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(a)
Fig. 2.

so that the required tapping point is given by the
relation

o = (1 4 750%R,) =+ 1507 B; C,
whence insertion power gain as a function of band-
width is

4V ,2 4o 1 1

e? (1 4 7;,/75)2  150=B,C, ~ (1 4 754%/R,)

The last factor approaches unity at very wide
bandwidths, but becomes equal to 4 when o is
adjusted to match the load to the transistor output
resistance for maximum possible gain. It is found
in practice (see below) that the input circuit is so
flat that the output circuit bandwidth B, approxi-
mates closely to the overall bandwidth.

This simple analysis holds in principle for both
common-emitter and common-base working pro-
vided that the appropriate values of X, ;s and R,
are inserted (see below). It has, however, the weak-
ness that r;, varies with the effective output load in
the presence of feedback: but for wide bandwidths
where 7502 < say 3 R,, the usual value (series
equivalent of r;) as measured with the output
shorted may be used to a first approximation, and
will take account of internal feedback due to ry,.
A corresponding variation of R, with source im-
pedance also occurs, but will be unimportant at
wide bandwidths where the loading ¢2 X 75 ohms
is predominant. A little more gain will be expected
from common base except at the very widest band-
widths, since the positive feedback will tend to
make r,;, and R, higher than with common emitter
where feedback is predominantly negative. Any
stray wiring capacity across C,, for common base or
C,, for common emitter will of course increase the
feedback.

In this amplifier, the input matching will not
necessarily be accurate, and the output is certainly
not matched except when the tap is chosen for one
particular (rather narrow) bandwidth. If the output
load (coaxial feeder and television tuner) is not near
75 ohms (and resistive), the bandwidth and fre-
quency characteristic will be altered. A resistive
shunt could be added to improve matching and
independence of loading, but this would lose about
3dB in gain.

To maximize gain in a wide-band amplifier, we
should obviously keep C, to a minimum: this is
1.5 pF for the AF139, or say 2 pF including strays.
The coil Q, is order of 200, and its loss is therefore
< 0.25dBif Q, < 10. For AF139 in common base

at 650 Mc/s, with I, = 2 mA we have a Z, of the

order of 25 - j 40 ohms and an R, of the order of 4
kQ with « about 0.85. Then from the formulae
above we find that for B, = 100 Mc/s, we should use
a o of 3.5, and the insertion gain should be about
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(b)

Tuned input stages.

11 dB with the input circuit tuned for maximum gain.
0.8 dB of gain is lost if X, is made equal to 0 te
improve noise factor (see below).

If o was increased to 7, the output would be roughly
matched at 650 Mc/s, giving a bandwidth of about
40 Mc/s and an increase in gain of 2dB, but these
figures are very dependent upon R, which is not
reliably known.

Input Coupling and Noise Factor

We assumed earlier that the input coupling would
be either direct (X, = 0) or through a series re-
actance: but parallel tuning, or coupling via a tuned
circuit are other possibilities, and lead inductance
is here significant.

Fig 2a is drawn for common base, where the
transistor input reactance X;, is inductive, and is
tuned out by a trimmer X, for common emitter,
X, is usually capacitive and X, would probably
be inductive depending upon the frequency and the
lead inductance L, and L,. Maximum gain would be
obtained for a value of R, = r;, = Z,%/r;;, and
I, = ¢/(R, 4+ r;;) when tuned. For the AF139 at
650 Mc/s, r;s &~ 250, X;, &~ 40Q and so V; &~ 0.46e.

For Fig. 2(b) a parallel trimmer is used to tune
X,,. When tuned, the combination of C,, X;; and
r;, is equivalent to ry; provided wL,<<X, and
maximum gain is obtained for a value of R,= ry;:
the tuning is again very flat. For AF139 at 650 Mc/s
r. is about 90 ohms, and V; = 0.47¢, assuming
L, and L, small.

In Fig. 2(c), both source and transistor are tapped
on to a tuned circuit. Additional selectivity can be
obtained in this way, but gain will be lost progres-
sively as selectivity is increased by tapping lower on
the tuned circuit. The relative tap points are chosen
to match R, to r,; (not to r;,). For 200 Mc/s band-
width with C,; = 3.5 pF, both taps should be near
0.4 on the coil, and if Q, == 200, <0.5 dB of gain
will be lost at 650 Mc/s.

If in Fig. 2(a), X, is adjusted merely to tune out
the stray lead inductances L, and L,, we may say
that the transistor is * directly-coupled.” For the
AF139, at 600 Mc/s, with r,; &~ 25 ohms and X
~ 40 ohms, we have V; A~ 0.42e.

It can be shown that for best noise factor the source
impedance should be resistive or slightly inductive,
whether the transistor is connected in common-
base or common-emitter configuration. The value
of the source impedance for best noise factor is not
necessarily quite the same as that for maximum
gain, but is luckily not critical.

Taking these points into consideration, it appears
that we have three alternatives—

(a) Use common base with direct coupling (resis-
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tive source). This is perhaps the
best compromise for a wide-band
amplifier, giving a negligible loss
in noise factor and say 1 dB loss
in gain.

(b) Use common: base and
tune for maximum gain, with
some slight loss in noise factor.

(c¢) Use common emitter. Here
tuning for maximum gain should (No?sEENggAsT&FL a)
be close to that for best noise 7500
factor, but gain may be a few ’ o

47p

o

+12V

12k

WAN—$

47p

<

%5-6k

RECEIVER
7502

b

dB lower.

The choice between these alter-
natives, and also between the
tuned or untuned input circuits
of Fig. 2, is not entirely clear from our theory. To
clear up these points, and to ascertain the amount of
feedback occurring in practice, some practical tests
are necessary.

—

Experimental Results

The technique of measurements at u.h.f. is by no
means easy, and is too large a subject for discussion
here. The difficulty of relating theory to practice is
in great part due to the critical effect of lead lengths,
especially as affecting transistor parameters. No
great accuracy can be claimed for our results, but
the general trends were fairly clear.

A test was made with an AF139 in common base
for gain and noise factor, using a series trimmer
C, for input tuning. As the trimmer was reduced
from its maximum capacity (6 pF), the noisé factor
at first remained constant, with gain increasing from
its initial value of 2 dB below maximum gain:
with further reduction in C, the noise factor started
to rise, being 1.7 dB worse than its best value at the
tuning point for maximum gain, and increasing
thereafter.

With a parallel trimmer (as Fig. 2(b)) similar results
were obtained. A few tests with an input tuned
circuit (as Fig. 2(c)) gave worse figures for gain
and noise factor for a given bandwidth, and additional
feedback was probably present.

Gains and noise factors for common-base working
were measured with a fixed input condenser (4.7 pF)
and output load tap at approx. 0.25 and I, = 2mA,
the circuit being as shown above.

AF139 (Siemens) T2028 (Philco)
Centre
Frequency
Mc/s. 540 | 620 | 720 | 540 | 620 | 720
Gain—dB 15 13.5 95| 105| 10 7.5
Bandwidth
Mc/s. 90 | 120 120 | 90 90 115
Noise |
Factor dB 5 6.5 8.5 9 105 12

Numerous other tests agreed roughly with these,

but the two transistors were not necessarily average
samples, and the noise figures may not be quite
accurate,

The effect of I, is illustrated by the following
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Fig. 3. Arrangement used for noise and gain measurements.

table for the AF139 at 500 Mc/s, using a similar
circuit.

Ie 0.25| 05| 1.0/ 20| 4.0/ mA
Gain .. .. 13 95| 115/ 14 |16 | dB
Noise Factor .. | 8.5 751 551 5 6 dB

A similar test on variation of noise factor with
R, showed a flat minimum at around 75 ohms, with
a rise of about 1 dB at 30 ohms and 150 ohms.

A common-emitter circuit at 620 Mc/s gave a noise
factor as good as, or very slightly better than, com-
mon base. But gain was some 3 dB lower for a band-
width of 100 Mc/s, and this difference in gain increased
at lower bandwidths. This agrees broadly with
expectations, since feedback will be negative (due to
C,.) with common emitter instead of the positive
feedback (due to C,,) with common base.

If the output was tapped down lower on the coil,
an extra 2 dB in gain could be obtained with common
base at 620 Mc/s, but at the cost of reducing the
bandwidth to 40 Mc/s. With still lower taps, a
tendency to instability appeared.

Use as TV Pre-amplifier

When the amplifier (noise factor F, and power gain
G, is fed into a conventional television (valve)
uw.h.f. tuner having a noise factor = F, the overall
noise factor F, is given by F, = F, + Ihé——l For
1
a good tuner (F, = 12 dB) F, exceeds F, by an amount
varying from 0.5 dB at 510 Mc/s with amplifier
covering 470 to 550 Mc/s, up to 2dB at 760 and
840 Mc/s for an amplifier covering 750 to 850 Mc/s
(—3 dB points). For a really poor tuner (F, =
20 dB), F; will exceed F, by 3 dB to 5 dB: in such
a case, a two stage amplifier would be desirable to
minimize the noise contributed by the tuner.

Thus the net improvement in noise factor to be
expected from the use of a single stage pre-amplifier
with AF139 is from 3 to 9 dB with a “ good ” tuner
(F, = 12 to 15 dB), and is rather greater at 500 Mc/s
than at 800 Mc/s. But the performance of valve
u.h.f. tuners does not always reach this standard in
practice (presumably owing to the ultra-high-slope
valves and critical tracking employed), especially
after a time in the field, and a larger improvement
will then of course be obtained.

When the amplifier is placed at the top of the aerial
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pole, the advantage given by the amplifier is notably
greater. This further improvement is, however,
always slightly less than the attenuation (A dB)
of the cable since this attenuation effectively reduces
the amplifier gain. The case for a two-stage pre-
amplifier is strongest with a poor tuner and a long
(or lossy) cable; for example, if F, =8dB, G =
10dB, F, = 18dB, and A = 6dB (typical 100-ft
cable), we get F, = 24 dB with no amplifier, 15 dB
with a single stage, and 10 dB with two stages.
The photograph shows a commercial embodiment
of the amplifier, to be marketed by Labgear L.,

of Cambridge. This is made up in a waterproof
box for fitting at the aerial, the current (about
2 mA at 12V) being fed via the inner of the aerial
feeder from a small power supply unit which is
located near the receiver.

Practical tests have shown the value of these
amplifiers in improving signal to noise ratio on tele-
vision especially where a long aerial feeder is in use.
The amplifier is found to give a greater improvement
(in gain and signal to noise) than can be obtained by
any practicable degree of elaboration of the aerial
itself.

SPACE COMMUNICATIONS

RESULTS OF GENEVA FREQUENCY ALLOCATION CONFERENCE

WHEN the Administrative Radio Conference met
in Geneva in 1959 to revise the Radio Regulations and

associated Frequency Allocation Table, space radio-
communications were in their infancy and only a few
relatively narrow frequency bands were allocated for
research purposes to the space and earth-space services.
The conference was however aware that in the follow-
ing few years considerable advances in space radio-
communications were likely and proposed that an
Extraordinary Administrative Radio Conference should
be convened late in 1963 to examine technical progress
and if necessary allocate frequency bands for the various
categories of space service and for radio astronomy.
Additionally of course such a conference would have the
arduous task of revising the many Geneva 1959 Regula-
tions likely to be affected by the introduction of any
new space allocations.

With this background and these broad tasks, the
Space Radiocommunications Conference opened in

Geneva on 7th October. Proposals before the con-
ference came in the main from the UK., the US.A,

the U.S.S.R., Canada, Japan, France and Nigeria, and
covered frequency allocations for communication-satel-
lites, meteorological-satellites, radionavigation-satellites,
space research, space telecommand, space telemetry and
tracking, and radio astronomy.

The total bandwidth under consideration at the
conference was of the order of 6,000 Mc/s and if
magnitude of requirement is an indication of importance
then by far the most important service was that of
communication-satellites. Based on estimated ‘require-
ments up to 1975, the U.K. sought a total of 3,225 Mc/s
for this service alone, nearly all on a shared basis in the
bands already allocated to fixed and mobile. In fact
the conference eventually agreed on approximately
2,800 Mc/s, but in doing so included some dubious
sharing with radiolocation and in the two exclusive
50 Mc/s allocations heavy footnotes maintained existing
services in many countries. Despite these possible re-
strictions, such a bandwidth must appear Elysium to
those reared in the congestion of h.f. telecommunications.
We hope it will be exploited efficiently in system design,
modulation and sharing techniques.

For the amateurs, a simple footnote allows the use
of space satellites in the 144-146 Mc/s band and radio
astronomers obtained their essential hydrogen line band

WIRELESS WORLD, DECEMBER 1963

(1,400-1,427 Mc/s) on an exclusive world wide basis.
At the 1959 Geneva Conference this band was allocated
to radio-astronomy but several Eastern European coun-
tries reserved the right to use it for other services which
could ruin its use by radio astronomers. This service
has also been upgraded in several other bands although
footnotes to the table often indicate the degree of dis-
sent. There are bands for space research, telemetry,
radio navigation and meteorological satellites and in
some aeronautical bands provision has been made for
systems using either satellite relay stations or satellite-
borne radionavigation facilities. On a more human note,
the frequency 20,007 kc/s may be used, in emergency,
in the search for, and rescue of, astronauts and space
vehicles.

The conference has, incidentally, asked the C.C.LR.
to expedite its studies on the technical feasibility of
broadcasting sound and television from satellites for
direct reception by the public.

Concurrently with the allocation work ran the all-
important technical and procedural work to which the
U.K. made such valuzble contributions. The sharing
criteria between space/earth-space and terrestrial ser-
vices, the co-ordination procedure to be adopted when
setting up new earth stations, the methods of notifying
and registering the frequencies and defining the services
themselves are but some of the items which made the
new allocation tables possible. That such a conference
could, with 118 participating countries, successfully con-
clude its work in the scheduled five weeks may be a
hopeful sign for the international co-operation that will
certainly be needed when satellites play their full part
in our radiocommunication systems.

The U.K. delegation, totalling 22, included represen-
tatives of the Post Office, Ministries of Aviation, Defence
and Air, the War Office and Admiralty. It was led by
Capt. C. F. Booth who, until his retirement earlier this
year, was deputy engineer-in-chief of the Post Office
and was closely associated with the development of the
Goonbhilly satellite station.

Incidentally, the computer at Goonhilly, normally used
for working out the aerial steering data, was employed
to calculate the various parameters needed to be known
before decisions could be reached on frequency alloca-
tions. Data was transmitted by Telex from Geneva 10
Goonhilly for processing.
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PAL

By M. COX,™ B.sc. (Eng.)

COLOUR TELEVISION SYSTEM WITH PHASE-ERROR CANCELLATION

[T is well known that the ““ colouring ”’ information
in the N.T.S.C. colour television system is carried
on a subcarrier which is quadrature modulated by
two quantities, I and Q. These quantities I and Q
are related to the colour difference signals (E’,—E’;)
and (E’;—E’,) by the relationships

I' = 0.74(E,—E’,) — 027 (B',—E’,)

Q = 048 (E/,—E’y) + 0.41(E ,—E'})
or

I' = 0.6 E,—028 E,— 0.32E

Q = 021E,—052E; + 031E,
The positive Q axis makes an angle of 33° to the

/
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Fig.l . Mechanism of error cancellation by phase alternation.
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reference (E’;—E’;)/2.03 axis, and the positive I axis
an angle of 123°

The result of this form of modulation is a signal
whose phase relative to the reference is a measure of
the hue, and whose amplitude is a measure of the
saturation of the picture at any instant.

The eye has its greatest acuity along the orange-
cyan axis on the colour triangle, and least along the
green-magenta axis, and these axes correspond
approximately to the I and Q axes.

The I signal is therefore given 1.6 Mc/s bandwidth,
while the Q signal is given 0.8 Mc/s bandwidth, the
lower-frequency I signals and the Q signals being
transmitted as double-sideband signals, and the
higher-frequency I signals as single-sideband ones.

Hue Errors:—It is clear that errors in phase of
the subcarrier with respect to the reference phase,
due to phase/amplitude errors in equipment will
introduce hue errors in the displayed colour picture.
These errors arise to a greater or lesser extent in all
forms of television equipment, the worst offenders
being inter-city links, video tape recorders, and
transmitters. Provided that the total error can be
kept within five degrees, the colour picture will be
quite acceptable. Unhappily, a transmitter may take
up all this tolerance, leaving nothing at all for the
vision links and networks, and the video tape
recorders, which play such a large part in television
programming today. This explains the search for
colour systems in which phase distortions have no
effect on the displayed hue, and has led to the
SECAMY system, and now to the PAL or Phase
Alternation Line system, developed by Herr Bruch
of Telefunken, and based on work done by B. D.
Loughlin of Hazeltine Laboratories in 1950-53.

Operation

If for a period of time (for example during one line)
the phase of the I signal is reversed—that is made
303° instead of 123°—and in the receiver the de-
modulation axis for the I channel is also reversed for
this time, then the hue errors with normal phase will
be in one direction, while on the reverse phase the
error will be in a complementary direction. Fig. 1
displays this vectorially.

The use of a delay line enables the signals on two
successive linesto be averaged and thus cancels out
the errors. This may be illustrated as follows.

The equation for the composite N.T.S.C. signal is

E'yy = E} + K [E’, cos(wt + 33°)

+ E’y sin (wr + 33°)]

Consider only the terms inside the bracket, and
let us write 33° 4- some error as ¢, so that the sub-
carrier term is

C, = E’; cos (wr + ¢) + E’; sin (wz + ¢)

* ABC Television Ltd.
T See for example, ‘“Receiving SECAM”, Wireless World,
September 1963
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This signal (and error if any) is transmitted during I ' Q
line 1, while during hne 2 (of the same frame), 20
+ 1 becomes — I = —
C, = — E’; cos (vt 4 ¢) + E sin (wz - ¢)
At the recewmg end the two signals are addea by Q -1 I
use of the 64uS delay line to give '
C, + C, . LINE 1 LINE 2 (b)
= E’, sin (ot + ¢) FROM DELAY LINE DIRECT
and further they are subtracted to give 1
C, -G,
Tt = Bl cos (er + )
Note that the two colour information signrls
originally mixed by quadrature modulation are now Q
separated before any demcdulation has taken place.
These signals may now be demodulated with LINE 3
synchronous demodulators, with the phase of the LINE 3 WITH
reference signal for the Q-signal demodulator to be (¢) 1180° PHASE-SHIFT
é -I- ¢, denoting a phase error of the carrier re-
generator, and the phase of the reference signal for -1
the I-signal demodulator to be 4 90° + ¢ + «
(£ 90° alternating at line rate). The outputs are EHALESILTANT OF ¢ - Q
then proportional to E’, cos « and E’; cos e ADDED TO LINE 2
Note that the ratio of [ to Q remains the same RN e LNE 2
whatever ¢ is, and hence both the phase of the local
reference oscillator and phase error of the trans-
mitted signal no longer determine the hue, but only v-21 -1

affect the saturation of the displayed picture.

It is interesting to note that the early N.T.S.C.
proposals involved a phase reversal of the I signal
every field, with the object of cancelling errors due to
the quadrature distortion introduced with vestigial-
sideband transmission of both I and Q components.
This arose due to the position of the subcarrier at
the extreme edge of the video band, so that the upper
sidebands were completely attenuated. However
flicker effects are serious when the alternation of
phase is at field rate, and line alternation has been
adopted, allowing the averaging to be done over two

WIRELESS WORLD, DECEMBER 1963

lines. This is achieved with a one-line delay line
in the manner shown in Fig. 2.

The subcarrier which has been filtered from the
luminance signal is split into three paths. The first
channel contains a 180° phase shift circuit and goes
to an adding circuit (I-adder), the second contains a
precise delay equal to the television line period and a
fine delay adjustment, while the third goes directly
to another adding circuit (Q-adder). The other
input to the Q-adder is the output of the delay line,
and the adder output is a modulated Q signal
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Fig. 3. Simplified version of PAL, with no delay line, which is
only suitable for smaller phase errors. Sometimes known as
“Volkspal”’,

averaged over two lines. Since any line must have
an I phase 180° different from that of the previous
line, the output from a one-line delay must always
be in phase with the output of the 180° phase shift.
Thus the I adder output is an average modulated I
signal, with phase alternation at line rate.

These signals may now be demodulated with
synchronous demodulators, with the phase of the
reference signal to the I demodulator switched
between + 90° and — 90° at line rate. This phase
switching is performed by a switch driven by a
square wave at half the line frequency. This is
simply derived from a bistable circuit triggered by
the line time base, as used in the SECAM system.
Similar means are used to ensure that the correct
switching sequence is followed.

The subcarrier frequency employed is that used
for the N.T.S.C. system, plus }-line frequency plus
25 cycles. The effect of this is to reverse the direc-
tion of the well-known ““ dot > crawl for each frame
and thereby to reduce its visibility.

The additions to an N.T.S.C. receiver using I and
Q demodulation are a 64ups delay line stable to
5 nanoseconds, a phase switch in the I reference feed,
and a circuit to reset the switching sequence.

It is possible to dispense with the delay line in a
simplified receiver, and engineers in the receiver
industry have suggested that it is unlikely that the
delay line would be used were the system to be
adopted. In this case the averaging has to be left
to the eye. Due to constant luminance failure in the
coding system, some luminance information is
carried in the chrominance channel. Where large
phase errors are involved, there is a brightness
variation between any two lines, in addition to the
complementary colour errors. The eye is not capable
of averaging brightness variations, and these show
up as a line “ crawl * which is objectionable. Such
a simplified system is shown in Fig. 3.

The PAL system with the delay-line receiver
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solves many of the problems of the N.T.S.C. system
with regard to phase and differential phase errors,
dispenses with a hue control, and enables the video
response of the transmission system to be rolled
off above the subcarrier frequency, due to the
removal of errors due to vestigial-sideband trans-
mission of the chrominance signals. This is of
interest to countries using the Gerber 625-line
standard, with a 5-Mc/s video bandwidth, since it
allows a greater I and Q bandwidth to be used
instead of being limited by the 500 kc/s or so of
vestige, which becomes the Q bandwidth on the
N.T.S.C. system.

It may also be opportune to consider the trans-
mission of R-Y and B-Y as equi-band wide-band
signals. This enables simplification at the receiving
end since an I delay is no longer required, and the
de-matrixing is simpler. Further simplification
arises since the phase requirements of the demodu-
lators need not be so stringent, so that on the whole
the additional circuit complexity of the PAL delay
line technique mentioned above may be overcome.

Choice of System

In laboratories all over Europe measurements are
being made on noise immunity, sensitivity to c.w.
interference, multi-path propagation effects, and
the effects of differential gain and phase distortions
in video tape machines, links and transmitters.
These measurements are very necessary, but pale
into insignificance compared with the real problem
—that of giving consistently accurate colour pictures
in the majority of viewers’ homes.

There is no doubt that all three systems (N.T.S.C.,
SECAM and PAL) can give extremely good colour
pictures in the laboratory. Under conditions of
perhaps one studio and one telecine suite always
feeding one transmitter, the hue control on an
N.T.S.C. receiver would be adjusted once and left
for the duration of the transmission; hence all three
systems could give good results although one system
might be poorer than another in fringe areas. But it
behoves us to look ahead a few years to the time
when there are two colour services in this country,
and the networks are not fixed but continually
altering for particular programmes. The resuiting
phase differences will necessitate frequent readjust-
ment of the hue control on an N.T.S.C. receiver, if
that system were adopted. Various claims are
made for circuits to remove the hue control on an
N.T.S.C. receiver, but circuitry to correct for errors
in phase between the reference burst and blue
colour-difference axes would be complicated and
the British Radio Industry would be as likely to
fit this as they would be to fit gated-a.g.c. or ‘black
level clamps in their receivers.

Care must be taken so that, nearly ten years after
the start of colour services in Europe, the number
of colour receivers is many more than three per cent
of the monochrome total, as’is the case at present
in the U.S.A. One can only hope that those who
make the decision will really consider al/ the aspects
of colour television, and not just the more academic
aspects.

Grateful thanks are due to Herr Bruch and his
colleagues of Telefunken G.m.b.H. for their help, to
the directors of ABC Television Limited for permis-
sion to publish this article, and to Stuart Sansom
and Philip Berkeley of ABC Television for helpful
suggestions in preparing these two articles.

WIRELESS WORLD, DECEMBER 1963

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

NEW LOW-NOISE TRANSISTOR CIRCUIT FOR
ELECTROSTATIC MICROPHONES

Measurements of Frequency Response, Llinearity, Noise and Sensitivity

(Concluded from page 542 of the November issue)

lT is important to distinguish between the fre-
quency response of the microphone element itself,
and the frequency response of the associated circuit.

To measure the circuit frequency response, one
wants, in effect, to cause one of the two capacitances
in the rf. bridge to vary, at audio frequency,
uniformly throughout the audio band. This,
fortunately, is quite easy to do, by exploiting the
fact that the capacitance of a back-biased junction
diode is voltage dependent.

The circuit arrangement employed is shown in
Fig. 6. The two 0.5pF capacitors and the diode
form a capacitive potential divider network -which
feeds an additional reactive current to the bridge
output point, the magnitude of this current being
varied at audio frequency by the changing diode
“capacitance. The effect is just the same as if one of
the normal bridge capacitances was varied at audio
frequency.

The frequency response obtained in this manner
was well within + 1 dB over the whole audio spec-
trum, up to 15 kc/s, on open circuit, on short circuit
or on a 600-ohm resistive load.

It was interesting to observe that, when using a
valve amplifier with a 1:10 input transformer, un-
loaded on the secondary side, the response was about
0.5 dB up at 10 kc/s but had returned to its low-
frequency level again at 15 kc/s, whereas this same
amplifier when fed from a resistive 600 ohm source
showed no rise and was 0.5 dB down at 15 kc/s.
This is due to the effect of the series inductive com-

1 ;
MICROPHONE! = ! PHASE-SENSITIVE
L- RECTIFIER

il L
7

05p

82k
VARIABLE
CAPACITANCE
DIODE = _
(apPROX.25p) | - AUDIO
+ 0SCILLATOR

'SV wm
LT

Fig. 6. Set-up for circuit frequency-response measurement.
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By P. J. BAXANDALL, 8.sc.(Eng.)

ponent of the output impedance of the microphone
circuit in association with the shunt capacitance of
the transformer. If desired the microphone output
impedance could be rendered more purely resistive
by the addition of a suitable series combination of C
and R across the output terminals.

The frequency response of the complete system,
including the microphone element, for a constant
alternating pressure on the diaphragm, may be
obtained in the manner shown in Fig. 7.

The centre tap of the bridge transformer, instead
of being directly earthed, is here earthed at r.f. only,
via a capacitor. A d.c. polarizing voltage, from a
battery, is applied, and on this is superimposed an

IE T

-3

Mcfs MICROPHONE

(3]
e .
gil! | 7
Ik 100k

e I'#NW];

TO PREVENT
DIRECT
2 AUDIO TRANSFER

- AUDIO !
3,300p g 0SCILLATOR _EOV

Fig. 7. Set-up for overall frequency-response measurement.

audio voltage from an oscillator. The d.c. polarizing
voltage causes a force of attraction between the dia-
phragm and the back electrode, and the effect of the
very much smaller audio voltage is to causc this
force to vary almost perfectly sinusoidally at the
oscillator frequency. This results in an audio output
from the microphone circuit just as if the diaphragm
were actuated by a constant acoustic alternating
pressure.

In practice it was found desirable, however, to
take one precaution, which was to add, temporarily,
a small choke (about 100 uH) to earth at the phase-
sensitive rectifier input, as shown in Fig. 7. Without
this, there was significant direct transfer of audio
frequency signals at high audio frequencies, which
gave misleading results.

Fig. 8 shows the frequency response obtained
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using the Fig. 7 set-up. This is, of course, a rather
poor frequency response for a microphone, but the
reader will not be surprised at this on hearing that
the microphone element used for these experiments
is of pre-war vintage!

Microphone Characteristics

It is interesting to consider the main features of
the Fig. 8 response curve. The main resonance
occurs at 7.3 kc/s, and is very underdamped. There
is also evidence of a higher-frequency resonant mode
at just over 10 kc/s. The gradual change in response
at lower frequencies is thought to be probably due
to a changeover from isothermal to adiabatic opera-
tion of the air behind the diaphragm with rising
frequency. Most of the diaphragm stiffness in this
design appears to be provided by the air behind the
diaphragm rather than by the diaphragm tension,
so that one would expect the stiffness at low audio
frequencies to be less than that at higher frequencies
by a factor equal to the ratio of the specific heat of
air at constant pressure to that at constant volume.
This ratio is 1.4, and would give a change in response
of approximately 3 dB, which is, in fact, about what
is observed.

The response curve of Fig. 8 may be taken, with
slight reservations, to be the response curve of the
microphone as normally used. The reservations are
concerned with the fact that the method of measure-
ment does not take into account diffraction effects at
high frequencies (ref. 4), where the dimensions of
the microphone element are not negligible compared
with a wavelength, nor does it take into account the
possibility of acoustical or mechanical resonances in
the microphone casing. However, in view of the
very small size of the omnidirectional element here
used, and the unobstructive nature of the wire-mesh
casing, these effects would be expected to be small.

To improve the sound quality obtainable, an
equalizer circuit was added to the microphone
amplifier to compensate for both the resonant peak
and the smooth change in level at lower frequencies.
The overall response is then level, within + 2 dB,
up to 12 kc/s.

Audibly, the main effect of adding the equalizer is
to remove the excessive sibilants on speech, leaving
the reproduction smooth and pleasant—not lacking
top, but without its previous artificial rustle and
glitter.  Various recordings which have been made
with the equalized microphone, of piano, harpsi-
chord, organ, brass band and choir, have led to the
belief that, for an omnidirectional microphone, the
performance leaves little if anything to be desired.

Linearity Measurements

The amplitude linearity may be investigated in a
very simple manner, because this microphone
system has a response extending down to zero fre-
quency. All one has to do is to change the capacit-
ance on one side of the bridge circuit by small
known amounts and measure the d.c. output by
means of a meter across the output terminals.

The result of such a measurement, with a 600-
ohm load on the output, is shown in Fig. 9. An
equally good characteristic was obtained with the
microphone on open circuit, but on measuring the
output current with almost zero load resistance, a
slight trace of non-linearity was observable at the
extreme limits of the curve.

494
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Fig. 8. Overall frequency response of microphone system,
without equalization,

It should be emphasized that under almost all
conditions of use only an extremely small part of
the Fig. 9 characteristic is traversed. Ordinary con-
versational speech at a foot or two corresponds to
about 1 dyne/cm® alternating pressure, and this
causes, with a typical modern electrostatic micro-
phone element, a capacitance change in the region
of 0.001 pF. Such a small capacitance change is
virtually invisible on the scale to which Fig. 9 is
plotted.

The small capacitance changes required for deter-
mining the Fig. 9 characteristic were obtained by
means of a small Philips concentric (*milkcan )
trimmer. A fine pencil mark was made on the
rotor of this, a series of such marks being made on
the stator. The capacitance with the rotor mark
opposite each stator mark was then determined on
a capacitance bridge; the capacitor, thus calibrated,
was returned to the microphone circuit.

Noise Measurements

The results of some measurements made to deter-
mine the noise performance of the microphone
circuit are shown in Fig. 10. For these measure-
ments the microphone element was replaced by a
trimmer, so as to avoid acoustically picked up noise
and mechanical thermal noise generated within the
element. The noise (unweighted) was measured
using a low-noise valve amplifier, thermocouple and
galvanometer, over a bandwidth (determined by
sharp-cutting filters) extending from approximately
400 c/s to 15ke/s.

From the top curves in Fig. 10 it will be seen
that the noise is very dependent on the degree of
unbalance of the bridge circuit, particularly when
the oscillator is operated with the transistor not
bottoming. This is quite reasonable, because the
effect of allowing the collector to bottom is to clamp
the tuned -circuit voltage to a well-determined
amplitude once per cycle. When there is no
bottoming, the amplitude is free to wander about
in a random manner, under the influence of tran-
sistor and thermal noise, giving rise to greatly
increased “a.m. noise ”,

Curve B in Fig. 10 (a) has been plotted, it will
be seen, on a decibel scale, 0dB representing the
noise output which would be produced if the only
source of noise were Johnson noise in the 600-ohm
resistive component of the microphone output
impedance, '

In Fig. 10 (b), the same curve has been replotted
on a different basis—the vertical quantity here is
really the extra noise voltage resulting from un-
balancing the bridge. This discloses the true nature
of the effect; all that is happening is that, as the
bridge is more and more unbalanced, more and
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more noise from the oscillator 15 let through, in
direct proportion to the degree of unbalance.

Phase-sensitive Rectifier Noise:—It will be seen from
Fig. 10 that, with the bridge perfectly balanced,
there is more noise when the oscillator is bottoming
than when it is not bottoming.

Now the absence of bottoming, achieved by suit-
ably increasing the oscillator emitter resistance, is
accompanied by a reduction in the oscillator output
voltage and hence in the reference voltage fed to
the phase-sensitive rectifier. It seems, therefore, that
some of the observed noise is generated by the phase-
sensitive rectifier transistors and that this noise is
reduced if the reference voltage is reduced.

An independent test, in which the reference volt-
age was varied by other means, also showed a reduc-
tion in noise output for a decrease in reference
voltage. ’

At first sight, since a reduction in reference voltage
will make the switching operation slower, i.e., less
nearly ideal, one might well expect a poorer, rather
than a better, noise performance.

In an entirely separate experiment, a 600-ohm
resistor was connected across the primary of the
input transformer of a low-noise audio-frequency
valve amplifier. The emitter and collector of an
SB240 transistor (as used in the phase-sensitive
rectifier) were also connected across this circuit,
provision being made for varying the d.c. bias voltage
applied, via a 4.7k() series resistor, between the
base and emitter.

The noise input to the amplifier with the tran-
sistor biased off on its base was found to be virtu-
ally just the Johnson noise from the 600-ohm
resistor. As the transistor was slowly turned on by
bringing the base negative to the emitter, the noise

Fig. 9. Vou/8C characteristic for microphone circuit, with 600

load.
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Fig. 10. Variation of noise output with bridge unbalance. Zero
dB in (a) is equivalent to 600€) Johnson noise.

output fell smoothly until, by the time a small frac-
tion of a milliamp of base current was flowing, the
noise input to the amplifier corresponded to the
Johnson noise from a resistance of well under
100 ohms.

It would thus seem that the mechanism of noise
generation within the phase-sensitive rectifier can-
not be explained on a simple low-frequency basis
and that it evidently operates only when the switch-
ing is done at radio frequency.

A possible clue lies in the further experimental
observation that if a small d.c. emf. is introduced
in series with the collector lead in the above experi-
ment, tending to make the collector negative, then
the noise reaches many times the Johnson noise
level if the base is sufficiently negative to make the
transistor conduct but insufficiently negative to
bottom it—under these conditions the transistor is
simply functioning as an amplifier. It could well
be that, in the phase-sensitive rectifier, when allow-
ance is made for the effect of hole-storage delay
time, a condition may be established, during a small
part of the cycle of operations, in which the tran-
sistor is in an active amplifying state, with enough
negative voltage between collector and base to make
it give amplified noise output.

A good deal of further investigation would be
necessary, however, to gain a full understanding of
the mechanism involved.

Overall Noise Performance:—Even though the noise
introduced by the phase-sensitive rectifier is not,
in its present state, completely negligible, it must,
nevertheless, be emphasized that the overall noise
performance of the system is extremely good—
indeed it is potentially much better than can be
achieved using the conventional valve technique.
Some relevant points are:—

(a) The unweighted noise output of the present
system, over the frequency band 400 c/s to
15,000 c/s, corresponds to a sound pressure
about 23dB above 0.0002 dynes/cm® (Ex-
pressed in less scientific terms, the sound of the
author’s wrist watch ticking, under sufficiently
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quiet ambient conditions, can be picked up at
five feet from the microphone, using the tran-
sistor microphone amplifier of Fig. 51)

(b) The microphone element used in these experi-
ments is of lower sensitivity than some more
modern ones. The capacitance between the
diaphragm and the back electrode constitutes
only about half the total capacitance, and the
latter varies by less than 1 in 10° per dyne/cm?
A capacitance change in 3 parts in 10° per dyne/
cm?® is probably more typical of modern elec-
trostatic microphones, and the circuit noise
when using one of these elements in the present
circuit would be in the region of 13dB above
0.0002 dynes/cm?.

{©) The pressure equivalent of the circuit noise
may be reduced by a further 12dB or so, so that
it becomes about equal to 0.0002 dynes/cm?,
by raising the bridge voltage from its present
value of about 25 V r.m.s. to 100 V r.m.s. How-
ever, by this time, it is evident from reference
(5) that most of the noise output from the

system would no longer be that generated

by the electrical circuit, but would come from
the thermal agitation of the air particles be-
hind the diaphragm. No significant further
improvement in noise performance is then
possible except by modification of the mechani-
cal design of the microphone element. The
only beneficial modifications which are possible
are either to reduce the viscous damping resist-
ance acting on the diaphragm or to increase
the area of the diaphragm. Reduction of damp-
ing can only be effected without introducing a
peaky response if the diaphragm mass is corres-

' pondingly reduced. :

(d) A further reduction in the pressure equivalent
of the circuit noise can in theory be achieved
by raising the oscillator frequency. If the fre-
quency is doubled, the bridge reactances are
halved and the tuned circuit series resistance
may be divided by four for the same band-
width. Thus we obtain the same signal voltage
from a quarter of the impedance and have an
improvement of 6dB in signal-to-noise ratio.
In practice, unless better transistors are used,
the noise performance of the phase-sensitive
rectifier may well fall off with increasing fre-
quency, which will offset some of the improve-
ment otherwise gained. Since better and better
transistors are tending to become available at
lower and lower prices, however, this is not a
serious problem in the long run.

(e) If, by the above means, the noise output caused
by mechanical thermal agitation is made well
above the Johnson noise level in the microphone
amplifier input circuit, then the noise contri-
bution from the amplifier will be negligible
even though the amplifier may not have a par-
ticularly good noise factor. This is a very
attractive feature of the system.

Electroacoustical Sensitivity

To express the noise level of the microphone as an
equivalent acoustical noise pressure acting on the
diaphragm, as has been done above, it is necessary
to determine the sensitivity of the microphone in
mV /dyne/cm?,

The set-up of Fig. 7 enables the sensitivity to
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be determined in a very straightforward manner,
provided the value of the capacitance between the
microphone diaphragm and the back electrode is
known and provided the construction is such that
the electrode covers substantially the whole of the
diaphragm area. This latter requirement was satis-
fied with the element used, and it was also possible
to slide the electrode block inside the outer casing,
after slackening four screws, thus withdrawing it
from the diaphragm. Quite a small movement re-
duced the capacitance between diaphragm and elec-
trode to a fairly negligible value and thus enabled
the remaining, inactive, part of the total microphone
capacitance to be determined approximately by
measurement. By subtracting this inactive capaci-
tance from the total measured under normal condi-
tions, the capacitance between the electrode and the
diaphragm, with normal spacing, was deduced to
be approximately 22 pF.
Referring to Fig. 7, it may be shown that: —

Vo C? 4 %09
A2 X 105‘4 @
where: Pac=a.c. pressure on diaphragm (dynes/cm?2.)
Vi=a.c. audio-frequency voltage applied

(Puc will be r.m.s. if V. is r.m.s.)

capacitance between diaphragm and
electrode in pF.

P;Lc - Vac X

C =

A=celectrode area in cm?.
Py =polarizing potential in volts.

As an alternative to determining the active capa-
citance, it would be possible to determine dP/dV,.
for constant “d.c.” output voltage from the micro-
phone circuit, a small known steady air pressure
being applied to the diaphragm by means of a
close-fitting cup. This method should be capable of
good accuracy, and does not assume that the fixed
electrode covers the whole diaphragm area.

Advantages and Disadvantages of the
New Microphone System

The system described in this article has the follow-

ing advantages: —

(a) Relative insensitivity to damp. With the con-
ventional valve circuit, as originally supplied
with the microphone element used in these ex-
periments, the effect of breathing heavily into
the inside of the microphone casing was quite
drastic—a succession of loud crackles and
wheezing sounds occurred for many seconds
afterwards. - On subjecting the transistor system
to the same treatment, however, there is almost
no trace of such effects.

(b) Superior signal-to-noise ratio.

(c) Very low magnetic hum pick-up, since there is
no audio transformer in the microphone; a
balanced output is provided, however.

(d) Uses ordinary twin-core screened microphone
cable.

(e) The microphone and its amplifier may be oper-
ated from a single, typically 12-volt, dry battery.

() The possibility of noises caused by valve micro-
phony is eliminated. "

There are, however, certain disadvantages, which
it is important not to overlook: —

(a) The system is more complex to build and to
adjust correctly.
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(b) It is desirable, to avoid degradation of signal-
to-noise ratio, that the two capacitances in the
bridge should remain equal to within about
1% under all ambient conditions and prefer-
ably throughout many years of hard use;
whereas in the conventional valve system
capacitance stability is of little consequence.

For professional applications, a temperature
range of, say, 0°C to 80°C may have to be
coped with. The low temperature might apply
if the microphone had been out in a cold van
in winter time immediately before use, and the
high temperawre if it came accidentally into
the beam of a television spot-light.

The requirement is for a temperature cO-
efficient of the capacitance on one side of the
bridge with respect to that on the other not
exceeding about 120 parts in 10° per degree
Centigrade. This is a conservative estimate
and one might be able to allow up to 200 parts
in 10°/°C in practice. It is not a particularly
stringent requirement, but must be faced up
to. A cardioid microphone element would
probably present the greatest difficulty in this
respect, since it must employ quite low dia-
phragm tension. One is helped out, however,
by the fact that quite a low r.f. polarizing volt-
age can be used, giving only a small electro-
static deformation of the diaphragm and con-
sequently only a small capacitance change. A
bi-directional (figure-of-eight) element presents
less of a problem, since its two capacitances
would be connected on opposite sides of the
bridge, giving a large measure of cancellation
of the effects of unwanted capacitance changes.

() The insulation in the element should be of low
loss at radio frequency, otherwise the bridge
output will contain an appreciable quadrature
component when set as near as possible to
balance. Too large a quadrature component

will degrade the performance and make the

setting-up adjustments much more difficult to
carry out properly. There would appear to be
no difficulty in satisfying this requirement,
however.

(d) If a plastic diaphragm is used the conducting
coating on the diaphragm must be reliably con-
tinuous since any tendency for some small area
to become erratically detached electrically from
the main area would give rise to crackling noises.
This effect would not happen with the conven-
tional method of use.

Other Work on Similar Lines

Whilst the system here described was developed quite
independently of other work in the same field—
indeed in regrettable ignorance of the fact that such
work was going on—references (6) and (7) show that
a very similar train of thought and activity has been
pursued in Holland.

The paper by J. J. Zaalberg van Zelst describes
an r.f. amplitude-modulation system using valve
circuits and shows a detailed appreciation of the fac-
tors influencing the noise performance of such
systems.

The much more recent paper by G. F. J. Arends
describes a fully engineered system, in use in the
Hilversum broadcasting studios, which has much in

WIRELESS WORLD, DECEMBER 1963

common with that described above, but which

differs in the following details: —

(a) A two-diode peak-rectifying phase-sensitive
rectifier is employed, with OA91 diodes. This
gives an unbalanced output and a small audio
transformer is normally included to convert this
to a balanced signal for feeding the cable. The
transformer also functions as an r.f. filter, the
carrier frequency being 2 Mc/s.

(b) The bridge outpur circuit is untuned. With a
given element and a given r.f. polarizing voltage,
the noise performance of the circuit must, there-
fore, be considerably inferior to the author’s.
Nevertheless ihe overall noise performance of
the microphone is evidently very satisfactory,
and the elimination of the tuning adjustment
is a convenient simplification.

(c) One side of the microphone element is earthed,
the r.f. transformer centre tap being live at r.f.
The present author preferred to keep the
centre-tap earthed, thus preventing the trans-
former winding capacitances from affecting the
conditions for bridge balance. It is admittedly
convenient, mechanically, to have one side of
the microphone element earthed, however.
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‘I'he p-n-p/n-p-n complementary pre-output pair,
Q2 and Q3, are again standard commercial types,
NKT 273 and NKT 274, with better than 15-V
ratings. They have been selected because they are
available in pairs matched within 209, for d.c. beta
at 50mA (which is approximately the full drive
current in this circuit). They have typical 50mA
d.c. betas of 100, but the circuit is designed for a
minimum of 50. Although the p-n-p/n-p-n pre-
output pair should be reasonably matched for beta if
a very low distortion is looked for, considerable
matching experiments have shown that there is so
much feedback that matching is not critical. Indeed,
in one experiment, betas of 20 and 200 were used in
the complementary ° matched ” pair and a total
distortion of less than 3%, was achieved.

The output transistors, Q4 and Q5, are inter-
mediate power transistors type NKT 352, in standard
TO-8 encapsulations. Here again, because of the
low battery voltage, ratings of 15V suffice. (It
should be noted that in a transformerless circuit
with a resistive load no transistor can se¢ a voltage
greater than the rail voltage.) The types selected
have a minimum beta of 30 at 1A. As peak currents
in the output stage are of the order of 1A, it is best
to match the transistors at this level. Again matching
was found not to be critical, but the matching of
209, available commercially in the transistor type
selected will ensure low distortion.

The diodes D; and D, should be germanium
junction diodes to match the junctions of the output
transistors. Newmarket Transistors have developed
a special diode-connected transistor, type NKT 279A,
popularly known as a « tridode » (triode-diode),
which has the collector and base leads spot welded
together. The NKT 279A was found well suited to
this application.

Battery Voltage: For this 3.W amplifier, a nominal
supply voltage of 12V was chosen for the following
reasons. The theoretical formula for the maximum
output power of an ideal single-ended Class B push-
pull transformerless stage feeding into a load resistor
R, and with a supply voltage V is :

P, = VY8R, .. .. ¢!

In a real amplifier with its unavoidable losses, a more
realistic empirical formula is

P,(real) = (V. — 2)*/10R .. .- (2)
As the amplifier being considered was designed to
provide 3W into a standard 3 ohm speaker, sub-
stitution of these values in formula (2) leads to a
supply voltage of 12V. This is most convenient.
In ‘battery supplies, 12V is a common standard
voltage which can be obtained, either from a car
battery, two 6-V lantern batteries or eight U2 1.5-V
cells of large capacity.

Load Resistance: The output load resistance value
of 3 ohms was chosen because in many applications
of this amplifier it will be used to feed a load speaker
directly, and 3-ohm, 3-W speakers are standard items
easily commercially available.

Performance

Performance, unless otherwise indicated, is specified
for a 12-V nominal supply, a standard 3-ohm load
and normal room temperature ambient.

Power Qutput: The rated output of the amplifier
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1s 3W r.m.s. (or 6W peak). However, the amplifier
was found to perform satisfactorily over a voltage
supply range of 9 to 15V, available output being, of
course, greater at the higher voltage end and less at
the lower. : :

If a deliberately poorly-stabilised power supply is
used, which has a voltage of about 15V on no signal
and falls to 12V on full output, then the music power
rating, i.e., the instantaneous maximum power output
available, will be over 5W. However, a marginally
bigger heat sink is necessary for this.

Efficiency: By selection of output transistors with
very low base drive voltages and very high current
gains, efficiencies of over 609, were obtained in
practice. However, using standard production
transistors, the output stage efficiency is more like
50%,1.e., at 3W output the current drain on the power
supply at 12V is about 1A.

Sensitivity: The amplifier has a typical 1 kc/s
sensitivity of 50mV input for full 3W r.m.s. output.
The input resistance (padded out with a series 680 Q)
is 1kQ. If a lower input resistance can be tolerated,
then direct drive to the base of Q1 (where the input
resistance is about 330Q) will give around 18mV
sensitivity. ’

Frequency Response: The amplifier has a 3-db
frequency response at 500mW from 50c/s-20kc/s
without the feedback capacitor C;. With C,=100pF,
the top end was cut to 12kc/s. This is more than
adequate for commercial entertainment applications
for which the circuit was primarily designed. It can
easily be extended at the lower end by increasing
C,, C; and C,, and at the upper end by reducing the
feedback capacitance C;,.

— 1

2-625" >

| J

ALL HOLES 0-133"DIA.
(DR!LL NoS.’D

0-625

. [ I
. B | !
e : e : 0175” o
IR T <
— 0-6- [-65" | 0187" ,
) l - 175
I-45) ! . o7 ’
LU e —"i e
0-187" } r32—8?1 -
I o075 - -0 -9 .
| Lo N
X |-4- l iﬁ 0-14] $ 025"
(875" .l ‘
30" >
Q4

[ TR iNsuLATING
K MICA WASHER
PLASTIC BUSH WTWEEtI TRANSISTOR

MOUNTING CLIP AND HEAT SINK,

Fig. 6.  Details of heat sink assembly of 3W amplifier.
(@) Heat sink (b) Diode and transistor mounting.
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A warning on high frequency tests is not out of
place here. On the bench, it is a common experience
to find output transistors run away on prolonged
high-level, high-frequency testing. .

In this connection, frequency response tests at a
low-power level do not give a complete amplifier
specification. A power response test is also desirable
giving the permissible power output,across the same
band as the specified low-level frequency response.
On this basis, the 3-dB power response of the 3-W
amplifier is 50c/s to 10kc/s only. In some ways this
i1s academic, because in normal entertainment use,
signals being amplified do not contain continuous
high-level, high-frequency components. Also the
impedance of the commonly-used moving-coil
speaker rises rapidly at high frequencies and limits
the output power possible. It is only when testing
on an artificial non-inductive resistive load with a
signal generator that trouble is usually experienced.

Distortion: The total distortion of the 3-W amplifier
was found to be typically 2%, at 500mW output with
a production spread of transistors. An interesting
feature of these transformerless, complementary-
symmetry circuits is that the total distortion does not
rise steadily with output as happens in the case of
transformer coupling. In general the distortion level
remains fairly constant from a low signal level up to
three-quarters of the rated output, then rises steadily
This may be one explanation why transformerless
complementary-symmetry amplifiers have such a
reputation in the high fidelity field. On massive
signal peaks the distortion does not rise significantly.

Lower distortion can be achieved with the basic
circuit shown by reducing the values of RV, and R,
proportionately. This increases the a.c. negative
feedback, but of course lowers the gain.

Intermodulation distortion was not measured
because no single accepted standard method of
measurement exists. However, the amplifier has
been tested with an electronic organ where inter-
modulation distortion, if at all significant, shows
itself up immediately because of the many frequencies
at different power levels handled simultaneously. Its
performance was found superior to a good valve
amplifier.

Crossover distortion also is difficult to measure
objectively. Total unweighted distortion measure-
ments do not show it up adequately, and an amplifier
with quite low measured total distortion may in
fact have severe crossover distortion which is un-
acceptable on a listening test. One way commonly
used to assess crossover distortion is to look at the
output voltage waveshape on an oscilloscope and
observe the discontinuity at the crossover point.
This visual test is deceptive because sometimes
crossover distortion that looks bad on the oscillo-
scope does not give rise to bad reproduction. The
only certain way to deal with this satisfactorily is
by listening tests on simple sine waves.

If the crossover distortion level attained with the
circuit given is unacceptable for the requirements
of the designer, it can be improved in two ways.
The first is to increase the standing current in the
output transistors to a higher level than the 5mA
specified in the circuit. It will be found that with
these intermediate power transistors, ° visual ”
crossover disappears by the time the bias current
reaches 10 or 12mA. The trouble with this method is

(Continued nn page 603)
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that the standing dissipation in the output transistors
rises with the bias current level and if the equipment
is to operate over the same ambient temperature
range a bigger heat sink has to be used. For 10mA
quiescent current a suggested heat sink size would
be 3 x 3 x {sin. blackened aluminium.

The second method of reducing crossover distor-
tion is to leave the quiescent output bias current
at 5mA as designed, and increase the a.c. feedback
from output to driver base by reducing RV, and R,.
This increases the overall a.c. feedback and reduces
the effect of crossover distortion on performance.

In general, the problem resolves itself into a balance
of output transistor dissipation, standing bias cur-
rent, gain and distortion. The optimum can only
depend on the individual designer’s requirement.

A simple bench test for total distortion that can
be applied without setting up elaborate test equip-
ment is to connect a d.c. voltmeter across the output
from the emitter of Q4 to earth. With this, the
d.c. level is first verified as being half the rail voltage
under no-signal conditions. Then the input signal
is turned up, and if the distortion level is low; the
d.c. reading will not change substantially. If it does
change, the presence of distortion is indicated.
After a little experience it is possible to tell which
transistor is contributing the major part of the dis-
tortion by the direction in which the direct voltage
moves.

Noise and Hum: Noise is relatively unimportant
in this amplifier because the transistor selected
for the first position has a typical noise factor of
10dB and the noise introduced by this stage is small
compared with noise introduced by any pre-amplifier
used.

Hum again is not critical because of the low circuit
impedances and lack of transformers in the design.

Supply Currents: Current drain on the power
supply is typically as follows:—

Power
output:
Battery

OmW 100mW 500mW 1W  2W  3W

Circuit of pre-amplifier suitable for 3W ampilifier.

Current: 7.5mA 100mA 200mA 275mA 375mA 500mA .

WIRELESS WORLD, DECEMBER 1963

the amplifiers.

Ambient Tempera-
ture Range: The circuit is designed to operate
satisfactorily from 0°C to 45°C, i.e., the range of
ambient temperature for which consumer products
are normally rated. The temperature compensation
diodes D; and D, satisfactorily prevent crossover
distortion rising appreciably at the low-temperature
end, and prevent the output bias- currents rising
excessively at the high temperature end.

Mechanical Aspects

Dimensions: The prototype 3-W amplifier illus-
trated in Fig. 4 is approximately 5x13x13in
and in its finished form weighs only 2 oz. Holes
are provided on the end of the heat sink for mounting
the unit. It has only four end connections—input,
output, -+0V, —12V. The end connections are
spaced so that they fit into a standard end-connector
socket but, as the peak currents handled are well
over 1A, it has been found in practice that many
sockets introduce sufficient contact resistance to
lead to distortion. It is best to solder terminal
connections to the board.

Component Léyout: Fig. 5(a) gives a diagram-
matic drawing of the copper side of the printed

D1,D2,D3& D4
=NKT 349030

(e}

e %Isoﬂ -
2w q
2,000uf
od | 50V f
+ 2,000uF, 25V
Fig. 8. Circuit of mains power pack for 3W amplifier,
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NEWS FROM INDUSTRY

Gas Grid Control for N.W. Wales

USING u.h.f. radio telemetry equipment, manufactured
and installed by Pye Telecommunications Ltd., ten of
the major stations on the North Wales Gas Grid have
been connected to the grid control centre at Rhyl. From
the control centre, command digital telemetry signals
are periodically transmitted via a radio repeater station
at the Great Orme’s Head to ten stations on the North
Wales Coast. Two standard 100-baud telegraph chan-
nels are used to convey the digital information.

All the outstations use the same frequency and a
time division multiplex system, involving transmitter
switching, is used to obtain information of local condi-
tions. The output from each station is sequentially
scanned, and pauses for self-reporting alarms are inter-
laced with the scannmg, which occupies about two
minutes. ,

Should an alarm occur during one of the quiescent
periods, the operator at the control station immediately
selects the faulty station and obtains a digital display
of all the measured variables. From the information he
receives the operator takes the necessary action—such
as increasing the rate of flow, pressure, etc.—by trans-
mitting digital information back to the outstation. The
system aiso permits voice communication over the u.h.f.
links with any outstation.

IWW 336 for further details.

Honeywell to make Computers in U.K.—Medium-
and large-scale magnetic-tape computers are to be manu-
factured in this country by Honeywell Controls Limited,
the British subsidiary of Honeywell International of the
U.S.A. The new division, to be known as the Elec-
tronic Data Processing Division, will operate from the
Newhouse, Lanarkshire, factory where Honeywell
already employ over 2,000 and of which C. H. Offord is
director. Peter W. Mann has been appointed to take
charge of the division which will concentrate on the
European and Commonwealth markets.

W. H. Sanders (Electronics) Ltd. suffered a net
trading loss of £10,015 during the year ended 30th
June as against a pre-tax profit of £73,045 in the
previous year. The company stated the reasons for
this were largely due to “ unforeseeable delays in pro-
duction of equipment on which substantial expenditure
had been incurred, and losses sustained by a subsidiary
company .

The group profits, before taxation, of the Gas Puri-
fication and Chemical Company for the year ended 30th
June amounted to £453,714, as against a deficit of
£131,351 in the previous year. Taxation this year took
£226,007. The company’s subsidiaries_include AB.
Metal Products Ltd., Wolsey Electronics Ltd., Grundig
(Great Britain) Ltd., B. & R. Relay Ltd. and Greencoat
Industries Ltd.

Kerry’s (Great Britain) Ltd. have acquired the whole
of the issued share capital of P. G. Day (Electronics)
Ltd., of Wilbury Way, Hitchin, Herts., who have for
some time been manufacturing the electronic equipment
incorporated in the products of Kerry’s (Ultrasonics)
Ltd. Incidentally, Kerry’s (Engineering) Co. Ltd. and
Kerry’s (Ultrasonics) Ltd., two manufacturing sub-
sidiaries of Kerry’s (G.B.), have recently moved to new
premises at Chester Hall Lane, Basildon, Essex.

WIRELESS WORLD, DECEMBER 1963

U.S. Components Exhibition in London.—Leading
American manufacturers’ of electronic components are
to display their latest products in an exhibition at the
United States Trade Center, 57 St. James’s Street,
London, S.W.1, from 26th November to 6th December.
After a formal opening at 11.0 on the first day, the
exhibition will be open daily (except Saturday and
Sunday) from 10.0 to 5.0. An invitation is extended
to all those interested in the application of electronic
components. Some of the companies taking part will
be seeking representatives in the United Kingdom.

T.R.A.C.E.—British Overseas Airways Corporation
have ordered Tape-controlled Recording Automatic
Checkout Equipment from Hawker Siddeley Dynamics
Ltd. for the automatic testing of flight control gear in
the VC10. This equipment injects a series of pro-
grammed electrical stimuli that generate a predeter-
mined response from the various circuits and sub-
systems in_the equipment under test. Hawker Siddeley
are also to supply a prototype T.R.A.CE. to the
Admiraity. This will be the second equipment to be
supplied to the Admiralty and is to be used in the
Dockyard Service for fault diagnosis on electronic units
removed from ships, and for “pass-out” testing after
their rectification.

The Royal National Lifeboat Institution has signed
a ten-year hire-maintenance contract with Redifon Ltd.
for radio-telephone equipment covering the air-sea rescue
uw.h.f. frequencies (243 and 282.8 Mc/s). The contract,
which is valued at £15,000 p.a., provides for this equip-
ment to be installed in 170 lifeboats and also for the
fitting in 25 lifeboats with v.h.f. 11-channel f.m. radio-
telephones for inter-ship and ship-to-shore communi-
cations.

Standard Telephones and Cables Ltd. has acquired
the issued capital of Hudsen Electronic Devices Ltd., of
West Norwood and Sydenham. Hudson Electronic
Devices will become part of the S.T.C.’s radio division
and operate under the division’s general manager, K. P.
Wood. :

Associated Aerials Lt¢d. have been awarded a contract
by the B.B.C. to develop, manufacture, and install
several Band I television receiving and transmitting
aerials for small stations in North West Scotland and
the Western Isles. These are the Pitlochry, Grantown-
on-Spey and Melvaig relay stations and the Torteval
transmitting station.

The Ministry of Aviation has placed a contract with
Hughes International (U.K.) Ltd. for nine S-Band
(2.4-4.1 Gc/s) parametric amplifiers. These amplifiers,
which will be installed in surveillance radar sets within
Britain’s civil aviation system, will increase the effective
range, by up to 50%, of the existing radar facilities
covering the main British airports.

Marine Installations.—Two new large tankers, built
in Sweden and Japan, for Mobil Tankships Ltd., of
Bermuda, have been fitted with radio and radar installa-
tions by Associated Electrical Industries Ltd. Both
vessels carry A.E.I. radio stations which include 600-
watt transmitters, a main receiver, a 28-channel trans-
ceiver and emergency radio, direction finding, and
portable lif=boat equipment. The Swedish-built vessel,
of 97,000 tons d.w., is fitted with A.E.L. 604 Escort
radar and the 95,713-ton d.w. Iapanese-built tankes
with Kelvin Hughes radar.

09

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

Wireless World
AUDIO SIGNAL GENERATOR

WE are giving, this month, further wiring de-
tails of the signal generator. It will be seen that the
components on the panels are mounted on turret
tags. We have found this to be a reliable and
simple method of construction, which only requires
a hammer and drill. Many people have, however,
expressed a preference for printed circuits and asked
if these are suitable for the instrument. They are
indeed suitable, are very easy to make, and several
of our advertisers offer kits of materials for the pro-
cess. The disposition of components is not at all

critical, and almost any layout adopted will be suit-

able.
The two screens possibly need a word of explana-
tion. Fig. 11 of last month’s article showed a screen

round the meter, and in this month’s issue a screen

is shown between the two wafers of the switch.
They both perform roughly the same function, and
are used to prevent the discriminator pulses appear-

2.—WIRING AND USE

ing at the sine-wave output. The meter screen pre-
vents break-through to the front component panel,
and the switch screen avoids the superimposition of
pulses from S,, and S,s on the waveform at the
attenuator wafer S,,.

If it is intended to use the instrument in close
proximity to transmitters or sensitive receivers, it
may be felt desirable to make the covers and front
panel from metal sheet rathet than decorative
laminate. This will not affect the performance in
any way, although the use of steel for the front panel
would probably give a different meter scale shape,
necessitating re-calibration.

The extremely wide spread in characteristics of
transistors and thermistors may necessitate a change
in the value of R,. This is nominally 220(2, but high-
gain transistors in the TR2 position or high-value
thermistors require an increase in this value. The
highest resistor we have used successfully is 1000¢2,
and we suggest that if distortion is

~18V

9 apparent, R, should be made about

TRt | TR2 TR3

o (Gl lcst]ca l g l'
RaT .

!} Wt ¢ eb e

e/ ©

@ ©
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R6
b
SETRE

680().

It should be made clear that R, is
not “selected for minimum distortion.”
The waveform should normally be dis-
torted less than 0.259%, but spreads
may cause incorrect biasing, when the
peaks will be flattened. In other
words, gross distortion will appear, and
not a rather higher degree of dis-
tortion.

To simplify switching, the “Battery
Check ” circuit is made via the diodes
D1 and D2. This means that the
impedance of the circuit is very slightly

S)
’\PANEL' A

PANEL B\‘

affected by frequency. If the maxi-
mum accuracy is required, the battery

should be checked at the lowest-fre-

quency end of any range. If S, is
switched to “OFF,” this, of course,
does not apply.

Applications

Finally, a word on the use of the
instrument. Probably the most obvious
application is the testing of audio
amplifiers. A complete article could
be written on the subject but for the
moment we will confine ourselves to
a general outline.

Fig. 1. Tag-panel layout.

614

Using sine waves, a frequency res-
ponse check of an amplifier is obtained
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Fig. 2. Complete wiring diagram of the instrument. Components shown dotted are mounted behind the tag-panel. Sufficient slack
should be allowed to enable Panel B to hinge outwards.
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LETTERS T0O

THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondenis

N.T.S5.C. Golour

I READ with interest the editorial comment and the
article on colour television in your September, 1963,
issue. I must, however, comment on Ssome questions
raised in the article.

In the last 8 or 9 years there has been a considerable
improvement in the stability and “usability” of colour
TV receivers. Actuarial statistics supplied by RCA
Service Co. (and supported by the writer’s experience)
indicate that colour receivers require little or no more
servicing than their black-and-white cousins. Because
of the cost of replacing the c.r.t., most colour set owners
carry some sort of servicing insurance policy, the pre-
mium for which is only slightly greater than that for a
black-and-white set.

With regard to control knobs, the only controls access-
ible to the public (which are not found on a black-and-
white set) are the hue and tint controls. These require no
special skill to use; indeed, my 5-year-old daughter has
mastered them. One simply turns up the tint control
until the colours are bright enough and then adjusts
the hue control for normal flesh tones.

The “correct” settings are purely a matter of sub-
jective taste. There is only a slight variation possible
with the hue setting (unless one favours green or purple
flesh tones), but there is considerable variation possible
with the tint control. One can go, for example, from
black and white through pastel to the most gaudy
colours. :

Some slight readjustment of both controls is usually
necessary when switching from one station to another,
but between different programme sources on the same
station this is usually not necessary (with the possible
exception of film to tape).

Additional colour-control adjustments at the back of
the receiver affect the colour temperature of the black-
and-white picture as well as convergence, €tc. and
are usually of the “screwdriver” type.

The vast majority of American colour programmes are
on 35mm film using the Eastman Colour (Kodak)
process or Technicolor.

Many of these colour programmes (““ Bonanza,”
“Yagon Train,” “The Greatest Show on Earth,” etc.)
are already being seen in Britain and could be seen in
colour overnight as soon as a system is chosen for British

colour TV.
Bowie, Maryland, U.S.A. B. W. SHEFFIELD

Long Distance Reception on Band IV

FOR the past week I have been observing (in mono-
chrome) the B.B.C. experimental colour transmissions
on Channel 33, from a poor location some 250 feet above
sea level, near Stony Stratford in north Bucks.

On the evening of the 11th October at 2115 BST
the receiver was tuned over the band and I was surprised
to find three other television signals present, two lower
and one higher in frequency than the B.B.C. ~

The signal on the lowest frequency channel was the
strongest and was still being received when observations
ceased at 2230. All the transmissions seemed to be of
German or Dutch origin. But no sound is available on
my experimental receiver.

The aerial in use was a 16-clement array designed for
the 70-cm amateur band mounted on a rotator. All the
Furopean signals were received with the beam bearing
east (40 degrees north of my Crystal Palace bearing).

On the 12th October no Continental stations were
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received until 1250 BST, only one station being strong
enough to resolve a picture, which was a sports pro-
gramme.

The general public have of late been informed that
when UHF Television comes into use they will be free
of the Continental interference which played such havoc
with Band I last summer. I wonder.

Wolverton. M. PITTAM

Demonstrating A.C. Theory

THE demonstration of a.c. in slow motion described in
the October issue has been extended. Elementary
students are more familiar with a rotating coil in a
magnetic field than with a transistor oscillator, so a v.Lf.
alternator was devised The prime mover was a motor
with an output speed of 4 rev/minute (a suitable motor
is sold by H. Franks, 58-60, New Oxford Street, W.C.1.;
it is made by Teddington Controls, Ltd., and has a
governor to limit the speed to 4 rev/minute). An
Eclipse Major Magnet provided the field. A coil was
wound with about 500 turns.

The e.m.f. induced in a coil rotating at this speed is of
course small; it was amplified by a d.c. transistor ampli-
fier (Fig. 4 on page 271 of the Mullard Reference
Manual). The gain is such that it was necessary to
include a resistor of about 50kQ in series with the coil
and the input to the amplifier. The output of the ampli-
fier could then be used in place of the transistor oscillator
mentioned in the October article.

If it is thought desirable, spokes can be mounted on
the coil shaft, to represent rotating vectors, one for the
e.m.f. induced in the coil, others for currents in the
resistor, capacitor or “inductor.”” The spoke for
the e.m.f. in the coil is co-planar with the coil.

It is instructive to connect the output of the ampli-
fier to an oscilloscope if it contains a d.c. amplifier. If
it also contains a timebase that can be set to run at a very
low speed (2 cycles per minute) the spot can be seen to
rise and fall as it goes from left to right. If the timebase
frequency cannot be made low enough for this, the time-
base can be switched off: the spot rises and falls in a
vertical line; or the timebase can be set to any fre-
quency above that of the presistence of vision and the
whole timebase slowly rises and falls. If the v.lf.
oscillator is used instead of the rotating coil, the spot,
rising and falling as it goes from left to right, can be
turned into a continuous trace by slowly increasing the
frequency of the oscillator and timebase.

If some kind reader can suggest a better inductance
simulator than the one described in the October article,
I would be grateful for advice. I would like to demon-
strate series resonance, but can see no way of doing this

with my arrangement.
T. PALMER

THE interesting article in your issue of October 1963 on
a.c. demonstrations, by Mr. T. Palmer, prompts me to
point out the advantages of using a lower frequency even
than 5 c/s; 0.1 to 0.5 ¢/s allows time for the students
to glance from one meter to another, to compare phase,
etc. It is not easy to obtain a good sinusoidal wave form
at such low frequencies, nor to stabilize the output volt-
age, and though a number of commercial v.l.f. signal
generators are now available, they are rather expensive.
The distortion has to be much better than might be
expected; if capacitive currents are demonstrated, the
harmonic content of the signal is exaggerated. This
was brought home to me when, some years ago, I
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decided to design a cheap v.l.f. signal source for this
purpose. A motor-drive sine potentiometer seemed an
obvious method but small fluctuations in speed caused
pronounced “jumps” in capacitive current.

A simple ring-type RC oscillator using “cathode
follower ” feedback and Metrosil limiters was found to
be satisfactory for frequencies as low as 0.01 c/s, and its
design was discussed in Electrical Engineering® July,
1957.

The feedback gives an effective multiplication of the
time-constant, allowing 0.1-1.0uF polystyrene capacitors
to be used. It has the advantage of giving a three-phase
output, and so can be applied directly to show line and
phase voltages, presence or absence of currents in the
neutral, etc. (This was demonstrated by the writer at
the I.E.E. Exhibition of Experiments in June, 1957.) The
waveform of the charging current in a peak rectifier is
also readily demonstrated. A 3-valve version giving an
output of 50V peak has been in use for seven years at the
S.E. Essex Technical College, and the writer would be
pleased to give a copy of the circuit to anyone interested.

M. D. ARMITAGE

Northampton College of Advanced Technology,

St. John Street, London, E.C.1.

*T Io:;‘uénal of the American Institute of Electrical Engineers (now

)—Ed.

Wireless Telegraphy in the Royal Navy

SINCE writing my original letter under the above title
(page 548, Wireless World, November, 1963), a number
of important relevant documents have come to light
which give a more complete record of the early Royal
Navy wireless experiments than has previously been
available.

The most significant of these documents is a state-
ment which was attached to a report from Captain
Hamilton, of H.M.S. Defiance, to the Commander-in-
Chief, Devonport, dated 28th January, 1899. Accord-
ing to this statement, the first experiments by (then)
Captain Henry Jackson were carried out in December,
1895 as a result of reading the papers of J. C. Bose
(Proc. Roy. Soc., Vol. 59A, pp.160-167: 1895). Jack-
son’s experiments were virtually a repeat of Bose’s, using
a spring coherer and pitch lenses to concentrate the
radio waves on to the coherer. However, to quote the
words of the statement, these experiments were carried
out with “certainly no idea of Morse signals being pos-
sible.” In other words, genuine radio transmissions as
now understood did not take place in this country until
1896.

The report quoted above was entitled “ Statement of
Captain Jackson’s claims as regards the invention of
wireless telegraphy ” and was a joint composition of
Captain Hamilton and Captain Jackson based on infor-
mation supplied by the latter, which was prepared in
January, 1899 in anticipation of a dispute over the validity
of Marconi’s patents. The general conclusion which
they reached was that Marconi preceeded Jackson in
virtually every particular, and, in their opinion, Marconi’s
patents held good.

The statement “certainly no idea of Morse signals
being possible ” refers to the position reached by
Jackson in about March, 1896, that neither his studies nor
his own discoveries had caused him to think in terms
of Morse signalling at that time. The problem he was
investigating was to find some way of locating torpedo
boats without revealing their presence to an enemy by
flashing lights, etc., and he probably had not then con-
sidered the much wider applications of his invention.

The coherer of filings in a glass tube was not used
in these trials until July, 1896, and the first Morse
signals were transmitted and received on such a coherer
on 20th August, 1896.

Unfortunately, no contemporary record of this experi-

[14

ment has been found. The first of Jackson’s trials

for which a detailed description is available took place
on the 28th August, 1896, and was reported to the Com-
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mander-in-Chief, Devonport, on the 16th September,
1896. In this trial, the maximum range achieved was
only 50 yards. This was soon increased to 100 yards,
and in the early months of 1897 signals were sent over
one-third of a mile with the same apparatus. (Jack-
son’s report to C.-in-C., Devonport, 22nd May, 1897.)

These reports are of importance not merely for their
clarification of the early Royal Navy trials, but also as
valuable evidence in the persistent controversy regard-
ing the true inventor of radio. It is now clear that Jack-
son has no claim to priority over Marconi, either on a
basis of initial experiment or of publication, and one
source of speculation should thereby be removed from
the discussion. This is not intended to denigrate Jack-
son in any way; on the contrary, by putting his earliest
work in true perspective the real value of the services
he later rendered to Marconi and to the Royal Navy
may be better appreciated.

The Admiralty documents mentioned are in the
Public Record Office and are quoted by permission of
the Controller of H.M. Stationery Office.

Scampton, Lincoln. ROWLAND F. POCOCK

““Why Goaxial Gables?”

THE article by “Cathode Ray” on transmission lines
prompts me to describe a model I have thought care-
fully about for demonstrating exactly how standing
waves are produced. Perhaps one of your readers with
more engineering ability and facilities than myself could
construct a prototype.

The model would consist essentially of a wide band
of transparent tape with an integral number of sine
waves drawn along its length. The band is mounted on
rollers and held together along its length so that inci-
dent travelling and reflected travelling waves are
observed when one roller is rotated. The band is passed
through a mask which can be placed so as to represent
the termination. When the roller is rotated slowly by
hand it would be observed that the two waves add to
zero at half-wave intervals and to between double ampli-
tude and zero at intermediate points.

Portsmouth. M. R. HARKNETT

Flutter Distortion

I HAVE followed with interest the correspondence
resulting from the suggestion that a layer of p.t.f.e. film
be used to reduce friction between felt pressure pads
and recording tape in order to reduce flutter distortion.
No correspondent seems to have had my success with
this method. May this not be due to the apparent ten-
dency of the writers to generalize from a particular
recommendation?

The original suggestion referred to the application of
a p.tf.e. film only to felt pressure pads. The corre-
spondents, however, appear to be liberally applying
p.tf.e. to tape guides and other metal parts in contact
with the recording tape. :

I suggest that if the experimenters restrict the use of
p.t.f.e. to felt pressure pads they may have some success
with the reduction of flutter distortion. I agree that
p.tf.e. is unnecessary and undesirable on chromium-
plated tape guides and bearing surfaces.

Croydon. W. P. SKINNER

OUR COVER

Air Traffic Control equipment developed at the Royal -
Radar Establishment, Malvern, which was demon-
strated during the conference reported on page 621, |
is illustrated on this month’s front cover. Below the
three-dimensional radar scanner are the A.T.C. radar
consoles surmounted by computer-fed data tables
giving aircraft movements.

(Crown Copyright Photos)
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ELECTRONICS FOR CIVIL AVIATION

RESEARCH AND DEVELOPMENT DISCUSSED AT RECENT SYMPOSIA

EVER since the first balloon observer used a tele-
phone instead of a megaphone, air communica-
tions and 'navigation aids have been growing
steadily. Until 1939, £100 or so would buy all the
equipment needed for a civil aircraft, but the phe-
nomenal advance of electronic engineering in the
past twenty-five years has transformed the iron-
mongery/electronics ratio to something like 2:1 on
a cost basis. '

“Wireless ” still has an important part to play,
and will have as long as it is considered that air-
crews are more reliable than computers. Navigation
and air traffic control account for a large percentage
of research and development effort, and automatic
landing is still being closely studied; indeed the
VC10 and Trident were designed with this in mind
from the start.

During September, a series of international sym-
posia on the subject were held at Malvern and
Farnborough, and the Institution of Electrical
Engineers held a conference to round the proceed-
ings off; the papers presented at the I.LE.E., while not
being all-embracing, dc give a fairly comprehensive
look at the field.

Automatic Landing

Several papers were presented on automatic land-
ing equipment, being concerned, in the main, with
i.l.s. (instrument landing systems). Normally, the
beacon is placed at the up-wind end of the runway,
its beam inclining slightly upwards. This position~
ing causes trouble in two main respects. The air-
craft makes its final approach to the runway well
below the main lobe of the beacon, which means
that reflections from other aircraft or buildings-may
be as strong as or stronger than the direct transmis-
sion. Secondly, it may not always be possible to
site the beacon in the ideal spot and a compromise
must be made. A paper by S. S. D. Jones of
R.A.E. described a down-wind localizer producing
a “fan” pattern along the runway, so that the air-
craft is in the beam at all times. The pattern is
narrow laterally, so that reflections are cut to a
minimum, and both field strength and accuracy are
greatest at the touchdown, where they are most
needed.

The problem of reflections from other aircraft
mentioned above was emphasized in a paper by
F. R. Gill and P. England, of B.LLE.U. The mech-
anism of the interference takes the form of a Dop-
pler frequency shift between the direct and reflected
beams, both aircraft being in motion relative to the
localizer beacon. For a shift of 90c/s (one of the
modulating signals is 90c/s) several flight paths can
be calculated, and have been measured by means
of a mechanical model. From measurements at X-
band of reflections from a model Comet (a typical
case) it appears that the best way to avoid reflections
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is to clear an air space which could be contained
in a cylinder 40,000ft high and 6 nautical miles in
radius. This seems a little impracticable, and much
more work is necessary to avoid this trouble. Back
to leader cable, possibly?

This equipment is, of course, intended for land-
ings in poor visibility, but the conference was
reminded by one speaker that accidents in the land-
ing phase occur in good visibility, and that the
equipment should be used in a monitoring role for
all landings. This will probably happen anyway,
for the process of proving a reliability of 1 part in
107 is going to need a considerable number of
landings.

The need for automatic landing in conventional
(winged) aircraft is fairly obvious. They do not have
a monopoly of approach and landing problems, how-
ever; helicopters also have their peculiar difficulties,
and the logical use of these aircraft, that is between
city centres, will render them more acute. D. F.
Fance, of R.A.E., presented a paper on the use of the
interferometer principle for the guidance of helicop-
ters and other vertical take-off aircraft. The re-
quirements of such a system are (a) guidance along
a steep approach path to avoid high buildings, (b)
guidance in several directions for simultaneous hand-
ling of more than one aircraft, (c) guidance round
small obstacles within an approach sector and (d)
overshoot guidance. The principle is to measure,
from the ground, the range, height and bearing
of each aircraft, derive by computer the informa-
tion required by the aircraft flying controls to
achieve the laid-down flight path, and then to trans-
mit this information by radio link to the aircraft.
The interferometers consist of four pairs of aerials
separated by different numbers of aircraft-beacon
wavelengths, two pairs having a N-S base line, and
the other two facing E-W. These give a reading of
bearing, phase-slip at a fifth aerial in modulation
transmitted by radio-link to the aircraft and re-
transmitted by the aircraft beacon gives slant range,
and the aircraft’s position is accurately defined.

Air Traffic Control

Air traffic control has been responsible for a great
deal of development work in primary and secondary
radar and methods of display.

The congested state of the electromagnetic spec-
trum is not confined to medium waves, but has
already spread to the 600Mc/s radar band, where
television is a strong challenger. In the remaining
part of the band, there is danger of interference
between radars, and G. D. Speake, of Marconi,
described a method of overcoming this. Pulses
received are fed to two channels, one of which
contains a delay equal to the time between pulses.
The outputs of the two channels feed a coincidence
detector (an AND gate) which only gives an output
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when both puilses sre present. Different radars have
different pulse recuirence frequencies, and one radar
will not operate another’s coincidence gate.

The use of shost pulses in primary radar is
necessary to obtain good target discrimination, but
the reliability on :small targets is dependent on a
sufficient mean power, which means that extremely
short pulses cannot be used. A method of obtaining
a short effective pulse at a high apparent pulse
power was described in a paper by A. Kravis et al
of Marconi. A sweep generator is arranged to fre-
quency-modulate the transmitter klystron through-
out a comparatively long pulse. At the receiver,
the pulse is passed through frequency-selective delay
‘which delays the frequencies at the beginning of the
pulse until those at the end have arrived. The
result is a very short pulse of, apparently, very
‘high power although the transmitter power has not
been increased. The performance of an S- or X-
band radar with pulse compression is much better
in clutter rejection, as “holes”™ are revealed in the
clutter pattern.

A projected type of a.t.c. radar which is, it could
be said, nearly 400 times as efficient as the normal
type, was described by W. Hersch, of EM.I. It is
known as a beam-positioning radar and, in contrast
to the continuously-turning type which spends most
of its time staring at nothing, only looks at known
targets. 989 “utilization efficiency” is claimed for
it, against about 0.25% for the conventional type.
The beam is electronically positioned—no rotating
scanner—and p.r.f. is automatically variable to suit
the immediate funciion of the radar. In its initial
mode of operation, every few seconds, it carries out
a complete survey of its allotted air space, informing
its associated compiter of the position and vectors
of any target found. 'This information is stored
and used later. The search completed, the computer
decides, from the information it now has, how often
each target must be ‘“‘looked at” depending on its
speed and importance in the traffic pattern. All the
aircraft can thus be tracked. While doing this, the
radar can be coded to carry command signals to
aircraft automatic equipment, and it appears pos-
sible to control air traffic completely automartically.
With Mach 5 aircraft, this could well be mandatory.
If the maximum amcunt of data is not required
from the radar, the r.f. power can be reduced pro-
portionately, and the level of efficiency is retained.

For surveillance radar, D. E. N. Davies, of Birm-
ingham University, postulated a system of electronic
scanning for additional height-finding. The tech-
nique is to transmit a vertical fan beam, the receiv-
ing “beam ” being scanned vertically over the area
of the fan beam during the time of -one pulse. This
means that any farget excited by the transmitted
pulse is seen at least once by the receiving “beam.”

Some details of propesed improvements in airfield
surface-movement radar were given in a paper by
P. H. Walker and D. Cawsey, perhaps the most
startling being the proposal to use an aerial rotation
rate of 1,000 r.p.m. The point of this is that with
the normal three-second wait between ¢ paints”
an aircraft can move a considerable distance, even
on the ground. Increasing the speed to 300 r.p.m.
avoids this problem, but presents a new one, flicker.
At 1,000 r.p.m. flicker disappears and persistence of
vision allows an entirely new approach. Long-
persistence phosphors can be abandoned, which
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means that stationary echoes, such as runway edges
and buildings, do not cause a build-up of brightness.
Brightness now corresponds to target reflecting
power, and as an aircraft is a better target than the
edge of a runway, the result is a bright dot moving
along a faint runway—the -ideal picture. The pos-
sibility also arises of having two phosphors. A mov-
ing target would then only illuminate the blue phos-
phor, but a stationary one would cause both blue
and orange phosphors to fluoresce, when a magenta
paint would be seen.. The resolving power of the
Q-band (9mm) radiation is such that the three fins
of a Super-Constellation can be seen.

‘A method of height-finding by secondary radar
was described in a paper by W. Haddock, of G.E.C.
The pointer of a barometric altimeter is coupled
to inductance digitizers which specify the angular
position of the pointer in binary code. The outputs
of the digitizers feed bi-stable toggle circuits, which,
in turn, feed transistor switches connected across
tapping points on a delay line, which give, when
interrogated by the secondary radar, a train of pulses,
the sequence of which corresponds to the position
of the altimeter pointer.

Displays

Much work has been done on navigation systems,
most of it being concerned with the derivation of
positional information, rather than the display to
the pilot. In a paper by K. R. Honick, of R.A.E.,
a method was described of continuously plotting the
aircraft’s position, together with a line representing
its track, superimposed on a coloured map. The
map consists of a set of 35mm map transparencies
mounted in a grid, which is moved in an optical
system. The motors driving the film are presented
with information by the normal navigational equip-
ment (Doppler, Loran, etc.). Either track-stabilized
or north-stabilized modes are possible and frame-
changing is automatic.

The ever-increasing speeds of inter-continental
aircraft make a tremendous demand on the skills of

air traffic controls, not the least of these being the

ability to comprehend a developing traffic pattern
quickly, displayed as it is on two or more screens.

W. Hersch, of E.M.I,, described a system whereby
plan-position, height and a number of other para-
meters are displayed oa a single screen, and produce
a stereoscopic effect. It is primarily intended as
an adjunct to the beam-positioning radar described
by the same author, although it can be used with
any other type. The computer of the b.-p. radar
is fed with information on the positions in space
of all aircraft in the area, and for the purpose of dis-
play, this is considered to be a cube. This cube is
reproduced in perspective on the screen of a normal
cathode-ray tube, controls being available to tilt
and rotate the cube. The digital data from the
computer is converted first to analogue information
and then to co-ordinates, so that the echoes appear
in the cube in their correct spatial positions. Depth
is perceived by the effect of parallax when the posi-
tion of the cube is varied. Additional facilities are
available, whereby a plane or graticule may be in-
serted in any of the three axes and adjusted to give
the exact position of a target; “trails” may be at-
tached to targets, important targets can be made to

(Continued on page 623)
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D.C. INVERTER FOR ELECTRIC SHAVERS

SQUARE-WAVE “50 ¢/s 230V" OUTPUT USING CAR BATTERY

By J. R. NOWICKi*

THE inverter described in this article is designed
for use with car batteries, the nominal voltage of
which is 12 volts. The circuit operates at 50c/s
producing square-wave output voltage equivalent to
the 230V a.c. mains. _

The inverter was primarily designed for use with
mains-voltage electric shavers.  Although these
shavers are designed to operate from 50c/s sine
wave they will function satisfactorily from a square-
wave inverter provided an adjustment is made to
allow for loss of power due to lower peak value of
the fundamental component of the waveform.

Basic Inverter Circuit.—In the basic push-pull
circuit! shown in Fig. 1 the transistors act as on-off
switches to obtain square wave output from a d.c.
supply. This square wave is then stepped up by a
transformer to a desired output level. The voltage
across the transformer primary is limited by the
bottoming of the transistors. The feedback voltage
is determined by the supply voltage and the turns
ratio between the collector and the base windings.
The transformer is made to saturate so that the
frequency of the operation is, to a certain extent,
independent of load conditions.

The collector current of the conducting transistor
has two components: Iy, the collector load current
and I, the magnetizing current of the transformer.
The magnetizing current, I, is initially small due
to a high value of the inductance of the primary.
When the transformer saturates, the inductance falls
and the current increases rapidly to the value of
Bl;. Then it can no longer increase so that the
voltage across the primary falls. A rapid reversal
of voltages, which follows, switches off the transistor
that was conducting and switches on the other
transistor. A starting circuit is usually required to
initiate the oscillations.

Modified Circuit.—The basic circuit as shown in
Fig. 1, however, is not satisfactory, because not
only does the frequency change when transistors
with wide B spread are used so that an adjustment
is required, but also the peak collector current varies
according to the gain of the transistor. High voltage
spikes may also appear across the transistor due to
the leakage inductance of the transformer. This
coupled with a highly inductive load, as in the
case of an electric shaver, may cause a transistor
failure due to the operation at the high-current and
high-voltage avalanche region.

In order to overcome the disadvantages of the
basic circuit a modified circuit as shown in Fig. 2
is used. R, and R, are the usual starting resistors.

The resistor R, is connected common to the two

#* Semiconductor Measurement and Application Laboratory, Mullard,
Southampton Works, Associated Semiconductor Manufacturers Ltd
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emitters in order to control the peak collector
current to a close value. The capacitor C, is con-
nected across the secondary to reduce the collector
voltage overswing of the cut off transistor due to
the high energy stored in the transformer. Another
component added is the capacitor C, which is
connected directly across the two collectors to stop
spurious oscillations which may be caused by leakage
inductance of the transformer windings.

The operation of the modified circuit is similar
to that of the basic circuit except that it is slightly
modified by the emitter resistor and the capacitor C,.

Although the modifications improve the operation
and reliability of the circuit, its efficiency is reduced
considerably, mainly due to the power loss in the
emitter resistor R,. Therefore the usefulness of
the inverter is limited to applications where simplicity
and initial low cost is of prime importance. For
applications especially where high efficiency is
required, two-transformer inverters® or an inverter
with CR timing® may be preferred.

Design Considerations

Choice of Transistor Type.—The design of the
inverter is based on the available supply voltage
and the required output voltage and power. The
supply voltage, which in this case is a car battery,
is taken as a nominal value of 12.6 volts. This,
however, may vary from 10 to 15 volts. Therefore
the output voltage of the inverter is designed to
be equivalent to the 230V a.c. mains at the nominal
supply voltage of 12.6V which should provide
satisfactory operation over the entire range of the

Fig. 1. Basic push-pull inverter circuit.
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Fig. 2. Practical circuit.

input-voltage variations. The frequency of the
operation is not critical but as the electric shavers
are made to operate at 50c/s it is desired that the
frequency of the operation of the inverter be the
same as the mains frequency. Also, in order to
allow the wide available range of shavers to be used
with the inverter the maximum power required is
assumed to be 15 watts. This will allow the peak
collector current, I, to be estimated from the
following expression

ICM:IR+Im+If ] . . (1)
where I is the collector load current
I is the magnetizing current of the trans-
former

and I, is the feedback current which is small
enough to be neglected.

Therefore Iy =1z + I, .. . 2)

From a knowledge of the supply voltage, the output
power, P, and the efficiency, 7, the value of the
collector load current can be estimated from
P
Iy = —— 2% — .. .o 3
® 77(\]00 - Vbot) ( )
where V,, is the supply voltage

and V,, is the bottoming voltage, say 0.6V.

For efficient operation the ratio of the magnetizing
current of the transformer to the collector load
current should be small. This, however, calls for
high primary inductance and results in a large trans-
former. A compromise is made letting the magnetiz-
ing current be a fifth of the load current, which in
this case is 0.5 amp.

Due to the fact that an emitter resistor is employed
the overall efficiency will not be high. Assuming
the efficiency to be about 509 the collector load
current from equation (3) becomes

15

I, = =25
®70.5(12.6 — 0.6) s

Therefore the peak collector current, Igy, from
equation (2) is 3 amps.
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The peak collector voltage of either transistor,
when cut off, is approximately twice the supply
voltage. So that, with the maximum supply voltage
of 15 volts the peak collector voltage is 30 volts.
Hence suitable transistors for the application are
OC25 which are rated at Iy of 4 amps and V gu
of 40 volts leaving sufficient safety margin.

Transformer Design.—The transformer is de-
signed to saturate at 0.5 amp with no load applied,
as assumed previously. On full load, which in the
case of an electric shaver is mostly inductive, the
collector current is allowed to reach the maximum of
3 amps before the saturation is reached. This
permits a relatively small transformer to be used.

The number of turns required for each primary
winding N, can be determined from the following
equation.

VvV, x 108
N =L 4
» = T 4fAB, @
where V is the voltage across the primary w.nd-

ing

f is the frequency of operation .

A is the cross-sectional area, in squarc
centimetres

and B, is the flux density at saturation, in gauss.

If silicon iron core pattern No. 12 (I.S§.C.O. 403A)
of lin stack is used, A = 4.03 sq. cm. and B, =
15000 gauss.

Before the number of primary turns can be
calculated it is necessary to fix the value of the emitter
resistor R,;, which will in turn determine the
available voltage across the primary, and thus the
number of turns for each primary winding and
therefore the number ot turns for all the other wind-
ings. The shared emitter resistor, R, performs at
least two functions. It limits the peak collector
current to the value chosen. It also compensates
for variation between the gains of individual transis-
tors. The higher the value of the resistor used,
the better is the balancing effect of the peak collector
current. However with a high value of resistor
there is high voltage drop across it for the required
peak collector current so that lower voltage is
available across the primary resulting in high turns
ratios. Therefore a compromise is required in
choosing the value of R,. If 259, of the available
voltage, which is 3 volts, is dropped across it at the
peak value of the collector current the emitter
resistor of 1Q is required.

After the necessary assumptions have been made,
it is now possible to calculate the number of turns
required for the primary and other windings.

The available voltage across the primary is given
by '
Vp = Vcc - Vbo!, - VB.3 v .. (5)
So that, V, = 12.6 — 0.6 — 3 =9 volts
Therefore from equation (4)
N 9 x 108
) 4 x 50 x 4.03 x 15 x 10°

The number of turns for the feedback winding can
now be found from

== 75 turns

V.
N-—-—-va‘ . .. (6

where, V, the feedback Voﬁage is given by
Vf = VIEE + Vlt3 - VR2 + Ip, X R) o e (7\1
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where Vg, is the maximum base emitter voltage
necessary to drive all transistors to the required
collector current and V,, is the d.c. bias voltage

Since the maximum Vg value is taken in order to.

cover full transistor spread the voltage drop across
R, due to the base current is neglected.
"Therefore V, in equation (7) becomes

Vf = VBE -+ VR3 - VR2' . . (8)
V.= 15+ 3 — 0.3 = 4.2 volts

4.2
and from equation (6) N, = 75 9 = 35 turns.

The number of turns required for the secondary
winding is determined by the output voltage required.

V,
9
'Y, o
where V, is the secondary voltage.
The inverter provides a square-wave output,
therefore an allowance should be made to the
secondary voltage, for the output voltage to be

U

Sm sec.

, L
I<—>5m.sec.

Fig. 3. Waveforms of collector voltage and current with shaver
connected across output.

equivalent to the 230V a.c. mains, otherwise a slight
loss of power may be expected.

From Fourier analysis of a square wave the peak
value of the fundamental is 4/#, and since the r.m.s.
value of a sine wave is 1/4/2 of the peak value,
the square wave voltage mwust equal the rated
sine-wave voltage times the factor w/4 X /2 =
1.11 to have the same power effect. Hence, for the
output voltage to be equivalent to the 230V r.m.s.
sine wave a square wave of 255V is required.

Substituting the value of 255V for V, in equa-
tion (9).

N, =75 %—5——5— = 2130 turns

Practical Circuit

A practical inverter was constructed using the circuit
shown in Fig. 2.

It was found that due to high energy stored in the
transformer, especially with open circuited output,
there was a high voltage spike in the collector voltage
waveform extending much over twice the supply
voltage. This could have catastrophic effects on the
transistors. The capacitor C,, of 1uF, was therefore
connected across the output. The energy stored in
the transformer is then used to charge the capacitor
keeping the voltage down to twice the supply voltage,
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Fig. 4. Waveforms of on-load output voltage and current.

The capacitor also helps to stabilize the frequency
of the operation so that there is very little variation
between open circuited load and full load. The
output waveform will depart slightly from square
wave due to tuning effect of the capacitor.

It was also found that due to the large turns ratio
between the primary and secondary windings the
effects of leakage inductance could not be 1gnored

- Even with bifilar wound primaries it was necessary

to ensure that spurious oscillations will not accrue.
To stop such oscillations a capacitor C, of 0.25uF
was connected directly across the two collectors ,

Using 12.6V supply the current consumption
without load is 1.12 amps. A number of representa-
tive shavers were run from the circuit and the power
supply consumption rose to between 1.8 and 1.9 amps.

The power dissipation in each transistor is esti-
mated assuming a rectangular current waveform of
3 amps and 1 volt drop across the transistor when it
is on and bottomed. This is far in excess of the
actual power dissipated which under the conditions
stated is 3 watts over half cycle giving average power
of 1.5 watts.

Typical value of thermal resistance of the transistor
in free air is approximately 30°C/W and the maximum
junction temperature is 90°C. This allows for
operating up to an ambient temperature of 45°C.
The temperature stabilization time however depends
on the thermal capacity of the device, and the box
the inverter is enclosed in. If the transistors are
mounted in the box, normal free-air figures for
thermal resistance do not apply, and the presence

0
v A
I

Youm

Sm sec,

S A

l<—>1 Sm sec.

Fig. 5. Waveforms of coilector voltage and current for open-
circuit output conditions.

WIRELESS WORLD, DECEMBER 1963

www americanradiohistorv com


www.americanradiohistory.com

———

Transformer Details

lin stack of Linton and Hirst,
Pattern No. 12A, 0.020in Lamcor
3, Silicon iron laminations; Joseph
Sankey, Pattern No. 102, 42
quality; or M.E.A. Pattern No.
12A (1.S.C.O. 403) Silicor 17,
or equivalent.

Supplied by Armand Taylor Ltd.,
Pitsea, Essex.

N,; = N, = 75 turns each of
22 s.w.g. Lewmex copper wire
(bifilar wound).

Core .. ..

Bobbin

Primary winding

Secondary N,, 2130 turns of 36 s.w.g.
winding .. Lewmex copper wire.

Feedback N, = N;,, 35 turns each of
winding .. 34 s.w.g. Lewmex copper wire.

Wound in the order given above with 0.003in
paper insulation between the layers of the primary
winding, 0.001in paper insulation between the layers
of the secondary winding and 0.0075in Scotch Tape
insulation between the windings.

of other heat sources may increase the ambient
temperature inside the box considerably above the
assumed value of 45°C. Therefore the transistors
should be mounted on the outside of the box and
insulated with mica or p.v.c. washers if the box is
made of metal in which case sufficient cooling would
be provided.

If a plastic box is used with transistors mounted on
the outside, the operation of the inverter up to
15 minutes can be allowed at an ambient temperature
of 45°C. This may be marginal in some cases so that
some form of heat sink is desirable to allow for
safety. One method is to use a flat piece of

aluminium 3 X 3 X {in per transistor which has
a thermal resistance of approximately 10°C/W. Since
the junction temperature rise above mounting base
of the transistor is 2°C/W, the maximum ambient
temperature which could be allowed is
Tamb = Tjunct - P( 01 —mb + gh)
= 90 — 1.52 + 10) = 72°C,
which is more than adequate. The metal plate could
be suitably folded to reduce size, alternatively a
commercially available finned heat sink could be used.
Further data on heat sink design including some
of the convenient types is given in references 4, 5 and 6.
The waveforms of the collector voltage and current
are shown in Fig. 3, and the waveforms of the output
voltage and current are shown in Fig. 4. These
waveforms are for normal operation with the shaver
connected across the output.
The waveforms of the collector voltage and current
for open-circuit output condition are shown in Fig. 5.
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The high daytime MUFSs, characteristic of winter
conditions on routes largely in the northern hemisphere,
are reappearing. It is interesting to note that on
southerly circuits to Africa and South America the
highest frequencies in the h.f. band will be of use again,
even though the sunspot cycle is close to its minimum.

The prediction curves show the median standard
MUF, optimum traffic frequency and the lowest usable
high frequency (LUF) for reception in this country.
Unlike the MUF, the LUF is closely dependent upon
such factors as transmitter power, aerials, local noise
level and the type of modulation; it should generally
be regarded with more diffidence than the MUF. The
LUF curves shown are those drawn by Cable and

WIRELESS WORLD, DECEMBER 1963

e MEDIAN STANDARD MUF
OPTIMUM TRAFFIC FREQUENCY
==smmemims | OWEST USABLE HF

Wireless, Ltd., for commercial telegraphy and they serve
to give some idea of the period of the day for which
communication can be expected.

The large sunspot observed during September re-
appeared on 20th October as the sun rotated, but its
area had declined somewhat. Dellinger-type fade-outs
were experienced between 18th and 22nd October, and a
further fade-out on the 28th was followed by a severe
ionosphere storm on the 30th.
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UNBIASED

Bais in the Belfry

ON the Post Office stand at the recent
Radio Communications Exhibition
held in London we were invited to
measure the frequency range of our
hearing. There was a chart on the
wall with a graph on which average
frequency response Wwas plotted
against age.

Although I found that I could hear
frequencies rather above the average
for my age, I was made to realize
that a lot of the upper musical fre-
quencies reproduced by my set* were
just wasted on me.

I got a bit of a shock myself on
looking at my frequency reading
because as a boy my hearing was
exceptionally good especially in the
upper register. It so happened that
the house where my family lived at
one time was quite close to a church,
and I found I was being kept awake
at night by high-pitched squeaking
noises. The family doctor was
eventually called in.

In those days a G.P., especially one
practising in the country, was a man
who had to rely largely on his own
resources, as specialists were not so
easily within call as nowadays. He
soon gave the rather unexpected
diagnosis of my complaint as “bats in
the belfry.”

He was not, however, making what
nowadays would I suppose be called
a psychosomatic diagnosis, meaning
that T was “hearing things” due to
some mental disturbance. He merely

meant that my hearing in the upper .

register was so acute that I was being
kept awake at night by the high-
pitched squeals of the bats from the
neighbouring church tower.

* According to the sales literature?—Ed.

Readers’ Queries

AT the Radio Communications Ex-
hibition I was interested to_see that
at the W.W. stand on which were
exhibited test instruments described
in recent issues, there was a member
of the editorial staff to answer
readers’ queries about these instru-
ments.

I decided to do what I did at
Radiolympia 33 years ago and
reported in the issue dated Oct. 1st,
1930, namely ensconce myself in a
safe place where I could listen to the
questions of the readers and hear the
replies of the presiding Solomon. In
1930, as I then recorded, there was
a clamorous Caledonian asking a
question about oscillating crystals (we
call them transistors nowadays) under
the impression that they would be
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he little knew

inexpensive to run;
would

how accurate his impression
turn out to be.

1 found 1963 a great contrast to
1930. The W.W. technical expert
of today seemed to be far better in-
formed, but so were his questioners.
He didn’t seem to be beset so much
by what I would call damn fool ques-
tions of the unanswerable type as
“Why won’t my set work? »?

This latter question cropped up so
often when I was listening in 1930,
and the technical expert of those dis-
tant days didn’t seem to have a clue,
to use the modern jargon. Indeed the
answer to this sort of question always
seemed to be handled better by the
manager of the stand, whose answer
was almost invariably, “You should
rewire it.” This was very sound
advice, as most of the troubles of
those days used to be caused by dry
soldered joints, and obviously rewir-
ing the set might cure these.

Altogether I spent a very pleasant
evening in the vicinity of the W.W.
stand. I only wished I had possessed
a pocket tape-recorder, I ought to
add that neither in 1930 nor 1963
did I ask any questions myself.

Photography’s Debt

NO doubt many of you were
interested in the note in the Novem-
ber issue on a new camera in which
electronics play such an important
part.

We have, in recent years, all got
used to hearing or reading about the
popularly called automatic camera
in which a photocell is employed to
control the aperture of the lens
according to the ambient light. In
some cameras the photocell varies
the speed of the shutter instead of
the aperture, while in others both
arerture and shutter speed are con-
trolled. Although such cameras have
only become available to us in quite
recent years, they are by no means
new as I described one nearly thirty
years ago in the issue of July 20th,
1934.

I think the greatest advantage of
the new camera is that the photocell
adjusts the shutter speed not only
when using daylight and artificial
light of the type provided Dby
ordinary room lighting or photo-
fioods, but also when using a flash
gun.

This camera still cannot claim @
be called panautomatic however, and
there is still some work for us elec-
tronics people to do in providing an
automatic rangefinder in place of the
manually operated one built into it.
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Of course, we could do it straight
away by equipping the camera with
radar but this would necessitate a
pantechnicon to carry the necessary
apparatus.

Cymric Correction

1 AM sorry to say that when I men-
tioned in the October issue that the
longest word in Welsh had 52 letters,
I caused offence to certain of my
Cymric readers. I was, of course,
referring to the well-known Welsh
place which, for the sake of brevity,
%‘l% British Post Office calls Llanfair

It apparently has 60 not 52 letters,
but even this is an abbreviation
because the final three syllables which
most of us know, namely gogogoch,
were originally gerllaw yr ogof goch.
These were contracted to ger yr
ogo’goch, then to g ogo’ goch and
finally to gogogoch. )

It is always dangerous to dabble in
a language with which you are not
thoroughly familiar, as we learned
from Jerome K. Jerome’s “Three
men on the bummel.” One of the
three men entered a German shop to
buy a cushion and mistakenly asked
the girl in the shop for a kuss instead
of a kissen. I have always found
German girls to be of a kindly nature
and so it did not altogether surprise
me that he got both. It reminds me
of an occasion forty years ago when
I entered a shop in Hamburg’s
famous Reeperbahn . . . but maybe
you had better wait to read about that
in my memoirs.

Gilberiiana

ALL readers of W.W., except those
who only carry it about as a status
symbol, will have heard of Dr.
William Gilbert, of Colchester, who
in the year 1600 published his
famous work “De Magnete.”

Apart from his purely magnetic
studies, Dr. Gilbert did a lot of work
in the electrical field, and, according
to certain American history books, he
demonstrated electrostatic attraction
by rubbing his pen on Queen Eliza-
beth I’s silk stockings.

I can forgive the Americans their
little fantasies of history but I can-
not extend the same amused toler-
ance when I find far worse errors put
on record by writers of our OWIn
nationality, more especially when
they occur in articles intended for
children. None of us likes to_S€€
children misled, and I was, therefore,
truly shocked when I found 11 the
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DECEMBER MEETINGS

Tickets are required for some meetings : readers are advised, therefore, to communicate with the secretary

LONDON

2nd. LE.E.— Atmospheric radio
noise as a problem in radio communica-
tions > by F. Horner at 5.30 at Savoy
Place, W.C.2.

2nd. Brit.I.R.E. & ILE.E.—Sympo-
sium on ‘ Analogue circuit techniques
using transistors ” at 6.0 at the Lon-
don School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

4th. I.E.E.—Colloquium on “Con-
nections in electronic circuits ” at 2.30
at Savoy Place, W.C.2.

4th.  Brit.I.R.E.—Symposium on
“New developments in television
cameras and zoom lenses” at 6.0 at
the London School of Hygiene, Keppel
Street, W.C.1.

5th. Instn. of Production Engrs.—
“ Printed circuits as aids to production ”
by E. W. Huggins at 7.0 at the Royal
Aeronautical Society, 4 Hamilton Place,

.1,

6th. Television Society.—* Colour
captions using monochrome equipment ”’
by M. Cox at 7.0 at I.T.A., 70 Bromp-
ton Road, S.W.3.

9th. I.E.E.—Discussion on ‘“ Mea-
surements at very low frequencies with
particular reference to noise” at 5.30
at Savoy Place, W.C.2.

11th. I.LEEE—“The impact of
modern ionosphere research on com-
munications ” by G. Millington at 5.30
at Savoy Place, W.C.2.

12th. Brit.LR.E. & IL.E.E.—Discus-
sion on “The brain” at 10.30 at the
Department of Physiology, University
College, Gower, Street, W.1.

12th. Institution of Electronics.—
“ Instrumentation in rockets and satel-
lites ” by J. Bowles at 7.0 at the Lon-
don School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

12th. Radar & Electronics Association.
—* Teaching by electronics” by Paul
Thompson at 7.0 at the Royal Society
of Arts, John Adam Street, W.C.2.

12th. Television Society.—Discus-
sion on “ The proposed u.h.f. television
service” at 7.0 at I.T.A., 70 Brompton
Road, S.W.3.

13th. B.S.R.A.—“Post-war pickup
development ” by S. Kelly at 7.15 at the
Royal Society of Arts, John Adam
Street, W.C.2.

16th. I.E.E.—* Ceramic sealing tech-
niques applied to electron tubes and
semiconductor devices” by W. F. Gib-
bons at 5.30 at Savoy Place, W.C.2.

16th. I.E.E. Graduates.— Commu-
nications and radio” by Sir Albert
Mumford (President) at 6.30 at Savoy
Place, W.C.2. .

ABERDEEN

11th. ILE.E.—“Some aspects of the
use of computers in process-control
applications > by J. F. Roth at 6.0 at
Robert Gordon’s Technical College.

BIRMINGHAM

2nd. LE.B. & Instn. of P.O. Electl.
Engrs.—* Global communications” by
R. J. Halsey at 7.0 at the Chamber of
Commerce Building, Harborne Road.
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of the society concerned

18th. Television Society.— Sound
off—vision on” by Al Read at 7.0 at the
College of Advanced Technology, Gosta
Green.

BRISTOL

4th. Brit.LR.E.—“ The ionosphere
—international geophysical year results”
by G. M. Brown at 6.30 at the Univer-
sity Engineering Lecture Rooms.

CAMBRIDGE
12th. I.E.E.—“ Masers” by Dr. K.
Hoselitz at 8.0 at the Engineering

Laboratories, Trumpington Street.

CARDIFF

4th. Brit.I.R.E.—“ Recent develop-
ments in radio astronomy” by J. Hey-
wood at 6.30 at the College of Advanced
Technology.

CATTERICK

10th. LE.E—“Data transmission
systems ” by D. A. A, Lamb at 6.30 at
the School of Signals, Catterick Camp.

CHELTENHAM

6th. Brit.L.R.E.—“ Methods of dis-
tinguishing sea radar targets from clut-
ter” by A. Harrison at 7.0 at the North
Gloucestershire Technical College.

CREWE
2nd. I.E.E—“The colour performance

of the Secam colour television system >
by G. B. Townsend at 7.0 at the Crewe
Arms Hotel.

DUNDEE

12th. L.E.E.—* Some aspects of the
use of computers in process-control
applications ” by J. F. Roth at 6.0 at the
Electrical Engineering  Department,
Queen’s College.

EDINBURGH

2nd I.E.E.—The training of high-
grade technician engineers” by A. H.
Morton at 7.0 at the Carlton Hotel,
North Bridge.

10th LEE. & Brit.LR.E.—“Noise
analysis techniques” by F. D. Board-
man at 7.0 at the Carlton Hotel, North
Bridge. _

11th. Brit.I.R.E. — * Electronic
timing ” by A. McKenzie at 7.0 at the
Department of Natural Philosophy, The
University, Drummond Street.

GLASGOW

9th. LE.E. & Brit.LR.E.— Noise
analysis techniques” by F. D. Board-
man at 6.0 at the Royal College of
Science and Technology.

12th. Brit.LR.E. — “ Electronic
timing ? by A. McKenzie at 7.0 at the
Institution of Engineers and Ship-
builders, 39 Elmbank Crescent.

HATFIELD

9th. LE.E.—“Global communica-
tions ” by R. J. Halsey at 7.0 at Hatfield
College of Technology. '
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HULL

5th. LE.E.—*“ The junction transistor
—its properties and some applications ™
by B. J. Clarke at 6.30 at the Y.E.B.
Offices, Ferensway.

LEICESTER

4th.  Brit LR.E—* Medical  elec-
tronics ” by W. J. Perkins at 6.45 at
the University.
_ 10th. Television Society—‘“Television
in retrospect” by H. J. Barton-Chapple
at 7.30 at the Main Hall, Vaughan Col-
lege, St. Nicolas Street.

LIVERPOOL

18th. Brit.I.R.E.—“Tunnel diodes”
by M. R, McCann at 7.30 at the Walker
Art Gallery.

MANCHESTER

4th. I.LE.E.—* Electronic switching as
applied to a working telephone ex-
change” by G. Forshaw at 6.15 at the
Reynolds Hall, College of Science and
Technology.

5th. Brit.I.R.E.— Satellites for tele-
vision communications” by L. F.
Mathews at 7.0 at the Reynolds Hall,
College of Science and Technology.

NEWCASTLE-UPON-TYNE

2nd. L.LE.E.— Pulse techniques in line
communications > by R. Q. Carter at
6.30 at the Rutherford College of Tech-
nology, Northumberland Road.

11th. Brit.I.R.E.—* Optical masers ”
by Dr. J. H. Sanders at 6.0 at the
Institute of Mining and Mechanical
Engineers, Westgate Road.

17th. I.LEE—“The colleges of
advanced technology™ by Dr. G. N.
Patchett at 6.15 at the Rutherford Col-

lege of Technology, Northumberland
Road.”
NOTTINGHAM

4th. Instn. of Production Engrs.—

“ Ultrasonics ” by E. W. P. Stroud at
7.0 at the Reform Club, Victoria Street.

PORTSMOUTH

11th. Brit.LR.E.—" Principles and
practice of data logging ” by R. F. Mar-
tin at 6.30 at Highbury Technical Col-
lege, Cosham.

SOUTHAMPTON

10th. LLE.E.—* Recent developments
in electrical transducers” by P. Wood
and D. Underwood at 6.30 at the Uni-
versity.

SWANSEA

12th. I.LE.E.—* Lasers ” by Dr. W. G.
Townsend at 6.15 at College House,
University College, Singleton Park.

TCROUAY

5th. LE.BE.—“Masers” by C. R.
Ditchfield at 3.0 at Electricity House,
Union Street.

WOLVERHAMPTON

11th. Brit.I.R.E.— Evolution in
logic control systems” by Dr, ]J. N.
Fletcher at 7.15 at the College of Tech-

nology.
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