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37-way moulded-on
polypole coupler.

tom-built’

BICC design and manufacture to customers’ specific
requirements polypole coupler systems incorporating flexible
multicore cables. These systems cover a wide variety of sizes
and types of cable each terminated with robust moulded-on
couplers.

BICC polypole coupler systems are particularly suit-
able for the reliable outdoor interconnection of mobile radio
or electronic control equipment.

Further information is contained in Publicazion No..
TD TPC 5—available on request.

BRITISH INSULATED CALLENDER’S GABLES LIMITED,
21 BLOOMSBURY STREET, LONDON, W.C.1
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TRANSI STOR REFERENCE MANUAL OF TRANSISTOR CIRCUITS
GIRGUITS

This new manual of transistor circuitry has been prepared by Mullard engineers, as

N

an up-to-date and readable volume which will be of use and interest to technicians,
service engineers, junior designers and electronics students.

It has a page size of 83" x 53" and describes more than 60 circuits—over 30
are made generally -available for the first time—including both domeslic and industrial

applications.

308 PAGES ' 241 DIAGRAMS * U.K. PRICE 12s. 6d.

PUBLISHED BY MULLARD LTD.

Get your copy of the Mullard ‘“Reference Manual of Transistor Circuits’’ today from your radio
dealer, or order direct from Mullard Ltd. (postage and packing 1s. Od. extra in U.K.).

MULLARD LIMITED « MULLARD HOUSE ¢« TORRINGTON PLACE + LONDON +* W.C.1.

‘Overseas readers should enquire of.their local Mullard Agents.
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Television Standards—a World Problem ?

WHILE the Pilkington Committee collects evidence
and behind closed doors sifts and digests the formid-
able mound of material which must by this time
have accumulated, extra-mural arguments about
the future of broadcasting, and in particular tele-
vision in the U.K., pursue their inconclusive course.

The R.I.C. has now said that we should not change
from 405 lines. We agree and have already given
our reasons both at the time some of the European
stations were changing to 625 and again last July
when commenting on the T.A.C. Report.

The I.T.A. says we should change to 625 lines, but
not yet. The best time to change, it says, would be
when the country is adequately covered by a three-
programme service on 405 lines in Bands I and III
and “everything would be running smoothly and
easily.” After duplication of all three services on
625 lines in Bands IV and V the 405 lines services
would cease, after an interim period ol duplication.
This would have the advantage of avoiding the need
for dual-standard receivers, but, as the I.T.A. state-
ment says, it does not “avoid the absurdity that, if
we change the national line system, we must
approach the point at which we have emptied our
best television frequencies in Bands I and III of all
television.”

The B.B.C. disagrees in detail, but not in principle
as far s line standards are concerned. It would like
to see the uncommitted channels in Band IIT used to
extend the area covered by the existing 405-line
B.B.C. and I.T.A. programmes, and four programmes
established on 625 lines in Bands IV and V to dupli-
cate existing services and to start new ones. Like
the I.T.A. proposals this would enable a changeover
to be made without dual-standard receivers, but
would be just as wasteful of the available frequency
spectrum over a long period.

Whatever the wishes of the corporations, authori-
ties, manufacturers and dcalers may be it is the
needs of the home viewer which should ultimately
prevail. Is he dissatisfied with television because
the picture quality is inadequate, and if so is this
due to too few lines? 819 and 625 lines obviously
give better resolution than 405 lines, but in a talk,
say, on the finer points of Nottingham lace the dis-
advantage of the 405-linc system can quite easily be
overcome by moving the camera a little closer. Does
the line structure distract when the picture size is
too large? It always will. The remedies in order of
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cost are to be satisfied with a smaller tube, to use
optical or clectronic methods of clongating the spot
or to go to colour, in which the interstices betwecen
lines are very conveniently filled.

Is the variety of ielevision programmes restricted
because of the difficulty of international exchange,
and if so will a change to 625 lines result in any sig-
nificant increase in the amount of fresh material?
Taking a near-sighted view there would be an im-
mediate improvement in the facility of exchange
with those countrics which use the currently popular
625-linc standard (but not Belgium where positive
modulation and a.m. sound are used). There would
also be an improvement in picture quality compared
with off-the-tube standards conversion (though this
is quite acceptable, even with present-day methods,
which may be expected to improve).

But by the time we can be overtaken by a possible
change in line standards the whole outlook will have
been radically changed by satellite communications
and the possibility of programme exchange not only
with Europe and Asia but with the Americas. Stan-
dards conversion will then still be necessary, for it is
extremely unlikely that America will change from
525-lines; still less that it will change its power sup-
plies from 60 to 50c/s in order to standardize the
television ficld frequency.

The convenience of a common standard is desir-
able when the immediacy of a transmission is impor-
tant, i.e. when the exchange is made in “real time”
as it would be expressed in computer jargon; but it
is not essential, and parallel camera systems and
links could be used to supply pictures on several
standards if the occasion warranted it. When the
transmission is over long east-west distances “real
time” has its disadvantages as listeners to “big-
fight ” commentaries in the early hours already know.
If a delay of an hour or two is permissible or even
desirable, then fast jet aircraft and magnetic tapc
recording will fill the bill, and before colour comes
in these methods may well be superior to cither stan-
dards conversion or long distance relays with their
phase distortion problems.

Against the background of developments which
are already upon us the 405/625 squabble seems to
us to be quite insignificant. Let us sit tight and look
beyond our noses before we move from our present
position. Nibbling at this problem will do much
damage and little good.
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Physical Society Exhibition

NEW ELECTRONIC EQUIPMENT AND TECHNIQUES

WHILE much pure research was exhibited, the accent this year was on over-the-

counter equipment.

Much more thought is being devoted to the presentation of
measurement readings, and performance claims generally are much tighter.

Electronics

is penetrating further and further into the medical laboratory, and reliability is now a

sine qua non.

Overcrowding was once again a cause for complaint and one questions the necessity
for sales staff rather than engineers to be in attendance on the stands.

TEST AND MEASUREMENT

THE invasion by the transistor of fields of circuit design formerly domin-
ated by the thermionic valve continues apace, particularly in equipment

employing switching circuits, such as high-speed counters.

More attention

is being paid to the appearance of equipment and *ergonomics” (the
relationship of men and machines) is playing a greater part in the panel
layout of recently-designed instrumentation.

Voltage and Current Measurement.
An extremely sensitive d.c. valve
millivoltmeter was. shown Dby
Marconi Instruments. The Marconi
TF1093 was designed primarily as
a pH meter, but is equally suitable
for use as a millivoltmeter over the
range 0-1400pH. Extreme stability
with wide changes in supply voltage,
is, to some extent, due to the use of a
valve-controlled transductor which
holds constant the current through
the primary of the mains transformer.

106

A change of 159 in mains voltage
results in a change of only 0-2% in
pH or millivolts reading. The trans-
ductor has the advantage that, unlike
a saturated reactor, it is not depend-
ent on mains frequency.

The General Radiological type
N138 is capable of measuring
currents as small as 10-'"°’A.  The

input current is applied to an ex-
tremely high value feedback resistor
which is connected between the grid
of the electrometer input stage and a
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cathode-follower output. The ampli-
fier maintains the input end of the
feedback resistor at ““virtual earth,”
so that the output of the amplifier is
equal to the voltage across the re-
sistor. The impedance at the output
end of the resistor is that of the
cathode-follower, and is sufficiently
low to allow the use of a moving-coil
meter. Stability with mains variations
is obtained by the use of a constant-

- voltage transformer to feed the valve

heaters. As the instrument is in-
tended for use with ionization
chambers, a polarizing voltage is pro-
vided as an output.

In the Tinsley type 5401 Auto-
matic Potentiometer, the circuit is
self-balancing, and is controlled by a
pulse generator, the frequency of
which is set by the error voltage
obtained from a photocell galvano-
meter amplifier. The potentiometer
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adjusts to within the nearest (lower)
10xV, the setting being indicated on
a four-figure in-line read-out. The
remainder, up to 10xV, is shown by
a drum recorder, which enables very
small variations to be observed
directly.

A true r.m.s. voltmeter was shown
on the stand of the National Research
Development Corporation, The un-
known input, in the range d.c.-
30Mc/s, is applied to a bridge rec-
tifier, the output of which is fed, via
an emitter-follower, to a square-law
detector composed of point-contact
diodes. The instantaneous current
value at the output of the detector is
now proportional to the square of the
input voltage. This output is fed to
an R-C network which derives the
mean value of the current. A further
chain of diodes now perform a re-
versal of the process occurring in the
detector, the output being propor-
tional to the square root of the mean
current, or the root-mean-square of
the input voltage. The overall trans-
fer characteristic is linear and the out-
put may be measured on a digital
voltmeter. As the law of a diode does
not change with temperature, but
only the ratio of current to voltage,
any temperature changes in the two
sets of diodes cancel out and the scale
remains linear.

Digital measurement of direct volt-
ages is facilitated by the Racal Volt-
age-to-Frequency convertor SAS03.
When a varying voltage is applied to
a junction diode, the width of its de-
pletion layer and hence its capaci-
tance, varies accordingly; if the diode
is in an oscillator circuit, the fre-
quency will then vary in proportion
to the d.c. voltage. In this instrumenr,
the outputs of a fixed oscillator and
of a voltage-variable one are mixed,
the output of the mixer being zero
when the input is short circuited, and
10kc/s when 1V d.c. is applied. The
output is shaped into pulses which
may be counted.

Frequency Measurement. A high
proportion of frequency meters are

Tinsley automatic potentiometer and
in-line read-out
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digital in form and employ transistor
counting decades with an upper
speed limit of 10Mc/s, although the
Airmec 298 will count at speeds up
to 20Mc/s. s

A novel design is the Venner
TSA3338. This is basically a 1Mc/s
counter with the usual gating facili-
ties. However, the input is fre-
quency-changed in two mixing stages
down to 1Mc/s or less. Both inter-
nal oscillators are crystal-controlled,
and are varied in frequency auto-
matically by a stepping-switch until
the final difference frequency lies
within the range of the counter. The
stepping-switch also indicates on the
display which local oscillator fre-
quency is in use; the whole measure-
ment is, therefore, automatic and
dircct reading.

An ancillary unit for use with the
Marconi 10Mc/s valve counter is the
Decoder TF1392. ‘This unit, with
plug-in accessorics, provides outputs,
translated from the binary form of
the decade outputs, which are suit-
able for the operation of printers,
graphical pen recorders and an in-
line read-out panel. The decoding
process is effected by relay matrices
operated by the decoder outputs via
valve amplifiers.

Frequency Standards are in greater
demand as development work on
stable sources proceeds. One such
standard is the 16kc/s GBR trans-
mitter at Rugby, which is controlled
by the MSF standard. Two exhibits,
onc a joint cxample by the N.P.L.
and Post Office Engineering Depart-
ments, the other a “private enter-
prise” method adopted by Glass
Developments (who are developing
an ammonia maser and timing chain)
demonstrated ways of comparing
GBR with a local “standard.”

The N.P.L. exhibit received the
16kc /s signal, multiplied it to 96kc/s
and mixed it with a locally-generated
4ke/s, giving 92kc/s and 100kc/s.
The 100kc/s signal was fed into a
modulator-comparator driving indi-
cating and recording instruments.
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The Glass Developments compara-
tor, on the other hand, received the
16kc/s signal, passed it through a
gate to climinate the beginning and
end of the keyed pulses (which could
give anomalous results), and fed it as
brightness modulation to a c.r.t. The
local 5Mc/s oscillator was divided
down to 80kc/s, modified to produce
quadrature (90° phase difference)
signals and used as x and y deflec-
tion for the c.r.t., where it produced a
rotating trace brightened once cach
cycle of GBR. If the relationship
between the 5Mc/s signal and GBR
changes this is displayed by a rota-
tion of the spot produced on bright-
up (the local timebase is then run-
ning “fast” or “slow”). One rota-
tion of the bright-up in three hours
represents an accuracy of 1 part in
10" so that smaller errors are casily
observed.

Inductance and Capacitance Mea-
surement. Direct-reading of Q and
inductance of iron-cored inductors,
with or without direct current flow-
ing is made possible by the Furzchill
B810A Incremental Inductance
Bridge. The internal measuring fre-
quency is 50c/s, but the bridge is

INPUT 50c¢/s

=

A.E.l. (Manchester) inductively coupled
bridge for dielectric loss measurement.

designed to work with external ex-
citation of frequencies between 25¢/s
and 3kc/s. The circuit is that of a
Hay bridge, the standard capacitor
being a high-quality polystyrene type.
The null indicator is a logarithmic
meter, facilitating rapid balancing
by means of the reactance dial, which
is calibrated in inductance, and the
resistance balance control which is
calibrated in resistance. Q is calcu-
lated from the bridge frequency and
the resistance balance setting.

An inductively-coupled dielectric-
loss bridge is described by AE.L
Research, for the measurement of
tand in the range 0.0003 to 0.03.
The bridge is balanced when the
ampere-turns in L1 are equal to those
in L2, ie, when Cx is equal to
Cstd, which is variable.
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#

If the dielectric loss of Cx exceeds
that of Cstd, R is adjusted for
balance. To obtain the value of R
very precisely, a battery and meter-
ing circuit are connected across it.
The current through R is held con-
stant at 1mA, and the voltage is then
proportional to tand.

The Fluxgate magnetometer ele-
ments shown on the stand of Kelvin-
Hughes are a means of measuring
the strength of a spatial magnetic
field. Two wires of high permea-
bility material are wound with ex-
citation windings, through which
sufficient  alternating current is
passed to cause partial saturation of
the wires. The two wires, side by
side, are also wound with a com-
mon secondary winding. E.m.f. in-
duced in the secondary winding in
the absence of a magnetic field is
nil, as the two induced voltages are
equal and opposite. However, if the
Fluxgate is placed in a magnetic
field, which has a component along
its axis, the saturation of the two
wires becomes asymmetrical; and an
em.f. is induced in the secondary
at twice the frequency of the wire
excitation current. This e.m.f. is
directly proportional to the magnetic
field.

Square Wave and Pulse Generators.
100-V pulses with a rise time of
less than one millimicrosecond are
produced by the Cossor 1097. This
is achieved by a high-pressure mer-
cury relay, working at a frequency
of 45-120 p.p.s. Pulse width is
governed by the length of 52Q co-
axial cable used as the delay element,
a socket being provided for this con-
nection on the front panel. Alter-
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Advance in situ transistor
tester.

natively, a CR network connected in
place of the coaxial cable will pro-
duce a pulse width of 2.6usec. A
button-operated switch provides a
single pulse output.

Accuracy of pulse repetition fre-
quency is a feature of the Fleming
crystal-controlled pulse generator
1478A. The p.rf. generator is a
100kc/s crystal oscillator, the output
of which is divided to provide five
switched repetition rates, The
highest-speed divider is a trochotron
magnetic beam-switching tube, the
remainder being EIT tubes. Bursts
of pulses, 2usec wide and with a rise
time of 0.l1usec, are available, and a
visual self-checking facility is pro-
vided.

Oscilloscopes. The trend in oscillo-
scope design seems to be towards a
basic instrument with a high poten-
tial performance, with facilities for a
range of plug-in units designed to
fulfil a specific function.

Two new plug-in units for use with
the EMI WMI16 oscilloscope extend
the Y amplifier performance. Type
7/6 facilitates the viewing of two in-
puts either separately or algebraically
added, the rise time being 16 milli-
microseconds in each case. Type 7/5
increases the sensitivity of the Y am-
plifier to 5mV/cm maximum; the
bandwidth is reduced, at the maxi-
mum gain setting, to 5¢/s-25Mc/s
(a.c.-coupled). The gain is continu-
ously variable between attenuator
settings on both units.

To extend the flexibility of their

1076 oscilloscope, Cossor have intro- -

duced several plug-in units. High
gain and facilities for differential
viewing of two channels are features

wWWW americanradiohistarv com

Dawe A.C. Milliclam
and pick-up probe.

of the 1081 and 1080 respectively,
while 1082 and 1083 enable the start
of the timebase to be delayed with
respect to the triggering pulse, or a
“bright-up ” spot to be superimposed
on the trace to indicate the delay.
The units contain, in effect, two time-
bases; the trigger pulse initiates the
run-down of one, which, on reaching
a predetermined level, triggers the
second, which is the one that appears
on the screen. Model 1082 will de-
lay the sweep by 10 seconds maxi-
mum, while 1083 provides a cali-
brated, high precision delay up to
50msec. Model 1085 plug-in unit
provides for dual-channel viewing by
means of chopped or alternate
sweeps.

Examination of current waveforms
without the necessity for breaking the
circuit is facilitated by the Dawe 618
A.C. Milliclamp. The waveform-
carrying conductor forms the primary
of a transformer, the secondary of
which is provided by the probe
assembly winding. The output of
the probe is fed to a transistor ampli-
fier, the output of which may be

Cossor millimicrosecond pulse generator.

WIRELESS WORLD, MARCH 1961



www.americanradiohistory.com

viewed on an oscilloscope. Currents
of a few hundred pA may be
measured at frequencies from 7¢/s 10
1Mc/s, and direct current up to 5
amperes has no effect on accuracy.

Pulse-Amplitude Analyser. When the
absolute count rate obtained from a
scintillation counter used in radio-
active material studies is not required
to be known accurately, the rslatively
low speed of operation and long
“dead-time” of the conventional
“Kkicksorter ” can be a disadvantage.
With this in mind the Atomic
Energy Research Establishment have
developed an electronic grey-wedge
pulse-amplitude analyser.

The amplitude of each pulse at
the output of the scintillation counter
is proportional to the energy of the
gamma ray producing it. The pulse
is applied to the horizontal deflection
system of an oscilloscope, where it
deflects the spot an amount propor-
tional to the energy of the gamma
ray. The horizontal deflection is

DISPLAY

held constant while the spot is de-
flected vertically by a sweep circuit;
the brightness of the spot is mean-
while  decreased linearly from
bottom to top of the screen. The
brightness of any part of the screen,
which is' governed by the relative
spacing of successive vertical lines
and the varying sweep brightness, is
now a measure of the distribution of
energy of the gamma rays, and a
high contrast photograph will show a
sharply defined density boundary.
Transistor Tester. Beta is directly
obtained from the dial of the
Advance TT1 Transistor Tester.
Collector current is initially set to the
required figure (indicated on the
meter), after which an uncalibrated
balance control is adjusted until the
meter reads zero. Operation of a
switch now changes the collector
current by a fixed increment of
0.5mA, whereupon a calibrated bias
control restores the balance. Current
gain is read from this control.

DEVICES

THE last few years have scen the fairly widespread introduction of digital
indicators in place of the cathode-ray tube and the meter.

Digital Indicator (T'ype S.462) shown
by Sangamo-Weston, is intended
principally as a read-out indicator for
transistor counting decades. It con-
sists of a moving-coil meter move-
ment with a transparency carrying
the numerals 0-9 mounted on it.
The transparency moves in an opti-
cal system and the numerals are
projected on to a screen. Counter
decade outputs may be mixed in a
five-resistor network and applied to
the movement to provide discrete
steps corresponding to the number
of input pulses received by the
decade,

Electroluminescent Display for milli-
microsecond pulses was shown by
G. V. Planer. This consists in its
simplest form of a row of electro-
luminescent areas connected in
sequence to a delay line. When
pulses are inserted from opposite
ends of the line they travel towards
each other producing, when and
where they coincide, illumination of
the phosphor. One example demon-
strated had the delay line and row
of “dots” folded up to form a
rectangular panel: another applica-
tion of a modification of this type
could be used, for instance, for pro-

Delay line coils (left) at back and screen (right) of millimicrosecond electro-

luminescent display by G. V. Planer.
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ducing a television type of display
with two delay lines on the x and ¥y
axes.

Electroluminescence is also used
in an arrangement by Ericsson to
display any letter of the alphabet or
figure. Sixteen strips of a lumines-
cent panel called the Phospotron
have individual connections and, by
selecting the leads, fair representa-
tion of the desired letter or figure
can be made: “5” for .instance
would use 1, 6, 13, 8, 4; similarly
“R” would employ 1, 2, 14, 13, 6,
5 and 8.

Post-deflection Acceleration of the
electron beam in a cathode-ray tube
is often used to increase trace bright-
ness without incurring the loss of
sensitivity that would result from an
increase of final-anode potential,
P.d.a. can lead to trace distortion,

Simplified diagram of layout of Ericsson
** Phospotron *' electroluminescent letter
and figure indicator.

though, and this limits the screen
area. Interaction between the p.d.a.
field and the deflection field is
one cause of the distortion, and, to
reduce this interaction 20th Century
Electronics have introduced in their
S5AB-800 tube an isolating mesh
connccted to the third anode and
placed betwcen the deflector plates
and the screen: thus the p.d.a. field
extends only to this mesh. G.E.C, in
their  experimental tube Type
LD603, have placed a mesh about an
inch behind the screen and the effect
of this was demonstrated by the
LD603 and an ordinary spiral p.d.a.
tube, side by side, with the eh.t.
varying between four and 10kV. An
increase in usable screen arca of over
two times is achieved.

C.R.T. Beam-blanking during time-
base flyback is usually accomplished
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by applying a brilliance-reducing
potential to the cathode or grid.
However, in a new c.r.t. by Sylvania-
Thorn the beam can be extinguished
by a blanking waveform at or near
earth potential, a small deflection
system between the first and second
anodes. When the blanking poten-
tial is applied the beam is deflected
out of line with the rest of the elec-
trode structure and does not reach
the screen.

Glass-fibre Face-plates for c.r.t.s
may obviate the use of cameras for

G.E.C. LD603
cr.t. (left) with
p.d.a. mesh be-
hind screen com-
pared with ordin-
ary p.d.a. tube
(right) at  3kV
e.h.t. (upper pair)
and 10KV (lower),

with same de-
flection wave-
forms. Note that

lens action re-
duces image size
on the ordinary
tube (right) but
not on the LD603.

the photography of traces, reducing
the equipment needed to a light-
tight box containing a roll of sensi-
tive paper. Shown by Ferranti, the
face-plate is made up of many
axially-aligned fibres of glass of high
refractive index in a support of low
refractive index. The action of the
fibres is to “pipe” the light pro-
duced at the phosphor to the front
of the screen; then, to produce a
sharp record, it is necessary only to
hold a sheet of sensitized paper
against the tube face. Normally this
would give a blurred image.

COMPUTERS

ALTHOUGH few general trends in this field were noticeable, a number of
new detailed developments were seen, for example in storage.

Prediction of the Future value of
signals whose component frequencies
have an upper maximum limit was
demonstrated by Wayne Kerr. The
prediction system is based on the
fact that, if there is a maximum fre-
quency present in a signal, there is
also a maximum rate (depending on
the signal amplitude) at which
present changes in the signal can
themselves alter. If frequencies only
up to a certain maximum value are
present in a signal, changes in the
signal level which are being produced
by these frequencies can then be
extrapolated into the future with
reasonable accuracy for a time equal
to the reciprocal of pi times the
maximum frequency. The possible
time and amplitude errors in the
predicted change increase with in-
creasing frequency up to about 30%
in amplitude and rather less in time
at the maximum frequency. Since
in many industrial processes the
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maximum frequency in the measured
quantities is limited by “inertia® to
a low value, this system should be
useful in process control.

Magnetic Thin Film Computer
Stores in an improved form were
shown by International Computers
and Tabulators. Apart from the
use of a new alloy which gives a
smaller variation of the direction of
easy magnetization over the film
area, these stores are unusual in that
the magnetic film is deposited on a
metallic (aluminium)
rather than an insulat-
ing surface. It has been
found that the write
currents induce eddy
currents in the alumin-
ium which double the
magnetic field produced
in the film for a given
write current. This
~ffect can be used either
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to improve the signal-to-noise ratio
for’a given write current or alterna-
tively, to reduce the write current for
a given signal-to-noise ratio.

By the use of two write fields at
right angles rather than in parallel,
the whole range of the B—H curves
can be made use of rather than only
their maximum values. This greatly
reduces the tolerances which must be
maintained on the write fields and
currents. The use of two write fields
at right angles also allows field
strengths to be used which are well
below the levels which produce
gradual interference (walkdown) be-
tween adjacent areas of the film.

Multi-Track Heads for recording as
many as forty tracks on %-in wide
magnetic tape were shown by the
physics department of the Northern
Polytechnic.. Each head is made up
of a number of close mica-spaced
silver strips across the edges of which
a very fine silver wire is soldered.
This wire corresponds to the
head “gap” and the head of each
track consists of an adjacent pair of
silver strips and the part of the silver
wire between these strips.

Symbol Writing at High-speed on
magnetic tape is possible by using
a set of the multi-track heads shown
by the physics department of the
Northern Polytechnic and described
immediately above. By making use
of wedge-shaped heads with their
thin ends across the tape, a number
of such multi-track heads can be
stacked together along the tape
length. Letters can then be written
in as magnetization of the tape by
feeding a pulse to the appropriate
heads and gaps to form the appropri-
ate letter shape. Such magnetization
can be made visible by passing the

tape through an ultrasonically
agitated suspension of fine iron
powder. A writing speed as fast as

International  Com-

puters and Tabula-

tors thin film mag-
netic store.
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lusec/symbol is possible by means
of this method.

Tunnel Diode pair connected in
series to form a sensitive current-
amplitude or time discriminator was
shown by the Royal Radar Establish-
ment. A voltage is applied across
the two (identical) diodes which is
only sufficient to maintain one diode
on the high-voltage positive-resist-
ance part of its characteristic and the
other on the low-voltage part. A

current of less than 1y A into or out
of one of the two diodes will then
determine which diode is switched
to the high- and which to the low-
voltage part of its characteristic.
Since the diode pair is only sensitive
to such currents during the time in
which the voltage is applied, it can
also be used as a time discriminator,
in which case its sensitivity is
20X107* sec. The use of such a
discriminator in a computer store
read-out circuit was demonstrated.

INDUSTRIAL ELECTRONICS

SOME time ago “automation” by the use of electronics was hailed as

the second industrial revolution.

But this was only the application of elec-

tronic techniques to the instrumentation and control of small individual

functions.

Now, however, genuine overall automatic control of whole

complex plants is being developed and the next few years should see the
emergence of products made entirely without human intervention.

Comprehensive Control Systems for
industrial plants which use computers
to adjust processes to the optimum
condition for maximum profit depend
on a prior knowledge, for program-
ming, of all the factors affecting the
running of the plant and, what is
more important, the laws that relate
these factors to the whole. As the
plant becomes more complex either
over-simplification has to be made to
allow programming or a rather dif-
ferent type of control system has to
be used, one which will adapt itself
by “trials,” as does a human opera-
tor, to changed conditions. At the
N.P.L. research into self-adaptive
control systems is being done and an
analogue model of such a system
was shown on the D.S.I.R. stand.
Relatively simple, so that mathema-
tical analysis of the “process” and
results could be carried out without
too much difficulty, the model was of
a third-order system—that is, only
three independent variables were em-
ployed. The three variables were rep-
resented by integrators in cascade,
each having negative feedback loops
completed via the earlier stages. Each
loop was varied by a motor-driven
potentiometer which was activated
when a difference occurred between
overall output and input. So that
the effect of each variable can be
detected, identifying test signals at
different frequencies were applied:
the components of the test signals in
the error signal operated the indi-
vidual motors. It was possible to
apply several laws such as straight
+ limits or error squared to the error
detector and random disturbing in-
fluences from a variety of sources
could be used to affect the system.
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Coincidence or Correlation Tech-
niques were demonstrated in appara-
tus developed by both Isotope De-
velopments and the British Iron and
Steel Research Association, although
the mode of application was rather
different.

When measuring the radiation
given oft by a radioactive substance
it is sometimes mixed with a liquid
phosphor, placed in a small trans-
parent cell and the scintillations pro-
duced by each discrete radiation-
emitting event are counted by means
of a photomultiplier. However,
thermal noise gives a count
in the region of 1,000/sec at room
temperature: thus it would be diffi-
cult to register accurately less than,
say, 1,000 scintillations per second.
Cooling the photomultiplier (and the
specimén) can reduce the number of
noise pulses that could be confused
with scintillations and thus enables
a higher sensitivity to be realized;
but the operation can be difficult.

Isotope Developments achieve in
their apparatus a minimum rate of 1
count/sec. Two  photomultiplier
tubes are used; their outputs, after
amplification, are clipped to reject
pulses that are smaller than would
be given by a scintillation, compared
for coincidence and gated yet again
to eliminate pulses that are too large.
In this way noise is discriminated
against as is phosphorescence (the
glow of the phosphor after it has
been exposed to light). The light
from phosphorescence is produced
by discrete changes of energy within
the phosphor emitting at a time only
one photon which can go only to one
photomultiplier: coincidence is not
achieved and the pulse is rejected.
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On the other hand the splitting of a
nucleus leaves a track of emitting
particles, thus sufficient photons are
released for both tubes to be excited.

Measurement of the reduction in
gauge of strip metal in a rolling mill
is difficult because of the high speed
and irregularities in the movement of
the strip. However, comparison of
the speed of the before and after roll-
ing is one possible method and
B.I.S.R.A. were demonstrating a
technique for measurement of strip
speed by coincidence.

Two spots of light are incident in
line upon the strip surface at a
known mutual displacement in the
direction of travel. The light re-
flected from the strip varies as sur-
face imperfections occur and the
same variation will be experienced at
the second spot of light after a time
depending on the strip speed. Photo-
cells convert the reflected light to
electrical waveforms and that from
the “ upstream ” cell is delayed by a
mechanism such as a tape recorder
so that it coincides with the wave-
form from the “down-stream” cell.
Coincidence was detected by sub-
tracting one signal from the other
and adjusting the delay for minimum
output. The combination of known
distance and time give strip speed.

Industrial Television:—The remote
observation of dangerous processes by
television is a well-known technique;
however, a development by Cawkell
probably makes the use of television
worth while even where no danger s
involved, but where the speed of an
operation is too rapid to allow proper
inspection., The “ Teleremscope ” is
a modification, to form a picture
monitor, of an oscilloscope using a
storage tube. Designed for operation
on 405- 525(60c/s)- or 625-line
systems, the monitor can be set to
store one to four fields of the image
on its 10-cm c.r.t. and retain them
until the picture is no longer re-
quired. As a pulse can be used to
give the “re-write” instruction, a
form of slow-motion display could be
arranged.

Detection of surface flaws in tin-
plate strip is another new idea for
industrial TV. Developed by the
British Iron and Steel Research
Association, this method employs a
rotating mirror synchronized with
the movement of the strip to
‘“arrest ” the strip movement and
present a stationary picture to the
television camera. By storing images
taken by the camera and displaying
them side by side it may be possible
to ‘“compress” the view of a long
strip into a relatively small picture.
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BIOLOGICAL ELECTRONICS

ELECTRONIC equipment is becoming more and more widely adopted
in medical research and practice, as, in many cases, it represents the only
possible tool for the evaluation of the minute and inaccessible phenomena

encountered.

An example is equipment used for electro-oculography,

which is a technique whereby minute changes in skin potential of areas
near the eye may be amplified and used to record eye movements.

E.M.I. have developed a high-gain,
dual-channel, d.c.-coupled amplifier
for this purpose, the complete equip-
ment being known as “ EMMA"—
Eye Movement Measuring Apparatus.
High stability is achieved by the use
of an electromechanical chopper
followed by a.c. amplification. ‘That
this is necessary is evident when it is
known that changes of less than
1004V must be observed on standing
skin potentials of 100mV. Backing-
off potentials are provided to elimi-
nate these standing voltages.

A very flexible electronic stetho-
scope was shown by Faraday Elec-
tronic Instruments. The output of
either one or two microphones is
applied to a 3-stage amplifier using
sub-miniature valves, which were
chosen for their high input impedanc:
and low-noise characteristics. Fre-
quency response controls may be ad-
justed to restrict the upper or lower
frequency range, to concentrate the
operator’s attention on the pheno-
menon under examination. For
instance, heart sounds, which are
mainly low frequency, may be ex-
cluded when respiration, consisting
mainly of high frequencies, 1s being
studied- Two outputs are provided,
affording facilities for two operators,
or to operate recording or visual
monitoring equipment.

To eliminate dependence on
human subjects in breathing study,

the  Research  Department  of
Anesthetics of the Royal College of
Surgeons has developed an electroni-
cally-controlled breathing simulator.
The simulator consists of pistons
driven by a servo linkage from a
velodyne speed control system. The
required respiratory waveform is sup-
plied by a transparent disc function
generator mounted on the linkage
shaft. A positive voltage, derived
from the function generator on the
grid of a balanced servo-amplifier,
causes the current through the field
coils of the split-field d.c. servo
motor, one of which is in each anode
of the amplifier, to vary differentially
and the armature to rotate. The
armature is fed from a constant cur-
rent source. As the motor rotates a
tacho-generator coupled to the link-
age shaft produces a potential which
opposes the original input to the
amplifier. The amplifier is balanced,
and the motor stationary, when the
two voltages are equal and opposite
about earth, with the result that the-
motor speed, which is proportional to
the resultant positive voltage on the
input, follows the waveform from the
function generator.

COMMUNICATIONS

IT is sometimes said that, for
“steam ” radio, development is com-

Eye-movement measuring equipment by E.M.I.
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plete. How wrong this point of view
is can be seen from this year’s ex-
hibition where a new method, which
promises great advantages, for s.s.b.
generation, was seen.

New S.S.B. Generation method
developed by W. Saraga of A.E.L
uses only one multiplier-modu-
lator stage compared with the more
usual two. Summarizing previous
methods briefly, it could be said
that they depend either upon the use
of filters to remove the unwanted
sideband which is very near the
wanted sideband, or on “outphas-
ing ” by which two suppressed-carrier
signals are generated on “carriers”
in phase quadrature (90° rela-
tve phase) with  modulation
in phase quadrature. On combining
these two d.s.b. signals, one pair of
sidebands adds, becoming the out-
put s.s.b. signal, and the other pair
cancels.

The new method requires one a.f.-
band 90° phase-shifter, and adds the
quadrature  af. components 0
quadrature carriers, which, as these
can be at a constant frequency, need
not be difficult to produce. The af.-
plus-carrier components then pass
into a single multiplier (ring modula-
tor whose output consists of the
wanted s.s.b. signal, the product of
the quadrature af. and the product
of the quadrature carriers; the un-
wanted a.f. and carrier components
are very easily eliminated by a simple
filter as their limits are represented
by twice the highest af. and twice
the carrier, respectively. For a change
of sideband from upper to lower or
vice wersa it is necessary only to
reverse a quadrature source—usually
the carrier. The filter will, of course,
pass both upper and lower sidebands
without attenuation.

A f. Spectrum Analyser shown by the
P.O. Engineering Department pro-
duces spectrogram of speech with
only a very small time delay: nor-
mally these displays are produced by
analysis by filters splitting up the
spectrum to be examined; but as the
accuracy required is increased—that
is, the bandwidth of individual filters
is narrowed—or flexibility in choice
of bandwidth is wanted, the appara-
tus quickly becomes too complex.
The G.P.O. machine overcomes this
problem by sampling the 0 to 3.3kc/s
incoming speech at 150.Susec in-
tervals: these samples are then con-
verted to a parallel six-bit code and
fed into torsional wire delay lines
150ysec long, arranged so that the
information circulates. The digits
are thus spaced 0.5usec apart in the
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Demonstration model of new s.s.b. modulator, set out in
block diagram form. PSI and 2 are a.f. phase-shifting
networks; -, adding stages; X, mulitiplier: at right-

hand end is simple output filter.

Laboratory, A.E.L)

lines (the first digit entered will have
been round once and 0.5psec on its
second circuit when the next input is
applied) and make three hundred cir-
cuits (taking 45msec) before being
cancelled by the writing-in of new in-
formation. The signals in the lines
are operated on by a digital-to-
analogue converter which thus pro-
duces an analogue of the original sig-
nal at 300 times its original rate.
This high-frequency analogue is
heterodyned with an oscillator whose
frequency is varied in synchronism

(Harlow Research

with the vertical deflection signal to
the display c.rt. A single filter,
whose characteristics may be ad-
justed readily, sets the bandwidth to
be examined and the resultant signal,
after envelope detection, is used to
brighten the trace of the c.r.t. The
horizontal deflection of the c.r.t. spot
is a linear sweep of a convenient
time: thus the display represents fre-
quency vertically and time horizon-
ally with brightened patches indicat-
ing by their position the presence of
a -particular band of frequencies.

MICROWAVES

ONE of the main trends in this field, towards broader bandwidths, led this
year more to new broadband components rather than, as in some previous

years, to new wide band generators.

Waveguide Transmission is normally-
under conditions in which only one
mode can be propagated or, alterna-
tively, as in the low-loss systems now
being investigated, in oversize guides
in which several hundred modes can
be propagated. In this latter case,
unwanted interfering modes are
readily produced at any slight dis-
continuity in the guide, and the
problems of eliminating these un-
wanted modes have not yet been
satisfactorily solved. Decca Radar
showed that a useful, though not as
great, reduction in the loss can still
be produced by using a somewhar
less oversize guide in which only a
few modes can be propagated.
Elimination of the unwanted modes
is then possible by relatively-simple
methods.
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Radar Performance Monitor shown
by Elliott enables the overall per-
formance of the whole radar system
to be observed. In this monitor the
output from the radar aerial is re-
ceived by a monitor aerial, attenu-
ated by a total amount which can be
varied to correspond to various path
losses, and displayed on a c.r.t. At
the same time, the radar pulse volt-
age is delayed by the path delay time
and then used to trigger a separate
microwave oscillator to produce a
simulated reflected pulse. The simu-
lated reflected pulse level is made
equal to the actual reflected pulse
level by comparing the simulated re-
flected pulse with the path-attenu-
ated transmitted pulse on the
monitor  c.r.t. The  simulated
reflected pulse is then fed back along

the path followed by the transmitted
pulse via the monitor aerial to the
radar’s aerial. Since the simulated
reflected pulse is made to follow the
same path as the transmitted pulse,
the  simulated reflected pulse is
attenuated by the path loss before
reception by the radar’s aerial. Ob-
servation of the simulated reflected
pulse on the radar display then
allows the overall performance of the
whole radar system to be checked.

Radar Beam DPosition indication is
usually obtained by coupling an
electromechanical transducer to the
aerial array. This has disadvan-
tages—backlash may affect accuracy
—new arrangements, too, preclude
this mechanical measurement be-
cause the beam may be moved by
non-mechanical means, altering
phases in the aerial feeds, for in-
stance. By placing two stationary
probe dipoles in the near field of the
aerial and measuring the phase
difference between them a pulse-by-
pulse statement of beam position
may be achieved (Elliott),

Microwave Frequency Control
system shown by Elliott employs a
reference cavity resonator at one end
of which is a moving-iron diaphragm.
This diaphragm is vibrated at an
audio frequency so as to modulate
the cavity resonant frequency at the
same audio frequency. A sample of
the microwave frequency to be con-
trolled is fed into the cavity where
it is amplitude modulated at the
audio frequency. This amplitude-
modulated microwave signal is fed to
a phase-scnsitive rectifier and the re-
sulting audio modulation output
amplified and rectified  The recti-
fied modulation voltage is used to
change the frequency of the micro-
wave source so as to reduce to a
minimum the rectified modulation
and thus the audio modulation pro-
duced by the cavity. The micro-
wave source frequency has then been
made equal to the mean cavity
resonant frequency. The reference
cavity resonant frequency is tem-
perature compensated simply by
means of a plunger which is moved
by a temperature-sensitive bimetal
strip, rather than by making the
reference cavity of a low expansion
coefficient material. In this way the
cavity resonant frequency change
for a temperature change of 100°F
may be reduced to one part in 5Xx
10°. By means of this frequency-
control system short- and long-term
stabilities may be obtained which are
better than one part in 10’ and 10°
respectively.
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Radar beam position indication by phase measurement
Photograph shows dipole probes near slotted-

(Elliott).
waveguide aerial.

Parametric Amplifier for u.h.f. using
a variable-capacity diode was shown
by Marconi. This consisted simply
of a length of X-band guide contain-
ing a strip with the diode mounted
at its centre. The strip is arranged
to be half a wavelength long at the
signal frequency, and an odd num-
ber of half wavelengths long at the
X-band pumping frequency. Both
the signal and pump frequencics are
propagated in the guide, and an
amplified output at the sum of these
two frequencies is produced by the
variable-capacity diodc. This amph-
fied output is converted back to
uhf by mixing it with the pump
frequency in a second diode further
down the guide. In this amplifier
the down frequency conversion loss
can be made much less than the up
conversion gain.

Ferrite-swept Klystron shown by
Decca Radar incorporated a ferrite
rod at the end of its tuning cavity.
By varying the current in a coil
placed round the ferrite, its perme-
ability can be altered. This alters
the reflection phase shift at the end
of the cavity, and thus the effective
cavity length. By means of this
method  clectronic  tuning  over
300Mc/s at X-band (9,000Mc/s) is
possible.

Travelling Wave Tube Limiter
shown by S.T.C. makes usc of the
normal saturation in the output/
input characteristic of the tw.t. A
useful feature of this method of limit-
ing is that gain is provided at low
input levels.

Coaxial Microwave Components are
being increasingly used to replace
waveguide components so  as 1o
secure greater bandwidths. Some
shown by Decca Radar cover a
range as large as from 1 to 12kMc/s.
Deccca Radar also showed a
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narrower-band coaxial phase shifter
in which the normal straight inner
conductor was replaced by a helix
nearly as large as the outer conduc-
tor. To alter the phase a hollow
dielectric cylinder is moved Jetween
this helix and the outer conductor.

-The electrical length, and thus the

phase shift produced, change nearly
linearly with movement of the diclec-
tric cylinder. This component may
be made relatively short.

A coaxial variable directional
coupler shown by Elliott consisted of
two scctions of coaxial line joined
together at their outer walls by a
longitudinal slot. The two centre
conductors are replaced by strips
which can be rotated about one edge.
The relative power coupled from one
line to the other may be varied
smoothly from —6dB to —40dB by
rotating the two strips so as to move
their free edges from their closest to
their farthest possible separation.

Broadband Ferrite wavcguide com-
ponents were shown by the G.E.C.

G.E.C. Hirst Research Centre broadband ferrite switch.

Hirst Research Centre. In a rotator
the output was sampled in two planes
of polarization by two crystals. The
difference between the output of the
two crystals is taken, amplified, and
fed back to the ferrite magnetizing
current in such a way as to correct
the rotation of the plane of polariza-
tion: produced by the ferrite. By this
means a relatively constant rotation
over a 15% bandwidth can be pro-
duced. A somewhat similar tech-
nique was also used in a broadband
switch.

Waveguide High-power Loads shown
by Morganite Resistors consist of
tapered hollow wedges whose open-
ings are made accurately equal to
the inside waveguide dimensions.
The load material (called Ter-
milode) can be manufactured with
different attenuation characteristics
covering a total range of 200 to 1,
and sections with different attenua-
tion characteristics can be combined
to give a uniform heat dissipation
along the wedge.

SEMICONDUCTORS

A HIGH speed of development continues in the field of semiconductors
—each year we record at this exhibition some of the devices and manu-
facturing techniques evolved in the past year; but, on looking back, these
often appear entirely disconnected from each other—developments that
occurred during the year were “too old ” to be shown at the next exhibition.

Bofi Diode, like the tunnel diode, is
a device that can be used for fast
waveform shaping and switching.
Unlike the tunnel diode, though, it
is a passive device and can work at
considerably higher powers, typically
0.5A switched in 2mpysec, Plessey
demonstrated a Boff diode, switching
power into a short-circuited line.

In an ordinary semiconductor
junction, carrier storage results after
the junction has been switched off by
reversing the supply, in a gradual
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decay of the current output: this is
usually made as short as possible by
making the carrier lifetime short.
In the Boff diode, however, a long
carrier lifetime is chosen and the
carriers are made to *congregate”
necar the junction by the application
of a drift field which is achieved by
grading the materials forming the
junction. On reversal of the supply
polarity, current will flow practically
unabated from the junction, and then
stop suddenly, instead of dying away.
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Binistor is the name used by G.E.C.
to describe a four-layer pnpn struc-
ture with leads attached to each
laver. The normal controlled recti-
fier can be switched on by an
external pulse, but, like the thyra-
tron, the main current flow has to be
interrupted to switch it off. The
Binistor, however, can be switched
both on and off by application of
control pulses—as demonstrated,
some 30mA at 45V was switched in
0.2usec by 2mA pulses.

Regrown Diffused silicon-transistor
manufacturing technique developed
by G.E.C. shows promise for reduc-
ing the difficulty of making silicon
devices, and at the same time in-
creasing the usable “yield” of tran-
sistors from a batch. A small block
of silicon has placed upon it smaller
blocks heavily doped with arsenic
(n-type material) and boron (p-type
material) and the whole is heated
from above until only a part of the
original silicon block remains un-
melted. On cooling, the heavily
doped materials re-crystallize (in a
pyramid shape) on to the block to
form a single crystal of, as the
arsenic is made predominant, n-type
material. Then, during baking at
high temperature, boron diffuses
from the n-type material to form a
p-layer between the silicon and n-
material. This layer can be very
thin and controlled accurately. The
remaining block is cut into small bars,
each of which has the required tran-
sistor structure,

Epitaxial Transistors have a low
bottoming voltage combined with the
high collector-breakdown potential
and h.f. advantages of diffused con-
struction. The ordinary diffused
transistor is made by taking a wafer
of high-resistivity material, which
has to be of reasonable thickness for
mechanical strength, and diffusing
impurities into it to form base and
emitter regions. Naturally, the high
resistivity of the collector region
results in a high bottoming voltage.

The epitaxial technique starts off
with a low-resistivity wafer (hence

EMITTER BASE

E. : / . COLLECTOR
" HIGH-RESISTIVITY LAYER 7

LOW-RESISTIVITY SURPORT LAYER

Simplified diagram of section through
expitaxial transistor. :
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low bottoming voltage) and the high-
resistivity collector region is allowed
to crystallize from a vapour, as a thin
layer with the same crystal orienta-
tion as that of the wafer. S.T.C.
use, for germanium transistors, ger-

manium iodide vapour, whereas
Texas Instruments were showing
cpitaxially-made transistors using

silicon. Further stages in the manu-
facturing process are similar to those
used for diffused-base transistors.

OTHER INTERESTING EXHIBITS

WE conclude with a number of items which do not fit neatly into the fore-
going groups but which interested us and which seem worth recording.

Electron-beam Alignment: One of
the problems associated with the use
of beams of high-energy electrons or
ions is that of ensuring that the beam
is properly focused and travelling in
the right direction, say along the axis
of a comparatively narrow tube. Ob-
servation of the beam with a fluores-
cent screen cannot be employed as
incidence of the beam upon a surface
could produce dangerous amounts of
radiation. A technique developed at
the Physics Department of Reading
University overcomes the difficulties
very simply. A diaphragm with a
central hole and two insulated metal-
lic quadrants is introduced into the
apparatus so that the hole lines up
with the designed beam direction and
the beam is caused to rotate with
constant angular speed by means of
applied deflecting field: for an elec-
tron beam horizontal and vertical
deflection coils fed with two sine
waves having a 90° phase relation
could be used. In two quadrants the
beam will pass and in the other two
it will strike the plates producing an
cutput from them, which is displayed
upon a c.r.0. synchronized with the
rotating scan. If the beam is off-
centre then its time of travel between
or across the plates will be different,
so producing asymmetrical wave-
forms. Similarly, as the focus of the
beam is improved the time it takes to
move on to or off a plate is reduced,
thus the waveform becomes more
By adjusting for a spiky,
symmetrical waveform, correct beam
alignment and focus is achieved from
a remote, safe point: it is then neces-
sary to switch off the deflection.
Another beam-alignment problem
is encountered when setting up high-
resolution c.r.ts. If the electron beam
emerges from the gun other than
along the axis of the magnetic fields
of focus and scan coils then distor-
tions (usually defocusing and astig-
matism) can occur. Thus to correct
for the manufacturing tolerances
either the focus coil and, possibly,
the deflector coils have to be offset, or
restoring influences applied with
small magnets. A procedure devel-
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oped by E.M.I. shows promise of re-
ducing the labour involved: for this
the focus coil is energized with a.c.
of a value such that the spot is
focused at the peaks of the a.c. As
the direction of the current is
reversed two separated focused and
one defocused spots (when the cur-
rent is zero) will appear unless the
beam alignment is correct. Adjust-
ment for coincident spots centred in
the defocused spot rapidly gives
optimum focus,

Cold-Cathode Trigger Tubes suffer
from a power limitation because ion
bombardment of thc cathode causes
damage which results in “ whiskers”
of cathode material growing on the
trigger electrode, so affecting the
level. at which the tube *fires.”
Mullard have found that, by using a
tubular cathode (formed from helic-
ally wound flat strip) with the trigger
electrode near a tab at one end of
the tube, the discharge moves into the
tube and, once inside, stays there
with a lower cathode voltage drop
than the open construction entails.
The trigger electrode does not “foul
up” and the power handling capacity
is improved with maximum permis-
sible peak currents some three times
those of the conventional tube.

Analogue of Furnace for firing cera-
mics has been used by Morgan
Crucible to determine optimum de-
sign factors rather than an extensive
and time-consuming series of calcu-
lations which have to be modified
again and again as design work is
carried on and the original “guesti-
mates” prove inaccurate. In the
analogue, electrical quantities repre-
sent the various parameters: for ex-
ample charge represents heat; volt-
age, temperature; capacitance, ther-
mal capacity; conductance, thermal
conductivity. Trigger circuits detect
changes in “temperature” and alter
the parameters of “heat input” and
“loss” and the time scale is com-
pressed so that lsec on the analogue
represents half-an-hour of real (kiln)
time.
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Car Radio Licences

A DOMESTIC broadcast receiving licence permits
the licensee to use “one or more portable sound or
television broadcast receiving sets provided that
. .. any such set is operated by a battery wholly
contained within the set and is not permanently
installed in any premises, vehicle, vessel or other
place.” So far as car radio is concerned this has in
the past been interpreted in the summary of regula-
tions published in the Wireless World Diary by the
phrase “a separate licence is needed for a set fitted
permanently in a motor car.”

When asked recently to approve the Diary sum-
mary as is done periodically, the phrase was modi-
fied by the Post Office to read “a separate licence
is needed for a set fitted in a motor car or con-
nected to the car battery.” When we questioned the
modification we were told it is “a clarification of in-
tention” and not a change in licence regulations.
This makes it quite clear that a portable set which
when used in a car is plugged into an amplifier unit
powered from the car battery and not from its self-
contained battery (as is now donc by some manu-
facturers to give improved output) the set needs a
separate licence.

P.A., Show

THE object of the Association of Public Address
Engineers is “to promote and protect the interest
of public address and its allied services ” (our italics).
The Association is, therefore, featuring at its annual
exhibition in March a display showing the advan-
tages of using television with p.a. for gatherings
where the audience 1s accommodated in more than
one hall.

The show is being held on March 8th at the
King’s Head Hotel, Harrow-on-the-Hill, Middx.,
and will be open from 11.0 to 6.30. Tickets are
obtainable free from exhibitors (listed below) or
direct from the A.P.A.E., 394 Northolt Road, South
Harrow, Middx.

Audix Rendar Instruments
Antone Reosound Engineering
C.T.H. Electronics Reslosound
Chapman Ultrasonics S.T.C.

E.M.I. Electronics Shure

Film Industries Tellux

G.E.C. Vortexion
Lustraphone H. Warren
Magneta BVC Westrex
Pamphonic Reproducers Whiteley Electrical
Philips C. T. Wright

Components Show

AT the Radio and Electronic Components Show,
which opens at Olympia on May 30th, more than
250 cxhibitors—an increase of nearly 50% on 1959
—will occupy an area four times as large as previous
shows organized by the Radio & Electronic Com-
ponent Manufacturers’ Federation. Admission to
the Exhibition, which will remain open for four days,
will cost 5s.
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Satellite Communicalions

THE Post Office’s decision to “go ahead with the
erection of a ground radio station with a large
steerable aerial system for satellite communication
tests” was announced on behalf of the P.M.G. at
the annual dinner of the Telecommunications
Engineering and Manufacturing Association. Teams
of specialists from the U.S.A. and this country have
recently exchanged visits and discussed plans for
tests of transatlantic satellite communications.

“Space’’ Technology

TWO symposia being organized by the British
Interplanctary Socicty are of particular interest to
readers of Wireless World. The first is a one-day
programme of eight papers on communications
satellites presented by specialists from both this
country and the U.S.A. The meeting will be held
in the Council Room of the Federation of British
Industries, 21 Tothill Street, London, S.W.l, on
May 12th, from 10.0 to 5.0. The registration fee for
non-members is 1 gn.

The second symposium is a three-day meeting
arranged primarily to bring together scientists and
engineers from Western Europe to discuss the possi-
bility of formulating a joint programme of space
research. This, the first European Symposium on
Space Technology, will open on June 26th and will
also be held at the F.B.]. The registration fee is
S gn.

Registration forms and programmes for both
meetings are obtainable from The British Inter-
planetary Society, 12 Bessborough Gardens, London,
S.w.1.

Electronics in North FEast

N.E. ENGLAND’S first exhibition devoted exclu-
sively to electronic engineering opens at Newcastle-
upon-Tyne on February 28th for three days.
Organized by the North East Industrial and
Development Association it is being held at the
City Baths Hall. The exhibitors include: Burgess
Products Co.; Derritron; Electricals (I.aboratory);
Elliott Bros.; Farnell Instruments; Sir Howard
Grubb, Parsons & Co.; Heywood & Co.; Imhof;
Joyce, Loebl & Co.; Marconi Instruments; Measur-
ing Instruments (Pullin); Microwave Instruments;
Morganite Resistors; Mullard; Murray Swanson &
Co.; Research and Control Instruments; Solartron;
Southern Instruments; Tyne Tees Television;
Wayne Kerr Laboratories; and Welwyn Electrical
Laboratories.

A number of colleges in the Region are providing
a combined display featuring educational facilities
in electronic engineering.

The exhibition opens at 2.0 on the first day and
at 10.0 on succeeding days. It closes each day at 8.30.
Admission 6d.
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N.R.D.C. Report

EXPERIMENTAL work based on a proposal by
Dr. D. Gabor for the direct generation of electricity
by a thermionic mcthod is one of many projects
mentioned in the Report and Statement of Accounts
for the year July 1st, 1959 to June 30th, 1960 of
the National Rescarch Development Corporation
(H.M. Stationery Office, 1s 6d). Income from royal-
ties during the period rose to £259,000 compared
with £182,000 in the previous year, and expenditure
was £427,000 with forward commitments of
£739,000 for further developments of, for instance,
fuel cells and Hovercraft which are being actively
pursued. Sir William Black (chairman) in intro-
ducing the report said, “The wit of our brilliant
research scientists is of no value to the nation if
it is not quickly turned to industrial use. It is the
object of the N.R.D.C. to do just this. . . .”

Trader Year Book

CONDENSED  spccifications of current sound
radio and television reccivers and tape recorders;
valve and c.r.t. base connections; transistor types
and connections; and field-strength contour maps
of UK. television stations are but a few of the
features of the 1961 edition of the “Wireless &
Electrical Trader Year Book.” First published in
1925 the Trader Year Book has become the vade
mecum of the radio dealer and indeed of the radio
industry in general. All the features which experi-
ence has shown to be the most useful have been
retained and brought up to date; one of the most
useful of these being the directory of manufac-
turers’ addresses. Prepared by our associate journal
Wireless & Electrical Trader it is published by Iliffe
Books Ltd., price 15s (postage 1s 6d).

IN BRIEF

British Association.—The Kelvin lecturer for the
annual meeting of the British Association, which will be
held in Norwich from August 30th to September 6th, is
Professor D. J. E. Ingram whose subject will be con-
nected with micro-wave radio. Dr. Ingram, who was
appointed professor of physics at the University College
of North Staffordshire in 1959, was previously reader
in the electronics department of the University of South-
ampton.

Railway Telecommunications.—A conference on rail-
way modernization is being organized jointly by the
Institutions of Civil, Mechanical and Electrical En-
gineers, for May 3rd and 4th at the Institution of Civil
Engineers, Great George Street, London, S.W.1. One
of the five main papers is signal engineering and tele-
communications and will be presented by J. F. H. Tyler,
chief signal and telecommunications engineer, S. Region,
British Railways.

A.S.L.1.B.—The annual conference of the electronics
group of the Association of Special Libraries and Infor-
mation Bureaux will be held at Ashridge College, Berk-
hamsted, Herts., from April 21st to 23rd. At this the
group’s third confercnce papers will cover both librarian-
ship and information work with special reference to the
field of electronics. Further particulars are obtainable
from: N. E. C. Isotta, Ministry of Aviation, T.I.L.2.,
First Avenue House, High Holborn, London, W.C.1.
The fee is £7.
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T.E.M.A. Awards For Apprentices.—For the fourth
year the Telecommunications Engineering and Manu-
facturing Association has held a competition for the
three best final year apprentices of thzir member-firms.
The prizes, to the value of £25, were awarded to the
following at the Association’s annual dinner on February
15th: P. G. C. Young, B.Sc., graduate-in-training with
G.E.C.; Peter Hunt, Dip. Tech., student apprentice with
ATE.,; and E. T. Lamb, technician apprentice with
Ericsson.

Dover’s permanent low-power television station was
brought into service on February lst. The transmitter,
which shares a site near Swingate with an Air Ministry
station, operates in channel 2 with vertical polarization.
It is equipped with an 0.5kW vision transmitter supplied
by S.T.C. The station will later be equipped for
v.h.f. sound broadcasting.

Soviet television receivers adapted to receive 405-line
transmissions will be demonstrated at the Soviet Indus-
trial Exhibition which is being held at Earls Court,
London, from July 7th to 29th. Capital equipment as
well as consumer goods in the radio and electronics
fields will be among the 12,000 or more exhibits planned
for the nine sections of the exhibition.

“ Applications of Analogue Computers” is the title
of a two-day symposium to be held at Loughborough
College of Technology on April 10th and 11th. It is
being organized jointly by the departments of electrical,
mechanical, aeronautical and chemical engineering, The
fee for the course, accommodation and meals, is 51 gn.

Brit.L.R.E. Membership.—The annual report of the
British Institution of Radio Engineers for 1959/60 re-
cords that on March 3l1st last the Institution had an
effective membership of 6,332 which shows a growth of
almost 1,000 in the past five years.

“The Satisfied User,” a 30-minute sound colour film
illustrating some of the uses to which the ICT1200
series of computers is being put, is available on loan
from International Computers and Tabulators Ltd., Pub-
licity Division, 149 Park Lane, London, W.1.

Soviet Production.—The number of television sets
manufactured in the U.S.S.R. last year totalled 1.7M
which was a 35% incrcase on the previous year’s figure.
There was a 3% increase in the number of sound re-
ceivers bringing the total to 4.2M.

“Lifeline >’, a new portable transmitter-receiver for in-
flatable liferafts. is strapped to the knees of the operator

and is powered by a hand-driven generator. The set,
which is produced by Clifford and Snell and marketed by
Marconi International, is pretuned to the international
R|T distress frequency (2182 kc/s) and can be used either
for speech or to radiate an automatic two-tone alarm signal.
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Personalities

Air Vice-Marshal Sir Leslie Dalton-Morris, KB.E,
CB., Air Officer Commanding-in-Chief, Signals Com-
mand R.A.F. since 1959, has been appointed Air Officer
Commanding-in-Chief, Maintenance Command with the
acting rank of Air Marshal. Sir Leslie, who was
knighted in 1959, has been a signals specialist through-
out his Service career. He was Deputy Chief Signals
Officer, Fighter Command, during the Battle of Britain.
In 1944 as Chief Signals Officer, Bomber Command, he
headed a team of specialists working on radio counter-
measures operated by Bomber Command. Prior to
commanding No. 90 Sig-
nals Group, which was
raised to Command level
in 1959, he was Assistant
Chief of Air Staff (Sig-
nals), Earlier he com-
manded the RAFL.
Central Signals Establish-
ment. He is 54. Sir
Leslie’s successor at Sig-
nals Command is Air
Vice-Marshal W. P. G.
Pretty, C.B., C.B.E, who
has been Director General
of Organization at the
Air Ministry since
October, 1958. In 1944
he was appointed deputy-
director of radar in the
Air Ministry. The follow-
ing ycar he became
Chicf Signals Officer,
Fighter Command, and in 1951 was appointed Dircctor
of Electronics Research and Development (Air) at the
Ministry of Supply. Air Vice-Marshal Pretty is 51.

AV-M. W.P.G. Pretty

N. A. Twemlow, MB.E,, who is a director of a num-
ber of companies in the Pye group, has been appointed
to the board of E. K. Cole Ltd., and W. M. York, com-
mercial director of E. K. Cole Ltd. becomes a director
of Pye Ltd. Mr. Twemlow was for a short time with
Ekco before he joined Pye in 1934. Mr. York, who has
been with Ekco since 1932, is also a director of Radio
Industry Exhibitions Ltd.

Hector V. Slade, M.BEE, T.D, J.P.,, managing director
of the Garrard Engineering and Manufacturing Com-
pany, has joined the board of Plessey International Ltd.
It will be recalled that Plessey recently acquired Garrard.
Mr. Slade, who is 44, joined Garrard in 1935 and be-
came managing dircctor in 1957. He is chairman of
the council of the Radio and Electronic Component
Manufacturers’ Federation.

R. J. F. Howard, a director of Lancashire Dynamo
Electronic Products Ltd. (a mcmber of the Metal In-
dustries group), has been appointed director of market-
ing for the group and will be primarily concerned with
the group’s electrical companies. He remains a non-
executive director of Lancashirc Dynamo Electronic
Products and also joins the board of five other M.1. sub-
sidiaries. He received his initial training with Harries
Thermionics and was for some years with the Mullard
organization where he was latterly concerned with in-
dustrial applications of valves. In 1945 he joined the
development staff of the English Electric Company and
two years later was appointed chief engineer of British
Electronic Products (now Lancashire Dynamo Electronic
Products). He is 40.
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W. M. Chapman-Walker, CB.E., M.V.O,, MBE,
who has been associated with Aerialite Ltd. for some
years as a member of its London organization, has
become a director. He was the first managing director
of the programme organization, Television Wales and
the West, and is joint general manager of the News of
the World organization. He represents Aerialite and
Television Wales and the West on the board of Wire-
vision Ltd.

Air Vice-Marshal W. E. Oulton, C.B., CB.E, D.S.O,,
D.F.C., has retired from the Royal Air Force after 32
years’ service and joined the board of E.M.I. Electronics
Lid., as director responsible for Ministry work. He
played a prominent part in setting-up the London Air
Traffic Control Zone in 1946 and helped to create the
first international air trafiic control organization in post-
war Europe.

J. B. Webb, AM.IEE,, is appointed head of the valve
section of the B.B.C’s Transmitter Department in suc-
cession to H. S. Walker, M.BE,, AMIEE, who has
retired. Mr. Walker joined the British Broadcasting
Company in 1922 as engineer-in-charge of the Bourne-
mouth transmitter. Mr. Webb, wha joined the BB.C. in
1934, was for some time in the engineering secretariat
but since 1953 has been an engineer in the section of
which he now becomes head.

R. D. A. Maurice, Ing-Dr., IngES.E, AMIEE, is
appointed assistant head of the B.B.C’s Research De-
partment in succession to A. B. Howe, O.BE, M.Sc,
M.IEE, who recently retired after 36 yecars’ service
with the Corporation. Dr. Maurice joined the Research
Department in 1939 and became head of the receiver
and measurement section in 1943, Since 1958 he har
been head of the television group.

Dudley Saward, O.B.E., who is 47, has joined the
board of Bush Radio as managing director designate.
He recently resigned from the managing directorship
of Texas Instruments Ltd., which he joined on its
formation in 1956, but has remained a director. Mr.
Saward, who was Chief Radar Officer, Bomber Com-
mand, during part of the war, was for some time after
the war manager of navigation and telecommunications
for British European Airways.

D. Saward

J. C. G. Bell

J. C. G. Bell has been elected to the board of Rank
Cintel as managing director designate. Mr. Bell, who
is 51, served in the R.AF. during the war and was in
charge of air navigation research and development at
the Ministry of Supply. He joined the Sperry Gyroscope
Company in 1945 and since 1959, until he recently left to
join Rank Cintel, had been director and manager of the
Brentiord division of the company.

WIRELESS WORLD, MARCH 1961



www.americanradiohistory.com

0. S. Puckle, MB.I.,, M.1.E.E,, of timebase fame, has
retired from E.M.I. where for the past five years he has
been chief lecturer and has travelled extensively over-
scas lecturing on the company’s products. He joined
the company in 1948. His industrial carcer began at
Standard Telephones and Cables. This was followed
by a period with Marconi’s where at one time he was
concerned with experimental work on 75cm  transmis-
sion. He then joined A. C. Cossor where he worked for
many years with L. H. Bedford mainly on television
rescearch and later on the development of radar receivers.

Charles P. Ginsburg, vice-president of the Ampex
Corporation of California and manager of the Corpora-
tion’s advanced development, has becn awarded the
Valdemar Poulsen gold medal by the Danish Academy
of Technical Sciences, for his “guiding spirit and prin-
cipal participation in the development of the ¢ video tape’
recorder.” This is the seventh award of the gold medal,
named after the Danish scientist, since its introduction
in 1939 when Poulsen himself reccived it on his 70th
birthday.

Frank 8. Richmond, who has been a director of A. H.
Hunt (Capacitors) since 1939, retired at the end of the
year. He originally joined the company in 1928. He
relinquished the position of deputy managing director
and sales director two vears ago but remained on the
board as an executive director.

J. Maurice, managing director of Lustraphone Lid.,
has been nominated president of the Association of Pub-
lic Address Engineers for 1961/62. The election of
othicers takes place on March 8th, the date of the Asso-
ciation’s annual exhibition.

Two appointments arc announced by Fortiphone Ltd.:
J. A. Steel becomes manager, hearing aid and machine
division; and I. W. Rae, manager, components division.
Mr. Steel was previously with Plessey for 10 years, the
last four of which were spent with Plessey Nuclconics as
production manager. Mr. Rac was previously a pro-
duction manager at Elliott Brothers and was at one time
with the G.E.C.

N. Girton has been appointed manager, home sales,
and C. R. Russell manager, export sales, by the M-O
Valve Company. Mr. Girton joined the company in
1950 and became cngineer-in-charge of the u.h.f. and
microwave valve manufacturing section. In 1959 he
was appointed assistant manager (home sales). Mr.
Russcll went to Wembley Research Laboratories, now
the Hirst Research Centre, of G.E.C. in 1947 where he
has been particularly concerned with the company’s
mircowave programme.

Albert Lowe, managing director of International
Acradio (Pakistan) Ltd., since its formation in 1949,
has reured. His radio career began in 1918, when he
oined the Marconi Marine Company as a wireless
operator. He went to Imperial Airways as radio operator
in 1933 and was for some time B.O.A.C. signals super-
intendent, Far East.

R. D. Stafford, AM.I.LE.E., works dircector of Cawkell
Rescarch and Electronics, 1.td.,, now a subsidiary of
Simms Motor and Electronics Corporation, has been
appointed chief cngincer of Cawkell’'s Industrial
Division. R. Reeves, AM.ILEE. is appointed chief
engineer, special products division, and D. Parker, B.Sc.,
senior engineer, special scrvices, Cawkell’s Rescarch
and Decvelooment Division is now at 99, Uxbridge
Road, London, W.5, next door to the development
laboratories of the associate company, Dawe Instru-
ments, Lid.
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P. G. A. H. Voigt, who has been in Canada since
1950, has joined the Telecommunications and Elec-
tronics Branch of the Canadian Government’s Depart-
ment ol Transport. The Department regulates radio
opcration in Canada as does the Post Office in this
country.

Having regrouped us Aeronautical Division (of which
Dr. B. J. O’Kane is manager) in new premises at Basil-
don, Esscx, Marconi’s have made the following appoint-
ments:— F. Wheeler, formerly sales and contracts
manager has been appointed deputy manager; G. P.
Parker, AAM.ILE.E., deputy chief air radio engineer
(development) since 1957, becomes manager, enginecring
co-ordination; G. E. Beck becomes chief e¢ngineer,
navigational aids; and L. R. Mullin, chief enginecr, air-
borne communications, Other new appointments are:—
J. H. Gill, service manager; E. Swinney, systems
manager; B. J. Infield, sales manager; and C. A, R.
Mackley, contracts manager.

The I.T.A. has appointed enginecrs-in-charge at three
of its new transmitters. Henry N. Salisbury, Assoc.-
Brit LR.E., to Caldbeck, near Carlisle; Kenneth Archer,
Assoc.Brit.IR.E,, to Caradon Hill, Cornwall; and
George W. Stephenson, Grad.I.E.E., to Stockland Hill,
Devon. Mr. Salisbury, who is 32, was with the B.B.C.
for 14 years before joining the Authority in January,
1958. Mr. Archer, 36, joined the Authority in August,
1959, and Mr. Stephenson, 36, in April, 1958, both
after 18 years with the B.B.C.

Peter E. M. Sharp, A.C.G.1,, B.Sc.(Eng.), AM.ILEE,,
general manager of Westrex Company Ltd., which he
joined last vear, has been appointed a director of the
company. Immediately prior to joining Westrex he
was for some time personal assistant to the managing
director of the Troughton and Young group of com-
panies,

C. A. P. Cannon, who has been with Measuring
Instruments (Pullin) Ltd. for 2! years, has become
general manager and is appointed to the board. He was
for some time production manager prior to his appoint-
ment last year as assistant to the managing director.

M. Esterson is manager of the newly-formed high-
power klystron division of the English Electric Valve Co.
This division has been formed to co-ordinate work pre-
viously done in separate divisions.

T. M. A. Lewis, B.Sc, author of the article on
a record equalizer on page 121, graduated at the Imperial
College of Science and Technology (where he read
mathematics) in 1959. He has since been a graduate
apprentice at the guided weapons establishment of
English Electric Aviation Ltd. at Stevenage. He is
23.

Major William ngam, general sales manager of Avo
Ltd., has been appointed to the board of the company,
and will assume the responsibilities of sales director.

OBITUARY

George G. Blake, M.Sc, F.InstP.,, M.I.EE, well
known to “old timers” as author of the reference book
“History of Radio Telegraphy and Telephony,” died in
Sydney on January 16th. For many years prior to going
to Australia he was radiographer to several hospitals.
Between 1940 and 1945 he was in the Physical Labora-
tory of the University of Sydney where he later taught
for a few years.

Hamish Kirkwood, sccretary of the Association of
Dry Battery Manufacturers since 1951, died on January
19th aged 54. Since 1957 he had also been secretarv
of the Accumulator Manufacturers’ Association and of
the British Starter Battery Association.
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News from Industry

“Space” Consortium.—British Space Development
Company has been formed by a consortium of cight com-
panies “to bring together a representative cross-section
of that part of the industry which is interested in the
development and exploitation of space for commercial
purposes.” The eight participating companics are
AE.I, Associated Telev'sion, B.I. Callender’s Cables,
Decca Radar, de Hav lland, Pye, Rank Organization and
Rolls-Royce. Sir Robert Renwick was prime mover in
the formation of the company and Grp. Capt. D. Saward
(Rank), Grp. Capt. E. Fennessy (Decca) and J. Brinkley
(Pye) have been appointed as an organizing committee.

Marconi-Itek  Agreement.—A five-ycar agreement
has been signed by Marceni’s and the Itek Corporation,
of Cambridge, Mass., allowing Marconi’s 1o manufac-
ture in the U.K. more than 1,000 types of Hermes fre-
quency-selective  crystal filters produced by Itek
Electro-Products Company. Marconi’s will be able 10
market these in all countries of the “western world ”
except the United States. Itek Electro-Products Com-
pany was formed last November as a result of the
merger between the Itek Corporation and Hermes
Elcctronics Company.

Industrial electronic control equipment designed and
manufactured over the past 15 years by Lancashire
Dynamo Electronic Products Ltd. is to be manufac-
tured in tbe United States by Emcrson Electric Manu-
facturing Company, of St. Louis, Missouri. The agree-
ment also provides for a reciprocal flow of “ know how *
tHerween the two companies and the exchange of person-
nel for traiming.

Facsimile equipment designed by Alden Research
Foundation, of Westboro, Mass., will be manufaclured
in this country by Redifon Ltd. The agreement between
the two companies also prevides for Redifon 1o develop
the sales of Alden automatic “order-write ” and bank-
ing systems throughout the U.K.

Elac Electronic Components Ltd. has becn formed as
a subsidiary of Electro Acoustic Industries Lid., to
develop and manufacture components other than loud-
speakers and kindred acoustic products. P. W, Pannell,
previously chief television component engineer of Elec-
ré Acoustic Industries, has been appointed technical
director of the new company.

Admiralty Station.—The major part of the receiving
cquipment at the Admiralty receiving stauon at Forest
Moor, near Harrogate, Yorkshire, was supplied by
Marconi’s.  The equipment includes a considerable
number of triple- and double-diversity receivers (some
for s.s.b. operation), telegraph recording units and eclec-
tronic aerial ¢xchange equipment.

Thermionic Products (Electronics) Ltd. have supplied
the first of their new transistor multi-channel recorders
for the Ronaldsway (Isle of Man) airport. The recorder’s
4-in tape provides for eight communicarion channels, a
time signal reference channel and a reserve channel for
emergency use,

Naval Radar.—The Kelvin Hughes 14/12 radur is
being installed in the smaller vessels of the Royal Navy.
Tt will incorporate a few additional features to make it
suitable for Naval use and will be known as Type 975.
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COMPAC.—Cable and Wireless have placed an order
worth £10M with Submarine Cables Limited and
another worth £9M with Standard Telephones and
Cables Limited for cable and equipment for COMPAC,
the trans-Pacific telephone cable to be completed in
1964. Submarine Cables will supply 5,875 miles of
cable, 93 repeaters and the deep-sea housings for all
the 335 repeaters in the project, and S.T.C. 2,800 miles
of cable, 242 submerged repeaters and the 38 submerged
equalizers.

Bendix-Ericsson.—What was the instrument division
of Ericsson Telephones Limited forms the basis of «
new company, Bendix Ericsson UK, Lid. It is operat-
ing from High Church Street, New Basford, Notting-
ham. (Tel.: Notungham 75115.)

Airfield Surveillance Radar.—An order for a substan-
tial number of Cossor moving-target radars for instaila-
tion at R.A.F. airfields in this country and abroad has
been placed with the company by the Ministry of
Aviarion.

Allegro Sound Equipment is thc new name adopted
bv P.A.R. Electronics Co., 7 Avery Row, London. W'.1
(Tel.: Mayfair 9910), manufacturers of the Allegro tape
recorder. P. A. Rispoli, founder of P.A.R. Elccrronics
is managing director.

Grundig.—The grand total of Grundig products
manufactured in Germany since 1947 now  exceeds
10M. This total compriscs 6.2M radio receivers (includ-
ing portables), M radio gramophones, 1M television
sets, 2ZM tape recorders and dictating machines and
50,000 measuring nstruments.

Dupol plastc film capacitors, which are manufac-
wured in Italy by Ducati, are now being marketed in the
UK. by W. Greenwood (London) Ltd., of 677, Finchley
Road, London, N.W.2. (Tel.: Swiss Cottage 3383.)

Zenith.—Morc than onc million tclevision re-
ceivers were produced and sold during 1960 for the
second successive vear by the Zenith Corp. of Chicago.

CVERSEAS TRADE

Australia.—Ferranti  have established a computer
office at 65 Queen’s Road, Melbourne. W. R. Arnotr
an Australian, is in charge of the office, where initially
a Sirius comnputer is to be installed. and assisting him is
Keith Nicol from the UK,

Television Cameras.—Twelve EM.I. image orthicon
camcras and associated cquipment are being supplied to
the Canadian General Electric Co. who have been
awarded a C%$500,000 contract to provide equipment for
Montreal’s new television station, CFTM-TV.

Canadian Agents.—Alma Components Ltd. have
appointed Associaied Elecironic Components Limited
of 1560 Avenue Road, Toronto 12, Ontario, 10 be their
agents for precision wircewound resistors in Canada.

Marine Equipment.—Five large new turbinc tankers
being built in Sweden for Mobil Tankships Company
Ltd., of Bermuda, are to be fitted with radio equipment
and radar supnhied by .Associated Electrical Industries.
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Accurate Record Equalizer

TRANSISTOR STEREO

THI: unit to be described is intended for use
with high-quality magnetic pickup cartridges, and
fcatures unusually-accurate equalization for the
standard microgroove recording characteristic. The
signal-to-noise ratio is of high-fidelity standard
and the total harmonic distortion is extremely low.
Two of the pre-amplifiers can be used with stereo-
phonic cartridges, provided the battery is decoupled
so that cross-talk is minimized.

The specifications to which the unit was designed
are:—

(1) Power supply 18V.

(2) Noise introduced by unit to be negligible under
listening conditions.

(3) Equalization accuracy better than --1dB from
20c/s to 20kc/s.

(4) Total harmonic distortion < 0.1% at 100mV
r.m.s. output.

3) Gain at lkc/s to be within 4 0.5dB of unity
voltage gain when feeding a load <7 50k Q.

As the results show, these specifications were
achieved or bettered. The specification on equaliza-
tion accuracy would seem unusually strict, but since
the better magnetic cartridges available today have a
frequency response which is flat within -1 dB
from 30c/s to 15kc/s, it was thought worth while
to aim for an equalization accuracy at least as good
as that in specification (3). As far as the distortion
figure is concerned, this would scem to be the
accepted standard for high-fidelity reproduction.
Equalization.—Before describing the circuit, it
is proposcd to describe how the equalization is

figs. | (a) and (b). Two types of feedback amplifier.
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PICKUP PRE-AMPLIFIER CIRCUIT

By T. M. A. LEWIS*, B.sc., A.R.C.S,

effected. The standard playbaek characteristic
(B.S. 1928: 1960 and R.I.A.A.) can be written as the
transfer function

K1 + joTy

w - = .o
J09) = T 5T @ + jaTy o
where o is angular frequency (2=f), K is the gain at
zero frequency, T, = 3,180usec, T, = 318usec,
and T, = 75usec.

Since it is necessary to use feedback to reduce
distortion, the possibility of including the equaliza-
tion components in the feedback loop was investi-
gated. The type of feedback used was determined by
the requirement that the unit should present a
load of not less than 50k to magnetic cartridges.

Two types of feedback arc shown, in block form,
in Figs. 1(a) and 1(b).

In Fig. 1(a), the closed loop gain will be Z,/Z,
and accurately defined, provided the open loop gain A
is high, and that Y, + Y, + Y,, < AY,, where
Y, Y, and Y,, are the admittances corresponding
to Z, Z, and R;, respectively. The closed loop
input impedance will be approximately Z, since
Point B is a virtual carth. Thus Z, must be greater
than 50k, which means that R;, must be of the
order of 50k . This can be achieved with an emitter
follower, and this would be followed by a common-
emitter stage to provide voltage gain. However,
the open loop gain, as provided by just this one
transistor, would not be sufficient to ensure accurate
definition of the closed loop gain. Thus, without
resorting to more than two transistors per channel
this type of feedback is unsuitable.

In Fig. 1(b) the closed loop gain will be 1 + Z,/Z,
and will be accurately defined when the open loop
gain is high. This being series feedback, the closed
loop input impedance will be high enough to provide
the correct loading for magnetic cartridges. The
magnitude of the closed loop gain is always greater
than unity, whereas the transfer function of equation
(1) approaches zero as the frequency approaches
infinity. Therefore, this type of feedback cannot
provide the complete transfer function specified in
cquation (1). However, bass equalization is specified
by the transfer function

. K1 + joTy)
SoGa) (1 & jwT)
where K T, T, and » are as before, and use of the
network shown in Fig. 2 will produce the above
transfer function.

Referring again to Fig. 1(b) then, provided that
the signal current in Z, is very nearly equal to that
in Z, and provided the open loop gain A is high
compared with the maximum value of the gain
G(jw) when feedback is applied (a function of

* English Electric Aviation Ltd.
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Fig. 2. Feedback amplifier providing bass equalization.

frequency), then G(w) = 1 -+ Z,/Z, to a high
degree of accuracy.

In Fig. 2, Z; becomes R, in parallel with C,
and Z, becomes R,. Thus

This is of the form

. l + j(l)Tz

&) o 1 + joT,
here T, — T R, andK =1 + R/R
where 1, 'R, | R, = /R,.

Thus if T, = 3,180 psec, and T, = 318 uscc,
then G(jw) = f, (Jw). Thus bas; equalization can
be incorporated in the feedback loop.

In the circuit of Fig. 3, the components corres-
ponding to R, C, and R, in Fig. 2, are Ro6, C3,
and R4 respectively (and Ré6a, C3a, and R4a tor the
other channel).

Treble equalization is accomplished by a simple
C-R network (formed by C5 and R9 in Fig. 3) with
a time constant of 75usec, which is equal to the

7 RifjuC; R, specified time constant. This C-R network is out-
1 T 14eC R side the feedback amplifier, and the time constant
R, + 1fjuC, jo T, 1 . .

e T RC will not be matcrially affected by the low output
where T, 181 impedance of the amplificr. The load on the output
Therctore, may be as little as 50k Q without affecting equalization

. R, accuracy.
G(w) ~ 1+ o o1 It should be pointed out that the accuracy of
R,(oT, + 1) p y
R.G ,1: equalization depends on component tolerances as
2 (o ! +1)+R well as the amount of feedback.
R,(oT, + 1) Circuit Details.—The circuit diagram of two
1 T ( R, pre-amplificrs is shown in Fig. 3. The transistors
R\ +)el, / used are Ql, GET 106, a p-n-p low-noise transistor;
i ) R R,
( R,/ = - and Q2, OCl140, an n-p-n transistor. A p-n-p and
14 joT, n-p-n combination is used to facilitate direct coupling
+18Y
R7 % Rio
8-2k 22K
C3 !
Ri 0-24.+2% - ’
270k Ro 1oV
c - 1 2|./5 o T
| 22%H.S.
INFUT 1 12V R(; Q2 2 Cs
(o2 :zlzu g 0Cia0 Lo 0uTPUT = 251
T ' /\ T 26Vwkg.
GETI06 4 + ! 5
[ A ) 19V
— t
|
C: Ca
o B oo
TlSVwkg. 6Vwkg‘ v
: - 0
Rsa C2a Caa i .\-*-Lv
i —=25u = 5001
1 15Vwkg. 6Vwkg.
R2a I
120k
| |
{o—H Lo ouTpuT
weut & Cla o
I;J.lZVwkg‘ }

R4a

Ri -8k
2707; +£29/6H.5.

R3a
27k <

R7a
82k

Figs. 3. Circuit diagram of a stereo pickup pre-amplifier providing equalization for fine-groove records. All resistors are

W, +109% (H.S. means high stability) and all capacitors 4

20%, unless otherwise shown. The GETI06 may be replaced

by an OC44, OC45 or XAl02, but with a slightly higher noise level, The OCI/40 may be replaced by an 0CI39, but with

more distortion.
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TABLE I:

EQUALIZATION ACCURACY

f
100

| Frequency c/s 20 | 30 | 40 | S0 60 | 80 150 fzoo faoo :soo 700 ,|000|
Error dB o1 | 0 i 0 0 0 401 | —01 ‘ 0 [ i 0 ‘
| ] | |
| Frequency ke/s. 1.5 | 2 3 4 5 6 7 8 10 12 14 16 18! 2
ErrordB .. 0 | 0 1 0 |—01 —01 —02/-02—02—01 | —01,+01 101 H0.2 | +02 |
| |

i

between the stages. The direct coupling avoids the
low-frequency attenuation and phase shift associated
with a coupling capacitor, thercby reducing the
possibility of motorboating. Bass and treble equal-
izarion are accomplished secparately; bass equaliza-
tion within the feedback loop, and treble equalization
outside. The d.c. conditions are stabilized by two
d.c. feedback paths.

The battery supply is decoupled by RI10 and

C6, so that cross talk is minimized. (Alternatively,
the units may be operated from separate power
supplics.)
Input Circuit.—The first stage stands at approxi-
mately 300p:A under quiescent conditions, and the
collector-base potential is approximately 3.5V.
These conditions result in close to optimum operation
of the GET 106 as far as noise level is concerned.

Although the input may be applicd between the
base of Q1 and earth, it is possible to make the input
connection such that much more cable capacitance
may be tolerated. In this case, the cable will be
double screened and is connected as follows:—
(a) Outer screen: Betwceen cartridge * earth” an

carth on pre-amplifier.
(b) Inner screen: Left unconnected at cartridge end
and connected to emitter of Q1 at other end.
(c) Inner wire: Between cartridge ¢ live  and input
to pre-amplifier.

These connections considerably reduce the effect
of the cable capacitance, and enable longer cables
to be used.

The reason for the reduction of the effect of cable
capacitance is as follows. The cable capacity con-
sists of two capacities in scries, one between signal
wire and inner screen, C, say, and one betwecen
inner screen and outer screen, C, say. The voltage
across C,, is very small compared with the input
voltage (being e in Fig. 1b), and therefore its cffect
is much reduced. The voltage across C, will be
approximately the samce as the input voltage, but
instead of being associated with an input impedance
of 100k, C, is now connected to the low im-
pedance point at the emitter of Ql (comparce the
impedance at the cathode of a valve).

If C is the effective cable capacitance, and L the
inductance of the cartridge windings, then there will
be a peak in the output at a frequency which is
approximately 1/2x4/LC, if the input impedance of
the pre-amplifier is so high that the resonant circuit
formed by L and C is underdamped. But C, the
cffective cable capacitance, is now very small, and
with usual values of L, the peak in the response will
occur at a frequency well above audibility, and the
output will fall off thercafter.

D.C. Conditions.—The potential at the first base

d
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i1s set by the potential-dividing chain of resistors
R1, R2, and RS, which take approx1matcly 301A
1rom the supply. By defining the potential in this
manner, d.c. negative feedback is applied from the
emitter of Q2 to the base of Ql, thus stablllzmg
the collector current of Ql. By using static com-
plementary symmetry, direct couplmg between
Q1 and Q2 is achicved, whilst maintaining the correct
potentials so that the feedback from collector of
Q2 to the emitter of Q1 may be direct coupled.

The unit should in general be capacxtlvely coupled
into the succeeding amplifier, but the capacitor need
not be larger than 0.5uF, provided that the load is
not less than the recommended lower limit of
50kQ. (The load will be the input resistance to the
next amplifier.)

Performance.—The performance of the
amplifier is shown in Tables 1 and 2.

Table 1: Equalization Accuracy.—This was mea-
sured using average samples of the transistors
specified, and Table 1 shows that the accuracy
was + 0.2dB from 20c/s to 20kc/s. (This accuracy

may be more conveniently expressed as -~ 2 centi-

pre-

Table 2: Miscellaneous Tests and Measurements

(1) A large amplitude signal at 0.1¢c/s caused very little
ringing or overshoot

(2) When a square wave ol 5V peak-to-peak at 20kc/s

was applied at the input the output showed no trace

of ringing or overshoot.

(3) A resistor of 5600 was placed in series with the
battery supply, and the equalization, even at bass
frequencies, was completely unaffected.

(4) A load of 3,300pF at the output caused an attenua-
tion of 1dB at 20kc/s.

(5) Input Impedance: 75kQ at audio frequencies.

(6) Output impedance: 1.5k at audio frequencies.

(7) Maximum input at 30c/s, before clipping: 200mV
r.m.s. Maximum input at 15kc/s, before clipping:
760mV r.m.s.

(8) Total consumption (2 pre-amplifiers): 2.6mA.

(9) Equalization accuracy completely unaffected when
unit was at 60°C for one hour.

(10) The clipping level was reduced by 1dB under the

conditions of (9).

(11) When the supply was reduced to 7.5V, equalization

accuracy was 1 0.6dB, and the total harmonic

distortion, measured at 3.5kc/s and 100mV r.ms.

output, was < 0.05%.

Cross talk between the units was better than 55dB

below 100mV r.m.s. at audio frequencies.

(13) The measured gain of the unit at lkc/s, feeding a
56kQ load, was + 0.1dB relative to unity voltage
gain.

(12)
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bels!)  The accuracy was also measured using
transistors different to those specified, having current
gains of 15 and 30 for Q1 and Q2 respectively, and
was found to be within + 0.5dB from 20c¢/s to
20kc/s. It should be noted that these values of
current gain are lower than the manufacturer’s
published lower limits for the transistors specified.
As noted previously, the accuracy of equalization
depends upon the tolerances of R4, Ro, R9, C3 and
C5.

Distortion.—The distortion was measured at 3.5kc/s
because a filter was available which attenuated the
signal at 7kc/s by 70dB relative to the signal at
3.5kc/s. Thus a signal of 3.5kc/s with very little
harmonic content was available. The distortion
output of 100mV r.m.s. was unmcasurable, so
the figure at 150mV r.m.s. output was measured, and
found to be less than 0.0159%, total harmonic. When
the output is 150mV r.m.s. the input is approximately
300mV r.m.s. which is of the order of ten times
the peak output available from a magnetic cartridge
and a microgroove dis¢ at 3.5kc/s.

Table 2: Miscellaneous Tests and Measurements.—
Results (1) and (2) show that the pre-amplifier is very
stable. Result (3) shows that the unit’s performance
will not deteriorate as the battery ages (i.c. as its
intcernal resistance gets higher). Result (6) indicates
that screened cable up to 15 feet in length may be
used at the output. Result (7) shows that the pre-
amplifier will handlc signals from a typical magnetic
cartridge at well below clipping level. Results (9)
and (10) show that the unit is unaffected by tempera-
tures of up to 60°C (which is 140'F). Result (11)
shows that the performance is but little affected by
the supply voltage in the range 7.5 to 18V.
Noise.—To measure noise levels of better than

60dB with respect to 100mV r.m.s. requires a
very sensitive valve voltmeter. The most sensitive
valve voltmeter available had a full-scale deflection
of ImV r.m.s., and when the input of the pre-
amplifier was terminated with a 600Q wirewound
resistor, the noise level did not register.

Listening Tests—The unit was tested in conjunction
with a Decca “ffss’ stereophonic cartridge, an SME
arm, and Leak power amplifiers, and the quality was
clean amd smooth throughout the audio range.
The unit did not introduce audible noise when
connected to the above cquipment. Even when the
supply was decreased to 3V, the difference in quality
was only just noticeable.

Construction.—The layout is not critical, and
the results should be within the design specifications
in all cases. (In fact, the cqualization accuracy
should always be better than -+ 0.5dB from 20c¢/s
to 20kc/s.) When two pre-amplifiers are built for
a stereophonic cartridge, then the signal-carrying
wires of the scparate pre-amplifiers should not cross
or come near to one another, so that cross-talk is
minimized. Also, as shown in the circuit diagram,
the battery should be decoupled via R10 and C6
so that cross-talk due to an impedance in the battery,
which 1s common to both channels, is less likely to
occur,

The frequency responsc of the pre-amplifier may
be made flat by omitting C3, C5 and R9, in which
case the voltage gain will be 10 at all audio frequen-
cies. The output impedance will then be close to
zero, and the input impedance will remain at about
75 kQ.

124

The pre-amplificr would seem to satisfy every
requirement for reproduction of the highest standard
and the equalization accuracy is better than in any
amplifier known to the author.

Credit is duc to D. A. Smith, late of English Elec-
tric Aviation Ltd., for helpful suggestions during
the design of the unit.

Industrial Groups—V

AT the annual general meetings of both Camp Bird
Ltd. and its associatcs Hartley Baird Ltd., sharcholders
asked if a list of companics within each group could be
included in future annual reports. These suggestions
werce readily accepted by the respective chairmen, john
Dalgleish (Camp Bird) and A, W. M. Hartley. As it
will be nearly a year before effect can be given literally
to these requests, we feel we may be doing a service
to readers by publishing a list of companies i the
Camp Bird Group ot which Hartley Baird is a member

Camp Bird is an old-cstablished mining company
with interests in Colorado and Canada but during the
past few years its operations have been widened con-
siderably and the group of nearly 40 companies now
includes manufacturers of electrical, electronic, plastics
and mechanical equipinent and cold-forging plant.

John Dalglcish, the present chairman and managing
director, joined the group when his company, Sapphire
Bearings Ltd. was acquired. Sapphire Bearings, which
was started in Last London in 1952 with one machine
for grinding sapphirce tips for gramophone styli, became
in three years “ the largest sapphire engineering factory
in the world.” Iis rirlc was changed to E.V. Lid. but
is now opucrating as BElectronic Reproducers (Com-
ponents) Lid,

Four years ago the Hartley Baird Group was acquired
by Camp Bird. It was in 1954 that Baird Television
Ltd. was amalgamated with the Hartley group of com-
panies and the group became known as Hartley Baird.
It continued for some time to produce domestic t¢le
vision reccivers with the trade name Baird, but it will
be recalled thet Hartley Baird recently sold Baird “I'ele-
vision Lid. to Radio Rentals who now usc the trade
name Baird for their sound and television reccivers.

We conclude this very brief and abridged history of
the Camp Bird Group with some figures from the
1959-60 accounts. The group’s share capital and
reserves total £3,879,786. Its fixed assets are £2,296,417.
The 1959-60 trading profit was £295.323 compared with
£366,345 the previous year. The group, however, in-
curred a consolidated loss of £163,028 (after taxation
and the transfer of £278,898 to capital reserve) against
the previous year’s profit of £272,151. The group’s
present consttiion jis:i—

Limit Tools & Gauges

A. Prince Industrial Produces
Rubber Plastics

Tenaplas

Vending Supply & Service
West European Industries

Camp Bird

Camp Bird Finance

Camp Bird industries

Camp Bird Investment Trust

Camp Bird Mining

Camp Bird Securities

Cold Forging

Coolers & Venders

Creston Electric

Efectronic Reproducers

Electronic Reproducers
(Components)

Grahams Trading Co.

Hanworth Engineering (Aircraft)

Inductoforce

Kelly Acoustics

Lambert & Son {(Eastcheap)

Limit Engineering Group

Limit Manufacturing Co

Limit Sales

Hartley Baird
Baldwin, H. J., & Co.
Baldwin Central Products
Baldwin Durawire Cable Co.
Baldwin Engineering

Equipments

Duratube & Wire
Hartley Installations
National Rejectors
Salopian Industries (Me.als)
Thermat
Waldogram Properties
Wireohms (Universal)
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Transatlantic

Radiotelegraphy

By A. M. HUMBY,* m.1.E.E.

PRESENT PERFORMANCE AND FUTURE PROSPECTS

-
IZARLY experiments with very low frequencies led
to the establishment in 1907 of the first commercial
transatlantic radiotelegraph circuit, the two terminals
being Clifden in Ireland and Glace Bay in Canada.

Due to the very long wavelengths involved (several
thousands of kilometers) the efficiency of the acrial
was low, its dimensions being necessarily relatively
small. In consequence, despite the use of trans-
mitters of several hundreds of kilowatts, the effective
radiated power was often too small to produce a
signal at the distant receiving terminal of sufficient
strength to overcome interference from the high
level of atmospheries experienced on these wave-
lengths. It will be appreciated that sharply directive
receiving aerials designed to discriminate against
such interference are impracticable on very low
‘requency systems. Nevertheless a worthwhile im-
provement of signal-to-interference ratio was fre-
juently obtained by the usc of suitably spaced
Bellini-Tosi aerials associated with the radio receiv-
ing site.

Transmission was by Morse code at an average
speed of about 20 words per minute, the precise speed
being frequently adjusted {using the Z code) by quite
small amounts throughout the day and night to
suit the changing conditions of reception (e.g., ZSS3

send 3 words per minute slower). The field
strength of the signal and atmospherics were, as
now, subject, independently, to diurnal and seasonal
variations, and atmospherics also exhibited diurnal
and scasonal changes in their predominant direction
of arrival. On very rare occasions automatic recep-
tion at 50, or more, words per minuté was possible—
such occasions were probably coincident with the
appearance of solar flares, the effects of which, we
now know, may significantly increase the D-region
ionization, and thus increase the intensity of
v.L.f. sky-wave propagation. Unfortunately atmos-
pherics from distant sources may also increase in
intensity under such conditions.

By 1924 the number of long-distance low-fre-

quency radio stations was about 50, but despite the
high degree of technical efficicncy reached by that
date the proportion of world traffic carried by radio-
telegraphy was extremely small.
Operation at High Frequency.—By 1926, however,
a revolutionary change had taken place in that the
short-wave (i.e., high frequency) beam system had
been proved and introduced commercially. Trans-
mitters of about 20kW in power cnabled telegraph
speeds of up to 300 words per minute to be recorded
over extreme distances of the earth, and commercial
circuits were set up in the United Kingdom to work
with Australia, Canada, India and South Africa.

The use at the transmitter of highly directional
acrials (made practicable by the use of high fre-
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quencies) enabled the signals to be concentrated in
the required direction thereby significantly increas-
ing the effective radiated power. The use at the
receiver of similar aerials resulted in a considerable
improvement in signal-to-interference ratio, except
of coursec when the direction of arrival of the de-
sired and undesired signals was substantially similar.

Within two or three years several hundred high
frequency stations had been set up, and the whole
world became linked up by long-distance radio-
telegraph channels. Analyses of circuit perform-
ance and frequency usage, and their subsequem
correlation with solar, magnetic and other data
materially assisted the development of long-distance
radiotelegraphy disclosing, for example, that the
optimum frequencies on any given route were critic-

*Royal Naval Scientific Service.
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Fig. 1. Average monthly performance over the London-
Montreal radio circuit for the years 1933 to 1952 inclusive.
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Fig. 2. Similar data to Fig. | over London-Halifax radio circuit
for the years 1949 to 1959 inclusive.
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Fig. 3. Upper and lower usable frequency limits over the
London-Halifax radio circuit for December 1954; year of
minimum solar activity.
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Fig. 4. Similar data to Fig. 3 but for December 1958, year of
maximum solar activity.

ally dependent upon the epoch of the 11-ycar solar
cycle, for any given time of day and scason.

It very soon became apparent th