation of Clamping Potential

It is useful to be able to calculate the potential to
which the output is clamped under practical condi-
tions of slight unbalance due to circuit and pulse
tolerances, or deliberate unbalances designed to
achieve the required bias for the following stage.
Assuming in the first instance that blanking level
is correct (i.e. that no correction current is flowing
through the switch) and that stable operation has
been reached, two principles will be apparent:—

(1) that charge currents through the diodes will be
equal (because the diodes are in series)

(2) the discharge currents through R, and R, will
be equal (otherwise the charge currents would
be unequal).

Let ¢ = mean voltage across R, + R, during ¢, ,

when the discharge current will be

Idz‘scharga = ¢/(R; + R,)

The charge current which flows during z, to
replenish the charge lost during z; will be

Lraree = Tgischarge X t/ts = [e/ Ry + Ryley/t.

Referring to Figs. 7 and 9, adding up the voltages

around the circuit and equating them to peak-to-

peak outputs of the clamp-pulse generator, we have

Yoo + Tuce = € + [e/Ry + Ry)] (1/tg) (rgy + 152 +

o1 + 1p2) + [e/(Ry + R (g + 1) .. (1

Where vg; and vy, are the open-circuit peak-to-

WIRELESS WORLD, JANUARY 1962

peak voltages from the clamp-pulse generator,
[e/Ry + Ryl (u/ts) (rq + re + oy + rpy) =
voltage lost during z, in generator and diode resistance
and [e/(R; + Rpl(rs, + r5,) = voltage lost in gener-
ator resistance during z;. Now let

@ ft)(rsy Frse & 1oy + 1) F 1y 1y = a

when Eqn. 1 becomes v
Voor + Vocz = € + e.a/(R; + Ry) .. e 2)
Let ¢=¢ -+ e, where e = voltage across R,
during 7, and e, = voltage across R, during 7, then
e/Ry -+ Ry) = &)/R; = ¢y/R,

and e, = ¢;.R,/R,.

Substituting in Egn. 2,

Vooit+Voos = e1t+ete.a/Ry = ¢f14+(R,+a)/Ry)]

and e, = (Voor + voc)/[1 + (Ry + @)/R,)] €))
Similarly it may be shown that
€5 = (oo1 + oe)/[1 + (Ry + a)/Ry)] .. BN C))

From Fig. 9 (which shows how the output is clamped
by the overlapping clamp pulses) the voltage vy,
between the output and earth, may be calculated
by summation of the voltages as follows:—

(Vry during 7)) + voy; — D1+
Vppy during z,)

where v, = voltage across rg and v,,;, = voltage
across rp,

= — e — (era/R) + v —

Vout = — €1 —

(e124/Ry2,) X
(rs1 +711)
substituting from Eqn. 3 for e, and manipulating
slightly
Vout = Yoor — [(@oor + o)/ Ry + Ry + @)] [Ry +
ta + (t/ts) (rg + )] N E))
Similarly substituting from Eqn. 4 for e,, it may
be shown that
Vout = — ooz + [(@oc1 F Voc)/ Ry + Ry + a)] [R; +
te + (t/td) (rse - rp2)] .. (6

Vrs2

]

Yrsy

oc2

2

; ——_OUTPUT CLAMPED
o= S (77770 THIS POTENTIAL
Vrpgrd L i
Your Vl’sz/yt ___________________ JL AN BUV

EARTH POTENTIAL

4

Ve
e oct

4 ‘ —--_—::Z::

Fig. 9. lllustration of calculation of clamping potential with
two-diode clamp switch.
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OUTPUT

T0 REQUIRED
CLAMPING POTENTIAL

Fig. 10. Four-diode clamp switch. Dotted connection may be
omitted.

These two expressions will obviously give the same
result and thereby provide a convenient and useful
check in calculation.

Example:—
LetR, = 110kQ, R, = 90kQ, r, = 1.5kQ, 1y =
2.5k Q,
rpr = 300Q, 1y = 700Q,
Vo1 = 30V peak-to-peak,
Doee = 20V peak-to-peak,

N 94 usec, ty = 4.7useC
Note: t;+ t, = 98.Tusec = total line period)
t/t, = 94/4.7 = 20/1. .
a = 20{1,500 + 2,500 + 300 + 700) + 1,50205(—)5
)

= 104,000.

D oue= 30 — (50/304,000) (110,000 + 1,500 + 36,000)
= 30 — 24.26
= + 5.74V.

Check using expression (6).

Vo= — 20 + (50/304,000) (90,000 + 2,500 +
64,000)

= — 20 + 25.74
= +5.74V.

These results indicate the dependence of v,y
on the balance of circuit values, component values
and clamp pulse amplitudes.

The simple clamp switch described has the very
important facility of providing a positive or negative
value for v, and this in some circumstances may
obviate the necessity for either a positive bias
potentiometer or a. negative supply to ensure the
required potential for the grid of the following stage.

This adjustment of v,,, (either preset or variable)
is often obtained by varying the effective ratio of
R, and R,, by interposing a potentiometer between
these two resistors, with the variable connection

8

earthed (or taken to a further potential—fixed or
variable as desired).

Another method, particularly useful in automatic
blanking-level control circuits, is to vary the ratio
of clamp-pulse amplitudes.

In some cases unwanted changes of ©,,; may be
caused by inadvertent variations of the ratios men-
tioned and may represent a severe disadvantage of
the simple two-diode clamp switch. For example
hum may be clamped in if the ratio of clamp-pulse
amplitudes varies at hum frequency.

Effective Clamp-switch Resistance

Another aspect to be considered is the effective
clamp-switch resistance during clamping time.
When the charge on the coupling capacitor Cis to
be increased the output point becomes slightly
positive with a resultant increase of current through
D2, C,, and 7y, and a decrease of current through
D1, C, and r,. Similarly when capacitor C is

discharged the output point becomes slightly
AR
coRRENT lc' 02mA  +004V ouTPUT
0-2mA
POS. NEG.
PULSES_. - ! C2 pyists
tmh | 042V ~038Y  4mA
2'ImA
D4
(a)

0-2mA CHARGE

Fig. 11. Mean voltage and current values when C is charging

DISCHARGE ¢
CURRENT A

02mA

02mA  —004V OUTPUT

(b)

Fig. 12.  Mean voltages and currents when C is discharging.
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negative and the current through D1, C, and r,
increases whilst that through D2, C, and r,, de-
creases. Thus the two branches of the clamp switch
_are in parallel and its effective mean resistance is
(rpy + Tsy) in parallel with (rp, -- 7).

R, and R, are ignored because their values are
large in comparison with r,; and r, and C, and C,
need not be considered in the calculations because
mean values of current and voltage have been
used (not peak values). Provided C, and C, are
nearly equal in value (variations of --20 % would be
hardly noticeable) and many times greater than the
coupling capacitor C, it is unnecessary to take them
into account. ) ]

Using the values given for the previous example:—
1o = 15KQ, 1,y = 2.5kQ, 7y = 3009, 7mp = 7000,
effective mean resistance during clamping time
= (1,800 x 3,200)/(1,800 + 3,200) = 1,152~
This value of switch resistance may be excessive if
very firm clamping action is required.’

Four-diode Switch

Some of the disadvantages of the two-diode clamp.

switch may be avoided by using a four-diode circuit
as shown in Fig. 10. It may be necessary to increase
the available clamp-pulse current to ensure that all
diodes are driven well into conduction (ensuring
low forward resistance) but the simple addition of
two diodes D3 and D4 reduces the clamp-switch
resistance and renders the clamped potential v,
substantially independent of the ratios of clamp-
pulse amplitudes, r,; and 7, and also of R, and R,.

The effective clamp-switch resistance is reduced
because r, and ry, are shunted by rp, and
respectively, in fact the resistance is approximately
(rp1 + rps) in parallel with (rp, + 75,).

The required clamping potential (which may be
earth potential) must be supplied from a Ilow-
impedance source for the circuit to be fully effective.

During clamping time, in the absence of correction
current charging or discharging the coupling capaci-
tor C, all diode currents will be equal (assuming
equal diode resistances). Any correction current
flowing into or out of C unbalances these currents
as shown in Figs. 11 and 12. In these examples
the diodes have mean resistances of -200Q each
(when conducting) and the mean correction current
is 0.2mA. r and r, are assumed to be high in value
compared with the diode resistances and the mean
conduction current is 4.0mA.

Design Features

With both two-diode and four-diode clamp switches
transient breakthrough will occur, producing
“ whiskers ” on the video waveform, if the pulses
are slightly dissimilar in width or shape at the tips,
if the stray capacitances of the switch circuit are
unbalanced, or if the output impedances of the
clamp pulse generator are dissimilar. (When a
diode is conducting its chief feature is its low
resistance but when it is non-conducting it behaves
as if it were a small capacitor.)

Failure of the diodes to conduct simultaneously
{due to the asymmetries mentioned) results in the
edges of the clamp pulses becoming differentiated
through the capacitance of a diode just before it
conducts, thus producing the whiskers.

WIRELESS WORLD, JANUARY 1962

---------- PEAK WHITE

=== PICTURE BLACK

W——~-CAMERA BLANKING
— — —— — PEAK WHITE

'~~~ PICTURE BLACK

SYSTEM BLANKING

SET BYLIFT
CONTROL

“NOISE & SPURIOUS
TR ECTS
————— PEAK WHITE

)
— =~ PICTURE BLACK
© T SYSTEM BLANKING

Fig. 13. Television waveforms from camera, before sync is
added, showing how clamping assists the processing of a signal
by holding it steady, so enabling system blanking to be inserted
at a constant level. (a) Raw camera signal clamped at camera-
blanking level. (b) System blanking added to push camera
blanking, noise and spurious signals below clipping level.
(c) Waveform after clipping: further clamping may be carried
out within period to be filled by later addition of syncs; but
dfter syncs are added clamping usually takes place during back
porch.

This effect may be reduced by connecting a small
differential capacitor across R, and R,, with the rotor
earthed, to equalize the stray capacitances. The
adjustment is made for ‘minimum breakthrough
(as observed on an oscilloscope) with clamp pulses
acting but with no video signal applied to the stage.
Of course, when the clamp is actually correcting
blanking level slight distortion of the waveform
(as shown in Fig. 6) is inevitable. ‘

The effectiveness of clamping is greatly affected
by the extent and nature of noise in the reference
period. To reduce the ill effects (e.g. line flashing
and streaking) of clamping on peaks of noise or
spurious signal it may be necessary to reduce the
firmness of the clamp action (*“ soften > the clamp)
by increasing the charge and discharge time constant
in which the clamp switch resistance, the coupling
capacitor and the output impedance of the previous
stage are all involved.

A useful method of softening the clamp is to replace
the connection between the output point and the
junction of D1 and D2 with a resistance of an
appropriate value (usually several thousands of
ohms). This resistance serves a secondary purpose of
partially isolating the stray capacitance of the switch
from the video path thereby increasing the gain-
bandwidth product. '

In colour television, clamp circuits which handle
the complete signal must be softened in a special way
to avoid (a) variations of line level due to clamping
on the sub-carrier burst in the back porch, and, more
important, (b) distorting the sub-carrier burst by
clamping on it, and so providing an inaccurate
colour sync for colour receivers. One method is to
connect an inductance between the output point and
the junction of D1 and D2, which, in conjunction
with its self-capacitance and a parallel damping
resistance, inserts a high impedance at the sub-
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carrier frequency in series with the switch. The

of this parallel circuit must be sufficiently low to
avoid ringing (which would mar the signal) produced
by the action of the switch. . .

The timing and duration of clamping 1S Very
important. The raw signal from a television camera
contains camera line- and field-blanking periods of
8usec and 400usec respectively, in the 405-line
system. It is common practice t0 clamp at.lgae
frequency for about 2usec within these DPeriods,
which can contain spurious noise 51gnals:

A short clamping time is chosen to avoid the need
for great precision of pulse timing Il circuits WI1t1h
unequalised delays and to reduce the firmness of the
clamp (in addition to the method described).

Having held the reference levels of the video
signal steady by clamping, system line- and field-
“blanking (18usec and 1400pseC respectively in the
405-line system) is now applied, with an adjustment
of its relationship to picture black by means of a
control which is variously termed yft, pedestal,
< set-up ** or ¢ black level ” (see Fig. 13).

With system blanking present in the waveform,
clamping may be carried out at line frequency and
is timed to lie within the periods later to be occupied
by syncs (as distinct from the back porch) so that
any whiskers produced will appear at the bottom of
the syncs (when they are inserted) and may be
removed by clipping. The duration of the clamp
pulses may be increased to five or six microseconds—
generally not more, otherwise an increase in precision
becomes necessary—and the firmness (or ° hard-
ness *’) may be increased as required.

In both the cases quoted the video signals are
without syncs (but with camera blanking or with
system blanking) and must be clamped with pulses
derived from a synchronous source (usually from
the line drive).

With composite video signals, i.e. with line and
field syncs, clamping occurs at blanking level in the
back porch and after every trailing edge in the field
sync, therefore clamp pulses must be derived from
the separated sync waveform and not from line
drive—even if it were available—otherwise severe
distortion of the field sync would occur due to sync
level being raised to blanking level.

The peak-to-peak amplitude of a video signal
will generally be not less than about one volt at a
clamped stage, otherwise whiskers and transients may
be significant in comparison. It is essential that the
video signal should not drive the diodes into
conduction otherwise severe differentiation will
occur due to the small value of the resultant time
constant of the video coupling when the output
point has a low-resistance path to earth. Therefore,
to ensure that the d.c, restored clamp pulses hold
the diodes in a state of non-conduction during
active line time, in spite of major changes of blanking
levels due to surges etc., the amplitude of the pulses
should be several times greater than the video
signal. This represents a difficulty in the case of
clamping (as opposed to d.c. restoration) in receivers.

clamp pulses are derived from line flybacks,
they will be at line frequency and therefore unsuit-
able for reasons before mentioned unless totally
suppressed by some means during field syncs;
also the time constants C; R, and C, R, must be
sufficiently long otherwise the diodes will not be
biased into non-conduction during this time.

Clamp pulses may be easily derived from the
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separated sync waveform. The usual method is to
use a short-circuited tapped delay network in the
anode circuit of the sync-separator valve followed
by a clipper and phase splitter as shown in Fig. 14.

The clamp pulses should be free from impulsive
noise, of constant mark-space ratio and reasonably well
shaped at the tips. Provided the pulses are sym-
metrical and of sufficient amplitude, the waveshape
during non-conducting periods may be surprisingly
poor without ill effect, but hum and low-frequency
disturbances which are unbalanced (i.e. are not
complementary on the two sets of pulses) will imprint
their defects on the video signal.

Effectiveness of Clamping

Clamping greatly attenuates effects due to hum,
Lf. microphony, h.t. surges, gain-control d.c.
changes, switching, fading, mixing and cutting (in
the control of programmes), Lf. distortion and all
disturbances reasonably below line frequency, pro-
vided the signal is not actually modulated by these
effects. For example, the superimposed component
of hum due to the use of a.c. for television lighting
is greatly reduced.

In television transmission the amplifiers following
the insertion of the line-frequency reference periods
need not respond fully to lower frequencies: low
frequency distortion, which causes a variation of
blanking level, is largely corrected by clamping
provided any circuits used are not overloaded and -
will accommodate the video-signal amplitude without
modulation of the signal due to non-linearity.

In addition to a residue of distortion or hum
remaining after clamping, as shown in Fig. 6, there
is also the uncorrected portion of distortion or
hum which occurs during each line time. For
example, assuming a perfect clamping action, with
50-c/s hum, the line coincident with the region of
greatest rate of change in the hum cycle will be
shaded (i.e. will vary in amplitude) to the extent of
Upum S0 (360°/202.5) V (vp,,, = peak hum voltage).
The other lines will be shaded to a varying lesser
degree until at the peak of the hum cycle the shading
will be negligible, assuming linear circuits.

Figs. 15 and 16 are photographs of field wave-
forms displayed on a double beam oscilloscope,
showing the degree of correction, obtainable by
clamping, of low frequency distortion and hum.

The four-diode switch circuit may be used for

sampling as well as clamping. The coupling capaci-
tor C is increased in value and the junction of
D3 and D4 is taken to earth through a capacitor,
whose charge will then vary with the level existing
in the signal at the times during which the switch
is closed. If normal clamp pulses are used, the
voltage which appears across the capacitor may be
amplified and used as negative feedback to an earlier
stage (or a video side chain) to reduce blanking level
variations. A resistance across the capacitor provides
a suitable discharge time constant.
The circuits described throughout this discussion
have been used in television transmission for many
years and the author is not aware of their origin but
would like to emphasize that he is not responsible
for their design.

The author would like to thank the Director of
Engineering of the British Broadcasting Corporation
for permission to publish this article.
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Dip. Tech.—The first students to receive the Diploma
in Technology after taking a specialist electronics course
are included in the latest list of passes issued by the
National Council for Technological Awards. They are
pine students from the Northern Polytechnic, London,
who completed a 4-year sandwich course in the physics
and technology of electronics, and.are, incidentally, the
first “ Northern” students to receive the award. The
recipients are: A. R. Lee (first class honours), G. Pye,
W. K. Chapman, K. Piper, D. G. Wells and D. A,
Tartridge, all of S.T.C.; and E. B. Castling, D. M. Horley
and B, Raine of Thorn Electrical Industries. The total
number of Dip. Tech. awards is now 685 including 10

to women.

R.S.G.B.—For the fifth successive year the Radio
Society of Great Britain records an_increase in 18
membership. The total at the end of June was 10,644,
compared with 10,036 the year before. ~Of this number
5,558 held U.K. amateur transmitting licences; approxi-
mately 549% of this country’s total of 10,237 licence
holders. The total number of licences includes 83
amateur television transmitters.

Electronic Aids to Banking is the subject of a sym-
posium, which is being organized by the Institution of
Electrical Engineers, to be held at Savoy Place, London,
W.C.2, on January 17th and 18th. Object of the sym-
posium is to bring together bankers and designers of
electronic data handling machines so that problems,
users’ needs and latest developments can be discussed.

Time Signals transmitted by GBR, Rugby, on 16kc/s
are now radiated four times a day instead of twice as in
the past. Since December 1st the signals, which are
provided by the Royal Greenwich Observatory, are
transmitted at 0300, 0900, 1500 and 2100 GMT. The
0900 and 2100 signals are also radiated by the follow-
ing short-wave transmitters GAY25, 5807kc/s; GPB30,
10332.5kc/s and GIC37, 17685kc/s.

West Indies TV.—The Trinidad government has
granted a licence to operate the West Indies’ first tele-
vision station to a new company, Trinidad and Tobago
Television Service Ltd., in which the majority share-
holding is held jointly by Rediffusion and Scottish Tele-
vision. The Columbia Broadcasting System of America
is also a sharecholder. The service, which is planned
to start in November 1962, will include commercial
programmes.

Immediate task of the South African Broadcasting
Corporation is to complete its v.h.f, sound broadcasting
network to give a 17-hour-a-day service in nine lan-
guages—English, Afrikaans and seven Bantu dialects.
Although there are no plans for the introduction, in the
near future, of a television service (as reported in the
last issue), the masts for the v.hf. system could
accommodate TV aerials “if and when ” television com-
menced in South Africa.

Amsterdam Firato.—The organizers of the Amster-
dam international radio show have advised us that there
will not be an exhibition this year. The next Firato
will be in 1963.

Television For Singapore.—According to the Finance
Minister, Dr. Goh Keng Swee, Singapore can expect
to h.ave_a television service by the end of 1962, as plans
for its inauguration have reached an advanced stage.

Radar weather forecasts are available by telephone to
farms in central Sweden from Arlanda, Stockholm’s new
International airport. The forecasts cover 9 hours a day,
from 1 pm. to 10 p.m. This weather radar installation
Is the first and only one in private use in Sweden.
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Worldwide Broadcasting Services is the title adopted
for a new company set up jointly by E.M.I. and Pearl
& Dean, the advertising specialists, to provide sound
and/or television broadcasting services—equipment,
staff and programme material—anywhere in the world
but especially in the “ emergent countries ”. The manag-~
ing director of the company, which has its headquarters
at 33 Dover Street, London, W.1, is A. J. Mathers who
was for ten years with Overseas Rediffusion and was
responsible for the “physical establishment, administra-
tion and operation ” of television in Western Nigeria.

B.E.A.M.A, Directory.—Prepared and published by
the British Electrical & Allied Manufacturers’ Asso-
ciation in its golden jubilee year, the first edition of a
new B.E.A.M.A. Directory, lists more than 1,000 differ-
ent electrical and allied products made in Britain by
member firms and includes a reference section in Ger-
man, Spanish, French, Portuguese and Russian. More
than 15,000 copies are being distributed to buyers all
over the world. Copies are available from the Asso-
ciation at 36 Kingsway, London, W.C.2, price £3 (10
dollars) each.

_E.LB.A. Year- Book.—The 1961 edition of the Year
Book of the Electrical Industries Benevoient Association,
now published, shows that 1,166 people applied to it for
help during the year—an increase of 8% on the previous
year. Income went up by only 6%, and the Association
emphasizes the need for still further income in order to
finance the extension which is being made to Broome
Park, its home in Surrey for old people. The year’s
donors include the B.B.C, BR.EM.A., BV.A,
RE.CMF., RTR.A, the Rad'o Industries Club and
many radio and electronics manufacturers.

F.B.I. Register 1962.—A comprehensive guide to a
substantial cross section of U.K. industry, the “F.B.L
Register of British Manufacturers—1962,” contains lists
of the products and services of over 8,000 member firms
together with information on trade associations, trade
marks, etc. There are French, German and Spanish
glossaries, Published for the F.B.I. by Kelly’s Direc-
tories Ltd. and Iliffe Books Ltd., Dorset House, Stam-
ford Street, London, S.E.1, at 50s, post free.

Euradio, a federation of European radio and TV
retailers with headquarters in Copenhagen, Denmark,
has been formed. Its aim is to promote an intensive
exchange of trade and business information between
member countries, which include Denmark, Sweden,
Holland, France, Austria and West Germany. At present
the U.K. is not represented though the Radio and Tele-
vision Retailers’ Association is understood to have the
question of participation under review,

Marconi Historical Exhibition, commemorating the
diamond jubilee of the first transatlantic wireless signal,
is being held at the Science Museum, South Kensington,
London, from December 13th to January 25th.

WHAT THEY SAY

Ail-Industry Committee.—* These are difficult times
for the radio and television retailer. One of the things
that is so worrying is that the Government has seen fit
to reduce the initial payment for television rentals, but
has not done the same in the hire-purchase field. . . .
This discrimination is both unfair and unjust. We, in
the industry, intend to tackle this for the first time by
forming a committee, represen:ing all sections—manu-
facturers, wholesalers, retzilers, co-ops.—which can
speak with one voice and whose purpose will be to
examine problems of this kind and find the best solu-
tion.”—R. ¥. Piercy, president of the Radio & Television
Retailers’ Association, speaking at the annual dinner of
the Association’s Birmingham Centre.
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News from Industry

'M.V. Distribution Change.—Record players an,d
ta;g recorders bearing the trade marks “His Master ;
Voice ” and Marconiphone are now solely dlstrlbl}ted
by the British Radio Corporation, following a'revxsed
agreement between Electric & Musical Industries Ltd.
and Thorn Electrical Industries Ltd. BR.C. wacs1
created under an agreement whereby E.M.I. cease
direct manufacture of television and radio sets, butTf;la_S
subsequently made sound-reproducing equ1prnem:.d1 lis
revised arrangement means that BR.C. now handle, lg
Great Britain and Northern Ireland, all domestic soun
products, including TV, radio and radio-grams, carr;}rllqg
these two brand names. E.M.I. announce that their
domestic sound products and components will connm;(e
to be available, mainly under the E.M.IL tradeEmAa/fI,
for the home and export markets. The present B.M.L.
range which includes the Glyndebourne Mk. IV Stereo-
gram, a range of record players, the Voicemaster 65A
tape recorder, and the EPU 100 pickup, will continue
to be made and sold by E.M.L. under marks other than
H.M.V. and Marconiphone.

Hewlett-Packard, the American manufacturer of pre-
cision electronic instruments, has formed a British sub-
sidiary company, Hewleti-Packard Ltd., with factory
premises at Dallas Road, Bedford. Initial emphasis at
the plant will be on manufacturing a range of counting
and measuring instruments, but new products will be
developed in the near future, it is stated. U.K. selling
agents for the new company are Livingston Labora-
tories Ltd., 31 Camden Road, London, N.W.1 (Tel.:
Gulliver 8501), who are also sole representatives for the
whole range of imported Hewlett-Packard instruments.

Hellermann-Deutsch Link.—The Connectors Division
of Hellermann Ltd. is being absorbed into a new com-
pany—Hellermann Deutsch Ltd.—which has been set
up jointly by Bowthorpe Holdings Ltd. (parent of
Hellermann) and the Deutsch Company, of Banning,
California. Bowthorpe have a 519% interest. A new
factory is to be built at East Grinstead, Sussex, where
both Hellermann and Deutsch connectors will be pro-
duced. Enquiries should temporarily be addressed to
the new company at Gatwick Road, Crawley, Sussex.

Walter Instruments Ltd., the tape recorder and com-
ponent manufacturers of Garth Road, Morden, Surrey,
have gone into voluntary liquidation. A statement of
affairs lists liabilities amounting to £256,292 and assets
estimated to produce £120,446. At a recent meeting of
creditors C. E. M. Emmerson, of 28 King Street, Lon-
don, E.C.2, and H. W. Pitt, of 100 Park Street, London,
W.1, were appointed joint liquidators. Walter Head-
quarters Service Centre Ltd., 154 Merton Hall Road,
London, S.W.9, is a new company formed to provide
servicing facilities for existing Walter tape recorders.
Stocks of spare parts are also held.

Decca’s chairman, Sir Edward Lewis, reports that
steady expansion in their Navigator marine business
continues and marine contracts at home and abroad
now total over 7,000. A new Decca marine service
depot has been opened in Grimsby. Hi-Fix, Decca’s
lightweight survey equipment, has now been in use in
thirty different areas throughout the world, and the
latest version of the Danish Arkas automatic pilot,
which the company has helped to develop, has already
been taken up by 30 British shipping companies. In
the civil aviation field, Decca have developed an aid
to help solve the traffic problem in the upper air space.
The system is named HARCO (Hyperbolic Area Cover-
age) and is an improvement on Standard Mark X Decca
and compatible with it.
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.range of communications equipment.

Microwave & Semiconductor Devices Ltd,, is the
title of a new British company, formed to exploit the
microwave applications of semiconductor devices. .Man-
aging director is Dr. James T. Kendall, previously with
Texas Instruments and Plessey. M.S.D. have premises
at Skimpot Trading Estate, Luton, Beds., and besides
producing varactor and mixer diodes, will also offer the
range of microwave components manufactured by Micro-
wave Associates Inc.; Burlington, Massachusetts, with
whom the company is closely associated. The range
includes waveguide components and test equipment,
magnetrons, ferrites and solid state devices. M.D.S.
executive directors are R. G. Hibberd (chief engineer),
M. S. Alderson (technical) and J. J. Tither (sales); all
three were previously with Texas Instruments.

M.LP. Repair Service.—In addition to full after-sales
service for all instruments of their own make, Measuring
Instruments (Pullin) Ltd. have expanded their repair
service to cover other manufacturers’ products and are
now able to undertake the repair and servicing of all
types of moving-coil, moving-iron and electro-
mechanical measuring instruments of both precision and
industrial grades. The Service Department is located
at 73 Avenue Road, Acton, London, W.3.

Shipton Automation are now manufacturing and
marketing the Gate telephone answering machine, fol-
lowing the acquisition of the former Gate Electronics
factory at Hemel Hempstead, Herts. Shipton have also
recently opened a new showroom centre in Africa
House, 64-78 Kingsway, London, W.C.2, to display a
Closed-circuit
television equipment by Siemens & Halske, which Ship-
ton market in this country, is also on view.

New Ferranti electronics laboratory, opened recently
at Silverknowes, Edinburgh, cost £175,000 to build and
will employ about 200 people. Approximately 35,000
sq ft of floor space is allocated to laboratories; a drawing
office; an installation bay; a development workshop; and
an administrative area.

A Scientific Instrument Centre is being built by Pye
on a site in Cambridge. C. O. Stanley, Pye group chair-
man, in his report to shareholders, stated that “the
Centre would do justice both to the standard of work
we are producing and to the expansion we hope for in
the years to come. Building has been going on for
nearly two years. The premises are only partially
occupied, but before the end of the financial year [March
31st next] we hope to have an official opening in Cam-
bridge of what will be the Scientific Instrument Centre
of the City of Cambridge.”

Gas Purification & Chemical Co. Ltd.— An unsatis-
factory trading year for the group,” says chairman D. D.
Mathieson, reviewing results for the twelve months to
June 30th, when there was a trading deficit of £14,872
against the previous year’s profit of £811,034. Dealing
with the individual companies of the group, of Grundig
(Great Britain) Ltd., he states: “This company was
expected to contribute substantially to our profits but
the trading figures are extremely disappointing and are,
in the main, responsible for the adverse results of the
Group.” .

Acrialite Ltd.—Group net profits decreased from
£159,542 for 1959/60 to £81,129 in the year to May
31st last. L. S. Hargreaves, chairman, feels that the
downward trend in profits has been halted and that the
company can look forward to raising profit levels.
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Radio & Television Trust Ltd.,, announce that the
unaudited group trading profit before providing for
taxation for the six months to September 30th last,
amounts to £191,723. This figure, which does not in-
clude any profit from Thermionic Products (Electronics),
Ltd., acquired on September 30th, compares with
£265,782 for the full year to March 31st, 1961.

British Insulated Callender’s Cables report that group
net trading profit for the first half of 1961 was
£3,321,000, an improvement of 18% over the first six
months of 1960, and of 17% over the second half of
that year. Sir William McFadzean, chairman, states
that on the basis of current figures, the indications are
that the improvement should at least have been main-
tained during the second half of 1961.

Plessey Co. Ltd.—Consolidated profit on trading
during the year to June 30th last was £3,422,659 as
compared with £4,227,597 for the preceding twelve
months. Net profit was £1,712,886 (£1,907,850).

Brush Crystal Company, of Hythe, Southampton,
manufacturers of electronic components, announces
that Treasury consent has been given to a scheme
whereby control of the company is transferred from its
major shareholder, Charterhouse Industrial Holdings,
to Clevite Corporation, of Cleveland, Ohio, U.S.A.

Solartron have received an order for three magnetic-
tape recorders which will be used by the Department
of Scientific and Industrial Research observing stations
for recording data, telemetered from instrumentation
satellites. One machine has already been delivered to
the Falkland Isles. The second machine will be used
in Singapore, and the third in association with the
Minitrack installation operated by the Radio Research
Station at Winkfield.

Telefis Eireann, the Irish television service, have
taken delivery of a mobile four-channel outside broad-
cast vehicle equipped by E.M.I. Electronics Ltd. A
microwave link has been included so that pictures can
be transmitted back to the Dublin studio from up to
50 miles away.

Kemet Solid Tantalum Capacitors are now being
marketed in the U.K. by the Kemet Division of Union
Carbide Ltd. At present these capacitors are made in
the U.S.A., but home production is planned for early
next summer at the company’s Aycliffe, Co. Durham,
factory. : ‘

Amphenol-Borg Ltd., advise that their Amphenol
Electronics Division is now located at new factory pre-
mises at Thanet Way, Tankerton, Whitstable, Kent
(Tel.: Whitstable 4345). The new development affords
three times the area of the original Burgess Hill site,
as well as room for future expansion.

British Communications Corporation, a subsidiary of
Radio & Television Trust Ltd., have moved their ad-
ministrative headquarters, development division and
sales department, from High Wycombe to Neasden
Lane, London, N.W.10 (Tel.: Dollis Hill 8511).

Gardners Radio Ltd., the transformer manufacturers
of Somerford, Christchurch, Hants, advise us of a
change of name to Gardners Transformers Ltd., as from
January Ist.

Pamphonic Reproducers Ltd., have moved from 17
Stratton Street, London, W.1, to new premises at West-
morland Road, Colindale, N.W.9 (Tel.: Colindale 7131).

1.S.B. Transmitters.—Value of an Admiralty order for
Marconi NT204 independent sideband communication
transmitters is £900,000 and not £90,000 as quoted in
the last issue.
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S.T.C. News.—Standard Telephones & Cables has
taken occupation of a 50,000 sq ft building at Monks-
town, near Belfast, to provide facilities for training fac-
tory operatives to start production on equipment called -
for under the G.P.O.s telephone development pro-
gramme. S.T.C. has also acquired the share capital
of Pheenix Internal Telephone Systems Ltd. and the
Private Telephone & Electric Co. Ltd., both previously
owned by the Pheenix Telephone & Electric Works Ltd.,
The Hyde, London, N.W.9. The S.T.C. Valve Divi-
sion advise that it is now acting as agents for the British
Isles for a range of products including travelling-wave
tubes and direct-viewing storage tubes, made by Inter-
national Telephone & Telegraph Corporation, U.S.A.

Armstrong Whitworth Equipment, of Gloucester,
have concluded an agreement with Penny & Giles, of
Christchurch, Hants, whereby A.W.E. will place their
sales and publicity organization at the disposal of the
smaller firm. A.W.E. are to market Penny & Giles’
extensive range of precision stabilisers, pressure trans-
ducers and their aircraft crash recorder throughout the
world within the Hawker Siddeley Group framework.

Microwave Instruments Ltd., a member of the Hilger
& Watts Group, is establishing a London sales office at
98 St. Pancras Way, N.W.1 (Tel.: Gulliver 5636) on
January 1st, with M. F. Collings as representative,

Tape Heads Ltd. (formerly Bradmatic Productions
Ltd. and now a member of the B.S.R. group) has moved
to High Street, Wollaston, Stourbridge, Worcs, (Tel.:
Stourbridge 6021).

OVERSEAS TRADE

U.K. exports of electrical and allied engineering pro-
ducts amounted to £238M for the first nine months of
1961, which is a record and represents a 109 increase
on the corresponding period of 1960. These figures in-
dicete an annual rate of £316M. A large increase came
from the electronics sector which rose from £50M to
£60M. The most spectacular increases were made in the
exports to the Common Market. For January-Septem-
ber 1961 a total of £34M was exported to the Common
Market countries, an increase of 459 over the January-
September period, 1960, .

Japanese Agents.—The Solartron Electronic Group
have appointed the Kyokuto Boeki Kaisha organization
of Tokyo as exclusive agents in Japan.,

Solartron have manufactured a 50-channel data logger
to meet a requirement of the Polish Electricity Genera-
ting Authority. It is designed to monitor and record
information concerning temperatures, pressures and flow.

Meters for Indonesia.—Avo, a company in the Metal
Industries Group, has been awarded a contract to
supply 1,000 Multiminor Model 2 measuring instru-
ments to Indonesia.

Marconi radio communications equipment for a trans-
mitting station near Ankara was presented by the British
Government to Turkey as part of its programme of tech-
nical assistance to member countries of the Central
Treaty Organisation.

E.M.I. Television Cameras for Poland.—Following a
successful demonstration of equipment in Warsaw earlier
this year, two E.M.I. vidicon camera channels have been

ordered on behalf of Polskie Radio, Poland.

Hong Kong’s new passenger terminal at Kai-Tak
International Airport is equipped with Pye closed-circuit
television and the public address system is by Westrex.
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Transistor Inverters: a Singie View

1-DERIVATION OF THE NEGATIVE RESISTANCE CHARACTERISTIC

THERE is nothing which gives more pleasure
to a young engineer than the devising of a new
circuit which he can call his own. You w1_ll recognize
this as a gross error, for most young engineers show
a healthy interest in wine (Chateau Burtor_l) and
music, and their passions are easily arouseq if any-
thing comes between their wine and their song.

Their training is often such as to fix in their minds’

the idea that all these circuits are, somehow, differ-
ent. Colpitts, Hartley, Meissner, Clapp, Pierce,
Cobley (0. U. T. Cobley, of course) are all ipventors
of separate oscillator circuits. No doubt this ma!kes
it easy to plan examination papers and it certainly
helps to pad out the textbooks. It may even help
to keep the patent lawyers busy although if you have

Fig. 1. Basic inverter circuit.

ever taken counsel’s opinion on a patent problem
you may wonder why they should be kept busy.

The same proliferation of elegant variations, which
is by no means confined to oscillator circuits, is
appearing among the transistor inverters. I have no
intention of listing the various types of circuits here:
I intend to do something quite different. I intend,
indeed, to examine the common ground from which
all these variants appear. It must be noted that there
is some purpose in describing the individual circuits
in detail for the benefit of circuit designers but
unless attention is concentrated on the special
design features of a particular circuit it seems to be
much easier to consider it merely as a case of a
general system. Curiously enough it is the more
elementary texts which overlook this principle
completely and reproduce what are virtually the
same generalities about each special case in turn,
thus squeezing out the really interesting information
about what makes each special case so special.

A transistor inverter is a power oscillator of some
kind, designed usually to operate at the highest
possible efficiency, without too much regard for
waveform, except so far as this is related to efficiency,
or frequency stability. Enough circuits have been
published in Wireless World for me to save myself

WIRELESS WORLD, JANUARY 1962

By THOMAS RODDAM

the trouble of drawing a typical one. In general
we can say that we shall have one or two transistors
connected as a single-stage amplifier with the load
in the collector or emitter lead and a signal fed back
with a phase reversal to the base. The feedback
to the base will be taken through a series impedance
of some kind and the base may be returned to the
emitter in some way through another impedance.

Negative Resistance Characteristic

Although the most interesting circuits are the
push-pull inverters, their essential symmetry makes
it possible for us to make a cut along the axis of
symmetry and consider only one transistor. Neglect-
ing the battery supply the basic circuit becomes thar
shown in Fig. 1 which shows a transformer feeding
back a fraction k of the signal which appears across
the load R;. Do not worry about the characteristics
of the transformer, because we are not going that
far through the circuit. All we need to consider
is the circuit shown in Fig. 2. Across CB we will
impose a Voltage — V which produces a voltage kV
across AB. As it happens, Fig. 2 is too difficult for
me and so I have made use of Thévenin’s theorem
to translate it into Fig. 3, in which we have an
input across A’B of kVZ,/(Z, + Z,) and a source
impedance of Z = Z,Z,/(Z, + Z,). Now we can
treat the transistor amplifier.

The emitter current is taken to be I, so that the
emitter stands at IR,. I propose to neglect the base
resistance and to consider the internal emitter
resistance as part of R,. Then we have a current I,

Fig. 2. Active part of the circuit
of Fig. 1.

Fig. 3. After using Thévenin’s
Theorem on Fig. 2 we can con-
sider only_this simple circuit.
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Fig. 4. Short-circuit stable negative resistance charac-
teristic with a resistive load line.
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Fig. 5. Idealized and semi- practlcal negative resistance
characteristic, looking in at CB in Fig 3.

Fig. 6.

Time-dependent load line of an LR circuit.

which we know is (1 — o) I driven through Z and
we can write

V' — IR;) = ZI, = (1 — o)ZI
or
=[Ry + (1 — )Z]I

but
V' = kVZ,/(Z, + Z,)
so that
Z Z,
v/ _~< ; ) R+ (1~ 0]
Z, + z Z.Z, ~
”k( LR”(I )ZI+ZZJ

Finally, putting Ic = ol and rearranging slightly,
V_ 17ZR, R, Z,(d — oc):|
I, k [Zza + « ™ o
You will remember that we began by imposing a
voltage —V across the terminals CB and that I, is a
consequence of this. The impedance seen when

R

13

looking in at CB will be —V/I, and this is therefore
equal to —R.

To make matters a little easier at this stage let us

take Z,—~>oc0 and Z, = R;. We then have

R=l|:112+R1(1—°‘):|
k[« o

In this case there is no doubt about it at all: R is
just an ordinary resistance and — R is a negative
resistance, as ordinary as negative resistances come.
The only thing we need to know is whether it is
short-circuit stable or open-circuit stable. There
cannot be much doubt about this because we need
to have a voltage —V across the terminals and we
cannot get that if the terminals are short-circuited.
The current/voltage characteristic is then of one
N-form shown in Fig. 4, with the turnover points
defined by positions at which the parameters have
changed sufficiently to make | R | rise to infinity.

The characteristics of negative resistance circuits
have been described before in these columns.* We
can see that if we connect a positive or conventional
resistance R across terminals C and B the total
loop impedance will bs zero and current will flow
through R. We can apply a load line to the character-
istic curve in Fig. 4 and see that if the resistance is
greater than R there are three intersection points.
For the centre one conditions are unstable but the
two extremes are stable so that in a circuit of this
kind the working point will move off to one or other
of the stable intersections.

In the simplified form we see that the turn-over
points can only be obtained by making either
k=0 or o« = 0. If we can make the system stable
at the left-hand end and then in some way cause the
intersection points to slide upwards the circuit
will be forced to snap over to the right. There are
two basic methods of achieving this result. We
can displace, and if necessary, deform, the load line
upwards or we can displace and deform the character-
istic downwards. It is not impossible that we should
do both. To get back from the right-hand stable
point we need either of two mechanisms which are
essentially similar but opposite in direction.

In the full form for R we see that we can send R
off to infinity by the means already described, making
« = 0 or k = 0, by making Z, go to zero or by making
Z, go to infinity. I think that it can be taken for
granted that if the impedance is infinite it does not
much matter whether it is resistive or reactive so
that we can send R off in a complex direction, as we
shall if either of the Z’s contains reactance, without
being too worried. The proof of this statement is
related analytically to the proof of Nyquist’s Rule.

We have talked about the negative resistance
going off to infinity, but in practice we are only
concerned with it rising (in numerical value) above
the load resistance R;. There is one more possible
mechanism for shaping the characteristic, and that
is an increase in R,. This must not be overlooked
because R, includes the internal emitter resistance
of the transistor which we know to be current-
dependent.

It might be as well at this stage to construct a
typical characteristic to replace the rather general
negative squiggle of Fig. 4. Let us take a transistor
having « = 0.9, which will make (1 — o)/o = 1/9 and
R, = 90 ohms. To get a first approximation we shall

* €“Ohm’s Luw and Negative Resistance,” by * Cathode Ray,” July
1960, p. 343.

(Continued on page 19)
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take R, =0 and k=1, which gives us R =10
ohms. We must now place the —10 ohm slope
cna V—I plot. Let us now put in the battery, which
we take to be 11 volts. If the characteristic extends
above this level the current cannot reverse, so that
(11V, 0A) is a point on the characteristic. We also
assume that when there is only 1 volt across the
transistor it bottoms sharply and below this value
the graph makes its way back to the point (0, 0).
The result is shown in Fig. 5. It does not look
like the sort of characteristic we see in real l_ife
only because of its very sharp corner. Othprwwe
it is a very typical transistor negative resistance
characteristic such as I described in these columns
for the point-type transistor, in, I think, 1953.}

At low values of current we know (from, for
example, the Mullard Reference Manual of Transis~
tor Circuits, p. 75) that the internal emitter resistance
is, roughly, 25/, ohms, where I, is in milliamps.
This will give us a slight softening of the corner
round the point (11, 0), a softening which would be
much more noticeable if we had taken k = 0.1
and R, = 9 ohms to get the same value of R. For
the example I have chosen, however, the most
significant rounding effect will come from the
reduced value of « at low currents and low voltages,
which will produce the roundings-off shown in the
dotted curve of Fig. 5.

We are all so obsessed by the idea of sinusoidal
waves and Fourier analysis that we find it very easy
to overlook one very important thing: at any instant
there is a current flowing through a reactance and
there is a voltage across it and the ratio of these
two factors is a number. Because it is not a constant
we search for a concept which will enable us to
identify the network element by a single constant,
but, for a quick look, volts/current is given a number
with a history. If we know the value of this number
for Z, and Z, we can draw a characteristic which
must be broadly similar to Fig. 5, but with a lower
slope, to represent the general expression at a
particular instant of time.

fjg. 7. Negative resistance characteristic with moving load
ine.

Fig. 8. In push-pull, Fig. 7 develops in this way.
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Fig. 9.  Near the
origin of Fig. 8 cross-
over distortion may
give a stable point.

Time, like an ever-rolling stream, must not have a
stop. Let us keep out these jw terms which can so
easily please us. For an inductance we have

V = L dI/dt
orI = Vt/L if Vis constant.
orV/I =Lt

and for capacitance
I = CdV/dt if I is constant

giving V/I = t/C.
We see that the voltage/current ratio is just a number
which depends on the length of time a situation has
existed. I have chosen the simplest conditions and
thrown away constants of integration because the
results look clearer that way. As it happens these
rather simple forms suit almost all inverter circuits.

Let us consider ‘the circuit shown as an inset in
Fig. 6. For the resistance we get a current i;= V/R

-and for the inductance a current i, = Vt/L, making

the total current I = V<% + E) . For various values

of t we can draw the characteristic shown in the main
part of the figure. This is very important and very
simple, although a small sample test I have carried
out suggests that there is initially some sort of built-in
mechanism in the mind which refuses to grasp the
meaning of the figure. Curves which can be derived
from it are familiar, however, and it may help you,
if you cannot accept it as it stands, to take V = con-
stant and plot out I as a function of t, which will have
a shape which you should recognize. You must
come to grips with Fig. 6 in the end, because it is
this moving characteristic which determines the
switching mechanism of the inverter.

For the present we shall continue to study the
simplified transistor circuit in which Z, = oo and
Z, = R, so that the value of R does not contain
any reactive elements and is therefore time-invariant.
Now we take the approximate characteristic and
apply to it a load line in the form shown in Fig. 7.
The load line is BAC and this will give us the
choice of two stable positions, B or C. Since point A
corresponds to the supply voltage the only stable
situation will be at B. Now we take the load to
consist of an inductance and a resistance in parallel.
As time passes the load line will swing round,
first to CB’ and then to CB”. When it reaches CB”
there is only one stable intersection point, C, so that
the working point must jump there.

When this happens the voltage across the induct-
ance falls to zero and the load line starts to swing
back until it is in the B’ region again. The transition
back may be, and I suspect always is, produced by
bringing C to the left of AD when only one transistor
is involved. In the push-pull case we can set up a
composite load characteristic of the form shown in
Fig. 8. Here the triggering at B”” on one side produces

+ “'Transistors ”, February-December, 1953.
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a very large shift in C and thus pulls the other side
right down to the B region. Critical examination
of the cross-over region is needed, as you can see
from the enlarged view in Fig. 9. Here there is a
stable centre point and the system may rest sym-
metrically. One of the practical design problems
is to make sure that this cannot happen.

We are getting perilously near some practical
design, something I wish to avoid until the founda-
tions are properly laid. Let us leave this for the
moment and go back to the general form for the
negative resistance. This, if you look back, contains
terms in Z, and 1/Z,. We have seen that if the
circuit elements are reactive we must regard them as
numbers which change with time. We can look more
closely and see that if Z; increases or Z, decreases
with time the effect will be to increase the value of R.
A resistive load line can now be drawn in Fig. 10
which shows the progressive movement of the
negative resistance characteristic from CB to CB’
to CB”, where a transition must take place. This is
the pattern we shall observe if Z, is capacitive and
Z, resistive or if Z; is resistive and Z, inductive.
Again we can develop a push-pull characteristic so
that triggering is always at the B end and not at the
D end.

Single-ended systems raise a problem which I feel
at the moment is too difficult for an elementary
treatment. It is this: if the starting state is at point A,
what is it that decides whether a stable state will be
sought at B or D? The answer is tied up with the
way in which the system will behave at very high
frequencies and the way it is tackled has been rele-
gated to an appendix. There is always in single-
ended systems a second mechanism, a storage
mechanism, at work. When D is reached the storage
system takes over and holds the conditions on
a drift path from D down to C and then away towards
A. Once in the neighbourhood of A the stable
condition at B will be sought.

Near the beginning of this article, when the
negative resistance characteristic first appeared, I
referred to some long-lost articles on the negative
resistance characteristics of point contact transistors.
Now we have quite a family of devices which have

Fig. 10. Load line is fixed, but the negative resistance
characteristic is time-dependent.

NEGATIVE
RESISTANCE
80X

Fig. 1. To determine the trajectories we must include a stray
cap icitance C.
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built-in, as it were, the feedback mechanism we
have been studying and which can be represented in
general terms by Fig. 4. Avalanche transistors,
tunnel diodes and silicon controlled rectifiers are
three classes which come to mind. Although I do
not propose to discuss the ways in which they
can be used for inverters it is necessary to mention
them here because in circuits used with these devices
you will often find a commutating capacitor used as
an extinguishing path. The purpose of this is to
drive the load-line sharply downwards so that there
is no intersection in the positive B region, after which
the working point swings up along the zero-current
axis to the D region. This is only a very rough
statement of what happens and is mentioned here
purely as an aside.

At this stage we can pause for recapitulation. By
leaving out everything which is not needed in a
theoretical study of inverter circuits we have reduced
the system for investigation to a fairly simple one
which turns out to produce a short-circuit stable
negative resistance facing the load. We have then
shown how a time-varying element either in the load
or the amplifier system can cause the stable working
point to be displaced in such a way that triggering
takes place and the second stable state is sought.

When we look back at the expressions for the
negative resistance we see that two of the terms
contain « while the third is Z,(1 — «)/« which we
might write as Z,/8 or Z,/o’. This term is obviously
much more dependent on the frequency character-
istics of one transistor than the other and it is worth
considering it more closely. We can write

o = og’[(1 4 jojwg)
where w,’ is the cut-off frequency in the common
emitter connection. ILet us now take Z; as made of
a parallel combination of resistance R, and capaci-
tance C;, so that Z, = R,;/(1 4 joC;R,), which
will make the term we are considering,
Z(1 — o) _ R1. 1+ jo/wy
o oy’ 1+ joCiR,.

Now we choose C, so that »,/C,R, = 1, and this
reduces to simply R;/a,. We have, in effect, moved
our frequency dependence up to the alpha cut-off
frequency, a very substantial improvement indeed.
This is a result of considerable practical importance.

We must now turn to the question of the practical
inverter circuits and examine how they are derived
from this common basis. We may also see how
unwanted effects can appear.

APPENDIX

The problem is to determine which of the two stable
points will be sought if a negative resistance system is
released at some arbitrary point in the (V, I) plane. For a
sufficiently simple example the problem is not too
intractable. If we take a very special case of the circuit
we have considered and put Zy,—o, Ry, = 0 we have
simply

R = Ry/kB = (Ry/kBy) (1 + jo/wo)

in which we now write

(Ry1/kBp) = R, and (Ry/kBywo) = L,
giving us

R =R, + joL,.

Now we take note of a very important fact: the circuit
in a transient state is only aware of the negative resistance
region of the characteristic. Although we talk of seeking
one stable point or the other this is not true, because the
stable regions are produced by characteristic non-lineari-
ties, like the cut-off, which do not influence the linear
region. Like the lemmings, the working point heads off

’
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dI_ Vo= V-RI

dt L
so that

dl _Vo—V-—R,I CR,
ANV, —V=R,I

and
Fig. 12. Trajectory
elements.
L

We can take a typical char-
acteristic like the one shown in
Fig. 12, for which V, = 10,

V, =20, R,=1and R; =4
which would be fairly repre-
sentative of a 75 watt inverter
running below full load. Then

- ~

I AV T20-(VLah) L

0 2 4 6 8 10 12 14

in the right direction until, near the corner, the changing
value of R corresponding to the rounding-off produced by
the non-linear region brings the trajectory swinging round
to converge on the stable points. For a simple analysis
we can forget about this and simply find out what happens
in the linear region: the rest is just more mathematics.
We are concerned then, with a characteristic having a

slope of —R, and passing through a point (Vo, 0), so
that it must satisfy the equation

V=Vy— R, + jeuL)I
which is better written

=V, — R,I — LdI/dt

Suppose that we are feeding this system through a load
resistance R; and there is a stray capacitance C, as shown
in Fig. 11. Then for this circuit

Vi =(1+jeCR)V +R/I

=V + R;I +CR,dV/dt.
We therefore have:
V=V, —V—-R;I
dt CR;

16 18 20!

The plane is divided into
four areas. In areas I and II
we have 10 — (V + I) positive while this term is negative
in areas III and IV. In areas I and IV the term 20 —
(V + 4I) is positive and it is negative in the other two
areas. Thus in areas I and III the value of dI/dV is
positive, while in IT and IV it is negative.

Furthermore, in crossing the line 10 — (V + I) = 0,
dI/dV goes to zero, while in crossing the line 20 —(V+4I)
= 0, dI/dV goes through infinity. We can therefore
put in the four dashed typical trajectories shown. Which
way do we travel along them? We can see this from the
expression .

dV =20 — (V + 4D
dt 4C

which is positive below the R; line. The arrows are now
added to Fig. 12. It is now apparent which stable point
will be sought, provided that you know the starting point
and follow out the trajectory. The boundary line will
depend on the values of L and C and can be identified
as passing through the junction of R; and R,. This
general principle can be applied to more complex systerms,

NATO V.L.F. STATION AT SOLWAY

TO augment the communications facilities of the North
Atlantic Treaty Organization and to ensure the greatest
possible immunity from ionospheric disturbances, work
has just started on building a high-power, very-low-
frequency (v.Lf.) radio-telegraph station on the coast of
Solway Firth, Cumberland.

The site, which is a disused airfield between the
villages of Anthorn and Cardurnock on the Solway
Firth, is particularly suitable for a v.Lf. station; it has
an area of some 700 acres at the extremity of a peninsula
in a region of fairly flat land of low resistivity and the
subsoil is capable of supporting heavy mast loadings
without undue difficulty.

The transmitter will be located at the centre of the
site, and the aerial, which will consist of six radial
rhombic-shaped sections suspended from thirteen masts
600-740 ft high, will cover practically the whole site.
This arrangement of the aerial will enable each section
o be lowered to the ground for maintenance without
fouling mast stays or any other obstructions. The aerial
will be built of cadmium-copper conductors about one
inch in diameter, to enable it to withstand the working
voltage (120 kV) without perceptible corona under ad-
verse weather conditions, and also to be strong enough
to support a heavy coating of ice. Should the ice load-
ing on the conductors increase beyond the designed
maximum value, halyard-tension-limiting gear will
cause the winches to lower the aerial and prevent the
conductors and supporting structures being overstressed.

WIRELESS WORLD, JANUARY 1962

The aerial will be tuned by a fixed helical inductor in
series with a variometer. The latter will be automatically
controlled to compensate for variations in aerial capaci-
tance due to weather effects. These inductors will be
accommodated in a copper-lined room in the transmitter
building and the lead-out to the aerial will be taken via a
large bushing in the roof of the inductor room. An
aerial circuit efficiency of 30% is expected.

The transmitter will comprise a 50 mW drive stage
followed by five stages of amplification, and at its nor-
mal working frequency of 19 kc/s it will be capable of
delivering a peak power of 500 kW into the aerial. A
frequency stability within 1 part in 10° has been speci-
fied.

The transmitter will be capable of keying speeds up
to 45.5 bauds using Al modulation.

The power supply will normally be taken from the
mains, but two 600-kW emergency generators will be
provided, each of which will be so connected as to supply
one half of the transmitter and the miscellaneous loads.

Competitive bidding by member countries of NATO
to a specification issued by the Post Office has resulted
in the contract for the design and provision of this
station being placed with Continental Electronics Sys-
tems Inc. of Dallas, Texas, whose British associates are
Redifon Ltd. Under sub-contracts, the masts and aerials
will be supplied and erected by British Insulated Cal-
lender’s Construction Co. Ltd. and the power plant by
English Electric Co. Ltd.
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AT THE POINT OF CONTACT There are high back resist-
ance types among G.E.C’s subminiature point contact diodes,
too. But, even more to the point, there are devices for any applic-
ation from crystal detectors to very high speed switching diodes.

SEMICONDUCTORS

WRITE FOR FULL DETAILS TO: THE GENERAL ELECTRIC COMPANY LIMITED - SEMICONDUCTOR DIVISION
BROADSTONE WORKS * REDDISH + STOCKPORT * CHESHIRE .
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Collectors Upwards or

Positive Upwards?

THE subject of transistor graphical symbols and
transistor circuit diagram drawing has aroused much
controversy." * *

Like all my colleagues in the Circuits Research
Division at R.R.E., I have favoured, ever since start-
ing work on transistor circuits, the symbol shown in
Fig. 1(a) for an ordinary p-n-p junction transistor.
The symbol shown at (b), originally devised to re-
present a point-contact transistor, seems to me to
be quite inappropriate for a junction transistor. I
feel strongly that a good symbol should bear as direct
a relationship to the nature of the device it repre-
sents as is consistent with simplicity. Symbol (a)
satisfies this requirement well—it represents a thin
slice of semiconductor material with an emitter on
one side and a collector on the other; (b) does not
do this.

At the moment the official British Interservices
symbol for a p-n-p junction transistor is that shown
in Fig. 1(c). I have no quarrel with this, except
that the sloping lines seem to be an unnecessary
elaboration and make the symbol considerably more
trouble to draw.

Unfortunately there seems to be a very large trend
throughout most of the world towards symbol (b);
I think this is regrettable, and personally I shall
continue to use symbol (a).

Two Schools of Thought

However, the main concern in this article is not
transistor symbols as such, but the issue of whether
or not one should always draw a transistor circuit
diagram with the most positive supply line at the
top and the most negative at the bottom. This is,
I feel, a much more important issue than that of
the transistor symbol itself. There are two schools
of thought:— .

(a) The school which maintains that transistor cir-
cuits should be drawn so that they resemble as
closely as possible their valve counterparts.
Since most valve circuits have been drawn with
the earth line along the bottom and the anodes
at the top of the valve symbols, this school
chooses, for example, to draw a simple two-
stage amplifier using p-n-p transistors in the
manner shown in Fig. 2. This makes it look
superficially like the valve amplifier of Fig. 3.

With n-p-n transistors .it would be arranged

as in Fig. 4.

(b) The school of thought (to which I belong)
which says one should always have the most
positive supply line at the top and the most
negative at the bottom. This school would
draw the two-stage amplifier with p-n-p tran-
sistors as in Fig. 5. This has the appear-
ance of being upside down compared with a

* Royal Radar Establishment.
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By P. J. BAXANDALL,* B.Sc.(Eng.)

valve circuit and may well give an initial im-
pression of unfamiliarity to some people. Why,
then, do I favour drawing it in this way?

In Support of “ Positive Up »

If simple amplifier applications such as that in
the above example were the only ones to which
transistors were applied, I might possibly be tempted

e | e e
b b b
[+ ¢ ¢
(2) (b) (<)

Fig. 1. Some transistor symbols in common use.
% % o—6V
— —i— %—ﬂ-—-
AR
4 \js d
INPUT ouTPUT

REIER

Fig. 2. Simple two-stage transistor amplifier with p-n-p
transistors.

0+200V
— —
o
| ouTPUT
INPUT b
] T LiT .

N

Fig. 3. Valve equivalent to circuit of Fig. 2.
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to agree with the Fig. 2 school of thought. However,
the really decisive argument in favour of drawing
circuits with the positive line at the top arises, in
my opinion, when one comes to consider non-linear
circuits, such as time-bases, blocking oscillators, tele-
vision pattern generators, €tc.

Leaving aside such complex-waveform circuits for
the moment, it is worth pointing out that, even in
the field of linear amplifiers, difficulties can arise if
one does not adopt the positive-upwards philosophy.
Thus, consider the circuit shown in Fig. 6, which is
part of an amplifier I designed some time ago. The
special feature is the use of an n-p-n emitter-fol-
lower stage, the earlier stages employing p-n-p
transistors. By this means, with simple direct coup-
ling between the stages shown, one can get the major
portion of the supply voltage across the load
resistors of both stages, thereby minimizing har-
monic distortion and increasing the available output
into a fairly low impedance load. Since the ampli-
fier has 50 dB of feedback, it was desirable, in the
interests of stability, to avoid an a.c. coupling be-
tween the stages.

When confronted with a circuit such as this,

school (a) must decide whether the rule is simply
that the earth line must be drawn at the bottom, or
whether it is that the collectors must be drawn upper-
most. If the former, then the decision will just be
to draw Fig. 6 the other way up. If the latter rule
is to apply, then a difficulty arises, since, whichever
way up the circuit is drawn, one or other of the
transistors will be the wrong way up. A possible

:

> >

T L

<

REIREIS

RS

. Fig. 4_._ B »Circuit of Fig. 2, but with n-p-n transistors.

—0 16V

T : S
INPUT /:' - f l/:', OUT:UT
L ’i NVAR RN
R B

Fig. 5. Circuit of Fig.. 2 redrawn with ** positive up.”
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solution is shown in Fig. 7, but is hardly elegant,
I feel.

Consider now the circuit shown in Fig. 8—a two-
stage amplifier consisting of a common-emitter stage
feeding an emitter follower. The unconventional
feature is that the emitter bypass capacitor, instead
of being connected, as in normal practice, across the
emitter resistor, is connected as shown. This
arrangement, first proposed, as far as I know, by
K. Holford of Mullard, Ltd.,* has very real advan-
tages in some circumstances—one capacitor is made
to provide a measure of supply decoupling as well
as functioning as an emitted bypass capacitor. (I
have used this principle in various circuit designs,
described in the Journal of the British Sound Re-
cording Association, November, 1961, and I am left
with the feeling that it is a scheme we ought to have
thought of years ago but did not!)

Would school (a) draw the circuit as in Fig. 8,
which follows the rule that the earth line should
be along the bottom, or would they invert the cir-
cuit, thereby satisfying the “collectors uppermost”
rule but moving the earth line up to the top?

The above may, perhaps, have made some mem-
bers of the “other school” feel that their case is
not quite as straightforward as they had imagined
—maybe not. However, as already stated, the really
strong case for having the positive line at the top
arises, in my view, when one considers non-linear
waveform circuits.

Now a special attitude of mind is required in
order to be good at non-linear waveform circuit
work—a rather similar attitude to that possessed by
the ingenious mechanical engineer who can
rapidly and intuitively fathom out how complicated
mechanisms work and how to adjust them correctly
or modify their design.

In thinking about the functioning of non-linear
waveform circuits, either as a designer or merely
for the purpose of understanding some existing
circuit, one is forever thinking about “ points moving
up or down in potential,” and one really does men-
tally visualize these effects as up or down movements
while looking at the circuit diagram. The plain
fact is that unless one has the positive supply line at
the top and the negative at the bottom, one will be
frequently confronted with the situation that if the
potential of a point on the circuit moves nearer to
the potential at the top of the circuit, then this will
be represented as a downward movement on the
waveform and will appear as a downward movement
on any normal oscilloscope.

The convention of plotting graphs on a “positive
upwards, negative downwards” basis is much older
than the science of electronics, and is almost, if not
quite, universally accepted. Since no reasonable
person would, I imagine, suggest changing this con-
vention, the only sensible way to draw circuit dia-
grams seems to me to be the positive-upwards one,
so that the movements one visualizes when looking at
the diagram are in the same direction as on the cor-
responding waveforms, and one does not have to
keep doing a mental inversion. The argument about
it being desirable for transistor circuits to look super-
ficially like valve circuits is, I suggest, of quite
trivial importance compared with this argument.

On looking at some part of a new waveform cir-
cuit, whether it uses valves, transistor, relays or any
other active devices of the future, one is likely, before

WiIRELESS WORLD, JANUARY 1962
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o +45V

oUTPUT

f‘ o
\

NPUT Y
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r»——lH
FEEDBACK 4 o=i2Y

Fig. 6. Direct-coupled amplifier with p-n-p and n-p-n tran-
sistors. )

o -2V
INPUT . f
( \],
3
ouTPUT
i L
) L E o +45V

FEEDBACK

fig. 7. Circuit of Fig. 6 redrawn with *‘ collectors up.”

long, to say to oneself (see Fig. 9) “what happens
to the voltage at the point P when the active device is
turned on?” Before deciding whether it will go
positive or go negative, one has to digress to consider
whether the top supply line is positive or negative to
the bottom one; and if the top one is negative, one
has, in effect, to say to oneself “when the device
comes on, P will move down to earth, but this will
appear as an upward movement on the waveform.”
If, on the other hand, one sticks to having the
positive line at the top and the negative at the bottom
in all diagrams, then one never has to digress in this
manner to consider the supply polarity—one knows
it will always be such that the movements one visual-
1zes on the diagram will coincide with those seen on
the waveform.
. Some people have said that since supply polarity
is largely a mere practical detail it should not be
allowed to influence the drawing of the circuit dia-
gram any more than necessary, and that always
ha\{ing the collectors uppermost achieves this aim. I
maintain that the way to keep supply polarity details
as far into the background as possible is to adopt the
positive-upwards convention in all circuit diagrams.
This produces, in my opinion, a far closer unification

WIRELESS WORLD, JANUARY. 1962

+6V

- +—
INPUT /:' '_—l

TP

1i i1 L.
-

Fig. 8. Amplifier with common-emitter stage feeding an
emitter-follower.

of circuits of all types than does the collectors-
upwards convention.

In the Circuits Research Division at R.R.E,, in the
days of valve circuits, we were always careful to draw
the most positive supply line at the top of a diagram
and the most negative at the bottom, in order to
facilitate thinking abour waveforms. It seemed
obvious to all of us that we would continue doing
this when transistors arrived. I must confess that I
often find it worth while redrawing diagrams in pub-
lished articles, when not drawn on the positive-
upwards basis, before thinking in detail ubout how
the circuits work.

Of course, it may be argued that the point of view
I have been taking is only important in non-linear
waveform circuits, and that ordinary amplifier cir-
cuits could equally well, or even preferably, be
drawn on a collectors-uppermost basis.

My view is that, since I think there is an over-
whelming case in favour of positive-uppermost dia-
grams for non-linear waveform circuits, one had
better be consistent and use this same convention
for all circuits—otherwise awkward situations will
arise when non-linear circuits and linear amplifiers
appear on the same diagram, or in borderline cases
when it is not obvious whether a particular circuit
should be put in one class or the other.

Even in an amplifier circuit, where one is usually
thinking in terms of small-signal amplitudes, loop
gain, etc., occasions can arise when one may think
more along the lines of waveform circuitry; when, for
example, one is trying to reason out why, on over-
loading the amplifier, an unexpected type of distor-
tion appears on the waveform.

I suspect that the strongest opposition to the posf-

Fig. 9.
circuit,

Simple switching I SWITCHING

/ DEVICE
/

sk
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— -45V
4oV
R 0
R
+9V
—C
-—--0
(EARTH)
. EMITTER VOLTAGE
WAVEFORM
—— —2:25V
_______________ 0
( EARTH)
—— =45V

COLLECTOR VOLTAGE WAVEFORM
( GREATLY EXPANDED TIME SCALE)

Fig. 10. Simple sawtooth generator circuit drawn to both
conventions, and suggested as an exercise in correlation with
waveforms.

tive-upwards scheme will come from people whose
association with transistor circuits is mainly as users,
and who seldom have occasion to consider in much
detail what happens inside the circuit blocks. But
should we base our circuit-drawing conventions on

the views of people who are not experts on the
circuits themselves?

I am convinced that by adopting the positive-up-
wards convention we shall, in the long run, make it
easier for people, even those employed in quite a
junior capacity, to think clearly about how circuits
work—it may even increase the likelihood of bright
new ideas occurring!

Try it Yourself

In conclusion, Fig. 10 shows the circuit of a simple
but very satisfactory sawtooth generating circuit.
The same circuit has been drawn in two different
ways, according to the ideas discussed in this article.
I invite readers to reason out for themselves just why
the waveforms are as shown, first using one version
of the diagram and then the other. (It will be suffici-
ently accurate for the present purpose to regard the
transistor as a simple switching device, which is an
open circuit when point P is positive to the emitter
and a short circuit, i.e. “ bottomed,” when the point
P is negative to the emitter. In the latter state, all
three transistor electrodes may be regarded as being,
nearly enough, at the same potential. In the practi-
cal circuit, the resistor shown in the base lead may be
omitted, the parameter Fup of the transistor func-
tioning in place of it. A typical value would be 100
ohms, so that quite a large base current flows during
most of the time the transistor is on.)

How would you draw the circuit if an n-p-n
transistor were used?
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Ray,” Wireless World, April, 1957.
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SHORT-WAVE CONDITIONS

Prediction for January
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THE full-line curves indicate the highest frequencies
likely to be usable at any time of the day or night for
reliable communications over four long-distance paths
from this country during January.

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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eessssssss FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE
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~——————  FREQUENCY BELOW WHICH 'COMMUNICATION SHOULD BE POSSIBLE
ON ALL UNDISTURBED DAYS
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FUNDAMENTALS OF FEEDBACK DESIGN

1.—THE FEEDBACK CONCEPT

AN engineer’s life can be regarded as being
concerned with two aspects of his problems. There
are, however, several different ways in which the cut
can be made. He is concerned with both the idea
and the hardware, the theoretical system and its
realization: he is concerned with passive network
elements and active network elements: he is largely
engaged by the distinction between the ideal element
and its practical, non-ideal, form. He may also be
convinced that the numerate need not be illiterate
although the literate are too often innumerate. It may
not be surprising that the reproduction rate of engi-
neers is low.

Active devices are at the very heart of engineering.
The network theorist may consider this to be the
rankest heresy, but there is no network which will
respond to a lump of coal: network theory can only
be a way of establishing rules for connecting or
applying active devices. The superior look of the
mathematician turned engineer must not be allowed
to discourage the more practical man who knows that
he is working to enable coal from Newcastle to
produce sound in Southampton or to print informa-
tion in Pimlico. There was a tutor of Peterhouse
who held that the only career for a gentleman was to
enter the Diplomatic: politics, which might bring
you to be Foreign Secretary, was quite unsuitable.
Consider for a moment whether the Second Law
of Thermodynamics does not apply in an embassy
(Gresham’s Law is leading to the disappearance
of legations).

Active elements suffer from the very serious defect
that they are so imperfect. Passive elements are also
imperfect, but their imperfection can be regarded as
simple and uniform whereas all active elements differ
to some extent from each other and change both with
time and with excitation. It is tempting to suggest
that they must be treated only by statistical methods,
but the practical engineer knows that he cannot tell
a user that he has a 90 % chance that the system will
work: that attitude is reserved for the motor industry.

A Slow Start

James Watt is usually regarded as the first person
to come to grips with this troublesome characteristic
of active devices. His device, the steam engine, must
have had parameters depending very sensitively on
the stoking history while the user demanded a
constant speed. The invention of the governor
represents the first conscious use of the feedback
principle which is the subject of this study. Applica-
tions in our own field were limited and on a rather
ad hoc basis until the publication of H. S. Black’s
paper in the January 1934 issues of the Bell System
Technical Journal and Electrical Engineering, and the
general acceptance of the feedback principle then
took a time which now seems to have been incredibly
long. Systematic analysis based on the concept of
closed feedback loops can liberate us from the most

WIRELESS WORLD, JANUARY 1962

By G. EDWIN

serious limitations of active devices; we see the
appearance of close tolerance unit circuits as the
basic step towards the mass production of systems,
just as accurate machining was the basic step towards
the interchangeability needed for mass production
of machine guns and motor cars.

Feedback theory is essentially a practical study.
Just as the playwright is concerned with the broken
personal relationship and the probation officer is
concerned with the broken social relationship, so
the feedback designer is concerned with the defects
which impede him in the realization of a design.
The end of his road must be a happy ending with a
piece of hardware functioning reliably: this is true
even when the hardware is simple. Without a really
full study of the literature it is impossible to be
certain, but a rather cursory search suggests that
between the few pages in the handbook and the
full dress volume treating the most complex systems
there is a gap where many engineers are left to
struggle on their own. ‘

Any study of feedback principles begins with the
same diagram, shown here as Fig. 1. It consists of
two portions, the forward path, which is usually the

Fig. 1. Basic feed-
back diagram.

amplifier and which has a gain, however defined,
of p times, and the feedback path which has a gain
of B, usually less than unity. The actual input to
the forward path is obtained by combining the
system input with the output from the feedback
path, and the usual convention is that this should be
an addition. The arithmetic of this system is easily
performed. Unit input to the amplifier produces a
system output p and this results in an output from
the feedback path of pp. The system input is such
that when pg is added to it we get unity, and is thus
(1—pB). The overall gain of the system is thus
output/input = p/(1—pp). Let us call this p;. We
can now consider some of the significance of this.
In general all the active elements will be in the
amplifier p, and B will be a purely passive system.
(p and B are used as names as well as for the charac-
teristics of the boxes bearing these names.)
Although p is a varying, distortion-producing unit,
the passive system B can be regarded as almost free
of these defects. What happens if p changes? We

have:—
py = p/(1—pp)
so that dp/dp = 1/(1—pB)?
or, Bpy 1 B
vy 1—pp p

This means that if ;1 changes by some fraction 3u/u
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NEW FRAME-GRID CASCODE AMPLIFIER

MAZDA 30L17

The 30L17 is a high gain low noise double triode valve of
frame grid construction designed for use as a cascode RF stage
in VHF television tuners.

Excellent stability with high gain has been achieved by giving
considerable attention to the arrangement of internal screening
and connections. Each section of the valve has a slope of 15
mA/volt at an anode current of 15 mA and the variable-mu
characteristic results in good signal handling with low cross-
modulation.

Compared with the 30L15 at 200 Mc/s a gain improvement
of about 5 dB with a tuner noise factor of 6 dB is possible.

Heater Current (amps) In 0.3
Heater Voltage (volts) Vh 7.2

MAXIMUM DESIGN CENTRE RATINGS

Anode Dissipation, either section (watts) Pa(max) 1.6
Anode Current, per section (mA) amax) 1
Anode Voltage (volts) - Vamax)y 150
Negative Grid Voltage (volts) g(max) —50
Grid to Cathode Resistance, section 1 (MQ) 1

Grid to Cathode Resistance, section 2 (k) 22%
Effective Grid to Earth Resistance, section 2(kQ) 150+
*Grid current bias.

1With potentiometer bias from HT line.

INTER-ELECTRODE CAPACITANCES} (PF)
Input as Cascode Cin 4.3
Output as Cascode Cout 3.1
Anode’ to Cathode’, Heater, Shield Ca=k bhys 1.8
R 6.6
1.5

Cathode’” to Grid’’, Heater, Shield Cx’ =g snys
Anode’ to Grid’ Ca I-g/ .
Anode’’ to Cathode’’ Ca’ k"’ .18
Anode’ to Anode”’ Ca'~a’’ .002
Grid’ to Anode”’ cg’-a"’ .0025

$Measured in fully shielded pocket, with cylindrical screening can.

CHARACTERISTICS (EACH SECTION)
Anode Voltage (volts)

Anode Current (mA) 15

Mutual Conductance (mA/V) 16.5

Approximate Grid Voltage to give gm = —6
165 uA/V (volts)

TYPICAL CASCODE OPERATION
Grid current bias circuit, as shown below.

Anode supply voltage (volts) 200
Anode decoupling resistor, section 2 (kQ) 3.9
Grid current bias resistor, section 1 (kQ) 560
Anode current (mA) 15

Combined mutual conductance (dia/4vgl) (mA/V) 18.3
Approximate bias voltage to give combined

mutual conductance 100 : 1 reduction (volts) —8.2

Typical Circuit With Valve Section 1,
Grid Current Bias

+200V

gloom £ 10%

3.9kn £10%

cI; 104D |
I3
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f ——— ! <
[3
18%- - ¢=DECOUPLING
560ka T ¢ CAPACITORS
77
= AG.C.

Mounting Position: Unrestricted
Base: B9A (Noval)

Connections:
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VIEW OF FREE END X
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L% operation this pin must be earthed through @ CC’IPGC“OI‘
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MAXIMUM DIMENSIONS (mm)

Overall length R 56
Seated Height 49
Diameter 22.2
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MAz DA COMMERCIAL DIVISION 1ss Chariné Cross Road, London, WC2 Telephone: GERrard 9797
———

E@HS EXPORT DIVISION Thon _House, Upper St Martin's Lane, WC2 Teléx: 21521 Thorn London

THORN-AEI! RADIO VALVES & TUBES LTD
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

““Over the Hump”

I VENTURE to doubt whether Marconi’s historic feat
of 1901 in getting signals across the Atlantic in daylight
can be fully explained by the favourable propagation
conditions then existing.

When the next sunspot minimum period came in 1912
radio communication was still predominantly by means
of spark transmitters
though techniques had been greatly refined.. Night-time
ranges of 2,000 miles were not uncommon but, in spite
of improvements, there appears to be no record of
daylight communication during the period at such
distances on frequencies of the order theught to have
been used by Marconi in the original experiments. Esti-
mates vary, but the frequency is generally given as
something well above 100kc/s.

It seems plausible to suggest that the frequency actu-
ally used may have been much lower; perhaps as low
as 45-50kc/s, a value used very successfully during the
1912 sunspot minimum for the Clifden-Glace Bay trans-

atlantic circuit.
Chichester. H. F. SMITH.

Electronic Ignition

A FEW weeks ago the motoring journals carried a brief
description of an electronic ignition system, using tran-
sistors, developed by Joseph Lucas Ltd. Reduced to its
essentials, the system comprised a high-power blocking
oscillator (the spark generator), triggered by a pulse-
shaping amplifier. The timing pulse was generated
electromagnetically by a small transducer having one
fixed element (e.g., a coil on a magnetic core) and one
moving element (a magnet or magnetic yoke) carried
on the engine flywheel.

It occurred to the writer that an alternative approach
might be to employ a silicon-controlled rectifier, (SCR),
in a pulse circuit of the type used in the modulator stage
of some of the older types of radar transmitters, or that
used more recently for spark machining of hard
materials. In principle, a capacitor is charged through
a high resistance from a d.c. source and is then dis-

- charged, by means of an electronic switch, through the
load, which may be the primary winding of a pulse
transformer.

The idea was tested in the arrangement shown in
Fig. 1. The capacitor C is charged from a high-voltage
d.c. source through the resistance R and the primary

UNIJUNCTION TYPE 2G5B OR 4JD5AIl
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5
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winding of a standard 12-volt oil-filled ignition coil.
On firing the controlled rectifier by means of a short
positive gating pulse, the capacitor is discharged
through the SCR and the primary winding of the
ignition coil, producing a spark in the secondary circuit

The controlled rectifier ceases to conduct when the
discharge current through it falls below some critical
value or when the voltage across it is reversed or re-
duced to zero. It will not conduct again until a new
firing pulse is applied to its gate electrode. The
capacitor discharge tends to be oscillatory since it takes
place through an LCR series circuit and in practice the
SCR appears to cut off reliably at the end of the forward
half-cycle of the discharge current, provided only that
the firing pulse is of very short duration.

For test purposes a silicon unijunction device makes
a convenient pulse generator. Suitable types include
the (American) General Electric units 2G5B or 4JD5Al.
Referring to Fig. 1, the 1uF capacitor is charged
through a 10kQ resistance. When the capacitor voltage
reaches a critical value the device fires and a brief
current pulse is drawn from the 6-12V supply. This
develops a corresponding voltage across the 150Q load
resistance which is in the gate circuit of the controlled
rectifier. With the component values shown the pulse
repetition frequency is about 400c/s. This spark fre-
quency corresponds to the requirements of a 6-cylinder
engine running at 8,000 r.p.m. or a 4-cylinder motor
turning at 12,000 r.p.m. Although high, these figures
are nowhere near the limiting switching speed of a con-
trolled rectifier, which could easily run a 16-cylinder
engine at over 12,000 r.p.m. With a pulse frequency
of 400c/s the circuit of Fig. 1 draws 5mA from a
100-V supply when the h.t. spark gap is set to § inch.
If a sparking plug is used instead of a pointed wire gap,
the current rises to 10mA, presumably because of a
heavier discharge current. With a 150-V d.c. supply
a very intense spark is produced. A conventional car
radio h.t. supply would provide this high-voltage d.c.
supply with little risk of overloading since the current
drawn is quite small. Alternatively a low-power tran-
sistor inverter could be used in conjunction with a simple
rectifier-filter system.

Running tests on an actual engine have not been
made, but it should not be difficult to modify a standard
ignition system to test the principle. A possible arrange-
ment is shown in Fig. 2. Here the normal contact
breaker is used to generate a firing pulse by using it
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FORMANTS

[F you are interested in sound reproduction—and
“most readers of Wireless World seem to be—your
thirst for knowledge is likely to face you, sooner
or later, with the word formant. If your experience
is anything like mine, your encounters with it may
be somewhat confusing. Perhaps I have failed to
find the clear and informative definition that exists
somewhere. Or perhaps there just isn’t one. Any-
way, the impression I gained was of something
rather complicated and mysterious, when in fact
it seems to be quite simple.

Come to think of it, when is a thing simple? I
suppose, when one happens to know it. That makes
all the difference. The obvious has been defined
as something one learnt yesterday. Human nature
being what it is, one then tends to look down on
those who won’t know it until tomorrow. Not long
ago, if a “ What do you know? ” team had failed to
give the atomic weight of a radioactive isotope of
strontium, they would have had every sympathy,
but nowadays even Members of Parliament might
deride such ignorance, for is it not mentioned almost
daily in the House whenever there is a fall-out
scare?

Similarly, people who don’t happen to have been
brought up on radio are not necessarily morons
because they look blank when one says that for-
mants are just local resonances causing peaks in
the frequency characteristic. To us, that may be
all that need be said. (For fear it isn’t, I’'m going
to say quite a lot more!) We enjoy special know-
ledge that can be drawn upon to explain an analo-
gous effect, whereas others must start from scratch
and may well find the unfamiliar subject hard to
grasp. I suspect that some of those who wrote
about formants in their books hadn’t really grasped
it when they did so.

If sounds of certain frequencies are unduly accen-
tuated by equipment such as loudspeakers, micro-
phones, pickups and amplifiers, we ascribe it to
resonances—and try to get rid of them. Why have
a different word for the same thing in musical in-

struments ‘and the human voice? One reason, pre-.

sumably, is that in musical and even acoustical
circles “resonance” means something different—
more like what we call “reverberation.” Another
reason, perhaps, is that in general our resonances
are undesirable, whereas resonances in musical in-
struments may be helpful, and in speaking are ab-
solutely essential. But the basic distinction, surely,
is that musical instruments and people actually
produce the sounds, whereas our equipment just
passes them on. A sound producer is entitled to
some control over the shapes of its sounds, whereas
a reproducer is expected to say what it’s told with-
out addition, subtraction or modification.

A moving-coil loudspeaker is a mechanical device
having mass and stiffness and therefore a natural
frequency of resonance, usually in the region 40-
100c/s. The effect of this is to emphasize all sounds
at that frequency, as we well know. So we try to
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By ‘“CATHODE RAY”

damp the resonance out as much as possible, by
such means as negative feedback. The air enclosed
in the cabinet resonates at certain frequencies deter-
mined by its dimensions, and there again the idea
is to damp the resonances out by lining the en-
closure with sound-absorbing materials.

Musical instruments consist essentially of
stretched strings or air enclosures having definite
natural frequencies, and they are played by hitting
or plucking or blowing into them in such a way
as to set up transient or continuous oscillation at
one or more of those frequencies. Just as with our
electrical oscillators, there is some output at exact
multiples of the fundamental frequency—in one
word, harmonics. The characteristic quality or
timbre of the particular instrument is due mainly
to its harmonic structure. With some instruments,
such as the oboe, the harmonics are actually
stronger than the fundamental. Fortunately our
sense of hearing is so arranged that we automati-
cally identify the fundamental frequency, even if
it is entirely absent! Another interesting feature
of hearing is that if the harmonics of a continuous
note are phase-shifted relatively to one another, it
makes no difference to the sound as heard, even
though the waveform may thereby be altered dras-
tically. It is only the relative amplitudes of the
harmonics that count.

Musicians’ Tone Control

Even in a single instrument the harmonic struc-
ture may vary considerably with the pitch of the
note played, and with its loudness and (in stringed
instruments, for example) exactly where it is
attacked. Some instruments played at the extremes
of their frequency ranges can be quite difficult to
identify. But on the whole each type of instrument
has a recognizable tone quality due to the relative
amplitudes of its harmonics.

Bowed string tone, for example. But while a
violin and a viola both produce such tone, it is not
exactly the same tone even when they play the
same note. That is where formants come in. The
sounds produced by bowing the strings are con-
siderably amplified by the bodies of the instru-
ments, which are forced into vibration. The bodies
have natural resonances which amplify some fre-
quencies more than others. Because a viola is
larger than a violin, its resonances are lower pitched,
so its sounds are somewhat different, rather as the
sounds from various loudspeakers reproducing the
same programme are different. (But whereas a
composer can get the effect he wants by choosing
to score a tune for a viola rather than a viclin, the
effect produced by a loudspeaker “formant” is
inflicted on all his music, willy nilly!)

The important point is that the frequencies
affected by a formant are the same, no matter what
the frequency of the note played. So its effect on
the harmonic structure depends on the note.
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Suppose the nature of some unspecified instru-
ment without formants is to generate a full train of
harmonics declining steadily with amplitude, as
shown in Fig. 1(a) for a note of 500 c/s and for one
an octave lower (250 c/s). Next, suppose it has
a formant in the region of 2,200 c/s, shown as a
dotted resonance curve. Below, at (b), are the rela-
tive amplitudes as modified by this formant. Whereas
the high note has its fourth and fifth harmonics
brought into prominence, these are relatively weak
in the low note, which is likely to sound rather harsh
on account of the emphasized upper harmonics.
Incidentally, the writers I criticized earlier include
those who say, or at least convey the impression,
that such an instrument produces tones in the
region of 2,200 c/s, unrelated to the frequencies of
the notes played. In fact, of course, formants don’t
produce sounds; they only modify those produced
by other means.

One can guess that favoured musical instruments
are unlikely to have formants in the shape of
prominent isolated peaks.* Such peaks would tend
to make the tone quality of an instrument vary too
much from note to note in the musical scale. The
human voice is quite a different matter, even if we
leave consonants out of account and consider only
vowels, which are comparable with sustainable
musical tones. Although the English alphabet has
only five vowels, the English language has at least
fifteen different vowel sounds that are readily dis-
tinguishable when spoken by a competent voice at
any reasonable pitch. How 1s this possible? What
is the essential difference between the varjous vowel
sounds?

Ey uttering sustained vowels one can easily check
that what one does to change from one to another
is to alter the shape and size of the space inside
the mouth. To say “ah” one has to open it up
and bring the tongue well forward—which is why
the doctor tells you to do this when he wants to

* <« Fayoured by whom? ” the younger readers may ask;
« Squares? ’ The question is, perhaps, pertinent, since it would
hardly be true to suggest that the role of formants is inconspicuous
in certain jazz instruments.
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look at the throat. For “ee” one has to reduce
the opening and push the tongue back.

The basic sound of any vowel is generated by
modulating the air stream coming up through the
throat by vibrating the vocal cords at the frequency
needed to pitch the desired note. As in a musical
instrument, this sound contains numerous harmonics
of the fundamental frequency. The relative ampli-
tudes of these are modified by the resonances of
the semi-enclosed spaces in the mouth before they
emerge into the open air. (I would call them—in
radio parlance—cavity resonances if this were not
liable to suggest dental decay.) There is sometimes
an alternative route through the nose, which has its
own characteristic resonances. If this is blocked
by a cold, or by pinching the nose, it causes a char-
acteristic change in the voice, commonly described
as nasal or “talking through the nose,” though it
is the precise opposite of that.

The interesting thing is that the particular vowel
uttered depends only on the frequency or frequen-
cies of these formants, which are roughly constant
for all individuals and all frequencies of the vocal
sound. Fig. 2 shows those corresponding to the
principal vowel sounds. One series has a single
prominent hump; the other, two. Recent investiga-
tors say that there are really three vowel formants,
but one or two of these are less noticeable.

That altering the formant frequencies alters the
vowel sounds can be demonstrated by playing
recorded speech at the wrong frequency. Playing
at half speed lowers the tones an octave, as well
as halving the speed of utterance; but the vowels,
too, are altered, so the result is not the same as the
original speaker intoning an octave lower and half
as fast.

Another consequence of the formant mechanism
is that “0o,” which has a low formant frequency,
is harder to sing on a high note than “ah,” and
when it is done the result doesn’t sound a very good
“00.” This is one reason against singing a trans-
lated version of a song. A reputable composer would

(Continued on page 33)
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Fig. 2. Vowel formants, as measured by D. C. Miller (The Science of Musical Sounds).

instinctively avoid awkward combinations of pitch
and vowel sound, but it would be asking rather a
lot of a translater to expect him to find words to
comply with this requirement as well as make sense
and fit the metre.

You may be wondering about whispered speech.
The difference with this is that the vocal cords are
inoperative, so the stream of air is unmodulated
at any frequency. Instead, it generates a sort of
“white noise ”—containing all frequencies at ran-
dom. The relative strengths of these are modified
by the mouth formants, just as if they were an
infinite train of harmonics; and so distinctive vowel
sounds are produced. But if you try to alter the
pitch of a whispered vowel sound you find you
cannot without altering the vowel too, for the
formant frequencies are the only variable ones. You
can, however, whisper a tune, so long as you aban-
don the words. It is easiest done by generating a
strong white noise—between a “h” and a “sh”—
and varying the size of the mouth space so as.to
make it resonate at the appropriate frequencies. The
semi-consonant noise tends to drown the varying
vowel sounds corresponding to these frequencies,
which would otherwise tend to divert attention from
the varying pitch.

Transient white noise can be generated by click-
ing or tapping, and this is used instead of breath
by those irritating people who tap on their teeth
with a pencil while varying the size of their mouth
cavity to resonate with the notes of a tune.

Turning from this misguided virtuosity to ortho-
dox speech, we next consider the fact that we can
distinguish not only different vowels and pitches but
also between different people saying the same vowel
at the same pitch. The frequency of vibration of
the vocal cords determines the pitch; the frequencies
of the formants determine the vowel; what para-
meters are left to account for voice recognition?
Presumably they are recordable, if the H.M.V. motif
has any validity.

I'm sticking my neck out here, because frankly
I don’t know. But until someone writes in with a
better story, mine is going to be as follows.

I suspect that if different people did utter exactly
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the same vowels at exactly the same pitches it would
be quite difficult to tell one from another. To
identify people by voice, we rely a good deal on
pitch, and still more on individual renderings of
supposedly the same sounds. To take an extreme
example, if a person pronounced “top” in much
the same way as we say “tap,” we would at least
have a clue to his nationality! Even if the inquiry
is confined to the British Isles, wide variations in
vowel sounds will be heard. That is true of “steady
state ” vowels, but from the output of many speakers
—notably Londoners—these would be almost non-
existent, there being a continuous transition from
one sound to another. When we take into account
the combinations of different forms of “attack ” for
all the vowels, and then add the differences in
rendering consonants, and all the varied breath and
tongue noises and individual pitch outlines in
phrases and sentences, the chance of any two voices
being wholly alike can be seen to be remote, without
the need to look for any other basic parameters.
We know, too, that a slight change in a familiar
person’s speech formants, caused by the presence
of a sweet or other foreign body, is usually quite
enough to have a noticeable effect on his talking.

For much the same reason, even if you were to
enter your house in the dark, noisily, you would
probably notice at once if someone had removed a
settee or even an easy chair. The “formants” of
the room would thereby be subject to less damping.
Incidentally, in connection with rooms a third term
is sometimes used instead of “resonances” or “for-
mants ”—*“ eigentones.” But there seems to be no
real need to import a German word when we have
two of our own.

All this may seem to be rather off the subject in
Wireless World. . But, as I said at the beginning,
nothing to do with sound production is off our
subject; and to obtain the hi-est fi it helps if one
knows the characteristics of what one is trying to
produce. If it is known that a resonant peak at a
particular frequency is enough to give a recognizable
vowel tone to an otherwise neutral sound, the im-
portance of avoiding such peaks anywhere in the
reproducing system is clearer.
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Non-Destructive Testing

TECHNIQUES DISCUSSED AT THE LE.E. CONFERENCE

THE testing of materials and components in a
manner that does not involve the destruction of
any part of the object under test is a process which
calls for perhaps more ingenuity than any other
process in electrical engineering.. Destructive test-
ing, where the whole, or part, of a component or
piece of material is dismantled and measured is
costly and wasteful, and does not necessarily repre-
sent the standard of the rest of the piece or batch.
Statistically, the method may be accurate, but where
even one failure during life could be disastrously
expensive, some method which leaves the tested
specimen available for use must be employed. Non-
destructive testing is, therefore, the subject of much
attention, and new methods are constantly being
developed.

Some of the processes and instruments described
in papers submitted to the conference are concerned
with work in other spheres of activity, but will be
described for their use of electronics. For instance,
the paper by J. A. Betts and J. P. Newsome des-
cribes a tentative method of measuring the depth of
surface hardness in flame-hardened steels, using a
ferrite-cored coil. A cup-core is used, the machined
surface of the test specimen completing the mag-
aetic circuit. The product of resistivity and surface
permeability (electrical surface factor) modifies the
impedance of the search coil, which is evaluated
by means of a Maxwell bridge and tuned detector
in the range 5-10kc/s. The electrical surface factor
varies with depth of hardness, and the process is
therefore a possible method of measurement.

Wires and Cables

The enamel insulation on wire is considerably
reduced in efficiency if any pinholes are present in
the enamel. A method of detecting these is pro-
posed in a paper by K. W. fitch and P. Graneau,
who consider that the B.S. method of testing is a
destructive one, as it involves passing the wire
through a mercury bath which, the authors claim,
tends to contaminate the enamel. The method pro-
posed is to pass the wire through a tube with a high
voltage on it, which is just high enough to initiate
corona when a pin hole passes through the tube.
The pulses are counted and used to formulate a
pass/reject decision. .

The diameter of polythene extruded on a con-
ductor must be checked as soon after the operation
as possible, to enable correcting action to be taken
if necessary. In apparatus for this purpose des-
cribed by A. C. Lynch and E. A. Speight the time
taken for a moving beam of light to cross the cable
15 measured photoelectrically. As the measure-
ment is solely that of time, the calibration is inde-
pendent of lamp voltage, photocell sensitivity and
gan stability of the associated amplifying circuitry.

Sealed electronic components, such as transistors,
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may have the efficacy of their seal checked by a
method developed by P. F. Berry and J. F.
Cameron, in which leakage in or out of com-
ponents is measured with the aid of radioactive
gas. leakage into a component is checked by im-
mersing it in krypton®® at a pressure of 501b/in®
After a time, the component is removed and the
amount of gas inside it measured with a scintillation
counter. Alternatively, the component can be filled
prior to sealing with a little krypton®* and the
amount of gas leaking out into a vacuum chamber
measured. Leaks as small as 10— ml/sec can b~
measured in this way.

When mechanisms such as relays are contained
in sealed enclosures, or potted in a resin compound,
the normal visual stroboscopic method of vibration
inspection becomes impossible, and an X-ray
method is described in a paper by L. W. D.
Pittendrigh. Contra-rotating shutters modulate the
X-ray beam from a 150kV tube, at a controllablr
frequency, and the specimen, situated in front of ar
image intensifier, is vibrated up to a maximun
frequency of 150c/s. Remote handling gear is
provided for all electrical controls and specimen
Iocation, and the whole is enclosed in a shielded
cabinet. Afterglow effects in the image intensifier
are nullified by keeping the difference frequency
down to a few cycles.

Profile Checking

The use of microwaves for the determination of
the profile of a rotating body is described in a
paper by P. B. Barber and J. S. T. Looms, which
has several advantages over the capacitive and opti-
cal systems. No electrical connections to the rotat-
ing body are required, non-conducting bodies may
be measured, and only a small, pressure-tight win-
dow need be provided. A klystron oscillator sup-
plies power, via a waveguide, to the surface of the
rotating body. Reflected power, dependent in am-
plitude on the distance in wavelengths and parts
of a wavelength of the surface of the body from
the window, plus direct signal from the klystron, is
detected by a crystal, and the envelope used to
deflect radially a cathode-ray tube spot. The cir-
cular sweep is synchronized with the rotating body,
and the resultant trace is therefore related to the
profile of the specimen.

The papers presented will be published in full in
1962 in Vol. 109, Part A, of the Proceedings of the
Institution of Electrical Engineers.

Transistor Audio Power Amplifier: in Table 1 of this
article in our November issue (p. 567) the values given to
C1 and C2 should be interchanged.
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materially reduced if a minimum number of front-
panel controls were provided, and to this end the
adjustments are all preset and accessible only from
the rear of the unit which is designed to be suffi-
ciently stable not to require re-adjustment after the
initial setting-up. The only control on the front
panel is the mains on/off switch.

Transistors are used throughout the unit which,
in consequence, occupies very little space in the
apparatus racks. For the sake of uniformity with
the existing apparatus a “dish pan” chassis is used
(see photo.) which occupies two 13-in units of rack
height. It has been found convenient to assemble
the transistor circuitry on a number of boards
mounted horizontally on the rear of the chassis.
Six boards are employed in each generator and the
circuitry on each board will be described separately.

Circuit and Construction

A consideration of the points described above led
to the adoption of the circuit reproduced here,
which has been drawn in sections corresponding
to the circuitry contained on each board.

Unit No. 1—Sync Separator and Field Delay.—First
the vertical position of the cuedot is determined
by setting the time “down the field” that it is to
occur. For this, and the other timing operations,
sync pulses are needed: these the generator extracts
from the studio vision signal.

The standard composite video signal forming the
studio output is applied to the base of transistor V1.
The negative excursions of the sync pulses cause the
transistor to saturate. Due to the d.c. restoring action
of Cl, Rl and the base-emitter junction of V1, the
picture content of the input signal holds the base suffi-
ciently positive with respect to the emitter to cut off
the collector current. The collector-voltage waveform
therefore contains positive, separated sync pulses which
are fed to the phase-inverting pulse-shaping stage V2.

The negative sync pulses at V2 collector, of the order
of 6V double-amplitude peak (d.a.p.), are fed to Units
2 and 3. The syncs present at the junction of R5 and
Ré6, about 2V d.a.p., are differentiated by C3 and R7

Note: Transistors, except V19 and V20 (Type XAl31), are
Type GT43, all diodes are Type OAS6.
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whose time constant is chosen such that field-sync
separation takes place, D1 conducting on the half-line
pulses during field sync and remaining cut-off during
the rest of the field.

V3 is normally saturated, thus the positive pulses
occurring at its base during field sync cause negative
pulses to appear at its collector. These cause D2 to
conduct and C5 charges via D2, C4 and R10. As D2
is cut off for the remainder of the field, C5 discharges
via RV6 into the base of V4 which amplifies the dis-
charge current. When the discharge current has fallen
to a low value, V4 and V5 cut off until the next field
pulse occurs. Hence V5 collector, after a time starting
at the field sync and determined mainly by the setting
of RV6 and the capacitance of C5, describes a negative
excursion. It is this negative excursion which deter-
mines the start of the cuedots and hence their vertical
position on a monitor screen,

Unit No. 2—Right-hand Line Delay.—Here the
delay along a picture line, governing the horizontal
position of a right-hand cuedot, is set.

V6 is normally cut off and conducts on the tips of the

negative line-sync pulses which are applied to its base
from Unit No, 1. Conduction causes the voltage across
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C8 to fall rapidly, C8 recharging at the end of each sync
pulse so that a negative-going line-frequency sawtooth
waveform is generated. D3 causes d.c. restoration to take
place on the negative excursions of the signal, R19
serving to prevent distortion of the negative sawtooth
peak by extending the charging time-constant of the
restorer, thus reducing the peak value of the charging
current., The d.c. operating point of V7 is set by RV1
so that base current flows as the sawtooth approaches
its maximum negative value. If a right-hand dot is
selected by the closing of the remote-control switch the
collector of V7 executes a positive excursion each time
current flows in V7 base (i.e., towards the end of each
line period) and thus V8 produces a negative “edge”
at its collector for the initiation of the line component
of the right-hand cuedot. The pulse is differentiated
by CV1, which forms a dot-width control, and the input
impedance of the following stage, the resulting spikes
being fed to Unit No, 4.

Unit No. 3—Left-hand Line Delay.—This unit
does, for a left-hand cuedot, what Unit No. 2 does
for a right-hand one; but, because the time delay
required is very much shorter the mode of operation,
and thus the circuit, is slightly different.

Briefly, when V9 conducts on receipt of a negative
sync pulse, D4 switches on and Cl4 charges rapidly via

the low-impedance path now existing: this cuts off V10.
At the end of the sync pulse V9 (and hence D4) cuts off
and Cl4 discharges at a rate determined by R28 and
RVS5. Therefore V10 begins to conduct again after an
interval which can be adjusted by RV5., When R29 is
earthed by the remote switch an output is produced by
V10 cutting on towards the end of the discharge of C14.

Unit No. 4—Monostable and Gating Unit.—Having
produced the basic timing waveforms, these are
used to produce the “hole” in the picture and
switch on and off the 1-Mc/s oscillator that fills
the hole with bars.

This unit is conveniently divisible into two parts: the
monostable field-pulse generator incorporating V12 and
V13, and the line-pulse gating circuits incorporating
V14, V15 and V16.

Monostable Field-pulse Generator. V12 and V13 form
a conventional monostable circuit which is stable with
V12 cut off and V13 conducting to saturation. The
delayed field pulse frem Unit No. 1 is applied to the
base of V12 to trigger the circuit which returns to the
stable condition in a time set by RV2, which is the
adjustment for the height of the dot. The output from
V13 is a negative pulse which is used for gating-in the
line-frequency components generated in Units 2 and 3.

Line-pulse Gating Circuits. The pulses applied to DS
from Unit 3 contain negative edges which correspond to
the start of the line-frequency component of the left-
hand cuedot. Similarly pulses applied to D6 from Unit
2 contain negative edges which correspond to the start
of the right-hand cuedot. When V13 is cut off (i.e., the
monostable stage has been triggered), no reverse bias is
applied to D5 and D6 and so the negative “spikes”
present in the input waveforms are passed to V14. Any
positive spikes in the input will cause D5 and D6 to
cut off further, so that the circuit only operates on nega-
tive-going information. The duration of the pulses so
formed at V15 collector depends upon the width of the
“spikes ” fed into the unit; this, in turn, is determined
by the setting of the differentiating capacitors CV1 and
CV2 in Units 2 and 3. A 2- to 3-volt blanking signal
is developed at the emitter of V16 and is coupled into the
studio blanking circuit. As V16 is normally cut off the
only extra lead imposed on the 75Q blanking feed is
that due to R46, i.e., about 4.7kQ. The 6-V d.a.p. blank-
ing signal at the collector of V15 is fed to Unit No. 5 for
the purpose of switching the 1-Mc/s signal on and off
at the appropriate times.

Unit No. 5—R.. Oscillator and Gating Unit.—The
1-Mc/s oscillations to fill the cuedot “hole” are
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produced here and turned into an output suitable
for the studio vision line. Whereas the dot blanking
signal is mixed with the studio blanking before it
enters the studio equipment, the gated 1-Mc/s burst
is mixed with the studio vision signal after the
studio equipment. Therefore any delays occurring
in cables, camera channels, etc., will affect the
register of the “burst” in the blanked “hole,” and
means have to be provided for compensation.

When automatic recognition of a cuedot is re-
quired, the 1-Mc/s running-bar pattern is applied
to alternate fields only and this is achieved by gating
the r.f. oscillator at 25c¢/s in addition to gating
by the delayed dot-blanking signal.

The output from the oscillator (V18) is mixed with
positive blanking pulses from V17 in L2. As the
collector of V17 is normally at negative rail (earth)
potential D7 is biased off and the r.f, amplitude across
L2 is insufficient to cause conduction; but the positive
pulses bring D7 near conduction, allowing positive r.f.
half-cycles to pass to VI9. V19 is normally saturated
so that when D7 conducts, the r.f. output is negzative
pulses clipped to about 5V d.a.p.

The output stage (V20) is normally cut off that that it
imposes a negligible load on the 75Q studio-output
vision line. The amplitude of input to V20 (set by
RV4) causes the injection of 0.7V d.a.p. of positive half-
cycles into the line, thus supplying the characteristic
cross-hatch pattern into the blanked-out cuedot areas.

For synchronous arrival of the dot blanking “ hole ”
and r.f. burst at the studio output terminal a delay in

the production of the r.f. burst is necessary: this
is provided by C26 and RV3, The additional
gating signal for automatic recognition is supplied
by the binary counter (V21 and V22) which is
triggered by the field pulses from Unit No. 1. The fall
in V21 collector voltage, being coupled to the supply for
the r.f. oscillator V18, causes oscillation to cease.

If an r.f. burst is required on every field this 25-c/s
gating facility may be disconnected by simply removing
the link LK1 between D8 and R52.

Unit No. 6—Power Supply.—A simple circuit pro-
vides a regulated 6-V supply to all sections of the
equipment (diagram not shown).

Mechanical Construction.—Mention has already
been made of the fact that the units are assembled
on separate boards and their arrangement on the
main chassis can be seen in Fig. 3.

The boards are of melamine-bonded glass fibre, a
strong non-hygroscopic white material of excellent elec-
trical properties. Each board carries a 10-way male
strip connector whose female counterpart, mounted on
the main chassis, serves to anchor one end of the board
in addition to carrying signal and power supply wiring
to and from the other boards,

A gantry extending rearwards from the chassis pro-
vides support for the other end of each board which is
fixed to the gantry by means of a knurled screw. By
simply releasing the appropriate screw a board can be

v (Continued on page 43)
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withdrawn from the rear of the generator for servicing
and, in order to avoid unnecessary stress on the strip
connector as the rear of the board is lifted clear of the
gantry, the female members are mounted in such a way
that they are free to move about 15° in the necessary
direction.

Conclusion

Four of these generators have been in use by
Alpha Television Services (Birmingham) Ltd. at the
Midlands Independent Television Studios for
eighteen months, and a further number have been
supplied to other companies within the Independent
Television Network. Although it has not been

possible to keep careful observations of generators
supplied to other companies, those in use at Bir-
mingham have given trouble-free service. Their
stability has come well up to expectations and amply
justifies the exclusion of operational controls from
the front panel ’
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BOOKS RECEIVED

Transistors in Radio, Television and Electronics, by
Milton S. Riner. A complete grounding is given in
solid-state electronics, from basic electron theory to the
use of transistors and related devices in modern circuits.
This is a second, revised edition, and is designed for the
technician who feels the need to know more about the
principles of operation and applications of transistors.
Questions are set at the end of each chapter, and advice
is given on the safe servicing of semiconductor equip-
ment. Pp. 424; Figs. 338. McGraw-Hill Publishing
Co., Ltd., 95, Farringdon Street, London, E.C.4. Price

s.

How to Troubleshoot T.V. Sync. Circuits, by Ira
Remer. A reference book for the television serviceman.
A discussion of the features required in a synchronizing
pulse and the duties it must perform is followed by des-
criptions of methods of sync. pulse separation and pulse
shaping. A chapter is then devoted to circuit faults and
suggested cures. The last two chapters describe com-
mercial sync. pulse circuits and problems involved in
colour television. The book is concerned throughout
with the American video signal (positive sync.-negative
picture information), although much of the text is applic-
able to other systems. Pp. 128; Illustrated. John F,
Rider Publisher, Inc., 116, West 14th Street, New York
11, N.Y. Price $2.90.

High Fidelity Sound Engineering, by Norman H.
Crowhurst. A very detailed treatise on the principles and
design procedures of sound-reproducing equipment. The
text is divided into sections which deal fully with a par-
ticular aspect of audio engineering, from the basic con-
cept to complicated circuit elements. The mathematical
treatment is confined to the appendix, and a list of ref-
erences is given. Pp. 328; Figs. 264. George Newnes,
Tower House, Southampton Street, London, W.C.2.
Price 50s.

Printed-Circuits by Morris Moses. Essentially a prac-
tical book, designed to initiate the home-constructor in

the preparation of printed- and etched-circuit boards. -

Details of simple equipment are given to illustrate the
procedure, and a chapter on the servicing of printed-
wiring assemblies will be of value to the service tech-
nician. Pp. 224; Figs. 249. Gernsback Library, 154,
West 14th Street, New York 11, N.Y, Price $2.90
paperback, $4.60 hard covers.

Mon Magnétophone, by P. Hémardinquer, and M.
Aubier. Designed to enable the amateur tape-recording
enthusiast to extract the maximum of pleasure from his
instrument. This very readable book describes the
factors governing the choice of instrument and the
way in which it should be operated to obtain the best
results. A description of the operation of a recorder in
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conjunction with ciné apparatus is giiren. Pp. 158;
Illustrated. Editions Chirons, 40, Rue de Seine, Paris-
6¢, Price 8.80 N.F.

Basic Electronic Test Procedures, by Rufus P.
Turner. Methods of determining all parameters re-
quired in electronic laboratory work are fully described.
The author describes the working and methods of
operation of most of the instruments to be found in
the general laboratory and questions are included after
each chapter. Several chapters are devoted to measure-
ments on transmitters, receivers and industrial elec-
tronic equipment. Pp. 316; Figs. 193. Technical
Division, Rinehart and Company, Inc., New York.
Price $6.50.

‘A. to Z in Audio by G. A. Briggs. A reference book
for the audiophile. The encyclopadic form is used to
cover the whole field of sound reproduction and asso-
ciated subjects, Mr. Briggs is renowned for his lec-
tures on audio and for his ability to write on technical
subjects in a light, unaffected manner. Pp. 224; Figs.
160. Wharfedale Wireless Works Ltd., Idle, Bradford,
Yorks. Price 15s 6d. .

Eliminating Man-Made Interference, by Jack Darr.
The result of much experience of tracing and rectifying
sources of radio interference. The author deals
thoroughly with each type of noise source and its effect
on domestic and car radio and television receivers.
Interference caused by equipment used in aircraft, ships
and industry is discussed, and there is a chapter on filter
design. Pp. 160; Figs, 173. Howard W. Sams & Co.,
Ltd., Indianapolis, 6, Indiana. Price $2.95.

Transistor Projects, compiled by the staff of Gerns-
back Library. A collection of articles, which have
appeared in Radio-Electronics Magazine, on the con-
struction of radios, instruments and gadgets, all employ-
ing transistors. An introductory chapter gives general
advice on the use of transistors and seeks to dispel some
popular fallacies. Pp. 160; Figs. 447. Gernsback Library
Inc., 154, West 14th Street, New York 11, N.Y. Price
$2.90.

Television Engineers’ Pocket Book, edited by J. P.
Hawker. The third, enlarged edition of a useful pocket
reference-book for the service engineer. Ranging from
descriptions of basic circuit techniques to alignment
procedures and if’s of several hundred commercial
receivers, the book covers the whole field of television
servicing. Lists of cr.t. and valve connections and
equivalents are included. The chapter on the choice
of test gear is especially useful. Pp. 272; Figs. 142.
George Newnes, Ltd., Tower House, Southampton
Street, London, W.C.2, Price 12s 6d.
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POLYSTYRENE DIAPHRAGMS By G. A. BRIGGS*

ABSORBING RESONANCES IN SHALLOW ENCLOSURES

I'l.‘HE non-resonant nature and light density of ex- is hardly likely to replace completely the versatile,
panded polystyrene are qualities which make this moulded, fibrous-paper cone.

modern material an attractive proposition for use in Recent experiments indicate that polystyrene can
loudspeakers, but it has a serious drawback in that  be very helpful in obtaining satisfactory results with
its absorption coefficient, which is related to the
density, also varies enormously with frequency. It *Wharfedale Wireless Works Ltd.
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Fig. 1. Axial response of normal 12-in speaker with airtight roll surround and suitable for use in average enclosures up to about
2,000 cfs.

Fig. 2. Response curve to show the effect of adding a flat diaphragm of $-in thick polystyrene to the cone of Fig. | speaker. This
model is only suitable for use at frequencies up to about 700 c/s, to avoid the junction effect between 700 c/s and 1,500 cs.

Fig. 3. Effect of placing 3-in thick polystyrene diaphragm in front of Fig. 2 speaker, showing sharp cut-off in response
above 700 c/s.
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UNBIASED

By ‘FREE GRID”’

Audio Aces

SOME months ago I was invited
to give details of my life so that I
might be included in a volume of
biographies of those who had
achieved notability or notoriety in
the world of audio. I accepted with
some reluctance as I was very strictly
brought up by my father, and en-
joined always to be careful of the
company I kept. However, I duly
filled in the questionnaire which was
sent to me, and waited somewhat un-
easily, as I did not know who were
to be my fellow biographees—if that
be the correct word to use.

Now that the book has appeared,
my fears have been set at rest in that
direction, but uneasiness has been
caused in another one, as I had no
idea I was to be included among such
a galaxy of talent, and my audio out-
put is several decibels down as a
result,

I must congratulate the learned
author on persuading so many sonic
savants to have not only the details
of their lives laid bare, but also to
allow their pho:ographs to be pub-
lished, “warts and all” with the
same becoming modesty as Oliver
Cromwell did. Actually I am sur-
prised at the truly handsome and
photogenic faces possessed by the
majority of the 65 audio addicts in-
cluded. Of course, there are always
exceptions, and if this book of bio-
graphies finds its way to Sco:land
Yard, I can imagine one of the C.I.D.
officers looking thoughtful as he
studies it at his desk, and now and
again walking across to his filing
cabinet with a puzzled look on his
face.

One of the most interesting
features of the book is the inclusion
of several ladies; these in:erested me
very much. I was very astonished to
find they had allowed their ages to
be published. Mr. G. A. Briggs, the
author, seems from his photo to be
a kindly and tolerant sort of man,
and I do seriously wonder whether
the ladies have not taken advantage
of his good nature by not adhering
strictly to the truth in this detail.
When 1 have had time to check at
Somerse: House I will let you know.

Fiat Justitia

FROM time to time somebody who
has managed, by soms me=zans, to
make a call from a telephone box
without putting the necessary coins
in the slot is charged with “fraudu-

48

lently consuming electricity.” Usu-
ally the result is conviction and a
fine. I have, on occasion, seen it
stated in the press that one of these
phone fiddlers has been accused of
“stealing electricity,” and recently I
noticed that the expression “ abstract-
ing electricity ” was used. But I learn
on good authority that such wording
is never used by the prosecution and
is, therefore, I presume, due to care-
less reporting.

Now I am no friend of the criminal
classes but I do l'’ke to see justice
done even to those who have ob-
viously transgressed the law and yet
are sometimes convicted of crimes
which they never committed. Surely
it is a cardinal principle of our law
that the prosecut.on must prove its
case bzfore a prisoner can be con-
victed, and I cannot, for the I'fe of
me, sze how, in thzse ’phone-fiddling
cases, a man can be convicted of
“consuming electricity” whether
fraudulently or not.

I feel sure that if one of these
cases were brought before the High
Court, the first question of the
earned judge would be “What is
electricity? ” This would compel the
prosscution to call expert witnesses
to give a defin'tion. I suppose the
judze would be told that “electri-
city ” is a collzection of electrons and
that the word itszIf is merely a col-
lective noun in common usage.

Now if it could be proved that the
prisoner had stolen some part of the
telephone instrument, such as the
earpiece d'aphragm, then, since elec-
trons form one of the constituents of
every material thing, he could in-
deed be convicted of “stealing
electricity ” but even so, not of con-
suming it.

But when a man fiddles a ’phone
call, he consumes no electrons either
in the instrument or the cir-
cuit over which he He

speaks.

“ What is electricity?”’

www americanradiohistorv. com

merely causes certain “loose” elec-
trons in the circuit to shuffle along a
circumscribed path. To my mind
this charge is all wrong; after all if
a man takss a ride in an electric train
without a ticket, is he charged with
“fraudulently consuming electricity’?
Surely the two cases are analogous.

To my way of thinking, people are
being wrongfully convicted almost
every day. The reason is partly the
slackness or ignorance of the magis-
trates in not insisting that the pro-
secution prove its case, and partly
the ignorance of the convictees (What
a word!) concerning their rights.

I am, therefore, proposing to test
the val.dity of this charge myself, by
fiddling a ’phone call and then giving
myself up at the nearest police
station. At the subsequent hearing
I shall, of course, conduct my own
defence.

Microcymatology

WHAT a pleasant place to visit was
the annual Radio Hobbies Show at
Westminster where I spent a few pro-
fitable hours in November. I found
technical information to be available
in abundance, and every stand holder
and assistant to be genuinely pleased
to discuss with me esoteric questions
of microcymatology and suchlike
things.

It is not my purpose to discuss
the exhibits, as they are dealt with
elsewhere, but as I paused at the
Wireless World stand to examine the
apparatus which had been described
in various issues, I was struck by its
small size, and architectural severity
of design.

I could not help thinking what a
silent but eloquent commentary this
apparatus made on radio progress
since pre-war days, when the W.W.
stand seemed to be filled with mighty
engines of reception that seem well-
nigh unbelievable today. The largest
of these which I can call to mind was
the Brobdingnagian developed by W.
James, and described in W.W. dur-
ing March 1925; a truly prodigious
instrument with an outsize in frame
aerials. It had, I suppose less sen-
sitivity than the tiniest transistorette
(what a word!) of today.

My only criticism of the show is
its name which seems to suggest
something juvenile, frivolous or lack-
ing in dignity, like the old name Ping
Pong did when it was used to de-
scribe table tennis. But I certainly
cannot think of a better name; can
you, I wonder?
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JANUARY MEETINGS

Tickets are required for some meetings ; treaders are advised, therefore,
to communicate with the secretary of the society concerned.

LONDON

3rd. Brit.I.R.E.—All-day symposium
on “Data transmission ” at 10.0 at the
London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

5th. IE.E.—Discussion on “ Mem-
branes * opened by Dr. H. Davson at
6.0 at Savoy Place, W.C.2.

9th. I.E.E.—“A linear transducer of
high accuracy ” by P. C. F. Wolfendale
at 5.30 at Savoy Place, W.C.2.

10th. I.E.E.—“Tests of three sys-
tems of bandwidth compression of tele-
vision signals” by G. F. Newell and
W. K. E. Geddes at 5.30 at Savoy Place,
Ww.C.2.

10th.  Brit.I.LR.E.—Discussion  on
“The effect of electromagnetic radia-
tion on living tissues” at 6.0 at the
London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

10th. Society of Instrument Tech-
nology—“ A review of digital com-
puter control applications” by E. M.
Grabbe at 7.0 at Manson House, 26
Portland Place, W.1.

11th. Radar & Electronics Associa-
tion.—* Digital telemetering” by J. B.
Richardson at 7.0 at the Royal Society
of Arts, John Adam Street, W.C.2.

11th. “Television Society.—Fleming
Memorial Lecture on “ Bandwidth com-
pression of television” by Prof. Colin
Cherry at 7.0 at the Royal Institution,
Albemarle Street, W.1.

12th. Institute of Navigation.—Dis-
cussion on “ Simulators for training in
the use of marine radar” at 5.30 at the
Royal Institution of Naval Architects,
10 Upper Belgrave Street, S.W.1.

16th. L.E.E.—Discussion on ‘Elec-
trical engineering education in the
Soviet Union ” opened by Prof. M. G.
Say at 6.0 at Savoy Place, W.C.2.

17th. Institute of Physics and
Physical Society—Symposium on “ The
calibration of microphones and hydro-
phones” at 2.0 at the Royal Horti-
cultural Hall, S.W.l. (Joint meeting
with the Brit.I.R.E.)

17th. Institute of Physics and
Physical Society.—Annual general meet-
ing of Low Temperature Group, fol-
lowed by “Crystal lattices of semicon-
ductors at lower temperatures ” by Dr.
D. H. Parkinson at 2.30 at 47 Belgrave
Square, S.W.1.

17th.  Brit.LR.E. —“ VERDAN —a
miniature computer for airborne use ” by
P. B. Rayner and S. Morleigh at 6.0 at
the London School of Hygiene and
Tropical Medicine, Keppel Street, W.C.1.

19th. B.S.R.A.—“Recent trends in
loudspeaker design” by R. E. Cooke at
7.15 at the Royal Society of Arts, John
Adam Street, W.C.2.

24th.  Brit LR.E—*“The develop-
ment of a very high quality loudspeaker
system” by D. A. Barlow and H. ]J.
Teak at 6.30 at the London School of
Hygiene and Tropical Medicine, Keppel
Street, W.C.1.

25th. Television Society.—Discus-
sion on * Picture quality doesn’t matter
any more” at 7.0 at the Cinematograph
Exhibitors’ Association, 164 Shaftesbury
Avenue, W.C.2. . )

20th. LE.E. & R.AeS. London
Joint Group.—Discussion on “ Auto-
matic maintenance testing >’ at 6.0 at the
Royal Aeronautical Society, 4 Hamilton
Place, W.1.
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31st. I.E.E.—“ Storage tubes” by
E. B. B. Callick and Dr. J. C. Firmin
at 5.30 at Savoy Place, W.C.2.

BIRMINGHAM

2nd. I.E.E.—Faraday Lecture on
“Expanding horizons in communica-
tions” by D. A. Barron at 7.0 at the
Town Hall.

29th. LE.E.—Electronic telephone
exchanges ” by N. C. Smart at 6.0 at the
James Watt Memorial Institute. (Joint
meeting with Institution of Post Office
Electrical Engineers.)

BRADFORD

23rd. I.E.E.—Discussion on “The
electronics content of National Certifi-
cate courses > to be opened by Dr. G. N.
Patchett at 6,30 at the Institute of
‘Technology.

BRISTOL
25th. Institute of Physics and
Physical Society.—‘ Recent develop-

ments in non-destructive testing” by
R. S. Sharpe at 7.0 at the College of
Science and Technology.

CARDIFF

10th. Brit. LR.E.—*“ Test equipment
for television transmission links” by
L. A. Tanner at 6.30 at the Welsh
College of Advanced Technology.

31st. Society of Instrument Tech-
nology.—* Computers and their appli-
cation” by E. Stuart at 6.45 at the
Welsh College of Advanced Technology.

CHELTENHAM

25th. LE.E.— Audio frequency
applications of transistors” by P. J.
Baxandall at 6.0 at the North Glouces-
tershire Technical College.

DUBLIN

18th. LE.E.—“The Kippure moun-
tain television transmitting station” by
A. G. Tobin at 6.0 at the Physical
Laboratory, Trinity College.

EDINBURGH

10th. Brit.LR.E.—“Nuclear reactor
safety circuits ” by T. M. Dowell at 7.0
at the Department of Natural Philo-

sophy, The University, Drummond
Street.
16th. LE.E.— “ Micro-miniaturiza-

tion” by L. J. Ward at 7.0 at the
Carlton Hotel.

23rd. I.E.E.—“The Banana-tube
display system” by Dr. P. Schagen at
7.0 at the Carlton Hotel.

FARNBOROUGH

23rd. LE.E. — “The silicon-con-
trolled rectifier and its applications * by
D. D. Jones and A. E. Jackets at 6.15 at
the Technical College.

30th. Brit. LR.E.—* Transistors in
nuclear *  instrumentation” by .
Harrison.at 7.0 at the Technical College.

GLASGOW

11th. Brit.ILR.E.—*“ Nuclear reactor
safety circuits” by T. M. Dowell at 7.0
at the Institution of Engineers and
Shipbuilders, 39 Elmbank Crescent.

www americanradiohistorv. com

_15th. ILEE.—* Micro-miniaturiza-
tion” by L. J. Ward at 6.0 at the Royal
College of Science and Technology.

HANLEY

4th. I.E.E.—Faraday Lecture on
“ Expanding horizons in communica-
tions” by D. A. Barron at 7.0 at the
Victoria Hall.

LIVERPOOL

10th. Institute of Physics and
Physical Society—* The physics of
computer elements” by Dr. C. N. W.
Litting at 7.0 at the University.

MANCHESTER
10th. LE.E.—“Recent research in

. thermionics ” by Dr. G. H. Metson at

6.15 at the Engineers’ Club, Albert

Square.
MIDDLESBROUGH
23rd. Society of Instrument Tech-

nology.—* The electrical synthesis of
music” by A. Douglas at 7.30 at the
Cleveland  Scientific and Technical
Institution.

NEWCASTLE-UPON-TYNE

8th. I.E.E.—*“The changing face of
electronics ” by Prof. W. E. J. Farvis
at 6.15 at the Rutherford College of
Technology, Northumberland Road.

10th. Brit.LR.B.— Industrial elec-
tronic temperature measurement and
control” by B. N. Ellis at 6.0 at the
Institute of Mining and Mechanical
Engineers, Neville Hall, Westgate Road.

18th. Society of Instrument Tech-
nology.—* Electronic ~ weighing” by
L. F. Cohen at 7.0 at the Conference
Room, Roadway House, Oxford Street.

22nd. LE.E—“Air traffic control”

by Dr. E. Eastwood and Dr. B. J.
O’Kane at 6.15 at the Rutherford Col-

lege of Technology, Northumberland
Road.

NOTTINGHAM

25th. ILE.E.—Faraday Lecture on

“ Expanding horizons in communica-
uon” by D. A. Barron at 7.15 at the
Albert Hall.

OXFORD

10th. L.E.E.— Satellite communi-
cations > by W. J. Bray at 7.0 at the
gouthern Electricity Board, 37 George
treet.

PRESTON

10th. IE.E. — “ Radiocommunica-
tion in the power industry” by E. H.
Cox and R. E. Martin at 7.30 at the

N.W.E.B. Demonstration Theatre,
Friargate.
READING

15th. LE.E.—“Global communica-

tion” by R. J. Halsey at 7.15 at the
George Hotel, King Street.

SHEFFIELD

30th. I.E.E.—Faraday Lecture on
« Expanding horizons in communica-
tions” by D. A. Barron at 7.30 at the
City Hall.

SOUTHAMPTON

9th. I.E.E.—* Transistors in trans-
mitters and communication -receivers”
by A. J. Rees at 6.30 at the University.
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