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F. L. Devereux Retires

AFTER more than 40 years with Wireless World, including eight as Editor, F. L. Devereux
has retired. <A native of Birmingham, he became interested in wireless while at
school in 1913 and had the (then) rare distinction of being given lines for drawing a circuit
diagram in the flyleaf of his history book. He succeeded in building a crystal receiver,
including headphones made from wooden pill boxes, with which he could receive (in
Morse) the news bulletins from Eiffel Tower and recalls telling his parents that war had
been declared hours before the special editions of newspapers were on the streets.

In 1917 he went to Parkeston Quay, Harwich, as a laboratory mechanic in the Board
of Invention and Research engaged on anti-submarine methods, and in 1918 joined the
Navy as a midshipman (Anti-submarine Division). ‘

For a period immediately after demobilization in 1919 he joined his father in the family
business as a manufacturing jeweller, but believing his potentialities to-be scientific rather
than artistic he was allowed to go to Birmingham University for three years where he took
a degree in physics. ‘

After toying with the idea of following his Professor’s advice to go into teaching, he
finally settled for what by now was clearly his abiding interest and in 1922 joined a
Birmingham firm then in process of diversifying into the new field of sound broadcasting.

" He supplemented his meagre income by writing weekly features on the technical aspects

of broadcasting for the Birmingham Post, which were subsequently produced in evidence
when he was asked to show just cause why he should not accept a post on the editorial
staff of Wireless World in 1923.

After a brief return to industry in 1924, during which time he continued to contribute
regularly to W.W., he rejoined the permanent staff and served for 30 years as an editorial
assistant. until he was appointed Assistant Editor in 1956 and Editor in 1957.

It is perhaps invidious to single out any one facet of his many contributions to the journal,
the large majority of which have been unsigned, but mention must be made of the series
of loudspeaker tests which he introduced in 1935 having built and calibrated an automatic
loudspeaker frequency response curve tracer. It can now be said that more than one
manufacturer submitted a prototype of a new loudspeaker for test before going into
production!

G. A. Briggs in his “Audio Biographies,” says: “ Although I have known F.L.D.
some twenty-five years, there has never been any “scratch my back and I’ll scratch

_ yours’ about the association. (You can’t work that way with reputable journals or good

audio writers.)” .

We wish him a long, happy and healthy retirement during which he will have more
time to enjoy his recreational interests, which include playing the viola, agriculture and
horticulture.

Mr. Devereux is succeeded as Editor by H. W. Barnard, who has been 40 years with
Wireless World, and Assistant Editor since 1959. T. E. Ivall, who recently returned to the
editorial staff after a few years’ absence, becomes Technical Editor. At the same time,
W. T. Cocking, who has been associated with the journal for 35 years and has recently
been Editor of Industrial Electronics, has been appointed Editor-in-Chief of both Wireless
World and Industrial Electronics.
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Field-effect Devices

By G. H. OLSEN,* B.Sc., A.M.1.LE.R.E.

LTHOUGH it has been possible for more than thirty
years to make field-effect devices in the laboratory,
it is only recently that the significant advances made

in semiconductor technology have enabled us to manu-
facture reliable units with useful characteristics. In an
early form (O. Heil’s patent—1935) the resistance of a
semiconducting layer could be varied by the application
of a varying voltage to an adjacent-control electrode. The
control electrode, although close to the semiconducting
layer, was electrically insulated from it. In those days
materials such as cuprous oxide and vanadium pentoxide
were used, whereas to-day we employ p- and n-type
silicon, cadmium sulphide, cadmium selenide and other
semiconductors known to the manufacturers of solid-
state devices. We have, in the field-effect transistor
(f.e.t.), a device of outstanding importance; and it is
not therefore surprising that in the last few years increas-
ing emphasis has been placed on research into the physics
and applications of such devices. It is, perhaps, not too

* Rutherford College of Technology, Newcastle-upon-Tyne,

o OHMIC
SOURCE CONTACT
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Above: Fig. |, The Shockley-type SOURCE DRAIN® GATE 1
device.
Right: Fig. 2. A Ferranti-type

device. For many applications gate
I and gate 2 are connected together
in the external circuit.
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rash to predict the eclipse of the conventional transistor
in several applications.

The trend in the last ten years towards transistorizing
equipment has made us realize that the ordinary form
of transistor suffers from several disadvantages, the most
important being a low input-impedance. In conventicnal
transistors noise is an inherent problem that results from
the inevitable crossing of potential barriers by majority
carriers and the recombinations that occur mainly in
the base region. When using transistors in D.C. ampli-
fiers for low-level work, in the medical or biological
fields, for example, the oﬁ-set voltage is troublesome.
Readers will recall that when we use ordinary transistors
as choppers in d.c. amplifiers there is a small output from
the chopper amplifier even when there is no input. volt-
age. ' This output voltage, known as the off-set voltage,
results from the difference between the unequal voliages
that exist across the two p-n junctions within the tran-
sistor when the latter is in the “on” or conducting state.
Unfortunately the offset voltage is a function of tempera-
ture so that variations of ambient temperature give rise
to the introduction of a spurious “input” voltage.

Field-effect devices, as we shall see later, overcome
these disadvantages. The reverse-biased diode type of
f.e.t. has an input resistance of about 10'® ohms, whilst
the insulated gate types now under development have
input resistances approaching 10'* ohms with input
capacitances of less than 5 pF. Herein lies the most
important advantage of the field-effect transistor. Since,
in the f.e.t, current is carried by only one type of
charge carrier, and there are no potential barriers to
cross, these new devices have a lower noise figure than
ordmary transistors. In addition f.e.ts. have no off-set
voltage. This means that we can now combine the
desirable features of the thermionic valve with those of
a conventional transistor in a device that could be a
superior substitute for both in many circuit apphcatlons.

Basically there are three types of field-effect transistor,
namely, the reverse-biased p-n junction type, the insu-

 lated gate device based on a single crystal and the
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insulated gate version that uses a polycrystalline layer
of semiconductor.

The Reverse-biased Diode F.E.T.

This type of device was first proposed by Shockley’, who
called it a unipolar field-effect transistor because only one
type of charge carrier is used to carry the current. This
is different from a conventional bipolar transistor in
which both majority and minority charge carriers are
involved.

Fig. 1 shows schematically the construction of such a
device. A bar of n-type material has p-type impurities
introduced into opposite sides. These p-type regions
form the control electrode known as the gate. Between
the gate electrodes there exists a channel of conducting
material extending to ohmic contacts at the ends. One
end is called the source and the other end the drain.
Majority carriers (electrons in this case) may then flow
along the channel from source to drain between the gate
electrodes. ‘The source-to-drain current, Ip, for a given
source-to-drain voltage, Vbs, will depend on the total
resistance between the drain and the source. The resis-
tance is determined by the effective width of the channel
between the gate electrodes. The gate-channel junctions
are operated as reverse-biased p-n junctions. As the
reverse voltage is increased, the depletion layer is exten-
ded into the body thus reducing the effective channel
width and hence its conductance. It will be recalled
that the depletion layer is an insulating layer since, as the
term implies, this region is depleted of charge carriers.
Thus, we can modulate the source-to-drain current by
the application of varying gate voltages. Since the gate-
channel junction is operated as a reverse-biased diode,
the gate input resistance for silicon devices is extremely
high. As will be seen from Fig. 1, depletion layer thick-
ness is not constant in width along the channel. The
region of the gate nearer the drain will have a greater
reverse-bias voltage than elsewhere because of the volt-
age drop along the channel. The application of sufficient
reverse voltage reduces the effective channel width to
zero, and thus the current, Ip, is cut off. The channel
is then said to be “ pinched-off.” The minimum voltage
between the gate and source necessary to produce pinch-
off conditions is termed the pinch-off voltage, Vi.

Although improvements in transistor technology have
modified the physical arrangement used in the Shockley
transistor, the principle of operation remains unaltered.
The early Shockley types could not be made in commer-
cial numbers with the techniques available in the mid-
1950s. Now that the industry has mastered masking,
diffusion and epitaxial techniques for silicon devices, we
are able to manufacture f.e.ts with a reasonable degree
of reproducibility. Fig. 2 shows the physical form of a
modern f.e.t. taken from a Ferranti report.” The drain
characteristics for one of their commercially available
devices are also given. At the time of writing (Feb.,
1965), the cost of such devices is high (approaching £10
each for several manufacturers’ products). However,
such cost reflects the expensive research involved. Fun-
damentally, the devices are cheap to make; and with the
fast-increasing use of large numbers of f.ets lit is
expected that the cost will compare favourably with that
of conventional transistors.

Fig. 3(a) shows a circuit designed by Ferranti Ltd. for
the ZFT 12 field-effect transistor®. In order to test the
claims made for the device the circuit was assembled on
a piece of Veroboard* 2% in by 1 in. The gate electrode

* Trade name of Vero Electronics Ltd.
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Fig. 3(a)>. High input impedance circuit (Ferranti Ltd.).

OUTPUT WAVEFORMS

INPUT

——

tke/s 4V rms.

15¢/s SQUARE-WAVE
{15V pk-to-pk)

200c/s SQUARE-WAVE
{15V pk-to-pk)

Ikc/s SQUARE-WAVE
'(lSV Pk-to-pk)

10kc/s SQUARE-WAVE
{15V pk-to-pk)

50ke/s SQUARE-WAVE
(15Y pk-to-pk)

Fig. 3(b). Oscillograms showing the performance of the amplifier
of Fig. 3(a) under the conditions described in the text.

was taken directly to a polythene-insulated terminal. The
output of the f.e.t. is taken wia a capacitor to the base
of a silicon n-p-n bipolar transistor. Heavy negative
feedback is used to increase the input impedance of the
complete amplifier. Ferranti claim for their circuit an
input resistance of 500 M, an input capacitance of
4.5 pF and unity gain. 'The resistors in the test amplifier
were ordinary 10% tolerance types. The amplifier was
found to have an input resistance of 490 M}, an input
capacitance of 10 pF (including the very short input lead)
and a gain of 0.99. The distortion at 1kc/s was too low
to be measured on a Marconi distortion meter when the
input voltage was 4V r.m.s. Clipping of sine waves was
not evident on the oscilloscope until the r.m.s. voltage

261

www americanradiohistorv com


www.americanradiohistory.com

reached 5.1 V. Fig. 3(b) shows the outward waveforms
obtained with an input sinusoidal voltage of 4 V r.m.s. at
1kc/s and square-wave inputs of 15¢/s, 200¢c/s, 1kc/s,
10kec/s and 50kc/s. The square waves had a pk-pk
voltage of 15V.

The Metal-oxide-semiconductor Transistor
Insulated Gate F.E.T.

An attempt to increase further the input resistance of
field-effect devices has resulted in a return to O. Heil’s
idea whereby the gate electrode is electrically insulated
from the conducting channel. The construction and
mode of operation is, therefore, significantly different
from che Shockley reverse-biased diode type. Although
only in the development stage at the moment, it seems
that this latest device will give a much improved per-
formance over the diode type.

There are several ways in which the insulated gate type
of transistor may be constructed. ILet us consider first a
prototype model of the kind made by Hofstein and Hei-
man.® Once this- type has been understood, modifications
can be easily appreciated. The main constructional fea-
tures are shown in Fig. 4(a). A p-type silicon body is
used as a substrate upon which are diffused two: heavily
doped n-regions in closely spaced -parallel strips along
the body. A layer of silicon dioxide some 1,000 A thick
is then thermally grown or evaporated on to the surface
using a mask to leave the n-type regions uncovered. On
the surface of the silicon dioxide insulating ilayer, and

ALUMINIUM
GATE

HEAVILY-DOPED
N-REGION

T-TYPE ENHANCEMENT CHANNEL WITH s
SUBSTRATE CONNECTED TO SOURCE : !
P-TYPE SUBSTRATE

T -REGION

DEPLETION REGION
DRAIN

GATE . /
' / 510,

SOURCE
'$10,

CHANNEL

. HEAVILY-DOPED
(N-TYPE DOPING)

N-REGION

HEAVILY-DOPED
TI-REGION

Fig. 4(a). An enhancement-type unit and typical
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"HEAVILY-DOPED

between the n-type regions, an aluminium layer is de-
posited, which acts as the gate electrode. This method
of insulating the gate is preferred to the use of a discrest
wafer of insulating material partly because of the thinness
that can be achieved, and also because a thermally grown
silicon dioxide layer passivates the silicon surface (i.e. it
reduces very considerably the density of surface traps).
Ohmic contacts are made to the n-regions (one of which
acts as the sink and the other the source) and also the
gate. By making the gate positive with respect to the
source, a positive bias exists between the gate and the p-type
body in the region of the source. Positive charge carriers
are repelled into the body and negative charge carriers
are attracted to the surface. At the body-silicon dioxide
interface there is thus induced an n-type layer of mobile
charge carriers. This layer connects the drain and source
resistively; it is often referred to as an inversion layer
because, on increasing the gate voltage from zero, the
channel, originally p-type, becomes intrinsic and then
finally an n-type layer is formed. Further increases in
gate voltage increase the number of electrons in the chan-
nel thus reducing the resistance between the source and
drain. If a voltage is now applied between the source
and drain, a drain current, Ip, will low. The magnitude
of the drain current can be varied by applying varying
voltages to the gate. Although the gate is positive no
current is taken by this electrode, since the silicon dioxide
acts as an excellent dielectric.

Input resistances of the order of 10! ohms have been
achieved in available British units; whilst the Americans
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characteristics; (b) A depletion-type device,
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S1.0,
CHANNEL 510,

Fig. 5. Alternative geometry for an insulated-gate f.e.t.
The heavily doped regions are shown dotted. ) .

are claiming up to 10'® ohms for some of their transistors.
We have therefore a solid-state device that is a close equiva-
lent to a triode insofar as it is a voltage-operated device
with a very large input impedance.

Insulated gate field-effect devices may be operated in
one of two ways, namely, the enhancement mode or in
the depletion mode, depending upon the form of con-
struction used. In the enhancement mode we have an
n-type channel between heavily doped n-type regions
with the gate extending across the entire channel as in
Fig. 4(a). The gate is forward-biased enhancing the
number of. electrons in the channel and reducing the
source-to-drain resistance. At zero gate voltage the num-
ber of charge carriers in the channel is very low and so
the drain current is effectively zero. One of the dis-
advantages of the enhancement type unit is the large
capacitance associated with the gate electrode. To over-
come this we may use an offset gate that does not cover
the whole of the channel. Normally this would produce
a very high resistance in the channel region not influenced
by the gate. However, by suitable doping, a channel may
be produced that has appreciable conductivity at zero
gate voltage. Such a transistor would be a depletion
type and have the drain, source and channel regions all
of the some conductive-type material although the drain
and source regions are still heavily doped. The gate
voltage must then be driven to some negative value
before the drain current is zero. Fig. 4(b) shows the
cross-section of this type of unit together with typical
characteristics. It will be seen therefore that the pinch-
off voltage, V,, for a given transistor .may be positive,
zero or negative depending upon the construction. In
practice it is difficult to determine just when the drain
current is zero so V, is defined as that voltage that reduces
the drain current to some specified low value (say 10 to
20pA).

Fig. 5 shows an alternative geometry. Some manu-
facturers (e.g. Ferranti and Mullard) make a fourth con-
nection to the substrate creating a four-terminal device.
Many workers are now exploiting f.e.ts., and since
several applications have been published, they will not be
repeated here (see for example the article by F. Butler
in the February 1965 issue of the Wireless World, corres-
pondence in the following month’s issue and also the
Mullard booklet on their 95 BFY f.e.t.).

T(hin)-F(ilm) T(ransistors)

Conventional transistors, and those field-effect types
so far described, depend for their successful action upon
mechanisms within single crystals that have been suitably
doped, polycrystalline material being clearly unsuitable.

WIRELESS WORLD, JUNE 1965

However, a new type of amplifying device, that may
loosely be called a transistor, has been described by
Weimer." A microcrystalline layer of semiconductor has
been used as a channel; and it is claimed that when low
resistance contacts are made to the film, thus forming
source and drain electrodes, a device is obtained that has
a voltage amplification factor greater than 100, an input
impedance of greater than 10° ohms shunted by 50 pf,
gain-bandwidth products in excess of 10mc/s and
switching speeds of less than 0.1 sec. So far as the
writer is aware these units are not available from British
manufacturers, but if the claims made for the device are
realized in units that can be easily reproduced on a com-
mercial scale, then a potentially cheap and popular tran-
sistor will be added to the range already available.
Development is being pursued feverishly and already
Weimer, Shallcross and Borkan,” with an improved elec-
trode arrangement, have raised the input resistance to 10*°
ohms and extended the gain-bandwidth product to 25
mc/s. -
Cadmium sulphide was chosen by these workers for
the semiconducting film, presumably because a good deal
is known about the solid-state physics of this material as
well as the technology associated with its deposition in
thin films. Fig. 6 shows diagrammatically the coplanar
electrode form of a thin-film transistor (t.f.t.). A poly-
crystalline n-type CdS layer, a fraction of a micron thick,
is deposited on an insulating substrate; and evaporated
aluminium contacts are made to form the source and
drain. The length of these electrodes is about 2 to 5mm,

POLYCRYSTALLINE CdS FILM Si0,0R OTHER INSULATOR

SOURCE DRAIN

07

INSULATING - SUBSTRATE

Fig. 6. A coplanar electrode arrangement of a thin-film transistor.

and they are spaced about 10 microns apart. An insulated
gate is then formed in the usual way, the insulator being
about .500 A thick. Insulating materials found to be
satisfactory are silicon monoxide and calcium fluoride. As
in the f.et. described earlier, the presence of the
insulating layer permits positive biasing of the gate with-
out that electrode drawing current of any great magni-
tude. Typical drain characteristics exhibit the pentode-like
characteristics of the f.e.t.

There are no prizes for guessing that the way in which
this type of transistor works is more complex than those
field-effect devices that rely on single crystals. In fact,
the mechanism whereby the gate modulates the drain
current is not yet fully understood. The picture is cer-
tainly complicated by the fact that the semiconducting
layer consists of many small crystallites thus introducing
the complications of grain boundaries and surface defects.
The t.f.t. is a majority-carrier device in which the appli-
cation of a voltage to the gate brings about the injection
of majority carriers into the semiconductor via the source
electrode. Many charge carriers are held by the surface
traps and other immobile sites; and those that are not so
held contribute to the density of mobile carriers. Increa-
sing the gate voltage in an enhancement type unit
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Fig. 7. Drain characteristics for a coplanar electrode f.e.t.
of the enhancement type.

increases the density of carriers thus increasing the
channel conductivity. The surface conductivity can alter-
natively be reduced by decreasing the gate voltage in
which case the device is being operated in the depletion
mode. In this latter case, reduction of the gate voltage
. from zero depletes the surface of mobile charge carriers.

For the types of construction that yield useful tran-
sistors, the field-effect is, of course, the dominant
mechanism. Fig. 7 shows the characteristics that are
obtained in one type of unit. The slow initial rise of drain
current with gate voltage supports the theory that surface
traps and states are being filled. As, however, the bias
voltage is increased, the typical saturation and spacing
characteristics of field-effect experiments are obtained.
Such saturation effects are not always obtained in experi-
mental units, however, owing to faulty construction and
the effect of source-drain contacts. There is certainly
still much to learn about the physics and technology of
this device. In particular, we may note that cadmium
sulphide is not the only semiconductor suitable for
tfts.  Although it is necessary to use a wide-gap
semiconductor such as CdS in order that the resulting
high resistivity avoids the shunting of the channel by the
bulk of the material, other materials may prove to give an
improved performance.

No one can doubt that these new field-effect transistors
are very important additions to the range of solid-state
electronic devices. Apart from the advantages already
mentioned, we can easily see that the geometry of these
new devices lends itself admirably to their incorporation
in micromodule systems. With conventional bipolar
transistors the current flow is perpendicular to the sur-
faces, whereas with the new active devices the electrodes
can be brought out in a direction parallel to the substrate.
Now that thin-film resistors, capacitors and inductors can
be readily produced, it is particularly advantageous to
have a thin-film transistor that can be fabricated by the
same techniques. The advantages of thin-film circuits
have not in fact been fully realized to date largely because
of the lack of an active device such as the thin-film tran-
sistor, We shall certainly in the future be hearing much
more about the incorporation of f.ets and t.f.ts into
solid-stage circuitry, and in other circuits where the
conventional transistor has not proved wholly satisfactory.
Engineers brought up on thermionic valves will be parti-
cularly interested in having a solid-state voltage operated
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device that permits operation at high input impedances
with very low noise levels. Those concerned with the
design of integrated circuits will welcome such features
as the direct-coupling possible because the control elec-
trode of an insulated-gate device can be operated with a
positive bias; the relative immunity from radiation effects
(because f.e.ts operate with only one kind of charge
carrier); and the elimination of temperature compensating
circuitry due to the fact that these new devices are not
very susceptible to changes in ambient temperature.
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THIS MONTH’'S CONFERENCES
AND EXHIBITIONS

Further details are obtainable from the addresses in parentheses
LONDON

June 15-19
Church and School Equipment Exhibition
(Iliffe Exhibitions, Dorset House, Stamford St., S.E.1)

Earls Court

June 15-19 Earls Court
Noise and Vibration Reduction Exhibition
(NAVREX, Crown House, Morden, Surrey)

June 16-26 Olympia

Interplas Plastics Exhibition
(British Plastics, Dorset House, Stamford St., S.E.1)
June 30-July 2 University College
Microwave Applications of Semiconductors
(ILER.E., 8-9 Bedford Square, W.C.1)

EXETER

June 12-17
International Spectroscopy Colloquium
(Inst. Phys. & Phys. Soc., 1 Lowther Gdns., London, S.W.7)

The University

OVERSEAS

June 7-9 Boulder
Global Communications Convention
(W. F. Ulsnt, N.B.S., Boulder, Colo.)

June 10-21 Le Bourget

Paris Air Show
(U.S.1.A.S., rue Galilee, Paris 16)
June 18-29 Rome
Electronics Congress & Exhibition
(Rassegna Elettronica, via della Scrofa, 14, Rome)

June 20-24 Houston
Aerospace Conference
(T. B. Owen, 635 20th St., Santa Monica, Cal.)

]une 22-25 Troy, N.Y.

Joint Automatic Control Conference
(Prof. J. W. Moore, University of Virginia, Charlottesvxlle)
June 27-July 3 Stockholm
Navigation Congress
(British National Navigation Committee, c/o I.C.E.; Gt. George
St., London, S.W.1)
June 28-29
Physics of Quantum Electronics
(P. L. Kelly, M.I.T. Lincoln Lab., Lexington, Mass.)
June 28-30 New York
Electromagnetic Compatibility
(LLE.E.E., Box A, Lenox Hill Station, New York 21, N.Y.)

San Juan, Puerto Rico
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Information Theory and
Pulse Communication

By D. N. TILSLEY,* B.Sc., Grad.Inst.P., A.M.LE.R.E.

NFORMATION Theory, or Communication Theory
as it is sometimes called, can be applied to almost
everything from music and poetry to the sense of

smell. But:it was developed by communications engineers
and it is most relevant to us as communications engineers,
since it enables us to take a very wide view of our subject.
1t was given its present elegant and comprehensive form
by C. E. Shannon over fifteen years ago, but the basic
ideas have evolved gradually over the last century.
The full theory is difficult even for mathematicians, but
the principles can be readily understood.

Information is transmitted by some quantity assuming
different values in succession. Ordinary conversation is
effected by our varying the air pressure in talking;
some insects probably communicate by waving their
antennae. But electrically, information is usually trans-
mitted by a varying voltage or current. In all forms of
communication something must change its value or level.

There are two very important and fundamental limits
to the quantity of information which can be transmitted
in a given time:

(1) There is a limit to the number of different levels
which may be distinguished.

(2) A finite time is needed for the quantity to change
from one level to another.

A wall chart could be made showing a column of the 26
letters of the alphabet, and words could be spelled out by
a pointer indicating one letter at a time. Why could not
this chart be printed with all the words of the dictionary,
or even all the 10* possible sentences? This surely would

speed up communication.

" Quite apart from the limit due to the size of the carbon
particles in printer’s ink, the end of the pointer would be
subject to small erratic movements which would cause
uncertainty as to which level was intended. In every
system there are small unpredictable random variations
which are called noise. Sound is transmitted by air
pressure and ultimately this is due to the bombardment
of the individual molecules of which the air is composed.
Similarly an electric current is the flow of electrons, and
they too are subject to random movements. In general
it will be very difficult to distinguish between levels
differing by less than this random noise level. (It is
interesting to note that our senses can operate down
almost to the body’s noise level. If you shut your eyes
in a dark room you can see countless minute pin points
of faint light: listen intently and you can hear a faint
rushing noise.)

Noise is responsible for our first limit: we cannot use
too many levels. In telegraphy and data transmission
frequently only two levels are used—on and off, and then
transmission in the presence of noise is possible with very
few errors, since the receiver has to distinguish only
between * signal” and “no signal.”

* Borough Polytechnic, London, S.E.1.
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How much information can be transmitted by a single
signal which may be at any one of N levels? The usual
unit of information is the binary digit or “ bit.” " A single
answer which must be either * yes > or ¢ no ” provides one

““ bit” of information. (This is strictly true only if the

answers “ yes > and “no ” are equally likely.)

If there are four possible levels, 0, 1, 2 and 3, then
which level is intended could be fixed by the answers
to two “yes or no” type questions, such as “Is it
greater than 1?” “ Yes.” “Is it No. 2?” “ No.” There-
fore the required level must be No. 3. Similarly, to fix
which of 8 possible levels is intended requires 3 bits,
16 levels need 4 bits and 32 levels need 5 bits. Now
4=22, 8=23, 16=2% and 32=25. The number of bits of
information contained in the knowledge that a signal is
at a particular level, when it could equally likely be at
any one of N possible levels, is log, N bits. To apply
this to an electrical system, we will assume that the input
signal power is P, and that the input noise power is P,
so that the total input power is P,+P,. Voltage levels
differing by less than the noise voltage cannot easily be
distinguished and so, since veltage is proportional to the
square root of power, the greatest number of distinguish-

P.+P
able levels is A/ LP}_—Z‘ A single signal transmitted

n

. . . . .. P
over a system in which the signal-to-noise power ratio 1s ITS
n

will therefore be capable of containing up to 1082/ £ s;_ L
n

P\¢? )
=log, {1+=°) = % log, 1+E) bits of information.
P, P,

The second fundamental limit would be attributed by a
mechanical engineer to inertia: the pointer on our wall
chart cannot jump instantaneously from one level to
another. We electronics engineers think of rise and fall
times as due to capacitive and inductive circuit ele~
ments. Circuits with a fast risetime will also respond
to the fast variations of high frequency sinewaves, and
really “ risetime > and “ bandwidth ”” are just two different
ways of looking at the same thing.

Fig. 1. Showing that risetime in a circuit is approximately half the
period of the sinewave of the maximum frequency to which the circuit
will respond.
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L L

If a circuit can respond to all frequencies up to f, then
the risetime will be approximately one half of the period
of the sinewave of this frequency, that is, the risetime will
be 1/(2f). Fig. 1 shows a dotted sinewave of the highest.
frequency to which the circuit responds, and the thick
line shows that this is equivalent to a risetime of one half
of the complete period.

Since the time required to change from one level to
another is 1/(2f), we can have 2 changes in level effected
in one second when the bandwidth is f ¢/s. This is not
really a proof, and there are the difficultics of how we
define risetime and bandwidth. However, the final result
is true and is capable of rigorous proof: we have merely
shown that the result is a very reasonable one.

. . (P
Since each change of level can provide .}Iogztl §-PAS

N H
bits, the theoretical maximum rate of transmission of
information over a channel of power signal-to-noise

. P, . .
ratio " and bandwidth f cycles per second it

P,
P, P\ ..
2f < Hlogy {1+=7) = f logs|1--=%) bits per second.
P, P,

Although it had been realized for a long time that a
high rate of information requires a wide bandwidth and a
good signal-to-noise ratio, this very important equation,
due to Shannon, provides a quantitative relationship.

There is one more piece of theory to be glanced at
before considering the application of all this to pulse
communication. It is the Sampling Theorem and it is
fundamental to all pulse communication systems, such as
pulse amplitude modulation (p.a.m.), pulse width modu-
lation (p.w.m.), pulse position modulation (p.p.m.) and
pulse code modulation (p.c.m.).

The information to be transmitted is usually a continu-
ously varying quantity, such as the output from a micro-
phone, but pulses are discrete and separate. So in pulse
communication systems the continuous a.f. output from
the microphone (suitably amplified) is *sampled ” as
shown in Fig. 2. Pulses are thus obtained whose height or
amplitude is equal to that of the a.f. waveform at the
instant of sampling. k

This sampling process is the first step in all pulse
systems. One might think that it is bound to result in
some loss of information, but this is not necessarily so, and
the Sampling Theorem states that if the highest frequency
present in the a.f. waveform is f, then no information
need be lost if at least 2f samples are taken per second.
To illustrate this let us imagine that a cine film is being
made of a swinging pendulum. If one frame or * shot
were taken for each complete cycle, the resulting film
weuld give the wrong impression and the pendulum
would appear stationary. It would be essential to take at

266

Left: Fig. 2. Pulses of varying amplitude resulting from sampling a
continuous a.f. waveform.

Below: Fig. 3. (a), (b) and (c) show the a.f. waveforms from three
channels A, B and C. They are sampled in turn and (d) shows them
arranged for p.a.m., t.d.m. The pulses marked A;, Ay A; . . . are the
samples of waveform A, and those marked By, By, By . . . represent
waveform B, sampled a microsecond or so later. (e) shows the pulses
marked Ay, Ay, A,y . . . extracted, and the dotted line indicates the
waveform which could be derived from these pulses, and which
should be identical with that of (a). Similarly pulses B,, B, etc..
could be extracted and made to furnish the waveform of (b). Many
channels may be multiplexed in this way, each set of pulses, A,
B,, C,, being preceded by an easily recognized synchronizing pulse,
probably of much longer duration. " This simplifies the sorting out of
the multiplexed pulses at the receiver: the first pulse after the sync
pulse is an A, the second a B, and so on.

A/ e

The
B\ (b)
c\/ “
| 1

H ” H H (@)

MCBCG Ay By G Ay By G
_///,"-
///
g * ()
A A 4 TIME
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least two frames for each complete period of the pendulum.

Generally for a sinewave if we know the amplitude at
two instants in the cycle, we can reconstitute the original
waveform. The possible objection that we do not know
its shape, and that there might be a *“ wiggle ” in it, is
not a valid one, for this implies that there is some com-
ponent of higher frequency present. (In a way the
Sampling Theorem is the converse of the previous
theorem that 2f changes in level can be transmitted in
one second over a bandwidth of f c/s.)

This sampling rate of twice the highest frequency
present is called the Nyquist Rate. The a.f. waveform is
first passed through a low-pass filter with a sharp cut off:
for speech this might be designed to eliminate frequencies
above 3.4kc/s. This waveform could then be sampled
at 8 ke/s or perhaps 10 kc/s. (6.8 ke/s would not be
suitable, since no filter can have an infinitely sharp cut-off.)

The resulting samples might be transmitted along a
line, in telephony, or used to modulate a radio frequency
carrier, in radio transmission: this is pulse amplitude
modulation. Usually several separate channels, each from
a different telephone conversation, are  multiplexed”” on
a time basis and transmitted over a single line or radio
link. This is called time division multiplex (t.d.m.) and
1s shown in Fig. 3 for p.a.m.; the other pulse systems
which we will consider later ars also usually multiplexed
in this manner.

P.a.m. is a relatively simple system, but it gives no
protection against noise. Any noise superimposed on
these pulses during transmission will appear as noise on
the reconstituted waveform in the receiver output. Pulse
width modulation gives much better protection. In this
system pulses are transmitted whose width is proportional
to the amplitude of the samples. Fig. 4(a) shows a wave-
form as it would be transmitted by p.a.m., and (b) shows
the corresponding p.w.m. waveform.

Suppose now that the received pulses have noise
superimposed as shown in Fig. 5(2). The information is
contained in the width of the pulse, and the noise sprout-
ing on top of the waveform does not affect this. We may
not know the true amplitude, but the width can be found
exactly. If desired the noise can be eliminated by slicing
off the top and the bottom of the waveform, and no noise
would be detectable in the receiver output.

So it seems that we have beaten Shannon’s formula,
since it appears that we have eliminated noise. But we
have considered an ideal pulse of zero rise and full times.
If we draw an actual waveform such as in Fig. 5(b) it can
be seen that the width of the pulse is slightly influenced
by the presence of noise on the rising and falling sides of
the pulses. The steeper their slopes the better protection
against noise the system will give, but steep rise and falls

necessitate a wide bandwidth for their transmission, and

we are thus exchanging bandwidth for signal-to-noise
ratio. In fact the rate of transmission is very much less
than the theoretical maximum rate derived from Shannon’s
equation.

Really the only information.in p.w.m. is contained in
the starting and finishing times of the pulses and it is
unnecessary to keep the transmitter radiating uselessly
during the uninteresting flat top of the pulse. It need
give out only a very short sharp pulse defining the
beginning and another one defining the end of the width
modulated pulse. The width modulated pulse could be
made up at the receiver; for example the initial pulse
could trigger a bistable circuit “ on ” and the final pulse
could cause it to revert to its < off ” condition.

In fact if the starting time of each width modulated
pulse were known, by deciding, for example, that the
pulses should start at 10us, 20us, 30us, etc. after a
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(2)

(0)

Fig. 4. (a) Transmission of a waveform by p.a.m.; (b) transmission
of an identical waveform by p.w.m. -

()

(b)

Fig. 5. Noise superimposed on (a) ideal pulse with zero rise and fall
times; and on (b) actual pulses in a practical system.

synchronizing pulse, then all that need be sent for each
width modulated pulse would be a very narrow pulse
defining its back edge. Thus the transmitter would be
off for most of the time and the mean power would be
very low compared with the peak power radiated. This
is pulse position modulation. To define the exact position
of the back edge a pulse of very short risetime is required:
if it is sloping then noise in the system will introduce
uncertainty as to the intended position. P.p.m. is suit-
able for microwave transmission. Such transmitters can
be pulsed in this way, and often the wide bandwidth
necessary for the very fast risetime pulses can be tolerated
at microwave frequencies.

Most advanced and efficient of the pulse communica-
tion systems is pulse code modulation. Here again the
first step is sampling and obtaining amplitude modulated
pulses as in p.a.m. But now the amplitude is measured
and encoded. Suppose the amplitude of these pulses can
be anything between 0 and 31 volts, and that at a particular
sampled instant it is 25.29 V. This is next approximated
to the nearest level and, assuming that we have 32 per-
mitted levels, each one corresponding to a whole number
of volts,*this will give us 25 volts. The number 25 is
expressed in binary form as 11001. A train of five pulses
representing this number is radiated from the transmitter:
amplitude modulation could be used, giving “ on-on-off-
off-on.” (Actually the order of sending these digits is
nsually reversed, so that 10011 would be sent: the reason
for this will be given later.)

The important idea is that, provided the receiver is
able to distinguish between a 0 and a 1, no information
is lost. The pulses received may be distorted and almost
submerged in noise, but provided they are distinguishable
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as intended pulses then the receiving apparatus can
decode them as meaning 25 volts. The process of having
a definite number of levels and then approximating the
amplitude of the sampled pulse to the nearest level is
called quantizing, and this introduces a small error which
shows itself as quantizing noise. If the number of levels
is large, such as 64 or 128 (needing a 6-digit and a 7-digit
code respectively) then this quantizing noise is very
smali indeed. (There is no reason why the levels must be
equally spaced, and a logarithmic spacing with more levels
for the low voltages and fewer for the peaks may be
preferable.) .
Apart from the quantizing noise no noise is introduced
during transmission.. Provided that the signal received in
the presence of noise is capable of being identified as
either “ pulse ” or ““ no pulse,” the pulses might be used.
to trigger a monostable flip-flop which could then furnish
a neat and tidy waveform for retransmissicn. Repeater
stations can thus transmit a regenerated pulse waveform
on to succeeding repeater stations. Thus p.c.m. signals
can be handled by a long chain of repeaters or links with-
out any degradation of signal or introduction of ncise.
You may think that this is very ingenious but feel that

the decoding apparatus must be very complicated,
requiring a computer to construct a pulse whose height
is proportionai to the number represented in binary form
by the train of pulses. In fact the basis of the decoder
is merely a capacitor and resistor in parallel, the time
constant CR being such that the voltage across the
capacitor decreases to one half of its initial value in the

time between successive pulses in the train. In twice this
time the voltage across the capacitor will have fallén to
one quarter, and in three times this interval of time to
one-eighth, Considering our 32-level system which uses
a 5 digit code, the voltage across the capacitor at the end
of the train of 0 and 1 pulses will be th of the peak
voltage of the first pulse -}~ }th of that of the second + }
of the third, -~ % of the fourth - the voltage of the final
pulse. The time constant provides just the correct
weighting for the digits.

We considered level 25, which in binary form is 11001:
it was mentioned that these digits are usually transmitted
in the reverse order as 10011. Suppose these digits are
received and amplified so that the 1s have an amplitude
of 16 volts, then the final voltage across the capacitor
will be

1,0 0 1 25
16[16‘8 Fyty ] 16><16 25 volts.
Tty it with 9 which is 01001 in binary form, or 28 which
is 11100. These must be sent, of course, as 10010 and
00111 respectively. This delightfully elegant decoder is
also due to Shannon. :

Perhaps these pulse systems seem artificial. Burt while
you have been reading this your brain has been receiving
information from all your senses, and the method of
transmission to the brain is by coded pulses. Pulse
communication is the usual method in the nervous
system, so that, far from being artificial, pulse systems
are copying nature,

RECENT TECHNICAL

Semiconductor a.c. switching

highly resistive state (10 MQ) to a very

DEVELOPMENTS

corrosion. Various metal coatings have

device

A DEVICE known as “Quantrol” in
this country and “Ovonic” in the
U.S.A. is under development in a num-
ber of countries to evaluate its poten-
tiality as an a.c. circuit element in

switching and in applications involving a
threshold.

voltage The bidirectional

oV/cm
somA/cm

HORIZONTAL SCALE
YERTICAL SCALE

Fig. 1.

two-electrode device is made from a
three-part semiconductor alloy and when
a given threshold voltage is exceeded a
filamentary breakdown occurs through
the alloy.

On breakdown (which may be from
20 to 110V) the devices change from a

N
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low resistive state (see Fig. 1) and in
this state can pass up to 0.5A. A
typical device has a breakdown poten-
tial of 70 volts and when this is ex-
ceeded the voltage across the device is
reduced to a few volts in approx. 10 nsec.
On removing the voltage, the non-con-
ducting state is returned. However,
three-electrode devices have been de-
veloped in the U.S.A. which can be used
as memory elements with two stable
states,

“Ovonic” is under development by
Encrgy Conversion Devices Inc. and in
this country as “Quantrol” by Elec-
tronic Machine Control Ltd., Bromley,
Kent,

Improving printed circuit
soldering

Research is in progress at the Inter-
national Tin Research Institute (Fraser
Road, Greenford, Middlesex) into the
improvement of the soldering process
in connection with printed circuits. The
object of the present investigations is to
find coatings suitable for application to
printed wiring boards to provide the
highest level of solderability and pro-
tection of the copper conductors against

www americanradiohistorv com

been applied by electro-deposition, a
fused 60/40 tin-lead alloy was applied
by roller-coating and some coatings
were applied by chemical replacement
(“electroless ” plating).  Solderability
was determined by a “ wetting time”
test and the “area of spread” test and
also environmental and storage tests
have been made. Some of the conclu-
sions of the tests are contained in the
1964 Annual Report.

Thin coatings of pure and alloyed
gold 0.25-0.5 microns thick did not im-
prove the spread of solder, gave only a
temporary protection and, as might be
expected, caused the solder to become
embrittled. Increasing the thickness to
2.5-5 microns showed little or no im-
provement, Rhodium and palladium
coatings were inferior to gold. Poor
area of spread and excessively long wet-
ting times were obtained with tin
chemical plating. .

Electro-deposited tin and tin-lead
alloy layers of 5 microns in thickness
were wetted instantly, even after stor-
age treatments, and the area of spread
was fully adequate. However, if printed
boards can withstand the temperature,
hot-dipped tin coating is to be pre-
ferred.
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LIST OF EXHIBITORS (Continued)

Stand No. ) Stand No. Stand No. Stand No.
Mallory Batteries 100 Plannait 451 Sellotape Products 367 Tilson Metal Fabrications (see
Mansol 274 Plessey Group I59 Semiconductors (see Plessey) 159 Twickenham Automation) 103
Marconi Co. 226 Plex (Engineering) 497A Shaw Publishing Co. 354 Tucker Eyelet Co. 212
Markovits, |. 6l Precious Metal Depositors Sifam 461 20th Century Electronics 467
Marrison & Catherall 472 (see P.M.D.) 282 Sintered Glass-to-Metal Seal Twickenham Automation 103
Mec-Test (see M.E.C.) 300 Precision Electronic Terminations (see Mansol) 274 Tygadure -220
Metway Electrical Industries 471 (see Vidor) 361 Slee Semiconductor Equipment 320
Microwave Associates 498 Pressac 357 Smart & Brown (see A.B. Metal) 319 Uitra Electronics 310
Microwave Electronics Systems 491 Printed Circuits Smith, S., & Sons 458 Union Carbide 401
Midland Bank . 489 (see Lewcos) 268 Smith Hobson (see Zenith) 55 United Trade Press 465
milton F;(ozshCo. | Prod 365A Pye Switches 215 3013';,:?" Eleccrlomc Group 321

ining emical Products outh London Electrical (Slee 320 . .

(see M.C.P.) 475 Rank Organisation 171 Spear Engineering Co. ( ) 264 Vaé:lweﬂ En;u;:er;]r}g Cé' (see 169
3IM 165 Rathdown Industries 462 Stability Capacitors 252 Val eggromc achine Co.) "3
Morganite Resistors 301 Reliance Controls |5l Standard Insulator Co. 229 va ra x.°E| . 406
Muirhead & Co. 410 Rendar Instruments Steatite & Porcelain (see VenneE'I ectronics 154
Mullard 307 Reproducers & Amplifiers (R & A)260 Morganite) 301 ngro ectronics 361
Multicore Solders 168 Reslosound (see Derritron) 493 Stratton (Eddystone) 201 V! or Engi . 470
Murex 257 Richard Allan Radio 355  Suflex 210 fsion Engineering

Rivlin Instruments 403 Surrey Steel Components 353
NSF 222 Rola Celestion 223 Wego Condenser Co. 208
Neitl, James, & Co. 261 Ross & Co. (see Marrison T.C.C. 272 Welded Modules 412
Newmarket Transistors 281 & Catherall) 472 Taylor Electrical Instruments 152 Welwyn Electric . 306
Newport Instruments 109 Ross, Courtney & Co. 482 Technical Encapsulations (see Westinghouse Brake & Signal 317
Rotax (see Lucas) 315 Twickenham Automation) 103 Westminster Bank 459
Oliver Pell Control 481 Royal Worcester Ceramics 358 Technograph & Telegraph 464 Weyrad (Electronics) 254
Royston Industries (see Vidor) 361 Tectonic Industrial Printers 230 Whiteley Electrical Radio Co. 163
P.M.D. Group 282 Tektronix U.K. 365  Wingrove & Rogers 202
Painton & Co. 224 SASCO 494 Telcon-Metals 156 Winston Electronics 474
Palmer Aero Prods. (see B.T.R.) 500 SGS—Fa:rchnld 322 Telephone Manufacturing Wire Products & Machine
Parmeko 158 ST 162 (T.M.C)) 153 Design 356
Partridge Transformers 259 Salford (see M-O Valve) 312 Telequipment 231 Wireless World 456
Pelcomponents 326 Salterfix 405 Temco (see Telcon) 156 Woden Transformer Co. 271
Pergamon Press 413 Saunders-Roe & Nuclear Texas Instruments 53 Wolsey Electronics 101
Permanoid 206 Enterprises 59 Thorn-AEl Radio Valves & Work Study Equipment 499
Permark Service 265 Scott, G. L., & Co. 370 Tubes 325
Planer, G. V, 102 Sealectro 157 Thorn Electrical Industries 309 Zenith Electric Co. 55

Guide to the Stands

A.E.l. ELECTRONICS (320)-

The range of thyristor firing circuits has
been extended by the addition of a uni-
junction device, and the new circuit is
intended for situations where the load
is essentially resistive. Ion pumps and
ultra-high vacuum gauges are demon-
strated on a working high-vacuum
system. A technique of Araldite resin
moulding used for military equipment is
now being made available commercially,
and a selection of encapsulated com-
ponents and dissipative wedges for
waveguides produced by this method is
being shown. [301

Assoctated Electrical Industries Lid.,
Electronics Group, New Parks, Leicester.

A.K. FANS (207)

A miniature 3in dia. Airmax fan (type
H4-—Y3347) is one of a range of axial
flow fans to provide air cooling in elec~
tronic equipment. The fan will move
up to 45 ft* /min at 50 ¢/s and consumes
10'watts, The fan is tropicalized and
uses_self-lubricating sleeve bearings re-
quiring no maintenance. The rotating
parts are dynamically balanced. [302

A. K. Fans Ltd., 20 Upper Park Road,
London, NW .3.

A.M.P. (313)
A breakthrough in point-to-point wiring
is claimed by Aircraft-Marine Products
with their “ Termi-Point” connector
wiring system, which uses the ¢ Terml-
Point” x-y co-ordinate programming
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machine. This employs standard eight-

track tape and drives the wiring machine,
Working demonstrations are being given. _

[303

Aircraft-Marine Products (G.B.) Ltd.,

Terminal House, Stanmore, Middlesex.

AIR CONTROL (106)

A wide range of small blowers and
miniature air filters is displayed. Both
axial and centrifugal fans with impellors
for from 1%in to 8in are shown. [304

Air Control Installations Lid., Vic-
toria Road, Ruislip, Middlesex.

ALADDIN (57)

The well-known coil formers are seen
together with Feradin ferrite com-
ponents. ‘The 3 mm - Feradin screw
cores are slotted to take a screwdriver
blade, as opposed to the more common
centre hole. Tools and dies used for
moulding the plastic components are
exhibited, [305

Aladdin  Radio  Industries Lid.,
Aladdin Building, Greenford, Middlesex.

ALBERICE ({11)

Coin-operated time switches for use in
the rental or hire-purchase of domestic
receiving equipment are shown. They
are available both with a variable tariff
(Varimeter) or fixed tariff (Economy)
and with or without a coin register,

. . [306
Alberice Meters Ltd., 87-89 Sterte
Avenue, Poole, Dorset,
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ALMA (150)

Reed relays and metal film resistors are
the main items. The relays include two
of the smallest types available in
Europe, DR1 form A and DR2C form
C. Development type reed relay uni-
selectors illustrate the specialized work
which Alma are prepared to undertake.

Alston capacitors are also shown on
the stand. [307

Alma Components Lid., Park Road,
Diss, Norfolk.

AMPHENOL-BORG (277)

New products designed to meet British
defence specifications include the 62
Series miniature bayonet lock connec-
tors and a range of r.f. coaxial connec-
tors. For flat. ribbon cable, the Flex-1
connector uses a novel jointing method.
Specially formed contact prongs pierce
the insulation and may be resistance
welded to the cable by a simple head
assembly. There are also demonstra-
tions of some of the environmental and
proving tests performed on the com-
pany’s products. [308

Amphenol-Borg  (Electronics) Ltd.,
Thanet Way, Whitstable, Kent.

ANCILLARY DEVELOPMENTS (476)

Among the new equipment bemg shown
is a flux-sensitive encoder, its main
features being low-torque, high resolu-
tion and the provision of a multi-track.
Also of interest are the new flux-sensi-
tive heads (with angular and linear
displacement transducers) designed for
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use in machine and process control
systems. [309

Ancillary Developments Ltd., Black-
water Station Estate, Blackwarer, Cam-
berley, Surrey.

ANGLO-AMERICAN FIBRE (407)

A wide range of electrical insulating
materials and comporents are shown by
the company under the trade name
“Delanco.” Products include sleevings,
adhesive tapes, ebonite sheet and rod,
mica, laminated board, pressboard,
laminated Bakelite sheet, etc. {461

Anglo-American Vulcanised Fibre Co.
Ltd., Bishops House, High Holborn,
London, W.C.1.

ANTIFERENCE (214)

The full range of u.h.f./v.h.f, television
aerials are being shown including the
Uniray series they have developed for
the reception of Bands I, III, IV and V.
The two latest additions to this range
incorporate a ‘ semi-broadband ” Band
III section and have a choice of 9 or
15 elements for the u.h.f. channels. [310

Antiference Ltd., Bicester Road,
Aylesbury, Bucks., -

ARROW SWITCHES (490)

Subminiature toggle switches with two-
or three-lever positions are displayed
with rotary switches, push-button
switches and relays. A small new
“stack ” type of relay with a contact
current rating of 5 A at 250 volts alter-
nating is displayed for the first time.
[311
Arrow Electric Switches Ltd., Brent
Road, Southall, Middlesex.

ASHBURTON RESISTANCE (60)

Prototypes of a sub-miniature precision
wire-wound resistor for printed circuit
board applications and also for applica-
tions ~calling for conventional wiring
techniques are shown. The wattage
rating is 0.1 W. Fixed and semi-adjust-
able wire-wound resistors are also being
shown with the company’s full range of
precision wire-wound resistors, [312

Ashburton Resistance Company Ltd.,
72 Brewery Road, London N.7.

ASTRALU X DYNAMICS (453)

Voltage stabilising transformers are the
main feature of this stand. ~There are
nine basic models with several thousand
variants. Output voltage is maintained
to within +0.59 for input voltage vari-
ation between +109% and —20%.
[313
Astralux Dynamics Ltd., Brightling-
sea, Colchester, Essex.

AVEL (105)

Specialists in toroidally wound com-
ponents, Avel Products will be showing
inductors, transformers, d.c. converters
and decade inductive voltage dividers. A
Gorman toroidal winding machine,
capable of winding coils with an internal
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diameter of 0.055 in, will be demonstra-

ting the manufacture toroidal coils.
[314

Awvel Products Lid., South Ockenden,

Essex.

B. & R. RELAYS (i70)

Loads up to 100 amps can be switched
silently by the Q60 single-pole contac-
tor, which has been designed primarily
for controlling storage heaters from -a
timer. The contactor is fitted with a
neutral link and has a fuse in its control
circuit, Relays on view will include
miniature and changeover plug-in types;
and coaxial, mercury switch, dry reed,
latching, interlocking, and delay relays.
[315
B. & R. Relays Ltd., Temple Fields,
Harlow, Essex,

B.IL.C.C. (16])

A substantial proportion of the display
is devoted to B.I.C.C.-Burndy connec-
tors and accessories. The range of minia-
ture rectangular connectors has been
increased by the introduction of the
MS-M Hyfen, which is available with 14,

20, 26, 34, 42, 50, 75 and 152 contact’

positions. These connectors have
approximately 40 through connections
per square inch. A new type of flexible
multiway cable, called Biccastrip, is
shown. The flat rectangular conductors,
which can be supplied with preformed
terminations to mate with printed cir-
cuit connectors, are embedded in plastic.
[316

British Insulated Callender’s Cables
Ltd., 21 Bloomsbury Street, London,
W.C.1. :

B.P.L. (250)

A capacitance bridge capable of measur-
ing values lower than 10 pF with an
accuracy of +0.1 % is shown. It will
also measure power factor accurately.
Exhibited for the first time is a multi-
channel component grader, enabling an
operator to sort resistors, capacitors or
inductors into one of three tolerances in
a single operation. The grader can be
operated at up to 6,000 tests per hour.
Pointer meters manufactured to the
BS 3693 : 1964 recommendations on scale
design are displayed. [317

B.P.L. (Instruments) Ltd., Radlett,
Herts.

BSR (166)

The latest record changer (UA40) is
shown for the first time and incorpor-
ates an 1lin turntable, a fixed stylus
cleaning brush and pressure adjusters.
A muting switch is provided and oper-
ates when changing records.

The recent range of ceramic pickup
cartridges is shown and includes the
following types: the high quality Cl
with a compliance of 5.2X10"° cm/dyne,
an output of 110 mV at 1 cm/sec, and a
recommended stylus pressure of 2-6 gm;
the X1M and SX1M, mono and stereo
cartridges with outputs of a few hun-
dred millivolts, a response extending to
10kc/s at 3dB down, and with a stereo
separation of 20dB (higher output ver-
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sions are available, at the expense of
compliance and high-frequency re-
sponse); and the high output types
X2HE and SXZH. [318

BSR Ltd., Monarch Works, Old Hill,
Staffordshire.

B.T.R. INDUSTRIES (500)

Examples of the printed circuit boards
made by Microcell Ltd., a subsidiary,
are being shown. In addition to the
conventional boards, several plated-
through, flexible and flush-bonded cir-
cuits are on view, the latter bziny
particularly suited to switching appli-
cations. 319
B.T.R. Industries Ltd., Herga House,
Vincent Square, London, S.W.1.

BAKELITE (485)

For printed wiring, a flexible copper-
clad laminate based on polyethylene
terephthalate film is introduced. The
material can be folded or coiled to follow
any contours required. Also shown is a
composite laminate from which printed
resistors can be manufactured. It con-
sists of a thin resistive metal foil bonded
to a layer of epoxide resin-treated glass
fabric, which in turn is bonded to a sheet"
of aluminium. The foil can also be
bonded to paper or woven glass fabric.

320
Bakelite Ltd., 12-18 Grosvenor
Gardens, London, S.W.1.

BARLOW-WHITNEY (115)

The principal item on show is an epoxy
resin vacuum encapsulating and impreg-
nating plant for electronic components.
Also of interest are items of environ-
mental test gear, in particular a humidity
test chamber with refrigeration.  [321

Barlow-Whitney Ltd., Coombe Road,
Neasden, London, N.W.10.

BECKMAN (266)

Examples from the current range of Heli-
pot  precision  potentiometers and
Duodial counting dials are on show.
This includes single-turn and multi-turn
potentiometers ranging from 3- to 40-
turns, the latter having a resolution of
0.0007 2. [322

Beckman Instruments Ltd., Glen-
rothes, Fife.

BELLING & LEE (308)

One of the large range of products
shown is the double coaxial connector.
The connectors house two concentric
screens but they are compatible with the
Pattern 15 B.N.C. connectors. Their
primary use is in connections to circuits
requiring a very low shunt capacitance
and this is achieved by the use of a feed-
back technique*. Also they can be used
in circuits which require an earth return
separately from the screen. [323

Belling & Lee Ltd., Grear Cambridge
Road, Enfield, Middlesex.

*See, for example, Wireless World,
November 1961, page 598.

BERCO (366)

Developed to enable lecturers in techni-
cal colleges to teach the principles of
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DIGITAL MEASUREMENTS (495)1

An addition to the company’s wide range
of measuring instruments using digital
presentation is the DM 2003 a.c./d.c.
digital voltmeter. It measures d.c. from
1mV to 1kV, with an accuracy of
0.05% fs.d. + 0.1% of reading, and
a.c. from 2-700V r.m.s., with an ac-
curacy of 0.25% f.s.d. + 0.25% of read-
ing over the frequency range 50c¢/s to
5kc/s. It can be operated for atto
follow, manual trip or to hold the read-
ing. Other equipment on show includes
a multi-channel digital data logging
system. 345
Digital Measurements Ltd., Salisbury
Grove, Mytchett, Aldershot, Hants.

DUBILIER (273)

The use of a mixed dielectric (a poly-
ester film plus paper) is claimed to re-
sult in a good reduction in weight and
size and an increase in temperature range
(up to 125° C). The element is of ex-
tended foil electrode construction with a
mixed dielectric of polyethylenetereph-
thalate film and paper dielectric tissue
impregnated in a solid synthetic resin.
The unit is moulded in polypropylene
and the capacitors show greatly im-
proved humidity resistance and
life. [346

Dubilier Condenser Co. Ltd., Ducon
Works, Victoria Road, North Acton,
London W.3.

E.E.V. (164)

Three and four-and-half-inch image
orthicons incorporating the new stick-
free, long life Elcon targets are on show
with the high-sensitivity E.E.V. vidicons
with separate mesh construction. Many
examples of the specialist valves they
manufacture for industry and communi-
cations are also on show and include
natural, forced-air, vapour and water-
cooled power triodes with output powers
up to 250 kW. [347

English Electric Valve Company Ltd.,
Chelmsford, Essex.

E.M.C. (169)

A range of inductive sensors that sup-
plement E.M.C.’s existing range of in-
dustrial photo-electric, capacitative and
ultrasonic sensors, is being shown.
These offer a simple, low-cost means of
detecting any metallic objects and can
be mounted up to 50 ft away from the
associated electronic switching relay.
Another interesting item to be shown
is the latest version of the Vacwell ther-
mal compression bonder. It incorpor-
ates a 20-way rotary indexing table,
which, with a trained operator, has an
output of 250 complete transistor headers
per hour. Nail-head, stitch and scissor

bonding are all within the scope of this.

instrument. [348
Electronic Machine Company, Sher-
man Road, Bromley, Kent.

E.R.A. (360)

Examples of the work the Electrical
Research Association has recently carried
out on electronic components—with
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shelf

,special emphasis to long term stability

of capacitors and resistors—is on view.
Another of their investigations is on the
properties of thin vacuum deposited di-
electric films for micro-electronic appli-
cations. ‘ [464
Electrical Research Association,
Cleeve Road, Leatherhead, Surrey.

EDDYSTONE (201)

A transistor dip oscillator, called the
Edometer, which also can be used as an
absorption or heterodyne wavemeter,
signal generator, modulation monitor or
audio oscillator, has. been introduced by
Stratton—now a - subsidiary of Mar-
coni’s. The latest addition to the Eddy-

-stone range of receivers is the 990S tran-

sistor communications set which covers

the 250-870 Mc/s band in two ranges.

[349

Stratton & Co. Ltd.,, Eddystone

Works, Alvechurch Road, Birmingham
31.

EGEN (258)

The prototype of a new volume control
designed specifically for high-gain tran-
sistor circuits is shown. A demonstra-
tion of the application of the firm’s com-
ponents . is provided by a working
“skeleton” model of an advanced type
of electronic organ. A variety of
custom-built sub-assemblies illustrates
the scope of the light electrical manufac-
turing service offered by the company.
’ [350
Egen Electric Ltd., Charfleet Indus-
trial Estate, Canvey Island, Essex.

ELAC (255)

Latest product from this firm is . the
Type 12/01 general-purpose 12-inch
loudspeaker. It will handle a power of
15 watts (peak) and has an imped-
ance of 15{). The frequency response
is 30c/s to 6 kec/s, with a fundamental
resonance at 55 c¢/s. Total flux of the
20-0z ceramic magnet is 136,000 max-
wells. [351

Electro  Acoustic Industries Ltd.,
Stamford Works, Broad Lane, Totten-
ham, London, N.15.

_ ELCOM (483)
The company’s printed-circuit
switch is now available in a banked ver-
sion with panel mounting controls
having either 10, 13 or 15 positions.
There is provision for resistor networks
to be inserted on the printed circuit card.
The current carrying capacity is 1 amp.
Also on show are printed circuit con-
nectors, switches, plugs and sockets,

attenuators, and a wide range of modules’

such as microphone amplifiers, line am-

plifiers, faders, etc. [352
Elcom (Northampton) Ltd., Weedon

Road Industrial Estate, Northampton.

ELECTRICAL APPARATUS (408)

Moving-iron and moving-coil ammeters
and voltmeters are shown in various
types of case. “Solicon” transistor
logic units intended for industrial con-
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edge

trol applications are featured. These
units operate from 12 V and have a speed
of 2mS. - o 353

Electrical - Apparatus Co. Ltd., St.
Albans, Hertfordshire.

ELECTRO MECHANISMS (54)

Solid state load cells, manufactured by
Kulite Bytrex Corporation, are avail-
able from the range of transducers.
Thesé JP Series cells use a semiconduc-
tor strain gauge as the active element
arranged in a bridge circuit, permitting
d.c. or a.c. of almost any frequency to
be used. The units are suitable for
tension or compression force measure-
ment, covering from 25 to 10,000 lb.
The bridge resistance is 1202 (nominal)
at 70°F (change with temperature is
0.07% /°F) and linearity- is 0.1% of full
scale, S [354
Electro Mechanisms Ltd., 218-221
Bedford Avenue, Slough, Bucks.

ELECTROLUBE (211)

A new aerosol lubricant (2A-X) has been
introduced which is harmless to plas-
tics, such as polystyrene and p.v.c., and
to natural and synthetic rubbers. [355

Electrolube Ltd., Oxford Avenue,
Slough, Bucks.

ELECTROSIL (487)

The Electrosil VP3 and VP6 resistors
on display for the first time are similar
to the metal-oxide film type P but
intended to meet the specification DEF
5115-2 which allows a maximum surface
temperature of 235°C and a load life
stability of + 29 max change with a
temperature coefficient of + 250 parts in
a million. The triple-rating (TR) range
of metal-oxide resistors parmits the same
resistor to be used at three ratings—

. semi-precision, high stability and general

purpose—without reducing reliability.
. 356
Electrosil Ltd., Pallion, Sunderland,
Co. Durham.

ELECTROTHERMAL (221)

A range of temperature-controlled cham-
bers for environmental testing are being
displayed. A bench. model, with an
internal volume of 6in® maintains tem-
peratures of up to 150°C to within
+0.3°C. Twelve-way connection can
be made to the item under test for
monitoring circuits. [357

Electrothermal Engineering Ltd., 270
Neuville Road, London, E.7.

ELLIOTT-AUTOMATION (160)

Single-turn, wire-wound potentiometers
for use in precision servo systems, made
and marketed under licence from the
Fairchild Controls Corporation, are being
exhibited by Elliott Brothers (London)
Ltd. These are available with linear or
non-linear functions in equivalent syn-
chro sizes 08, 11, 18 and 20, and also
with - sine-cosine functions in sizes 09
and 20. The non-linear functions in-
clude trigonometric, logarithmic and
empirical.

Also exhibited is the Londex TOP
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soles, racks, etc., has been extended by
the addition of the 20/30 series which
permits a wider varjety of styling. Also
shown is a range of cases and chassis,
and telescopic slides for equipment
drawers. [373

Hallam, Sleigh & Cheston Ltid., 237
.ISguth Road, Handsworth, Birmingham

HARWIN ENGINEERS (488)

The edge-lit, 12 character digital read-
out indicators for flush or plug-and-
socket mounting may be fitted with 6,
12 or 28V lamps. The smaller types,
with an overall length of about 2 in and
an aperture of 4in® are provided with
12V lamps. The strip digital readouts
may be vertically or horizontally
arranged and measure X5 in. [468

Harwin Engineers Ltd., Fitzherbert
Road, Farlington, Portsmouth, Hamp-
shire.

HATFIELD (469)

Covering the frequency ranges 40 to 230
Mc/s and 470 to 860 Mc/s the new
transistor field-strength meter Type
6T4G on Hatfield Instruments stand
should be of interest to the radio and
television installation engineer. Sensiti-
vity is displayed. by meter—two scales
calibrated to 1 mV and 50 mV f.sd.—
and provision is made for connection of
phones for monitoring received signals.
[374
Hatfield Instruments Ltd., Burrington
Way, Plymouth, Devon.

HINCHLEY (280)

‘Transformers for most applications are
exhibited. The range includes constant
voltage, high temperature, toroidal and
short-circuit proof transformers. D.c.
power supply units and the double bob-
bin method of transformer construction
are also illustrated. [375

Hinchley Engineering Co. Ltd., Pans
Lane, Devizes, Wiltshire.

HUGHES (324)

A twelve-minute colour film is being
used by Hughes International to high-
light the advances made in microelec-
tronics and includes information on the
manufacture of silicon planar com-
ponents, such as the diffusion photo
resist and plating techniques involved in
the production of planar epitaxial diodes.
A wide range of semiconductors are on
show and include an epitaxial switching
diode with a 4 nsec recovery time and
ratings of 50 volts and 100 mA. [376

Hughes International (U.K.) Lid,
Glenrothes, Fife, and Heathrow House,
Bath Road, Cranford, Hounslow, Middx.

HUNT (303)
A low-cost range of capacitors, with

values from 1,000 pF to 0.0047 #F, has -

been made possible by utilizing the
characteristics of metallized film to per-
mit a minimum of protective housing.
Small dimensions and high insulation
resistance are combined with ability to
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recover from arduous humidity condi-
tions. ‘Another low-cost range is the
type AW electrolytics. The low voltage
tubular types in this range have welded
axial connections suitable for printed
circuits. ‘ [377

A. H. Hunt (Capacitors) Ltd., Bendon
Valley, Garratt Lane, Wandsworth, Lon-
don, S.W.18.

1L.C.1. (477)

Plastics materials of particular applica-
tion in the radio and electronics industry
are on show. These include “Fluon”
p.t.f.e., which has a very low permittivity
and power factor at frequencies at the
upper end of the radio spectrum; * Meli-
nex” polyester film; “Propathene”
polypropylene; and the glass-filled
nylons of the “ Maranyl” range which
are dimensionally stable at high tempera-
tures. [378

Imperial Chemical Industries Ltd.,
Imperial Chemical House, Millbank,
London S.W.1.

IMHOF (304)

The modular chassis system, chiefly for
printed circuit housing, is augmented

- with the type C and D frames, thus en-

abling the majority of wiring connectors
to be accommodated. Almost any shape
of instrument housing can be built with
the Imlok series 901 construction sys-
tem, examples of which are on show.
379
Alfred Imhof Lid., Ashley Works,
Cowley Mill Road, Uxbridge, Middle-
sex.

INTERNATIONAL NICKEL (116)

Nickel-cadmium sealed cells, which can
be recharged time after time, and nickel-
alloy permanent magnets are the main
features on this stand. Examples of the

uses of the compact rechargeable bat-

teries are also given. [469
International Nickel Limited, 20
Albert Embankment, London, S.E.l.

J. D. ELECTRONICS (473)

Wound components of all types can be
made to customer specifications and typi-
cal transformers and inductors, etc., are
illustrated. Custom-built equipment, in-
verters, transductors and wire-wound
resistors are also seen on this stand.
[380
§. D. Electronics (Birmingham) Ltd.,
Leafield, Corsham, Wiltshire.

JACKSON BROS. (267)

Three new trimmers using p.t.f.e. as the
dielectric are on show. The capacitance
range of the Style 518 is from 0.8 to
18 pF, the Style 330 from 2 to 30 pF
and the Style 408L from 0.25 to 8 pF.
A locking device is provided on the
408L., which is 1 in long by 0.2 in in dia-
meter, to protect it from mechanical
shock and normal vibration. [381
Jackson Brothers (Londony Ltd.,
Kingsway, Waddon, Croydon, Surrey.
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JERMYN (468)

A new device, called a heat sink adaptor,
allows direct attachment of transistors in
TO-5 and TO-18 cans to a chassis,
thereby avoiding the need for heat sinks.
Insulated versions are exhibited. Also
on show are a range of milliwait heat
sinks for TO-5 and TO-18 transistors,
and transistor mounting pads for micro-
logic applications. (382

Jermyr Industries, Vestry Estate,
Vestry Road, Sevenoaks, Kent.

K.G.M. (232)

K.G.M. Electronics and its associated
companies (Automatic Information Data
Service, Integrated Data Precessing and
R. E. Carder) are featuring visual dis-
play equipment including the range of
in-line multi indicators used in decade
counters, digital clocks, etc. A compact
variable speed control unit for f.h.p.
motors giving precise and instant con-
trol, both forward and reverse, is being
shown, together with examples of test
and measuring equipment. {470

K.G.M. Electronics Ltd., Bardolph
Road, Richmond, Surrey.

KEYSWITCH (450)

Improved solid-state relay units, to
which has been added a range of plug-
in timers, are on view with the full
range of subminiature relays. The re-
cent 304 plug-in component module (see
Wireless World, April) with transparent
cover has a component mounting space
of about 33%X2:X12in and uses a
pierced board backed with copper strips.
A new range of microswitch relays based
on the standard B.P.O. 3000 and 600
types is introduced. [471
Keyswitch  Relays Lid., 120-132
Cricklewood Lane, London, N.W.2.

LEMCO (262)

New capacitors exhibited by this com-
pany include barrier layer ceramic discs
with values up to 0.2 »F at 12 V; ceramic
types using thin-film high-permittivity
material with capacitances up to
50,000 pF at 30V; and ceramic lead-
through types, tinned and fluxed for
installation. Other introductions are a
range of polystyrene capacitors providing
up to 20,000 pF at 30V and moulded
types meeting the B.S.I. humidity classi-
fication H2. [383

London Electrical Manufacturing Co.
Ltd., Bridge Place, Parsons Green Lane,
London S.W.6.

LEVELL (454)

Two separate negative feedback ampli-
fiers are incorporated in the new Type
TM3A transistor a.c. microvoltmeter
which can also be used as an amplifier.
Full scale voltmeter ranges are from
154V to 500V with an accuracy of +1.5%
+1.51V; frequency response extends
from 1c/s to 3 Mc/s. Decibel ranges
are also provided from —100dB to
+50dB in 10dB steps with a separate
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scale from —20dB to +6dB relative
to 1 mW into 600L!. [384

Levell Electronics Ltd., Park Road,

High Barnet, Herts.

LEWCOS (268)

The London Electric Wire Company are
showing samples from their comprehen-
sive range of Lewcos insulated wires and
strips including Lewmex general purpose
enamelled wires, Lewsosol solderable
enamelled wires, and Lewkanex high-
temperature winding wires. A wide
selection of Plasmet—single and double
sided, flexible and rigid—copper etched
wiring circuits are being shown by their
subsidiary Printed Circuits Ltd. This

display also includes samples of their

recently developed printed potentio-
meters and’ resistance units. [385

The London Electric Wire Company
and Smiths Ltd., Church Road, Leyton,
London, E.10.

LEWIS SPRING (110)

A double transistor clip allows the
mounting of two OC72 transistors in
parallel. Also shown is a range of
stainless steel “Wavey” washers, for
applications where the electrical proper-
ties of the firm’s beryllium copper
“Wavey” washers are not required.
[386
Lewts Spring Co. Ltd., Studley Road,
Redditch, Worcs.

., LINTON & HIRST (275)

The display consists of a comprehen-
sive range of transformers and choke
laminations in all grades of silicon iron,
grain oriented and nickel iron alloys.

The company’s range of “C,” cruciform "

and toroidal cores and transistor heat
sinks is also being shown. [472

Linton & Hirst Ltd., Parsonage Road,
Stratton-St. Margaret, Swindon, Wilts.

LIVINGSTON (369)

Roband oscilloscopes, pulse generators,
printed circuits and solid state control
modules are displayed. These latter
modular units are manufactured by a
group member—Livingston Control—
and are intended to be used in place of
electro-mechanical.  switches. Their
photo-electric and inductive modular
switches have applications in industrial
counting, sorting and routing, etc. [387

Livingston Laboratories Ltd., 31 Cam-
den Road, London N.W.1.

LUCAS (315)

Laser units on show from G. & E. Brad-
ley, a subsidiary, include single- and
multi-cavity heads with water cooling
of both flash tubes and ruby. These
units are available with outputs ranging
from 1 to 250 joules. Bradley are show-
ing for the first time solid-state fre-
quency multiplier modules for use at
frequencies up to 76 Gc/s, together with
their ranges of solid-state parametric
amplifier units and coaxial components
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(including fixed and variable attenua-
tors). [388

Joseph Lucas (Sales & Service) Lid.,
Dordrecht Road, Acton Vale, London,
w.3. :

LUSTRAPHONE (209)

To enable people to talk who have un-
dergone surgical operations resulting in
the loss of speech, Lustraphone have
produced a small electro-magnetic con-
tact transducer that can be worn in the
neckband of a shirt or blouse. This
unit, which measures 13X X% in, is
being shown along with the new
‘“ Speech-Aid ” transistor amplifier that
has an adjustable output of up to
330 mW to an internal speaker. The
size of this unit is 47X31 X1} in.

: [389

Lustraphone Ltd., St. George’s
%orks, Regents Park Road, London,
W.1.

M-O VALVE (312)

Additions to the M-O Valve range of
cathode-ray tubes include the LD700
rectangular (12X9cm) flat face dual
trace oscilloscope tube with mesh p.d.a.,
making possible 10kV operation. Also
new is the X-band solid-state source
type SSX1 employing a varactor diode
multiplier.
adjustable between 7 and 12.4 G¢/s and
the power output over this range varies
from 30 mW at the lower frequencies to
10 mW. New gas-filled valves include
the E2816, a metal-bodied deuterium-
filled grid-controlled rectifier with an
anode voltage of 40kV and the E2830
pulse modulator thyratron with a 20kV
peak anode voltage.

Salford Electrical Instruments, an
associated company, are showing quartz
crystals (the full range covers frequen-
cies from 200¢/s to 200 Mc/s), o.c.
filters for 12.5, 25 and 50kc/s separa-
tion in h.f. and u.h.f. communication
equipment, and quartz crystal controlled
transistor oscillators, among a wide
variety of components, materials and in-
struments. ' - 390

The M-O Valve Co. Ltd., Brook
Green Works, London, W.6. .

McMURDO (218)

Additions to the range of plugs and
sockets exhibited include a miniature
version of the Red range giving the
same amount of connector ways but oc-
cupying a quarter of the area. 'Special-
ized valve and relay holders and panel
mounted moving coil meters with an
accuracy commensurate with BS89/1954
are featured, together with a new hun-
dred-way zero insertion force connec-
tor, known as Rotalok. [391

McMurdo Instrument Co. Ltd., Rod-
ney Road, Portsmouth, Hampshire.

MAGNETIC DEVICES (314)

Included in the wide range of relays
on show are the new Series 120 and 130
small plug-in relays, the Series 140EP
enclosed heavy-duty relays and a heavy-
duty version on the Post Office 3000
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The centre frequency is

relay. Also exhibited is a selection of
Varicon standard connectors and printed
circuit .connectors and the Termiweld
method of terminating flexible tape to a
connector. [473

Magnetic Devices Ltd., Exning Road,
Newmarket, Suffolk.

MALLORY (100)

An improved version of their 1.5 V man-
ganese alkaline dry cell system is a
feature of this company’s display. The
anode and electrolyte construction have -
been modified to give better internal
contact, resulting in lower internal im-
pedance, higher flash currents and better
stability with large circuit drains. The
cells, produced in five standard sizes, are’
therefore now suitable for a wider range

of heavy duty applications. [392
Mallory Batteries Ltd., Crawley,
Sussex. .
MARCONI (226)
The rapidly expanding Specialized

Components Division introduces one of
the most accurate frequency standards
available in this country. Three simul-
taneous frequencies of 100kc/s, 1 Mc/s
and 2.5 Mc/s are provided with a short-
term stability of better than 3 parts in
10!° and a monthly stability of 1 part in
10°. In the event of mains failure, the
complete unit will operate from batteries
with the same stability. The recently
formed Microelectronics Division dis-
play a frequency divider which will
divide the frequency of an input signal
by any whole number between 1 and
1,000 and uses the pulse counting tech-
nique with three decade division
circuits, [393

Marconi Company Ltd., Chelmsford,
Essex.

MARKOVITS (61)

Examples of the nameplates the com-
pany makes for the radio and electrical
trades are being shown. These are
available in die-cast metal with various
electro-plated finishes, metal and plastic.
Other exhibits include self-adhesive
labels, badges and advertising novelties.
. [394
I. Markovits Ltd., 34 Stronsa Road,
London, W.12. .

MARRISON & CATHERALL (472)

Recently developed permanent magnets
on show include types for use with mass
spectrometers, getter ion pumps and
reed switches. In transformer cores the
firm is displaying toroids with epoxy
resin covering, allowing the application .
of windings without . further insulation;
also a new form of screwed bonding
clamp and C-core frame assemblies.

Marrison & Catherdll. Ltd., Forge
Lane, Killamarsh, Sheffield, Yorks.

METWAY (471)

Two recently introduced lines to the
company’s range of connectors and wir-
ing accessories are the ““ Studway ” cable
strapping and “Keyway” interlocking
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TECTONIC (230)

This printed circuit company are now
offering an accurate micro photography
service for use in the manufacture of
thin film and solid state circuitry. In
addition to making complete units, this
company will also undertake to produce
etched masks for sub-miniature deposi-
tions. [438

Tectonic Industrial Printers Ltd.,
Cirtec Works, Oxford Road, Woking-
ham, Berks.

TEKTRONIX (365)

An internal graticule, permitting paral-
lax-free viewing, and uniform focus over
a 6X10cm display area are features of
the 545B oscilloscope, which is shown
with the 1A2 plug-in unit (successors
to the 545A and CA combination).
The hybrid amplifier and delay cable
have a passband of 0-33 Mc/s. Type
547 oscilloscope, with 0-30 Mc/s re-
sponse and automatic display switching,
is being demonstrated, together with the
1A1 dual-trace plug-in unit giving effec-
tive double-beam operation. [439
Tektronix U.K. Ltd., Beaverton
gouse, Station Approach, Harpenden,
erts.

TELCON (I56)

There is a combined display of four
companies in the Group—Telcon Metals,
Telcon-Magnetic Cores, Temco and
Magnetic & Electrical Alloys. The
range of high permeability nickel-iron
and  cobalt-iron-vanadium  magneiic
alloys include Mumetal, Supermumetal,
H.C.R. alloy, Radiometal, Super Radio-
metal, Permendur and Supermendur.

Laminations in all grades of silicon
steel and high permeability nickel-iron
alloys for transformers, transductors,
chokes and f.h.p. motors are also dis-
played. [440

Telcon Metals Ltd., Manor Royal,
Crawley, Sussex.

TELEQUIPMENT (231)

Highlight of the stand is the small, low-
priced Serviscope Minor oscilloscope
which weighs only 5lb and costs
£23 10s. (see May issue, p. 240, for
details). Also shown is a basic labora-
tory system comprising the D43 double-
beam and S43 single-beam oscilloscopes
with a range of five plug-in amplifiers.
: [441
Road,

Telequipment Ltd., Chase

Southgate, London N.14.

TEXAS (53)

Of particular interest in the transistor
field is the 2N2904 series of high per-
formance p-n-p silicon epitaxial planar
devices. These feature voltage ratings
up to 60 V, current ratings up to 600 mA
and a minimum cut-off frequency of
200 Mc/s. Applications include core
driving, high-speed high-current switch-
ing, medium power amplification over a
wide: frequency range, and many other
requirements previously met only by

WIRELESS WORLD, JUNE 1965

n-p-n transitors. ‘This high perform-~
ance is made possible by the field relief
electrode technique, which eliminates
surface reversion of the collector-base
junction, a phenomenon which has been
previously a bar to the manufacturer of
high-voltage p-n-p transistors. [476

Texas Instruments Ltd.,, Manton
Lane, Bedford.

THORN-AEI (325)

Two pairs of complementary output
transistors for class B audio stages are
introduced. The ACI128 (p-n-p),
AC176 (n-p-n), AD161 (n-p-n) and
AD162 (p-n-p). Brimar show the
EL506 for the first time. This is an out-~
put pentode with an anode dissipation
of 19 W and a Magnoval (B9D) base.
Two valves in class AB1 push-pull can
deliver 20 W (music) at 0.1% harmonic
distortion. [442
Thorn-AEI Radio Valves &  Tubes
IV‘VI%, 155 Charing Cross Road, London
.C.2.

THORN ELECTRICAL (309)

A small digital indicator offering the
characters 0 to 9, a decimal point and
a minus sign in a window space of 0.5 in
sq is featured. The characters are en-
graved on slim acrylic sheets and edge-
lit by “Wheatear” lamps, which are
mounted on printed circuit boards and
are claimed to have exceptionally long
life. The overall length of these indica-
tors, including the printed circuit board
edge connectors is only 1% in. [443

Thorn Electrical Industries Ltd.,
Thorn House, Upper Saint Martin’s
Lane, London, W.C.2.

TUCKER EYELET (212)

Eyelets and soldering tags for a wide
range of requirements are displayed, to-
gether with aluminium cans for sub-
miniature capacitors, Pop and Imex
rivets and a variety of metal pressings
including fuse and valve caps. [444

Geo. Tucker Eyelet Co. Ltd., 62 Horn
Lane, Acton, London, W.3.

20TH CENTURY (467)

Ultra-high vacuum pumps and gauges
have been introduced into the com-
pany’s range of products. They are
exhibiting a new series of Centronic
mass spectrometer leak  detectors.
Among the electron tubes on show is
the new three-stage image intensifier
developed for application in astronomy
and particle physics. The tube is based
on the principle of electron multiplica-
tion by close optical coupling of a photo-
cathode with a phosphor deposited on
both sides of a mica film 4 um thick.
[445
20th Century Electronics Lid., King
Henry’s Drive, New Addington, Croy-
don, Surrey.

TWICKENHAM AUTOMATION GROUP
(103)

A member of the group, Digitizer Tech-
niques, are showing fibre-optic photo-
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electric sensors, manufactured by Donner
Electronics Inc. The flexible optical
fibre bundles enable the light source and
photoelectric detector to be operated re-
motely from objects requiring detection-
or counting. The aperture at the end
of the light pipe may be as small as
0.020 in, permitting precise operation in
confined spaces. Multiple sensors with
a common detector unit can be used and
allow logical control of machine func-
tions. [446

Twickenham Automation Greup 301
Richmond Road, Twickenham, Middle-
sex.

ULTRA (310)

New products on show include two wire-
wrap edge connectors designed for stack-
ing purposes; a complete range of
0.05in pitch printed wiring connectors
incorporating Bellows contacts; and a
7-way hermetically sealed plug and
socket. Also shown are rotary stud
switches, precision wire-wound resistors
and professional type attenuators. [447

Ultra Electronics (Components) Ltd.,
Industrial Estate, Long Drive, Green-
ford, Middx.

VALRADIO (113)

Transistor and valve, voltage and fre-
quency converters are shown. In par-
ticular a range of transistor units is
available operating from 12V or 24V
batteries and providing outputs from
60 W to, 750 W at 230 volts direct or
alternating with frequencies of 50c/s,
60c/s or 400c/s. The output wave-
form is rectangular, but sinusoidal filters
are available if necessary. A frequency
adjustment and reed type frequency
meters can be provided on some models.

- Operating range is from -—20°C to

40 °C and overload protection is incor-
porated. {448

Valradio Ltd., Browells Lane, Feltham,
Middlesex.

VENNER (406)

Among the instruments shown for re-
search and production use is the Model
TSA 628 transistor sliding pulse genera-
tor. It covers the frequency range
2.5 ¢/s to 2 Mc/s (extended to 2.5 Mc/s
in the single pulse mode) and has a fast

rise time; 10nsec leading edge and
15 nsec trailing edge. Output is adjust-
able from 0.2V to 20 V. [449

Venner Electronics Ltd., Kingston By-
Pass, New Malden, Surrey.

VERO (154)

Veroboard printed wiring board is now
available in fibreglass as well as in the
existing range of synthetic resin bonded
paper laminates. Another addition is
roller tinned Veroboard, designed to
facilitate soldering and reduce oxidiza-
tion. A 5Xin modular rack needs only
a screwdriver for assembly, and a rack
handle with locking screws is now avail-
able. A new Veroboard with 0.05 in
pitch, intended for use with integrated
circuits, has been developed. [450
Vero Electronics Ltd., South Mill
Road, Regents Park, Southampton.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Puise Width Modulated Audio Amplifiers

IT has been claimed by Turnbull and Townsend (Wireless
World, April 1965), that a pulse width modulated audio
amplifier is efficient. This claim needs justification.

The circuit can only be efficient when the load resistance
has a comparatively large inductance in series with it and
then only in certain circumstances. It is important that these
circumstances should be clearly stated.

Dealing first with the pure resistance load shown by the
authors in their Fig. 14 and used in Appendix 2 to calculate
efficiency. The switching frequency square wave is across the

load resistance at all times and there is a current of R amps

giving a power dissipation of 4 watts at 100 kc/s for the
figures given. The claimed audio power output is 2 watts
giving an efficiency of 509% not 80% or 90 9% as claimed. This
is similar to a class A amplifier as pointed out by Birt (Wireless
World, February, 1963, page 80, modes of operation).

In this particular amplifier there are two reasons why the
efficiency is probably lower than 50%. The first is that the
power output is probably less than 2 watts. The published
oscilloscope pictures (Fig. 7 and Fig. 11) appear to show
a maximum peak-to-peak audio output voltage of 11 volts
not 16 as assumed in Appendix 2. This gives an output of
one watt. This agrees roughly with my own measurements
on a similar amplifier. I found that the transistors would
not bottom on modulation peaks, due I believe to the fact
that the bootstrap coupling of 4 pF and 47 ohms will pass only
the switching frequency and not the lower audio frequencies.
This also increases the transistor dissipation and I burnt out
the transistors in this éxperiment.

The second reason for low efficiency is that the switching
voltage is also across the 47-ohm resistance which is only
three times the load. There will be a further 1.3 warts dis-
sipated in this resistance. The battery is supplying more than
5 watts for a power output of 2 watts or less.

Dealing now with the inductive load.

It is stated by

+
q LOAD
= .+V
() ~ (B

Fig. 1,

Turnbull and Townsend that the transistor switch in Fig. 1 is
the practical implementation- of the mechanical switch.

This may be true but it will probably be untrue. The
difference is due to the fact that the mechanical switch con-
ducts in either direction whereas a transistor usually conducts
in one direction only.

Fig. 2 shows the waveforms for the circuits in Fig. 1.
With a unity mark/space ratio the mean load current will be
zero and the currents through the two switch contacts will
be as shown in (c). The current through the load cannot

WIRELESS WORLD, JUNE 1965

+V
ZERO

v ; !

ZERO \//\\//\ (b) CURRE':.BABHROU GH

VOLTAGE ACROSS
@ LOAD

CURRENTS FROM
> (C) BATTERIES IN Fig.!(a)
MECHANICAL SWITCH

ZERO

CURRENT THROUGH
t (d) tRaNsISTORS IN Fig.I(b)

change instantaneously and it continues to flow after switching
in the same direction as before. If the load is a pure induc-
tance it returns to one battery the energy it has just taken
from the other and there is no loss.

Unfortunately a transistor switch does not work in this
simple way when the bases are driven by a square wave of
pk-pk amplitude of 2X V. When the bases are switched the
reduction in current through the inductance produces a voltage
across it. This voltage is applied to the emitters in a direction,
such that it drives into conduction the transistor which is
supposedly cut off and biases off the transistor which is sup-
posedly conducting. The current continues_to flow into the
same transistor as it did before switching. Unfortunately this
transistor now has the full load current through it as well as
the full supply voltage across it. The energy stored in the

+V
ZERO

VOLTAGE ACROSS
(a) LOAD

-\ — S

- CURRENT THROUGH
\/\/\ (b) o

ZERO

FORWARD
(c) CURRENT THROUGH
. ONE TRANSISTOR
ZERO -
REVERSE
(d) CURRENT THROUGH
SECOND_TRANSISTOR
J— CORRECT OPERATION

ZERO
Fig. 3.
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speaker and the transistors are driven so that they reverse
conduct.

In theory, with a 100 kc/s switching frequency a swing
corresponding to e,/h=0.9 (ie. A/A,=02 and maximum
power=0.81 P ,,.) is the best that can be achieved since
the oscillation frequency on extreme swings is within the
audio band. In practice, especially using transistors with
barely adequate switching times, the maximum power will
be lower than this,

Since the article was written we have performed quantita-
tive tests on an actual speaker. This was a Goodmans
Axiette, which at frequencies around the switching fre-
quencies looked like 15Q in series with 0.42mH. In series
we placed a 0.5 mH non-saturating choke, for the reasons
suggested by Mr. Johnson in the May issue, and a 10
resistance in order to look at the current in the speaker.
In addition we replaced the 2G387 and the ASY26 (which
can give trouble with its base-connected can) by OC84s—
more readily available to non-professionals—and used an
oscillation frequency of 65kc/s. We drove the speaker
sinusoidally at 150c¢/s, at which frequency the loudspeaker
was purely resistive. The waveforms (Figs. 1, 2, 3) shown
were obtainable at peak drive (above which squeaks can be
heard as the oscillation frequency enters the audio band).

Points to note are:—

(a) The oscillation frequency does not come down sym-
metrically on positive and negative swings, due to imperfec-
tions in the circuit (Fig. 1).

(b) With no drive, no reverse conduction is required and
correct operation is maintained except for the rather slow
turn-cn of the OC84 (Fig. 2).

(c) Reverse current is asked for on peak swings, and
actually flows in the OC40 but not in the OC84: this is due
to the single-ended drive stage. (This gives a square-wave
drive to the bases slightly greater than the h.t. lines.) In
order to prevent this entirely, without extra complexity, the
standing power must be increased. This is hardly worth
while as the conditions shown can be maintained indefinitely
without any danger of excessive heating of the transistors.
Large increases in the bootstrapping capacitors worsens these
conditions.

The power obtained was nearly 900 mW (a small fraction
beinz consumed by the 1Q resistor and the choke resistance).
This corresponds to e,/h=.66. This power can be increased
to above 1W by raising the h.t. voltage (which must not
exceed 20V when the OC40 current will be at its permitted
masimum, being 300 mA under the conditions shown and
mavximum voltage).

We apologize for not going into detail on the power
considerations—this would have made the article far too
long—and for any confusion we may have caused on this
score. Furthermore, we did not mean to imply that the
present transistors can be used in a higher wattage version
using a bridge (with which it is difficult to implement a
feedback scheme anyway).

Finally, we were gratified to receive so much correspondence
and hope that our article has stimulated further experimenta-
tion into class D amplifiers, leading to rather faster progress
in evaluating design criteria and applications for this type
of amplifier in audio engineering and in other fields. Up-
rating and improvements in design are obviously possible,
bur achievinz these without excessively increasing complexity
and cost is the problem in hand.

G. F. TURNBULL and S. M. TOWNSEND.

Manchester University.

FROM the article in the April issue and the letters in the

May issue of Wireless World it would seem that some
controversy is arising as to whether the open-loop or closed-
loop system is best for a p.w.m. amplifier. We recently
announced a 20-watt amplifier, the X-20, using the former
system and the reasons for our choice may be of interest.

The most serious disadvantage of the closed-loop system
from our point of view is that loud beats occur when two
such amplifiers are used in a stereo installation. This hap-
pens because the pulse repetition frequencies of the two
amplifiers, being variable, cannot be locked together as they
can in the X-20. The closed-loop system has the virtue of
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simplicity, and is excellent for mono amplifiers but even
here the open-loop mode has advantages, The additional
components needed are inexpensive and I believe that,
even for mono applications, the slight additional cost is
usually justified.

As Mr. Johnson pointed out in the May issue, the closed-
loop system distorts severely when the modulation index
is large and he suggests that the same limitation applies
to our system because of the finite and variable switching
period of the output transistors. In the X-20, however, the
switching times of the output transistors are only 0.15 usec
for a cycle length of 14 ysec. Furthermore the variation in
switching time with modulation is not more than 10% or
0.015 ysec. Thus this can contribute not more than 0.02%
distortion. To this must be added the variation in “on”
voltage of the transistors, but here again the change has been
made sufficiently slight to contribute only 0.02%. Phase shift
between the driver and output stages has also been made
insignificant.

Thus the open-loop system can be used to effectively
100% modulation without significant distortion. This is
important if one wishes to obtain the maximum possible
power from the output transistors.

As regards the production of unwanted sidebands in the .
audio range, these can, in practice, be avoided in both
systems if the design is correct.

On the subject of the design of open-loop systems, Turn-
bull and Townsend apply the audio to the base of the
integrator transistor. This saves one transistor but the saving
is small and leads to a loss of high-frequency performance
and possibly to the introduction of some distortion.

Mr. Birt’s plea in May for suitable output transistors, which
was mine also not long ago, has been answered, at least
partially, by some of the new silicon epitaxial planar tran-
sistors as used in the X-20. These have current ratings of
around 2amps and collector-emitter breakdown voltages in
the region of 60 volts. Care must be taken when selecting
an output transistor for a high-power output stage, however,
because the avalanche conditions are very impoxtant and
many manufacturers fail to specify these.

C. M. SINCLAIR,

London, N.1. Sinclair Radionics Ltd.

IN an interesting article in your April 1965 issue, Turnbull
and Townsend describe a high efficiency audio amplifier using
supersonic pulse duration modulated switching. Perhaps
your readers would be interested in an alternative compact
modulator/oscillator which has much in common with the
closed-loop system described.

Instead of a modulated rectangular wave of current giving
rise to a sawtooth wave of voltage across a capacitor, here
a modulated voltage wave applied to an inductor gives rise
to a sawtooth flux wave. Hulme* has shown that when
transistors are used to switch d.c. supplies of more than a
few volts across windings on cores of high permeability,
sharply saturable magnetic material, the linearity of the flux
growth can rival that given by a Miller integrator (i.e. a
large value for T in the expressions on p. 165). Further-
more, the material inherently provides the required hysteresis.

First it is necessary to provide the magnetizing current of
either polarity from a low impedance source; and in the
figure this duty is performed by the emitter follower pair
Vtl and 2. This feeds, via large capacitor C, one end of
winding 1 of saturable transformer, T, the other end con-
necting to the emitters of complementary switching transistors
Vi3 and 4. Their strapped bases as well as emitters ensure
that conduction of Vt3 or 4 is mutually exclusive. ‘

Winding 2 provides positive feedback which maintains. Vt3
(say) bottomed so long as the core permeability is hich (i.e.
during the periods of flux growth). Once saturation flux
density is reached, the magnetizing current rises substantially,
bringing Vt3 out of current saturation and therefore increas-
ing its volt drop. The accompanying fall in voltage across
windings 1 and 2 reduces the base current and also the

* Hulme, V. B., “ Some Switching Circuit Applications of Transistors
and Saturable Magnetic Cores.”” (Appendix) Proc.I.E.E., Vol, 106, Part
B Suppl. No. 18, May 1959.
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conduction of Vt3 cumulatively, leading to the rapid transfer
of the supply to T from Vi3 to Vt4. The flux in T now
commences to trace out the other flank of its sawtooth which
continues until saturation of the opposite polarity causes
the switches to revert to their previous condition.

When the voltage to C is zero, the circuit quickly settles
to equal and opposite slopes of the sawtooth (and hence 50%
duty ratio) with a mean voltage at X of E/2. An input
volage, v, then results in the imposition upon winding 1 of
successively (E/2—v) and —(E/2+v), so giving the re-
quired control of the slopes of the sawtooth flanks and a
mean voltage at X equal to the input, ». The input swing
is best restricted to #0.25E or 0.3E, corresponding to a
range in duty ratio of 25% to 75 0/ or 209 to 80%
respectively.

The difference in voltage across windings on T between
one phase of a cycle and the other could lead to a large
range in the base currents sustained by winding 2. Limiting
is therefore introduced by way of resistors R,, R, and diodes
D1 to 4. The base-emitter diode of Vt3 is protected in
respect of reverse voltage by the forward conduction of Vi4,
and vice versa. Resistor R, provides a small “priming”
current to ensure sufficient gain, once the supply is connected,
for switch action to occur.

An output may be taken from X direct to a load or w0
control higher power switches. At somewhat reduced
efficiency, an output at a higher voltage could also be taken
from another secondary winding on L or, at a lower voltage,
between X and a tap on winding 1. All loads must, of
course, include a small amount of series inductance if heavy
current surges at the instants of switching are not to lead
to serious power loss in the switches.

The following transformer details would be appropriate
to E=12 volts and germanium Vt3 and 4:—

Strip-wound ““ Nilomag > 800 core on G. L. Scott ceramic
bobbin No. 1 (2mm 1/DiaX4.5mm 0/DiaX5mm long
approx.).

Toroidal winding 1; about 45 turns of 38 s.w.g. wire.

Toroidal winding 2; about 25 turns of 42 s.w.g. wire.

D. P. FRANKLIN

Wells, Somerset. E.M.IL Electronics Ltd.

Matrix Algebra

IN the first of the articles on matrix algebra by G. H. Olsen
in the March issue, an example of a four-section, R-C
phase shift network was considered (Fig. 6). The four-
section network is not often considered in publications deal-
ing with ladder phase shift oscillators and it may be of
interest to note that in the same network as in Fig. 6 with
R and C interchanged, 7¢°C°R*=10 giving an upper bound
of frequency but with a value of a,, unchanged at —18.39.
For five sections the minimum value a,, can have lies
between —15 and —16. In the limit where the network
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is replaced by a distributed R-C line the minimum value
of a,, comes out at —coshz. The principal conclusion to
be drawn from this last result is that the current or voltage
gain in the R-C phase shift oscillators using these networks
would appear to be no less than 11.5 (which is the value
of coshyr for the circuit to oscillate.

M. F. McKENNA

Automatic Telephone & Electric Co. Ltd.

Liverpool. School of Electronics.

Klystron Action

I MUST thank Mr. E. H. Jones (May issue, p. 247) for his
interest and comments. I must agree that my description
of reflex klystron action in last October’s issue was somewhat
less than accurate for the modern klystron and arose from a
confusion in my notes with an earlier experimental type of
klystron.

Whilst I do not feel that the confusion of the basic qualita-
tive understanding of klystron action caused by this error is
great, I should like to clarify this action in a manner com-
patible with the introductory form of the article.

The cavity of a modern reflex klystron has the gap spaced
quite close together, as shown in the accompanying diagram,
to avoid transit time problems. The beam produced by the
cathode and focusing anode will accelerate toward the
resonator. The resonator, excited by random fluctuations
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in the resonator voltage and beam current, will resonate at
a microwave frequency determined by its physical size and
shape, producing a minute voltage at the gap. This voltage
will vary in the velocity of the beam passing through the gap.
As the beam passes through the drift space between resonator
and reflector those electrons that have passed through the
gap at such a phase as to be increased in velocity will catch
up with those with decreased velocity causing the bunching
explained in the article. With the exception of the bunching
taking place in the drift space, due to velocity modulation
of the beam by the resonator, rather than in the resonator
itself, the action is as previously given in the article.

Full mathematical analvsis of klystron action may be
obtained from J. C. Slater, *“ Microwave Electronics,” D. Van
Nostrand Inc, or several others of references mentioned in
the final article. (December 1964 issue.)

Roxboro, P.Q., K. E. HANCOCK

Canada,
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International Audio Festival and Fair

OUR whole days of bliss and blisters sums up the
Fair for the majority of audio fans. To do the exhi-
bition and oneself justice four days would be a mini-

mum for the 70-odd demonstration rooms (on four floors)
and nearly 90 stands. But, we imagine, few had the
stamina to fight their way through all the demonstration
rooms. One pronounced trend was that the audio equip-
ment was perhaps more eye-catching that it had been
in the past (the music provided in the demonstration
rooms was certainly ear-catching), but that which looked
good did, in the majority of cases, sound good and in-
deed one was embarrassed by the richness of the fair.

New developments (often new applications of old
ideas) were evident and although switching amplifiers
using pulse-duration modulation may not be ready for
the hi-fi market, a British version of the Ionophone—a
Joudspeaker with no mechanical moving parts—has been
developed and was introduced to the public at the Fair.
Loudspeaker designers are producing more compact en-
closures and smaller driver units with aluminium cones
and voice coils, ceramic magnets and improved suspen-
sion. In the field of tape recording, cross-field heads
are currently being talked about and tape/source com-
parison is provided on many machines by the use of
separate record and playback heads and
amplifiers. Recorders designed for vertical
operation are becoming more popular and
the Sony TC600 incorporates equalisation
for magnetic pickups for direct recording of
discs.

More automatic devices, which seem to
be slow in catching on in Britain, could be
seen here and there. For instance, an auto-
matic tape changing recorder; automatic
recording level control and automatic stereo/
mono switching on a multiplex decoder.
More f.m. tuners now use interstation noise
suppressors and one is provided with a tuning
check by applying a 50c¢/s amplitude modu-
lated signal so that accurate tuning is achieved
by adjusting for minimum hum (Lowther). A
comprehensive remote control unit (tuning,
volume, wavechange, etc.) for a receiver pro-
vided endless entertainment in one of the
demonstration rooms. Intercommunication
between receiver and extension loudspeakers
is provided on the Tandberg Huldra sets and
it is surprising that this is not more common
since the extra cost is not great. Another
automatic feature that we think could be
more widely used is optional automatic
switch-off of complete equipment after a tape
or disc has been played through, and at least
one manufacturer has incorporated this into
a tape recorder. On one single-disc player

HOTEL RUSSELL, LONDON, APRIL 22-25

included in a number of turntables to enable strobo-
scopic marking to be viewed more easily, particularly in
daylight, and it would appear that variable speed turn-
tables are slowly increasing in popularity. The ceramic
cartridge, which is gaining a strong foothold in the
market, offers the enthusiast of moderate means a good
alternative to the crystal types, which are notably tem-
perature and humidity dependent, and of course, require
less extensive amplifiers than magnetic types. (Incident-
ally, work on semiconductor transducers brings to mind
the possibility of semiconductor acoustic amplifiers—
instead of electric amplifiers. Even if this can only be
achieved at radio or microwave frequencies, perhaps
audio modulation of a semiconductor r.f. or microwave
generator and subsequent demodulation after ultrasonic
amplification may form the basis of a system.)

In the stereo field the novelty of vertically directed
sound appeared on a tape recorder. An amplifier had a
facility for connecting a centre channel loudspeaker.
Another amplifier incorporated a very useful test oscil-
lator which produced single tones for phasing the loud-
speaker and achieving correct centring. Loudness

controls were evident on a number of amplifiers—in
one case a loudness/volume switch gave a 10dB accen-

: 502 Aupio
"I INPUT

150V

320 §220k

an unusual facility was an automatic pick-up
arm return. Amplifier muting during re-
cord changing may become a popular feature
of automatic turntables. Neon lamps are
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Circuit of the lonofane loudspeaker,
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ELECTRONIC LABORATORY INSTRUMENT

PRACTICE

By T. D. TOWERS,* mB.E,, A.M.I.LE.E, A.M.IL.LE.R.E.

6.—MEASUREMENT OF IMPEDANCE, CAPACITANCE AND INDUCTANCE

AST month we considered the measurement of the

d.c. characteristics of circuit components in the form

of their resistance (R). Now we turn to a.c. charac-
teristics, i.e. inductance (L), capacitance (C), and the
combination of these with resistance in the form of
impedance (Z).

Impedance measurements

Often in the electronic laboratory you are interested
in the magnitude only of an impedance, |Z|, without
regard to its individual resistive and reactive components.
Measurements of this type may arise with loudspeakers,
filter circuits, chokes, transformers, tuned circuits, etc.
With quite simple apparatus normally at hand, you can
measure impedance over the range of 20c/s to 20Mc/s
with some of the circuits described below. Above about
20Mc/s special methods and precautions are usually
required. The circuits can be used as temporary “ lab.
lash-ups,” although some of them form the basis of
comimnercial impedance meters.

The low frequency “ bridge-type >’ impedance measur-

ing circuit given in Fig. 37(a) can be quickly set up.

The unknown impedance, Zy, is connected in series
with a calibrated variable resistance, R, across an a.f.
sinewave voltage source. A valve voltmeter is switched
alternately across Zy and R, while R is adjusted until
the same reading is obtained in both positions. The
reading in ohms of the calibrated resistor is then the
magnitude of the unknown impedance Zy at the test
frequency. The source a.c. voltage can be supplied
from an a.f. signal generator or from the 50c/s mains.
In either case an isolating transformer (often an in-built
feature of a good audio signal generator) should be used
to avoid difficulty with the earthing of the valve volt-
meter, and to enable the voltage applied to the com-
ponents under test to be kept within their ratings. The
circuit gives reasonably accurate results up to about
10kc/s before circuit strays become critical. Impedances
from 19 to IMQ can be measured with ease. The
accuracy depends primarily on the accuracy of the
calibrated comparison resistance, R, but you should not
forget that departure from a pure sinewave driving
voltage can lead to errors. The a.c. mains supply often
contains quite a proportion of second harmonic dis-
tortion, and, if the test voltage is from this source, you
may find errors up to several percent arising.

Another approach to Lf. impedance is the ° audio
volt-ammeter ” method of Fig. 37(b). Here a voltage
from an a.c. source is applied to an unknown impedance
Z,. The r.m.s. current, Iy, into Zy is measured in the
appropriate a.c. range of a multimeter, while the r.m.s.
voltage, Vy, across it is measured on a valve voltmeter.
By Ohm’s law, the impedance is given by |Zy| = Vx/I.
The volt-amimeter method can give reasonable accuracy

WIRELESS WORLD, JUNE 1965

ZJ4=R AT B
@ - ® IZ,J=R AT BALANCE
SINEWAVE
SOURCE
VOLTAGE

MULTIMETER IN
A.C. CURRENT RANGE

(b> L n Iz)(]T Vx/Ix

F
SINEWAVE
SOURCE
VOLTAGE

@ . o

SINEWAVE
-~ SOURCE
ADJUSTABLE
VOLTAGE

Fig. 37. Some simple basic |.f. impeda;lce test circuits: (a) ** bridge-
type ”°; (b) volt-ammeter (c) T-network;

up to the highest frequency at which the multimeter
can be used (5-10ke/s), and so long as |Zy| is small
compared with the input impedance of the valve volt-
meter.

A third simple way of measuring impedance in the
low frequency range is the audio “ T-network > method
illustrated in Fig. 37(c). Here a known reference resistor,
R,, is connected across the test terminals X-X, and the
amplitude from the a.f. sinewave input is adjusted on
the input multimeter to V, for a suitable reading V,,;
on the a.c. output meter. The reference resistor is then
replaced by the unknown impedance Zy, and the input
voltage adjusted to Vy to give the same output voltage
Voui- Then the value of the unknown impedance is
given by |Zy| = (V,/V)R, This method is partic-
ularly easy where you have a signal generator displaying
its output voltage directly on a meter, since you can
then dispense with the separate meter for the input
voltage to the T-network. The major precaution to be
taken is to ensure that R is large compared with the

*Newmarket Transistors Ltd,
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generator output impedance and small compared with
thbe impedance of the meter at the circuit output.

The impedance measuring circuits of Fig. 37 are
restricted to low audio frequencies. One of them, the
T-network, can, however, be adapted for r.f. use as
shown in Fig. 38(a), where the audio signal generator
has been replaced by an r.f. signal generator with a
calibrated output attenuator reading directly in micro-
volts and terminated in the correct resistance R, (usually
50 or 75Q). Also the voltage across the unknown
impedance is now monitored by a radio receiver fitted
with an internal “ S ” meter or external output meter,
The test procedure is to connect a non-inductive reference
resistor, R, (preferably a hi-stab cracked-carbon type),
across the test terminals X-X, and tune the receiver to
the signal generator frequency for maximum output.
If the receiver has an internal S meter, the signal can
be unmodulated, but if an external output meter is used,

@) R g Ry

F
SINEWAVE
SIGNAL
GENERATOR

RADIO
RECEIVER

RF SIGNAL
GENERATOR

( Y4~WAVELENGTH LINE )

( My = M= THERMOCOUPLE RF METER )

Fig. 38. Some simple basic r.f. impedance test circuits: (a) T-
network (below 30 Mc/s); (b) use of coaxial cable to measure unknown
Z (above 30 Mc]/s).

the signal should be modulated. Receiver a.g.c. should
be disconnected or the receiver operated at a low level
(<50mW output) where the a.g.c. will not be operative.
For a specified receiver output the signal generator out-
put, V,, is noted on its calibrated output attenuator.
The reference resistor is now replaced by the unknown
impedance, Z, across X-X, and the signal generator
output adjusted to Vy for the same receiver output as
before. Then the impedance of Z; at the measurement
frequency is given by {Zy| = (V,/Vy)R,. For accuracy
you must first ensure that R is high compared with the
signal generator output impedance R, the reference
resistance R,, and the impedance Z,; a typical practical
value of R is 1000 ohms. You must also take care that
the T-network from the signal generator to the radio
receiver is adequately r.f.-screened. The method can
be used up to about 30Mc/s with care. As it happens,
30Mc/s is the upper frequency limit of run-of-the-mill
communications short-wave receivers.

Above 30Mc/s, it is still possible to arrange conven-
tional test equipment on a bench to measure impedances
up to about 150Mc/s. Fig. 38(b) illustrates the use of a
quarter-wavelength section of coaxial cable for this.
Across the input (left-hand) end is connected a non-
inductive resistance R, equal to the -characteristic
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impedance, Z,, of the coaxial cable (usually 50 or 750Q)
in series with a thermocouple milliammeter, M,, which
measures the r.f. current I,, in the screen of the coaxial
cable at the line end. An r.f. signal generator is loosely
coupled by a single-turn loop to the centre conductor

- at the same end. At the other end of the line another

thermocouple milliammeter, M,, is connected across the
line end in series with the unknown impedance connected
between test points X-X., M, measures the r.f. current
I,, in the centre conductor where it emerges from the
cable screening. The coaxial cable length is made equal
to a quarter wavelength of the frequency from the r.f,
generator. When the unknown impedance is connected
across X-X, then it can be shown that |Zy| = (I/I,)R,.
All connecting leads should be kept as short as possible
and the output end of the cable kept as far as possible
from the input. With care the method is usable from
30Mc/s (line length approx. 9ft) to 150Mc/s (length
approx. 18in).

I have described some bench methods of measuring
impedance magnitude (without phase consideration)
because in the “ ordinary *? a.f. and r.f. frequency spec--
trum handled in the electronic laboratory, there are
virtually no commercial test sets available which meet
this simple requirement on its own. For the most part,
if you use a commercial impedance meter,” you
generally get your results in the form of a pair of values
for resistance and reactance. You then have to combine
these by the usual square root of the sum of squares-to
get the modulus or magnitude of the impedance.

There are, however, commercial instruments known
as “ Vector-Impedance,” * Polar-Impedance ” or “ Z-
Angle ” meters available which do mieasure the impedance
magnitude directly (as well as the phase angle). Typical
of these is the Hewlett-Packard (Boonton Division)
Vector Impedance Meter 4800A which displays on two
meters the magnitude and phase angle of an unknown
impedance, connected across its test terminals at any
selected frequency from 5¢/s to 500kc/s. An instrument
of British make operating on the same principle is the
Muirhead Type D728B, Impedance and Angle Meter.

The “ Vector-Impedance ” meter is only one of a
large selection of instruments of various types com-
mercially available for measuring both the resistive and
reactive components of an unknown impedance. We
have already mentioned some of these in the last article,
where we referred to d.c. resistance tests commonly
being made on low frequency a.c. bridges. In ordinary
lab. practice, however, the problem that the engineer
usually meets with is “ What is the capacitance (or
inductance) of this component? ” rather than “ What
is the impedance?” We will therefore go on now to
consider the measurement of capacitance and inductance
rather than of reactance proper.

Capacitance measurements

To make a quick practical test of a suspected capacitor,
engineers often take an ohmmeter or a multimeter in a
resistance range (usually ohms x 100), and place the
capacitor across the meter termtinals. After a bit of
experience, you can tell the approximate capacitance
value from the resultant “ kick” of the meter pointer
and the approximate leakage from the resistance reading
to which it finally settled. This ohmmeter test method
is limited because it doesn’t give significant kick deflec~
tion for low value capacitances and tells only the low
voltage leakage. Still it is a useful first test that quickly
sorts out short or open circuits at least. (When testing
electrolytics this way, see that the positive terminal of
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S.C.R.s for TV Line Scanning

ALTERNATIVE TO TRANSISTOR/DIODE COMBINATIONS

ECENT work in Japan and the U.S.A. has shown that
silicon controlled rectifiers (s.c.r.) can be used for
line scanning in a television receiver. The method of

scanning, however, differs from a normal transistor scan-
ning circuit, because once the s.c.r. is triggered into con-
duction, the trigger electrode has no further control and
cannot be used to switch the s.c.r. off.

Before describing the circuit using an s.c.r. consider the
basic transistor/efficiency diode circuit shown in Fig. 1(a)
with the appropriate current and voltage waveforms. This
circuit consists of a scanning coil L, a capacitor C,, a
transistor and a diode. The transformer which would
normally supply the e.h.t. and remove the d.c. from the
scanning coil has been omitted since it is not essential
to the basic circuit.

The current flowing in the scanning coil is perhaps
best considered starting from halfway through the for-
ward scan when the transistor just starts to conduct.
At this point the current is increasing linearly in the coil
L until the transistor is switched off by a square-wave
pulse-applied to the transistor base. Approximately half
a sine wave of oscillation then takes place between the

E TRANSISTOR  CAPACITOR
CONDUCTS

100!
COIP)JDUCTS CONDUCTS
< | - -

SCANNING COIL
CURRENT
—
<

<<
x
purt
1
I
!
I

(c)

VOLTAGE ACROSS
SCANNING COIL
-«

Fig. 1. (a) Basic transistor diode line scanning circuit. (b) Scanning
coil current. (cY Scanning coil voitage.
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By F. D. BATE,*B.Sc.(Hons.), A.M.LE.E.

inductance L and capacitor C,, during which time the
current in the yoke reverses. At the instant the current
has reversed and is at approximately its peak value the
voltage across the coil is just starting to go slightly posi-
tive, and would continue to do so if it were not for the
presence of the diode which clamps the current at this
peak value. The diode thus conducts for the first half
of the forward scan until the current has collapsed to
zero, at which point the transistor comes into conduction
and the whole process repeats itself. Thus the current
flowing in the coil flows in the diode for the first half of
the scan, the transistor in the second half of the scan
and in the capacitor during the flyback period.

The Silicon Controlled Rectifier

Briefly an s.c.r. is a three-electrode solid state device
having an anode, cathode and control electrode. Current
flows {rom the anode to cathode when the anode is posi-
tive and a positive pulse is applied to the control electrode,
once in conduction, the control or trigger electrode has
no further control over the current flow.

The magnitude of the current flowing is limited by the
external circuit and characteristic of the s.c.r. In order
to switch off the s.c.r. the anode current flow must fall
below a certain minimum value, called the holding cur-
rent (usually a few mA) and be held at this value for a
short interval of time, called the turn off time, which
can be anything up to 100psec. The voltage across the
s.c.r. is abcut 1-2 volts (depending on the s.c.r. and
current) during conduction.

Before describing a scanning circuit using an Ss.C.I.
consider Fig. 2(a) because this is the basic on/off switch-
ing circuit. In Fig. 2(a) the capacitor C is charged up
through the inductance L, and then at a given instant
a positive pulse is applied to the trigger electrode of the
s.c.r. The capacitor then discharges through the small
inductance L, and the s.cr. If the small inductance L,
were not present then the current would be limited only
by the resistance in the circuit and the s.c.r. and when
the capacitor had been discharged the s.c.r. would con-
tinue in conduction, there being no mechanism for
switching it off. The presence of the small inductance
L., which can be less than 1/H, and little more ihan a
few turns of wire, completely alters the picture. The
discharge current can now be oscillatory provided the
values L., C and r are correct and the waveforms of the
current and voltages present are as shown in Fig. 2. The
discharge current through the s.c.r. is thus a damped half
sine wave and after half a complete oscillation the voltage
across the capacitor has changed its sign and become
negative. The voltage acress the s.c.r. during this period
is reasonably constant at 1-2 volts. For oscillations to
continue the current must now flow in the opposite direc-
tion in the s.c.r. and, apart from the small reverse current
due to the stored charge in the s.c.r., this is not possible.
The voltage across the inductance L, thus collapses to

*Thorn-AEI Radio Valves and 'Tubes, Ltd.

305

www americanradiohistorv com


www.americanradiohistory.com

, ‘ | " (b)
SN N A

/--- F= =1 =Vir E (©)

0 .

{
/ (d)
E

.\ (e)

Fig. 2. (a) Basic onjoff switching circuit. (b) Current in s.C.F.
(¢) Voltage across s.c.r. (d) Voltage across C. (e) Voltage across Ly«

zero and produces a negative voltage on the anode of
the s.c.r. equal to the collapse of voltage across L, (see
Fig. 2(c)). The voltage across the s.c.r. is thus negative
for the initial part of the charging of the capacitor and
this provides time for the charge carriers in the s.c.r. to
recombine and for the s.c.r. to revert to its non-conduct-
ing state. The s.c.r. will now not conduct until a positive
pulse is applied to the trigger electrode. Appendix I gives
a fuller treatment of the magnitude of the negative voltage
appearing on the s.c.r. anode in terms of the Q of the
circuit during the discharge period.

This switching off of the s.c.r. is one of the problems
encountered in a scanning circuit using such a device
which is not present in a normal scanning circuit. It does
require an s.c.r. having a very fast switch-off time, other-
wise any slight upset in the scanning conditions may
make the s.c.r. permanently conducting and when this
happens all one can do is to switch off the h.t. line.

Line Scanning Circuit Using an S.C.R.

The basic line scanning circuit using an s.c.r. is shown
in Fig. 3 with the appropriate wave forms. L represents
the scanning coil and L., is usually the leakage inductance
of the transformer. Provided a single h.t. line is used,
a transformer is essential, so that an s.c.r. scanning cir-
cuit requires an extra inductance L, and transformer
when compared to a basic ordinary transistor scanning
circuit. The e.h.t. can be obtained from extra windings
on the transformer.

The scanning process using the s.c.r. constitutes what
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is known as a “retrace driven circuit” and such a scan=
ning circuit using a transistor was described as long ago
as 1957 by W. Guggi. Referring to Fig. 3 the capacitor
C is charged up through L, and the s.c.r. brought into
conduction by a positive pulse on the control electrode.
The capacitor C is discharged through L, and the
reflected coil inductance L in parallel with the transformer
primary winding. This continues as in the previous
circuit, Fig. 2, until one quarter of an oscillation has
taken place. At this instant the voltage across the coil
in the secondary circuit has reached zero (if the trans-
former is connected the correct way round), and is about
to reverse its sign and go positive. However, the pres-
ence of the diode prevents this, and thus clamps the
current when it is at its maximum value. The primary
of the transformer which is in the anode of the
s.cr. now only sees the small leakage inductance
L, of the transformer, the transformer itself being
effectively short-circuited by the clamping action of
the diode. The second quarter . of the oscillation
is now determined by C and the small leakage induct-
ance L, and is very rapid when compared with the first
quarter oscillation. It is this small value of L, that
gives the anode of the s.c.r. a sufficiently negative value
for a sufficient length of time to allow the s.c.r. to revert
to its non-conducting state, A comparison of the wave-

\A @

‘. SN o
- 0

Fig. 3. (a) Basic s.c.r. line scanning circuit. (b) Voltage across C.
(c) Current in s.c.r. (d) Current in diode. (e) Voitage across scanning
coil L. (f) Current in scanning coil (voltages and currents not to
scale).
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Fig. 4. Variation of peak currents of alternative devices with h.t.
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Fig. 5. Variation of peak voltages across the devices with h.t. line
volts.

forms present in the s.c.r. circuit Fig. 3 and the normal
transistor scanning Fig. 1 shows the main differences
between the two modes of operation. In the s.c.r. cir-
cuit the diode is conducting for the whole of the scan
time and the s.c.r. is conducting for the whole of the
fiyback or retrace time. In the normal transistor circuit
the diode and transistor each conducts for about half the
scan time and neither conduct during the flyback period.

In Appendix II a simple treatment gives the neces-
sary equations which determine the value of C, trans-
former turns ratio n, and coil inductance L for a given
h.t. line. The results of an estimation of the s.c.r. diode
and transistor/diode circuits is also given in the accom-
panying table as well as a comparison of the peak current
and voltage required by the devices as a function of h.t.
line for a typical yoke at 18kV and a 110° scanning angle
see Figs 4 and 5.

Comparison of an S.C.R. and Transistor
Circuit (Same H.T. Line)

The accompanying table gives a comparison of the s.c.r.
diode and the normal transistor/diode circuits. The
differences can best be appreciated by considering each
row of the table separately, and are as follows:—

1. The peak current of the s.c.r. diode has to be twice
that of the transistor diode for the same scanning coil
and h.t. line. Taking n=5 as typical for a transformer
turns ratio the peak current of the s.c.r. must be ten
times that of the transistor.

2. The conduction time of the s.c.r. diode is twice that
of the transistor dicde. ~

3. The peak volts on the transistor and both diodes
are the same, the peak volts on the s.c.r. being equal
to twice the h.t. line,

WIRELESS WORLD, JUNE 1965

4. If the flyback time is the same then the capacitor C
in the s.c.r. circuit is related to the capacitor C, in the
transistor circuit by C=C, (2n)" and if n=5, C=100 C,,
thus a very much larger capacitor is required with the
s.c.r. circuit which will be considerably more expensive.
5. The peak volt-amps required both by the s.c.r. and
its diode are twice those of the transister and its diode.
The peak volt-amps is the product of the peak voltage
which is present at some time during the cycle and the
peak current which is required. These requirements
do not occur at the same instant of time. For instance,
in the case of the transistor, the peak current occurs at
the end of scan and the peak voltage half-way through
the flyback period.

6. The power in the diode in the s.c.r. circuit is at least
four times that of the diode in the transistor circuit in
the forward direction. The power in the s.c.r. is con-
siderably more than four times that of the transistor
in the forward direction because the forward voltage
drop in the s.c.r. is 1 to 2 volts compared with approxi-
mately 0.3 volts in the transistor case.

7. During the switch off, power is dissipated in the
transistor and this can be quite considerable unless a
“fast™ transistor is used. Little power is dissipated
in the s.c.r. after it is switched off because the voltage
across it in this time interval is very small. The power
dissipated in the diode in the s.c.r. circuit can be very
considerable when it is switched off because of the
stored charge which is present in solid state diodes. The
removal of this charge, after the forward current has
fallen to zero, shows itself as a current in the opposite
direction and occurs during the time of the large inverse
voltage, this results in the dissipation of a considerable
amount of power. The diode used in the transistor
scanning circuit will not dissipate any power when the
inverse voltage appears because the stored charge has
had about half the scan time in which to be removed
before the large inverse voltage begins. These con-

ESTIMATION OF THE REQUIREMENTS OF AN S.C.R./DIODE
AND TRANSISTOR/DIODE CIRCUIT

g Transistor/Diode | $.C.R./Diode
' Transistor Diode S.C.R. Diode
) X I 1
Peok current | e 5 nl i I
Conduction | Ts : T :
time 2 ! 9 Tt ; Ts
Peak volts 7 Ts o Ts E = Ts |
S ~ i ; |
H.T. volts 2T | 2T v L o
(approx.) | ; ’
Flyback N 7 - .
time, Tt 7y LG, ny 1.C i
Peak volt- 7 Ts R WM 7 Ty _n T.
STIV v v o v
amps 4Tt 4Ty 27Ty 2Ty
. gow:er in/f R T . - T 1 .
evice (for- s , Ts s =
ward direc- | VT T gV oy P WVsen - [ 1Ivp oo
tion) | !
Power in de- Can be con- . i Can be very
. vice siderable. ! Negligible Negligible considerable,
(Switch off) Fast switch- ‘ Fast switch-
off transis- | Coff  diode
tor required ! , required
" Power in cap- i
acitor in cir-
cuit (if same Py
. power factor)
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siderations mean that a very fast diode is required in
the s.c.r. circuit, that is, one with very low stored charge.
8. The s.c.r. circuit also requires an additional induct-
ance over the transistor circuit which must result in
more wastage of power as well as the cost of an extra
component.

It would thus appear that if the same h.t. line is used
the s.c.r. has no advantages over the normal transistor
scanning circuit and has many disadvantages. It
requires a very expensive diode, which must not only
be very fast, but must withstand twice the peak volt-
amps of the transistor circuit diode. The s.c.r. must
also be very fast so that there is little chance of it not
switching off should some adverse conditions arise in
the circuit. An extra inductance is required and the
capacitor must be considerably larger (by about 100
times) than the capacitor in the normal scanning circuit
and also must have a very low power factor. The effi-
ciency of the s.c.r. circuit must also be considerably

at 15 ke/s which is more than is required to scan a small
sized television tube. The inductance L, is SmH and
wound on a Ferroxcube core. The transformer is also
wound on Ferroxcube and has a turns ratio of 5:1. It
is wound for low leakage inductance by winding half
the secondary, then the primary, followed by the other
half of the secondary. The leads on the primary of the
transformer leading to the capacitor and the s.cr. are
kept as short as possible otherwise severe ringing will
occur when the diode clamps the circuit. The diode
itself consists of three silicon diodes in parallel with
small equalizing resistors in series, and were experi-
mental types having low stored charge, this gave a notice-
able improvement in the efficiency of the circuit over
typical silicon diodes of the type BY105. It is essential
that the capacitor C has a low power factor at 15kc/s,
less than 0.01 if the power dissipated is to be kept below
1 watt. A comparison of the power dissipated in the
capacitors in each circuit is given in Appendix III.

below that of the transistor case. What advantage, if-

any, does an s.c.r. circuit have over an ordinary scanning
circuit? The main advantage lies in the relative sim-
plicity of the circuit preceding the s.c.r. All that is
required is a blocking oscillator giving a positive pulse
every 15kc/s which drives an emitter follower, though
more sensitive s.c.r.’s could probably dispense with this.
The transistor scanning circuit requires a square-wave
drive voltage, usually from a blocking oscillator with a
buffer or driver stage extra. Thus the s.c.r. control
circuit is very much simpler and cheaper than the tran-
sistor control circuit. Finally, if the s.c.r./diode circuit
can be made to work at a considerably higher voltage
than the transistor/diode circuit then the circuit effi-
ciency will be increased. The power in the devices will
fall off as the h.t. line increases.

Experimental S.C.R. Circuit

In Fig. 6 an experimental s.c.r. circuit is shown along
with the drive circuit. Two n-p-n transistors are used
working from a 9 volt h.t. line, one as a blocking oscil-
lator and the other as an emitter follower. This enables
the s.c.r. to be driven from a low source impedance.
The driving pulse is about 8 volts and 5 pssec duration.
The output circuit is supplied by a 60 volt h.t. line and
250 mA giving approximately 6 m] of energy per line

Gate Control Switch

Recently a solid state device, called the gate control
switch (g.c.s.) has been developed. This is similar to
the s.c.r. except that the control electrode can be used
to switch the device off as well as on. It is probably
the first truly solid state switch and is exactly analogous
to the ordinary mechanical single-pole single-throw
switch which is used for switching the light on and off
in the home. The control or gate electrode has a much
larger active area in the g.c.s. than the s.c.r. and it is
this change which enables it to switch the current off
as well as on.

The g.c.s. is used as in a normal scanning circuit,
that is, it is forward driven. It required two pulses, one
to switch the current on and one to switch it off. In
practice it can be driven with a square wave pulse of
larger voltage amplitude than for a transistor but requir-
ing considerably less power. Samples available at the
moment have higher inverse voltage ratings (400 volts)
than the transistor (300 volts), and since its construction
is not unlike the s.c.r. higher inverse voltage ratings
can be expected. The switch off of the current is about
as fast as recent transistors and little power is dissipated.

The g.c.s. has the disadvantage that in the forward
direction the voltage drop is about 1.5 volts compared
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Fig. 7. Experimental g.c.s. scanning circuit. The gate control switch is a G.E. experimental type. D is an experimental silicon diode.

with 0.3 volts with a transistor. Not only is this a waste
of power, it also results in a worsening in the linearity
of the scan in that the effective h.t. line to the coils is
about 2 volts less during the conduction of the g.c.s.
than the conduction of the diode. This, compared with
about 0.6 volt with a transistor and germanium efficiency
diode. To get the same linearity, then, a higher h.t.
line would seem to be necessary. A small voltage and
current pulse is required to switch the g.c.s. into con-
duction and is of the order of a few volts and tenths
of an amp. In order to switch the g.c.s. off a certain
amount of charge must be pumped into the control
electrode. Thus, for a fixed current to be switched off,
the shorter the pulse the larger must be the peak current.
For pulses of the order of 10 pusec. the control current
gain is about 10 so that in order to switch off 1amp a
100mA current pulse would be required. For fast
switching, short pulses of high peak current are required.

One further characteristic of importance is that for
any g.c.s. there is a maximum value of conduction
current that can be switched off. Should the current
ever rise to above this value the gate electrode loses all
control and the device remains permanently conducting.
This, then, is the second disadvantage of the g.c.s., in
that transient conditions may upset the working so that
larger than normal currents build up which cannot be
switched off.

An experimental circuit is shown in Fig. 7. The out-
put stage takes 500mA from a 30 volt h.t. line and
delivers 14 mJ of scanning energy, this compared favour-
ably with a transistor scanning circuit. ’

Conclusion

It is possible for both silicon controlled rectifiers and
gate control switches to be used for the output stage of
a line scanning stage. However, if the s.c.r. is used
from the same h.t. line as a transistor circuit, it is funda-
mentally more inefficient and requires more expensive
components as well as an additional inductance. The
only advantage it appears to offer is a more simple
control circuit. The use of a much higher h.t. line
could improve the efficiency, although it is difficult to
see how it could equal that of a transistor using present-
day devices.

WIRELESS WORLD, JUNE 1965

The gate control switch gives a performance com-
parable with the transistor although the forward voltage
drop during conduction is much larger than a transistor.
This makes linearizing rather more difficult as well as
decreasing the efficiency, On the other hand, present
day g.c.s’s can work from about a 50 7% higher h.t. line
than the transistor, which partly overcomes this disad-
vantage. The problem of both of these devices not
switching off under adverse conditions might mean
additional components and expense, and could be a
determining factor in their future use in a line scanning
stage.

The position at the moment is that both transistors
and g.c.s’s are close rivals, both have been used in com-
mercial receivers, in limited quantities. They are being
constantly improved technically, as well as becoming
cheaper, but they are still more expensive than the valve.
The transistor still has the edge on the g.c.s. although
only the future will decide which, if any, will dominate
the field. N

Acknowledgement:—The author wishes to thank the
management of the Thorn-AEI Laboratories for per-
mission to publish the article.
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APPENDIX 1

CONDITION AFTER SWITCH-ON OF AN S.C.R.

Referring to Fig. 2 we have that if V, is the initial voltage
across the capacitor C then V, the negative value of the
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voltage in terms of the Q of the circuit is given by:

T

V, = — Voe ~ @ =aV, AN ¢ )

where a =¢ ™ 0

If we assume the inductance L, to have negligible resistance

then the mean value of the voltage across C must equal V

the h.t. line, and if, further, the capacitor C is assumed to
charge linearly then from Fig. 2(c):—

—-V=V-V, . . .. @
combmmg equations (1) and (2) nges
2V
V, = 12a
—a
o ce oo e (3)
Vy = —V
1—a

The following short table gives the values of a, V, and V,
for different values of Q.

o 3 L V, Vo — Vs,

v % v
1.. .. 02 2.6 —~05 3.0
2.. .. 045 3.6 1.6 5.2
5 0.75 7.4 —5.4 12.8

Thus even a circuit with a Q of 1 will give a voltage swing
on the capacitor C of three times the h.t. line.

APPENDIX 11

-BASIC EQUATIONS OF THE S.C.R. LINE SCANNING
CIRCUIT

The flyback time T is one quarter of a cycle and is given by:—

T,-7 LS @
7= o .. .. .. .. ..
where n is the transformer turns ratio. If V is the voltage
on the capacitor C at the end of the scan, the basic energy

equation gives:—

va/icia 5
=vJL - .. .. 5

where I is the peak to peak scanning coil current, the effect
of the transformer inductance being neglected for simplicity.
Finally if V is the h.t. line the equation giving the collapse
of the peak current to zero is given by:—

LI
Vo= - e oo X3 6
T, ©®

where T is the time of scan.
Using these equations gives that

2(3/ (T) i e e D

V2 T2
and C = <;> ST L L ®
v/ L

The value of V is approximately 2V, because if C is charged
linearly from the h.t. line and L, is resistance-less then the
mean value of the voltage across C must be equal to the h.t.
voltage. The effzct of the slight negative voltage on the capaci-
tor C is to make V > 2V whereas the effect of the resistance
of L, is to make V < 2V, as these are both small and tend to
cancel one another one can state without much loss of accuracy

that V ~ 2V. Equations (7) and (8) thus become:—
no” T,
T4 T, 9
l T 2 .0 ee LE ] e ( )
C=:> "
YT 4 L

310

APPENDIX 1l

COMPARISON OF THE POWER DISSIPATED IN
THE CAPACITOR OF THE TRANSISTOR AND S.C.R.
CIRCUIT IN TERMS OF THE POWER FACTOR OF
THE CAPACITOR.

The power dissipated in the resistive part of a capacitor is

. V2 o . . .
given by _fﬁm—; where R is the effective value of the resis-
tor across the capacitor and V, ., .. the r.m.s. value of the
a.c. voltage applied.

Transistor Circuit

Assuming half a sine wave of voltage is present during the
flyback period Ty, the power dissipated in the resistor is given
approximately by

T, Ae T
. — . — COS .o .e 1
@~ RT -1 T ! (10)

1 -
where cos ¢ is the power factor = WCR’ V is the peak voltage

w
and T the total time period.
Now by energy considerations:—

] N K
CVZ=L{-} =— .. .o e
v -1(y) -5 o .oan
where I is the peak to peak current in the coil and K = LI2
which is a constant for a given coil design, c.r.t. and e.h.t.
Using equation (11), equation (10) becomes:—

K T
GINZT.Tf cos .. .. .. (12)
T, 1
Taking T8 T = 64 psec and K = 16mH A? for a
110° tube at 16kV:i—
P ~ 33cos ¢ .o . (13)

S.C.R. Circuit

A linear sawtooth voltage is across the capac1tor during the
scan time, and a quarter of a sine-wave voltage, during the
flyback time, but if, for simplicity, we assume a sawtooth
voltage to exist for the whole time, we shall not introduce
a very large error in estimating the watts dissipated in the
resistive part of the capacitor. The watts then become:—

72 {72
PCNY—zii:VT,;C.cos?s ce .. (14)
Using the energy equation (5)
V:C =L =K o oo (15
which gives:—
P, ~ g—IT<» cos ¢ .o e. (16)
using the same values as previously gives:—
~ 132 cos ¢ v .. A7

Thus the power dissipated in the capacitor in the s.c.r.
circuit is four times the power in the normal transistor scanning
circuit. For instance, if the power factor of the capacitor
is 0.01, the transistor capacitor would dissipate 0.33 watts
and the s.c.r. capacitor 1.32 watts. The s.cr. capacitor
should thus have a power factor less than 0.01 in order to keep
the dissipation as low as possible, this, together with the fact
that it is approximately 100 times as large as the capacitor
in the transistor circuit can make it a very expensive com=
ponent.
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We may consider that the gamester makes an n-way bet
with his coin, where » is the number of winning combin-
ations. Thus, for a small prize, which, in order to retain
the gamester’s interest, may be paid out on average in
one game in three, the true odds will be, say, 3: 1; but
since it would be useless to pay back less than two units
winnings, the game is very much in the gamester’s favour.
However, the largest prize (true odds, say 3000: 1) is
much smaller than it should in fairness be to compensate
for the machine’s generosity in small prizes. Table 1
shows the frequency of occurrence of symbols on each
counter and Table 2 shows how the prizes have been
divided.

In EDGE the counters are four Dekatrons directly
coupled to cold-cathode numerical indicators. Each
counter is separately driven by a neon relaxation oscillator,
which, after an initial period of about two seconds to

secure randomization, may be stopped by the gamester
to give him some control over the game. The effect of the
slowing down of the discs in a mechanical machine is
obtained by the charging up of a capacitor common to the
power supplies of all four oscillators. If the gamester
does not exercise his opticn to stop the counters they
stop themselves after about six seconds’ running time.
The logical diagram of EDGE is shown in Fig. 1. The
sequence starts when a sixpence is inserted in a proprietary
rejector mechanism, which rejects false money and exces-
sively bent or battered coins. An accepted coin operates
the microswitch S,,, which resets the control valves
V., Vi1, Vis, and V,, and forces the discharge in the prize
selector Dekatron, V,,, on to its rest cathode. The bi-
stable V4, 5, is also reset. The first sixpence inserted after
a break in mains supply causes V,, to strike, and this
remains burning thereafter. The relaxation oscillators

Fig. I. Logical diagram of EDGE electronic fruit machine. Elements labelled Q are formed by transistor circuits and elements labelled V by

cold-cathode tube circuits.
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TABLE |I: FREQUENCY OF OCCURRENCE OF TARGETS
ON SELECTORS
B

Symbol Frequency of occurrence of symbol on

selector | 2 4
0 | S |
i 1 2 3 1
2 2 2 1t 2
3 2 1 2 2
4 | B I
5 2 1 2 1
6 I 2 0 0

TABLE 2: WINNING COMBINATIONS AND THE
ADJUSTMENT OF PRIZES

: No of wins Value paid |Valuepaidper
Winning combination per 10,000 per win 10,000 games
(* = any) games
o 0 0 O | 20+j.p- 20+j.p.
4 4 4 0 1 20+j.p. 20-+j.p.
4 4 0 0 1 20+5.p. 20-4j.p-
3 3 0 O 2 18 36
5 § 0 0 2 18 36
1 1 0 0 2 16 32
4 4 4 4 3 16 48
2 2 2 0 4 i4 56
5 5 5 5 4 14 56
2 2 0 O 4 ” 48
3 3 3 o0 4 12 48
[ B B | 6 10 60
[} I 1 0 6 10 60
5 5 5 0 4 10 40
2 2 2 2 8 8 64
3 3 3 3 8 8 64
6 6 0 * 20 6 120
6 6 * * 200 4 800
6 * * * 1000 2 2000
* 6 * * 2000 2 4000
Totals per 10,000 games: 3280 — 7628 3j.p.
|

Note: One prize in 3.06 games. 20% profit for machine with a jackpot of 124
units.

then run, and may be stopped, as described above, by
Se> S Sy, and Sy, or allowed to stop under the action of
the timing circuits of the control valves.

Prize-winning combinations are detected in a matrix
of AND gates driven from the prize selector tube cathodes.
These AND gates drive OR gates for a prize of a given

value, and these OR gates in turn drive a single OR gate, -

which operates if any prize has been won. The amplified
output from this final OR gate is fed to a 6-input AND gate,
together with a signal from each control valve indicating
that it has stopped its associated oscillator, and one from
V,. indicating that a coin has been inserted. The output
from the 6-AND gate will therefore be present only if a
winning combination is present when all oscillators have
stopped. In any other case a losing combination has been
selected and the next coin can be inserted, thus repeating
this sequence.

If there is an output from the 6-AND gate it is amplified
in Q, and triggers the bi-stable Vj4, 5 into its “ 17
state, thus allowing V, to oscillate and drive round the
prize selector Dekatron, V., which has each of its
cathodes connected to 2-input AND gates Q;-Q;, also
fed by the appropriate value-of-prize line. Thus, if a
prize of 10 units has been won, V,, will be driven round
until the AND gate Qg is reached. The output from this
gate passes through the OR gate Q3 and after ampli-
fication in Q,, and V,; resets the bi-stable Vo, 5 to its
(0 ” state, thereby cutting off drive pulses to Vo At
the same time, V,; fires the power trigger tube V,;, which
opens the coin chute.

As coins leave the chute they are counted photo-
electrically and the count is divided by two in a conven-
tional binary divider Vg4, 35 which drives on V,, by one
cathode position for every two coins released. When

WIRELESS WORLD, JUNE 1965

cathode “ 0> of V, is reached, the coin chute is shut
by V.; and Vg thus stopping the paying-out process
and concluding that game.

Should the jackpot be won, the appropriate output
from the first-prize winning combination is amplified
in Q,, and gated in Q,, by the ‘ open chute ” command.
Amplification in V,; and V,, operates the jackpot release
solenoid. The bottom flap of the jackpot is held up by a
mechanical catch until the additional prize of 20 units
is paid out, when the catch is released and the jackpot
base closes under the action of a spring. The same
mechanical system holds up a supply of sixpences, trapped
above the jackpot, and releases them into the now closed
jackpot to provide some incentive until it fills up again.
Sixpences entering the machine are first used to fill up a
zig-zag ramp, with the coins stored on edge so that they
roll down the ramp when paying-out occurs. When the
ramp is full, coins are diverted into the jackpot, and when
this and its reserve chute are full coins fall into the
machine’s profit bin.

The electronic circuits of EDGE may now be consid-
ered in more detail. The power supplies are conventional.
A voltage-doubling circuit feeds a cold-cathode stabilizing
chain to provide all voltages except for a +-18V line, which
is derived from a bridge rectifier, and a -+ 10V line which
is stabilized from the --18V line by a Zener diode.
The +500V(NO) and (NC) line in Figs. 2 and 3 refer
to the normally open and normally closed states of
S.¢> the coin operated microswitch in the rejector.

Fig. 2 shows the circuit of V,,, which is struck by a
positive pulse from S;, on the first operation and remains
burning thereafter until the mains supply is discon-
nected. :

Fig. 3 shows one oscillator, V,, and its associated
control valve, V,, and Dekatron, Vs, Under quiescent
conditions V, will be burning and there is insufficicnt
voltage across V for the last-mentioned to strike. Inser-
tion of a coin momentarily opens the -+500V(NC) line
and extinguishes V,. The voltage across V, now increases
as the 0-02-uF capacitor charges up, and eventually Vg
breaks down, thereby discharging the capacitor and driving
on Vg by one step. The capacitor charges again, and thus
V, oscillates at a frequency of a few tens of cycles per
second. The cathodes of all four oscillators are strapped
and the currents through the oscillators charge up the
large capacitor in the common cathode circuit slowly,
thereby reducing the voltage across all oscillators and
reducing their frequency. )

Meanwhile the trigger voltage of V, has been rising, as
the capacitance in the associated RC network charges up.
Until about 2 seconds have elapsed from the insertion
of a coin, the voltage across the 0.5-uF capacitor will be
insufficient to fire V, when S, is closed, but thereafter V,

+150V

Va2
GTEI75M

+€oo¥
NO,
o—i
1,200p
6-AND
GATE
A
-85V

Fig. 2. Circuit of Vyg, the ** initiaf inhibit *’ cfement.
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can be fired by closing this switch—a push-button on the
front panel. If S;is not closed the 1-pF capacitor will
charge up in time, thus firing V, and restoring the
quiescent condition to the oscillator. The resistive net-
work between anode and cathode of V, feeds the 6-AND
gate. The output will be positive with respect to earth
when V; is off and negative when V, conducts.

The Dekatron, Vy, has auxiliary anodes, which drive
the numerical indicator V, directly. The cathodes of V,
and the other target selector tubes are connected to a
prize selection matrix, part of which is shown in Fig. 4.
Normally the prize lines (running horizontally across
Fig. 4) are earthy as the + 10V applied through the 47-k
resistors is short-circuited through the diodes and the
3-3k Q cathode loads of the Dekatrons. Should, however,
all the cathodes connected to a given prize line be
energized, that line will rise to about -5V, which passes
through the OR gate for that value prize (vertical lines
to right of figure) and also through the second OR gate
(horizontal line at bottom of matrix) to the “any prize”
OR gate, which allows Q, to conduct.

In Fig. 1 the 6-AND gate (a diode gate) drives the
base of transistor Q,. Only when all the gate inputs are
earthy (or slightly negative) will Q, be cut off and deliver
a positive voltage at its collector. V,, and V,, are cold~
cathode tubes forming a bi-stable pair. When either
valve conducts the other is extinguished by capacitative
coupling between the anodes. Normally Vy; is conducting,
but the output from Q, strikes V3, and the trigger poten-
tial of the oscillator/driver cold-cathode tube V,, goes
very positive, well above its striking potential. Vg, then
acts as a relaxation oscillator, driving the discharge in
Dekatron V,, round from cathode to cathode, applying
positive voltages in turn to the collectors of the ‘ prize
value ” transistor gates Q;-Q;,.

When the transistor in this group with a positive voltage
from its prize line on its base is reached, it will conduct,

and a voltage will be developed across an emitter load
common to all the transmstors Qg;-,. As a result transistor
Q,4 is cut off and a +50V pulse is applied to the trigger
of tube V,;, which strikes, thereby striking V,. a power
trigger tube, and opening the coin chute. V,; and V4
are capacitatively coupled and are thus self-extinguishing.

At the same time V,; in the bi-stable will be struck,
thus cutting off V,, and allowing no further drive pulses
to be fed to Dekatron V,,. Should the jackpot have been
won, transistor Q,; will be conducting, and thus the base
of Qgg, the succeeding transistor, will be earthy, and the
output pulse from V,; will be applied to the trigger of
tube V,,;, which drives tube V,,, releasing the jackpot.
If the jackpot has not been won, Q;, will be cut off and the
output pulse from V,; will be shorted to ground in Q..

The coin chute is now open, and sixpences passing
through will cut off illumination from a phototransistor,
Q;;. The resulting positive pulses from the collector of
an associated transistor amplifier Q,¢ will drive V;, and
V5 a simple divide-by-two circuit. The output from
V,; drives Vy,, which now has the normal bias voltage
on its trigger and so operates conventionally, driving
V., one cathode forward for every two coins released.
When cathode “0” of the Dekatron is reached, cold-
cathode tube V,; is fired, thus firing tube V,4 and closing
the coin chute.

EDGE has now been running for over a year and has
proved reliable in service, although it has not been made
sufficiently rugged for completely unattended use. Its
average rate of profit agrees well with the calculated
209, and checks on the randomness of selection have
shown that truly random operation has been achieved.

Pin-table Machines

Two pin-table machines have been designed, one operat-
ing on digital principles and the other on analogue

+475V O

Fig. 3. One oscillator and its associated
control valve and Dekatron.
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principles. In the digital pin-table (Fig. 5), the display is
provided by a matrix of neon lamps driven by two
counters, one for the X-axis and one for the Y-axis.
One lamp only is alight at any time, representing the
intersection of the states of the two counters. One of the
counters delivers a positive output and the other a nega-
tive output so that only the lamp at the intersection of the
output from both counters will strike. Those lamps
representing scoring positions are labelled on the display

Ve, DEKATRON

and the low impedance existing between their trigger
electrode and the other electrodes when they are struck
is used to signal a hit. Both counters are cyclic, so that
as the lit lamp moves off the left margin of the board it
reappears on the right margin, and as it reaches the
bottom of the board it reappears at the top, the last-
mentioned condition also marking the start of the next
“ ball.”

The counts, and hence the position of the lit lamp, are
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Fig. 6.
represented by a deflected spot visible on the c.r.t. screen.

altered by inputs from three generators of pulses occur-
ring randomly in time at a mean rate of about 5 p.p.s.
The first generator represents gravity and subtracts 1
from the Y counter; the second generates a random walk
voltage and applies 4 1 to either or both of the counters;

Schematic of analogue pin-table machine, in which the ball is

and the third delivers a trigger pulse to a joystick-
operated switch, which enables the gamester to
apply 4-2, -+ 1 or O pulses to the X and Y counters
as he sees fit.

The marked neons on the matrix score predeter=
mined numbers of points when the discharge alights
on them. These scoring points are summed and
presented to the gamester, who has to score pre-
determined totals, which need not necessarily be
very large. After a predetermined number of cross-
ings of the vertical base line, the game ends, and
if a winning score exists at this time a prize is
awarded. The logic makes use of Dekatrons for
the X and Y axis counters, giving a 12 x 12
matrix of 144 indicating neons. Dekatrons also
keep the gamester’s score and generate the appro-
priate counts for the various winning positions.

In the analogue pin-table (Fig. 6), the ball is
represented. by a spot of light on the face of a
cathode-ray tube, normally deflected and focused.
The holes on the pin-table are represented by areas
of metallic foil on the inside of the tube face. When
the beam strikes one of these electrodes the current
flowing in the foil signifies a hit, causing the spot
to disappear, another spot to start, and the appro-
priate score to be indicated. The c.r.t. faceplate
can also have phosphors of several colours upon it

.and these can be excited by ultraviolet radiation as

well as by the impact of the electron beam. At the
bottom of the faceplate is a foil bar, of similar con-
struction to the electrodes used to represent the
holes. The beam, when it hits the bar, counts up
another ““ ball.”

The scheme uses normal analogue computer
components. Integrating amplifiers receiving the
same functional inputs as in the digital case con-

trol the position of the spot, and scoring is by another
integrating amplifier feeding a simple analogue-to-digital
convertor.

In both analogue and digital pin-tables, rate laying is
used, which adds considerably to the difficulty of the game.
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The prediction curves show  the median standard MUF, MEDIAN STANDARD MUF
optimum traffic frequency and the lowest usable frequency |  _____.____ OPTIMUM TRAFFIC FREQUENCY

(LUF) for reception in this country. Unlike the standard
MUPF, the LUF is closely dependent upon such factors as

transmitter power, aerials and the type of modulation.

The

LUF curves shown are those drawn by Cable and Wireless
Ltd. for commercial telegraphy and assume the use of trans-
mitter power of several kilowatts and rhombic type aerials.

Working should be possible throughout the 24 hours for
the circuits shown with the exception of Buenos Aires from
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0700-1100 GMT, when using the type of equipment specified

in the first paragraph. For lower powers or lower aerial
gains the LUF will rise by approximately 1.5 Mc/s for every

10dB reduction in e.r.p.
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Real and  Imsgniny

By "Vedor

Sweet are the Uses of

N electronics engineer, by definition, is a man who never
A knows whether he’s on his a.c. or his d.c. And, when

you stop to consider the multiple siresses and strains to
which the poor chap is heir, it’s not really surprising.

1 was reminded of this when, on thumbing through a back
issue of an American electronics journal, I was hit between the
eyes by four pages of full colour, all dedicated to the pro-
position that any engineer who thinks that Paradise can only
be gained in the fullness of time via the undertaker’s box is
simply not with it. One gathered that all the smart operator
has to do is to hop on to the payroll of Slicktronics Inc. to
gain the earthly equivalent of the Elysian Fields.

In short, a four-page colour ad. for electronic engineers.
So, at last, it seems we have made it. We are in the big
league. Doesn’t this step up your ego-voltage? Doesn’t it
make you feel—well—kind of wanted? Oh, come now; let’s
not be bashful. You know it does!

I say “we” advisedly, for although it was admittedly an
American magazine, this sceptred isle of ours is dutifully
following the trail blazed by the transatlantic trend-setters,
and although (so far as I know) none of our own journals
has as yet splurged into colour to lure us to fresh woods
and pastures new, this is perhaps because a committee is
sitting to decide which colours to use. And we all know
what that means in terms of dreaming the happy hours away.
But any moment now we may find The Daily Telegraph
burgeoning forth as a photogravure “ SITS VAC ” magazine
with the news as a weekend black-and-white supplement.

Now that we are sitting so pretty it seems ungracious to
quibble, but I do feel that, although the advertising boys are
doing a perfectly splendid job in their traditional fields (and
full marks in particular for those clever poaching ads in rival
electronics companies’ local papers) I must say that they don’t
seem to be showing much imagination in other directions.

Why, for instance, do they stick at paper seduction? What’s
the matter with television advertising? Wouldn’t you be
moved at the sight of a dusky maiden in a grass skirt and a
smile, holding out her arms toward the taking lens and
murmuring breathily, “You owe yourself nothing but the
best. Come and join me at Gargantuan’s wonderful labora-
tories on the palm-fringed shores of Wapping Old Stairs! ”?

(Of course, there is always the possibility that the Little
Woman may be moved simultaneously and the off-switch
likewise, so the approach might have to be made more subtle;
but we can safely leave the minutiz to the advertising boys.)

But enough of pipedreams. Let the pleasant present, with
its thrusting newspaper appeals suffice. So, caps off, men,

and pay tribute to the travail in which these messages of hope

are born.

The uninitiated might consider that the compilation of a
SITS VAC advertisement is a pretty short putt, and have
been known to wonder why no ad. worthy of the name can
be contained in less than half a page. But thinking men will
have realized that it would never do to set out the vacancy
baldly and bluntly, because from this we might easily get
the idea that we are being asked to step into a sacked man’s
shoes, and you know how jolly sensitive we are.

So first of all, it is essential to project a chunk of Com-
pany Image to lay the bogy, and this is traditionally done in
a preamble which incorporates nebulous references to
“expansion” and “exciting new contracts ” (and everybody
knows how excited we get over new contracts).

Other old faithfuls, like “dynamic,” “challenging ” and
““frontiers of science” are dragged in by the beards of their
respective typefaces and, in fact, are currently so overworked
that they get double time for every personal appearance. But
“expansion ” is the one which really works its fingers to the
bone to bring us the image; unfortunately, the image I get
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is that of a fly perched on a rapidly inflating balloon, in
imminent prospect of severe mental stress when the darned
thing bursts; but that no doubt means that I should visit a
psychiatrist. }

Next, the advertiser gets to work on the distaff side. Don-
ning an estate agent’s rose-coloured pince-nez he sketches in
lyric prose the neo Deep South plantation-style residence
awaiting you and yours. The climate, too, gets a big hand,
to the point where no local inhabitant would recognize it.
If perchance a school exists within ten miles of the factory,
one is left wondering how Shakespeare, Clerk Maxwell and
Einstein ever got by without attending it.

Finally, via the social life (“Little Bugsworthy is such a
friendly place ”) we come to the real meat—which, by and
large, is often not enough to raise the hackles of a vegetarian.
While you get the general impression that the super-tax
bracket is at last in the view-finder, this is not stated cate-
gorically; for the rest it seeins that if you possess a degree,
feel warm to the touch and breathe now and again, you
are in. One of these days it may come as a fatal shock to
an applicant to find that the word “laboratory” means
“work place.” . . :

But who are we to cast stones from our glass palaces?
After all, SITS VAC is our salvation in terms of keeping
the wolf from shouldering open the door. After three years
in a junior position at Company A, with no significant in-
crease in the monthly total of grains of rice, we are lured
to Company B by the promise of real money. We get it, but
find that living expenses are much higher in the new area
(it just so happens that the ad. we answered omitted to men-
tion this). So after a few months we change to Company
C, a smaller organization with a more senior post to offer.
After a spell to learn the ropes, the time is now ripe to
return to Company A in a still more senior post and at four
times the salary we were getting there a year or so ago.
So everything is now lovely, except for the awkward moments
when we bump into former (and still junior), colleagues
in the corridors. And so the merry-go-round goes round.

In fact the entire SITS VAC set-up is something of a
merry-go-round, in that we who ride it may eventually find
ourselves back at the starting point. Today we are in the
four-page colour era, but time was—and not all that long
ago either—when the SITS VAC section of a daily paper ran
to but a single column, relegated to the most obscure corner
of all and printed in the smallest type available. All this, of
course, was with intent. It saved money and at the same
time guaranteed that whoever got around to finding what
he was looking for was possessed of better-than-average
perseverance and moreover had excellent eyesight.

Very occasionally, sandwiched between *smart errand
boy” and “temporary dustman® one might come across
something like this:—

“Wtd. qual rad eng exp design all TXs shovel snow etc

willing wk rd clock no o/time. Apply encl. SAE Anode

and Bend Ltd. Limehouse.”

Having replied (enclsg. SAE) the applicant, might, with
luck, receive a curt command to attend the majesty of the
Chief Engineer, Anode and Bend L1d. at 8.30 am. on a given
date (pay own expenses). At 10.45 a.m., just when our hero
has reached the head of the queue, the office boy pokes his
head around the door, yells “ Job filled!” and that is that.

What I said about the set-up being a merry-go-round was
triggered by something I mentioned earlier, namely that the
four-page colour ad. was in a back number of the journal.
The current issue reports an upsurge of unemployment in the
American electronics industry. So perhaps, after all, The
Daily Telegraph had better stick to its old format and it’s
as well if you got in some snow-shovelling practice, just in
case. It’s an invigorating pursuit, I'm told.
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