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DIRECT VOLTAGE TRIGGER CIRCUIT

IMPROVED VERSION WITH PRECISION TRIGGER LEVELS

By T. K. HEMINGWAY,* B.sc., and J. WILLIS,* B.sc.

THE type of trigger circuit discussed here has
two stable states and changes over from one to the
other and back again in response to changes in an
input direct voltage. Ideally the transition should be
rapid, and the circuit should not dither when the
input voltage approaches the threshold, nor should
it respond to ripple components on the input voltage.
These latter requirements are often met by including
some hysteresis in the circuit action; that is to say,
once the circuit has been triggered one way the input
must be turned back some finite amount before the
circuit changes back. The input-output relationship
for the circuit will then be of the general form shown
in Fig. 1. For increasing input voltage, the output
voltage follows the path ABCDE, changeover occur-
ring at CD, while subsequent reduction of the input
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Fig. 1. Input-output curve for trigger with hysteresis.

voltage means that the path followed is EDFBA,
changeover now occurring at FB. (The dotted lines
CD and FB imply that the output voltage moves
rapidly and irreversibly through these regions.)

The best known direct voltage trigger circuit is that
published by Schmitt in 1938. Schmitt used ther-
mionic valves, of course, but this circuit has a direct
transistor analogue (Fig. 2). A circuit of this kind
can be designed to have any desired amount of
hysteresis and is satisfactory for some applications,
but it has a number of disadvantages where a precise
action is required. For example, the trigger levels
depend directly on the values of R,, R,, R, and R,
and on the supply voltage V, and less directly on R,
and the parameters of the two transistors (principally
Vi &n* betaand 1, + I,,). Neither trigger level
can be set accurately at earth level. The output is
basically a current change of a few milliamps in the
collector of VT2.

* English Electric Aviation Ltd

tgis defined as 1/[re + rv (1~)] where 7e 7¢ and o are T-equiva~
lent circuit parameters.
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These difficulties are to a large extent avoided in
the circuit of Fig. 3, The circuit action may be
explained as follows. Suppose that the base of VT1
is held at well below earth potential; then the whole
of the current I, will flow through R, into VTI1
emitter, and VT2 will be cut off. VT3, with zero
potential between emitter and base, will also be cut
off, and thus the base of VT2 will be at earth potential
(neglecting the effect of leakage currents for the
moment). As VT1 base is gradually made more
positive, the point is eventually reached where
current begins to be diverted from VTI1 into VT2
emitter.  This current then flows through R,,
producing a voltage drop which eventually turns VT3
on. When this happens, current flows into the collec-
tor of VT3, pulling down the base potential of VT2,
so that VT2 is turned harder on. A cumulative action
thus results, at the end of which VT1 is cut off,
VT2 is conducting normally, and VT3 is bottomed.
The new base potential of VT2 is now very nearly
—V, RJ/(R,; + R;), and the input voltage must
be lowered to near this value before triggering in
the reverse direction can take place. If we arrange
that the drop across R, just turns VT3 on when I,
divides equally between VT1 and VT2, the circuit
will trigger when VT1 and VT2 bases are within some
tens of millivolts of each other. (After the change-
over, the current in VT3 base will be almost I,/2, and
this is made large enough to keep VT3 bottomed.)

The two trigger levels for the circuit are thus very
nearly earth potential and -V, R,/(R, + R;).
None of the component values affects the first level
much, and the second level is fixed largely by V,
and the ratio of two resistors. The output resistance
of the circuit can be quite low; in one state it is the
bottomed resistance of VT3 in parallel with Ry +
R;), and in the other simply (R, + R;). (Note that in
the latter state the trigger level will be affected if any

Fig. 2. Transistor version of Schmitt trigger circuit.
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Fig. 3. Improved direct voltage trigger circuit with defined
trigger levels. 4

current flows in the output lead, though simply
shunting the output to earth does not matter.)

To minimize the (second order) effects of tempera-
ture change on trigger levels, the circuit conditions
at the instant of changeover should be decided like
those of a d.c. amplifier. Thus, for minimum change
of trigger level:

(a) Balance the emitter-base voltage of VT1 and
VT2 by using similar transistors in thermal contact,
and keeping collector dissipation low.

(b) Keep down voltage changes in base circuits
due to base currents. The base circuit resistance
should be small, and the transistors chosen should
have small leakage currents and high values of beta
at low emitter current (so that the base current is
small).

(c) Ensure that VT3 cannot be turned on due to
leakage currents from VT2 and VT3 flowing through
R,. Some bias across Ry may be required.

The advantages of the circuit of Fig. 3 are, then,
that the trigger. levels are well defined and easily
set to any desired value, including earth; the output
resistance is low; and there is no restriction (apart
from voltage ratings) on the range of values of V.

The circuit has a number of applications of which
two will be mentioned here.

Fig. 4. Trigger circuit driven from detector.

+Vp
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Fig. 5. Trigger circuit for operation on peaks of phase-sen-
sitive detector output.

The first is useful in detecting when the level of an
alternating signal has exceeded a critical value. This
is illustrated in Fig. 4 where the first transistor acts
as a detector, the partly smoothed output of which is
coupled to the trigger circuit. By making the
hysteresis in the trigger circuit larger than the peak-
to-peak ripple voltage at the collector of the first
transistor, the imperfect smoothing does not cause
continual retriggering. Another useful feature is
that the ratio ot the two signal input levels corres-
ponding to the two triggering levels is independent
of the supply voltage, as shown in the Appendix.

The second application arises when a conventional
phase-sensitive-detector is being used to determine
whether two signals are in phase or in antiphase. The
output wavetorm of such a detector (Fig. 5) is of the
form V,, representing, for example, in-phase signals
or V, representing antiphase signals. The wavetorm
is then usually smoothed to give a positive d.c. level
for V,, negative tor V,.

When the inevitable time lag introduced by the
smoothing is a problem, the unsmoothed output can
be connected directly to the trigger circuit (Fig. 5).
The d.c. level at the first base and the values of R,
R,, and V,, are such that the circuit triggers forward
near the peak of V, and back near the peak of V,.

Thus the circuit is now quick to respond to sudden
changes from in-phase to antiphase phase-sensitive
detector inputs but is able to ignore the ripple
content.

APPENDIX
Trigger level 1 is given by
I,R-V,=0
Ty,
I, = T eV
Trigger level 2 is given by
R
LR—V,= —. 1.V,
2 Ry + Ry
R2 Vn
S U N @
From (1) and (2)
L _ R +R
1, R,
Vaul Ry + Ry
Va2 Ry
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MICROWAVE VALVES

FOURTH INTERNATIONAL CONGRESS HELD AT SCHEVENINGEN (THE HAGUE)

ABOUT five hundred representatives of some 16
countries spent a superbly organized five days
at the seaside resort of Scheveningen at the
latest of this series of international conferences. Its
predecessors have been held at two-yearly intervals
since 1956 in Paris, London and Munich; there was
certainly no sign of any slackening of interest in
the problems of microwave tubes, though naturally
the emphasis is gradually shifting with the years. In
a wide-ranging introductory lecture, Dr. Casimir, of
the Philips Research Laboratories, suggested that
the typical characteristic of microwave work was the
use of apparatus of dimensions comparable to wave-
length. Thus if anyone chose to make a klystron
for a wavelength of 30 metres with cavities of
dimensions comparable with those of the grandiose
Kursaal, in which the lecture was being delivered, it
would surely be regarded as a microwave tube in
spite of its size. When, later in the conference, a
description was given by A. J. Monk of the 6-meire-
long, 41-ton travelling wave tube for 100MW pulse
ouiput at 400 Mc/s now being developed in England
at the Scrvices Electronics Research Laboratory,
Harlow, the example did not seem quite so fanciful.

The trends of fashion are indicated by the distri-
bution of subject matter between the 21 sessions.

A vestigial half-session on diodes and grid-con-
trolled tubes, one and a half sessions on klystrons
and two each on travelling-wave tubes, crossed-field
devices and parametric devices, represented the
main stream of development. The specialist disci-
plines which back up this development provided one
session on slow-wave structures, one on electron-
beam waves, two on noise, three on the formation
and focusing of electron beams, and two on con-
structional and cathode technology. Future possi-
bilities were indicated by two sessions on “tubes
of special design ”, on which unfailing ingenuity con-
tinues to be exercised, one on gas-discharge devices,
revitalized by the general growth of interest in
plasma physics, and one on masers, an inevitable
incursion from “quantum electronics ”.

Low Noise Gun Design

A fascinating feature of international conferences
is the way in which the apparently confused pattern
of activiiies in all parts of the world somehow
crystallizes into recognizable new trends and ways of
thinking. Among these may be mentioned the in-
creasing use of hollow electron beams of high per-
veance in klystrons and travelling-wave tubes, the
beams often being derived from “magnetron » guns
in which the cathode and anode are cylindrical or
conical, coaxial with the focusing magnetic field.
The proper design of such guns is still a matter of
debate, but successful results have been obtained at
all power levels from megawatt klystrons to travel-
ling-wave tubes with a few watts output. The noise
behaviour of such guns was variously reported: some
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workers have found the high values typical of
crossed-field guns, others behaviour as good as that
of conveniional travelling-wave-tube guns. There
is a link here both with the crossed-field and the
low-noise art, in both of which experimental results
and theory are inadequately correlated. Crossed-
field devices continue to provide very large powers
at high efficiency, both as amplifiers and backward
wave oscillators, but the spurious phenomena in-
herited from the magnetron remain as a rather con-
fused picture—however, new crossed-field gun de-
signs related to the “magnetron” hollow beam guns
have recently given striking improvements. At the
other extreme of low noise, travelling-wave tubes
using guns with a low-velocity drift region and
scrupulous care in construction, particularly of the
cathode surface, continue to improve in noise figure
—2.6dB, falling to 1.7dB with liquid nitrogen cool-
ing, was quoted for tubes in the 200-4000 Mc/s
range by Israelsen and Peter of Watkins-Johnson.
These seem to be the lowest figures available for
broad-band amplifiers, and provide quite a challenge
to the electron-beam parametric amplifier which at
first seemed to be in the lead. There seems to be
no satisfactory theory for this low-noise behaviour as
yet. A further piece in the jigsaw was provided by
Kliiver of the Bell Telephone Laboratories; he has
made a crossed-field parametric amplifier at 2,000
Mc/s with a noise figure of 5dB, and an implication
of a beam noise temperature of only 10-20°K in
spite of its crossed-field character.

Thus, to summarize, the excessive noise often en-
countered in crossed-field devices, and the very low
noise obtained elsewhere, all seem to depend on very
delicate considerations in the electron gun, which
seem likely to be elucidated very soon.

A further feature of the study of electron beams
was the number of very careful experiments being
done on the detailed behaviour of practical beams:
higher. frequency and power travelling-wave tubes
require beams of increasing perveance and converg-
ence which are carefully focused. Very detailed
studies are being made in the U.S., France and
Japan. The high-frequency waves which can propa-
gate on such beams are also receiving both theoreti-
cal and experimental attention,

Parametric Amplifiers

It is the coupling of such waves to cavities and
slow-wave structures which forms the basis of the
well-known microwave tubes; most of the newer
ideas result from an extension of these interaction
processes to more general types of wave motion.
Thus, in the degenerate quadrupole amplifier (see
for example p. 393 of our August 1960 issue), fast
cyclotron waves on a beam are excited and the noise
removed in Cuccia couplers, and low-noise para-
metric amplification follows on the application of a
pump signal at twice the signal frequency. It has
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been appreciated for some time that non-degenerate

operation (pump frequency no longer twice signal

frequency) would be desirable; Adler of Zenith
described the arrangement necessary so that a signal
at 400 Mc/s could be amplified by a 2,000 Mc/s
pump, giving a 2dB noise figure with the (1,600
Mc/s) idler load at room temperature, and 1.3dB
with it cooled in liquid nitrogen. Further insight
into parametric coupling was provided by Sturrock
of Stanford University and Davis of G.E.C., who
showed that “beam refrigeration” (reduction of
slow-wave noise prior to normal travelling-wave
amplification) could be accomplished parametrically.
Japanese, British and American workers also des-
cribed various “d.-c. pumped” parametric ampli-
fiers in which multi-helix or ring circuits at different
d.c. potentials round the beam provide a furiher
type of amplification process. An ingenious proposal
by Shing Mao and Siegman of Stanford was to use
continuous helices to excite cyclotron waves, amplify
them by “d.c. pumping” and couple out the ampli-
fied wave: it was suggested that the required helix
sizes were larger than for conventional travelling-
wave tubes.

Plasma Devices

A further class of device which is generally desir-
able for higher frequencies is one in which there is
no mechanical slow-wave structure. One type in-
cludes a stationary plasma, usually in the presence
of a magnetic field permeated by an eleciron beam.
Over certain frequency ranges microwave signals
propagating through the plasma can be amplified
by travelling-wave processes—overall gains of 30dB
or more have been reported. In most cases, how-
ever, slow-wave structures were used to couple
the signals in and out: Ferrari of G.E.C. was able
to avoid this, though the coupling losses were still
rather high. He formed the plasma by collisions
with the electron beam, rather than by a separate
discharge, reducing the noise considerably. For very
high frequencies, high plasma densities are needed:
St. John of Microwave Associates indicated how

plasmas suitable for rnillimetre wavelengths might

. be obtained.

Cyclotron Resonance Devices

Devices without slow-wave structure can also be
made by using beams with periodic motion which
can be coupled to plain waveguides or transmission
lines. Some of these depend on cyclotron resonance
in a magnetic field: Stevenson of G.E.C. indicaied
how power can be generated at the resonance fre-
quency and Ono of Tokyo University showed how
this might be extended to harmonics of the reson-
ance frequency. A related proposal by Thompson
and Dain of English Electric involved exciting a
beam at cyclotron resonance in a Cuccia coupler and
passing it through a magnetron block to generate
power at as much as ten times the cyclotron fre-
quency. Considerable success was reported with
the “ Ubitron” by Phillips of G.E.: this has a beam
modulated by permanent magnets and gives ampli-
fication along a waveguide. Peak outputs were
reported of more than a megawait at 10cm with
13dB gain and 10% efficiency: at 2cm the gain and
efficiency were rather lower.

A final mention should be made of “quantum
electronics ”. Travelling-wave masers were des-
cribed by Walling of Mullard—careful magnetic-
field shaping has given 60 Mc/s bandwidth with
38dB gain at 3,025 Mc/s—and by Weibel—the use
of iron-doped rutile for a millimetre-wave maser was
proposed. The mixing of optical maser outputs in
non-linear resistors to produce (difference frequency)
sub-millimetre radiation was discussed by Fontana
of Stanford. McMurty described a broadband derec-
tor (for a microwave modulated laser beam) in which
a photo-cathode was followed by a conventional
helix travelling-wave amplifier.

This account indicates some of the novel ideas
which attracted attention at the Conference. It does
not do justice to the large quantity of detailed work
on development of existing devices, which will, no
doubt, find due recognition in the manufacturers’
catalogues.

‘“Permanent Magnets and Magnetism’’

THEORY, MATERIALS, DESIGN, MANUFACTURE AND APPLICATIONS

THIS new Iliffe book is the first fully comprehensive
treatise on the subject to be published in this country.
It has been written by a team of authors. each an expert
in his own field, under the editorship of Dr. D. Hadfield.

An introductory chapter by Professor E. da C.
Andrade discusses the early history of the subject. This
is followed by a chapter by Dr. McCaig on Magnetic
Units and Definitions. This includes a useful explana-
tion of the relationship between the mk.s. and c.g.s.
systems (although this book is written primarily in the
m.k.s. system, the corresponding equivalent relationships
in the c.g.s. system are given throughout). Two follow-
ing chapters discuss the theory of permanent magnetism;
the first, by Professor F. Brailsford, mainly from the
point of view of atomic theory; and the second, also by
Dr. McCaig, primarily from the point of view of
domains.

The rest of the book deals with the subject from a
practical point of view. ], F. Hinsley contributes a
chapter on the Classification and Properties of Perman-
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ent Magnet Materials, a valuable feature of which is the
27 tables of properties of the main commercial materials.
This leads to a chapter by Dr. A. Edwards on Magnet
Design and Selection of Material for a wide variety of
applications; and the many and varied applications as
such are fully described in the following chapter by
F. G. Tyack. The Manufacture of Permanent Magnets
is discussed by J. C. Williamson, and F. Knight des-
cribes the various methods of magnetization and
de-magnetization. The important subject of Magnetic
Stability is next discussed by J. E. Gold.

After an account of the development of the industry
by Dr. A. G. Clegg, two final chapters by Dr. K. Hose-
litz and Professor W. Sucksmith discuss respectively
Current Research and Development and future trends.

This book should prove of great value to a wide
variety of people; to students, to designers, to manufac-
turers, and to users. With 556 pages and costing 105s,
it is published by Iliffe Books Ltd., of Dorset House,
Stamford Street, Londen, S.E.1.
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Sine v Square Waveform

IS SINE WAVE INPUT REALLY NECESSARY ?

By V. VALCHERA*

THE advancement in power transistor design has
led to the development of highly efficient tran-
sistorised d.c. to a.c. converters, which for ease of
identification we shall refer to as “transverters.”

Transverters providing a square waveform are
very frequently used as stand-by a.c. sources in the
event of a power failure, for operating v.h.f. trans-
mitter /receiver equipment or automation control gear
and, in mobile laboratories such as are frequently
used by car manufacturers for the scientific develop-
ment of their cars, the square waveform transverter
is usually the source of all the electrical energy
requirements for operating oscilloscopes, heat and
vibration recorders, television cameras, etc.

These transverters convert a direct voltage of up
to 50V to a.c. The transistors used in them operate
as highly efficient switches, alternating the d.c.
supply across a trahsformer primary at a pre-deter-
mined frequency, and the resultant a.c. output takes
the form of a “square” wave as shown in Fig. 1.

Although the waveform is normally termed
“square,” this is not quite correct. The tops of the
waveform have a decided slope, shown slightly
exaggerated in Fig. 1, which is primarily caused by
the inductive effects of the associated transformer.
Units producing a square waveform have a very
high conversion efficiency and very low output im-
pedance, outputs of up to 65W from 12V or 24V
batteries being obtainable.

Most a.c. equipment designed to operate from a
sine wave source will function quite satisfactorily
from a square or rectangular waveform, such as
that obtained from transverters. However, in order
to obtain optimum results the effects of the square
waveform on the operation of the equipment should

Fig. 1. Typical wave-
form from  square
wave transverter.

Fig. 2.
obtained from
impedance
rectifier circuit clips
peaks.

If sine wave
high
source,
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really be considered at the design stage, although in
most cases identical results to sine wave working
can be obtained, with no modification whatsoever,
or by minor alterations. There are very few cases
where it is impossible to operate equipment from a
square waveform. In terms of electrical energy,
there is very little to choose between sine waves and
square waves; the differences only become apparent

£\

T.m.s. i ——

’ Fig. 3. Relative am-
plitudes of sine-wave
andequivalent square-
wave.

Fig. 4. R reduces

output to r.m.s. value
of input on both
square and sine. Leve!
is restored by in-
creasing input volts.

:%M@E

when the two waveforms are applied to equipment
in which energy is converted from electrical 10
mechanical, as in an a.c. motor, or rectified. Most
a.c. motors operate equally well on a square and
sine waveform, but there are certain types which
may suffer from a slight loss of power. This can
usually be overcome by adding a 2 to 4uF capacitor
across the supply, incidentally improving the power
factor.

Each piece of equipment is designed to obtain
the best possible results using the characteristic
features of a sinusoidal waveform. For example, in
rectifier circuits it is quite usual to obtain a direct
voltage higher than the r.m.s. value of the a.c. This
is achieved by using a combination of low forward-
resistance rectifiers and high-value reservoir capaci-
tors. When operating such circuits from a square
waveform, the resultant d.c. will be slightly lower
than that obtained from a sine wave whose r.m.s.
amplitude is equal to the peak square wave. In
most cases the loss of a little voltage will not affect
performance. However, in some types of laboratory
equipment, stabilized d.c. supplies are employed,
where it is imperative that the unstabilized direct
voltage should be well above the stabilized level.

At first glance, it would appear that if the square

* Valradio Ltd.
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SQUARE

(2)

Fig. 5. Alternative methods of compensation.

(v)

wave were converted to sine wave, the difficulties
of low rectified output could be overcome. Unfortu-
nately, this is not the case. While it is relatively
easy to obtain a sine wave, the process results in
a much higher output impedance, which would cause
a rectifier/condenser circuit to clip the waveform
as shown in Fig. 2, the effect being a reduction in
voltage output.

The ideal solution is for the equipment to be
designed so that the rectified output is equal to or
slightly less than the r.m.s. value of the a.c. and
increasing the applied a.c. by about 15%. This can
be achieved by reducing the value of the reservoir
capacitor or inserting a resistor in series with the
capacitor (Fig. 4). Alternative methods are shown
in Fig. 5. Advantages of these modifications are
lower peak current, improved rectifier reliability and
reduction in the heat developed in the supply trans-
former.

Any increase in alternating voltage to compensate
for the loss suffered in square wave operation
involves over-running a.c. devices such as valve
heaters and motor windings. This is of no conse-
quence in the case of motors, where the increase
will offset the slight loss of power on square wave,
and will restore the power consumption to its original
rating. Heater dissipation, however, must be main-
tained within the valve manufacturers’ limits and if
the applied a.c. is increased, it may be necessary to
introduce a small resistor in the heater circuits.
Where a separate heater transformer is used, the
primary can be set to a higher voltage tap. Besides
the normal tappings on the equipment transformers

R
L a

0254
T EQUIPMENT CHASSIS

° —® O
Fig. 6. Hum-bucking circuit.
_'_‘l__
o———TT0TTT ~
® D
o | -0

Fig. 7.
be used.

When sine-wave essential, filter of this type can
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Choke-input filter tends to equalize rectified levels.

most transverters incorporate a range of tappings
providing output voltages above and below the
nominal rating.

The 50 c/s square waveform obtained from trans-
verters contains significant output at frequencies up
to about 1,000 c¢/s. Amplifying equipment which
is likely to be operated from a square waveform
supply should be effectively screened at these fre-
quencies. Most transverters at present on the market
incorporate some form of suppression of the higher
harmonics; however, it is important to remember
that the radiation range increases with frequency, so
that the interaction between two transformers spaced,
say, 10in apart, is negligible at 50 c/s but may be
considerable at 1,000 c/s. One very. effective way
of eliminating stray hum pick up is by the hum-
bucking action of the circuit shown in Fig. 6. The
action of this circuit is to feed into the “earthy”
side of the amplifier a slight amount of hum which
is in antiphase to the picked-up hum.

In the rare cases where a sine wave.is absolutely
necessary a suitable filter can be interposed between
the transverter and the equipment. The circuit of
such a filter is shown in Fig. 7.

Values for 150W sine wave filter of Fig. 7:

L=1H
L.=1H
C =10uF

Winding data:
1,=850 turns X20 s.w.g. en. copper wire, wound
on 1lin stack of No. 136 laminations
inserted choke fashion. Gap .03in.
L,=800 turns of 22 s.w.g. en. copper wire, wound
on 1iin stack of No. 78 laminations, inter-
leaved.

Detection of Nuclear Explosions

DURING the high-altitude test over Johnston Island
in July, engineers of Cable & Wireless at Singapore
attempted to detect the explosion using their back-scatter
equipment. It consists of an h.f. communications trans-
mitter to which is applied a train of audio pulses on
one sideband of a frequency around 14 Mc/s and is
used to locate the range at which transmitted energy
reaches the earth’s surface. With a pulse repetition of
10 per second it should be possible to detect an echo
out to a range of 15,000 km. Normally there are echoes
due to energy being scattered when the ionospherically
propagated waves strike the ground, but these seldom
exceed ranges of 5,000 km. However, 20 min after the
explosion a clear echo was received from a range of
9,300 km—close to the point of the explosion. It
remained for only 10 minutes.
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WORLD OF WIRELESS

Another Board

THE three U.K. associations representing the manu-
facturers of components, valves and semiconductors
have formed a joint committee, to be known as the
Electronic Industries Supply Board, to deal centrally
with Government departments, industry and re-
search organizations on -problems of common in-
terest. The associations are—the British Radio
Valve Manufacturers’ Association (B.V.A.); the
Radio and Electronic Component Manufacturers’
Federation (R.E.C.M.F.) and the Electronic Valve
and Semi Conductor Manufacturers’ Association
(V.A.S.C.A)). The chairman is S. S. Eriks, K.B.E,,
managing director of Mullard Ltd., and the secre-
tary is R. Kelf-Cohen, C.B., who is director and
secretary of the Radio Industry Council.

The associations will continue to operate inde-
pendently on most questions of policy, planning and
development, but “when matters arise which are
beyond the competence of one association, the Board
will provide a single, integrated channel for ‘discus-
sion and negotiation.”

Stereo Broadecasting

EXPERIMENTAL stereophonic - broadcasts have
been conducted by the B.B.C. for several years, but
these have necessitated the use of two transmitters.
Now the B.B.C. has started a new series of experi-
ments, using the Zenith-GE system, in which a single
transmitter is employed for both channels. The
Wrotham Third Programme transmitter, radiating
on 91.3 Mc/s with an e.r.p. of 120 kW, is being used.

The transmissions, which will continue for several
weeks, are radiated at the following times:—

Midnight Tuesday-00.25 Wednesday.

Wednesday 10.50-11.10 a.m.

Midnight Wednesday-00.25 Thursday

Saturday 10.50-11.10 a.m.

Details of decoding circuits for the reception of
these transmissions are given in this issue.

1963 Radio Shows

THE first international radio and television exhibi-
tion to be held in Paris is scheduled for'next Sep-
tember. This is of particular interest in view of the
discussions concerning the Common Market. The
Paris components show, which will be held from
February 8th to 12th, will again be international.
Next year’s German radio show—Funkausstellung
—will be held in Berlin from August 30th to Sep-
tember 8th, but it will remain national in character.
At the ume of going to press no announcement
had been made regarding the London show for 1963.

U.H.F. Television Tests

WITH a view to obtaining more information about
625-line propagation in Bands IV and V, the B.B.C.
has commenced a new series of field trials. The tests
are being conducted from 10.30-17.00 and from
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20.00-21.30 on Mondays to Fridays in Channel 44,
using an existing aerial at the Crystal Palace (Lon-
don) station. So that the problems of co-siting
u.hf. statiens can be studied, simultaneous trans-
missions will also be radiated in Channel 34 early
next year. The e.r.p. of both transmitters will be
about 160 kW.

New LE.E. Division Boards.—Elections to the boards
of the Institution of Electrical Engineers’ new divisions
(electronics, science and general, and power), which
replace the former specialized sections on October 1st,

are announced.

Members of the electronics division board are J. A. Ratcliffe
chairman), G. G. Gouriet (deputy chairman), Dr. R. C. G.

illiams and A. J. Young (vice-chairmen), W. Bamford, Dr.
G. B. B. Chaplin, F. S. Barton, Professor A, L. Cullen, P. A, T.
Bevan, Dr. E. V. D, Glazier, Dr. A. J. Biggs, W. C. Lister,
B. W. S. Challans, W. S. Melville, G. Millington, Dr. J. A.
Saxton, Dr. J. H. Mitchell, F. J. D. Taylor, J. Moir, T. B. D.
Terroni, M. J. L. Pulling, C. Williams, W. S. Elliot and R. J.
Halsey.

Science and general division board members are Dr. D. Taylor
(chairman), Dr, J. R. Mortlock (deputy chairman), C. G. Garton
and Professor J. M. Meek (vice-chairmen), Professor H. E. M.
Barlow, H. W. French, G. S. Bosworth, C. A. Laws, Professor
F. M. Bruce, A. C. Lynch, S. S. Carlisle, Dr, L. Rotherham,
]. F. Coales, Dr. R. W. Sillars, Professor M. W. Humphry Davies,
Professor R. A. Smith, Dr. L. Essen, Dr. J. S. Tait, R. H.
Tizard, P. E. Trier, Dr. P, Vigoureux, S. E. Goodall and Dr.
G. A. V. Sowter.

Malta Television.—A new television service which
is being inaugurated in Malta on September 29th will use
studio equipment designed and manufactured by Pye
T.V.T. Ltd., of Cambridge, and supplied through Over-
seas Rediffusion Lid.,, London, who have been re-
sponsible for the planning of the station. Pye equipment
includes the latest image orthicon cameras, telecine,
and video and audio mixers. Television transmissions
will be on the 625-line standard.

South African Television Problematical.—Dr. Albert
Hertzog, Minister of Post and Telegraphs, has informed
parliament in Cape Town that it was not the govern-
ment’s intention to introduce television in South Africa
at present. He thought the country might never have
television, and certainly not for the next year or so.

Cabinet and Radio Accessory Show.—B.REM.A. is
to hold its sixth International Styling, Cabinet and Radio
Accessory Exhibition at the Russell Hotel, Russell
Square, London, W.C.1, from October 3rd to 5th. It
is essentially a trade show of embellishments, cabinet
materials, fabrics, ornamental controls, indcor aerials,
etc., and admission is restricted by trade card.

Chicago Police Department has brought into opera-
tion an advanced design of communications centre which
uses 27 radio frequencies, nine base transmitter locations
and three “satellite” receiver stations to control 1,400
vehicles in a region of 224 square miles and serving a
population of 3IM. The centre requires 300 people to
operate it fully and is based on the principle of direct
and complete integration of the police system with the
public telephone system. . This year some 1.6M police
service calls are expected to be handled by the centre.

Brit.I.R.E. Convention 1963.—Next convention of the
British Institution of Radio Engineers will have as its
theme Electronics and Industrial Productivity, and will
be held at the University of Southampton from April
16th-20th, 1963. Further details on application to the
Secretary of the Convention Committee at 9 Bedford
Square, W.C.1.
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Telefusion Ltd.—Group net profit for the year to
April 25th last is £584,845 as compared with £443,950
the previous year. Net profit after taxation is £370,087
(£292,257).

Ultra Electric (Holdings) Ltd. have announced a
group loss of £344,782 for the year to March 31st last.
Since this loss was incurred entirely by Ultra Elec-
tronics Ltd., in which company Ultra Electric (Hold-
ings) has a 609 interest, the net loss attributable to the
holding company after tax recovery amounts to
£125,376. It is stated that a balance of approximately
£300,000 is due to be received during the course of the
current year resulting from the sale of Ultra Electric’s
radio and television interest to the Thorn Group,

“Local area carrier ” is the name given by Standard
Telephones & Cables Ltd. to a new experimental
system of carrier telephony designed to increase sub-
stantially the number of telephone circuits carried by
existing and new cables between telephone exchanges.
It uses techniques similar to those on long distance
cables and tests in the London area are being made by
the designers, S.T.C., to evaluate whether it is cheaper
to lay new voice-frequency cables or to install the
carrier multiplexing equipment.

Raytheon marine radar is to be marketed in the
UK. by the Cossor Group, which has plans to begin
manufacture “as soon as the volume justifies.” It is
also announced that the complete range of Raytheon
marine products is “under study for sale and ultimate
manufacture by the Cossor Group for Europe.”

Ad. Auriema Inc.,, New York, has formed a U.K.
subsidiary company, Ad. Auriema Ltd. with offices at
Empire House, 414 Chiswick High Road; London, W.4
(Tel.: Chiswick 2204). Among the 40 U.S. manufac-
turers Ad. Auriema Ltd. will represent in the U.K. are
Aerovox Corp. (capacitors), Knight Electronics (test in-
struments and radio kits), and National Radio Co. (com-
munication receivers).

Tellux Ltd. have moved from their Brunel Road,
London, W.3, offices to new factory premises at Avenue
Works, Galleons Corner, Colchester Road, Romford,
Essex (Tel.: Ingrebourne 43971). Several new radio-
grams and record reproducers are being introduced on
to the market under the trade name Verdi. The com-
pany is continuing to market Sony radio receivers and
tape recorders, Telefunken valves and semiconductors,
Isophon speakers and Sennheiser microphones,

Cossor Concentration.—All operations and head-
quarters of Cossor Instruments Ltd., now at Highbury,
of Cossor Communications Co. Ltd, now at Stanmore,
Middx., and of Cossor Communications (Air) Ltd., of
Bagshot, Surrey, are to be transferred by the end of
November to Cossor’s premises at Harlow, Essex.

Jiskoot Autocontrol Ltd., suppliers of instrumentation
equipment, including conirol units, counters, binary
dividers, etc., have moved from Conduit Street, Lon-
don, W.1, to 85 Goods Station Road, Tunbridge Wells,
Kent (Tel.: Tunbridge Wells 22291),

New Regentone Showroom.—The London show-
room of the Regentone-R.G.D. group has been trans-
ferred from Davies Street to Knighton House, Mor-
timer Street, London, W.1 (Tel.: Museum 2561).

Storno-Southern Ltd. announce the opening of Lon-
don offices and showrooms at Newby House, Chase
Road, Southgate, N.14, and that the sales department
h(ajl:l " been transferred from Camberley to this new
address.

Cawkwell Research & Electronics Ltd., advise a
change of address for their laboratories and offices to
GV’(;gsit)em Avenue, Acton, London, W.3 (Tel.: Acorn
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Ace Radio Acquired by K.-B.—Kolster-Brandes Ltd.,
a subsidiary of S.T.C., announce the acquisition of Ace
Radio Ltd., Tower Works, Tower Road, London,
N.W.10. Ace Radio, a family business founded in 1937,
has specialized in radiogram manufacture. V. Taylor,
who has been personally responsible for the design of
Ace models, is retained as director and general manager.
The company’s recently opened factory in Rhyl will
continue to manufacture Ace products.

Marconi Marine Name Change.—The Marconi Inter-
national Marine Communication Co. Ltd. is to drop the
word “communication” from its registered trading
name. Reason given is that activities are no longer con-
fined to maritime communications but now embrace
radar and other electronic aids to navigation.

Moir Consultancy.—James Moir, who left Goodmans
Industries a year ago to set up in private practice as
a consultant in the electro-acoustic field with an office
at 28 Victoria Street, Westminster, has now moved his
office and laboratory to 16 Wayside, Chipperfield, Herts.
(Tel.: Kings Langley 2955).

Clairtone-Braun U.K. Distribution.—Argelane Ltd.,
251 Brompton Road, London, S.W.3, have undertaken
the distribution in the UK. of the range of radio and
stereo_gramophone equipment manufactured by Clair-
tone Sound Corporation of Canada and Braun Electric
of West Germany.

Sound Coverage Ltd., a company formed recently
with objects of carrying on the business of consultants,
designers, manufacturers of and dealers in sound repro-
ducing and recording equipment, is now trading from
premises at 42 Hallowell Road, Northwood, Middx.
Directors are Anthony E. Walker, a former project
engineer with Pamphonic Reproducers, Nigel H. Bassett
and Francis L. O’Flynn.

Chilton company reorgamization has resulted in the
name of the parent company being changed from Chilton
Aircraft (Holdings) Ltd. to Chilton Electric Ltd. Two new
companies—Chilton Engineering Co. Ltd., and Chilton
Electronics Co. Ltd.—have been registered, while Chil-
ton Electric Products Ltd. continues as a manufacturing
company within the group.

OVERSEAS TRADE

A new communication link now being supplied by
Standard Telephones & Cables to Austria is the 4000
Mc/s radio system which will be brought into service
later this year to carry multi-circuit telephony and tele-
vision between Klagenfurt and Sonnwendstein, near
Vienna. An S.T.C. 6 Mc/s cable system incorporating
vestigial sideband equipment is to link Vienna television
studios with the local transmitter at Kahlenburg.

Radio Bandeirantes S.A. of Brazil has signed a con-
tract with the Marconi Company for the provision of
the major items of equipment for a new television station
in Sao Paulo. The transmitting equipment to be sup-
plied includes two 5kW vision transmitters to operate
in parallel, one 5kW sound transmitter (to give a vision-
to-sound ratio of 2:1), paralleling equipment, programme
input and ancillary equipment, and a quantity of test-
gear and spares. The station will operate in Band III,
channel 13, to F.C.C. 525-line standards.

The “Mobil Endurance,” a 50,700 tons d.w. tanker
built for the Mobil Shipping Co. Ltd. at Eriksburg
Mekaniska Verkstads A/B, Gothenburg, Sweden, has
been fitted with radio equipment by Associated Elec-
trical Industries Ltd. The “Mobil Endurance,” which
has now completed her acceptance trials, is the third of
five vessels to be built for Mobil at Gothenburg. All
five ships will finally be firted with A.E.I. marine
apparatus,

WIRELESS WORLD, OCTOBER 1962

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

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

Some Thoughts on

THE PILKINGTON REPORT

By P. P. ECKERSLEY

Although the social aspects of broadcasting are not
the prime concern of this journal, it is a fact that
programmes and technical matters are to a consider-
able extent interdependent.

This is why, if justification were needed, we again
open our pages to the first Chief Engineer of the
B.B.C. who is well qualified to understand the tech-
nical side, and who, as those who have read his
book “ The Power Behind the Microphone” already
know, has a lively and penctrating mind of his own
when speaking of the social implications.

Ed.

A N anonymous wit is said to have commented that
“ giving the job to Pilkington was better than leaving
it to chance.” Anyone knowing the rules but un-
able to sze through a transparent aphorism and
taking the phrase literally would be sure that in an
exercise of this kind, nothing is left to chance.

Committees appointed by Government to advise it
about this and that are seldom expert; if they were,
so thinks authority, bias might influence recom-
mendation. It is as if an Absence of Plumbers (c.f.
a Pride of Lions) was appointed as judges at a cattle
show, the aim being that by taking expert evidence
the best cow should win. The Pilkington Com-
mittee, composed of people who, at the outsst of
deliberation, knew no more about broadcasting than
the intelligent listener-viewer, was not by constitu-
tion an expert committee and so, conscientiously, it
took a lot of evidence. It is my contention that this
evidence was selective rather than objective, that it
was used more to support a foregone conclusion than
to dig down to the roots of the problem.

The Establishment

Whenever a new idea, invention, political doctrine or
mystical interpretation of life’s purpose invades the
communal conscious it is certain that a power group
will attempt to use it for its own ends. The Sermon
on the Mount resulted in a Pomp of Popes, murder,
torture and war; it also inspired the foundations and,
over some two thousand years, the beliefs and prac-
tices of western civilization.

The invention of wireless telephony was respon-
sible for broadcasting; the subsequent control of it
fell into the hands of power-groups; in the
U.S.A. the tycoons, in Great Britain the Establish-
ment. .

We are governed not only by Cabinet, Parliament
and the Lords, Spiritual and Temporal, but by an
interlocking complex of men and women who possess
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authority in one form or another. Thus the Estab-
lishment is composed, for example of Sir Peter, Sir
George, Sir John, of the clubs, the hairy intellectuals
of the pubs, the mistery of the Civil Service, the
respectably blue-suited dominants of “Labour,”
and the female, “ more deadly than the male,” by the
Ow’s of Learning, each firmly perched on a branch
of it, acute legal brains, press Barons, the top brass
of the Services: the list is endless and no doubt my
readers could add to it.

The Pilkington Report smacks strongly of the Es-
tablishment; it is well meaning, well phrased and well
intentioned, well documented, but inevitably more
conformist than imaginative. It appreciates that
there is a lot to be said on both sides but does not
succeed in saying much of real value on either. Any-
way it is the image of a Committee and has all the
characteristics of committee deliberation.

It has been said that a camel is a horse designed
by a committee—unfair to camels. They surely are
functionally apt for purpose? Coventry Cathedral is
the outcome of committee compromise; it embodies
fine things but it lacks conceptual grandeur; in con-
trast St. Paul’s—* si monumentum requiris circum-
spice ”—look around you and see a monument to one
man’s genius. The Pilkington Report is not the
outcome of one man’s genius, it represents the
character and outlook of the Establishment, its re-
port is a painstaking and worthy effort but, so it
sesms to me, it avoids the real issue.

This foregoing, possibly laboured, generalization
forces me to come nearer to the point and to define
what I mean by “the real issue.” . In so doing it
may be as tedious as it is essential to repeat for the
nth time in nearly forty years that, in my belief, the
“real issue” is technical; more precisely that once
broadcasting is freed from the limitations of means,
it will the more readily discover its true ends. In
othzr words the ideological issues, which produce
such frenzy in the attitudes of those who discuss
them, would seem more or less trivial if broadcast-
ing, like the press, were allowed to publish as and
how those who control it desired.

In my submission a preamble to the Report should
have stressad the fact that the B.B.C. was established
as a monopoly only because of the limitations of tele-
communication technology (in passing it might well
be said that the ill-wind of channel shortage blew the
admirable B.B.C. into its pride of place), but with
the expansion of the means to distribute programmes
and because democracy abhors dictatorship, be it
ever so benevolent, it was later thought to be right
to sct up an alternative szrvice. This, it should have
been said, was idzologically sound even though im-

erfect in some of its practices.

These statements should, in logical sequence, have
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prompted the Committee to conceive its task as
recommending how to provide more alternative
sources and programmes rather thun, as it did, seek-
ing restrictive controls in the name of respectability.

Admittedly the Committee had to deal with the
realities of the situation as it exists today, but a
more positive character would have dignified the Re-
port if, as problem after problem was revealed, a
rider would have shown that if there were more
channels the artificialities imposed by shortage would
be abolished. I propose, from this point onward,
to do just what I think the Report should have done,
namely to consider the more onerous problems
which exist today and see how they might be allevi-
‘ated by the provision of a multi-channel system of
_programme distribution.

Freedom to Choose or to Refuse

First then this vital question of choice. The Re-
port states that a wide range of choice is an essential
prerequisite of democratic broadcasting, anything
less . . . is a deprivation.” I quote again from a
résumé which states that the Committee “examines
‘the view that the broadcaster must choose whether
‘to give the public what it wants’ or ‘ what he thinks
is good for the public.’ It rejects these alterna-
tives as gross over-simplifications of a complex and
continuing problem, as statements which present un-
'real extremes as though they were the only choices.”
Hear! Hear! I add that the public cannot know what
it wants until it is given a large range of contrasting
examples to choose between. In spite of the Com-
mittee’s agreeable introductory ‘generalities it
appears, reading on, that if the range of choice were
made too wide then a tiresome public might choose
to listen to programmes of a type which the Com-
mittee would not approve,

The Committee’s justification for this attitude,
which tends to condemn the popular, is surely that
‘which leans towards the policy of giving the public
what the broadcaster thinks “is good for the public.”
The Establishment often blunders into thinking that
it can raise public taste by creating a vacuum above
it; surely a better, if a more vulgar way, is to get
underneath and push. This is the easier as there are
more ways in, more channels, some of which could
carry the type of programme material that does get
down to the position in which public taste can be
lifted.

The criticisms and comments which the Report has
provoked in letters and articles often deny an analogy
between press and broadcasting. This is strange;
both media are forms of publication, ie. links
between the public and people with something to
say; some idea to proselytise, some event to report
upon. To my mind the analogy, though imperfect,
‘can nevertheless point the conclusion, that diversity
of publication is essential to a democracy. The
press is reasonably diverse and, in one sense of the
phrase, gives the public what the public wants,
namely diversity, and hence freedom to choose. It
is unlikely, for instance, that readers of the Sunday-
serious papers will be tempted to subscribe to the
Sunday-salacious; there is readership for both. But
each class of readership is satisfied. Those who
think that it is regrettable that the Sunday-salacious
is available to the vulgar are the do-gooders, those
who deplore mass appeal and also fail to see that,
consistent with liberty, the only way to get rid of
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what has sometimes been described as the gutter-
press is to get rid of the gutter.

- Bat, if free expression means anything, it means
the right of anyone to start a newspaper or a
periodical and to seek readership. The character of
the publication, provided it does not offend against
the laws of decency, is neither here nor there, it is
“better to go wrong in freedom than to go right in
chains.” We criticise the dictatorships for their
denial of free speech, but when it comes to broad-
casting seek to regulate and confine it. ,

In giving lip service to the principle of freedom of
choice (“anything less is a denial”) the Committee
recommends that the new channel that is to become
available shall be filled by B.B.C. programmes. I
am consistent in my admiration for the B.B.C. but
I cannot see how the Corporation can provide pro-
grammes which are in contrast to the programmes
it provides. Obviously a training with Mr. Brad-
shaw will see to it that the items can be at any given
time of a contrasted form but this has little to do
with true diversity.

Style means “the performance of an act without
waste,” it is “the contribution that expertism makes
to culture.” There are many writers with as many
different styles and these contrasting styles represent
diversity in literature. You are you, I am me, and
nothing alters us in relation to our essential char-
acters. - We may take a brief and argue a case in
which we do not believe in, just for the fun of it, but
our style will be recognizably different. In sum the
B.B.C. can competently plan a programme series and
avoid overlapping: what it cannot do is to exhibit
true contrasts, contrasts, that is, of style.

The Free Press and Restricted Broadcasting

Returning to what I hope is a fair analogy, namely
that of the press, would it be good policy to shut
down the Daily Mirror, or more analogously limit
its supply of newsprint so that The Times would have
a wider circulation? The Times, the house organ
of the Establishment, satisfies a certain section of
public readership; according to a vulgar advertise-
ment Top People read it. The Daily Mirror, gamin
in its attitudes as it may be (bad manners, good
matter), is a vital paper and because its presentation
satisfies the tastes of a majority it has a profound
influence upon opinion, as much, I should say, as
The Times. This fact justifies the meaning of the
phrase “the free press of democracy”—would that
we had the free broadcasting of democracy as well.

It is particularly relevant to remark a leader in the
Observer which, commenting on Pilkington, said
that if, in lamentable circumstances, all other news-
papers save the Daily Express and the Daily Mirror
had to shut down then it would be the bounden duty

‘of Government to institute an inquiry. Exactly!

And as a corollary, if there were an abundance of
broadcasting organizations as there still is an abun-
dance of newspapers there would be no need for
enquiry, no need for these decennial committees
employing the uses of literacy to argue the need for
restriction.

So if we conceive the means for consummating a
broadcasting service to be as generous as those given
to the press, then, unless we want to oversee and
control the press (which some uplifters do) we
realise that this question of choice which concerned
the Pilkington Report so acutely is illusory; it raises
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itself only because of the channel shortage and the
outlook of the smug characters who despise the
tastes of a majority. Quoting Alan Day in a perci-
pient article in the Observer about the Report, he
says it “sets out the admirable principle of a wide
freedom of choice and then fails to apply it on many
crucial issues, but instead slides into a priggish dis-
taste for an incomprehension of popular culture.”

More Channels More Diversity

There is such a thing as a popular culture and in
many instances the B.B.C. recognizes it, but in a
particular style; there are other ways of satisfying it
and diversity of choice would demonstrate them.
There are those who argue that, desirable as it may
be to have diversity, there simply is not enough
material to fill the many channels which a revolution
in technical method would provide. This is tenable
only if we visualize that, with a large range of choice,
all programmes could have the same characteristics;
more Quizzes, more Compacts, more Z-cars, more
Westerns. This is not my concept; more channels
should provide a greater satisfaction for minorities;
more educational broadcasts, more local programmes,
and so forth. By this means the service would be
refreshed from a multitude of sources rather than
present the monolithic and (alas!) stereotype char-
acter that channel shortage has forced upon us.

Maurice Wiggin, television critic of the Sunday
Times, sometimes refers in his articles to “the
Electronic Theatre.” The need to fill an evening
viewing with all sorts, because of only one or at
most two channels to carry the programmes, makes
the term less evocative than it might be could we
truly imitate the theatre on the home screen. We
go to the theatre and see a play from beginning to
end, too often a television serial with dramatic de-
velopment is spun out over many weeks. There
are other things to do beside look at television or
listen to sound programmes and sometimes one is
forced to miss an episode; to leave the theatre in
mid-scene as it were. This is tiresome. ’

Given an abundance of channels, one of them
could carry the play from end to end; there could
well be intervals as in the theatre. The well-chosen
term “the Electronic Theatre” could then apply
with full justification.

Finally, on this question of choice, I quote the
ending of Felix Aylmer’s letter to The Times thus,
“Control and censorship must always remain a
matter of public policy but, with this proviso, we
hold that government of the people, for the people,
by other people (whether they like it or not) should
perish from the earth.”

There is a phrase which runs about everywhere
which talks about “lowering of standards”; com-
mercial broadcasting is said to have lowered B.B.C.
standards. If this be true it is a serious criticism
of the B.B.C. Asked what effect the alternative
programmes had made upon the B.B.C,, an executive
said that it put the Corporation in much the same
situation as that of a wife whose husband had taken
a mistress. The analogy is striking because it points
the conclusion that, in the circumstances, a shrewd
woman would be a better wife not a worse mistress.
The B.B.C,, apart from Philistine sneers and apart
from an institutional grandeur which impresses the
inferior, is warmly and generously admired by the
great majority; it has a style, a character, and it
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is by upholding this, by developing its unique quali-
ties to the full, that it will continue in its pride of
place. The worst thing it can do is to compete for
meretricious applause. The spectacle of a gentle-
man aping the clown is shaming.

The shamateurs of culture, living elegantly in the
Ivory Towers of Establishmentville, seek to prove
that popular entertainment corrupts; and among the
arguments which are used in an attempt to prove
the contention is that violence shown on the screen
provokes violence in the streets. To my way of
thinking, this is another example of looking at the
surface of things and failing to dig down in search
of root causes.

There are many causes for the increase of crime,
chief among them is the fact that, in search of
money for more hire purchase, mothers of young
children go out to work in factories and offices, thus
failing to provide that disciplined love which creates
confidence in the young and so no need for revolt.
Robbed of kindly control, the children get into mis-
chief which, in the long run, becomes criminal.
There is, moreover, the excess of money in adoles-
cent pockets, and of equal importance the lack of
religious faith. This deprivation results in a weaken-
ing of the deterrent fear of Eternity’s reprisals. In
a phrase, the adolescent criminal is created first
and foremost by home environment, physical and
ideological.

It may well be that violence seen on the television
screens and acting on the susceptible does tip them
into the stream of crime, but I am sure that children
who are brought up in security and are given stability
by discipline and love are not in the least affected
by, for instance, the outright violence of Westerns.
Bang! bang! the bad man is dead. How right!
Just like taking an opponent’s Queen in chess.

Once more insisting on the liberation of broad-
casting by more abundant means I would expect to
see some dilution of its bad effects upon weak charac-
ters if there were more specialized programmes which
sought to capture less anti-social interests. 'The young
fall for jazz, motors and motor cycles, swimming,
sailing, athletics and so forth; hobby programmes
concerned with such subjects would emphasize the
healthy and dilute the bad. I accept the contention
that television can corrupt, but suggest that home
environment has weakened resistance to its worse
influences. A more expansive broadcasting service,
offering diversity, would, as it were, dilute the bad
effects of the few programmes which at present
corrupt. Why deny a healthy majority the Western
and detective story, because of a few weaklings?,
and as for the weaklings, give them distractions.
These advantages would spring from diversity. The
price of liberty is high, but it is worth paying.

Restriction Favouring Respectability

Between the lines of the Report one sees that the
Committee was inclined to seek evidence which it
found agreeable and reject what it considered did
not support its foregone conclusions. One can
imagine the welcoming smiles that greeted a B.B.C.
executive, the look-away embarrassment when a
proponent for commercial broadcasting sat his
inquisition. This attitude was markedly demon-
strated in relation to Pay Television. I gather that
from the Report that, in the Committee’s opinion,
Pay Television would not pay because listeners
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would not be se foolish as to pay for it. In these
circumstances it would seem unnecessary to recom-
mend its prohibition. But there appears to be a fear
in the Committee’s mind that some might find the
system agreeable and so this would, for such, “upset
the balance of programmes.”

This is a familiar phrase. When I was associated
with the development of what the Post Office once
called Wireless Exchanges, i.e., means of picking
up a programme from the air and transmitting it
through wires at audio frequency to householders,
it was forbidden to substitute foreign programmes
for thase officially broadcast from the monopoly
stations of the B.B.C. This was ruled for fear of
“upsetting the balance” of the official programmes.
Anyone with a radio receiver could spend his time
unbalancing the equilibrium of Savoy Hill or Broad-
casting House but the relay companies? No! Here
is the dead hand of control, the denial of majority
choice. For it is certain that in those days, listeners
preferred the giddy offerings of Luxembourg or
Radio Normandie to the sober Sunday soporifics
so beautifully balanced on the knife edge of boredom.

The idea of using the wire, with its abundance
of channels, is gently frowned upon. According to
the Committee’s recommendations, the relay com-
panies are forbidden to retransmit the sound of tele-
vision programmes. My own choice when TV offers
me music is to dim the screen; I thereby avoid the
irritation of a fidgety camera taking me, one moment
under the harpist’s foot, the next to the empurpled
swelling of a trumpeter’s cheek, the items divided
by the beaming unction of the conductor. I want
to listen not to see, but if I were a relay subscriber
then television music, undiluted by the unquiet eye,
is denied me. Why?

Expansion Favouring Freedom

From an early age until now I have suffered the
infection of ideas. All at their first appearance have
been rejected by authority, some rightly, others
wrongly. Backed by the authority of the B.B.C. and
benefiting from the inspired leadershp of Lord Reith,
some of these ideas have been put into practice
and are now accepted as having been useful con-
tributions to broadcasting technology. Inspiring my
proposals, either when working for the B.B.C. or
outside it, has been the consistent belief that the
sociological value of broadcasting will be the greater
as its scope is wider. To repeat what I think to be
the operative phrase, broadcasting needs to be “re-
freshed from many sources,” or, risking the pom-
pous, it should be “the rostrum of democracy, the
patron of the arts.”

In these circumstances I am bound to be dis-
appointed about the Pilkington Report. The Com-
mittee appears to accept the limitations of broad-
casting technology as inevitable, meaning that the
onerous problem which these limitations impose will
remain with us always. Having accepted what are,
in effect, limited terms of reference, policies are
recommended which are as narrow as the assump-
tions on which they are based. Even then the
recommendations are further restricted by the
assumption that existing problems can only be solved
by further restrictions. Starting with fine phrases
about the necessity of giving the audience a wide
range of choice “anything else would be denial ” the
Committee proceeds to suggest more controls, more
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restrictions. Pay Television—out! Wire broadcast-
ing—coldwater. Relay companies no television
sound. The new channel, local broadcasting, sound
broadcasting, all are to be controlled by the B.B.C.
(which is to compete with itself so as to undermine
its own character). The profits of the commercial
companies are to be diveried to the Treasury
(poverty will result in asceticism?).

Maybe, gentle reader, this is unfair to Pilkington,
maybe you could wish for a more constructive criti-
cism than I have promulgated, maybe you are right;
here goes.

Broadcasting requires two supports, channels and
money and the more channels the more money. It
is all very fine to preach, in general terms, the need
for diversity but coming down to practical terms how
is it proposed to find the means to provide it?

Today two sources of revenue exist, the license
fee and the advertising revenue. It would be wrong
to increase the license fee to an extent which would
pay for an expanded service; would it be fair and
practicable to divert what some believe are the ex-
cessive profits derived from advertising to set up a
communication network, radio or wire, which would
be more provident than that in use today? I think
this would be a better scheme than the dull one
which directs profits to the Treasury, but there is a
better one still.

I recently wrote a letter* to the Committee which
suggested in a very generalized way, that more
channels would become available either by the use
of centimetric waves or by the use of the wire: Con-
sider the latter and characterise it, as Dr. R. C. G.
Williams has done, as the Electronic Grid. By this
is meant a web of wires and radio links meeting at
exchanges; the wires terminating in houses. Suppose
that the Post Office set up this grid and used it for
all forms of communication which benefit the busi-
ness or the dwelling house. “ All forms” embraces
telephone, teleprinter, television and sound broad-
casting. Surely this electronic grid could reach
everywhere; and represent substantial economies?

In this connection the Post Office understandably
complains of the high capital cost of installing the
normal householder’s telephone, complains that,
having installed it, the householder fails to use it,
complains thar the householder complains about the
charges he has to pay for not using it!

But these complaints would surely be unjustified
if the electronic grid provided all forms of communi-
cations and so made installation and amortization
charges for the domestic and business telephone the
less, while the Post Office would derive a satisfactory
revenue not only because the grid consummated the
telephone service but also because it would be rented
to the broadcaster for television and sound pro-
gramme distribution.

Conclusion

Given such technical facilities: we sheould rid our-
selves of these tiresome restrictions which arise only
because of the failure of technology to provide diver-
sity of means. Given such abundances we could
realise the potentials of broadcasting to the full; not
by ct}anqe but by design, not by Pilkington but by
imagination.

* Wireless World, December 1961, p. 606.
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width in the i.f. chain or from a non-linear discrim-
inator. It must be remembered that, with a stereo
transmission, much more energy is contained in the
remoter sidebands than is the case with mono.

In almost all cases, this defect also produces the
effect described under (iii) below. In a subsequent
decoder, synchronization would be impaired or be
impossible at maximum deviation since the synchro-
nizing signal would be amplitude-modulated by
programme information. This may give rise to cross
talk (poor separation) and distortion.

(1) Even-harmonic  Distortion:—Even-harmonic
distortion is evident as a lack of vertical symmetry.
With the recommended A-only condition, the display
should be ‘¢ skew symmetrical”. Lack of such sym-
metry indicates non-linearity—probably of the dis-
criminator, but also possibly of the i.f. circuit
(asymmetrical response). I.F. feedback, insufficient
to cause obvious instability or give rise to serious
distortion on a mono signal, can be responsible,
Here again, the effect under (iii) below is also often
present. The 19kc/s synchronizing carrier will be
amplitude-modulated by programme information,
with results as in (i) above.

(i1it) Poor Frequency or Phase Characteristic:—With
full-modulation A-only conditions, the oscilloscope
display should be as in Fig. 2; that is, with a straight
line as the horizontal axis. A ‘“wavy” axis can
be attributed to incorrect frequency or phase response
of either the i.f. chain or the discriminator or both.
If the axis is substantially a sine wave in phase with
upper and lower envelope peaks, the high-frequency
response is below the low-frequency response. This
may be caused by insufficient i.f. bandwidth or a
relatively peaky overall characteristic. Alternatively,
the r.f. bypass capacitor in the discriminator may be
too large. If, on the other hand, the axis is out of
phase, the low-frequency response is below the
high-frequency response. This condition is un-
usual but is generally cavsed by grossly overcoupled
i.f. transformers (intentional overcoupling or the
result of spurious feedback).

Incorrect phase response in simple cases is charac-
terized by the axis becoming saw-tooth or triangular
in form. This is unusual in a receiver, but may be
produced by some types of modulator.

Generally speaking, frequency response and phase
response are interrelated so that, in a practical case,
the axis may assume varying degrees of ‘¢ waviness .
Poor overall response in either or both of the above
respects would cause crosstalk and possible difficulty
with effective synchronization. Correct i.f. trans-
former design and stable operation are essential,
together with good discriminator action.

(A+B)
'

L ton
‘_

MATRIX

SYNCHRONOUS

= ouTPUTA

Finally, a check should be made to see that a.m.
suppression is effective not only with low frequencies
but also over the full width of the band concerned;
thatis, up to modulation frequencies as high as 53kc/s
and at full deviation.

Testing and assessing decoders not provided with
the correct input is fruitless and can be very mis-
leading. However, compensation for certain short-
comings of the receiver performance may, in some
circumstances, be made in the decoder design.

Basic Decoding Arrangements:—The block
schematic diagram of Fig. 4 illustrates the process of
decoding. The basic functions are largely self-
explanatory. :

In a practical embodiment, certain design features
have to be dealt with. The main items are as follows:

(i) The 19kc/s selection circuit must have an ade-~
quate Q-factor to reject unwanted information, but
must clearly not be too critically dependent on
temperature changes and other variations which would
cause undesired phase changes.

(if) The low-pass and high-pass filters are almost
certain to have different phase (time-delay) charac-
teristics. It is generally necessary, therefore, to
provide a suitable compensating network.

(iii) The amplitude and phase of the locally-
generated 38ke/s signal require careful consideration.
The phase is particularly important for good cross-
talk performance and the amplitude must be ade-
quate for complete demodulation without being so
large that means, other than a normal de-emphasis
network, are required for subsequent removal.

@iv) In order to allow for correct matrixing, some
control over the amplitude of (A+B) or, if more
convenient, of the recovered (A—B) must be pro-
vided.

Simple Decoder Circuit:—It is possible to avoid
cectuin of the difficulties outlined above, particularly
regarding the low-pass and high-pass filters, by the
simple expedient of omitting the features. This
involves little or no danger, particularly in the ab-
sence of subsidiary communications such as ¢ store-
casting”. Thus, where the complete flexibility of a
highly sophis-icated circuit is not required, a simple
decoder suitable for receivers in the inexpensive and
medium-price range can be constructed. Fig. 5
shows a basic circuit of this kind.

The 19kc/s pilot carrier is extracted by means
of the tuned circuit designated ‘19kc/s”, and ampli--
fied by the pentode section of an ECF80. Since
distortion is not particularly important, the pentode
can be run under starvation conditions, yielding a
gain of nearly 100 times. This amplified signal is
then fed to the triode section of the ECF80
working as a frequency doubler with a
38kc/s tuned primary transformer in its
‘anode circuit. The complete multiplex
information is applied to the centre tap of
the tightly-coupled secondary. Demodula-
tion of the (A —B) sidebands and matrixing
with the (A 4B) signal occur automatically

AUDIO

» AUDIO

DETECTOR

SIDEBANDS 4
oF (A-B) 3Bkefs

AMPLIFIER AND
FREQUENCY
DOUBLER

(A-B)

RN
y

19kc/s

Fig. 4. Block schematic diagram of basic decoder (adaptor).
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in the diode circuits Afier normal
de-emphasis, which also attenuates un-
wanted products* of the process, A and
B appear at the respective output term-
inals.

ouTpPuT B

*These include not only 38ke/s and its harmonics but also
the sidebands and their harmonics.
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Some of these disadvantages may be
overcome by slight re-arrangement of
the circuit, as discussed in the following
section. An advantage of this simple
decoder circuit is that its output impe-
dance is relatively low and the cap-
acitance to earth of screened connections
to subsequent audio amplifiers may
form part of the de-emphasis network.

AUDIO
OUTPUT B

Practical Decoding Circuit :—A
development of the basic circuit is
shown in Fig. 6. Itis intended to operate
directly from a typical discriminator
providing an r.m.s. output signal of
between 0.5 and 1.5V.

To provide a high input impedance
and an overall gain of about unity, the
complete multiplex signal is first ampli-

—

Fig. 5. Basic decoder circuit.

Such a simple arrangement has several dis-
:advantages, the chief of which are:

(i) It gives an effective signal level loss of some
3 to 4 times due to converter action.

(ii) If both tuned circuits are peaked, the phase
of the 38kc/s supply differs by 90° from require-
ments. (This can be simply corrected by detuning
the 19kc/s circuit by 45°, but this is by no means
elegant.)

(iii) Although the input impedance is moderately
high, the decoder must be fed from a source of
relatively-low impedance, not greater than, say,
10kQ. Thus it may be operated directly from a
typical ratio detector. The source impedance is
limited by the feedback of the residual 19kc/s
signal from the diode circuit. . Furthermore the
ssource resistance forms part of the diode load circuit.

(iv) In most practical cases the level of the multi-

fied by a triode provided with negative
current feedback. Care must be taken
in this stage to avoid distortion which
would give rise to intermodulation
products.

The entire output is connected by way of a phase
corrécting and buffer network to a 19ke/s tuned
circuit. The pilot sub-carrier is developed across
this tuned circuit and applied to the grid of the
triode frequency doubler.  The output at 38kc/s
appears across the tuned primary of the transformer
in the anode circuit. The necessary fraction of the
amplified multiplex signal is fed to one end of the
secondary of the 38kc/s transformer, as before.

Both tuned circuits may initially be peaked for
maximum output and a final slight adjustment
made on either for minimum crosstalk. This mini-
mum will be about —20dB measured over a com-
plete f.m. radio link. Details of experimental coils
are given in Appendix 2.

Provision of reverse compatibility:—This is
not inherent in this simple circuit; that is, it cannot

+
a7kl rsMOL
2pf 0A81 470 0 05yuF
AUDIO
{t = et A
v Gool
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A8l 47k 005uF QUTPUT B
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|
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Fig. 6. Practical decoding circuit corresponding to Fig. 5.
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tions and many other aspects of what is generally
termed architectural acoustics. But it was in the
qualities of listening rooms, studios and concert halls
that most readers of this journal would have been
most interested.

Dr. Ing. R. Boutros-Attia (Alexandria University)
described an important method of assessing instan-
taneously and subjectively the acoustics of a room
by means of ultrasonic waves in a model. A record-
ing of a speech or music in an echo-free room is
made on tape at a normal (low) speed. This is re-
played n-times faster (n being the scale of the model)
and reproduced by an ultrasonic “loudspeaker.”
Microphones in an artificial head inside thz model
pick up the reverberant sound which is then re-
corded at high speed and played back at the original
low speed in separate headphones. With normal
longitudinal tape recording a time lapse between
the original sound and the playback from the
model is inevitable because of the change of tape
speed, but it is proposed to overcome this by using
a wide tape running at constant speed in conjunc-
tion with three heads rotating at different speeds
(modified television tape recorder). The first pair of
heads records and monitors the original “dry”
sound, the second set revolves at say 10 times the
speed of the first, and the third at the original (low)
speed. This will pose some difficult mechanical
problems because the first and third heads must be
given a longitudinal motion equal to 0.9 tape speed if
all the traverses of the tape are to be made at the
same angle. The longitudinal head motion will be
saw-toothed since the heads must return to their
original position for the start of each track with cor-
rect synchronism. :

The quality of diffusion, or the distribution in
direction of the received sound, is important in
listening rooms and concert halls. G. A. Goldberg
(Academy of Sciences, Moscow) described a method
of displaying the reflections from a spark source by
means of 90° crossed microphones connected to the
x and y plates of an oscilloscope. By differentiating
the microphone outputs, directional ambiguity was
removed and “rose patterns” photographed at
various time intervals after the spark showed the
build-up of diffusion from the first reflections on-
wards.

Many papers dealt with the design of recently con-
tructed large concert halls. In continental Europe
the seating capacity is usually 1,000-2,000, but in the
U.K. and in America the tendency is to larger halls
seating 3,000 or more. L. L. Beranek (Bolt, Beranesk
and Newman Inc.) gave an invited paper on criteria
for the design of concert halls and opera houses,
based on detailed acoustical analysis of 54 halls in 16
countries and a subjective judgment of these halls
by 22 renowned conductors and 23 professional
music critics. The results explode the idea that
judgment is personal and a matter of individual taste,
for he found full agreement between musicians and
technicians in their grading of these halls.

Noise. The mounting level of noise in civilized
communities is causing our legislature some concern,
and they in turn are pressing scientists for criteria by
which subjective nuisance can be asssssed from
objective measurement. - As D. W. Robinson
(N.P.L)) put it, “We are bzing asked to say ‘yss’
or ‘no’ on matters on which the scientist himself
has doubts.” Nevertheless, some good progress had
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been made in correlating the readings of a sound
level meter, with the so-called “ A” weighting scale
to stimulate the characteristics of the ear, with sub-
jective judgment. In Dr. Robinson’s view consist-
ency of subjects’ response meant measurement, but in
relying on this statistical approach for international
agreement, care was nscessary in translating instruc-
tions; emotive adjectives like “loud,” “annoying,”
“disturbing ” could be changed in meaning. Much
work still remained to be done on time-dependent
factors, such as occurred in drop forging or pile
driving. Some work on impact noise reported by
G. J. Thiessen and K. Subbarao (Nat. Research
Council, Ottawa) leads to the conclusion that toler-
ance of impact noise is increased if the reverberation
time of, say, an office is reduced by means of absorb-
ing material. One interesting by-product of work
in noise aszessmsnt was that judgments indoors of
street noise tended to be harsher than out-of-doors;
it seemed that walls were subjectively transparent
and that one tended to project oneself outside.

Psychological and Physiological Acoustics

Some properties of the brain which play an import-
ant role in the perception of sound were discussed by
Prof. E. C. Cherry (Imperial College) who held that
the function of two ears was primarily to separate
sound images rather than to give directional proper-
ties. Although compleie fusion takes place between
these images and we hear “one world,” the mind is
able to concentrate on one speaker in the babel of
sound at a cocktail party. This is to some extent
dependent on our linguistic heritage and the fact that
there is an associated (even if suppressed) motor
activity in the mouth when listening to speech. He
demonstrated that separation of two superimposed
voices is easy when the words spoken are coherent
but that this facility fails when both speeches are
composed of random clichés.

In Dr. Cherry’s view binaural fusion is a central
correlation process carried out in two stages; first
autocorrelation at each ear to establish the enve-
lopes of high-frequency components of the sound in
time, and then cross-correlation between these enve-
lopes. Experiment had shown that the fusion
process was operative up to time differences of 6 to 7
milliseconds between signals applied separately to
each ear. The poinis of the nervous system where
these processes are carried out are not yet known
with any certainty, but Dr. Cherry put forward the
hypothesis that the properties of the cochlea could
provide the mechanism of autocorrelaiion by the
interaction of compressional waves in the fluid with

. transverse waves in the basilar membrane,

The response of the ear to transients of short dura-
tion (5 msec) has been investigated by D. L. Pimo-
now (Centre Nat. D’Eiudes des Telecomm.). Separ-
ate sources of pulses at 1 second intervals were
applied together to an amplifier and Ionophone
loudspeaker having a pass band of 100 kc/s. The
pulse trains were staggered so that an observer
heard clicks at 0.5 sec intervals. A variable low-pass
filter (10 kec/s upwards) was then introduced into
one chain, and subjecis were asked to restore any
inequality by adjustment of the gain of the pre-
amplifier in the filtered channel. One boy of 15
years could detect a cut-off frequency of 45 kc/s and
other observers, irrespective of age, made ad,ust-
ments at 20 kc/s or higher (more than twice the cut-
off frequency of the ear in all cases). These results
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may influence the design of high-fidelity equipment
and of hearing aids, since the intelligibility of speech

is closely associated with the transients of con-

sonants.

Electro-acoustics

Prof. E. Meyer (Goéttingen University), in an invited
paper, took as his theme the prospects which are
opened by a closer examination of possible analogies
between acoustical and electromagnetic fields and
oscillators. He chose three examples:

(1) An acoustical travelling wave amplifier in which
sound is passed, together with a steady air stream
(equivalent to an electron beam), through a tube
with a periodic wall structure. Amplification of the
input sound had been proved experimentally.

(2) Broadband reflection-free surfaces with wedge
structure in which phase relationships in waves
travelling parallel with and adjacent to the surface
had been investigated by observing the motion of
particles suspended in the acoustic medium.

(3) Acoustic and electromagnetic absorption by
reverberation methods. The reverberation room at
the Gottingen Physikalisches Institut had been lined
with copper and when empty had been found to have
an em. “Q” of 2,000,000 at 10kc/s.

Loudspeakers and Headphones. The successful
reproduction of stereophonic sound depends on
clearly defined arrival times of the components from
the two loudspeakers, and to this end F. H. Brittain
(G.E.C.) described a modified version of the “Peri-
phonic” push-pull system in which the middle and
upper frequency units are arranged vertically above
the low-frequency push-pull pair. Particular atten-
tion has been given to equality of polar response at
all frequencies above 500c/s.

High-quality electrostatic headphones which do
not require any polarizing voltage have been de-
veloped by G. M. Sessler and J. E. West (Bell Tele-
phone Labs.). A laminar (4-layer) Mylar diaphragm
(total thickness 0.001in) carries a central (metallized)
electrode and is polarized (with 3500V at 120°C for
15 minutes) to form an “electret® (the electrical
equivalent of a permanent magnet). The diaphragm
is mounted between parallel perforated metal plates
to which the push-pull signal is applied. Tests on
an artificial ear show a frequency response +3dB
between 30 and 11,000c/s and harmonic distortion
less than 0.9% at a sound pressure level of 100dB.

Pickups. Prof. F. V. Hunt gave a paper on the
rational design of the stereo disc pickups in which he
divided the available groove-wall reaction force
(which balances the bearing weight) between require-
ments of stylus acceleration, low-frequency tracking
and tone-arm acceleration. He showed that the
allowable value of stylus mass is set by the accelera-
tion due to the second harmonic components of
tracing distortion, and that in stereo recording these
components are additive in the vertical plane,
whether the fundamental groove modulation is
lateral or vertical. The non-linear character of the
stylus-groove contact means that resonance at this
point can contribute to in-band noise through inter-
modulation. This noise can be suppressed if the first
resonant mode is located at or above the translation
loss cut-off frequency but this requires an effective
stylus mass/bearing weight ratio of 0.14 mgm/gm
and this is nearly an order of magnitude lower than
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is available in present-day pickups. An extended dis-
cussion of these points has been submitted for
publication in a forthcoming issue of the Fournal of
the Audio Engineering Society.

The high-polymer plastics used in pickups and
other transducers to control their mechanical per-
formance may exhibit sharp transitions in rigidity
and internal energy loss with temperature, particu-
larly below freezing. P. Lord and E. R. Pithey
(Royal College of Advanced Technology, Man-
chester) described a torsional vibration method of
determining these parameters rapidly at audio fre-
quencies and gave some results which indicate that
the damping may be controlled by cross-link density
between polymer chains without adversely affecting
the modulus of rigidity.

Micro-acoustics

As this account started with mega-acoustics it seems
logical to finish at the opposite end of the scale.

In our report of the 3rd Congress at Stuttgart in
1959 we recorded the fact that acoustic exploration
of solids and liquids at high ultrasonic frequencies
was not only shedding new light on crystal and mole-
cular structure but was proving a useful practical
tool in chemical analysis by revealing the relaxation
times of transitions of atoms in complex molecules.

At Copenhagen E. H. Jacobsen (General Electric
Co., Schenectady) described research which is now
going on at frequencies up to 10 kMc/s. The ends
of a quartz or ruby rod terminate in annular cavity
resonators which act as transducers by the inter-
action of the electric component of the field with the
end faces of the rod. The velocity of the stress
wave through the quartz is observed from standing-
wave peaks in the receiving oscilloscope, due
account being taken of the acoustic waveguide mode
and of flexural modes in the end faces. The quartz
crystal must also be cut in a direction favourable to
propagation of the wave. The whole unit is cooled
to 12°K or less to eliminate disturbances from ther-
mal “phonons ”. :

Experiment has support the hypothesis of a quan-
tum-mechanical basis for vibration and “sound,”
the phonon being defined as the elementary quan-
tum of elastic energy associated with change of state
of elementary particles in atoms. It has been found,
for instance, that paramagnetic atoms react strongly
under microwave ultrasonic excitation, which pro-
vides energy for electron spin reversal at critical
frequencies. The ferrite Fet+ MgO shows this
effect well and exhibits marked anomalous disper-
sion effects near the resonance frequencies. There is
a close analogy here with light quanta (photons) in
an electromagnetic field. Stimulated emission of
phonons from inverted states has been achieved in
ruby in the X-band using plump frequencies in the
K-band. .

Ultrasonic travelling wave amplification in n-type
semiconductor crystals was described by D. L.
White (Bell Telephone Labs.). When an ultrasonic
wave traverses the crystal in a preferred direction it
is accompanied by an alternating electromagnetic
field and current; the current produces heating and
the ultrasonic wave is attenuated. If, however, a
direct current with an electron drift velocity exceed-
the velocity of sound flows through the crystal, the
ultrasonic wave grows in amplitude. The gain can
be very high (e.g. 0.35dB per wavelength). In
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practice a d.c. pulse is applied to prevent spon-
taneous oscillation and overheating (at 1000 V) and
a gain of 57dB has been observed in a 1.2cm bar of
cadminium selenide (Cd Se) using shear waves at
45Mc/s. Applications envisaged (up to 1 kMc/s
where continuous operation without overheating is
feasible) include low-loss wide-band ultrasonic delay
lines and possibly amplificatdon of electrical signals
as well as the primary uses as a generator, amplifier
and detector of ultrasonic energy. It is partica-
larly useful as a detector, since the d.c. is also
amplified.

The organization of the Congress by Prof. Fritz
Ingerslev, Chairman of the Acoustical Society of
Scandinavia and of the Acoustical Society of Den-

mark, and his colleagues ran like clockwork—literally.
Just before the end of the twenty-minute period
allowed for the reading of each paper the sound of
a metronome faded unobtrusively in and out of the
loudspeaker system in each lecture room as a gentle
reminder that time was running short. At the end
of the period music gradually swelled and finally
drowned the words of the lecturer. On the last day
Prof. Ingerslev fell victim, whether by design or
accident will never be known, to his own device,
which appropriately terminated both his closing
speech and the congress.

The next (5th) International Congress on
Acoustics will be held in Belgium (Li¢ge) under the
chairmanship of Prof. J. Frenkiel.

LETTERS TO

The Editor does not necessarily endorse

The Reciprocity Theorem

MR. THOMAS RODDAM in his article “Ban th¢
Reciprocity Theorem,” p. 409, September issue, has
described network analysis as a * simple logical closed
system.” I trust he will forgive me for failing to see
the logic by which he concludes that “ at any instant the
total power supplied (to a black box containing no re-
sistors) must be zero, since once power is supplied it
turns into heat and cannot be turned back . . .”

Consider a simple example such as that in the accom-
panying figure:

L
I

In this particular case the voltages »: and v; at a given
instant are equal (to v, say) having a value dependent
on the past history of the black box. If we assume
further that v=0 at time ¢=0, and that subsequently

iy + iy = ¢ (constant),
the voltage at a subsequent time t=?, is v=1,/C
and the power is then

1}(1.1 -+ 12) =9 = 12 t1/C
which is not zero unless = 0 (since z; #0 by assumption).
Furthermore the power is not turned into heat but into
the energy of an electrostatic field, which is recoverable.

Mr. Roddam can still independently postulate as an

element of the logical system one which will obey the
equation

Ulil + 1)21'2 = 0.
He could also doubtless prove that such an element
would contain no resistors, for good measure. He finds
an example in the ideal transformer. He may equally
well postulate an element which obeys the equation for
all values of 7; and 75, and find the logical consequences
of this behaviour: I think that this is what he has done,
although * this is to be true for all values . . .” sounds
more like an assertion than a postulate. Having done
this the rest follows.

I take it that the Reciprocity Theorem became estab-

lished during a time when nobody happened to have
thought of this device, the gyrator, which presumably

K

0
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THE EDITOR

opinions expressed by his correspondents

cannot be represented as a common branch between
meshes. Or can it? I cannot help a sneaking feeling that
there might be a sixth element, whose discovery might
perhaps invalidate the proof that the five were all-
sufficient.
Manchester. R. S. TAUNTON.

The author replies:

If Mr. Taunton will examine my text he will see that I
say that ““ a network . . . made up of meshes . . . inductance,
capacitance, resistance, . . . mutual inductance . . . a
simple logical closed system.” He is quite correct, how-
_ever, in saying that the total energy supplied to a reactive
network need not be zero. I must confess that I had
overlooked the fact that it was as long ago as September
1957 that I discussed the gyrator more fully and I was
seeking to keep compact the discussion I knew I had
given in an earlier article. The right approach is to say
that we have energy dissipators (R), energy storers
(L and C) and, should we say, energy level converters.
Then we say that this last class is defined by the trans-
former equation, v; 7y + vy i = 0, which leads on to the
gyrator.

This is Tellegen’s approach and Mr. Taunton will

find the formal treatment he wants in Philips Res. Reports

(@ v To: __—:OTVS
ST
(b)
- ¥
T (C)n ) -
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3, 81 (April 1948) or Philips Tech. Rev. 18, 120 (1956).
Note the date and note also that before this Firestone
and others had discussed anti-reciprocity (the references
are given in the P.T.R. (loc. cit.)).

Thnere is a way of arriving at the gyrator equations which
has a certain formal and nistorical interest. Suppose that
the box in the accompanying diagram (a) contains an
ideal 1: 1 transformer. If the signal in is S; and the signal
out is S; we can say that S, = T(S;) where T is the
operation carried out on S; by the box. Let us split this
box into two identical boxes so that S, = T'. T" (Sy),
where T’ is the operator describing the box function.
Subject to the rules of the game

T = /T

We know that we can introduce square roots into oper-
ator problems: for example p* H(t) = 1/+/#t, when H(t) is
the Heaviside unit function and p~! is the function of
definite integration. Now if we proceed, we have

V; = Vzand I, = I;. We can take

Vi=V,=VzgandI; =1, =13
giving us two ideal 1:1 transformers.

We could take V; — nV,  V, = %V3

1
L =l

which means only that we write

Sg=T".(T)1(Sy
where T’ now describes a 1:n or n: 1 transformer (in
turns ratio, n : I).
However, suppose we write

Vl B m12 V2 = mI3

and

I, = nlg

1 1
Il = E Vz 12 = E V3
We shall get overall V; = Vg and I; = I;. The opera-
tion described by the equations V; = ml,, I, =Elx V, is

something which none of our previously known elements
can produce, but it is a passive operation.

To some minds this process resembles the sequence:

l:v1=414+44+1= 4+1;v/—1 =1 We know
that once we introduce +/—1 the system is closed. We
cannot produce operations which need a new kind of
number. In the same way the gyrator closes our set of
passive linear network elements. To produce an extension
of the range we need only abandon the superposition
theorem and we have a set of non-linear elements: if we
tetain linearity we are content.

I know by bitter experience that one can come to
believe that any passive network must be reciprocal and
that, as a result, one can refuse to accept some of the
results which follow from the use of gyrators without a
great deal of banging of soft heads against hard walls.
Fortunately we now have a number of schemes which
include active networks as well in their classification.
One such is that discussed by Kawakami (I.R.E. Transac-
tions on Circuit Theory, CT-5 No. 2 June 1958 pp.

115-121).
THOMAS RODDAM

Retrieval of Technical Information

I READ the article by A. E. Cawkell in the August issue
on information retrieval with interest. Regarding
requirements for an ideal system~—completeness of
references held, exzact access however a question is
formulated by the searcher and complete retrieval—I
would add the all-important aspect of practicability of
filing references into the system.

It is this which consumes the man-hours, an expense
dominant in any managerial consideration of information
work, The hours of time saved for enquiries is, alas, very
much a hidden profit unless a spectacular result occurs
such as providing details of work or experiments previously
done duplicating intended projects (as quoted).

Whatever system is used, the more cross references
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there are filed in, the more expensive it is and often, also
the more costly, complicated and liable to error.

I have been operating a large universal decimal classifica~
tion index and experimenting with a ““ concept co-ordina-
tion > or “ Peek-a-boo » system.

The main policy of the latter is to rely on etymology
and syntax as indicators. It appears absurd when we
have a simple four-ietter word to describe an item exactly,
that it should have to be translated into a number using
an index and then this number later converted to a report
number or journal reference.

A glossary of synonyms and homonyms is needed for
the ““ Peek-a-boo > system but this possibility of con-
fusion exists with all systems, being inherent in language,
except for special fields of chemical nomenclature.

Minimum mechanization and maximum flexibility lead
to immediacy of operation. For usual information work
the computeritis from which the U.S.A. is suffering would
not pay for itself and, although a tribute to electronic
technology that it is so far in advance, until more is
known about human memory and language only military
urgency appears to justify fully automatic retrieval.

Salwick, Lancs. RUPERT L. TAMS.

Information Officer
for Head of Reactor Fuel Element Laboratories,
United Kingdom Atomic Energy Authority.

U.K. Citizens’ Radio Service?

OVER the past few years I have come across quite a
number of business people and private individuals who
are aware of the advantages which a mobile radio system
could bring them in the way of improved efficiency and
convenience. In all cases their requirements have been
for two to four units with a range of five miles or so,
and upon enquiry the cost of the available commercial
equipment, together with installation, has proved more
than they could afford. The private individuals do not
fall within the terms of eligibility for a licence and so are
in any case excluded. Even the cost of the licence and
equipment for the G.P.O. Public Radiotelephone scheme
is much more than many can afford.

It seems to me that rhere might well be a case for the
establishment in the United Kingdom of a Cirizens’
Radio Service similar to that which has existed for some
years in the United States of America and has been
recently introduced in Canada. In such a service the
technical standard of the equipment is considerably lower
than that of the equipment presently available, and this is,
of course, reflected in its lower cost. A licence to operate
in the Citizens’ Service would be issued upon request
in the same way as a Broadcast Receiving Licence.
In the two countries mentioned above the frequency
band allocated is 26.96-27.28Mc/s, although in my view
a more useful band here would be 70.2-70.4Mc/s, since
transmitter harmonics would fall outside the broad-
casting Bands I, II and III.

It would be interesting to hear the views of any potential
licensees for a Citizens’ Service and from those who
might manufacture the necessary equipment.

Sunbury-on-Thames. G. E. STOREY.

The Indusistor

I WAS interested to read a letter by M. Draganescu in
the June issue concerning the * Indusistor ”’—and
inductive transistor.

The transistor used as an emitter follower behaves in
some ways like a generator with an inductive impedance
when the signal is applied through a series resistance.

In the following circuit, with R, = 0 and the load
purely resistive, the frequency response (V'/V versus f)
is substantially flat up to high video frequencies (even
using an OCT71 transistor).

When R; is finite, the response exhibits a typical
RC-type (or perhaps I should say LR-type) cut-off, the
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product of R, and cut-off frequency being roughly
constant for any one transistor. ‘This is attributable to
an input impedance which falls off with rise in frequency.

When the load resistance is shunted by a capacitor,
the cut-off frequency is naturally reduced, but at the same
time the respoase curve exhibits a rise just below cut-of.
The effect occurs whatever the value of R, but is most
marked when R, lies between about 300 ohms and
3 kilohms. For example, using an OC45 transistor, a
5 dB rise occurs at a frequency of 1.2Mc/s when
R, = 1kQ and the load consists of 1.2kQ in parallel
with 700pF.

As might be expected, the response of the circuit under
these conditions to a voltage pulse shows marked ringing
the ring being identical on leading and trailing edges
providing the input pulse is of sufficiently small amplitude.

This effect is an interesting result of the h.f. equivalent
circuit of the transistor. Using the hybrid-= equivalence,
the whole circuit is as follows:—

ngb'e%

This may be reduced to:—

I, Z,
Za
amLZi l___z:l
Val

where Z, = Z, in parallel with (R; + )
V, = ZoVI(Zy + Ry + 1) and Z = load in parallel
with r,,.

Anaf;sis shows that the ratio of (V’/V,) when Z consists
of a pure resistance R to (V’/VA) when Z consists of the
resistance R shunted by a capacitor C is:

jt
1+ - [_ R *]
Zo+ 74
where t = oCR and k& = (1 + g,Z1).

Were the term in the square bracket real, the modulus
of the whole expression would necessarily be greater than
unity, implying that the output voltage would necessarily

|

|<-—<‘——>
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fall when the load is shunted by a capacitor. (This is
exactly what happens in a cathode follower, the corres-

ponding expression for which is 1 + I—T[%T] )

But &, Z, and Z; are all.complex, and it may be shown by
substituting typical values that the modulus is less than
unity in the region of cut-off, implying that the output
voltage is increased by shunting the load with a capacitor.
Bedford. G. HOFFMAN DE VISME.

Complementary Multivibrator

WE can confirm the findings of J. C. Rudge in his
article on complementary multivibrators in the August
issue, and wish to add the following information.

Using an OC42/0OC140 transistor pair, a longer space
period can be obtained for given values of C and Ry
if the latter is returned to the negative line as in Fig. 4
of the article. Such a circuit will be astable if, instead
of the TK 71 C, an n-p-n germanium alloy transistor
is 182d, in which 4I,/4V, is large enough to initiate
switcning while the base is still negative with respect
to the emitter. The OC140 in fact begins to conduct
with the base at —100 to —200mV. The “space”
time is longer because, during the ‘ space’ period, a
maximum of 6 volts appears across Ry instead of 12 volts
as in Rudge’s circuit, so that the condenser charges more
slowly. The leakages of the two transistors set a limit
to the maximum useful value of R;; if this is increased
beyond about 2MQ, no further increase of space period
is produced.

The circuit can be made monostable if the transistor
which initiates the switch-on is held non-conducting by
keeping its emitter some 300mV positive with respect
to the negative line. This can conveniently be done by
connecting a silicon diode in its emitter lead and passing

" current through it in a forward direction through a

resistor connected to the positive line.

The use of germanium transistors instead of silicon
makes the cost of the circuit lower, and the reduction
of the value of C required may make it more compact.

London, S.E.18. J. T. CAMPBELL,

T. HAMMOND,

R. J. SIMPSON,

U.K. Atomic Energy Authoritv, Research Group,
Woolwich Outstation.

Rectifier Instruments

THE use of voltmeters and ammeters employing rectifier-
operated permanent magnet moving coil elements has
become extremely widespread due, largely, to their
sensitivity and robust construction and in consequence
the serious errors that can occur in their indications under
certain conditions are sometimes completely overlooked.

These instruments are calibrated on the assumption that
they will be used on a true sine wave supply, their readings
being proportional to the mean value of such a sine wave.
If the waveform departs appreciably from the true sine
form the mean value will be something quite different
and errors of up to 50% are possible.

The following example recently came to my notice.
The circuit comprised a half-wave silicon rectifier
followed by an 8uF smoothing condenser. This was
feeding an inductance of approximately 40 henries with
an ohmic resistance of approximately 2,500.

The current taken by this circuit when measured by a
rectifier instrument was approximately 70mA and :when
measured on a precision moving iron instrument the
reading was approximately 120mA.

It appears from these readings that the nature of the
circuit in which the measurements are being made should
be seriously borne in mind when taking readings using
instruments of the rectifier-operated moving coil type.

Oldham, Lancs. J. BAGGS.
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OCTOBER MEETINGS

Tickets are required for some meetings; readers are advised, therefore, to communicate with

LONDON

3rd.  Brit..LR.E.—“ Storm warning
and wind finding radar” by G. G.
Roberts at 6.0 at the London School of
Hygiene and Tropical Medicine, Keppel
Street, W.C.1.

4th. Television Soc’ety.—* New de-
velopments in SECAM™ by G. B.
Townsend at 7.0 at the Cinematograph
Exhibitors’ Association, 164 Shaftesbury
Avenue, W.C.2.

11th. ILE.E.—Presidential inaugural
address by C. T. Melling at 5.30 at
Savoy Place, W.C.2.

11th. Radar & Electronics Assoc.—
“ Survey of aerials for radar and allled
applications ” by Dr. K. Milne at 7.0
at the Royal Society of Arts, John Adam
Street, W.C.2.

11th. Society of Relay Engineers.—
“The design of aerials for long-distance
television reception at v.h.f” by D, ]
Whythe at 2.30 at B.I. Callender’s
Cables, 21 Bloomsbury Street, W.C.1.

17th.  I.E.E.—Electronics
chairman’s inaugural address by J. A.
Ratcliffe at 5.30 at Savoy Place, W.C.2.

17th. Brit..LR.E.—Discuss’on  on
“ Standard logical elements” at 6.0 at
the London School of Hygiene and
Tropical Medicine, Keppel Street,
W.C.1.

22nd. LEE.—“The theory and
practical value of ternary systems” by
Dr. F, G. Heath at 5.30 at Savoy Place,
w.C.2,

23rd. LE.E.—“ Radioactivity and
process control” by Dr. Denis Taylor,
Science and General Div'sion chairman,
at 5.30 at Savoy Place, W.C.2.

24th. Brit..LR.E.—* Plasma physics ”
by Dr. A. Von Engel at 7.15 at the
London School of Hygiene and Trop:cal
Medicine, Keppel Street, W.C.1.

24th. British Kinematograph Society.
—"“Pay television systems” by G. E.
Partington at 7.30 at the Central Office
of Information, Hercules Road, West-
minster Bridge Road, S.E.I.

24th-26th. ILE.E.—“ Symposium on
electronic equipment reliability ” at
Savoy Place, W.C.2.

29th. LE.E.—Discussion on “ Digital

Division

data reduction” opened by Dr. S.
Rosenbaum at 6.0 at Savoy Place,
W.C.2.

30th. ILE.E.—“Fundamental prob-

lems in enginering education ” by Pro-
fessor M. W. Humphrey Davies at 5.30
at Savoy Place, W.C.2.

31st.  Brit.LR.E.—“ Noise control”
by Professor E. J. Richards at 6.0 at the
London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

BIRMINGHAM

11th.  BritLR.E.—“The measure-
ment of traffic noise ” by D. W. Robin-
son at 6.15 at the University Electrical
Engineering Dept.
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the secretary of the society concerned.

BRISTOL

9th. Television Society.—* Shapes
and sounds ” by C. Simpson at 7.30 at
Royal Hotel, College Green.

10th.  Brit..R.E.—“ Digital servo-
mechanisms ” by G. B. Kent at 7.0 at
the School of Management Studies,
Unity Street.

CARDIFF

3rd. Brit.IL.R.E.—*“ Silicon controlled
rectifiers,” at 6.30 at the Welsh College
of Advanced Technology.

CHELTENHAM
23rd.  Society of Instrument Tech-
nology.—* Ultrasonic flowmeters by
II_ZI. EI Fischbacher at 7.30 at Belle Vue
otel.

EDINBURGH
10th.  Brit.LR.E.—* Videotape—tele-
vision tape recording ” by Aubrey Harris
at 7.0 at the Department of Natural
IS’hilosophy, The University, Drummond
treet.

FARNBOROUGH

25th. Brit LR.E—“V.H.F. com-
munication receivers and transmitters
using transistors ” by D, C. Carey at 7.0
at Farnborough Technical College.

GLASGOW

 11th.  Brit LR.E.—* Videotape—tele-
vision tape recording ” by Aubrey Harris
at 7.0 at the Institution of Engineers and
Shipbuilders, 39 Elmbank Crescent.

PRINCIPLES OF SEMICONDUCTORS

M. G. Scroggie, B.Sc., M.LLE.E.

COLOUR TELEVISION:
Practice.

and G. B. Townsend, B.Sc., F.Inst.P., M.ILE.E., A.K.C,

RADIO VALVE DATA

Compiled by the staff of “ Wireless World.” 7th Edition ..

RADIO AND ELECTRONIC LABORATORY HANDBOOK
B.Sc.,, M\LE.E. 7th Edition . .

M. G. Scroggie,

1
1
1
1
t
1
1
H
i
'
E .
| BASIC MATHEMATICS FOR RADIO AND ELECTRONICS
H F. M. Colebrook, B.Sc., D.L.C., A.G.G.L. Revised by J. W.
! Head, M.A. (Cantab.). 3rd Edition . . .. .
:
:
1]
1
]
1
1]
]
!
1
i
I
]
]

PRINCIPLES OF TRANSISTOR CIRCUITS
S. W. Amos, B.Sc.(Hons.), A.M.LE.E. 2nd Edition ..

HIGH-QUALITY SOUND PRODU

DUCTION. H. Burrell Hadden.

SOUND AND TELEVISION BROADCASTING. General Prin-
ciples. K. R. Sturley, Ph.D., B.Sc., M.LLE.E. .. . ..

JUNCTION TRANSISTOR CIRCUIT ANALYSIS

S. S. Hakim, Ph.D,

A complete list of books is available on application.
Obtainable from all leading booksellers or from

ILIFFE BOOKS LTD., Dorset House, Stamford Street, London,

N.T.S.C. System,
P. S. Carnt, B.Sc. (Eng.), A.C.

CTION AND REPRO-

LEICESTER

24th. Brit.I.R.E.—* Silicon controlled
rectifier appl.cations ” by J. H. Tuley at
6.45 at The University, University Road.

LIVERPOOL

17th. Brit.L.R.E.—* Stereophony ” by
Professor Colin Cherry at 7.30 at the
Walker Art Gallery.

MIDDLESBROUGH

11th. Society of Instrument Tech-
nology.—* Transistors applied to modern
instrumentation” by J. E. Fielden at
7.0 at Cleveland Scentific & Technical
Institution, Corporation Road.

NEWCASTLE-UPON-TYNE

10th. Brit.I.LR.E.—* Long-range v.h.f.
air/ground communications ” by E. H.
Bruce-Clayton and D. B. Clemow at 6.0
at the Institute of Mining and Mech-
anical Engineers, Neville Hall, Westgate
Road.

PLYMOUTH

4th. ILE.E.—Address bi Dr. D.
Dempster, charman of the South-
Western Sub Centre, at 3.0 at the Col-
lege of Technology.

RUGBY

9th LE.E.—Address by T. P. Qualye,
chairman of the Rugby Sub Centre, at
6.30 at the Rugby College of Engineer-
ing and Technology.

WCLVERHAMPTON

3rd. Brit..LR.E.—* High-ﬁdeﬁty loud-
speakers—the state of the art” by J.
Moir at 7.15 at the College of Tech-
nology.

“WIRELESS WORLD”

PUBLICATIONS

Net
Price

21/-

By
Post

21/11

Principles and
G.I., ALM.LE.E.

85/~ 87/3

6/- 6/10

55/ 57/3

17/6 18/6

21 228
42/- 43/5
45/- 46/4

105/- 107/3
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FUNDAMENTALS OF FEEDBACK DESIGN

10.—POSITIVE FEEDBACK AND NEGATIVE RESISTANCE

c; E have already seen that the effect of positive
feedback, indeed of any feedback, is to modify the
terminal impedances and that these are multiplied
or divided, by a factor (1 — pg), according to the
method of connection. Positive feedback is com-
monly used only when extreme values of impedance
or admittance are required, and then it is clearly

necessary that (1 — pB) should be a small quantity,

though for stability it must be positive. It is not
very difficult to see that the overall gain of a system
with this sort of feedback will have a frequency
response which is very far from flat, since very small
changes in p will produce a very large effect on
p/(1 — pB) when ppas1. This is only common
sense, for the system is near to oscillation and will
show a fairly sharply peaked gain-frequency response.
It is often assumed that the impedance characteristic
is uniformly low or high, for it is either zero impedance
or a virtual open-circuit which we require. A

moment’s reflection will show that the impedance,

too, must have all the defects of any quantity which
depends on the small difference of two nearly equal
numbers, 1 and wp. This fact is often hidden by
the practice of checking impedance at only a single
frequency. The easiest way of seeing this is from a
diagram, shown as Fig. 56. The vector ng lies along
the axis OAR at the middle of the working frequency
range, where the low and high frequency roll-off
have no efféct or are in balance. The length RA is
then (1 — uB) and is about 0.1. Examination of a
typical response  shows, howevet, that the phase
angle of p shifts away from its zero (or 180° accord-
ing to the way you look at the valve phase
reversals) value long before there is any detectable
change in px. The result is that the vector OP is
typical of the conditions over most of the band,
while OA represents only a limited region near the
middle. It will make the mathematics especially
easy to take | 8| = 1, and we then see that |1 —ug|=
| 8| as soon as we have 45° phase shift. The angle
will not be much different if up = 0.9, as we can
see from the figure. A o

The figure also shows how rapidly the amplitude

0 / R (,0) '

Fig. 56. Simple Nyquist diagram for working region of system
based on positive feedback.
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By G. EDWIN

response will change with only small changes in
phase. Systems which depend on positive feedback
for their characteristics must therefore be designed
to have a Nyquist diagram of the form shown in Fig.
57 for their important region. This can be seen to
demand a gentle rise of the amplitude characteristic
away from the band centre, and a phase angle which
does not exceed a few degrees over the whole of
the working band. This latter requirement leads to
rather careful design of the response shape outside
the working band. It will be found that a circuit
peaking sharply upwards outside the band must
be used to compensate for the phase shift in the band:
typical circuits are those shown with & = 2 and
k = +/2 in the charts in Bode (Nerwork Analysis
and Feedback Design. p. 445 et seq, Macmillan). A

WORKING REGION

Fig. 57. Desirable Nyquist diagram for working region of system
based on positive feedback.

circuit with a & of about 1.5 will compensate a normal
roll-off (¢ = 0) up to about 0.25 times the cut-off
frequency, according to chart 1. This is quoted as an
indication of the ratio of useful bandwidth to the
bandwidth of the amplifier alone.

In a way this is not a surprising result. When
negative feedback is used we get, roughly speaking,
an extra octave of flat gain for every 10dB of feed-
back: we are talking here of a (1 —up) of around 0.1
so that we should not be surprised to find that we
have lost a couple of octaves at each end of the band.
It always hurts, however, when we are told that we
cannot get something for nothing.

It is of considerable interest to consider what
happens when we make pf greater than unity. The
resulting systems have found wide application and
the theory has, indeed, surprisingly wide application.
Usually we are concerned with the terminal imped-
ances and because we wish to handle power we can
consider only the output terminals. We know that
the impedance will be either R(1—pg) or R/(1—pB).
We can therefore plot the shape of this as wf is
increased from zero (no feedback) up to a value of
two, selected arbitrarily. ‘The result is shown in
Fig. 58, where it will be seen that R(1—ppg) falls
steadily until it reaches zero at uf=1 and then goes
on decreasing to —R at pup=2, and so on. The
other form, R/(1—up), rises as we know, and be-
comes infinite at u8=1. For ufjust greater than unity
we find a very large negative value which falls along a
rectangular hyperbola to reach —R at pf=2, and
then proceeds towards the asymptotic value of —O.
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Fig. 58. Plot of two forms of amplifier terminal impedance as
up is increased from zero (no feedback).

For everyday purposes we can say that at the
terminals of a device of this kind with x8>>1 we have
a negative resistance and that it will behave just as
though the terminals were connected internally by
something having V/I= —R. As a behaviour des-
cription this, although limited, is perfectly adequate.
We can connect a signal V, in series with this device
and a resistance R, and we shall get a current V,/
(Ry, — R). On this basis we would expect the current
to be in phase with the voltage if R,>R. We could,
however, use a Norton Generator, and if the current
fed in is I, we should observe a voltage of I, (R, —
R-1). The voltage would be in phase with the current
if Rg<R. Now when the current and voltage are in
phase the generator is supplying power, but if they
are in antiphase it is absorbing it, so that the negative
resistance must be supplying it. The system must be
oscillating.

"This apparent contradiction is simply the result of
simplifying the analysis and lumping together two
different devices. These are normally called the
short-circuit stable and open-circuit stable negative
resistances. It is easy to see that the short-circuit
stable one is the one which gives us stability when
1/Ry> 1/R (or Ry« R), while the open-circuit stable
one is stable with R,>R.

In the derivation of the impedance we noted that
the exact form depended on the load impedance,
because p itself depends on the load impedance.
The contradiction arises because we have not
taken this into account. The simplest way of seeing
what happens is to consider first the effect of a short
circuit. With the output short-circuited the load
voltage must be zero and the load current a maxi-
mum: this current can be assumed to be produced by
noise at the input. When we use voltage feedback,
there is no voltage to be fed back, or, if you like,
there is a short circuit across the input to the g path.
Such a system cannot be unstable. Similarly, if the
output of a system with current feedback is open-
circuited, there just will not be any current and there-
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fore no feedback, no instability. Most practical cir-
cuits can be examined in this light to reveal un-
ambiguously whether they are short-circuit or open-
circuit stable.

Another very useful approach is based on the rather
obvious fact that the physical devices, the valves
or transistors, can only give a limited output. Try
to get more and at one end of the range the current
would need to reverse, and at the other end the volt-
age. When this happens the device does not give any
gain. Consider a system for which we know that the
gain has a characteristic of the form shown in Fig.
59a. A valve with a g,, which does not change much
with current will give this: feedback in the cathode
will ensure it, At low currents the gain falls as we
reach the tail. At high currents we see the effect
of grid current lowering the input impedance.

Fig. 59b is a plot of V against I at the terminals
of a system with positive feedback. A line of con-
stant slope represents a resistance and even if it
does not pass through the origin the slope is still
equal to the resistance, for then V = V, + RI
and dV/dl = R. We can draw a line of slope —R
for the region of high constant x. When p starts
to fall, what happens to this line? We see from
Fig. 58 that if we are dealing with R(1 — upB) we
have zero resistance, while if we are dealing with
R/(1 — uB) we have infinite resistance. When
p is lower than this value of 1/8 the resistance is
positive. We can thus extend the —R section to
form either an N-shaped curve or an S-shaped
curve, both of which appear on Fig. 59b. This
very simple analysis leads to the expectation that
we should always finish up with a form like Fig.
60, in which the characteristics approach the simple
line R = V/I when p becomes zero. This does

Fig.59. (a) Typical practical gain characteristic.  (b) Plot of
V against | (around normal operating levels) at the terminals
of a system with positive feedback.
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not happen in practice because some other mech-
anism comes into play: the basic N or S-character-
istic is, however, always there.

The network theory approach is related to the
idea of inside and outside the loop which the im-
pedance must describe in the complex plane. If
we plot the actual impedance of the system viewed
from its terminals we shall have the shape shown
in Fig. 61. At zero and infinite frequencies there
is no gain, so the loop will be closed at the origin.
Now if we connect a resistance R, across the ter-
minals and we think for a moment of the frequency
®,;, the loop resistance will be R,—R and this is
the distance between the point on the axis at o,
and a point at —R,. This point (—R,, 0) is the
key to stability. If the curve encircles it, the system
is unstable. What, as the lunatic said to the monkey
at the zoo, is inside and what is outside? As all
witches know, if you go round widdershins you are
not encircling the inside at all, you are encircling
the outside. If the progression w,, w;, wz corres-
ponds to an increasing frequency the inside is just
what you would expect: if, however, the frequency
increases from w; to w,; to w,, all the area containing
the symbols is inside and the finite heart-shaped
area is outside. In the first case the system is open-
circuit stable, in the second short-circuit stable.

‘These two ways of treating negative resistance
reflect the ways in which it can be applied. The
plot of impedance in the complex plane assumes
that there is only a small signal present so that
the system is a linear one. Our concern is with
stability, usually with a circuit connected externally
which is by no means a pure resistance. No longer
are we concerned with —R and R, but with the
impedance —Z and an external impedance Z,,

Fig. 60. Simple theoretical full plot of V against | at the termin-
als of a system with positive feedback. .

both of which depend on frequency. We find this
when we start to apply negative resistance for
ordinary amplification purposes in telephone circuits.

The voltage-current diagram is used chiefly
when we are interested in steady-state conditions.
Here we take our N or S-diagram and apply the
external resistance to it as a load line. If this load
line passes through the middle of the —R section,
a matter of biasing, it may intersect the system
characteristic at either one or three points. A
comparison of slopes with the rules already laid
down will show that when there is only one exter-
section point it is stable. It must be, of course:
one is reminded that Boswell told Johnson that
someone ‘‘ accepted the Universe”. “By God,
Sir, he had better.” With three intersection points,

WIRELESS WORLD, OCTOBER 1962

jx
@5
R, +R
w;
_jx

Fig. 61. Plot against frequency of terminal impedance of system
with positive feedback.

however, we find that the centre one is unstable
and that the circuit will only remain stable at either
of the two outside points. This is the principle of
operation of the whole family of multivibrators
and trigger circuits, and is also the way in which
that extremely simple device, the tunnel diode,
operates,

We do not escape the frequency dependent part
of the negative impedance system, however, even
in this simple approach. The operation of the
device depends on the fact that for one reason or
another it will transfer from the stable position at
one end to the stable position at the other. The
speed at which it does this and the path it follows
are determined by the reactances in the system, and
those are just the factors which are described by.the
impedance plot in the complex plane,

MOBILE RADIO

THE demand for land mobile radio licences in the U.K.,
which are issued by the Post Office permitting the estab-
lishment of a radiotelephone link between a fixed station
and mobile stations, has increased some six-fold during
the past 9 years. As will be seen from the following
table, the number of licensees has risen from 583 in
1952 to 2,349 at the end of last year, but the number
of stations from about 4,000 to nearly 26,000. These
figures include all industrial and professional users, taxis
and public services (excluding Police and Fire).

There has been a gradual reduction in the channel
spacing in both the low-band (71.5-88Mc/s) and the
high band (165-173.05Mc/s) and by January this year
all 100-kc/s equipment in use had to be replaced by
25-kc/s transmitter-receivers. January 1966 is the time
limit set for the replacement of all 50-kc/s equipment
by sets employing 25kc/s separatioh. The annual licence
fee is £3 for each of the first two stations (base and
mobile) and £2 for each additional station, but for a
temporary mobile radio service of not more than 28
days the licence fee is only £1.

Stations
. . . Hand Trans-
Li Base Mobile | oo table | portable
1952 583 538 3,281 152 43
1956 1,202 1,389 10,638 493 126
1961 2,349 2,894 21,853 866 195
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Balloon-Supported Aerials

FOR USE AT V.LF.

By R. N. GOULD,* m.sc., ph.o., W. R. CARTER,* B.sc., and A. T. RAWLES*

CONVENTIONAL v.Lf. aerial installations are
large, costly and relatively inefficient. These charac-
teristics are inherent in the fact that at v.Lf. the
aerial current path is only a small fraction of a wave-
length.

A method of overcoming the associated problems
is suggested by using balloon-supported aerials.
These would be cheap, simple and efficient and would
be capable of a variety of uses, in sprite of limitations
imposed by adverse weather conditions. :

Long-distance Communication:—Radio com-
munication over distances of several thousands of
miles is usually achieved either by the use of frequen-
cies in the h.f. band or by frequencies in the v.Lf.
band, between about 10-30 kc/s.

H.f. propagation is closely dependent on iono-
spheric conditions and frequent changes in operating
frequency are necessary throughout the day, even
for fixed-range working. The v.Lf. band is particu-
larly well suited to long-range propagation, since
not only is the attenuation rate low at long ranges,
but changes in operating frequency are not required.
This is because the very long wavelengths involved
are too large, in general, to be affected by ionospheric
disturbances. Furthermore, the unique phase
stability observed at great distances enables various
other uses to be made of.v.Lf. transmissions. (Ref.

1)

The Design of Transmitting Aerials at V.L.F.:—
It is not particularly difficult to design transmitting
aerials of reasonable size and acceptable efficiency
for use in the h.f. band, because the current path
in the aerial can be made comparable with the wave-
length involved. The state of affairs at v.Lf., how-
ever, is quite different, and aerial design presents
difficulties in many ways; the fundamental problem
is that of designing an efficient aerial under conditions
in which the current path is a minute fraction of a
wavelength.

Conventional v.Lf. aerials are inevitably very large,
inefficient and costly structures. The radiation
resistance is extremely low, because the current path
is short compared with the wavelength. Therefore,
the current in the aerial must be very high if appfeci-
able power is to be radiated. A relatively high imped-
ance is presented to the transmitter, and consequently
very large voltages are needed in order to drive
appreciable current into the aerial. The Q of the
aerial must be made as high as possible in order to
obtain acceptable efficiencies with the low radiation
resistance available. At v.Lf. this imposes undesirable
bandwidth limitations on the type of intelligence
which can be transmitted. Phase instability can

* Royal Naval Scientific Service.
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also occur in large, sharply tuned aerials ot this kind,

‘due to the effects of high winds and the approach of

large cloud masses. These effects have been observed
by the G.P.O. on the transmissions from Rugby

(GBR).

Since the physical height of a conventional
v.L.f. aerial can never be more than a very small
fraction of a wavelength, it is usual to add a large
horizontal ““ roof ” to the system in order to provide
essential additional capacity. The purpose of this
capacitive top (while, of course, adding to the size
and complexity of the installation) is to reduce the
aerial impedance to a level at which worthwhile
currents can be obtained with realizable voltages.
An additional advantage of a high aerial capacity is
that the effective height of the aerial, on which the
radiation resistance depends, is brought closer to the
actual physical height.

Typical of the size of a v.Lf, installation is that
at Rugby (GBR). The aerial extends over about
900 acres and is supported on 12 masts 820 feet in
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height. Even with a structure of this size, the
radiation resistance is less than one tenth of one ohm
and the efficiency is about 1339, at the operating
frequency of 16 kc/s.

New Approach to the Problem:—There appear
to be at least two types of approach to the solution
of the problems created by the use of short generating
current path lengths. These are:—

(a) By increasing the electrical length of the aerial
artificially, without increasing the physical length
(height). This would be expected to lower the aerial
impedance, but limitations on the radiation resis-
tance would still remain. For example, the aerial
could be enclosed in a substantial casing of ferrite
material, and although a significant reduction in
aerial input impedance should occur, the loss
resistance would inevitably rise without corres-
ponding increase in the radiation resistance.

(b) By actual increase in the physical length of the
current path. A possible method of achieving this
is at present under investigation. Briefly, the idea is
to feed r.f. current across the neck of a peninsula
of land of appropriate size, in an attempt to persuade
the cuirent to follow a preferred sea-water path
several miles in length along both sides of the penin-
sula. So far the results of this investigation have
been inconclusive, but further experiments are
planned in the near future,

A more obvious method is to increase aerial heights
by exciting even higher structures than those at
Rugby, for example. Unfortunately, no significant
increase in the height of aerial structures can be
achieved along conventional lines without prohibi-
tive cost arising from the enormous engineering
difficulties. There is a novel approach to this same
problem, however, which has recently been studied
seriously. The proposal is to consider the use of
aerials supported by balloons flying at heights of the
order of 5,000-10,000 feet. Such aerials would be
simple, economical, undoubtedly effective, and would
be capable of a flexibility in use which is quite
unobtainable with conventional installations.

The obvious drawback to this system, namely the
sensitivity of the balloons to weather conditions,
can be overcome to a large extent in certain important
applications.

Theory of the Balloon-supported Aerial.

The Cable:—It is clear that the a.c. resistance
(R,,) of the balloon cable should be as low as
possible. A typical steel cable in use has an external
diameter of about 0.3 inch and is made up of six
adjacent windings each consisting of seven wires
about 0.03 inch in diameter, Such a cable haa a
breaking strain of about 41 tons. An estimate has
béen made of the a.c. resistance (Ref. 2) by assuming
a permeability value of 100. In this case R,
is about 17 ohms per 1,000 feet at 20 kc/s.

This figure could be improved upon by using
copper and not steel as the conductor. Since most
of the current flowing in the copper would be
confined within the skin depth of the conductor,
it is convenient to envisage a cable consisting of a
-steel inner core (for strength) surrounded by a copper
sheath which is thicker than the skin depth. The
variation of skin depth in copper against frequency
is shown in Fig. 1.

A specification for such a multiple cable has, in
fact, been drawn up by Standard Telephones &
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Cables Ltd. It consists of a core of six layers of
steel wire, the diameter of which is 0.242 inch.
Surrounding the core is a seventh layer of copper
which increases the core diameter to 0.334. inch.
The eighth and ninth layers are of Melinex tape
and high-density polythene respectively. The
breaking strain would be about 3} tons. Throughout
this article, the cable just described will be called the
“ prototype ‘cable.” Its a.c. resistance at 20 kc/s
is expected to be about 0.4 ohm per 1,000 feet.
The variation of R,, with frequency is shown in
Fig. 2 for cable lengths (i.e. aerial heights) of 5,000
feet and 10,000 feet.

Normally a balloon is raised or lowered by means
of a winch attached to a truck. The use of the
balloon cable as a radiator of electromagnetic energy
requires that the truck should be isolated from the
ground. It would be preferable also to isolate the
winch from the truck.

Radiation Resistance:—Fig. 3 shows the variation
of balloon height in wavelengths with frequency in
the v.Lf. band, for cable lengths of 5,000 feet and
10,000 feet. This figure is included to illustrate the
possibility of a A/4 aerial if balloon heights of the
order of 10,000 feet are used. Attention will be
confined here, however, to a cable 5,000 feet in length.
The current distribution in this cable will not be
uniform along its length. However, an approxima-
tion to uniformity can be made in terms of the
current at the base of the aerial if an effective height
equal to 0.54 of the physical height is used when
calculating the radiation resistance. This parameter
is plotted in Fig. 4 for a cable height of 5,000 feet.

Ohmic Losses in the Cable:—In the type of
radiator under discussion, it would be incorrect to
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compute the ohmic losses in the cable as the product
of the square of the current multiplied by the a.c.
resistance. The mean value of the square of the non-
uniformly distributed current taken.over the cable
length can be shown to be equal to one third of the
square of the base current. Hence in terms of the
base current, the ohmic losses have been computed
by assuming a value of R,, equal to one-third of the
value for uniform current distribution.

Ohmic Losses in the Aerial Loading
Inductance:—For the purpose of estimating these
losses it is assumed that the loading coil has a Q
of about 400. Since the capacity of a balloon-sup-
ported aerial 5,000 feet in height is of the order of
0.009 microfarads, the loss resistance in the loading
coil will be less than 5 ohms over the band.

Ground Losses:—Special measures are normally
taken at v.Lf. to minimize ground losses, by laying
down very large earth mats. The following analysis
is based on the treatment given by Brown, Lewis
and Epstein (Ref. 3). It is there shown that the
power loss dP in a ring of earth of width dix encircling
the aerial at a radius x is given by:

p=-1E LW

S = the skin depth in the earth
y = the conductivity of the earth
If this equation is integrated between upper and
lower limits of x, and x, we have:— ’
Total power loss in a ring of internal and external
radii x, and x, respectively is

PT=K.Izloge%.. N ¢
1

where K is a constant for any given frequency.

Now I2— Power radiated Py «
= Radiation resistance R, =)
. KP
Then equation (2) becomes Py, = TR . 1089% 3)
1 1

The power loss in the ground of the balloon-
supported aerial can now be compared with that of a
conventional v.l.f. aerial installation such as Rugby
(GBR). The earth-mat system at Rugby is complex
in form, but a very rough approximation to its effect
can be obtained by assuming that x, for Rugby = 700
metres. Then for the same aerial efficiency, as far
as the ground losses are concerned:—

_1_10 x“_—- 1 lo i
R5 B X3 RE 5700

where the superscripts B and R refer to the balloon
aerial or to the Rugby aerial respectively.
Rearranging equation (4):—

%:(??)&B/R,R N C)

In computing the ground losses x, must be chosen
sufficiently large to include all the losses occurring
in the ground in the immediate neighbourhood of
the aerial. Losses occurring in the ground beyond
this range gradually become propagation losses.
“The choice of x, is to some extent arbitrary; a value

©)
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of 0.3x or 0.4) was taken for the cases considered
in Ref. 3. In any case, a realistic value of x, will not
be less than 2 or 3 km. Remembering that the ratio
of the two radiation resistances in equation (5) is
of the order of at least 30 : 1, substitution of the
above value for x, yields a vanishingly small value
of x3. It can firmly be concluded that in the case
of a balloon-supported aerial the ground losses are
so minute that an earth mat is quite unnecessary.
Provided that a good earth connection is made the
ground losses have virtually no influence on the
efficiency achieved. .

Aerial Efficiency:—It is now reasonable to assume
that practically all the loss resistance occurs in the
cable itself and in the loading inductance. These
two components of resistance, together with the
radiation resistance are plotted as the total aerial
resistance against frequency in Fig. 5. Since the
aerial efficiency is the ratio of radiation resistance
to total resistance, an estimate of the variation in
efficiency can be made. This is shown in Fig. 6
for the prototype cable of length 5,000 feet, over the
frequency band 10-30 kc/s.

Effective Aerial Impedance:—An aerial height of
5,000 feet represents an electrical length of from
0.05X to 0.15X at v.l.f., and, therefore, the aerial
reactance is essentially capacitive. The balloon-
supported cable has a capacity of about 0.009 micro-
farads, which is the value assumed in computing
the effective aerial impedance, the variation of which
is shown in Fig. 7.

Q-factor of Balloon Aerial:—This is shown

in Fig. 8, assuming a balloon height of 5,000 feet
(Continued on page 505)
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and the use of the prototype cable. At 16 kc/s the
Q is about 149, less than that of Rugby. This
comparison ignores, of course, the difference in
efficiency between the two aerials. For the same
aerial efficiency at 16 kc/s the balloon aerial would
have a Q value of about 25%, that of the Rugby aerial.
For certain applications, for example in automatic
telegraphy, where a wider bandwidth may be re-
quired, the same efficiency can be achieved with a
deliberately damped balloon aerial having four
times the bandwidth of the conventional system.
It is worth noting that the Q-factor decreases with
height, and is likely to be as low as 40 if a cable
10,000 feet in length is used. The effect of a broader
characteristic response would be advantageous
in improving phase stablhty and permitting the use
of high data rates.

Preliminary Experimental Measurements

The Transmitter:—This was a 50-watt audio
amplifier fed from a signal generator at the Rugby
stand-by frequency of 19.6 kc/s. The transmitting
site was at Cardington where high-flying balloons
were made available, by the courtesy of Royal
Aircraft Establishment, Farnborough, and the Com-
manding Officer, R.A.F., Cardington. The truck
containing the cable drum and winch was isolated
from earth by driving it on to an insulated base.

The Cable:—This consisted of the conventional
steel tethering cable described earlier, together
with a copper cable to improve the electrical con-
ductivity. The auxiliary copper cable consisted of
7-stranded 23 s.w.g. wire suspended from the
balloon in parallel with the strain cable. These
two conductors were bonded mechanically and
electrically at frequent intervals of length. By this
expedient it is estimated that the a.c. resistance
was reduced to about 10 or 11 ohms.

Parameters of the Experimental Aerial:—
In this experiment 4,800 feet of cable were

Fig. 7. Computed 1,50
effective aerial im-
pedance.
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paid out from the winch and the capacitance
to ground of this system was measured as the
balloon ascended. The results obtained are plotted
in Fig. 9. The Q of the loading coil was 100 at
19.6 kc/s and contributed between 9 and 10 ohms
to the overall resistance. The radiation resistance
was 3.2 ohms based on a mean flying height for
the balloon of 4,200 feet. The current at the base
of the acrial was 0.78 ampere giving rise to a radi-
ated power of nearly 2 watts. The aerial efficiency
was about 209 with a Q-factor of about 60.

Reception Trials:—The transmitted signal was
coded to aid identification and was heard at various
sites remote from the transmitter.

Its amplitude was measured at a site near Ports-
mouth, which is about 150 kilometres from Carding-
ton. Assuming inverse distance propagation and
the estimated aerial characteristics stated above,
a field intensity of about 90 microvolts per metre
would be expected. The actual measured value
was just over 80 microvolts per metre, which shows
a good agreement with theory. In particular it
seems to be confirmed that the ground losses in
the balloon-supported system are indeed negligible,
as computed theoretically.

Direct Comparison With Rugby (GBR)

It is useful at this stage to draw up a comparison
table between Rugby (GBR) and the proposed
balloon-supported aerial with the prototype cable.
In addition, the final column in the Table predicts
the performance for a frequency of about 20 kc/s.

TABLE

Rugby |Balloon| Aerial

(GBR)

16 kc/s | 16 ke/s | 20 kc/s
Radiated Power (kW) ... | 40 40 40
Capacitance (uF) 0.08 0.009 0.009
Radiation resistance (ohms) 0.085 3.0 4.8
Effective aerial |mpedance
(ohms) ... . .| 125 1,125 | 900
Q-factor ... ... | 200 170 115
Efficiency (%) ... oo 132 46 62
Aerial current (amps) ... | 700 15 90
Voltage between aerial

and earth . 87,500 | 129,400 81,000
Transmitter power (kW) 300 87 65
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This frequency is chosen because it represents the
optimum for long-distance propagation at v.Lf.

Balloon Arrays

Although these aerial currents could, no doubt,
be supported by the proposed balloon cable without
overheating occurring, applications requiring large
radiated powers would best be tackled using balloon
arrays.

Parasitic Elements:—One possible use of the
proposed balloon aerial is as a parasitic element
in support of conventional transmitting aerials or
driven balloon aerials. Parasitic elements would
be placed in the immediate vicinity of the trans-
mitting aerial to achieve the required directivity.
By using sets of such elements various chosen
directions could be catered for. In the case of a
conventional transmitting aerial there is also the
distinct possibility of increasing the overall efficiency.
In this way a reliable continuous service would be
provided by the conventional system which could
be supplemented by the more efficient service
using the parasitic elements when appropriate.

Driven Elements:—Large powers are normally
radiated by v.Lf. from a localized position because
of the expense of erecting suitable arrays. Thus
an expensive aerial is required even to achieve
extremely low efficiencies. For example, at a cost
of about £4,000 it is possible at 16 kc/s only to
achieve an aerial efficiency of about a half of one
per cent with an upper limit to the radiated power
of about 50 watts. Moreover, the provision of the
capacitive top, essential with the short generating
current path involved, is an extremely expensive
undertaking if any significant current is required
to be achieved. However, the balloon aerial offers a
method which is easy to use without prohibitive

cost. Phase feeding of the various elements would
enable the beam to be swung at will; a novel depar-
ture in v.L.f. transmitting aerials.

For very large radiated power requirements and
other more specific uses, the balloon array would
be spread over considerable stretches of ground:
for example, over the length of the British Isles.
This method would have the additional advantage
of providing some independence of weather con-
ditions, in that some of the balloons would normally
be able to operate even if others were grounded.
Grounding of half the balloons in this way would
still enable a substantial service to be given. The
greater the area over which the balloon array was
spread the greater the protection against weather;
also more efficient use of directional properties
could be made.

Conclusions:—While it is accepted that the use
of balloons is dependent to some extent on weather
conditions, their negligible cost relative to a con-
ventional alternative, together with their flexibility
and superior efficiency recommend their use in
many applications.

Preliminary experimental results are available
which have supported the predictions of expected
performance and further trials are planned for the
near future using a specially designed cable.

Acknowledgement: This paper is published by
permission of the Admiralty.
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SHORT-WAVE CONDITIONS

Prediction for October
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The full-line curves indicate the predicted median
standard maximum usable frequencies for the month of
October.

The dashed-line curves show the optimum frequencies
which are intended to allow for day-to-day variations
from the monthly median.
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These curves have been prepared by Cable & Wire-
less Ltd. from information supplied by the Radio
Research Station, Slough.
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Excitations and Responses
—continued again (and concluded)

THE six preceding instalments have constituted a
sort of conversion course from elementary con-
ventional circuit-response theory—impedance and all
that—to a more generalized approach, in which
transients enjoy equal status with steady-state
responses, and circuits are put on the same footing
as signal sources. Judging from British books at
least, this view of things is still fairly novel, which is
why I have used so much space explaining the
principles. Instead of trying to recapitulate them
yet again, I am venturing to take them as read, so
that we can tackle some actual examples without
stopping to develop the theory at every stage. These
examples will still be of the simple kind we have
already discussed, but they should be enough to
bring out the method, which I will explain fully
step by step.

There is just one point of mathematical procedure
1 would like to repeat before the start, for the benefit
of any who are not yet used to working in ex-
ponentials.  'The “ imaginary exponential e
represents a vector 1 unit long (Fig. 1) inclined at
the anti-clockwise angle 6 relative to the conventional
zero (“ 3 o’clock ™). If 6 varies directly with time,
as for example when it is o, the vector rotates
steadily anti-clockwise. Fig. 1 shows that the
familiar V cos wz for a sinusoidal voltage of peak
value V and frequency /2= can be replaced by the
real part of Ve’ (and V sin wz by the imaginary part
of Ve’«t), For intermediate mathematical steps it is
allowable to work directly in eiet, but we mustn’t

j
© sing

Fig. 1. A reminder
of what ei® means.

| I

N

cos O

forget that voltage and current are real quantities,
not_vectors, proportional to the real part of any
vector quantities that may be used to represent them
in diagrams or exponential mathematics. Although
this complication may seem to be a point against
exponentials as compared with the seemingly simpler
and more straightforward cos wt, we find that in this
sort of work the latter is far from simple, and more-
over is confined to sinusoidal variation whereas the
exponential covers other important forms such as
transients. ‘The point I am working towards is that
when using exponentials a phase shift is taken into
account by adding the appropriate angle (positive or
negative) under cover of j in the index; e.g. if the
voltage in an inductive circuit is Re[Ve’@?], the
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By ‘‘CATHODE RAY”

corresponding current is Re[le(«*—#)] where ¢ is the
angle of lag. (In these expressions “ Re” means
« real part.”) The actual values of the phase angles
are provided by our pole-zero diagram. Finally,
although ¢ is mathematically in radians, for numerical
purposes where tables have to be looked up it is more
convenient to work in degrees, which is what I am
going to do without any further indication of that fact.

Example 1 is the RL circuit, Fig. 2. Let us
pretend that it is not already excessively familiar—

Fig. 2. Our time-honoured circuit,
a numerical example of which is v (~
now to be approached afresh.

that we are, in fact, approaching it for the first time.
So we have to find the locations of the poles and
zeros. To do this, we write down the equation
relating response to excitation. A less elementary
circuit might well demand considerable prior
manipulation of the Kirchhoff-law equations to do
this, but here we have just a case of generalized
Ohm’s law: .
i, = v .. . . (@)
R + s, v

This has the same form as Ohm’s law for a.c.” and,
like it, short-circuits differential equations; but note
that in keeping with our more general scope we have
(1) instantaneous values, indicated by the small
letters 7 and v, (2) a subscript s to distinguish the
forced response due to the source from the free one
@G ,) of the circuit, and (3) s, to denote the complex
frequency of the source, instead of the jo limited
to sinusoidal excitation. (It will often turn out to
be jw.) With these modifications the procedure with
any circuit is the same as in conventional a.c.

Next, we rearrange (1) to get the source frequency
s, on its own:
= e = T @
s = {6, + RIL)  Lis,— s

Now we can look for the poles and zeros. There is
no non-infinite value of s, that makes 7, Zero, SO
there is no zero to mark on the diagram. But there
is one value that makes it infinite: —R/L. This is
therefore the one pole, representing the circuit’s
own complex natural frequency, Se. For brevity,
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and to bring out the ““ dimensions,” we have been
putting such natural frequencies in terms of time
constants: — 1/T, in this case. So the pole is on e
negative real axis and we can draw the pole-zero
diagram for the circuit. Given the actual values of
R and L—or no more than their ratio—we could
mark it on a numerical scale. Let us suppose these
values are 2H and 400Q. Then T is 2/400 = 0.005
sec., and 1/T is 200. So Fig. 3 specifies the circuit
in detail.

This diagram could deal with any form of v that
can be expressed exponentially, but to provide
ourselves with an answer that can be checked by
other means let us suppose it is a sinusoidal 30 volts
(r.m.s.), 50 ¢/s. Then V = 304/2=42.5, and s; =
jo = 1007. We therefore complete the diagram to
show the source, Fig. 4. Note that I have now used a

cross for s, as well as for s, to emphasize that they

can be treated as of the same kind.

Now we put into operation the rules for finding
the forced and free responses; rules derived, as we
have seen in previous issues, from the circuit function,
eqn. (2) in our case. But v should be in exponential
form, if we are to indicate the phase shift as explained:

. Re Ve st ] 42,5 e’wt] 3)

1, = —_ | = -

¢ [L (Ss'_sc) Z(SS—SC)

The magnitude of (s;—s,) can be measured on the
diagram, or calculated by Pythagoras or by trig.
tables if you want it more accurately; it is 372,
and its angle +57.5°. The rule that one divides by
the magnitude of the distance between the source
and circuit poles is obvious from (2) and (3) and—
since this quantity is in the denominator—so is the
rule that one has to reverse the sign of the angle.
So we get:

. 42 .5e7 (wi—57.5) H(ehos7.5
iy Re[ | = 005TRe e ]
=0.057 cos (wt—57.5%) .. . 4
This gives the relationship between ¢ and i i, from
which we can plot a time graph of the forced part
of the current, if we wish. I have not bothered to
fill in the value of o (=27 X 50 = 314), partly
not to mix radians with degrees—or make a large
number by bringing o to degrees—but mainly
because it would be a waste of time anyway, for we
know the shape of a sine wave and that in our case
one whole cycle takes 0.02 sec. and that the peak
value is 0.057 amp., and that it lags the applied voltage
by 57.5°. So we can draw its graph without further

Fig. 3. Complex-plane diagram for the example of the Fig. 2
circuit, with L=2H and R=400Q.
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-1400 j
Xsszjw
Fig 4. Completion of 100!
Fig. 3 for a 50 c/s
source.
—200]
—100 j
~200 —|<')0 0

ado. But if we work to rule and go by (4), the most
interesting (and easily obtained) piece of information
it gives us is the value of current at the moment of
switching on. This is found by putting ¢ = 0,
so the quantity multiplied by 0.057 is then simply
cos—57.5° = 0.53, and

i, (¢t = 0) = 0.0306 amp.

Before going on to find 7, the free component of
current, we may care to check 7, by a conventional
method. The impedance of the circuit is 400 +
jw2, = 400 4+ j 628 ohms. Converted to polar co-
ordinates, this is 744 /57.5°. Dividing the peak
voltage, 42.5, by this, we get 0.057 amp, lagging 57.5°,
So the current at switch-on is 0.057 cos —57.5°, =
0.0306.

The obvious comment is that the first method
is a very roundabout way of doing exactly the same
thing. The second method, besides being familiar
and therefore not needing to be explained in such
detail, is admittedly a short cut, which should cer-
tainly be taken when appropriate—as it would be if
one needed only the information so far sought.
But it is limited in what it can do.

That is the cue for going on to find the free
response, determined by the circuit’s natural “ fre-
quency,” s,. The procedure is precisely the same,
but the roles of the two poles in Fig. 4 are reversed.
The only difficulty you might have with this arises
from the fact that last month we considered an ex-
ample in which both poles were on the negative real
axis, so the line joining them was horizontal. This
being so, we didn’t bother to take account of the
angle between it and the horizontal. If we had stopped
to consider it—perhaps you did!—we would have
realized that although at one end of the line the angle
was indeed zero so that we were right to ignore it,
at the other end it was 180°. Because cos 180° = —1,
thi, introduces a minus sign. How then did we
manage to get the answer right?

We got the negative sign in another way. When the
two poles changed places in the denominator, (s,=s )
became (s,=s,), which is —(s,—s,). In doing it

(Continued on page 509
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Fig. 5. Detail of Fig.
4, showing negative
angle of (S, ~S,).

R
Fig. 6. The second
example, in which the
addition of series V@ C
capacitance to Fig. 2
yields an oscillatory
circuit L

this way we were in fact taking account of both
magnitude and direction together. That is fair
enough when the line is horizontal so that direction
is simply a matter of plus or minus. But in general
this is not so, and I think confusion is less likely
to arise if we follow the rules laid down as long ago as
the May issue, interpreting (s,—s,) and (s,—s,)
equally as the magnitude of the distance between s,
and s, and taking account of angle separately.
Reckoning the angle relative to 3 o’clock in every case
will bring in the negative sign wherever it is appro-
priate.

So let’s get on. Exchanging s, and s, in (3) we

have
Veset
[L .. _Ss)] R
and ﬁlhng in the values, with the aid of Figs. 4 and 5:

42 5e—2001+122.57 [e-zoo+m 5;]
zc—Re[W]—O.OﬂRe ( )

At first sight this closely resembles (4), but there is the
vital difference that the variable part of the index is
wholly real and negative, giving the familiar exponen-
tial die-away transient. In accordance with the law of
indices the constant exponential can be separated
out as the factor e122:5%, the real part of which is
cos 122.5°, = —cos 57. 5° = —0.537. Multlphed
by 0.057 this is —0.0306, so we can rewrite (6) as
i, == =--0.0306e-200%, At r=0, this is —0.0306,
making the total current i = 0. Fig. 2 shows that
this was obviously so up to the time the switch made
contact, and the inability of current to grow in-
stantaneously in an inductor tells us that it remains
so at the moment of first contact.

With the object of leaving no room (as I hopefully
suppose) for unanswered doubts or questions, I
have taken every step one at a time in a manner which
may have been unendurably tedious to some. They
at once, and the others after a little practice, will
obviously find short cuts; for instance, finding both
components of current together, in terms of their
individual exponentials multiplied by the common
factor V/L(s,—s,). It is particularly easy to do this
when there is only one source pole and one circuit
pole and therefore one distance between them. Our

WIRELESS WORLD, OCTOBER 1962

next example will show how to extend the procedure
to several distances.

Fig. 6 shows the circuit; again, not totally unfami-
liar! Corresponding to eqn. (3) we get, by the same
general method, .

8/8
i, =Re|v. _ Ss€ | TN ©)
L (ss'—scl)(ss cz)

As fully explained in the June issue, the two factors
in the denominator result from the fact that it is a
quadratic in s, so there are two values of it (s,, and
s,,z) that make 7, infinite, and therefore two poles
in the diagram. And the s, in the numerator means
that when it is equal to zero 7, is zero, so there is a
zero in the diagram at the origin.

Let us suppose that R is relatively low enough for
the circuit to be oscillatory; then s, and s, are

1 . 1 1
2T, T, T, 4Tz,
as plotted in Fig. 7. T, is the time constant CR, and
T, is L/R. The pole positions shown correspond to

L =2H
R = 3140
C = 0.81xF
so 1
2T2 = 78.6
and 1 1
T, T, 4T, 786

This last figure is the » of resonance, but the o
of natural oscillation of the circuit (s,,) is represented
by the slightly greater distance of s, (or s,,) from the
origin. Q at the resonant frequency is 5, as you can
easily check from the above data.

It will be rather interesting to find the response
of such a circuit to a pulse produced by switching
on the 50 c/s source. Its w (=314) is 0.4 times the
frequency of resonance, so should be visibly distin-
guishable from that of the free response.

Besides 7, the forced response, there will be rwo
free responses, corresponding to the two poles.
Following the procedure of giving each of these in

S, X--4.800] R 4800
« i i __'.3 805" 786]
" ST 4T )
1 1600j 1600J
|
! .
. 400 400
! 314)
) Left: Fig. 7. Pole-
Yo leni zero diagram for i
! 200j Fig. 6, for L=2H, 200)
1 R=3/4 Q and C
! =0.8IuF
=200 A 0 ~200 0
; I -78'6
L !
2T, 1 {200 1-200]
|
1
' . Right: Fig. 8. Com- :
i 1400j pletion of Fig. 7 for a 400)
: 50 ¢/s source
1
X --GOOJ 1600]
|
!
! «/ TT 4T 85-9" -786 )
172 2 =
Scz)'( 7800 ¥ 500
509

www americanradiohistorv. com


www.americanradiohistory.com

turn the role taken in (7) by s,, we get the formula for
the total response: v

\% sest $g, el
; = —Re [ — + <
P L G, )(s— 50 | (Se1—SeSe1—Sca)
Sc2€ Scat ] , (8)
(scz—ss)(scz—scl) o .

Once the idea has been grasped, it is quite easy to do
this, even with more complicated circuits. Filling
in the values and working out the results, however,
although straightforward, demands some care and
concentration, as one can easily make a slip. So it is
advisable to check the result by putting :=0 and
seeing whether ¢ comes to zero. Don’t be too dis-
concerted if it doesn’t quite, because ordinary rule
and protractor measurements off a moderate-sized
diagram, followed by sliderule computation, may
not be quite good enough, especially in awkward
cases with an error-multiplying effect. To be candid,
I used the diagram, Fig. 8, just as a guide and em-
ployed trig. tables to find the actual values.
From the data given,

s = j314 .

5o = —18.6 + i786
= 790/ +95.7°

5pp = —T8.6 — 7786
= 790/ —95.7°

All the magnitudes are in radians per second.
From the diagram,
S—Sp = 478 | —80.5°

478 | +99.5°

Se1—Ss = LTl
Ss—Sca = 1103 L:}:§§.9°
See—Ss — [ 7l
Se1—S2 == 1572/ +90°

Sep—So1 = 15727 —90°
So the terms inside the brackets in (8) are:
(i) j314efis1 41+80.5-85.9)  j0,596e7(314¢-5.4)

478 % 1103 1000
— 0_5'9661(314t+84.6)

(i) (—78.6 + j 786)e(~78.6 + 7786)t—7(99.5+90)
o 478 x 1572
790e~(78.6—7786)1—7(189.5-95.7)

478 x 1572
1.05¢—(78.6—4786)t—-793.8

1000 ;
(_78‘6_j736)e(—78.s-9'7sﬁ)tﬂ’(94. 1+ 90)
1103 x 1572

790e—(78.6+7786)1+7(184.1-95.7)

1103 x 1572
0.456e—(78.6+7786)t+788.4

1000

Note that the j, since it denotes a phase shift of +90°,
was eliminated in (i) by adding 90° to the index of e.
And the complex factors in (ii) and (iii) were replaced
by magnitudes, with their appropriate phase angles
introduced into the indices. All this makes the indices
rather complicated (no doubt the printer is wishing
I had adopted the alternative notation exp”
followed by the index written on ground level,
but it is rather late to change over now we are in
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sight of the end) so you will hardly wait to put ¢ = 0
for checking the work. Doing this, the numerators
become

0.596e784.6 1 1,05¢-993-8 | 0.456¢788.4
and taking the real parts of these we have

0.596 cos 84.6 + 1.05 cos 93.8 + 0.456 cos 88.4
= (0.596 x 0.0941) + (1.05 x —0.0663) + (0.45

X 0.0279) :
= 0.0561—0.0696 + 0.0127
—0.0008
which is near enough to zero to make one feel
reasonably confident that nothing serious has gone
wrong, and far enough from it to show you I haven’t
cooked the results or used seven-figure tables to get a
degree of accuracy that is quite unwarrantad by the
nature of the work.

To get the initial currents in amps we would of
course multiply the above numbers by V/1000L,
=0.0212. They are of the order of only ImA.

Now look at the complete indices, including the

¢ (msEC)
10 20 30
T T

0
| T

40 30

Is
() ° L (a)
-0+
! \
g7t o ! | r : " (b)
10 '
i
(m A) 0 (c)
-10
10+
{ 0 L 1 1 (d)
(mA)
-0+
Fig. 9. (a) Forced component of current, when the source in

Fig. 6 is switched on at positive maximum voltage. (b) Die-
away factor of free responses. (c) Free components of current.
(d) Sum of (a) and (c), being the total response from switch-
on in Fig. 6.
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parts multiplied by ¢ which tell us the waveforms of
the three currents from the moment the switch is
closed. These parts are in radians per second, to be
divided by 2= if you want them in c/s. The others,
representing phase angles, are in degrees, as marked:

i) j(314r + 84.6°) '

(i) —(78.6—j786)t—j93.8°
= —78.6r + j(786r — 93.8%)
(iii) —(78.6 + j 786)r + j88.4°

—178.6t — j(786t — 88.4°)

The first, being all under cover of j, is a con-
tinuous sinusoidal oscillation, frequency 314/2n
= 50 c/s, phase angle 84.6°, leading. As the source
frequency is much lower than the resonant frequency
of the circuit, the impedance is predominantly
capacitive, hence the leading current. As we see,
the lead is not far short of 90°, and as the voltage
(V cos ot) starts at peak value, the current is near its
minimum. Its peak value in milliamps is given by
0.596 multiplied by V/L = 12.65, so we have all
the data for plotting the forced response, Fig. 9(a).

The second (when rearranged as shown) comprises
one composite term like the first, denoting con-
tinuous 125 ¢/s oscillation with a 93.8°phase lag, plus a

negative real term, denoting a die-away. As these

are indices, their addition means multiplication of
the two waveforms, and so the whole is a dying-away
or damped oscillation.

The third has the same die-away term, but the
polarity and phase and amplitude of the oscillation
are all different.

Perhaps the simplest way of drawing these damped
waveforms is first to sketch the die-away curve
represented by e78:6%, Its initial amplitude is of
course 1, and the only doubt that could arise is about
the time scale. The time constant, which is the value
of ¢ where the amplitude is 1/e, =0.37, is clearly
1/78.6, but in what time units? The 78.6 is in
imaginary radians per sec. (equal to 12.5 imaginary
¢/s), and as the radian is the basic mathematical
unit the time constant is 1/78.6 sec., = 12.7 msec.
This information enables the curve to be sketched,
as at (b) in Fig. 9.
~ The duration of a 786 rad/sec (=125 ¢/s) cycle is

8 msec.; and the peak values in milliamps of the
free responses, if they were not damped, would be
V/L multiplied by the previously found coefficients
1.05 and 0.456; i.e., 22.3 and 9.66. Next mark the
positions of positive and negative peaks and zero
values on the time graph, Fig. 9(c), allowing for the
calculated phase displacements, and plot the above
amplitudes reduced by multiplying by the die-away
curve at those points. Finally, sketch in the damped
waveform through these peak and zero points.

The complete response, such as would appear on an
oscilloscope connected across R, is found by adding
the ordinates of all three components of current,
with the result shown as Fig. 9(d).

We now see why some error in calculating the net
initial current (theoretically zero) was only to be
expected—at that moment the component currents
are near their points of zero value and therefore of
most rapid variation. A more convincing check
would undoubtedly be obtained if the voltage were
switched on 90° later or earlier, at its zero value.

In this example the total free response has become
negligible after about two cycles of the continuous
forced response. Even with this quite low-Q circuit
the phase shifts are all nearly 90°, and with the higher
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Qs that are more usual a vast simplification of the
work is allowable by neglecting the angles that are too
small for comfort even in Fig. 8. One can pretty
well guess the sort of total response—a combination
of both source and circuit frequencies at first, with
the latter dying out much more gradually than in
Fig. 9(c). As the applied frequency approaches
zero, the two free responses will tend to cancel one
another out. But if it is raised to the point of re-
sonance, a great increase in both free and forced
amplitudes results, as can be seen by s,—s,, almost
vanishing. At least, there is a large possible free
amplitude, but how much of it is actual depends on
the phase at which switch contact is made.

The same procedure can be used to find the
response to complex excitation; for example, damped
oscillations. This is hard to do any other way.
What a pity this technique was not available in the
days of spark transmitters! The old-timers will
remember that the aim was to apply a heavily damped
excitation to a lightly damped tuning circuit, making
use almost entirely of the free oscillations rather than
the forced ones.

Coming back to today, we may note that double-
tuned circuits (e.g., i.f. transformers) have two
pairs of poles, and if the Q is very high, so that they
are nearly on the vertical axis, a double humped
response results, even though the pairs nearly
coincide. . :

My limited objective has been just to introduce the
technique; if you want to go really into it I recom-
mend the following books:

Introductory Circuit Theory. By E. A. Guillemin.
(Chapman & Hall, 1953).

Analysis of Electric Circuits. By E. Brenner and
M. Javid. (McGraw-Hill, 1959).

On the practical side, there are “ transfer function
analysers,” which I mentioned earlier. They consist
basically of signal generators to provide the excita-
tion, applied to equipment under test, and instru-
ments to measure the resulting response, in A - jB
and/or M / ¢ forms. Their powers of analysis are
strictly limited. Much more interesting is the Wayne
Kerr ¢ Transfer Function Computer,” which applies
excitation of the desired form and measures the
coefficients in numerator and denominator of the
transfer function. In other words, it solves the circuit
differential equations. One of the snags, when one
gets to this stage by any means, is that except with
simple circuits (which aren’t much of a problem
anyway) it is difficult to factorize the numerator and
denominator, as is necessary for finding the positions
of poles and zeros. A piece of auxiliary apparatus,
the Wayne Kerr Root Solver, does this for one.

On that happy note I leave you.

Further Education

Borough Polytechnic, London, S.E.1. An evening course
of ten lectures as an “introduction to transistor theory and
applications ” and a more advanced course (afternoon or
evening) on “ transistors and allied devices ” is being given
during the autumn and winter sessions. There will also be a
laboratory course (afternoons) on basic transistor measure-
ments. The college is also conducting a 20-week course on
the fundamental principles of pulse techniques (evenings) and
a 12-week afternoon laboratory course on pulse circuits.

Twickenham Technical College, Middx., has planned a
new four-year sandwich course (6 months college, 6 months
industry) in control engineering leading to the H.N.D. It
also has a 22-lecture evening course on pulse circuit design
and one of 20 lectures on transistor circuit design.
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meteorologist, and confined herself
to the present by saying, “I see
strangely  short  electromagnetic
waves in my crystal which are be-
having like the corrugations of a
closing concertina as we travel along.”

In the old stop-watch days, of
course, many motorists used to
receive still shorter electromagnetic
waves in their driving mirrors, re-
flected from a policeman’s dropped
handkerchief, and the law did not
make such mirrors illegal.

But certain of you legal wiseacres
might argue that whereas driving
mirrors, and even Madame Estelle’s
crystal ball, had other just legitimate
uses, any radar-speed-trap-spotting
receiver I constructed would be in-
capable of fulfilling any other func-
tion. This would not be true as
actually I am intending to experi-
ment with such receiving apparatus
in an endeavour to evolve an elec-
tronic speedometer based on the
principle first enunciated by the
Austrian scientist, Johann Doppler,
in 1842.

In any case, the receiving licence
issued for my car does not restrict
the frequency bands which my set
may cover. But naturally, I am
debarred, in common with all other
wireless listeners, from disclosing to
others any message, other than a
broadcast one, which I pick up. It
would, therefore, be illegal for me to
warn other motorists of the existence
of a speed trap.

It might even be inadvisable for
Madame Estelle to do so as certain
types of magisterial bench, of which
we have all heard, might decide that
as her receiver was, on her own
admission a crystal one, messages
received thereby were protected by
the non-disclosure injunction appli-
cable to all wireless signals not
intended for general reception.

Terminological Exactitude

MANY years ago when we dropped
the word capacity in favour of
capacitance in order to keep it in
line with inductance, etc., and tidied
up some other loose ends in our
technical terminology, I was very
sorry that we did not go the whole
hog, and do the job properly.

One of the clumsiest expressions
in electrical engineering is electro-
motive-force which we usually abbre-
viate to e.mf. Surely an apt word
for em.f. would be *pressance”
from the Ciceronian word pressus, or
‘““pressurance ” from the less-exalted
Latin word pressura, both of which
mean pressure.

Perhaps the latter word would be
better since  pressurance” would
obviously show that it was merely
our common word “ pressure” used
in a special technical sense, just as
capacitance does with regard to the
everyday word capacity. However,
if the word “force” in e.m.f. must
be preserved, we could call it “fort-
ance.”

WIRELESS WORLD., OCTOBER 1962

ORIGINAL PRODUCTS

NEON SIGNAL FUSE-HOLDER.

An outstanding component which provides
instant location of a blown fuse. It glows
when the fuse blows ”, Accepting standard
1}in. X %in. @ (B.S.2950/A) fuses up to 5 Amp. .

rating at 100-125 or 200-250 Volts, it is invalu- '5'_?82?(‘;‘500‘7:)8, 25 (1ov.)
able for many uses where time is money. Leaflet available No. 1507/C.

NEON SIGNAL LAMP.

A Single hole fixing  SNAP-IN ” Signal
Lamp with an attractive heat resistant plastic
lens and bezel which provides clear and spark-
ling signals over 180°. The inbuilt series
resistor enables direct connection to * mains
by the rear pillar type screw terminals. Lenses .

available in the following colours: Red, Amber, {';:ﬁet ’;‘v";i.aﬁflﬁ/ Z:,:,ﬁgf;

range of Signal Lamps
Water Clear. No. 1502/C.

A RANGE OF LE.S. & L.S.S.
LAMPHOLDERS.

Among the most recent developments is a
range of lampholders accepting  ““ Lilliput
Edison Screw ” (L.E.S.) B.S.98/E.5. lamps,
The basic shell is fitted with ten different
fixing brackets thus enabling the lampholder
to be used in many varied applications. The
model illustrated, List No, D.857-858 is also
fitted with a lens bush and fits by one hole
through the panel.

Also available is an identical range of lamp-
holders which have a stainless steel spiral spring
shell fitted in place of the normal rolled shell.
This shell expands upon insertion of the lamp
thus giving automatic vibration resisting grip.

Both ranges of lampholder work at 4 amp,,
30 volts, 5 watts max.

A RANGE OF 6 INSTRUMENT KNOBS.
Incorporating the Collet method of fixing,
In all models the collet tightening screw is
hidden under a clip-in bung (which can be
supplied in various colours) the knob colour
is standard black. No tightening or bursting
strain upon knob, no loosening with vibration, :'a':g eN°k"4‘6'g“'toc°“|‘(‘_’,"§‘5f

high torque transfer, easy precise pointer Leaflet available on complete
positioning. range of Knobs No. 1500/C.

FURTHER DETAILS & DRAWINGS AVAILABLE ON REQUEST

BYE-PASS ROAD, BARKING, ESSEX.
A.F. BULGIN & CO. LTD. Telephone: RIPpleway 5588 (12 lines)
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RADIO

ANALYSIS OF “SOURCES”
INVESTIGATED BY THE
POST OFFICE

REFERENCE is made in the 1961/
62 Report of the U.K. Post Office to
the decrease, by comparison with the
previous year, of some 13,000 in the
aumber of complaints of interfer-
ence with radio reception that had
been investigated. As will be seen
from the table, prepared from
information obtained from the Post
Office Engineering Department, the
year’s total was about 86,000, of
which. nearly 23,000 arose from “un-
satisfactory conditions at the receiv-
ing site.” The overall total is a re-
duction of some 40% on the number
of complaints investigated by the
Post Office in 1954, the year prior to
the introduction of the regulations
limiting the radiation and conduction
of interference from electric motors
and refrigerators.

It is, of course, still the respon-
sibility of the user, not the manufac-
turer, to suppress interference from
electric motors*. Some manufac-
turers do voluntarily fit suppressors
to equipment employing small elec-
tric motors but even so, small motors
still account for about 249 of identi-
fied sources of interference.

Radiation from local oscillators in
television receivers tuned to a station
in Band I is still by far the largest
individual source of interference with
Band III receivers., This is particu-
larly bad in some areas, as for
instance in the Channel Islands

* With refrigerators the responsibility
rests upon the manufacturer or seller.

INTERFERENCE

No. of complaints per service
LW, & Mobile
M.W. Band | Band Il | Band lil Radio
UNSATISFACTORY RECEIVING
CONDITIONS
Inefficient aerials ... 2,181 3,279 336 1,370 _—
Faulty receivers ... 1,316 5,601 3 2,233 18
Maladjustment of receivers 87 606 4 196 6
“ Ghosts’’ and “ flutter . 10 601 45 520 6
|.F. breakthrough... 20 359 21 107 —
2nd channel response ... I3 106 13 37 2
Other spurious responses 44 158 106 74 2
Other conditions affecting reception ... 342 1,964 44 666 6
Totals 4,013 12,674 950 5,203 50
IDENTIFIED SOURCES
Sewing machines ... - 3t 3,476 37 749 —
Hair dryers 124 1,338 16 241 |
Portable electric tools ... 416 1,513 30 292 |
Vacuum cleaners ... 353 1,686 38 253 —
Other motors, generators, convertors,
etc. 706 2,853 58 492 5
Bedwarmers 101 467 6 77 1
Smoothing irons 96 11 21 —
Other * contact ’’ devices 1,291 4,216 96 819 10
Vibratory devices (bells, buzzers, etc.) 98 10 72 —_
Neon signs 161 1,314 26 295 4
Other gaseous discharge lamps 1,221 472 1 88 —_
Filament type lamps 37 531 8 18 —
Industrial and medical r.f. apparatus ... 27 514 15 336 22
Amateur transmitters 49 309 29 67 7
Other U.K. transmitters . 78 238 95 124 37
Radiation from receiver time-base
circuits ... 659 1,316 3 253 7
Radiation from local oscillators of Band |
receivers —_— 622 7 2,041 35
Radiation from local oscillators of Band I
receivers — 30 2 204 1
Radiation from Band Il convertors | 333 —_ 107 -
Faulty electrical wiring of premises 393 397 10 71 —_
Power lines, overhead 233 3,870 I 295 4
Electric railways ... 19 117 — 23 |
Other identified sources 806 4,889 86 1,656 36
Unidentified sources 2,059 11,504 216 2,296 94
Grand Totals ... 13,200 55,107 1,771 16,093 36

where the new I.T.A. station opened
on September 1st. When complaints
are received by the Post Office, en-
gineers trace the offending receiver
and ask the owner to approach his
dealer to put it right. At the same
time they notify the manufacturer.

The “unidentified sources” in-
clude those in which the interference
ceased before or during the investiga-
tions and those where it was of such
infrequent occurrence that it did not
justify continual investigation to the
exclusion of more urgent complaints.

Commercial Literature

Tectonic Designers Handbook has been revised to cover
further aspects of printed circuits and components design
and production. Special flexible, multi-layer and cross-over
circuits as well as bonding techniques for circuitry on unusual
materials are described in the publication. Tectonic Indus-
trial Printers Ltd., Cirtec Works, Oxford Road, Wokingham,
Berks.

Burgess micro switches and ancillaries are described and
illustrated in Concise Catalogue 62, available from Burgess
Products Co. Ltd., Micro Switch Division, Dukes Way,
Team Valley, Gateshead, 11. A miscellany of micro switch
data and current developments is contained in the company’s
latest bulletin, “ Micro Switchcraft by Burgess.”

Siemens & Halske semiconductor devices, screened
cubicles and a single-knob resistance bridge are the subjects
of illustrated leaflets available from the U.K. agents, R, H.
Cole (Overseas) Ltd., 26-32 Caxton Street, Westminster,
London, S.W.1.
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Applications of Craylene and Fablon flexible, calendered,
plasticized p.v.c. sheeting in the technical, industrial and
engineering fields, are described in an illustrated brochure
published by Commercial Plastics (Sales) Ltd., Berkeley
Square House, Berkeley Square, London, W.1.

“ Nickel-containing Magnetic Materials ” contains chapters
on the properties and applications of high permeability
nickel-iron alloys, magnetostrictive materials, alloys with low
Curie points and permanent magnet alloys. The publication
is obtainable from the Publicity Department, International
IS\I%:kel Co. (Mond) Ltd., 20 Albert Embankment, London,

E.1.

Synchro and resolver test equipment is described and illus-
trated in a series of technical bulletins available from the
manufacturers, Theta Instrument Corp., 520 Victor Street,
Saddle Brook, New Jersey, U.S.A. Also new is a 16-page
monograph describing the application and testing of comput-
ing resolvers. :
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