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(CONSUMER

(ELECTROMICS

AM/FM modules give you design flexibility

Mullard now offer you in a single
can any major circuit function found
in a portable or mains radiogram.
Take the LP1169 AM/FM tuner for
example. It covers 87.5to 108 MHz
on FM, short, medium and long

wavebands on AM, operates on 9V,
is fully screened and has a.f.c. Allin
one module.

The Mullard module approach gives
you design flexibility and the best
overall performance—we make the

components, we assemble them
into the modules. And on such a
scale that price and quality are

the best.

Ourrange is the widest available.
We've simplified external and
inter-stage circuitry as far as
possible without sacrificing design
flexibility. The range includes
modules to cover the requirements
of AM and AM/FM receivers plus
audio output modules up to T0W.
A special publication on the LP1169
and other Mullard modules which
also gives full application
information, is available to
manufacturers.

Tick the coupon for a copy.

Everyone knows we make tubes, but did you know
we make scanning coils too ?

It makes good sense. You get a better
match if they are both from the same
source. We go to great lengths to get
an optimum match between tubes
and coils. We produce scanning coils
for all our many Panorama and Push-
through monochrome picture tubes.
Manufacture is strictly controlled to

Time well spent

There can’t be many firms who've
been in business as long as we have,
who have used the time to such
advantage. Our past experience
guides our future plans; provides us
with an insight into the industry we
serve ; allows us to anticipate needs
and deploy our resources over the

ensure consistent quality. Setting up

-is therefore greatly simplified.

Compensation for frame shrinkage,
due torisesin temperature, is
incorporated. If any horizontal
pin-cushion distortion or mis-shape
at the corners of the raster should
occur, this can be corrected with

‘development—and thereby provide

modern, technically excellent
products ready for the demands of
tomorrow. We have co-operated in

l Please send me information on

extra magnets fitted to the coil
housing. Of course our scanning
coils for colour TV are produced to
the same high standard.

Technical information on the
monochrome scanning coil
AT1030is availableto manufacturers.
Tick the coupon for a copy.

so many consumer electronics
projects that it's quite likely we
are working along similar lines to
yours. So why not get in touch ?

| I
most fruitful areas of research and = Name !
Position
‘ Company l
{ I Address |
I ww3 I
Mullard | Mullard Limited, Consumer Electronics Division, Mullard House, Torrington Place, |
CONSUMER ELECTRONICS Division | _‘tendonw<C?t. —_———— —___—'65‘575‘

WW-—094 FOR FURTHER DETAILS
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Trade Balance or Imbalance?

“IF these three requirements [quality, price and delivery dates] are not met the Post
Office will be forced to look at the alternatives of procurement abroad and the creation
of additional manufacturing capacity by the Post Office itself.” This was the tough warn-
ing given to the industry by Mr. Edward Short, the Postmaster-General, at the annual
dinner of the Telecommunication Engineering and Manufacturing Association in
London on February 6th. He had said earlier in his strongly worded speech, ““I should
like to assure you also that we will do all we can to buy British provided we can getit—
in time”. This clarion call to buy British is all very well, but how much, or how little,
of some products is British? Be that as it may, there certainly seems little justification
for many of the imports in the field of radio and electronics.

Although in certain sections of our industry the export record is extremely high the
curve for imports tends to rise more steeply. Take for instance the capital equipment.
side. The total given in the Board of Trade “Overseas Trade Accounts” for telecom-
munications equipment exported in 1967 is £83.3M compared with the previous year’s
£79.9M. On the debit side, however, we find the figure of £20.2M, and moreover,
this represented a 331% increase, whereas exports rose by only 4% . It is to be hoped that
the telecoms industry will rise to the challenge presented by the P.M.G. to avert a
still steeper rise in the imports curve. Incidentally, last year’s exports included £13M
worth of radio communications equipment, an increase of nearly 50% on the previous
year.

The balance of trade in this sector of the industry is still healthy, but this cannot be
said of, for instance, the domestic equipment side. Again quoting from B.o.T. figures,
exports of radio and television receivers, chassis and parts, declined from £7.6M to £6M,
whereas imports increased from £6.8M to £9.3M. Incidentally, the total number of
transistor receivers and chassis imported last year was 2,452,000 as against 1,718,000
in 1966. A similar picture can be painted of the active component section; the value of
semiconductors imported last year rose 10% to £11.37M and exports fell 4% to £2.7M.

The picture is no brighter for valves, tubes, etc., of which last year £7.3M worth
were imported (£5.3 in 1966) and £5.1M exported (£5.6 in 1966); nor for the test and
measuring instruments—imports rose by £5.2M and exports by £1M.

One is tempted to ask why should there be this general imbalance in our import-
export trade? Is it because so many of the ‘‘British” companies are in fact subsidiaries
or associates of overseas concerns and are therefore dependent on importing the parent
company’s output for their own “production”? Certainly, by far the highest volume
of imports of electrical and electronic equipment comes from the U.S.A. whose share
increased by 14% to over £65M last year. Germany’s exports to this country stood at
£21M last year (a slight decrease), and although the Netherlands came third her share
went up by some 60% to over £20M. Although much lower in value it is significant
that both Italy and Japan increased their supplies to this country by nearly 50% to
£9.3M and £6.3M, respectively.

To go back to our question ‘“why?”. Is it our industry’s inability to compete in the
home market with imported foreign products which are often cheaper and better than
the equivalents produced in the UXK.? One reason for this often put forward by
economists is the inefficient structure of British industry: too many small manufacturing
units making it impossible to achieve economies of scale.

Whatever the cause, we must not only think in terms of the Buy British campaign
we must also sell British.



New B.B.C. Monitoring Loudspeaker

1. Design of the low frequency unit

by H. D. Harwood, B.s.

An outstanding feature of the B.B.C.’s latest studio monitoring
loudspeaker is the 12-inch low frequency unit, which has a
performance believed to be superior to that of any known
commercial product.

THE studio monitoring loudspeaker at present being used by the
B.B.C., type LS5/1A, was developed in 1959 and employs a
special 380 mm low-frequency unit and two 58 mm high-frequency
units. Although some 250 of these have been built, considerable
difficulty has been experienced in securing adequate supplies of
low-frequency units which meet the tolerances applied. Yet, in spite
of the tightness of these tolerances, comments have been made that the
sound quality varies from specimen to specimen. Criticism has also
been made of the reproduction, although it is conceded to be better
than that of any commercially available loudspeaker.

In view of the difficulty in obtaining low-frequency units of
adequate quality and reproducibility, an investigation was started in
the B.B.C. Research Department into the possibility of producing a
thermoplastic cone and these experiments led to the production of the
. 305 mm unit described in this article (also in a B.B.C. Monograph?).
The listening tests were so successful that in November 1965 it was
decided to commission a new loudspeaker incorporating this unit. It
was clear that by employing a 305 mm unit an appreciably smaller
cabinet than that of the LS5/1A would suffice, and it was intended
that the new loudspeaker should serve both for studios and outside
broadcasts.

LIMITATIONS OF EXISTING UNITS

Wide-range loudspeakers, such as are employed for quality monitor-
ing, generally consist of low- and high-frequency units mounted in a
cabinet together with a crossover network. In the past colourationt
has been so prominent in the reproduction from low-frequency units

+ By colouration is meant a characteristic timbre imparted to the reproduced sound
by the loudspeaker; it is believed to arise from excitation of mechanical resonances.

H. D. Harwood, who obtained a
phvsics degree at London Univer-
sitv in 1941, started his career in
1938 in electro-acoustics at the
N.P.L. There he helped on the first
Medresco hearing aid and worked
on microphone and loudspeaker
calibration. Joining the B.B.C.
Research Department in 1947, he
has since been engaged on loud-
speaker development. microphone
calibrations. stereophony require-
ments and the design of a free field
room. He has a number of patents
and is author of various B.B.C.
Engineering Monographs.

that the choice of unit has been made on the basis of comparative
freedom from this effect rather than on that of power-handling
capacity. As an example, a 15 in. (380 mm) unit is employed in the
type LS3/1A1 loudspeaker when a unit of smaller diameter would
have been chosen if one of the necessary quality could have been
found. In addition, owing to the restricted working frequency range
of the high-frequency units available, it has been necessary to use
low-frequency units beyond the frequency range in which the cone
and surround behave as a simple piston, i.e. up to about 500Hz, and
into the region in which the amplitude /frequency response is irregu-
lar and dependent on the modes of cone resonance and their degree of
damping. Furthermore, in existing loudspeaker units the frequency
range over which the response is smooth appears, for reasons not fully
understood, to be almost independent of cone diameter and from this
aspect there is therefore no advantage to be obtained from employing
units of smaller diameter.

Cones have generally been made of a paper felt material, but in
practice the characteristics of this material, especially the demping
coefficient, are not accurately reproducible in large-scale manufac-
ture, and therefore the frequency characteristics are variable in the
region of resonance modes. In an effort to improve matters some
manufacturers have turned to materials having a higher stiffness to
weight ratio than is obtainable with felted paper, the idea being to
make the cone so stiff and light that the inevitable resonances lie
outside the frequency range of interest. For this purpose expanded
polystyrene has been employed, generally with a reinforcing skin of
‘some other material such as aluminium. The results are rather
disappointing as resonances are found to occur within the middle-fre-
quency band and by its very construction the cone is of such a high
mechanical impedance that it is very difficult to secure adequate
damping.

In the B.B.C. the monitoring loudspeakers LS5 /1A, LS5 /2A,** and
LS3/1A all use a special commercial 15 in. (380 mm) diameter
low-frequency unit, and have a crossover frequency of about 1,600
Hz, and some difficulty has been found in obtaining units which will
meet the B.B.C. test specification in the 500 to 1,600 Hz region where
various resonances occur; furthermore, the axial frequency charac-
teristic in this region is not as smooth as could be desired. It was
therefore decided to see whether it would be possible to make, for
future designs, loudspeaker units which would have more uniform
and more reproducible characteristics than those of the type at
present in use.

One of the difficulties restricting the development of paper cones
has been the fact that the cost of a new mould has been in the region
of £200, making experimental procedure very expensive. It was
therefore decided to investigate the use of thermoplastic materials
which can easily be made into cones by vacuum forming. For this
process changes in mould shape and even new moulds can be made
quite cheaply and easily; furthermore, as the raw cone material is
made in the form of flat sheets, it should be very uniform and
repeatable.

It was explained earlier that the existing low-frequency units were
chosen on the basis that they were relatively free from colouration

T The LS3/1A is used for outside broadcast monitoring and has a small lightweight
cabinet. The design is intended to provide the best compromise between quality and
portability.

**The LSS5/1A is the normal floor-standing version, while the LS5/2A is designed to
hang above picture monitors in telcvision control rooms.
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The complete studio monitoring loudspeaker ({free-standing version) with and
without front cover. It is a three-unit design.

although in fact they were unnecessarily large. It was therefore
decided that the new units should be of 12 in. (305 mm) diameter as
this size should afford adequate power-handling capacity to meet all
requirements. In order to restrict the investigation as much as
possible, it was decided to use_commercially available chassis and
magnet systems, leaving open the choice of voice coil diameter and
length, spider constants, and the design of the cone and surround; for
the last-mentioned two items, the influence of shape, thickness, and
material were to be examined.

CONE MATERIAL

During the period of roughly forty years in which moving-coil
loudspeakers have been under development, very little has been
published on the various factors which influence the frequency
characteristics. One factor which is known,? however, is that cones
with straight sides are much more likely to generate subharmonics
than those which have curved sides and it was therefore decided to
start with a cone shape having slightly curved sides, as shown in Fig.
1(a); the voice coil diameter was 2 in. (50.8 mm).

The primary criterion which was applied to the choice of material
was that it should possess a high degree of mechanical damping, for it
was argued that since resonance modes were almost certain to occur
in the frequency range of interest it was essential that they should be
well damped if a uniform frequency characteristic was to be obtained.

The first material to be tried was expanded polythene, which is
available in sheet form in various thicknesses from £ in. (1.6 mm)
upwards. This material is very light and is characterized by an
extremely high damping coefficient, The first experimental models
showed axial frequency characteristics which fell off above 500 Hz
owing to insufficient stiffness of the material; this result was not
altogether unexpected and steps were taken to stiffen the cone. A coat
of polyurethane varnish was applied to each side of the material and
as a result the frequency characteristic was extended to about 1 kHz.
It will be noted from Fig. 1(a) that there is a sharp bend in the cone
shape near the voice coil, and it was thought likely that flexure was
taking place at this point. A further mould was therefore made, Fig.
1(b), in which the sharp bend was replaced by a gradual curve, and
this resulted in a wider frequency range but the frequency charac-
teristic was rather irregular. Coating the cone again with poly-
urethane would have improved matters, but as more promising
results had in the meantime been obtained with other materials
further experiments with this material were abandoned.

Wireless World, March 1968

Concurrently with the experiments described above, tests were
carried out on cones made of 0.02 in. (0.6 mm) thick unplasticized
polyvinylchloride (p.v.c.), which is a horny type of material and also
with a polystyrene material (Bextrene) of the same thickness which
had been toughened by the addition of a synthetic rubber and
possessed a higher degree of damping than did the p.v.c. Cones were
made with the mould shown in Fig. 1(a), and the frequency
characteristics were measured with the units mounted in an enclosed
cabinet similar in volume to that of the type LSS5 /1A loudspeaker.
These characteristics are shown in Figs. 2 and 3 respectively. It is
evident that the high-frequency range covered was in both cases
adequate for the purpose in hand and that the additional damping in
the polystyrene was advantageous; further experiments were there-
fore confined to this material.

All the experiments so far described were made on cones having a
surround made of the same material as that of the cone and the
irregularities which are seen in Fig. 3 above 500 Hz are due to the
presence of resonance modes. The cone can be regarded as a
transmission line and resonance modes can occur with the wave
motion either in a radial or circumferential direction if it is not
properly terminated in a resistive surround. As the required
impedance for these two directions is different and the termination
must occupy a distance small compared with a wavelength, it will
be seen that the problem of designing a good termination is difficuit,
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Fig. 1. {a} Shape of first mould: (b} shape of second mould.

Fig. 2. Axial frequency characteristic of unplasticized p.v.c. cone from first mould.
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Fig. 3. Axial frequency characteristic of Bextrene cone from first mould.

Fig. 4. Shape of first 0-375in.rad.
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Fig. 5. Axial frequency characteristic of Bextrene cone from first mould. Fig. 1 (a).

fitted with p.v.c. surround of shape shown in Fig. 4.
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Fig. 6. Axial frequency characteristic of Bextrene cone from second mould,

fitted with p.v.c. surround of shape shown in Fig. 4.

Fig. 7. Shape of second Flat region

p.v.c. surround showing 0-1875in.

flat region. (476mm)
AL

\p.v.c.

surround

Bextrene cone

The first surround tried was of plasticized p.v.c. 0.02 in. (0.5 mm)
thick of the shape shown in Fig. 4, this profile being chosen to allow
for fairly large excursions of the cone at low frequencies. The
surround was substituted for the integral surround on the polys-
tyrene cone previpously used to obtain the curve in Fig. 3 and the
resulting axial frequency characteristic is shown in Fig. 5. It will be
seen that the curve is considerably smoother than that of Fig. 3 but
that the high-frequency response is reduced, probably due to the
surround damping out resonance modes; on the other hand, as
would be expected, the bass range is extended to lower frequencies.
The fact that the axial characteristic rises with frequency is largely
due to the directivity increasing with frequency and the con-
centration of more of the sound energy on the axis. Experiments with
a cone material of twice the thickness, i.e. 0.04 in. (1.0 mm), showed
that it was possible to recover the high frequency response, but the
response was more irregular and the sensitivity lower owing to the
greater mass. Cones were then made with 0.02 in. (0.5 mm) material to
the second shape mould, Fig. 1(b). As with the polythene material, the
change in shape resulted in an increase in the high frequency
response, as shown in Fig. 6. The dip in the curve at 250 Hz was
thought to be partly due to a circumferential mode and this was
checked by stroboscopic examination. Further evidence was obtained
by making a cone with a small turnover at the edge; this had the
effect of stiffening the cone edge, thereby increasing the Q and
producing an increase in the depth of the dip.

The effects of small changes in the shape of the cone and in the
diameter of the voice coil were investigated and it was found that
neither of these two factors was critical.

A large number of experiments were then carried out, using
surrounds of differing materials, thickness, and profile in an attempt
to damp out the mode at 250 Hz. It was finally discovered that with a
suitable surround material better damping could be obtained if, as
shown in Fig. 7, a small flat region was left before the turnover of the
surround commenced. This flat region has the effect of introducing a
shunt arm, as indicated in Fig. 8, consisting of a resistance and
compliance, in parallel with the mass, compliance and resistance of the
surround proper. The axial characteristic with this surround, shown
in Fig. 9, is appreciably smoother than that obtained from commercial
12 in. (305 mm) units, especially in the region above 500 Hz; the
sensitivity is about the same as that of the 15 in. (380 mm) unit
referred to earlier. The power-handling capacity and transient re-
sponse were then tested. Mounted in a closed cabinet, the unit was
able to take the full output of a 25-watt amplifier down to 70 Hz
without obvious amplitude distortion when the waveform was ob-
served on an oscilloscope. Chopped-tone transient response tests?
showed the unit to be free from serious resonances below 3 kHz.

Four units were then made to check the reproducibility of this
form of construction; the axial frequency characteristics did not differ
from one another by more than +4 dB from 75 Hz to 1,250 Hz and
+ 1 dB from 30 Hz to 2 kHz. It was therefore decided to design a
complete loudspeaker employing a unit of this type for the low
frequencies and to carry out listening tests.

The cost of materials for the cone and surround is only a few
shillings, while the cost of production of these parts is only a small
fraction of that of the magnet system. The price of the complete
low-frequency unit should be no greater than that of corresponding
commercial products.

TESTS

LS5 /1A (studio-type loudspeaker).—The 15 in. (380 mm) unit in
an LS5 /1A loudspeaker was replaced directly by the new 12 in. (305
mm) unit. A slight excess of output in the middle frequencies was
corrected by means of a resistor which was originally designed to be’
adjustable for this purpose. A small dip in the axial response at 1,750
Hz was traced to the effect of the 7 in. (178 mm) wide slot in front of
the unit.
LS3 /1A (outside-broadcast loudspeaker).—When the 15 in. (380
mm) unit in an LS3 /1A loudspeaker was replaced by the new 12 in.
(305 mm) unit, the response in the region 400 Hz to 800 Hz was
found to be somewhat excessive as with the LS5/1A cabinet. To
overcome this, it was found necessary to change the values of several
components in the crossover network.

The two loudspeakers described were given listening tests in a
listening room at the B.B.C. Research Department using recordings of
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Fig. 8. Mechanical circuit diagram of surround.
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Fig. 9. Axial frequency characteristic of Bextrene cone fitted with p.v.c. surround
of the type shown in Fig. 7.

speech from dead surroundings and recorded orchestral items. They
were judged to be significantly superior to their LS5 /1A and LS3/1A
counterparts and were therefore offered for an extended field trial.
Reports have been very favourable and in particular comments have
been made regarding the freedom from colouration of the bass
response compared with the corresponding loudspeakers employing
the 15 in. (380 mm) unit.

(Next month: bass equalization and the cabinet).
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We understand that KEF Electronics Ltd.,, who have made B.B.C.
monitoring speakers under licence for several years, are arranging to
manufacture the new model when field trials are completed and various
technical details have been settled. The company say that production of
earlier models will also continue.—Ed.

Books Received

Principles of Television Reception by W. Wharton and D. Howorth. A
step-by-step tour through a television set in which basic principles are
expanded into block diagrams and these into circuit diagrams that are
discussed in detail. After dealing with black and white, colour television is
then discussed in its various forms (N.T.S.C., PAL, SECAM). This- book
should be of value to anyone with some knowledge of electronics who wishes
to know some more about this particular branch. Pp. 296. Price 40s. Sir Isaac
Pitman & Sons Ltd., Pitman House, Parker Street, London, W.C.2.

Measuring Hi-Fi Amplifiers by M. Horowitz. Explains the basic principles
of high-fidelity amplification and the meanings behind manufacturers’ data. A
comparison of the various instruments available for measuring performance is
made and test set-ups for determining various circuit parameters are
described. Pp. 159. Price 25s. W. Foulsham & Co. Lid., Slough, Bucks.
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Rapid Servicing of Transistor Equipment by Gordon J. King. Intended for
service technicians, students and amateurs, this book provides a guide to the
servicing of domestic equipment employing transistors. Initial chapters
include theoretical and practical discussions on transistors, how they are
biased, operating characteristics and circuitry, signal conditions and testing.
The rest of the book is devoted to practical advice on servicing and includes
both electrical and mechanical information. Pp. 151. Price 30s. George
Newnes Ltd., Tower House, Southampton Street, London, W.C.2.

Mathematics for Electrical Circuit Analysis by D. P. Howson. This book
has been written as an introduction to the mathematics required for circuit
analysis. Although not complete the material given is thought to be sufficient
to cover the needs of second and third year undergraduates taking a light
current electrical engineering course. Determinants, matrices and topology to
assist in the evaluation of multimesh circuits and the solution of basic
differential equations for linear circuits are discussed. Fourier series,
Fourier integrals and Laplace transforms are also dealt with. Pp. 170. Price
17s 6d. Pergammon Press, Headington Hill Hall, Oxford.

Sound and Vision by P. E. M. Sharp. This Design Centre Publication is
intended for the uninitiated who are about to purchase a radio or television
receiver or a high-fidelity system and wish to know something about the
subject and what is available. The book commences with a description of the
technicalities of radio, television and sound and then proceeds to discuss
turntables, pick-ups, pre-amplifiers, amplifiers, tuners, loudspeakers, tape
recorders and accessories. Following this radio receivers, radiogramophones
and television receivers are discussed. During the course of the descriptions,
equipment from a large number of manufacturers is introduced. This,
however, is not exhaustive. Pp. 64. Price 7s 6d. MacDonald and Co.
(Publishers) Ltd., Gulf House, 2 Portman Street, London, W.1.

Semiconductors—Vol. II. Linear Circuits by E. J. Cassignol. This book,
from the Philips Technical Library, is divided into two sections. The first deals
with the methods of studying linear circuits and discusses the properties of
the semiconductors employed in this application. The second section concerns
itself in detail with the practical use of linear circuits employing semicon-
‘ductors. Separate chapters discuss the Lf. amplifier, the video amplifier, the
hf. amplifier, the power amplifier and the d.c. amplifier. The feedback
problem is dealt with and a section is included containing a number of
practical exercises. Pp. 337. Price 104s. Macmillan & Co. Lid., Little Essex
Street, London, W.C.2.

Understanding u.h.f. Equipment by John D. Lenk. The first chapter
contains answers to a series of questions that, in the author’s opinion, is
most often asked of instructors in the u.h.f. field. Other chapters contain
information on specific items of u.h.f. equipment, circuits and components,
the emphasis being placed on fundamentals and basic features. In addition
comparisons between this equipment and equipment for lower frequencies is
made. In the last chapter test equipment and various techniques that are
unique to the u.h.f. and microwave field are described and illustrated. Pp.
144, Price 25s. W. Foulsham & Co. Ltd., Slough, Bucks.
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This illustration originally appeared in an article by Arthur Mee on the future of
“the pleasure telephone” in the Strand Magazine in 1898 and is reproduced in
Leslie Baily's 'B.B.C. Scrapbooks, Vol. 1, 1896-1914" published by Allen & Unwin,
price 40s. In the course of his article Arthur Mee prophetically stated '“Patti and
Paderewski may yet entertain us in our own drawing-rooms, and the luxuries of
princes may be at the command of us all. Who knows but that in time we may sitin
our armchairs listening of Her Majesty’s Ministers”.




Towards Large-Scale Integration

Design and manufacturing techniques in the U.K.

Digital integrated circuits now com-
mercially available include packages
which are one stage higher in functional
complexity than the first i.cs to appear
—complete sub-systems rather than in-
dividual logic elements.

COMPLETE arithmetic unit of a

computer on a single chip of silicon
a few millimetres square is one of the
projects under way at Marconi’s, with
whom Elliott-Automation Microelectronics
Lid. are now associated*. Performing
-addition, subtraction, shifting and other
operations on 4-bit binary numbers, the
unit will consist of 226 inter-connected
field-effect devices formed by the m.os.
(metal-oxide-silicon) integrated-circuit tech-
nology on a chip of silicon measuring
approximately 3mm X 2.5mm. Some of the
field-effect devices will operate as transistors
and the remainder as resistors. At the time of
going to press the project has reached the
stage where a prototype arithmetic unit
(using smaller integrated circuits) has been
built and proved and the masks for making
the m.o.s. chip have been designed.

* See note on D.G. Smee in “Personalities”, January
1968 issue, p. 640. This new British organization has a
total investment of £5-6M in microelectronics and em-
ploys about 800 people.

This example of a digital sub-system on a
single chip is what might reasonably be called
“m.s.i.”’—medium-scale integration, a step
on the way to large-scale integration. As yet
there is no fixed definition of ls.i. Some
authorities consider it as anything above
1,000 devices (for example m.o.s.ts) on a
single chip. Others say that the actual num-
ber of devices is not as important a criterion
as the functional complexity—the two are
not necessarily in proportion—and that you
cannot attach a numerical value to it. Yet
others apply the description l.s.i. to a hybrid
assembly of relatively simple integrated cir-
cuits mounted on a film circuit. It all seems
to depend on what people mean by “integra-
tion”.

For the present it is perhaps reasonable to
think of the more complex i.c. packages now
commercially  available—containing  the
equivalent of, say, fifty to several hundred
discrete components—as a stage in our prog-
ress towards lsi. For example, there is the
SGS-Fairchild Gu 19989 binary counter,
comprising four cascaded flip-flops, which
has 32 bipolar transistors and 23 resistors
and is presented in a 14-pin dual in-line
package. Slightly larger is a Marconi 8-bit
static register (using one flip-flop for each
bit) which is formed by 88 m.o.s. field-effect
devices and is encapsulated in a 40-lead
flat-pack. Considerably larger is the

MEMS5014 10-bit analogue-to-digital (and
digital-to-analogue) converter supplied in a
40-lead package by General Instrument
(U.K.), which contains 360 m.o.s. field-effect
devices.

It can be seen that such products are
really digital sub-systems—one step up in
functional complexity from the gates and
bistables that were the first elements to ap-
pear in integrated circuit form. As with the
simpler i.cs, the main benefits to be gained
from m.s.i. are greater economy and reliabil-
ity in the manufacture of electronic equip-
ment. The size reduction is generally an
incidental, but may be a positive end in some
applications.

While the smaller integrated circuits are
being manufactured predominantly in
bipolar form, with increasing complexity of
circuit the m.o.s. field-effect technology be-
comes more and more attractive and may
eventually be the natural choice for m.s.i.
and l.si. The two main advantages of m.o.s.
over bipolar are: (1) no isolation is needed
between adjacent active devices (to prevent
the formation of spurious transistors), so
that the device packing density on a semi-
conductor chip can be greater; and (2)
manufacturing is simpler, in that fewer
masks are required (e.g. four as against
eight) and there are fewer handling opera-
tions and high temperature processes. Among

How far we have come in 20 years. On the left is the first transistor, geranium point-contact, invented at Bell Telephone Laboratories, U.S.A., and patented in 1948.

On the right a Marconi integrated circuit (24-bit dynamic shift register) carrying 150 field-effect devices on a chip of silicon 1.5 mm square.
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An 8-bit static register in m.o.s. integrated-circuit form, showing (left) the semiconductor chip and (right) two of the registers mounted in a flat pack.

‘the incidental advantages of using m.o.s.
field-effect devices is the fact that the gate
electrode—oxide insulation—semiconductor
structure (see Fig 1) can be used as a
capacitance for temporary storage of binary
states. Furthermore, not only is isolation
between adjacent devices unnecessary but
adjacent devices can be economically con-
nected in series (as may be required for
a multiple-input gate) by making the drain
of one m.o.s.t. serve also as the source of the
next m.o.s.t, as shown in Fig. 1. This is
possible, of course, because the fe.t. is
electrically a symmetrical device and it
doesn’t matter which of the two terminal
regions in the semiconductor channel is used
as the source and which is used as the drain.

Two major problems in making and using
the m.o.s. technique are: (a) the manufac-
turing difficulty of achieving uniformity of
threshold voltage (the Vas at which I isata
specified low value) in the production of a
given i.c.; and (b) the susceptibility of the
thin layer of gate-insulation oxide to break-
down by spurious voltage pulses. Marconi
say that problem (a) has now been largely
overcome. Problem (b) is mitigated in some
i.cs by building in special protection diodes
or, in others, by forming a thick layer of
oxide over the gate contact.
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ordinatograph to. 1L.C LC
produce a mask for an
m.o.s. integrated
circuit. G G
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Source  Gate Drain/Source /Al 510,
Fig. 1. Basic structure

of a field-effect device in
an m.o.s. integrated cir-
cuit (not to scale}, show-
ing how two of the
devices can be easily
connected in series by
making one p-type reg-
ion common to both.

The accompanying photographs show
some of the manufacturing processes used
by the Marconi and Elliott organizations in
the production of m.s.. circuits—which are
little different from those used in the pro-
duction of smaller integrated circuits. With
the m.o.s. technology the first stage is to
grow a lum layer of silicon oxide (precise
chemical name, silicon dioxide—SiO,) on the
slices of n-type silicon, which are approxi-
mately 230um thick. This is done by
passing oxygen over the slices while they are
being heated to 1,200 °C in an electric fur-
nace.

To obtain the type of structure shown in
Fig. 1 it is necessary selectively to etch away
areas of the oxide coating, diffuse an impur-
ity (boron) into exposed parts of the n-type
silicon to form the p-type source and drain,
and, finally, evaporate areas of metal film on
to the upper surface to form the source,
gate and drain contacts and the interconnec-
tions between devices. The selective etching
is done by a photo-lithographic process. A
photo-resist lacquer is applied to the oxide
surface, and when this is dry it is exposed
through an optical mask to ultra-violet ra-
diation. Where the u.v. passes through the
transparent spaces in the mask the photo-
resist is hardened—these are the areas 7ot to

be etched. Where the u.v. is stopped by the
opaque parts of the mask the photo-resist
remains in its original soft state—and these
are the areas that are to be etched. Thus,
when the coated slice is immersed in a liquid
developer, the soft, unexposed areas are et-
ched and the remainder are left unaffected.

As can bz seen from Fig. 1, in some places
the oxide is etched away completely to form
“windows” through to the silicon, whereas
in other places the oxide layer is simply
reduced in thickness. This is achieved partly
by etching down to different levels, applying
the process described above each time, and
partly by forming fresh SiO, on the silicon
exposed by etching. After the necessary
“windows” have been etched through to the
n-type silicon, the p-type drain and source
are introduced by diffusing boron into the
surface of the silicon through these
“windows”. For this purpose the slices are
placed in a furnace and a carrier gas con-
taining the boron is passed over them.
Finally, the metal contacts, and some of the
interconnections, are applied by evaporating
a film of aluminium over the entire i.c. and
then using the photo-lithography process
to etch away the unwanted areas.

Other interconnections between the
field-effect devices are provided by ‘‘cross-
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Diffusion furnaces in laboratories at Glenrothes.

Bonding machine used for making connections to
the mounted semiconductor chips,

Testing completed integrated circuits with probes.

Scoﬂand:

unders” formed within the main body of the
silicon and passing beneath the devices.
These are channels of high conductivity
made by diffusing an impurity into selected
parts of the n-type material.

The mask patterns are, of course, de- .

signed from the required electronic circuit.
Each mask starts in the form of a pattern
drawn on paper about 300 times the actual
i.c. size. This is then cut into a Mylar sheet,
using a co-ordinatograph to transfer co-ordi-
nates of key points from the drawing. From
this the final mask is formed, by photo-
reduction and photo-lithographic techniques,
as a pattern of chromium metal film on a
thin glass substrate. Photographic emulsion
masks are also used, but the etched chro-
mium film has been found to give better
definition.

The manufacturing method outlined
above is an example of what is called the
“hundred per cent yield” approach. This
means that for economical production every
device on a chip should be functioning
correctly, so that all the chips in a manufac-
tured batch can be used. In practice this
ideal is not attained. If only one device on a
chip fails to work the whole chip—a com-
plete sub-system—must be scrapped. Of
course, the more complex the i.c. the greater
the amount of material and processing work
that has to be thrown away because of a
single device failure. One attempt to combat
this problem, called the “discretionary wir-
ing” approach, recognizes at the outset that
some non-functioning devices are bound to
emerge from the manufacturing processes. A
large number of simple circuits—many
more than are needed—are produced on a
semiconductor wafer, which is then tested.
On the basis of the test results, patterns of
interconnections are designed which will in-
clude only those simple circuits shown to be
functioning correctly. Another manufactur-
ing approach is to limit the functional com-
plexity of individual chips but assemble a
number of them together to make a hybrid
Ls.i. circuit.

London Physics
Exhibition

FOR the first time foreign concerns arz being
allowed to participate in the annual Physics
Exhibition which opens in the Great Hall of
Alexandra Palace, London, N.2, on March
11th for four days. There will be six overseas
companies among the 147 exhibitors—two
each from the U.S.A. and the Netherlands
and one each from Germany and Denmark.

The exhibition, organized by the Institute
of Physics & Physical Society, is again of
instruments and apparatus mainly at the
stages of research or development, rather
than commercially available. It will be open
each day at 10.00 and will close at 18.00
except on the 13th when it will remain open
until 19.30. On the opening day admission
prior to 13.00 will be limited to members of
the Institute & Society and specially invited
guests. Tickets are available free from exhib-
itors or from the Exhibitions Officer, I.P. &
P.S., 47 Belgrave Sq., London, W.1. Appli-
cants are asked to send a stamped addressed
envelope (37 x Sin.).

The Exhibition Handbook (which is more
than a catalogue of the exhibits; it is a
valuable reference book on scientific :nstru-
ments and apparatus) can be obtained from
the I.P. & P.S. for 10s, including postage.

As is usual lectures have been arranged
for three afternoons at 15.30. The exhibition
organizing committee negotiated with the
Soviet Academy of Sciences for a Russian
lecturer to speak on the Soviet Space Pro-
gramme and in particular the successful
landing of a probe on Venus. Unfortunately,
this was not able to be arranged and there-
fore Professor R. C. Jennison, of the De-
partment of Physical Electronics, Kert Uni-
versity, will lecture on “The detection of
micro-meteorites in space’” on the opening
day. On the 12th Professor R. L. F. Boyd, of
the Department of Physics, University Col-
lege, London, will lecture on astronomy in
space and on the 13th G. E. Perry will talk
on “A school satellite tracking station as an
aid to the teaching of physics”. It may be
recalled that Mr. Perry described in Wireless
World of March last year the Kettering
Grammar Schools’ activities in tracking So-
viet satellites. The lecture will be illustrated
with tape recordings made at the station.

At 11.30 each day, except on the 11th,
there will be a programme of films in the
Alexandra Room. On the 12th will be a
11-hour educational programme including a
film on positron-electron annihilation. Gen-
eral interest films, including one on NINA the
4GeV electron synchrotron at Daresbury,
will be shown on the 13th, and on the 14th
the programme comprises five new Mullard
films on semiconductors.
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“Doctoring’’
Recorded Sound

Some Techniques
Recording Studios

Employed in

During the past decade the equipment found in recording
studios has increased in both quantity and complexity. The
most obvious cause is the advent of stereophonic techniques, but
there are other facets of the recording operation which may not
be so familiar, and some of these are described here.

Most early stereophonic recordings were on 2-track i-inch tape.
This is still popular in orthodox work where there are no subsequent
operations on the signal. The technique involves the use of two
microphones, either laterally spaced or mounted one above the other
with their major axes at 90°. It was soon found that while this
approach gave excellent results on symphonic and chamber music, it
was not really suited to light or popular music, where separate close
“miking” of instruments or sections of the orchestra was already
established for mono work. If on stereophonic recording sessions a
multi-microphone arrangement was used, with some microphones
disposed to the left and some to the right, the natural spread of stereo
was lost. In fact, the recording was not stereo at all, but a mixture of
two mono tracks having no sonic relation to each other. To overcome
this “hole in the middle” defect, artificial placing of individual
microphone outputs was introduced. This is accomplished by feeding
varying percentages of the output of a given microphone channel to
the two recording tracks: when the division is 50:50 the sound image
appears central between the two loudspeakers. In order to avoid loss
of separation between the two tracks, this splitting of a given channel
has to be done by separate amplifiers. These became known as cross
feed or “pan” amplifiers. This was the beginning of the end for the
straightforward simple mixer, for if microphone No 1 was (electroni-
cally) positioned midway between left and centre, and echo was added
to microphone No. 1, where should the echo go?

Of the two orthodox stereo microphone techniques, the spaced
system was more popular in U.S.A,, while the 90° pair was favoured
in Europe. With the spaced system, difficulty was sometimes found in
getting a good centre image, so the Americans decided to fix it firmly
in place by putting a third microphone in the middle and giving that
microphone a separate track on the tape. For reasons of signal /noise
ratio, the tape was enlarged to 4in. to carry the three tracks. It was not
long before the “pop” people saw in the 3-track machine a means of
obtaining additional flexibility, as the soloist could be placed alone on
the third track and fine adjustments could be made on the subse-
quent reduction from 3- to 2-track or mono. Nowadays, 4-track
working on iin. or lin. tape is gaining popularity, while some small
studios accommodate large numbers of musicians by recording
successively on tracks 1-4, or even up to 8 tracks in some cases.

Such multiple work inevitably worsens the overall signal/noise
ratio, while in the classical field the noise levels of microphones,
amplifiers etc. have dropped below that of the tape itself. An ingenious
method of overcoming this, patented and marketed by Elektromess-
technik (Studer), is known as the ‘“NoisEx’ system. Briefly, the
dynamic range of the signal going on to the tape is compressed so as to
utilize the optimum recording level for signal /noise ratio. On play-
back, the output from the tape machine is fed into an expander unit
whose characteristics are a mirror image of those of the compressor. It
is claimed that the distortions previously inherent in such a system
have been overcome so that it is impossible to detect that the units are
operating.

The limiter has come in for a lot of criticism (as has also the
compressor), mainly because of unpleasant effects produced by its
misuse. A limiter may be used to prevent overloading of the tape or
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disc, such as may occur with “pop” singers given to sudden violent
shouts, or when recording a public performance or outdoor event
where there may be unexpected jumps in level. Alternatively, it may
be used as a “ducking” limiter. Some producers of “pop” records
want everything (e.g. backing instruments, backing voices, solo voices)
“up at the front”. This can be accomplished by using a limiter in the
“backing” channel with means for controlling it from a separate “solo
voice” sound channel. With no solo voice, the backing is set to record
at full level. When the solo voice comes in, it feeds directly to the tape
and also to the limiter control circuit. As a result the backing is
automatically attenuated below the voice level by a predetermined
amount, but the solo voice is not injected into the backing channel at
this point. There may, of course, be an additional limiter in the solo
voice channel, as mentioned above.

Most modern studio mixers incorporate variable bass and top
controls in each channel prior to mixing. These often take the form of
the well known Baxandall circuit*. Provision is made for the insertion
of more complex filter and equalizer units (generally known as
“cookers”) into any channel between the output of the microphone
amplifier and the mixing control. Apart from “‘step’” circuits and high-
or low-pass filters, provision is often made for holes, or peaks, of
varying width, depth (or height) and frequency.

When additional reverberation (or echo) was first introduced it was
provided by feeding a portion of the signal into a loudspeaker placed
in an empty, hard-walled, room where a microphone picked up the
resultant sound and fed it back to the mixer. Cellars and other small
rooms were used for this, but the method required a lot of space. A
highly satisfactory artificial means is the echo plate—a sheet of tinned
steel which is excited acoustically and which yields the closest
approach to the random decay pattern of the ideal echo chamber. In
additon, the period of reverberation may be altered by proximity
dampers, motor driven and controlled from the mixing desk.

The disc record is still the eventual form of most work done in the
studio. The moving-iron cutter head, apart from the B.B.C. design,
has largely been displaced by the moving-coil type. A notable advance
was made by Fonofilm Industri (Ortofon) when they built a moving-
coil head with a second winding delivering 40 dB of feedback voltage
derived directly from the motion of the cutter (as opposed to flux
linkage from the drive coil). It is not at all difficult to achieve a
signal /noise ratio of 60 dB on a disc, which is beyond the capability of
most tape systems (but see ‘“NoisEx” above); in fact, a saying
frequently heard in disc cutting rooms is: “I can put it on: can you
get it off?”’ Only a few very expensive pickups can reproduce the
highest cuttable level without severe distortion. Trouble usually
begins with the high accelerations produced by the top lift of the
recording characteristic, aggravated by close microphone positions
and /or cymbal clashes, etc. Some of these extremely high levels can
damage a stereo cutting head, although not usually a mono head.
This is because in most mono heads the coil movement is pivotal,
while the coils in a stereo head are displaced en masse, thereby
consuming more current.

The answer here is a form of occasional and selective top cut,
preferably inaudible in action. One unit which meets these demands
is the Ortofon “‘dynamic filter”. In this the signal is fed to a frequency
weighting network, the output of which is rectified and fed to the
primary of a transformer. The permeability of the transformer core is
affected by the d.c. field produced by the prlmary, and this, in turn,
varies the inductance of the secondary winding. The secondary is
connected in a passive low-pass filter network, the response of which
varies with the inductance. The limiter is set to operate at a
predetermined point (e.g. the overload point of the cutterhead) and
any excessive top levels are reduced to the safe level, the remainder of
the programme being passed through “flat”. An extension of this
principle is used in the Fairchild ‘“Dynaliser” unit and the R.CA.
“Dynagroove” process, in which our old friends the Fletcher-
Munson curves play a prominent part.

It is perhaps worth emphasizing that the various techniques
described above do not render the engineer superfluous: on the
contrary, the opportunities for mis-use are greater than ever and all
the skill of the engineer is needed to prevent a diabolical
mess.—D.W.S.

* “Negative Feedback Tone Control” by P. J. Baxandall Wireless World, October
1952, pp 402-405



Electronics in Concorde

U.K. Contribution to the Navigation, Communication, Flight Control
and Other Electronic Systems

JIRCRAFT less modern than the Con-

corde can be considered to be divided
into a large number of clearly defined sub-
systems, in which computations of drift,
track, attitude, airspeed and the like are
carried out many times over to differing
degrees of accuracy. The penalty for this
approach is felt in terms of weight and cost,
although, from the servicing point of view,
there is the advantage that each equipment is
virtually self-contained. In Concorde all maj-
or computations are carried out centrally,
the results being electrically signalled to the
various systems, and no really clear de-
marcation line exists between the different
equipments. '

Concorde is described as a low-wing mo-
noplane with a slender delta wing planform.
The airframe is largely constructed from a
high temperature aluminium alloy although
localized use is made of steel and titanium
alloys at isolated ‘“‘hot spots”. Incidentally the
nose cone reaches a temperature of 153°C
and the main bulk of the fuselage 117°C

during supersonic flight. Highly stressed
mechanical components in the structure
have been milled from solid blocks of alloy
using numerically controlled machine tools.
Concorde has a wing-span of 83ft 10in., a
length of 184ft 6in. and the height to the top
of the fin is 38ft. The maximum cruising
speed depends on ambient temperature and
has a limit of mach 2.2 at around 55,000ft.
All-up weight is 326,0001b.

DESIGN APPROACH

Aircraft system designers of today are, in the
main, presented with four possible approa-
ches—simplex, duplex, duplicate monitored
and triplex. Each method has its advantages
and disadvantages in terms of safety (includ-
ing reliability), weight and cost. The simplex
approach consists of having only one set of
equipment. Any failure results in either the
¢quipment ceasing to function or in an
erroneous output. It is up to the crew to

Not really an electrician’s nightmare but the flight deck wiring of Concorde prototype 002 being built at B.A.C.'s
Filton Division. A large proportion of the cables have been supplied by British Insulated Callenders Cables Ltd.

\'

correct the effect on the aircraft of the faulty
information and to take over manually from
the failed equipment. Two complete sets of
equipment, operating in unison, are used in
a duplex system. A failure in either set will
result in conflicting outputs, causing, by
means of a comparator, both equipments to
switch off before the incorrect output has
any effect on the aircraft. It is once again left
to the crew to take over the function of the
failed equipment. In the duplicate monitored
system two sets of equipment are again
employed but a series of monitors and com-
parators is fitted to each set. Although both
equipments are operating continuously, at
any given time only one has any authority
over the aircraft. Should a fault occur in a
particular channel this is detected by the
monitor /comparator complex and results in
the serviceable equipment being given au-
thority. In the event of the second channel
failing as well it is automatically switched
cut before any effect is felt on the aircraft.
Such.a system is said to be “fail-operative”
and “fail-soft”. The triplex system ermploys
three sets of equipments operating on a
majority vote basis: a different answer from
one equipment results in its being switched
out. From then on the system operates as
described for the duplex method. It must be
stated that the above is a gross oversimplifi-
cation, considerable differences arising in
equipments from the various manufac-
turers.

The main contractors in the Concorde
project, British Aircraft Corporation and the
French company Sud-Aviation, decided to
employ the duplicate monitored principle for
the majority of Concorde’s control systems.
Using this technique results in the aircraft
carrying about two-and-a-half times more
equipment than a simplex equipped aircraft.

NAVIGATION

The degree of automation of the navigatio-
nal equipment is such that Concorde does
not carry a navigator, this function being
performed by the pilots. Because of thz long
periods of acceleration and deceleration and
other factors peculiar to this type of aircraft,
conventional vertical gyroscopes are un-
suitable as a basis for flight control and
driving of instrument displays. Inertial plat-
forms coupled to digital computers are
therefore used as the central navigational
element. An inertial platform can best be
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described as a platform with three degrees of
spatial freedom gyroscopically stabilized rela-
tive to space but tied to the earth (as will be
explained). Such a platform is said to be
operating in a Schuler tuned mode. Schuler
stated that a pendulum with a length equal
to one earth’s radius suspended with its
mass at the exact centre of the earth could
not be set into motion by accelerating one
end. An inertial platform is stabilized relative
to space using three extremely accurate, low
drift, flotation gyroscopes. Digital computers
calculate the corrections that have to be
applied to the platform to modify the space
stabilization in such a way as to keep the Z
axis (vertical) pointing directly at the earth’s
centre and the X and Y axes pointing east
/west and north /south respectively. The cor-
rection terms applied to the platform are
complex and must take into account the
aircraft’s position over the earth’s surface,
the relative movements of the earth and the
aircraft, the earth’s curvature, centripetal
force etc. The platform operating in this
mode can be considered to be similar to
Schuler’s imaginary pendulum and is there-
fore unaffected by acceleration and de-
celeration forces.

Because the platform is stabilized in this
way any movement of the aircraft is relative
to the platform; this is detected by sensors
and the resulting electrical signals are a
measure of the aircraft’s attitude relative to
the earth’s surface.

Newton’s laws of motion are exploited in
an inertial platform by fitting three accele-
rometers with electrical sensors to it. These
accelerometers are orthogonally mounted
(one in each axis) and their outputs can be
integrated to give velocity and integrated
again to provide distance flown in a given
direction. From the foregoing it can be seen
that an inertial platform provides a great deal
cf the information that is vital to navigation.

The prototype Concordes will carry two
inertial platforms, although it is thought
that three may be fitted to the first produc-
tion aircraft. The navigation system to be
described here is as used in the prototypes
and has been developed by a consortium
formed by Ferrant (U.K.) and SAGEM of
France. The navigation system provides the
pilot with the following information: the
position of the aircraft in terms of latitude
and longitude; the position of the aircraft
relative to the desired route (this route is
decided upon before take-off and can be
modified at any time by the crew); and the
estimated time of arrival at a number of
reference points along this route.

The major components in the navigation
system are the two previously discussed
inertial platforms with associated digital com-
puting facilities, an automatic chart display
and control panel. The automatic chart
display has beéen entirely developed by Fer-
ranti and provides an interface allowing
two-way man/machine communication. It
contains a 35 mm colour film 30 feet long
that can store charts covering an area 8,000
x 2,000 nautical miles at a scale of
1:2,000,000, plus two areas of 1,000 x
2,000 nautical miles at a scale of 1:500,000
for airport terminal areas. The charts are
back projected on to a screen eight inches in
diameter. If required, up to 100 data sheets
(approach charts, tables of frequencies,
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Inertial platform. control panel and associated equipment supplied by Ferranti for the prototype.
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The automatic flight system control panel fitted to pre-production aircraft. The prototype aircraft are being
equipped with a more conventional selector switch type of control panel.

procedures, check lists, etc.) can be displayed
on this screen. The present aircraft position
is superimposed on the projected chart and
can be in the centre of the screen or near the
bottom to give a greater view ahead. The
pilot can select either track or north orienta-
tion; with track orientation selected the
aircraft’s track always points to the top of the
screen and as the aircraft turns the chart
rotates. When north orientation is selected
north always appears uppermost; in this
case, as the aircraft turns the display’s track
pointer rotates.

Typically, in terminal areas, the chart will
be north orientated, with the present position
indicated centrally; in en route areas track
orientation would be used with the present
position marker offset. In the event of it
being necessary to change the flight plan
while airborne, because of weather con-
ditions or some other factor, the chart is
driven to bring the new destination to the
centre of the screen using a joy-stick control,
a button is pressed and the co-ordinates of
the new destination will have been entered in
the computer. The position outputs of both
inertial navigators can be displayed
simultaneously and in the event of a
discrepancy the erring system can be correct-
ed. V.OR./D.M.E. (V.h.f. Omni-directional

Range /Distance Measuring Equipment) out-
puts also may be superimposed on the
display face, among other things enabling the
internal navigation equipments to be chec-
ked against them. The navigation computers
also provide outputs for the automatic pilot
to enable the aircraft to automatically fly
along the predetermined flight path or along
the flight path as modified by the pilot’s
manipulation of the automatic chart display.
The inertial platforms, via servo-repeater sys-
tems, provide outputs of heading, attitude,
velocity and vertical acceleration for use by
other equipments in the aircraft. The charts
for the display are being produced by Inter-
national Aeradio Ltd. and some are sixteen
feet long and twenty inches wide. A big
problem is going to be keeping them up to
date with changing air traffic control re-
quirements.

RADIO AND RADAR AIDS

In the Marconi doppler radar system used in
Concorde four beams are employed with a
time sharing technique. The doppler shift of
each beam is measured by comparing it with
a sample of the transmitted signal and the
aerial is servo driven in both vertical and
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The prototype flight deck mockup. The Ferranti automatic chart display can be seen in the lower left of the centre
instrument panel next to the weather radar. Just below these, on the control console, is the automatic flight control
panel, and just above the windscreen is the combined automatic stabilizer/artificial feed control panel. The large
instrument containing a white semicircle in the centre of the side panels is the flight director.

horizontal planes until all four beams are
experiencing the same amount of doppler
shift. In this way the aerial is aligned with
the velocity vector of the aircraft. Ground
speed is obtained by measuring the amount
of doppler shift, and the drift angle is ob-
tained by comparing the fore and aft axis of
the aerial with that of the aircraft. A major
difficulty with a pure c.w. doppler system is
caused by cross-coupling between the trans-
mitting and receiving sections of the aerial
array. Mechanical vibration also causes
spurious modulation of the transmitted sig-
nal, making discrimination between this un-
wanted modulation and the doppler signal a
difficult task. Frequency modulation is used
in the Concorde, enabling the receiver to be
made insensitive to cross-coupling and near
echoes from the radome and airframe. Be-
cause the signal path from the transmitter
aerial to the receiver aerial is very short the
phase of the modulation on the cross-coupl-
ed signal will be practically identical to that
of the transmitted signal. By mixing a sample
of the transmitter signal with the received
signal the receiver output can be made zero.
Returns from the ground will ‘reach the
receiver after some delay, with a consequent
phase difference relative to the transmitted
signal. The product of mixing these signals
will result in a spectrum centred on zero and
sidebands on either side with a spacing equal
to the modulation frequency, all sidebands
being subjected to doppler shift.

The sideband power falls to zero whenever
the delay between transmitting and receiving
the signal is equal to one cycle of the
modulation frequency, these delays corre-
sponding to critical altitudes. If a fan-shaped
aerial beam is used, returns from the
ground will be subjected to a wide range of
different delays and the signal strength will
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seldom fall below a working level. However,
signals received at near critical altitudes will
have their spectra distorted, giving a false
centre frequency and inaccurate speed infor-
mation. To overcome this effect the modula-
tion frequency is swept at 8 Hz between 340
and 460 kHz, causing the positions of the
critical altitudes to vary and the error to
average out.

In use the control unit indicates the
mileage flown along the required track and
an associated counter indicates the miles
flown across this track, away from the re-
quired course. This information is obtained
from a computer that receives aircraft head-
ing from the navigation system, adds it to
the “doppler” drift to obtain aircraft track
and compares this with the required track to
arrive at a track error signal. This signal
together with “doppler” ground speed is fed
into a mechanical ball resolver which pro-
vides outputs in terms of distance flown
along and across the desired track. A signal
proportional to the position of the across-
track counter is available for feeding to the
automatic flight control system or the navi-
gation system if required.

The d.me. interrogator continuously
measures the slant range distance between
the aircraft and a selected ground beacon
within a range of 197 nautical miles. This
information is combined with aircraft head-
ing to accurately fix the aircraft’s position.
The interrogator operates in conjunction
with  VORTAC (V.hf. Omni-directional
Range TACtical) and TACAN (TACtical Air
Navigation) ground stations. Once the de-
sired frequency has been set up on the
v.h.f. /navigation controller, pairs of interro-
gating pulses are automatically transmitted
to the assigned radio beacon. The ground
station, on receiving the pulse pair, replies

with a return pulse pair which is in turn
received by the aircraft. By measuring the
time elapsing between transmitting and
receiving a reply, the aircraft equipment can
compute the distance of the beacon. Should
the signal be lost the equipment will con-
tinue to function in a memory mode for ten
seconds, after which the interrogator initiates
a “search” procedure. The transmitier pro-
vides a pulse of 1.24 kW and operates in 1
MHz steps between 1025 and 115 MHz,
and the receiver has 252 channels between
962 to 1213 MHz; the 6 dB bandwidth is 340
kHz. This equipment is being manufactured
under licence from the Radio Corporation of
America by Marconi’s.

The weather radar for Concorde, manu-
factured by Ekco Electronics Ltd., will be
used to detect stormy weather conditions in
the aircraft’s flight path. When such con-
ditions are detected a new course is decided
upon, the details of which are read into the
navigation system via the automatic chart
display. If the. aircraft is being flown by
automatic pilot, the navigation system will
supply the automatic pilot with this infor-
mation and the storm will be safcly by-
passed. This radar operates in the X-band at
9345 MHz; the transmitted pulse length is 6
us (65 kW peak) and the repetition frequen-
cy is 200 Hz; the range is 360 nautical
miles (pre-production aircraft only). Each
channel of the dual system carries its own
transmitter-receiver, indicator and aerial sta-
bilization system although there is a com-
mon waveguide run from the waveguide
switch to the aerial.

The weather radar is one of the large
number of instruments in the cockpit that
can command only a small portion of the
pilots’ attention. When negotiating a storm
this presents no problem as it becomes a
prime instrument and is continuously moni-
tored. In flight phases where the crew work
load is high and weather problems zre not
expected, the weather radar would tend to
become neglected. To overcome this problem
the weather radar is arranged to con-
tinuously scan a 20 degree sector 200 miles
in front of the aircraft irrespective of the
setting of the indicator range scale. In the
event of a target being spotted the pilot’s
attention is drawn to the weather radar by an
‘““alert” indicator.

AUTOMATIC FLYING
CONTROLS

After take-off Concorde will climb subsoni-
cally to some 40,000ft under the control of a
flight director that computes the optimum
climb-out path for existing conditiors and
air traffic control requirements. Preparation
would then be made to accejerate to super-
sonic speed, continuing the climb until
cruising altitude is reached. At supersonic
speeds the aerodynamic centre of pressure
moves back along the airframe, causing the
aircraft to adopt a nose down attitude. To
help compensate for this a computed
amount of fuel is transferred from the main
tanks to a rear trim tank. However, the
amount of nose down tendency is a function
of mach number, which is not a constant, so,
clearly, a further correction is required.
This could be left to the automatic pilot but

Wireless World, March 1968



this is inadvisable for two reasons; first, the
autopilot would be called upon to make a
‘“‘useless” constant correction, and secondly,
in the event of the automatic pilot failing the
amount of correction applied would sudden-
ly be removed, resulting in a violent change
in pitch attitude. To overcome this difficulty
a system has been developed known as elec-
tric trim that has three functions: it allows
the pilots to electrically signal pitch trim
changes; it alters trim as a function of mach
number; and it relieves any pressure on the
automatic pilot by sensing any constant trim
being applied in pitch and correcting for it.

Aircraft tend to oscillate in all three axes
by an amount determined by the aerodynam-
ic design, air speed, altitude, etc., and it
would be very tiring for the pilot, or un-
necessary work for the automatic pilot, if
these oscillations were allowed to go un-
damped. The automatic flight stabilization
system employed to make these corrections
uses a total of six rate gyroscopes actuating
the flying controls via servo systems. A rate
gyroscope is either electrically or mechanical-
ly spring restrained and has an output pro-
portional to the rate, as opposed to the
amount, of displacement. It will be realized
that such a system will try to oppose any
deliberate manoeuvres. However, the system
has only limited authority and acts as an
efficient damping mechanism.

The lateral and longitudinal control chan-
nels of the automatic pilots are completely
separated and each automatic pilot is sup-
plied with information from independent
sources. A single control panel is employed
for the automatic pilots, the automatic
throttle systems and the flight director sys-
tem. The required function is selected and a
choice is made between automatic pilot and
flight director. If the last-mentioned is chosen
the pilot controls the aircraft in response to
visual guidance information presented by
the flight director. In the former case the
function is carried out automatically. This
would seem to imply that the functions
available using the automatic pilot or the
flight director system are identical. This is
the case, with one exception which occurs
when the automatic pilot is switched to
“manual”. Under these conditions the
aircraft will maintain the attitude existing at
the time of engagement, the attitude refer-
ences being supplied by the inertial plat-
forms. Other functions provided by the flight
system in the longitudinal axis are: altitude
hold, mach and airspeed hold, vertical speed
hold and altitude capture. For the first three
functions, if selected, the aircraft will hold
each condition as it existed at the time of
engagement. Altitude, mach and airspeed
references are obtained from an air data
computer. The altitude capture facility al-
lows the pilot to preselect any required
altitude; when the aircraft reaches this
height the flight system reverts to the alti-
tude hold mode. Automatic vertical naviga-
tion is also possible, and in this case the
automatic pilot/flight director follows infor-
mation provided by a vertical navigation
computer.

In the lateral axis the manual and heading
functions of the flight system are self-expla-
natory in the light of what has already been
said. Lateral navigation may be selected and
in this case the flight system responds to
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information received from the navigational
computer. The signals used are track error
and rate of change of error with respect to
the programme stored in the navigational
computer.

A VOR /LOC mode is available that cap-
tures and holds a VOR or localizer beam, the
capture angle being selected by the pilot.

The automatic pilot is capable of carrying
out landings in Category 3a conditions
(visibility insufficient to land manually but
good enough to steer the aircraft on the
runway). The autopilot will hold the aircraft
on the localizer and glide path beams and
will initiate the flare and land sequence as
indicated by the radio altimeter. Should it be
decided to abort the landing, pushing the
throttle forward will put the flight system
into the ‘“‘go around” mode. This disengages
the automatic throttle system and causes the
take-off director computer and the flight
director computer to provide guidance infor-
mation that ensures that a safe overshoot
path is followed.

The automatic throttle system controls
engine r.p.m. so that the mach number or
airspeed existing on engagement is main-
tained, or alternatively, the desired airspeed
can be pre-selected. The system obtains refer-
ence airspeed and mach number from the air
data computers and a longitudinal term
from the inertial platforms.

The control panel for the automatic flight
control system represents a departure from
standard aeronautical techniques in that
push-button selector switches have been em-
ployed for mode selection; this practice has
been frowned upon in the past on the
grounds of reliability. Integrated circuit
protection logic has been designed to work in
conjunction with the push-buttons that will
lock out a faulty mode even if the associated
selector button is jammed in the “on’> posi-
tion.

The automatic flight system described has
been designed by a consortium including
Société Francaise D’Equipment pour la Na-
vigation Aérienne (S.F.E.N.A.) and the Navi-
gation and Control Division of the Bendix
Corporation of America headed by Elliott
Brothers as prime contractors.

COMMUNICATIONS

Airborne selective calling units, known as
Selcal, are used to relieve the crew of the
continuous and tiresome task of aurally
monitoring the radio communications chan-
nels. To this end each aircraft is given a
four-letter code, each letter corresponding to
one of twelve audio tones. This code is set in
on the front of the Selcal unit using two
pairs of knobs which select tuned reeds. The
ground station transmits a two-pulse code
signal, each pulse containing two audio fre-
quency tones in the band 312.6 to 977.2 Hz.
The aircraft receives these tones and applies
them to the Selcal unit, where, after amplifi-
cation they are applied to the tuned reeds. In
the called aircraft all four reeds will vibrate
and the appropriate warning will be given to
the crew.

Collins Radio Company are supplying the
h.f. transceivers. These are s.s.b. equipments
for long range voice, ¢.w., data or compatible
a.m. communications in the 2.0 to 29.999
MHz frequency range. Tuning is automatic
in 1 kHz steps by means of an operator’s
remote control box, the operating frequency
being displayed digitally. Nominal transmit-
ter power is 400 watts p.e.p. in s.s.b. or 125
watts in compatible a.m. All injections to
both the transmitter and receiver are phase
locked to an internal frequency standard
with a stability of 0.8 parts per million per
month. Channel selection time is eight sec-
onds. The receiver sensitivity on s.s.b. is 1

One of the prototype versions of the engine control computer undergoing final test at Ultra Electronics,
Western Avenue factory, prior to delivery to Bristol Siddeley Engines.
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High density precision tape recording head used in
the Concorde prototype accident recording system
being produced by Elliott Automation. The system
records 300 parameters and is protected for crash
loads and is automatically ejected if submerged.

uV for a 10 dB (signal + noise) /noise ratio
and for am. it is 3 4V modulated 30 per
cent at 1 kHz for a 6 dB (signal + noise)/
noise ratio.

OTHER ELECTRONIC
SYSTEMS

The engine control system has been designed
as an electrical link between the crew and the
engines. Normal control actions such as
throttle opening and fuel flow are under
direct crew control, but many other para-
meters are altered automatically by com-
puters designed by Ultra Electronics Ltd.
These include controlling fuel flow during
start-up and in-flight re-lighting, control of
high pressure spool speed, adjustment of
idling fuel flow to prevent flame out, main-
taining acceleration and deceleration throttle
inputs to safe levels, limiting jet pipe tempe-
rature, correcting nozzle area, air intake
control and controlling many other para-
meters. The variable geometry air intakes
controlled by the system decelerate the
supersonic free air stream to a fairly low
subsonic value before allowing it to enter
the engine. )

The Concorde prototype 001 will have
two E.M.I. television cameras fitted, one of
which will be mounted on the nose wheel to
give an improved forward view whilst taxy-
ing. This camera has a 90° wide angle lens.
The second will face the rear, enabling the
landing gear and the wunderside of the
aircraft to be viewed. In addition, for the
prototype 002, E.M.I. are supplying three
half-inch cameras for mounting in the en-
gine nacelles and two one-inch cameras for
viewing the wings and tailplane. During
periods of high sunspot activity, solar radia-
tion could become a problem at the altitudes
at which Concorde will be flying. A radiation
detector is being built by A.W.R.E. to enable
the amount of radiation to be measured.
Should this ever exceed a safe level, Con-
corde will be forced to fly subsonically at a
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lower altitude. It is understood that the fuel
penalty resulting from this is not high.

Aircraft instruments of the past that re-
quired inputs of height, rate of climb, air
speed and mach number had to rely on a
jungle of pipes relaying pitot and static air
pressures to them to derive the necessary
information. These pipes were very vulner-
able and a good deal of servicing effort had
to be spent in tracing microscopic leaks,
often in inaccessible parts of the aircraft. In
Concorde a simple pipe system carries the air
pressures to two central air data computers
that are being manufactured in France by
Crouzet. These computers then provide elec-
trical outputs for other equipments propor-
tional to: altitude, airspeed, mach number,
vertical speed, total temperature, static tem-
perature, true airspeed, angle of attack and
side slip angle.

An Elliott flight recording system is incor-
porated which collects speech, analogue and
digital information from more than 300
points during a flight of up to twelve hours.
This information is “conditioned” in integ-
rated circuit computers before being record-
ed on magnetic tape. The crash-proof cap-
sule containing the recording mechanism is
ejected if submerged, whereupon it floats to
the surface and a radio beacon emits a
homing signal.

A good deal of the engine instrumentation
is also being manufactured by Elliott’s.
These take the form of miniature indicators
with, in many cases, a certain amount of the
computing circuitry built into them. These
instruments are mounted on the flight en-
gineer’s control panel with “essential service”
indications duplicated on the pilot’s panel.

The fuel flow system comprises a trans-
mitter and complementary indication for
measuring the quantity of fuel consumed,
rate of fuel flow, and the amount of fuel
remaining. The flow sensor measures the
mass flow rate of fuel passing in the line,
determining the heat content and thus the
propulsive content. The transmitter has an
accuracy better than 1% over.a 9:1 flow rate
range at 20°C+ 5°C whilst the flow rate
indicator has an accuracy of +0.5%.

The electrical installation serves all other-

systems and has to supply a load of up to 61
kVA. As has already been stated, all aircraft
essential systems are at least duplicated, and
to preserve this safety margin each equip-
ment of a duplicated system is fed from an
independent power source. The four 8,000
r.p.m. brushless alternators each have a nom-
inal continuous rating of 40 kVA at 400
Hz 200/115 V. They automatically self ex-
cite and synchronize to deliver their outputs
in parallel pairs. The d.c. busbars are sup-
plied via transformer-rectifier units and
charge two standby nickel-cadmium bat-
teries. A 1.8 kHz supply for the flying
control signalling circuits is derived from
two 26-V single phase static inverters sup-
plied from the essential services battery bus-
bar. Loss of one generation channel leaves all
services fully operational by employing
transfer techniques. Loss of two channels
leaves general services unimpaired but the
electrical  de-icing equipment tecomes
inoperable. In the unlikely event of a com-
plete four engine flame out the battery
capacity permits a gas turbine driving a
generator to be started which will maintain
essential services.

To speed up communications between
Britain and France on matters dealing with
Concorde a private wire circuit tetween
London and Paris has been installed. The
new link has been set up in co-operation
with both the British and French Post Office
authorities. It will carry a wide variety of
communications traffic including teleprinter
messages, telephone conservations, high-
speed transmission of punched and magnetic
tape data, and facsimile transmission of
drawings or messages. The circuit was pri-
marily installed to facilitate radio contact
with Concorde flight test crews when proto-
type testing begins in the spring. It will
enable ground engineers in Toulouse to
operate a remote control radio-relay station
at Filton, providing a three-way link between
Filton, Toulouse and the aircraft. This is
necessary since the range of the v.h.f. radio
equipment in Concorde is limited to about
600 miles and contact with the aircraft may
be lost on the proposed test flights over
Northern Europe.

An example of the engine instruments used on Concorde. The photograph shows a section of the flight engineer’s
panel. Some of the more important instruments are duplicated on the pilot's instrument pane!.
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News of the Month

Employing Intelsat ITI

NEXT year a number of synchronous com-
munications satellites are to be launched as
part of the Intelsat III programme. Prepara-
tions are currently in hand in many parts of
the world to make use of this new facility
and to provide a truly global round-the-
clock communications system.

In Britain a second aerial is being built at
Goonhilly at a cost of £1.5m to work the
Atlantic Ocean satellite. When this aerial is
operational and can take over the duties of
the existing aerial, the first one will be
modified to enable it to communicate with
the Indian Ocean satellite in 1969. Goonbhilly
will then be able to communicate directly
with other earth stations situated over two-
thirds of the earth’s surface.

Post Office engineers report encouraging
progress on the construction of the second
aerial. The larger part of the civil engineer-
ing works has been completed and the 75.5-ft
radius azimuth track has been laid and
levelled; this runs from 066° to 326°.
Some 200 tons of steel have so far been used
in the construction of the aerial base struc-
ture which is mounted on a large central
pivot and a pair of bogies which run around
the azimuth track.

The dish profile is quasi-paraboloidal and
is Cassegrain fed by a one-piece aluminium
sub-reflector 7 ft in diameter; the main dish
is 90 ft in diameter. The width of the radio
beam between 3-dB points will be approxi-
mately 10.5 minutes of arc at 4GHz and 7.5

minutes of arc at 6GHz. The new installa-
tion, with exception of the modulating and
demodulating equipment, which is being
supplied by G.E.C., is being built by the
Marconi Company.

Preliminary tests of the wideband trans-
mitters indicate that their performance will
meet all the requirements for multi-carrier
operation. A first production model of the
parametric amplifier, to be used in the first
stage of the receiver, has been demonstrated
and has met the essential parameters speci-
fied, but a fully-engineered version has not
yet been completed. The parametric amplifier
will be cooled by a closed-cycle cryogenic
system, using helium, to a temperature of
—257°C. The amplifier will consist of three
identical GaAs varactor diode stages con-
nected in cascade. Each of the three stages
will be fed from a klystron pump source
through a three-way passive splitter. Inciden-
tally, the klystrons are the only part of the
receiver that is not solid-state. The amplifiers
are mounted behind the aerial vertex and
will provide 30mW of pump power at 34
GHz.

A low-noise tunnel diode amplifier forms
the second main amplifying stage in the
receiver and will also be mounted on the
aerial backing structure. The signal from
this is converted to an i.f. of 70 MHz in a
balanced diode mixer with a crystal local
oscillator. The output of this system will be
passed into a waveguide branching network
which will separate the received channels and

The control room of the experimental station at Carnarvon.
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pass them to separate frequency down-
converters and on to further i.f. stages.

The transmitter will use wideband travell-
ing-wave tubes to provide a final peak satu-
ration power of 10 kW. A tw.t. has been
chosen in preference to klystrons since each
individual carrier would require a complete
klystron transmitter whereas the complete
500-MHz band can be covered by a simple
t.w.t. amplifier. A.single varactor diode up-
converter will be used to change each of the
70-MHz carriers to the output frequency.
The transmitting facilities available will be
adequate for over 500 telephone channels
and one television channel simultaneously,
using a multi-access satellite of the Intelsat
III type.

In the middle and far east two earth
stations are being built at an estimated total
cost of £3.5m for Cable and Wireless, one on
Stanley Peninsula on Hong Kong Island and
the other at Abu Jarjur, Bahrain. The Hong
Kong station will be capable of operating in
gales of up to 70 m.p.h., above which the
dish is pointed vertically and will then
withstand winds of up to 210 m.p.h. The
Marconi Company are undertaking the con-
struction of the two stations which will
consist of steerable 90-ft diameter aerials
mounted on 60-ft towers.

The Bahrain station situated at a longi-
tude of about 62.5° east will be in con-
tinuous contact with the Indian Ocean satel-
lite and through it communicate with four
other stations. The station will be connected
via a radio link with Sitra where traffic will
be distributed. Bahrain will not initially have
the capability of processing television signals,
however, this facility can be added at a later
date.

The Hong Kong station will use the Pa-
cific Ocean satellite and will be in con-
tinuous contact with eight other stations.
Information will be transmitted to Victoria
for distribution.

Each station will have facilities for the
transmission of up to four carriers and the
reception of 32. Each of these carriers may
have a capacity of 24, 60 or 132 separate
communications channels. Initially Hong
Kong will be equipped for the reception of
eight carriers, each with a standby and Bah-
rain for four, also with standbys. The elec-
tronic equipment is of similar design to that
used in the Goonhilly No. 2 aerial project
but the aerials differ considerably in me-
chanical design.

In Australia the site for the Australian
Overseas Telecommunications Commission’s
(O.T.C.) west coast satellite ground station is
expected to be announced shortly. O.T.C. is
currently using an experimental quasi-oper-
ational station at Carnarvon, 600 miles north
of Perth. This station has provided live TV
links with Britain, but it is primarily en-
gaged in meeting communication needs of
N.A.S.A. which operates a tracking station in
the immediate vicinity. The west coast sta-
tion will provide voice, video and data links
with Africa, Asia and Europe via the Indian
Ocean Intelsat III satellite.

In Sweden the four Scandinavian telecom-
munications administrations agreed that a -
proposed ground station for satellite com-
munication with North and South America

be built near Stromstad on the Swedish West
coast. The station, which would increase the
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number of transatlantic channels from 38 to
100, would be equipped with an aerial with
a diameter of about 90 ft for reception and
transmission via the Atlantic Ocean satellite.
The Swedish West coast area was chosen as
the site as it was considered comparatively
free from interference from existing radio
transmissions. Goonhilly has so far handled
the satellite communications of the Scandi-
navian countries, who have ten channels at
their disposal at this station. The Scandina-
vian ground station project is subject to
approval by the four governments involved.
It is hoped however that the new station will
be ready for operation in 1970-71.

Telephone System for the

Deaf

INDIVIDUALS suffering from total deafness
will be able to communicate by telephone if
development work at present being carried
out by Bell Telephone Laboratories, U.S.A.
reaches fruition. The system, known as
touch-tone dialling, enables the letters and
numbers printed on the buttons of a
push-button dial telephone to be represented
visually at the receiving end. In touch-tone
dialling areas push-buttons generate pairs of
tones to control dialling and switching func-

tions. When two telephones are connected -

over the telephone network, the buttons still
generate tones but do not interfere with
normal switching functions. In the proposed
system the code utilizes the arrangement of
letters and numbers as they appear on the
push-button dial e.g. A, B and C are sent
using the ““2” button. Pushing this button
once transmits A, twice B and three times C.
A readout circuit stores the signals until the
required letter is fully encoded as indicated
by pushing the zero button, thus to tran-
smit A the code is 20, B is 220 and C is 2220.
Letters of the alphabet not used in dialling,

namely Q and Z, are encoded using the “1”

button, Q being expressed as 10 and Z as
110. In addition the “1” button is used as a
word separator, 111 signals end of word and
111,111 end of sentence. .

Tests with a prototype have indicated that
with a little training a user may attain a
coding rate of 8 words per minute and with
practice this rate can be doubled. At the
receiving end the characters are displayed
one at a time for approximately 400 ms and
it has been found, at the higher sending
rates, that the display is very tiring on the
eyes. Three off-the-shelf indicators are used

16

to display the 36 digits required and two
small windows show that coding is in process
and the end of word and end of sentence
periods.

Instrumentation Project

THE Ministry of Technology has announced
the setting up of an Advanced Instrumenta-
tion Project which will foster the de-
velopment and use of industrial instru-
ments. It is hoped that this will assist process
industries to improve productivity and help
instrument manufacturers to transform pro-
mising new ideas into working equipment
with the minimum of delay. To this end the
Ministry of Technology will be providing up
to £250,000 per year for three years to be
spent in sharing the cost of projects with
industry. There will be an arrangement for
the recovery of the investment from sales. In
deciding which projects to back, the Ministry
will satisfy itself as to the competence of
prospective firms to carry out the necessary
work and to exploit its results both techni-
cally and commercially.

Australia’s First Satellite

WRESAT-1, Australia’s first satellite, stop-
ped sending signals from space after five
days in orbit. The Minister for Supply,
Senator D Henty, said this was the planned
programme for the satellite which re-entered
the earth’s atmosphere after a few weeks.
WRESAT-1 was launched from Woomera
on November 29th from a United States
Redstone rocket. The 100 1b satellite was

developed jointly by the Weapons Research -

Establishment and the University of
Adelaide. The purpose of its mission was to
investigate the effects of the upper atmos-
phere on the weather. Senator Henty said
“It appears that most of the experiments
were successful and will yield valuable
scientific data related to the sun’s effect
on the earth’s atmosphere”.

A 19 ft two-stage high-altitude density
probe was launched from Woomera as WRE-
SAT-1 was on its 29th orbit, approaching the
low point of 106 miles in its elliptical polar
orbit. The experiment was to gather data on
the interaction of solar radiation and the
ionosphere at an altitude lower than that
being investigated by WRESAT.

S.T.C. enter C.C.T.V.
Market

“TOTAL system service” is the claim of
Standard Telephone and Cables Ltd as they
enter the closed circuit television systems
market. The Test Apparatus and Special
Systems Division which is marketing the
equipment will be able to draw, from other
divisions, information on video and audio
transmission, cabling technology .and
microwave and line transmission to build up
C.C.T.V. systems of any required com-
plexity. The display monitors follow con-
ventional techniques and are available with
11- or 19-inch tubes.

The camera is of modular design that can
be supplied in up to seven different con-
figurations or if desired the basic camera can
be extended to provide additional facilities by
using plug-in modules. Power unit, remote
focus, power-operated zoom and a 4i-inch

monitor viewfinder can be added in this way.
The camera employs 625 lines scanning at 50
fields per second and incorporates an E.M.IL
9677C one-inch vidicon tube as standard;
infra-red, high resolution and extra robust
tubes are available as options. In most appli-
cations the camera will be fully automatic; a

-wide sensitivity range providing a constant

video output over all normal variations in
ambient illumination level. However, a
remote, or on the camera, sensitivity control
can be fitted if required. The camera may be
powered from a 16 V d.c. supply or alterna-
tively direct from the mains via an add-on
power unit.

Polar Region Study

A “MASS ASSAULT” on the little under-
stood Northern Lights aurorae and polar cap
airglow is to be carried out by the American
National Aeronautics and Space Administra-
tion. The investigation will entail the
simultaneous use of aircraft, sounding roc-
kets and satellites in a co-ordinated effort to
study some of these phenomena. Scientists
will have the opportunity to observe from
four different levels ranging from the
ground to an altitude of 250 miles. They
hope to find causes, possible physical and
chemical changes, which may fit into the
theories and other observations made previ-
ously. It has been noted that electrons and
protons from space follow the earth's mag-
netic field lines into the polar regions. It is
believed that these are important in precipi-
tating aurorae and the polar cap zirglow.
Another factor is probably cosmic radiation
from the sun which is known to enter the
atmosphere at the poles.

Victoria Line Television
System

ONE of ‘the largest supervisory closed-
circuit television systems to be built in the
U.K. is to be installed on London Transport’s
new Victoria Line by Peto-Scott Ltd, of
Weybridge. The system consists of 74 tele-
vision cameras, 42 monitors and @ com-
prehensive switching network. The installa-
tion will perform three major functions: a
monitor mounted at the end of each plat-
form working in conjunction with a camera
will allow the train driver to see along the
whole length of the train; outputs of the
platform cameras and other strategically
placed cameras viewing escalators, subways
and the like will be fed to a station supervi-
sor’s office—the switching network allowing
any camera on the station to be selected; and
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finally, the outputs of all the cameras at all
the stations will be fed into a line supervi-
sor’s office who again can select any camera
he chooses. The transmission from the sta-
tions to the line supervisor’s office is carried
out at r.f,,

Shipboard Satellite Terminal
A MILITARY shipboard satellite com-
munications system is to be installed on
HM.S. Intrepid by the Plessey Electronics
Group. This will operate in conjunction
with the British military synchronous satel-
lite Skynet due to be launched this year.
The aerial will have three axes of spatial
freedom with the ability to remain locked-on
to the satellite when the ship is rolling at
angles of up to 30° This is achieved by
sensing monopulse misalignment signals’in
conjunction with signals derived from a gyro
stabilized platform. Error signals obtained in
this way are used to control the aerial’s three
drive motors. Signals received by the 6-ft
diameter Cassegrain aerial are amplified in
an uncooled amplifier before being down-
converted, amplified and fed to subsequent
demodulation and demultiplexing equip-
ment.

2LO Again

TO celebrate the 1968 City of London Festi-
val (July 8th-20th), the Radio Society of
Great Britain is to operate an amateur radio
station with the call sign GB2LO from some-
where in the City. The location has not been
decided upon but when operating the station
will be open to visitors. GB2LO will work on
the 10, 15, 20, 40 and 80 metre bands on
s.s.b. only.

The British Calibration Service was set up
about a year ago by the Ministry of Technology
to provide authenticated calibration facilities for
all kinds of measuring instruments. To date four
laboratories have received B.C.S. approval and
these may now provide their customers with a
B.C.S. Certificate of Calibration for each instru-
ment calibration carried out under their appro-
val. This approval relates only to specified types of
measurement to given levels of accuracy as stated
in the laboratory’s approval certificate. Labora-
tories seeking to operate within the service must
satisfy the B.C.S. that they are capable of meeting
its criteria. So far the B.C.S. have invited applica-
tions from laboratories in four fields of measure-
ments: d.c. and Lf, h.f, mechanical and fluid.
Preparations are being made to extend the service
to optical and thermal measurements. The labora-
tories to receive approval are: Coventry Gauge
and Tool Co. Lid. P.O. Box 39, Fletchamstead
Highway, Coventry; Pitter Gauge and Tool Co.
Lid., Market Street, Woolwich, London S.E.18;
The English Electric Co. Lid., Stafford Works
(Electrical Products Group), Lichfield Road, Staf-
ford; Ferranti Ltd (Wythenshawe Calibration La-
boratories), Simonsway, Wythenshawe, Manches-
ter 22. The first three laboratories listed have
received approval for a range of mechanical
measurements, while the fourth has received ap-
proval for a range of d.c. and Lf. measurements
including resistance, inductance, capacitance a.c.
and d.c. — voltage current and power — and
frequency.

Production of their computer ‘Modular One’ is
to commence at the Hemel Hempstead factory of
Computer Technology Ltd in May and will result

)
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in the building of 30 systems by the end of the
year. Computer Technology hope to be able to
supply 20 per cent of the British market and
export in quantity by the end of 1969. Computer
Technology was set up at the end of 1965 by an
independent group of computer engineers after a
critical analysis of the computer industry in
Britain and America. The capability to build small
high performance computers at low cost is creat-
ing new markets and Computer Technology be-
lieve that it is in this field that the major growth
in the computer market will take place during the
course of the next five years. The design of
Modular One is based on the need for a general
purpose digital computer that can be integrated
into any information complex. It provides a range
of modules that can be used by the scientist or
engineer to build up a computer system to
match his requirements exactly. Modular One
can perform a million instructions a second and a
simple system costs in the region of £10,000.

As a result of a cost sharing project on computer
aided design carried out by the Ministry of
Technology and Racal Research Ltd. a new ser-
vice known as Racal Electronic Design and Analy-

sis by Computer (REDAC) is available to indus-

try. The computer programmes (REDAPs) are
backed by a team of 25 engineers with de-
velopment, production and computer aided de-
sign experience. Examples of REDAPs currently
available are, a general circuit analysis prog-
ramme, calculation of stray inductance, mutual
inductance and capacitance (e.g. for printed cir-
cuit board), small signal modelling of a device
such as a transistor, design of a video amplifier,
manipulation of four-pole matrices, harmonic
analyses of a complex waveform, filter analysis
and the solution of a set of simultaneous linear
equations with complex coefficients. Data for the
REDAC service may be sent by telephone, telex or
post and the service is completely confidential. A
free brochure describing the service can be ob-
tained from REDAC, Racal Group Publicity
Dept., 26 Broad Street, Wokingham, Berks. A
Users Manual is available from Racal Research
Ltd., Newtown, Tewkesbury, Gloucestershire at a
cost of £2.

One of the tasks of the American space craft
Surveyor VII, recently soft-landed on the moon,
will be to evaluate techniques for directing laser
beams at objects in space. These tests are a
prelude to a projected Apollo experiment in which
an optical retro-reflector array will be landed on
the moon to enable the distance from various
points on the earth surface to the reflector to be
measured. The television camera aboard Survey-
or will be used in an attempt to photograph laser
beams which can be directed from any one of six
earth stations through various types of telescopes.

The photograph shows the surface sampler on
Surveyor VIl digging a twelve inch trench on the
moon’s surface. Surveyor VII was launched on

January 7th by N.A.S.A. from Cape Kennedy. The
camera that took the picture had a 6° field of view.

The green argon ion laser beams will be several
miles wide by the time they have travelled the
quarter of a million or so miles to the moon.
Factors beyond the control of scientists which may
make the detection of the beam difficult are glare
from the sun entering the camera and twinkling
caused by atmospheric turbulence on earth.

In order to co-ordinate traffic movement in
West London the Plessey Automation Group
have supplied a computer complex under a
£200,000 Ministry of Transport contract. Induc-
tive loop traffic counters spread over an area of
6.5 square miles feed information into two Plessey
XL9 computers. These in turn control traffic
lights in accordance with the current traffic
situation and a programme prepared by Ministry
of Transport and Plessey engineers. Traffic densi-
ty is displayed and stored for future analysis
which could result in programme modifications in
the future. If desired engineers can take over
manual control of given sets of traffic lights
should the situation demand it.

The problem facing many users of electronic
components is who makes what and where can one
obtain, for instance, a capacitor of x value with a
y working voltage. To assist in this, Technical
Indexes Ltd, Index House, Ascot, Berks have
produced an Electronic Engineering Index that
lists about 1,000 suppliers and gives detailed
information on about 20,000 products. The In-
dex consists of 60 cross referenced volumes con-
tained in a five-shelf rack 6 x 3 x 1 ft. The
information contained in the index is brought up
to date and added to once a month by a team of
girls. Also included in the service which costs 50
gn a year, is a product data book that is reprinted
three times a year.

A merger within the Philips-Pye Group has been
announced. Pye T.V.T. Lid and Peto Scott Lid
are to join forces; the new organization will be
known as Pye T.V.T. and will be active in the
professional market for broadcast transmitter
equipment, studio cameras and monitors, indus-
trial c.c.t.v. and audio systems, and large screen
Eidophor projection.

What is thought to be the largest order for U.K.
produced integrated circuits has been received
by Mullard Ltd. The order is for 100,000 t.tl. FJ
series integrated circuits to be used on the new
I.C.T. 1906A computer (described in “News from
Industry” December 1967). Significant features
from the performance of the range are a noise
immunity of 1 V, power consumption of about
10 mW per gate and a typical propagation delay
time of 13 ns.

The first British company to exhibit at the world’s
largest scientific exhibition, the American Physics
Show, to' be held in Chicago, will be Scientifica
and Cook Electronics Ltd. Products to be shown
by the company include electromagnets, a range
of lasers, spectrometers and a number of high-
field permanent magnets.

The setting up of a Device Development La-
boratory to operate in parallel with the existing
applications Laboratory has resulted in the reor-

ganization of the research facilities at SGS-Fair-

child Ltd, Aylesbury, Bucks. The new de-
partment will be responsible for developing
discrete devices and integrated circuits for special
applications where suitable standard components
are not available. Diffusion of sample batches of
new, devices, built to meet customer specifica-
tions.

Since the advertisement pages went to press an
error has been noticed in the announcement of W.
Greenwood (London) Ltd. on p. 31. The tempera-
ture range of the 070 wirewound potentiometer is
—55°C 10 150°C.
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Personalities

This year’s 1.LE.E. Faraday Medalist
is L. H. Bedford, CB.E., MA,,
B.Sc.(Eng.), FILEE., FILERE.
who receives it “for his outstanding
contributions to the advancement of
electronics engineering, and for his
inspiring leadership, both in war
and peace, of the industrial design
and development teams by which
these and other advances have been
consolidated and effectively applied.”
After obtaining a B.Sc. degree in

L. H. Bedford

both engineering and physics in
London and a B.A. degree at King’s
College, Cambridge, Mr. Bedford
joined the Western Electric Com-
pany (now Standard Telephones and
Cables Ltd.). In 1931 he took up an
appointment with A. C. Cossor Ltd.
to initiate the development and man-
ufacture of cathode-ray tubes and
in 1937 a new department was
formed under his control when R.
A. Watson-Watt brought the radar
receiver proposition to Cossor’s. Mr.
Bedford’s own activities were then
transferred full-time to radar
projects including the development
and manufacture of the first radar
receivers for the “C.H.” stations, He
was appointed director of research
at Cossor’s and his name is associat-
ed with the elevation attachment
which he produced for the early
gunlaying radar equipment. In
1947 he joined the English Electric
Company, being posted to the Mar-
coni Company as chief television
engineer. A year later he took
charge of a guided weapons study
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project and this led to the formation
of a new division which eventually
became the British Aircraft Corpor-
ation (G.W.) Ltd., of which Mr.
Bedford is director of engineering.

Lord Jackson of Burnley, D.Sc.,
D.Phil,, F.R.S,, has been e¢lected an
honorary fellow of the LLE.E. “for
his outstanding contributions to
science and technology in the fields
of research and education and in
recognition of his services to the
nation as an adviser to Government
on these matters and on the related
aspects of manpower and its deploy-
ment”. After graduating at Man-
chester University in 1925 and lec-
turing at Bradford Technical Col-
lege (now Bradford University) he
joined Metro-Vick as a college ap-
prentice in 1929. In 1936 Sir Willis
(as he is still affectionately known)
received his D.Sc from Manchester
and his D.Phil. from Oxford Uni-
versity. Two years later he was
appointed professor of electrotech-
nics at Manchester University. Dur-
ing the war Lord Jackson served on
a number of Government scientific
and technical committees and work-
ed at the Signals and Radar
Research Establishments of the
Ministry of Supply, but he con-
tinued his teaching work at Man-
chester University and was respon-
sible for a Ministry of Supply
research team engaged there on
v.h.f. and dielectric investigations. In
1946 he became professor and head

Lord Jackson

of the Department of Electrical En-
gineering at the Imperial College of
Science & Technology, London,
where he remained until 1953 when
he accepted an appointment as
director of research and education
of the Metropolitan-Vickers Electri-
cal Company—now part of A.E.L. In
1961 he returned to his previous
position at Imperial College where,
in 1967, he was appointed Pro-Rec-
tor. Lord Jackson, who is 63, was
knighted in 1958 and was made a
life peer last year.

Reg H. Hammans, director of en-
gineering, Granada Television,
Manchester, since April 1955, has
retired from active participation in
day-to-day work at the Granada
Television Centre but will continue
as consultant on technical and en-
gineering matters, and as the com-
pany’s representative on the techni-
cal committees of the Independent
Television Authority and Indepen-

S

R. H. Hammans

dent Television Companies Associa-
tion. Mr. Hammans was with the
B.B.C. for 20 years before joining
Granada previously spending four
years with the International Marine
Radio Company. Mr. Hammans,
who operates an amateur radio sta-
tion with the call G2IG, was presi-
dent of the Radio Society of Great
Britain in 1956/57 and also presided
over the conference of the Inter-
national Amateur Radio Union in
Stresa, Italy, in 1956.

Wing Commander Dennis Abra-
ham, B.Sc.,, M.LE.E., head of the
Electrical Engineering Department
of the R.A.F. College, Cranwell, was
to have taken up the post of head of
the Department of Electrical and
Electronic Engineering at the Bo-
rough Polytechnic last September
(see April issue, p. 172) but the
Ministry of Defence would not
release him. He has now been ap-
pointed to a similar post at the
Sheffield College of Technology
from next September. Wing Com-
mander Abraham, who graduated at
the University of Wales (Swansea),
served as a radar officer in the
R.AF. during World War II. He
then spent some time in industry
and later joined the staff of the
University of Aberdeen.

The Medal of Honour—tae princi-
pal award of the Institute of Electri-
cal and Electronics Engineers Inc.
—is being given to Gordon K.
Teal, M.Sc.,, Ph.D., assistant vice-
president in charge of technical de-
velopment in the equipment group
of Texas Instruments Inc., Dallas,
“for his contributions <o single
crystal germanium and silicon tech-
nology and the single crystal growth
junction transistor”. Dr. Teal, who
is 61, was for 23 years with Bell
Telephone Laboratories where he
worked with Dr. Shockley on the
development of the junction tran-
sistor. He has been with Texas since
1953. Dr. Teal, who originated the
grown junction single crystal tech-
nique, recently served for two years
as director of the Insttute for
Materials Research of the American
National Bureau of Standards.

The Council of the Royal Society
has appointed Professor J. M. Zi-
man, F.R.S., (professor of theoreti-
cal physics in the University of Bris-
tol), to be Rutherford Memorial Lec-
turer for 1968 in India and Paki-
stan, and to deliver lectures in these
two countries during a visit of
about three weeks in Ncvember /
December this year. He was elected
a Fellow of the Royal Society last
year ‘““for his theoretical con-
tributions to solid state physics,
especially the study of transport
phenomena, and for his work on the
electronic properties of metals”,

D. L. Grundy, AM.LEE. recently
appointed head of application en-
gineering, integrated circuits, in the
Electronics Dept. of Ferranti Ltd.,
at Oldham, Lancs, joined the com-
pany’s Application Laboratory in
1955 and worked on the applica-
tions of industrial valves. In 1957
he commenced work on the applica-
tions of silicon rectifiers with parti-
cular emphasis on the transient be-
haviour of high-voltage assemblies,

D. L. Grundy

and the design of units for high-
power pulse duty in such devices as
magnetron modulators. When Fer-
ranti commenced the manufacture
of transistors Mr. Grundy’s activi-
ties turned to their application. He
was co-author of the article describ-
ing a silicon transistor tape recorder
in our July and August, 1965, issues.
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J. A, Walker

J. A. Walker, has become head of
application engineering, discrete
components, in Ferranti’s Elec-
tronics Dept, at Oldham. He joined
the Radio and Television Dept. of
Ferranti Ltd. in 1949. In 1959, after
a short period on missile circuit
design with the Guided Weapons
Division, he joined the semicon-
ductor applications laboratory and
became concerned with the applica-
tions of solid state devices, with
particular emphasis on the investi-
gation of four-layer diodes, refer-
ence diodes, silicon rectifiers and r.f.
transistors. Mr. Walker’s current
activities cover the applications of a
large range of semiconductors in-
cluding high- and low-frequency
transistors, small signal and power
diodes and rectifiers, photocells, and
hybrid networks using solid state
devices and thin film circuits.

Ferranti’s also announce the ap-
pointment of Brian Taylor as chief
inspector, and Graham Latham as
project and product assurance mana-
ger, in the Oldham Electronics
Dept. Mr. Taylor has been with the
company eight years during which
time he has specialized on quality
control, and Mr. Latham was form-
erly the chief inspector of the Semi-
conductor Division.

Dr. J. A. Saxton, director of the
Radio and Space Research Station
of the Science Research Council at
Slough for the past two years, has
accepted a visiting professorship in
physics at University College Lon-
don. Dr. Saxton was on the staff of
Imperial College, London, for a
short time after graduating and he
then joined the Radio Division of
the National Physical Laboratory (in
1938). Immediately, prior to assum-
ing the directorship at Slough, he
was director of the U.K. Scientific
Mission in Washington, D.C., and a
scientific counsellor at the British
Embassy there.

W. T. Deuchrass has retired after
35 years’ service with the Bush
organization, in fact he was a
founder member of Bush Radio in
1932. He was personally responsible
for the production of the first batch
cf 30-line mirror-drum television
receivers designed by Baird Televi-
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sion Ltd. Mr. Deuchrass was ap-
pointed a director of Bush in 1952
and has been a director of the joint
Rank Bush Murphy board.

W. H. O. Sweeny, chief engineer
to Independent Television News
Ltd., retired at the end of January.
After five years with the B.B.C. as
assistant maintenance engineer, he
entered the film industry in 1929,
where, with the exception of the war
period (during which he was in the
civilian service on the East Coast
Radar Chain and later com-
missioned with the R.A.F. Film Pro-
ducton Unit), he remained until
1949. He subsequently served as
chief engineer of the Near East Arab
Broadcasting Station and on return-
ing to this country in 1955 joined
I.TN. as senior sound engineer.

G. D. Gokarn, B.Sc.(Hons.), was
recently appointed by the Govern-
ment of India as its representative on
the Commonwealth Telecommuni-
cations Board, London. Mr. Gokarn
relinquished the post of director
of the Overseas Communications

G. D. Gokarn

Service in New Delhi to take up
the new assignment. He is also
communications adviser to the
India High Commission in London.
He was in the US.A. in 1951-52
under the visitor exchange pro-
gramme and studied the inter-
national communication system in
the States.

Each year the Institute of Electrical
and Electronics Engineers elects a
few of its 160,000 members to the
grade of Fellow. Among the 125
recently elected for their ‘“‘out-
standing professional contributions”
are the following engineers in the
UK. E.A. Ash, B.Sc.(Eng.), Ph.D,,
M.LE E., Professor of Electrical En-
gineering, University College, Lon-
don, “for significant contributions
to microwave tubes, solid state
microwave devices and electron op-
tics”; P, B. Clarricoats,

B.Sc.(Eng.), Ph.D., FLE.E,, Profes- -

sor of Electronic Engineering, Uni-
versity of Leeds, “for contributions
in the field of guided electromagnet-
ic wave propagation”; J. F. Coales,
0.B.E., M.A. F1EE., Professor of
Engineering, (Control), University of
Cambridge, ‘“for his outstanding
contributions in the field of elec-

‘tronics and control engineering, and

particularly for major contributions
to the development of automation
and computer interests in the Unit-
ed Kingdom”; G. W. A. Dummer,
MB.E., F.IEE. untl recently
superintendent of the Applied Phys-
ics and Technical Services Division,
Royal Radar Establishment, “for
contributions to microelectronics
and component reliability”; J.
Greig, M.Sc., PhD. FIEE,
William Siemens Professor of Elec-
trical Engineering, King’s College,
London, ““for his contributions in
the educational field, and research
on the behaviour of magnetic
materials, computers and automatic
control processes”; E. M. Lee,
B.Sc., F.LE.E. chairman, Belling
and Lee Ltd., “for contributions to
design, specification and safety of
electronic equipment and com-
ponents and co-ordination of indus-
try and government in electronic
development, production and in-
spection”; C. W. Oatley, O.BE,,
M.A, MSc., F1EE, Professor of
Electrical Engineering, University of
Cambridge, ‘“for contributions to
research in radar and electron op-
tics, especially for development of
the scanning electron microscope”;
N. H. Searby, CBE., BSc,
FI1.E.E. a director of Ferranti Lid,,
“for his contributions to research
and development in the application
of electronics to guided missile
projects”; and P. H. Spagnoletti,
O.B.E, B.A, FIEE, director of
business development, Standard
Telephones and Cables Lid., “for
contributions to the design of short-
wave broadcasting equipment and
single sideband telecommunica-
tions”.

A. J. Martin, B.Sc., AR.CS,, and
J. C. Mitchell, B.Sc., have been
appointed divisional directors of Ad-
vance Controls, Cheltenham, the in-
dustrial control division of Advance
Electronics Ltid. Before joining Ad-
vance early in 1967 as applications
managers, Mr. Martin was a lec-
turer in control engineering at the
College of Aeronautics, Cranfield,
and Mr. Miichell was a senior en-
gineer with S.T.C. The manufac-
ture and marketing of the com-
pany’s range of integrated circuit
logic cards and operational ampli-
fiers has also been transferred to the

A. J. Martin

J. C. Mitchell

Cheltenham division where Mr.
Martin and Mr. Mitchell will be
responsible for the application of
these devices in industry.

Professor Sidney W. Wilsox, who
is a specialist in technical com-
munication in the School of En-
gineering at the Arizona State Uni-
versity, Phoenix, is on a six-months’
visiting lectureship at the University
of Wales Institute of Science &
Technology, Cardiff. Before taking
up a university appointment 12
years ago he was with the Boeing
Corporation.

T. G. Clark, FILERE, unil
recently technical director of Asta-
ron-Bird Lid., has joined the Plessey
Electronics Group. While with As-
taron he was also concerned with
the technical direction of Coastal
Radio Lid. Before joining Astaron
Mr. Clark was for some years with
the Decca organization where he
was concerned with the design and
development of various marine and
meteorological equipments.

J. H. Court, who joined Marconi’s
in 1950 as a graduate apprentice in
the Aeronautical Division, has been
appointed marketing manager of the
division. Following his appointment
there has been a major reorganiza-
tion of the division. Four sales
managers have been appointed:—
Air Commodore J. A. Holmes takes
charge of military sales and G. N.
Thornton civil sales in Europe
(which includes the U.K.); K. H.
Watkins becomes sales manager
overseas region dealing with both
civil and military sales in Asia,
Australasia, Africa and the Middle
and Far East; and J. D. McColl will
cover administration and planning.

J. W. M. Child, B.Sc.(Eng.), has
been appointed sales director of
Teknis Ltd., Slough, responsible for
the marketing of semiconductor and
integrated circuit pieceparts and
production equipment.

R. M. Mitchell has joined Plessey
as marketing manager of the Semi-
conductor Division. Mr. Mitchell,
who is 35, has for the past seven
years been with Texas Instruments
Lid., latterly as field sales manager.
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Announcements

A vacation school on microwave solid state devices will be held at
Bodington Hall, University of Leeds, from 8th to 19th July. Registration
forms may be obtained from the LE.E., Savoy Place, London, W.C.2. (Fee
£65.)

The University of Aston in Birmingham are holding a research exhibition—
““Aston Research 68”—between 3rd and Sth April. Detailed programmes
are available from The Research Exhibition Secretary, The University of
Aston, Gosta Green, Birmingham 4.

The next confefence to be organized by Varian Associates Ltd, on electron
spin resonance and nuclear magnetic resonance, will take place from 1st
to 3rd April. The first two days will be spent at the Royal Holloway College,
Egham, Surrey, and the third at Varian’s laboratory at Walton-on-Thames.
Applications to the Workshop Secretary, Varian Associates Ltd, Russell
House, Molesey Road, Walton-on-Thames, Surrey.

East African External Telecommunications Company Ltd are inviting
tenders for the construction of an earth satellite station to be situated at
Mount Margaret, in the Rift Valley, Kenya. The estimated total cost of this
project is £1.75M. Operational in early 1970, the earth station will cater for
the expanding requirements of international telecommunications and will
increase the capacity and range of existing services.

Pye TVT Ltd of Cambridge have been awarded a contract, worth approxi-
mately £80,000, by the Swedish Telecommunications Administration for a
number of transposers for use in the expansion of the television network.
Racal Communications Ltd have won a £500,000 contract for the supply
of radio-communication equipment for a new meteorological telecommunica-
tion network to be built in Saudi Arabia.

Electric & Musical Industries have made an offer to acquire the assets of
Precision Electronic Terminations Ltd and Nickols Automatics Ltd
both wholly owned subsidiaries of Royston Industries Ltd, which is in the
hands of a receiver. Nickols Automatics are active in the machine tool control
field and Precision Terminations manufacture high-power, low-loss, r.f.
‘connectors and a range of e.h.t. connectors.

A new company has been formed from within the structure of Debenhams
Electrical & Radio Distribution Co. Ltd which is known.as Technomark Ltd.
It will market equipment produced by Sony; Bang & Olufsen; and Radford
Ltd (of Bristol).

A new holding company, Planned Precision Ltd, has been formed to
integrate the electrical and engineering activities of the News of the World
Organization. The companies concerned are Vactric Control Equipment,
Vactric Precision Tools, A. P. Besson & Partner, and Renown Engineering.
Plessey Components Group has made five licensing agreements with
Industrialimport, for the production of resistors and capacitors in a Romanian
factory, to be equipped with British machinery. It is hoped this will increase
Plessey’s trade with Eastern Europe by over £0.5M.

Spectra-Physics have announced a trade-in offer for gas lasers valid until
31st March. Through their U.K. distributors, Claude Lyons, they offer
£80 for an old laser as a trade-in against the new Model 130C costing £356.
Further information is obtainable from Claude Lyons Ltd, Instruments
Division, Hoddesdon, Herts. (Hoddesdon 67161.)

A link-up has been announced between B.M.B. (Sales) Ltd, of Crawley, and
Cosmocord Ltd, of Waltham Cross, for the manufacture and marketing
of styli, pick-up cartridges, microphones, etc.

The internal Plessey microelectronics custom design service is to be
extended and will now be available for the design of integrated circuits to the
whole of industry.

Full British military approval has been granted by the Ministry of Tech-
nology to the Elliott D930 range of integrated circuits.

Litton Precision Products, of Hayes, Middlesex, have been appointed sales
and service representatives in the U.K. to the following American electronics
companies: Cohu Electronics; Curry, McLaughlin & Len; Digital Devices;
and Astrosystems Inc.

B & T Designs (Richmond) Ltd, High, Street, Tring, Herts, have changed
the name of the company to Circuitape Limited.
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Cossor Instruments Ltd and Cossor Communications Co. Ltd will in furure
operate under the title of Cossor Electronics Ltd. The object is to have
one main company for the Harlow activities.

Derritron Electronic Vibrators, of Sedlescombe Road North, Hastings,
have changed the name of the company to Derritron Electronics Ltd.

March Conferences

Further details can be obtained from the addresses in parentheses

LONDON
Mar. 11-14
Physics Exhibition
(I.P.P.S., 47 Belgrave Sq., London, S.W.1)

Alexandra Palace

BIRMINGHAM

Mar. 28 & 29
Technology, Industry, Education
(C. Fleetwood-Walker, Birmingham & Midland Inst.,, Margaret St.,
Birmingham 3)

Aston University

CRANFIELD

Mar. 25-28
Aerospace Instrumentation Symposium
(N. O. Matthews, Dept. of Flight, College of Aeronautics, Cranfield, Beds.)

College of Aeronautics

GLASGOW
Mar. 8-16
NORBEX—North British Engineering Exhibition
(Lintex Ltd., 226 Grand Bldgs, Trafalgar Sq., London, W.C.2)

Kelvin Hall

HARROW

Mar. 12-14
Public Address Show
(Assoc. of Public Address Engrs, 394 Northolt Rd., South Harrow, Middx.)

King’s Head Hotel

OVERSEAS

Mar. 5-8
Nuclear Electronics and Radioprotection Symposium
(Faculte des Sciences, Universite, 118 route de Narbonne, Toulouse)

Mar. 7-12
Festival du Son
(Fédération Nationale des Industries Electroniques, 16 rue de Presles,
Paris 15¢)

Mar. 21-23
Microwave Power
(International Microwave Power Inst., Box 342, Weston, Mass. 02193)

Toulouse

Paris

Boston

Mar. 25-29 Paris
Colour Television Conference
(Colloque sur la Télévision en Couleur, 16 rue de Presles, Paris 15¢)
Mar. 27-Apr. 7 Rome

Electronics, Television & Radio Show & Convention
(Rassegna Internazionale Elettronica, via Crescenzio 9, Rome)
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An Evening of Sonic Effects

Concert of Electronic Music in the Elizabeth
Hall Attracts Big Audience

N 15th January in the Queen Elizabeth

Hall, London, a thousand people sat
down to face an empty platform, except for a
computer and two loudspeakers, and listen
to two and a half hours of electronic music
by British composers. Considering that Lon-
don has become the most musical capital in
the world, it is surprising that this was in
fact the first London concert of its kind. So
far we have had only one or two isolated
electronic works in concerts. of conventional
music, and have heard a few B.B.C. broad-
casts of pieces by the better known Con-
tinental composers. However, to judge from
the full house at the Elizabeth Hall (a small
queue of disappointed people was left out-
side) and the rapt attention given to the
performances, the dearth of electronic music
does not seem to have been due to any
indifference or excessive musical con-
servatism on the part of the British public.

The eleven works in the programme,
which was organized by Redcliffe Concerts,
illustrated the great variety of techniques by
which electronic music can be made. The
basic sounds are produced by natural
sources of any kind, musical or unmusical,
living or mechanical, and by synthetic
sources such as electronic oscillators and
noise generators. They are then electronically
processed—mixed, inter-modulated, filtered
etc.—and recorded. Magnetic tape is used
extensively, not only for final recording but
for processing operations such as changing
pitch and producing choral effects from
single sources. Computeérs are being brought
in, partly to automate some of the more
tedious procedures in composition and
partly to introduce an aleatory element into
the music. Some pieces are written as
concerti, for live participation by singers
or instrumentalists, while others are really
compositions for conventional orchestras
including live electronic effects.

In Ernest Berk’s Diversed Mind, a five-sec-
tion piece abstractly related to states of mind,
the natural sound sources were metal strip,
a bamboo stick and a tambour, while the
electronic sources included sine, square and
sawtooth wave generators. Processing was
mainly by amplitude and frequency modula-
tion, filtering and artificial reverberation.
Some of the sonic effects, though probably
intended to be abstract, were evocative (the
booming of huge bells) and for this reason
were exciting to listen to; others (whistling
noises) seemed somehow comic—a charac-
teristic of many synthesized sounds.
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Tristram Cary’s 345 was the result of a
deliberate restriction of material—on the
principle, perhaps, that limited means pro-
vide a stimulus for real artistry. The basic
sources were electronic oscillations of 3 Hz,
4 Hz and 5 Hz and multiples of these by 10,
102, 10 and 104 This resulted in three
subsonic tones (heard either as clicks or
modulants), nine sonic tones and three
supersonic tones (which produced audible
sounds by intermodulation with others). The
duration elements, and hence the rhythmic
possibilities, were also limited—to 3, 4 or §
inches of tape at 15 in/sec speed, plus the
first few numbers resulting from adding
and /or multiplying these figures. More emo-
tive was the same composer’s Birth is life is
power is death is God is. The basis of this
piece, which used a large variety of sources,
was the sound track for a multi-screen film
shown in the British pavilion at EXPO ’67,
and, in so far as it was illustrative, might not
have been considered a good example of the
genre by the purists. Also highly allusive
was Silent Spring by George Newson (in-
spired by Rachel Carson’s book of the same
name about the despoilation of nature).
Here the basic sound sources were record-
ings of wild-life and machinery.

A live piano part was used in Contrasts
Essconic by Daphne Oram and Ivor Wals-
worth, introducing a touch of aural fami-

liarity and drawing attention to the
difference between pitched (notes in a scale)
and unpitched sounds. A frankly direct ap-
peal was made by Delia Derbyshire’s Pot-
pourri, realized in the B.B.C. Radiophonic
Workshop, which served as a short opener
for the concert. Traditional rhythms and
time-signatures were utilized in Syntheses 8,
9 and 12 by Jacob Meyerowitz and in Partita
for Unattended Computer by Peter Zinovieff.
Also composed by Zinovieff were December
Quartet, Agnus Dei and March Probabilis-
tic. In the last-mentioned the overall form of
the piece had been specified by a programme
written for an ICT 1900 computer, which
had punched a paper tape giving the timing,
pitch, loudness, attack or delay, and basic
waveform of each note. This tape was read
by a PDP-8/S computer on stage at the
concert (see picture) which, using random
numbers, selected during the performance
the exact values to be used to control the
electronic sound generators. Thus individu-
al performances could vary slightly.

The two Lockwood monitoring loud-
speakers, one on each side of the platform,
performed extremely well on the demanding
material, and the acoustics of the hall
seemed very sympathetic to it.

For people whose musical appreciation is
conditioned by the melodic and rhythmic
conventions of the 19th century—and that
means most of us—electronic music does
not have a very direct appeal. It provides
technical interest for the professional musi-
cian—the Royal College of Music is starting
a pilot course in the subject—and probably
has real impact for people who have
progressed to modern composers such as
Webern and Boulez. The writer found some

_parts of the concert boring, but this was

probably due to his own limitations or those
of the composers rather than to any inherent
characteristic of electronic music. As with
abstract painting, it becomes more and more
difficult to. distinguish the work of the
genuine artist from that of the clever
technician, but only a philistine would con-
demn the whole art-form on this count.

T.E.L

Performance of Partita for Unattended Computer by Peter Zinovieff. After a programme on punched tape had
been read into its store, a PDP-8/S digital computer {near the middle of the rack) calculated the exact
details of the sounds to be produced and. through an interface, operated electronic generating and processing
equipment—oscillators, filters, envelope shapers, reverberation units and mixing and timing units. (Courtesy
Computer Weekly.)
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Power Supply Stabilization Module

Outputs of 6-50 V at 50 mA; provision for currents up to 5 A

By P. R. Adby, B.Sc.

FTER designing numerous simple power supply ecircuits for
transistor equipment, it became obvious that the same basic
stabilizing circuit is employed each time with only slight modification.
A survey of past power supply requirements in the University
laboratory revealed that in general, most supplies were covered by the
following specification; an output voltage of 6 to 50 V and an output
current of up to 5 A. Adequate stabilization was normally obtained by
a simple long-tailed pair error amplifier with a Zener diode reference

240V
2N3055 |
| Y.
560
5,000 ;: e 3
25V .
4
[ 4
\ \
o 0 ) g
& & & ! soou"-L '
L N E 15V T 560 6
mains VAAA )

Fig. 1. A typical power supply for use with the stabilization module.

but, since the supplies were internal in equipment, overload protection
was not usually incorporated.

With these requirements in mind, a small plug-in module was
designed for stabilization of output voltages in the above range. Cost
was considered an important factor since, in most cases, at least two
supplies are required for each unit. For economy, it is essential that we
use (a) only one transformer winding, (b) the smallest number of sub-
sidiary supply rails, and (c) low cost transistors, silicon for preference.

The required output voltage range being from 6 to 50 V it is assumed
that the reservoir capacitor voltage lies in the range +9 Vto +60V.
This range is wide, and a subsidiary h.t. rail derived from it, for the
stabilizer circuit, would be limited to about +6 V maximum. Also, as
the comparator is to be a long-tailed pair, an additional negative rail of
at least 6 V is required. If a centre tapped transformer winding is used,
the negative supply can be derived from the main output winding using
two low-current rectifiers and a small smoothing capacitor. The positive
and negative 6-V rails for the stabilizer are obtained from the reservoir
capacitors via series resistors and Zener diode regulators. The output
voltage from the long-tailed pair is limited to the range 0 to +6 V. An
output amplifier and emitter follower operating from the unregulated
positive supply gives the required output (+6 to +50 V) from the
available drive. Output currents of up to 50 mA may be obtained either
for use directly as the stabilized supply or for driving one or two emitter
followers, giving 1 A or 5 A maximum respectively. A circuit of a typical
power supply for use with the module is given in Fig. 1.

Paul R. Adby is an experimental officer at the University of Sussex,
Falmer, Brighton, where he is responsible for the electronics laboratory
which designs equipment for research in experimental physics. After
graduating at Leicester Unwersity in 1960 he spent four years in industry
before joining the University staff.
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Fig. 3 The prototype module.
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The circuit diagram of the module given in Fig. 2 shows a number of
different supply rails which may be related to Fig. 1 as detailed below:

Unstabilized positive d.c. : main supply from the reservoir
capacitor

Stabilized positive output : stabilized output voltage

Derived +6 V : supply for comparator

Derived -6V : supply for comparator

Output drive : drive to series stabilizer

Unstabilized negative d.c. : from which —6 V is derived

Also shown in Fig. 2 are two essential external resistors which are
adjusted in value, dependent on the unstabilized positive and negative
voltages available.

unstabilized positive voltage —7

R, = kQ
10
unstabilized negative voltage —7
R, = - ™ k2

A current of 10 mA is therefore set up through R, and R,. The stabilized
output voltage is preset by a 16-turn trimming potentiometer giving fine
adjustment over the complete range of output voltage. Limits for the
module are:—

maximum output drive current 50 mA
maximum unstabilized positive d.c. 64V
maximum difference between unstabilized

positive d.c. and stabilized output 15V

Fig. 2 shows a typical circuit for a 1 A output. For outputs between
50 mA and 1 A, one transistor emitter follower external to the module
is required. For currents up to 5 A two emitter followers are necessary.
Since these are power transistors mounted on a heatsink, they were not
included within the module.

Figures 1, 4, and 5 give the circuit diagrams of three power supplies
which illustrate the use of the module for various output voltages and
currents. The performance obtained from each circuit is given below:—

Fig. 1 Fig 4 Fig. 5
Output voltage 6 24 40
Output current (A) 1 5 1
D.C. output impedance (£2) 0.2 0.06 0.12
Ripple peak to peak (mV) 4 2 2
Stability for 10% mains change (mV) 50 100 50

For currents below 50 mA an external emitter follower is not necessary
and the output drive pin 4 is connected to pin 1 and becomes the
stabilized output. The output current is not limited to 5 A by the
control circuit. Further emitter followers could be added but the lack of
short-circuit protection could make the circuit impractical.

Further methods of connection suggest themselves but these have not
yet been tried in test circuitsi—

(a) Elimination of the negative supply for higher output voltages by
setting the —6 V line at zero. R, and the existing zero line would not be
used.

(b) Stabilization of higher output voltages by setting the —6 V line
at, for example, +50 V. This would be achieved by connecting the
2.7 k Q resistor in the potential divider to a spare output on the plug.
In normal operation an external link to the —6 V line would be
necessary. For high-voltage operation a resistor would be connected
from the 2.7 k £ resistor to the supply zero in order to adjust the
divider. A Zener diode working at a current of 10 mA would be inserted
between the —6 V line and supply zero. The existing zero line and
resistor R, would not be used. This method may be limited by variations
of the unstabilized positive d.c. and by possible breakdown of the
module output transistor due to switching surges.

(¢) Pre-stabilization circuits inserted between the unregulated d.c.
and the series transistor would improve the performance.

No specific performance advantages are claimed for this stabilization
module since it is intended for general purpose work covered by other
similar simple stabilizing circuits. The advantages of using a plug-in
module do however include interchangeability for ease of servicing,
standardization of components and construction, and well-defined
performance characteristics.
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Kelvin Cables

RC Transmission Line Applications

by G. W. Short*

An artificial RC transmission line can be made in a few seconds by
wrapping metal foil round a resistor. These lines can be used in
filters and phase shift oscillators at audio and radio frequencies.

THE distributed-constant RC transmission line (Fig. 1) has a long
history. In the early days of telegraph cables, communication
engineers discovered that it takes a finite time for an impulse to pass
along a cable, and that the initial sharp edge becomes transformed into
a sloping edge in the process. When trans-Atlantic submarine cables
were proposed, this transmission distortion was seen to be a serious
difficulty. The cable companies asked William Thomson (later Lord
Kelvin) to advise them how to overcome the defect. Kelvin assumed
that the distortion and delay were caused by the cable behaving like a
distributed series R, shunt C network, and proposed a solution
accordingly. (It was,. first, to reduce R by using high-conductivity
copper, and secondly to use sensitive instruments to detect the rising
edges of incoming pulses.) Because of Kelvin’s cable-model,
distributed RC transmission lines are sometimes called Kelvin cables.
Incidentally, Kelvin’s associate, Varley, used a lumped-constant RC
model to predict the signalling speed which would be possible with
trans-Atlantic cables. This must have been one of the earliest
examples of electrical analogue computation.

The RC transmission lines which are the subject of this article are
millimetres rather than miles long. They are made from the type of
high-stability resistor in which the resistive track consists of a layer of
carbon, deposited on the surface of a glass or ceramic rod, and
protected only by a thin film of paint or lacquer. The resistive track
provides the series R, and the dielectric properties of the paint or
lacquer provide the shunt C. The lines are unbalanced, the earthy leg
consisting of a piece of aluminium foil wrapped closely round the
body of the resistor. This does several jobs at once: it provides one

*Amatronix Ltd.

O A AN Fig. 1. Distributed RC transmission line.
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Fig. 2. Low-pass filter responses. The insertion loss at low frequencies depends on
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plate of the shunt C, an earth connection, and in some applications an
electrostatic screen as well. (Since aluminium is not readily soldered,
a piece of tinned copper wire is wrapped round and the earth
connection made to it.)

Obviously, a line made like this is likely to be very different from
the ideal uniform RC line. The capacitance per unit length is likely to
vary both from one resistor to another and even along one resistor, as
the paint thickness varies. The dielectric is likely to be lossy. These
imperfections may cause the characteristics of a practical RC line to
be quantitatively different from those of a perfectly uniform line, but
the general behaviour of a practical RC line is what would be
expected. Signals passing along it are retarded, and the amount of
phase delay increases with frequency. Attenuation also increases with
frequency. Input impedance decreases with frequency, and at fre-
quencies at which the line behaves as a line and not just as
a resistance it is much lower than the total series resistance.

FREQUENCY RANGE

The RC line is a low-pass filter, but the useful pass-band can be
moved upwards indefinitely by reducing the ratio of R to C. In
practice, this means using a lower resistance to begin with, so as to
reduce R. In theory it is possible to reduce C by putting an extra
dielectric layer between the body and the foil, but this makes the
device less like a transmission line and more like an ordinary resistor,
so can only be exploited to a limited extent.

The highest frequency in my experiments was the 5 MHz generat-
ed by an RC-line phase-shift oscillator, but no attempt was made to
establish an upper limit. For some purposes, such as decoupling,
where the low-pass character of the RC line can be used to keep h.f.
signals out of h.t. lines, etc., much higher useful frequency ranges
are obviously possible.

FREQUENCY RESPONSE

The RC line can be connected between a signal source and a load
in several ways, each of which provides a different frequency
response.

The simple low-pass filter connection, of interest in audio work and
decoupling, has a response which is shown in Fig. 2.

As would be expected of an RC filter with an infinite number of
sections, the droop in the h.f. response becomes ever more steep as the
frequency is increased. There is no “ultimate slope” of so many
decibels per octave as there is with lumped-constant filters. It is this
characteristic which makes the RC line attractive for h.f. decoupling.

Changing the termination has a marked effect on the attenuation
and pass-band—the lower the termination resistance the higher the
attenuation and cut-off frequency—but obviously it can have little
effect at relatively high frequencies, since these vanish before they get
anywhere near the end of the line. By the same token, changing the
termination has little effect on the input impedance if the line
attenuation is high. One result is that a quarter-wave RC line shows
none of the transformer-like properties of a lumped LC line ‘with the
same phase shift.

INPUT IMPEDANCE AND INSERTION LOSS

The input impedance falls as the frequency rises. The phase angle
of impedance has the curious property of being the same at all
frequencies, namely —45° or midway between a resistance and a
capacitance. For an infinite ideal uniform line, the input impedance is

(—jR /wC), where R and C are the resistance and capacitance per
unit length. The impedance is therefore a function of \/(1/f), that is,
it falls relatively slowly as the frequency rises.

The 45° phase angle seems potentially useful for single-sideband
generation but unfortunately the fall of impedance as the frequency
rises makes application difficult, since any attempt to correct the
frequency response produces an additional phase shift.

At frequencies far below cut-off, the line behaves as a resistor,
and the insertion loss is exactly the same as is obtained without an
earth connection.

Inserting resistance into the earth lead produces a dip in the
frequency response. One critical combination of frequency and
resistance produces a complete null (Fig. 3). Beyond the “null” the
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Fig. 3. Notch filter. A complete null is obtained only for one combination of
frequency and earth-lead resistance.

response rises again and eventually exceeds the lf. response. By
cascading a normal network and a null network, low-pass filters with
sharper cut-off are obtainable, but unless buffer stages are used
there is a marked interaction between the two “sections”.

If the “earth plane” is left disconnected (equivalent to a “null”
configuration with infinite resistance in the earth lead), the attenua-
tion is reduced at high frequencies (Fig. 4). Thus, by changing the
earth-lead arrangements by means of a 3-position switch (Fig. 5), three
different responses are made available: low-pass, null, and top lift.

OSCILLATORS

At one frequency the phase shift through the line is 180 It is
therefore possible to use the line as the feedback element in a
phase-shift oscillator (Fig. 6). A transistor with a high gain is required,
especially at low frequencies, where the low terminating impedance at
the base end of the line introduces an additional loss. (Measurements
in a working low-frequency circuit showed VinlfVoui]~ 100).

The graph (Fig. 7), which plots frequency of oscillation for a given
style of resistor (50 x 8mm high stability carbon) against (frequency
x resistance) suggests that the frequency of oscillation may be
predictable by “rule of thumb” except for high-resistance lines (over 2
megohms).

The frequency stability of these oscillators is not good, but they
possess some virtues. The first, which is obvious from Fig. 6(a), is
extreme economy of components. At low frequencies (high line
resistance) the power drain is very low. At high frequencies, the
oscillator is very tolerant of stray capacitance across the line termina-
tions. Tests on a 1.3MHz oscillator made from a 4.7k 2(50 X 8mm)
resistor showed that in order to stop oscillation it was necessary to
load the line with 450pF at the collector end or 1000pF at the base
end. As the loading capacitance was increased from zero the frequency
first increased then decreased, which indicates that there is one
capacitance for which the frequency stability is highest.

ACCIDENTAL KELVIN CABLES?

The optimum conditions for oscillation seem to favour the resis-
tance range of roughly a kilohm to a megohm. This embraces
commonly used base-bias resistances. In micro-circuits, resistances
made by thin-film or surface-modification techniques seem likely to
act as Kelvin cables, since there is usually an earthed screen near at
hand. One wonders if designers of integrated circuits have had
trouble with amplifiers which turn out to be oscillators.

By the same token, the RC line, which is obviously easy to make in
integrated-circuit form, seems a possible solution to the problem of
making tuned circuits without inductors. A “null network” con-
nected in a negative feedback path would produce a peaked frequency
response, and so would a ‘“low-pass” network in a positive
feedback loop. If the dielectric layer were in the form of a voltage-vari-
able capacitance, external tuning would be possible.

“Kelvin cables” are easy to make, and the associated circuits can be
very simple. There are many more ways of using them than are
described here. Treatment in ‘‘the literature” tends to be rich in
highbrow mathematics and poor in practical circuits. They are
therefore an attractive subject for amateur experimentation.
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Fig. 4. Top-lift connection. When the “earth” is Jeft off the response rises with
frequency. The Lf. insertion loss depends on the resistance values.
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Fig. 5. Practical circuit giving low-pass, notch, and top-lift responses. Any good
high-gain low level planar transistors {2N3707, BC109, BC168B. etc.) may be used.
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Fig. 6 Phase shift oscillators: (a) low-frequency, for R up to 5 MQ: {b) high-
frequency, for R down to 1 k2.

Fig. 7. Resistance-frequency product for oscillators plotted against frequency of
oscillation for one size of resistor (50X 8 mm).
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by

his correspondents

Stereophonic Transmissions

STEREOPHONIC transmissions to the ex-
tent of about 25 hours weekly are now put
out by the B.B.C. and the whole of this new
service is devoted to minority interests of
serious music listeners. Already no minority
interest is so generously catered for as that of
the serious music listener.

I believe the B.B.C. to be confusing the
serious music listener with the high-
fidelity enthusiast. High-fidelity enthusiasts
are found from all musical interests but the
greatest potential audience is without doubt
the lighter music listener.

I cannot protest strongly enough at his
flagrant misuse of licence money to satisfy
such minority interests at the expense of all
other high-fidelity enthusiasts.

Stereophonic time should now be divided
proportionately between the various musical
interests and a due proportion of time at
weekends and in the evenings should be given
to the more popular light music tastes and to
the whole audience who are interested in
stereo transmissions.

DAVID BAILEY

Longfield, Kent,

Future of European l.w. and
m.w. Broadcasting

WITH the spread of v.h.f. broadcasting in
many European countries and its obvious
advantages of excellent audio quality and
relative freedom from inter-station inter-
ference, it is to be hoped that eventually,
the long- and medium-wave bands may
become less chaotically congested than at
present. The B.B.C.’s services in this country
are merely one example of deterioration to
an almost unacceptable level after nightfall
and the Lw. band is now dominated by high
power French-speaking “pop” stafions that
have ‘“helped themselves’’ to these valuable
channels.

Many of the unique characteristics of these

bands, and especially the l.w. band, not pos-
sessed by v.h.f. are at present impossible to
realize. Among the most valuable of these
are:— :
1. Generally reliable propagation over
paths of 800-1,000 miles or more especially
after darkness, providing an often excellent
service for listeners outside the country of
origin.
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2. Relatively small effect of unfavourable
geographical features on propagation.

3. Suitability for reception in moving
vehicles.

4. Relative simplicity of circuitry and aerial
required for reception.

In addition to these features, it is perhaps
not generally recognized that very much
better audio quality is available even with
the present 9kHz channel spacing than at
present available in a situation where most
transmitters use very high levels of modula-
tion and automatic compression in efforts to
blast their way through the background.

The following factors might be considered
in the reorganization of the Lf. and m.f.
bands:

1. In highly populated countries with
v.hf. services, only a small number of high-
power stations, situated near the centres of
the populations they serve, would be neces-

sary in the Lf. and m.f. bands. The services -

of these stations could be improved in isolated
areas of high population if desired by syn-
chronized medium-power stations at the h.f.
end of the m.f. band.

2. These Lf. and m.f. services offer over-
whelming advantages in: (a) large areas of
low population where stable but low signal
strength is adequate; (b) mountainous areas;
and (c) less developed countries where v.h.f.
has not yet spread widely.

Consideration of the numbers of trans-

- mitters required to provide two and often three

separate networks for each country show that
there are adequate channels in the bands con-
cerned given an acceptable amount of sharing
by geographically distant stations.

Even without v.h.f., which of course would
continue to develop alongside the new services
in most areas, reorganization such as outlined
would certainly provide a better service for
most countries and with a smaller number of
stations because of decreased interference
problems.

J. G. SiLcock
Totnes,
S. Devon.

British-American Business
Methods

MAY an American, who is as reluctant to
admit an imperfection of the United States,
as Mr. Ness, in his letter printed in the
February issue, is loath “to be able to paint

the U.S.A. in a better light”, remark that it
was not the practice at least until late 1965
for the American mail-order houses to pay
postage on parts ordered. In light of the ever
rising mailing fees in the United States, it
is most doubtful that this since has been
changed.

Perhaps Mr. Ness was the recipient of the
generosity of an American firm that wished
to be particularly kind to an Englishman!
If this indeed be the case, might not Mr.
Ness paint with a less grudging brush?

RONALD KLETT
Loerrach,
W. Germany.

‘““Semiconductor Type
Numbering”’

IN the January edition of Wireless World,
the article “Semiconductor Type Numbering”
by Mr. T. D. Towers contained references
to sources of information on semiconductor
outlines.

I would like to point out that there is a
British Standard on the outlines and dimen-
sions of semiconductor devices (BS.3934)
published in 1965, which Mr. Towers did
not unfortunately mention. This standard
includes outlines agreed by all the principal
interested trade associations, the Post Office,
and the Services, as well as those agreed by
VASCA and mentioned in the article.

The scope of this Standard has been fur-
ther increased by the recent publication of
an addendum (No. 1: 1967).

PAUL SPINK
British Standards Institution,
London, W.1.

Home-constructed Colour
Receiver

YOU may be interested in the accompanying
photograph of my home-constructed colour
television receiver based on a Mullard delay-
line PAL circuit. It employs 15 valves, 26
transistors, 45 diodes and an R.C.A. 25-in.
tube. The only sections not home-made are
the uw.h.f. tuner and the sound and vision i.f.
strip from a monochrome set. Plessey scan-
ning and convergence units, line output
transformer and voltage multiplier unit are

Mr. Berngy's colour television set
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used. With a 21-element Belling & Lee aerial,
mast-head amplifier and two other transistor
boosters the receiver is giving good results
54 miles from the Wenvoe transmitter which
radiates on Channel 51.

P. BERNEY
Malmesbury, Wilts.

‘“‘Demonstrating Rectifier
Action”

IN my article “Demonstrating rectifier action
in slow motion” (February 1968) two words
were omitted from the fourth paragraph,
which may cause some confusion. The third
sentence should read:-—“Eventually the
circuit will reach a state of equilibrium where
in each cycle the charge flowing into C,
through D, is equal to that flowing out of C,
through R,

Readers may be interested in another
application of the circuit. In stage three,
after the steady-state has been reached,
switch off the oscillator and observe that it
takes some considerable time for the 2000
UF capacitor to discharge through R,. Now
switch on the oscillator and set the output
control of the oscillator to give, say, a peak
value of 0.5 V. Wait for the steady-state to
be reached. Now adjust the output control
of the oscillator, above and below the 0.5 V
setting, making the adjustment very slowly:
the mean value of current through R, should
be seen to vary in sympathy with the peak
value shown on the voltmeter V. If the rate
of adjustment is too high, it can be seen that
the capacitor cannot discharge rapidly
enough to enable the mean current through
R, to follow the variation of the peak voltage
shown on V,, when the peak value is de-
creasing. This illustrates “negative peak

clipping” in detector circuits when a
modulated wave is being rectified.
THOMAS PALMER

Kew, Surrey.

Semi-stabilized D.C. Supply

MR. G. W. SHORT goes astray in his
philosophy as expressed in his letter in the
February issue. The Darlington compound
pair, Tr, and Tr;, will compare quite effec-
tively the output voltage at the emitter of
Tr; with the secondary reference voltage at
the base of Tr, and apply correction for a
fall (say) in output voltage by increasing the
current supplied to load. The “dead reckon-
ing” part of the circuit compensates for the
imperfections left by this very simple and
rather low-gain closed-loop stabilizer.

The performance of the closed-loop part
of the stabilizer will be improved if the effec-
tive internal gain is increased. This can be
done at little or no expense by using instead
of a Darlington pair the ‘‘enhanced” emitter-
follower - arrangement, Fig. (a). Briefly the
advantage is that the error voltage is now
only the A Vge required by T7, instead of the
sum of the voltages required by Tr, and Tr,.
Further improvement could be had by using
a triple, Fig. (b). This gives increased internal
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Mr. Good's suggested improvements

gain because a smaller fractional change in
I, is needed in Tr, for a given change in
load current.

The advantage of improving the closed-
loop part of the stabilizer should be that the
dead-reckoning part will have less work to
do, and so will need less accurate adjust-
ment.

In Mr. Short’ revised circuit the current-
sensing resistors for overload protection are
placed between the secondary reference volt-
age (across C,) and the load voltage (across
C,). It seems likely, therefore, that the dead-
reckoning action effected by R, will have to
do more work in compensating for voltage
drop across R,, and R,, than in compensat-
ing for non-infinite gain in Tr,, Tr,. It would
probably be better, therefore, to put R,
and R, in the position of the lamp in Mr.
Short’s original circuit (W.W. October 1967,
p.482)-and arrange the associated transistor
to shut down the voltage across D, and R,
when overload occurs.

E. F. Goop
Malvern,
Worcs.

I SHOULD like to suggest an alternative
current-limiting circuit for Mr. Short’s *‘semi-
stabilized” d.c. supply (October 1967, p.482
and February 1968, p.691).

The current-sensing resistor is placed in
series with the collector supply of Tr, and Tr,,
and a small junction diode, D;, is connected
from the lower end of this resistor to the
emitter of Tr,. The diode is normally
reverse-biased, but conducts when the p.d.
across R, and the sensing resistor exceeds that
across R,. When this happens, the voltage on
Tr, emitter reduces, causing a reduction in
collector current and hence a fall in output
voltage. The load current is therefore limited

Mr. Smith’s current-limiting circuit

+25v Re
Current-sensing
resistor
)
sRe L Re Tr
- 3
‘:/R\v D Trs
b -%c. J, !
{R; > 5 b-—lo
M

to that value which will produce this p.d.
across R, and the sensing resistor.

The value of the sensing resistor is given
approximately by the Zener voltage divided
by the required current limit. Values obtained
empirically were 25 ohms for a useful limit
of 300 mA and 12.5 ohms for a useful limit of
600 mA.

A worthwhile precaution when using this
method of current-limiting is the inclusion of
another diode, D,, connected as shown. In
the event of a short circuit suddenly applied
to the output terminals, there will be a slight
delay in the operation of the limiting circuit,
due to the charge on C,, which has to leak
away before the output can fall to zero. The
extra diode prevents reverse-biasing of Tr,
base-emitter junction. Alternatively, reverse-
biasing may be allowed to occur, and any con-
sequent Zener current may be limited by a
resistor in the base lead of 77,.

Mr. Short’s circuit has the advantage of a
slightly faster limiting action at higher output
voltage settings (when the slider of R, is at
the top end) due to the additional discharge
path for C, provided by the transistor.

K. R. SMITH

Kingston College of
Further Education,
Kingston,

Surrey.

IT is gratifying to see so many ideas for im-
proving the performance of my simple stabili-
zer, and without over-complicating the
circuitry.

Mr. Good is, of course, quite right; I
should have made it clear, when referring to
“dead reckoning”, that the part of the cir-
cuit involved here is the load-current com-
pensating system, not the compound emitter-
follower, which does indeed compare the
secondary reference voltage with the output
voltage.

In an emitter-follower circuit, the output
voltage is the input voltage (the secondary
reference voltage in the present case) less the
base-emitter voltage drop. (In a Darlington
pair, the sum of the two base-emitter drops.)
These Vse drops vary with load current,
spoiling the regulation. In a high-current
stabilizer, with an output of an ampere or
more, the Ve variation from no load to full
load can easily be as much as 1V. Hence
the need for load-current compensation. My
simple method is essentially an attempt to
compensate a non-linear effect by a linear
one and so cannot do more than achieve a
good compromise. It is conceivable that by
involving a diode in the determination of the
compensation a more accurate form of dead
reckoning may be obtained. However, now
that Mr. Good has shown how one of the
Ve variations may be removed from the scene
of action and the loop gain increased the
simple resistance method should be good
enough for most purposes.

Mr. Smith’s neat and economical current-
limiting arrangement takes care of Mr.
Good’s other point by putting the current-
sensing resistance in the positive line out
of harm’s way.

G. W. SHORT
Croydon.
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Microvolt-Nanoammeter

A RECENT letter from a reader has brought
to light an error in the components list of my
microvolt-nanoammeter article, which ap-
peared in the May 1967 issue of Wireless
World. The mistake is mine, and I apologize
for any inconvenience it may have caused. In
the list, R,, should be given as 4.7 kilohms,
not 10 kilohms.

D. BOLLEN
Devon.

Model Motor Speed Control

IN his article entitled “Speed Control for
D.C. Model Motors” (September issue) Mr.
Butterworth uses a fuse for short-circuit
protection. As this fuse is expected to rupture
at each overload, and as the controller might
be used by a child, it is foreseeable that re-
placing fuses could become expensive, if not
just inconvenient.

For these reasons I devised a circuit to
provide automatic overload protection and,
with a little elaboration, visible indication of
the overload. In the circuit shown here, when

O

Junction of
Ry and Rv3

0o~ +
Mr. Hubbard's overload protection circuit

the maximum current is reached the poten-
tial developed across R, (in Mr. Butterworth’s
circuit) causes the OC71 and the Zener diode
to conduct. In turn, the OA81 conducts and
via Tr; and Tr, the drive to the bridge cir-
cuit is. reduced. The factor which decides
the maximum current is the Zener voltage of
the diode. It would seem that a silicon transis-
tor would be better for the lamp driver as
it is more easily turned off and has low leak-
age. The transistor types are otherwise un-
critical. The operation of the indicator drive
circuit is too simple for words.

R. P. HUBBARD
Guildford,
Surrey.

‘‘Pin-board Construction”’

IN case readers were puzzled by an un-
heralded reference to ““terminal blocks” in the
first paragraph of my article (February,
P.699), it should perhaps be explained that the
original text contained an earlier passage
which described how, as a first attempt at mak-
ing a breadboard type of construction for
beginners, bits of ‘“‘chocolate block™ screw-
down terminal strip were screwed to a wooden
baseboard. This avoids the need for soldering,
but it was soon abandoned because of its
inflexibility: the straight lines of terminals on
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the blocks force one to rearrange the circuit
layout, which then moves further and further
from any correspondence with the circuit
diagram. This psychological difficulty, in ad-
dition to the physical limitations mentioned
in the article, make it unsuitable for a
beginner.

I do not yet know what is the ideal base
material. Softwood has the advantage that
pins can be inserted with the help of pliers,
without hammering. (Special tools for pushing
small carpentry pins or nails into wood can
now be bought at do-it-yourself shops.) The
main disadvantage of wood is its finite resist-
ance, which can lead to mains hum in some
types of circuit. Hardboard is cheaper, but
unless the pins are inserted firmly they tend
to work loose. (Particle board is even worse;
soldering the pins melts the resin which binds
the particles together.) What is needed is some
uniform non-hygroscopic board soft enough
to enable pins to be inserted without hammer-
ing but still able to hold them firmly. It should
also be cheap! Perhaps some reader knows the
answer.

There is an error in Fig. 5. The 22k resistor
should not be connected to the negative rail.
In constructing the receiver, the ME101
transistors should be placed upside down on
the breadboard; this makes their leads conform
to the theoretical diagram (Fig. 1). Incident-
ally, this transistor has now been renamed
HK101.

G. W. SHORT
Croydon

Transistor is Twenty
Years Old

TWENTY years ago the transistor was in-
vented at Bell Telephone Laboratories,
U.S.A. Wireless World reported the event
in the October 1948 issue (“Amplifying
Crystal’), stating that John Bardeen, Walter
Brattain and William Shockley had demon-
strated that a small piece of germanium could
be utilized to obtain power amplification of
about 20 dB. In 1956, these three scientists
were awarded a Nobel Prize for the discovery
of the effect.

Not only is the transistor one of the great
inventions of the twentieth century, but it
has led to a host of advances in other
scientific fields. For instance, zone refining,
invented to purify transistor materials, has
made available ultra-pure materials for all
kinds of technical and scientific purposes.
The increased interest in the properties of
solids has led to other quantum electronic
devices, such as lasers, light amplifiers and
light modulators. The study of surface pro-
perties of materials, extremely important to
transistor technology, has progressed to a
point where active atoms can be detected in
single layers in 1 p.p.m. concentrations.

At Bell Labs basic research on materials and
on fundamental physical phenomena had been
encouraged in the hope of obtaining new

knowledge that might be useful for better
communications equipment. One promising
field was research into semi-conductor mater-
ials. In 1940, a modest research effort was
begun, but it was interrupted by the second
world war. After the war, Bardeen, Brattain,
and Shockley were among many scientists who
turned to full-time work on semiconductor
research.

Investigations were centred on the two
simplest semiconductors, germanium and
silicon. Experiments led to new theories.
For example, Shockley proposed an idea for a
semiconductor amplifier that would critically
test a particular theory. The actual device
proved to have far less amplification than had
been predicted. Bardeen then suggested a re-
vision of the theory that would explain why
the device would not work and why previous
experiments had not been accurately foretold
by the older theory. In fresh experiments
designed to test the new theory, Bardeen and
Brattain discovered an entirely new physical
phenomenon—the transistor effect.

The initial patent on the transistor was
held by Brattain and Bardeen. The device
described was a point-contact type, the tran-
sistor effect being produced by two pointed
metal contacts on the surface of the ger-
manium semiconductor material. When a
small positive potential was applied to one of
the contacts, holes flowed into the germanium
surface, greatly increasing the flow of current
from the germanium to the other point, which
was negatively biased. Shockley patented the
junction transistor in 1948.

Through the years, there were developed
new types of junction transistors that per-
formed better and were easier to construct.
In the early 1950s work in the U.S.A. led to
a commercial process for making germanium
transistors by alloying techniques. Further
impetus to the growing transistor industry
was given in 1954 by the development of
diffusion and oxide masking techniques for
making p-n junctions. The immediate product
of this and the zone refining technique men-
tioned above was the diffused-base, high
frequency transistor—a device that could
be mass produced at low cost. In the same
year, 1954, Texas was the first company to
devise a method of making silicon transistors
on a commercial scale. °

Another important innovation, made by the
Fairchild Semiconductor Company in 1960,
was the planar geometry for the junction
transistor, which was based on the earlier
oxide masking and diffusion techniques.
During the same year the epitaxial transistor
was developed at Bell, further improving
performance and lowering costs. Many other
devices have been derived from the transistor,
each having its special capabilities. Among
them are devices for handling high power,
generating microwaves, and detecting ex-
tremely weak signals at optical and micro-
wave frequencies.

It was the basic transistor technology,
of course, that led eventually to the develop-
ment of integrated circuits and to their latest
manifestation, large-scale integration. On
page 6 of this issue there is a picture compar-
ing the first transistor with a recent integrated
circuit, and this shows just how far the tech-
nology has come in 20 years.
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Letter from America

ONE of the most influential magazines catering

for the American teenager is Seventeen and
this magazine recentdy took a poll of the home
entertainment habits of its readers. The results
show that more than 12 million girls between the
ages of 13 and 19 spend a quarter of their time
listening to radio, TV, discs or tape. Not surpris-
ing perhaps—but here is a startling fact; no less
than 22% own their own tape recorders—three
times the national average! One reason is that tape
recorders (and video systems too for that matter)
are commonly used in the schools so children get
used to them. As the editor of a trade journal put
it, “Mother may be uninterested in the tape
recorder—or even slightly afraid of it—but
daughter has no such fear.” These days tape
recorders of one kind or another are used for all
sorts of things but I must confess I would not
have thought of sending in my tax returns on
tape! But 450 business taxpayers did send their
returns to Washington this way and it is perfectly
legal! Let’s hope there are no print-through prob-
lems!

ACCORDING to another poll-—a national one
—more than 35% of American homes have at
least two television sets. Of course, one of the
reasons is that the old faithful black-and-white set
is relegated to the kitchen or children’s room
when the new colour set is installed. Incidentally,
the last available figures indicate that 23% of all
TV homes had colour sets. By the time this
“Letter” appears in print the figure will be in the
region of 30%, or a total of 16,000,000. One of
the problems of colour television is the possibility
of X-ray radiation and this has caused a lot of
controversy during the past year or so. The
maximum safe figure generally accepted is 0.5
millirontgen per hour (mR/h). According to a
recent report by a consumers’ organization two of
12 different makes tested exceeded this figure
when the a.c. mains input voltage was increased
to 125 volts—which could be encountered in
some circumstances. One set had twice the limit
from the top and the other four times the limit
from the back. Measurements were taken at a
distance of 2 inches and it was pointed out that
the radiation would decrease rapidly with distance
and even at four times the stipulated maximum
the radiation at 6 feet would be negligible.
However, the offending sets ended up in the “not
acceptable” class at the bottom of the page! The
truth is, not enough is really known about the
effects of radiation and the official position is a
little obscure at the present time. The Federal
Government has a committee examining the cur-
rent standards and at the same time another
agency, the U.S. Public Health Service in con-
junction with the Electronic Industries Associa-
tion is also conducting an investigation. As a
matter of interest, one Public Health test found
that a shunt regulator valve in a GE television set
could produce downward radiations. This was
promptly corrected by GE, but similar valves are
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used by other manufacturers. If the above men-
tioned authorities come up with new official
standards they will have to be applied to
microwave ovens, klystrons, linear accelerators
and laser equipment—all potentially more harm-
ful than TV receivers. In my opinion, the pro-
grammes themselves—or, at least, some of them
—are infinitely more harmful than possible
X-ray radiation! But that is another story. .. . To
be honest, American television can be extremely
good in terms of programme content, presentation
and sheer technical brilliance. But the bad pro-
grammes are almost unbelievable; they are banal,
trivial, rubbishy to the nth degree. As one TV
executive said “the purpose of TV is to sell”, so I
suppose the moronic offerings must do just that!

ONE of the most notable advances in magnetic
tape recording is the invention of chromium oxide
coated tapes by Du Pont of Wilmington, De-
laware. These tapes, named Crolyn, use con-
ventional Mylar polyester base with specially de-

Fig. 2. Improved picture from a chromium oxide tape.

veloped binders. Chromium dioxide is the only
known ferromagnetic oxide and it has a much
higher magnetic moment per unit than iron oxide
so the signal output is higher for the same degree
of resolution. Alternatively, the resolution is bet-
ter for a given level of output. So in practice,
slower operating speeds can be used without loss
of signal quality and a greater bandwidth can be
achieved at normal recording speeds. Spectacular
increases in signal-to-noise ratios (up to 20dB) are
claimed. In video recorders the picture quality is
really determined by the tape itself and the im-
provement with Crolyn is dramatic. A picture
(Fig. 1) from an iron oxide tape played through a
video recorder at half speed (32 ip.s.) shows the
effects of inadequate h.f. response and poor signal
to noise. Fig. 2 shows a picture played through
the same recorder at half speed using Crolyn. In
the computer and instrumentation fields Crolyn
can also offer worthwhile advantages such as
better efficiency, improved linearity and so on.
How about audio applications? Well, Du Pont
say that the standard tape is not suitable for
ordinary recorders and they have no immediate
plans to market a modified type. On the other
hand, there are firm reports of an agreement with
Sony which could involve audio tape; moreover a
small firm, Gauss Electrophysics, demonstrated a
tape recorder using Crolyn at the Audio En-
gineering Society’s show last October. Another
significant advance comes from a Professor Meyers
of Madison College who has invented a process
for using both sides of the tape. This involves
placing a ferrite material between the two sides
to act as a barrier.

THE latest figures indicate that production of i.cs
is going up by leaps and bounds. As an example,
sales of digital i.cs have increased by 123% over
last year’s and prices have come tumbling down.
Some months ago, Texas Instruments introduced
a line of hybrid i.cs including a complete televi-
sion f.n. sound system module equivalent to 30
components all packed in a unit smaller than a

‘sixpence. Similar systems are now marketed by

RCA, Motorola and others using different tech-
niques and various kinds of package. Motorola
have just introduced a range of miniature plastic
transistors so small that 144 could fit on a 24 inch
printed circuit board. They are actually one-tenth
the size of ordinary transistors and naturally they
are ideal for hearing aids or possibly for pre-
amplifiers that could be mounted in pickup arms
or cartridges.

A NEW development by Intelectron called
“peural hearing” may bring new hope to the deaf.
What is neural hearing? As its name implies, it is
a method of activating the nerves directly; in
other words bypassing the ears. It works like this:
a modulated r.f. generator is coupled to the head
via electrodes so that the head becomes in effect
the dielectric of a capacitor. Signals are picked up
by the cochlea which converts electrical signals
into mechanical ones. It is not certain just how it
does this because it is a reversal of its normal
function. However, the fact remains the signals
are demodulated and the efficiency is quite high.
The frequencies used are in the 30 to 100 kHz
band. The device is the outcome of government
pressure to evolve communication systems that
will function under conditions of extreme am-
bient noise; i.e., in helicopters and tanks. Very
little is known about the long-term effects on the
nerves and much work has to be done before
neural hearing moves out of the lab.

ANOTHER audio magazine, called dB, has just
made its appearance here. The editor is Larry
Zide, who was formerly associated with Audio,
and he tells me that any British engineer who is
professionally engaged in the audio field can have
a free copy. The address is dB, Sagamore Publish-
ing Co., Inc., 980 Old Country Road, Plainview,
L.I, New York 11803, America.

G. W. TILLETT
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Time-Controlled Combination Lock

By J. F. C. Johnson, AM.IERE., AM.IR.E.E.(Aust,)
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A simplified circuit diagram illustrating the principle involved.

Fig 2. Complete circuit diagram. The relay would normally be employed to actuate a
solenoid operated bolt.
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J. F. C. Johnson attended an
officers’ electronic  engineering
course at the R.E.M.E. Training
Centre, Arborfield, Berks, in 1956
after comlpleting his studies in
New Zealand. On his return in
1959 he served in various New
Zealand Army technical appoint-
ments with the rank of captain.
In 1965 he joined the staff of the
Central Institute of Technology
in Petone, North Island, where he
is a tutor in radio technology.
Mr. Johnson operates an amateur
station with the call sign ZL2AM]J.
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S EVERAL designs for electrically operated locks have already been

published, all have used more than one switch and in sorae cases
more than one relay. The design presented here requires one switch
(triple-bank) resulting in only one knob being visible and accessible.
The original model employed an eleven-position switch with the end
stops removed allowing 360 degrees of rotation and a total of 12
possible positions. Only four of these are used for the actual
switching, some being used more than once. The knob must be moved
a total of eleven times before the relay controlling the lock will
operate. To release the relay the knob is simply moved off this eleventh
position and the complete operating sequence must then be repeated
again if the relay is to be re-energized.

Not only must the switch be set to eleven different settings in the
correct sequence but the timing of the switching is important. The
switch must rest in each position for about four seconds before moving
to the next. Any longer delay in switching and the relay will not
operate. Faster switching and the relay will not operate. As there are

.12 switch positions available, the number of combinations possible

must reach astronomical figures. The possibility of its operation by
those who do not know the combination seems remote indeed. The
number of settings, the sequence, and the timing can all be adjusted
to suit individual requirements, the model described here is only one of
many possible variations.

A simplified diagram to explain the principle of operation is shown
in Fig 1. If §, is closed, C, will charge to a voltage equal to the supply
voltage in a time determined by the value of R, and C,. If S, is
released, C, will retain its charge. Closing S, will cause the charge on
C, to distribute between C, and C,. C, will charge to some voltage
determined by the relative capacities of C, and C,, and the time taken
to reach this voltage will be determined by the value of R,. If S,
is now released, C, will retain its charge. If S, is now closed, C, wi'l
discharge through the relay causing it to operate. Once ths relay
contacts close, the relay will hold in the operated position, the d.c.
supply now being fed to the relay via the relay contact and §,. The
relay can be released by opening S,. The practical lock is produced by
making S, S, and S, separate banks on a wafer switch and by care-
fully choosing the supply voltage so that repeated operations of S,
and §, are necessary to build up sufficient charge on C, to operate the
relay.

Fig 2. shows the complete practical circuit, only six of the twelve
switch positions are shown in the interest of clarity. S, S, and S,
are ganged together and form the only control. ¥ is the supply voltage
which is chosen to be about 1.5 times the minimum operating voltage
of the relay. C, is the first capacitor in the chain and it charges to full
supply voltage when S, is in position 3. The time taken to reach full
charge is approximately SC,R, or 3.5 seconds. Part of the charge on
C, is transferred to C, (about half the supply voltage in a few seconds)
when §, is placed in position 4. By repeating this complete operation
immediately, the charge on C, can be increased to three-quarters of
the supply voltage. Neglect R, for the moment.

If S, is now put in position 2, part of the charge on C, is transferred
to C, which charges to approximately three-eighths of the supply
voltage. As this is insufficient to operate the relay, the entire sequence
so far must be repeated, the charge on C, being finally raised to about
three-quarters of the supply voltage. Neglect R, for the moment.

The final step is to switch S, to position S. C, now discharges
through the relay which closes and is held closed by the hold-on contact.
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To release the relay move S, off position 5. C, has been charged-to full
supply voltage via the hold-on contacts and it now discharges via
R,. Without R, C, would retain its charge and could operate the
relay if S, was moved back to position 5 without the switching
sequence having to be followed.

R, is added to discharge C, to ensure that the switching sequence
must be made allowing only four seconds on each switch position.
Any longer delay and the charge on C, cannot be built up to a high
enough value to ensure eventual relay operation.

TABLE 1
Switch Approx.
Sequence Position waiting
No. No. Circuit action time
1 3 C, charges 4 Secs.
2 4 C, discharges, C, charges 4
3 3 C, charges 2,
4 4 C, discharges, C, charges 2,
5 2 ¢, discharges. C, discharges, C, charges 4 .
6 3 4
7 Bl A repeat of 4
8 3 sequences 1to 5 2,
9 4 inclusive. 2 .
10 2 4
11 5 C, & C, shorted, C, discharges through —
relay. Relay operates. e
Total time required 32 Secs.

The complete sequence of events is shown in Table 1. Slight changes
in sequence are possible (e.g. positions 3,4,2,3,4,2, etc. instead of
3,4,3,4,2, etc.) but from measurements taken it was found that these
do not give such a fast charge build-up on C, as the sequence quoted.

Moving the switch from position 2 to position 5 must be done in an
anticlockwise direction otherwise C, discharges via §; position 1.
Similar safeguards exist on other banks to prevent possible “‘round and
round” switch operation from operating the relay. Note too that in
position 2, C, is completely discharged, ensuring that the full four-
second charging time is required on position 3.

When the lock is not in use, the only drain on the supply that can
occur is when the switch is in position 3. The current flow is the
leakage current of C, which should be negligible. The supply voltage

can be obtained from a battery or from mains supply via a transformer

and a single diode rectifier. The supply voltage terminals should be
connected to two inconspicuous ‘‘screws” or other accessible devices
so that if the internal battery or the mains supply should fail, the lock
can still be operated from an external source.
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Literature Received

A 14-page handbook on time codes has been made available by the Marketing
Dept., Timing and Special Products Group, Systron-Donner Corporation,
888 Galindo Street, Concord, California, 94520. Called “Handbook on
Precision Time Code Generation, Synchronisation and Tape Search Systems”,
it describes the four principal areas of a time code system: the time code
generation, time code synchronization, tape search and editing, and code
formats. It illustrates various systems with block diagrams and gives complete
pictorial description of eight different IRIG and NASA time codes.

W.W. 330 for further details

. The Gastometer is an instrument for medical applications and is described
in a leaflet received from Beaumaris Electronics Ltd., Beaumaris, Anglesey.
The instrument is of value in the differential diagnosis of the origin of facial
palsies. It can be used to recognize damage of the chorda tympani following
operations on the internal auditory canal. Several other applications are also
possible.

W.W. 331 for further details
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The biasing of field effect transistors for zero temperature coefficient is
discussed in Ferranti application note No. 33 from Ferranti Ltd., Gem Mill,
Chadderton, Oldham.

W.W. 332 for further details

A leaflet describing a range of loose-wound precision resistors is available
from Alma Components Ltd., Park Road, Diss, Norfolk. The loose-winding
technique allows the wire to expand and contract freely during heating and
cooling, providing better long-term stability.

W.W. 333 for further details

Improved versions of the series BTR voltage stabilizers from Claude Lyons
with lower distortion and higher stabilization accuracy without a price
increase are described in a brochure which is now available. Claude Lyons
Lid., Valley Works, Hoddesdon, Herts.

W.W. 334 for further details

Received from Wallis Hursant Electrotech Ltd.,, Central Way, Feltham,
Middlesex, a brochure describing their range of high voltage power
supplies and e.h.t. voltmeters. Power supplies are available with outputs
variable between 0 and 150 kV and meters with f.s.ds of up to 100 kV.

W.W. 335 for further details

Application note No. 32 from Ferranti describes a d.c. amplifier capable of
providing 1 kW into a 10- £2 load. The amplifier operates on the class D
principle and has a power gain of approximately 54 dB. Ferranti, Gem Mill,
Chadderton, Oldham.

W.W. 336 for further details

A solid state variable a.c. power controller is the subject of the Claude
Lyons leafiet QA-15M. A brief technical description includes applications,
construction, and specification. Claude Lyons Ltd., Valley Works, Hoddes-
don, Herts.

W.W. 337 for further details

Simple Optical Experiments with Ferranti GP Series Laser includes a
demonstration of Doppler shift using a Michelson interferometer, a de-
monstration of Fresnel diffraction patterns, and determination of wavelength
using an engineer’s rule. This 22-page handbook is, in fact, intended as a
guide to simple experiments using a laser for the demonstration and
explanation of optical principles and phenomena. The experiments will be of
interest to teachers instructing classes in A level physics. Ferranti Ltd., Kings
Cross Road, Dundee.

W.W. 338 for further details

The Electronic Services Division of S.T.C., Edinburgh Way, Harlow,
Essex, have produced a 230-page ‘“‘new stock lines supplement” to their
1966/67 catalogue.

W.W. 339 for further details

A two-page leaflet on sound control and associated systems has been
published by Rank Audio Visual Ltd. It explains in detail the use of Rank
sound control systems in schools, public halls, clubs, lecture theatres and
hotels. Leaflet No. is Sfb (64), Rank Audio Visual Ltd., Woodger Road,
Shepherd’s Bush, London, W.12.

W.W. 340 for further details

Micronotes for Sept./Oct. 1967, No. 3, Vol. 5, discusses the design of
high-power microwave windows. Described colloquially as ‘‘poker chip” or
“pill box” windows, they usually consist of a single thin disc of alumina,
sapphire, beryllium oxide or quartz mounted in a short section of circular
waveguide. Microwave Associates Inc., Burlington, Massachusetts.

W.W. 341 for further details

A data sheet on the Spectra-Physics (U.S.A.) 130C gas laser has been
received from Claude Lyons Ltd., Valley Works, Hoddesdon, Herts. It gives a
full technical specification on this self-contained continuous-wave, helium-
neon laser, which is intended for applications requiring a moderate amount of
power (optical test and alignment polarity, demonstrations of coherent light
properties).

W.W. 342 for further details

The R.C.A. Select-A-Lesson teaching machine is described in a brochure
from R.C.A. Instructional Electronics. The publication entitled R.C.A.
Select-A-Lesson is available from R.C.A. International Marketing, S.A., 118
Rue du Rhone, Geneva, Switzerland.

W.W. 343 for further details

Duplexer devices from the English Electric Valve Co. Lid., Chelmsford,
Essex, are described in a new booklet issued by them. S & X band TR cells,
protector cells, waveguide switches, TR limiters, TB cells and pre-TR cells are
covered. Unusually the products are photographed against a scale grid
background. A list of U.K, stockists and overseas agents is also given.

W.W. 344 for further details
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Technical Notebook

Holographic Memory
Process

THE idea that memory in humans and
animals might function in a manner analo-
gous to the storage of optical information on
holograms was one of the subjects discussed
at a Royal Society meeting on the logical
analysis of cerebral functions held in London
in February. In conventional photography
there is a one-to-one correspondence between
points on the object and grains on the plate.
As a result, the object can be recalled by
illuminating the plate in an arbitrary
fashion, but loss of part of the plate results in
complete loss of information about part of
the object. In holography, on the other hand,
the correspondence is many-to-many, so that
each piece of the plate contains information
about the appearance of the whole object,
but this information can only be recovered
by-illuminating the plate in a very special
way. It has already been suggested that
certain types of composite stimulus may be
memorized in a holographic rather than a
photographic manner. Professor H. C. Lon-
guet-Higgins pointed out that not only spa-
tial but temporal patterns could be stored
and retrieved in a many-to-many fashion
-—frequency analysis being a simple special
case. If the memorization of temporal
sequences did involve “holophonic™ as oppos-
ed to “‘gramophonic” principles, then not only
would some familiar perceptual phenomena
be naturally explained, but those parts of
the brain which held the memories in ques-
tion should exhibit periodic behavioural
properties, and thése might be directly ac-
cessible to study by neurophysiologists.

Transducer for Car-

diac Research

ORIGINALLY developed for measuring
pressures on flight model wind tunnel tests by
N.A.S.A., Washington, U.S.A,, a diaphragm
type capacitive: transducer has been pro-
duced that shows promise of being extremely
useful in cardiac research. The smallest of
the transducer probes is less than 1.27mm
(0.05 inch) in diameter, can easily be intro-
duced into an artery using a standard 17
gauge thin-wall hypodermic needle and then
manoeuvred into the heart on the end of a
thin flexible tube. Measurements can then
be made inside the heart without disturbing
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the blood flow. It is thought that it may be
particularly useful in treating babies be-
cause of its small size. The transducers cells
are made in several sizes; for instance, a cell
14 mm in diameter consists of a cell
diaphragm 1.4 mm across and 0.0026 mm
thick separated by an air gap of 0.005 mm
from a film of platinum deposited on to a
glass core. A central metal tube in the cell
provides an electrical connection to the plati-
num film and allows the passage of reference
air to the capacitor air space. This air reaches
the device via a small diameter plastic tube
contained in the centre of the interconnect-
ing cable. The cell is linear within 1 per cent
from 0 to 26.7 kN/m? (200 mmHg). The
electronic system connected to the trans-
ducer via the catheter consists of a capaci-
tance bridge excited by a 100 kHz oscillator,
a low noise amplifier and appropriate de-
modulator producing an analogue signal for
a recorder or an oscilloscope. It is hoped to
connect the transducer directly to a
miniature radio transmitter so that the
patient under observation can have complete
freedom of movement.

®
Integrated Microwave
[ [

Circuits

FOR operation at microwave frequencies,
active semiconductor devices must have ex-
tremely small junctions, and a typical junc-
tion area would be of the order of 10-100
pum?. Until recently junctions of this size
could only be made by chemical etching or
whisker contacting techniques (as in point-

contact diodes). Such methods, aithough
providing suitable electrical characteristics,
cannot, of course, be used in the manufacture
of monolithic or hybrid integrated circuits.
At an LE.E. colloquium on microwave inte-
grated circuits, C.A.P. Fozxell of Associated
Semiconductor Manufacturers, said that pro-
gress in planar technology had now advanced
sufficiently to allow small enough active areas
to be produced directly in the semiconductor.
It was now possible to produce a largs range
of microwave devices in monolithic form or in
chip form for hybrid circuits.

An example of A.S.M.’s experimental work
on planar integrated microwave circuits, due
to be shown at the forthcoming Physics
Exhibition (Alexandra Palace, London, 11-14
March), is an X-band microwave receiver.
The box shown in the. photograph contains
an r.f. front end using a Schottky diode
balanced mixer driven by a Gunn-effect
oscillator. It also contains a head amplifier
for the 50-MHz i.f. The waveguide circuit is
constructed in microstrip lines, formed by
0.5-mm wide gold film conductors on an
insulating substrate 0.5 mm thick. The
mixer and the oscillator, both gallium arsen-
ide, are separate devices, and are bonded to
the microstrip conductors in the manner of
semiconductor chips in hybrid i.cs. The
mixer is encapsulated in ceramic in li.d.
(leadless inverted device) form, while the
oscillator is in a standard diode package.
(A.S.M. say that the two devices could be
integrated on a single substrate measuring
27 mm x15 mm.) The noise figure for the
front end is approximately 9 dB.

Error Computation in
Colour TV

THE addition of colour to television in-
creases the number of signal parameters*
that can go wrong and the number of sub-
systems in the television chain where they
can go wrong. There are overall tolerances
which must not be exceeded too often if
colour picture quality is not to fall below a
given subjective criterion.

Dr. R. D. A. Maurice (B.B.C. Research
Department) has pointed out the advantages
of using the mathematical process of con-
volution to obtain a meaningful and un-
ambiguous value for the overall error that
can occur in a parameter throughout the
television chain. This is a matter of com-
bining statistically the error probability
distributions of the individual parts of the
‘chain (and Maurice suggests the temporary
use of rectangular, rather than Gaussian,
distributions- until television engineers are
able to produce statistically valid perfor-
mance figures for their equipments). The
result can be used to produce a curve
showing the cumulative probability of
occurrence of overall errors from the whole
television chain. From this it should be
possible for a receiver manufacturer to
decide, for example, whether a particular
design of television set was a commercial
proposition or not.

*For example, chrominance signal differential phase and

differential gain; chrominance-to-luminance amolitude
rat1v; chrominance-to-luminance timing errors.
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World of Amateur Radio

Australis OSCARs

" A TAPE recording of the telemetry information to
be transmitted by the Australian amateur radio
satellite AO-A has been received from Melbourne
University by Mr. W. Browning, G2A0X, who is
looking after the European interests of the project
organizers. In view of the complexity of the
transmissions and the fact that the parameter is
specified by the audio frequency of the signal, itis
considered to be desirable that project collaborat-
ors should receive practice in resolving the infor-
mation before the satellite is launched. To that
end copies of the tape have been made available by
the R.S.G.B. to national amateur radio societies in
L.A.R.U. Region I who, in turn, are arranging for
the tape to be copied locally and distributed to
members.

Plans are being made to produce, later this
year, a second Australian OSCAR, to be known as
AO-B. This will carry a linear translator with an
input in the 144 MHz band. Powered by solar
cells the new satellite will operate for at least one
year in either a low orbit (about 500 miles) or a
near-stationary orbit (about 20,000 miles) de-
pending on the type of launch-vehicle available at
the time.

LLARR.U. Region 1 Conference.—Proposals
have been put forward by the Belgian national
amateur radio society (U.B.A.) to hold the next
triennial conference of the societies which, togeth-
er, form I.A.R.U. Region I Division, at the Hotel
Metropole, Brussels, during the period May
4th-10th, 1969.

Reciprocal Licensing Agreements have recently
been signed by the United Kingdom with the
Danish and Swedish administrations. Similar
agreements have recently been signed between
Canada and Luxembourg and between the United
States of America and Austria.

Moonbounce Activities.—The January 1968
issue of the V.E.R.O.N. (Netherlands) v.h.f. Bulle-
tin (English edition) features the activities of and
equipment used by most of the world’s leading
moonbounce experimenters. After a series of near-
misses the Australian amateur VK3ATN suc-
ceeded on December 20th, 1967 in once again
effecting two-way contact via the moon with the
Californian amateur K6MYC on 2 metres. Signals
at both ends were 3 to 6dB above the noise level in
a 100 Hz bandwidth but were somewhat patchy.

Malta Beacon Station 9H1IMB is operational 24
hours a day on 70.1 MHz. Reception reports will
be welcomed by the Scientific Studies Committee,
R.S.G.B., 28 Little Russell Street, London, W.C.1.

The Canadian Amateur Radio Federation was
formed recently in Winnipeg by delegates of pro-
vincial societies in Alberta, Manitoba and Ontario.
The acting president is J. Rock (VE4UX) and the
acting secretary /treasurer is J. Cowprie (VE4CS).
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The purpose of the new organization is “to
promote the welfare of the Canadian radio
amateur in the national field”.

L.A.R.U. Region III.—Plans are being made to
inaugurate a Region III Division of the Interna-
tional Amateur Radio Union at a meeting to be
held in Sydney, Australia, during Easter this
year. Organized by the New South Wales Division
of the Wireless Institute of Australia the ultimate
aim of the new organization will be to establish
and maintain continuous liaison between societies
in L.T.U. Region III with a view to presenting a
united front at future 1.T.U. Conferences and to
provide a programme of assistance to developing
countries. The immediate short-term aims of the
Conference will be to establish an administrative
and organization framework. National amateur
radio societies throughout the world are being
invited to appoint delegates to attend the Con-
ference, as guests of the Federal Executive of
W.I.A. who will provide accommodation and hos-
pitality for the four-day period. All correspon-
dence in connection with the Conference should
be addressed to John Battrick (VK30R), Federal
Secretary, W.I.A, P.O. Box 365, Frankston,
Victoria 3199, Australia.

Welcome to Belgium.—The annual assembly of
U.B.A. (the Belgium National Amateur Radio
Society) will be held at Gerval, an attractive town
15 miles south of Brussels, during the weekend
May 11th/12th. The programme will include a
Fox Hunting competition on 2 metres and a rally
for mobile stations on 80 metres and 2 metres.
U.B.A. invite amateurs from other countries to
participate in the programme. Visitors will be able
to obtain a mobile licence free of charge for the
period May 1st-31st, by applying not later than
April 10th, to the Director of Radiocommunica-
tion, 42 Rue des Palais, Brussels 3, enclosing a
photostat copy of the station licence. Further
information, including details of hotel accommo-
dation, can be obtained from Rene Vanmuysen
(ON4VY), 81 rue J. Baus, Wezembeek-Oppem
(Brabant).

Northern Radio Societies’ Convention.—The
Kent Suite at Belle Vue Gardens, Manchester,
will again be the venue for the Annual Con-
vention of the Northern Radio Societies’ Associa-
tion on Sunday, May 19th. The Association con-
sists of radio societies drawn from the North of
England, who will be exhibiting at the Con-
vention, together with a number of commercial
concerns. Further information can be obtained
from R. M. Clarke (GS8AYD), “Hillside”, Quick-
edge Road, Mossley, Ashton-under-Lyne, Lanca-
shire.

International Meeting in Germany.—In the
past the German national amateur radio society
(D.A.R.C.) has held a national meeting biennially.
This year, for the first time, the meeting is to be

organized on international lines and is to be held
in the West German town of Wolfsburg, near
Hanover, during the Whitsuntide holiday (June
1st-3rd).

QRA or GEOREF Locator System?—The
location of the other man’s station has, from the
earliest days, been a matter of interest to
amateurs although the question of the distance
between stations becomes important only in cer-
tain contests where it is used as a points’ “yard-
stick”. For many years v.h{. /u.h.f. contest enthu-
siasts have sought a simple device which will
enable them to measure distances accurately.
Such a device is the well-known QRA Locator,
which although popular on the Continent has
failed to attract full support in the United
Kingdom. Now a new system, known as
GEOREF, which has a military background,
looks set fair to replace the QRA Locator system.
Full details of the system have been sent to the
v.h.f. managers of all European national amateur
radio societies who will be asked to decide on the
merits and demerits of the system, for amateur
radio purposes, at the LAR.U. Region I Con-
ference in 1969.

BERU Contest, the most popular contest in the
R.S.G.B. Calendar, will commence at 00.01 on
Saturday, March 9th and end at 23.59 on Sun-
day, March 10th. Competitors may use any band
from 3.5 to 28 MHz and operation will be
restricted to telegraphy. The contest is confined to
R.S.G.B. members resident in the United Kingdom
and British Commonwealth.

Faroes Activity.—Using several transmitters and
a number of operators, the headquarters station
(OY6FRA) of the Faroes amateur radio society
(F.R.A)) made 1435 contacts and scored 410,000
points during the recent CQ World Wide DX
Contest. The Society’s v.h.f. beacon station
(OY7VHF), now on the air coptinuously on
145.26 MHz * 50 Hz, has been heard in the
Netherlands and Denmark but there have been no
two-way contacts yet with the Faroes.

Equatorial Field Day.—Radio Society of East
Africa held its first national field day event at
Rumurati a few miles north of the Equator by
courtesy of the Laikipia Country Club, but
heavy rains (3.1 inches in one hour!) made travel-
ling to the site difficult. The station operated with
the special call 5Z4RS and although several
hundreds of contacts were established better re-
sults would have been achieved if the weather
had been more favourable, o

Polish Amateur on 6 Metres.—Eng. Wiejlaw
Wysocki, SP2DX, has received permission from
the Polish telecommunication authorities to trans-
mit in the band 50-54 MHz, a band not normally
available to amateurs in Europe. The permission
is valid until the end of 1968.

“The FIRAC Bulletin”’.—The Federation In-
ternationale des Radio Amateurs Cheminots has
published the first issue of what promises to
become a regular bulletin for the rapidly increas-
ing number of radio amateurs who are directly or
indirectly associated with the railways. An inter-
national call book is in course of preparation.
British representative (Mr. R. Hooper, Station
Masters’ House, Tavistock North Station, Devon)
will be pleased to hear from interested readers.

Zaragoza Convention.—An  International
Amateur Radio Convention is to be held in
Zaragoza during the Spanish Spring Festival
(May 22nd-26th) to which amateurs from all parts
of the world are invited. An extensive programme
of visits, business meetings, lectures and social
functions has been arranged by the organizing
committee (Delegation UR.E., Apartment 86, Za-
ragoza) from whom full details can be obtained.
Enrolments will be accepted up to April 15th.
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Electronics in Typesetting

Photo-composing machines used for Wireless World

by R. F. Southall, B.A.(cantab)

As well as having a new format, Wireless
World is now being printed by a more
modern process called offset lithography.
The author describes the electronic sys-
tem used with this process for controlling
the photo-typesetting machines that
form and assemble the characters in the
text you are reading.

THE increasing demand for good-quality
print, and particularly for good-quality
print in colour, has led to the development
and to the now widespread use of the print-
ing process known as offset lithography. This
process, with its requirement that the
material to be printed be presented to the
maker of the printing plates as a photograph-
ic negative or positive, has led to the de-
velopment of machines which photograph the
letters of text directly on to film and elimi-
nate the slow and complicated process of
casting the letters in metal, proofing them
and photographing the proofs. These
machines are called photo-typesetters,
photo-composing machines or film-setters.
The photo-typesetters on which Wireless
World is from now on to be set come from
the Photon-Lumitype family of machines,
the first member of which was developed in
America between 1946 and 1954 by two
Frenchmen, Louis Moyroud and R. A.

Higonnet. Wireless World will be set on two
machines of the family: the Model 540,
which works at eight operations a second and
is electromechanical, doing its calculations
with relays; and the Model 713, much faster,
which photographs about 30 characters a
second and whose calculation and control
circuits are transistorized.

If photo-typesetting machines are to be
economical in use they must be very pro-
ductive (since they are expensive in first cost)
and they must offer a wide choice of charact-
ers (so that jobs of different kinds may be
run successively without the machines hav-
ing to be stopped to change the character
“matrices” which carry the characters in the
manner of stencils). All the machines in
productive use today (with the exception of
one special-purpose machine which stores its
characters in digital form in a magnetic core

_store) use character matrices produced by

photographic processes, carrying clear images
on an opaque ground. The distinguishing
feature of the Photon-Lumitype machines
we are discussing is that the matrices they
use are in continuous motion, and the
letters on them are illuminated for photogra-
phy by a xenon flash tube. The duration of
the flash from the tubes used is less than
three microseconds, and the flash starts and
stops with sufficient abruptness to give
sharp character images in spite of the fairly

The photographic unit of the Lumitype 540. At the upper left are three of the eight solenoids of the variable
escapement; below them and to the right is the prism carriage. To the right of this are the lens turret and the matrix
disc. The film magazine is not in place in this picture.
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high linear speed of the matrix (the matrix in
the 540 machine is a disc about nine inches
in diameter rotating at 8 rev /sec; the matrix
in the 713 is a drum about eight inches in
diameter rotating at 30 rev/sec). The 540
disc carries eight circles of 180 characters
each, and all of these can be reproduced, by
means of magnifying lenses mounted in a
turret, in any of twelve sizes. The drum used
on the 713 carries eight rows of 96 charac-
ters each, which can be reproduced in any
of eight sizes. Thus the Model 540 can
produce a total of 17,280 different charac-
ters (1,440 characters x 12 sizes) and the
Model 713 a total of 6,144 (768 characters
x 8 sizes).

The 540 disc rotates in the vertical plane,
with the flash tube and its condenser optics
on one side of the disc and the rest of the
optical system on the other; the 713 drum
has two flash tubes inside it, each of which
illuminates four rows of characters, and
there is an arrangement of half-silvered
mirrors and a vertically moving collimating
lens which presents the correct row of char-
acters to the optical system for photography.

Printers have been very well served almost
since the invention of their craft ty the
people who designed and cast their types for
them. The factors in the design of a typeface
which make the difference between effortless
legibility and eye-straining indecipherability
are entirely unappreciated by nearly all
readers: chief among them are the qualities
which the typographer calls colour and
rhythm.

In reading, the eye travels along tke line
not steadily from word to word but in jumps
between ‘“fixations”, where it momentarily
rests. To be easy to read, a line of type, no
matter what the sequence of the letters in it,
must present to the reader’s eye the irnpres-
sion of an even line of grey; if there are dark
spots or patches in the line the eye will tend
to fixate on them at the expense of the rest of
the line. To be easy to read also, the typeface
must be designed so that the reader’s eye is

Richard Southall graduated from Cambridge
University with a B.A. in natural sciences in
1960. After four years as a book designer and a
short period as a scientific information cfficer,
he joined Crosfield Electronics Ltd. in 4965.
This company, makers of electronic machinery
for printers, manufactures the Lumitype 540
and sells under licence the Photon 713 photo-
typesetting eguipments described in the article.
Mr. Southall’s work is concerned with customer
liacson in the typographic field.
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The matrix disc of the Lumitype 540 in position
in the photographic unit. The cylindrical object over-
lapping the left-hand edge of the disc is the housing
for the photocell which generates impulses from
the slits at the periphery of the disc; these impulses
trigger the firing of the flash and ensure exact lateral

positioning of the characters. The arrangement
directly beneath the boss of the disc is a window
which limits the area of the disc seen by the optical
system. In the foreground is part of the lens turret.

carried from fixation to fixation forward
along the line; in crude terms, it must be
obvious that the type in which the line is
composed is designed to be read from left to
right. At least since the time of the early
Venetian printers these qualities have been
so much a part of the design of most text
typefaces that both printers and readers have
tended to take them for granted. It was
not until the development of composing
machines, and particularly of photo-com-
position (the first entirely new method of
producing type-matter since Gutenberg) that
it was realized by anybody other than the
minute community of typeface designers and
punch-cutters* what enormous technical
demands the production of well-composed
type makes on the producer.

The principal problem in producing lines
of type of an even colour is keeping the
“weight” (broadly speaking, the thickness of
line) of each character the same as the
designer intended; and the principal problem
in retaining the designed rhythm of a type-
face is maintaining the designed inter-
character spacing. This is because both the
colour and the rhythm of the line are strong-
ly affected by the relation between the white
spaces inside the character shapes and those
outside, and this relation is affected in turn
both by the thickness of the lines making up
the character and by the inter-character
spacing.

In photo-composing terms, and generally
speaking, the weight of the characters in a
line will be consistent if the intensity of the
exposing light-source remains constant. This
is not too difficult (though not entirely

*The artist-craftsmen who engraved the steel punches
used for striking the matrices from which metal type
was cast.
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simple) to achieve with electronic flash tubes,
though flash variations causing density
variations in the exposed parts of the film
which are almost too small to measure may,
with certain typefaces, have a most marked
effect on the look of the end-product. It is
the extraordinary high standards required in
the vertical and lateral positioning of char-
acters (standards to which, it must be said,
printers have been educated by the superb
performance of the best hot-metal composing
machines) which are largely responsible for
making the design of photo-typesetting
machines both difficult and interesting. In a
line of sans serif capital “I”’s set close
together, variations in inter-character spac-
ing of the order of 10™? in. are quite easily
perceptible to the naked eye (which picks up
the small alterations in the colour of the
line). The clean appearance of a film of
photo-typeset characters, free from the inter-
fering effects of inking and ink squash
which are present in even the best proofs
from metal type, makes it necessary to
achieve and maintain accuracies of position-
ing of this order, or better, during the whole
of the time the machine is operating. Doing
this with a moving matrix and other moving
parts at repetition frequencies of up to 40
per second is no small achievement.

In most photo-typesetting systems the
widths of characters are expressed on a
““unit system”” in which the body size of the
type—which would be its depth from front
to back if it were cast in metal—is divided
into 18 “relative units” (“relative” because
they change in absolute size with changes in
the body size of the type). The basic unit of

sosse
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the system is one-eighteenth of one printer’s
point (7.685 X 107* in. approximately) and
the actual width of a character is found by
multiplying its width in relative wunits by
the body size and by the basic unit.

The Lumitype 540 control unit does its
calculations in ‘‘machine units” of two basic
units, since one basic unit is too small a
distance for an arrangement of friction
clutches and differential gears to move
reproducibly. The width of each character
in machine units is calculated by the 540
keyboard and is punched into a paper tape
in a “frame” following the character
identity code. This punched paper tape is
used to actuate the control unit of the
machine. (In the 540 system each character
is represented by a group of three eight
channel code “frames”.) At the end of each
line of text the 540 keyboard also punches
into the tape the “deficit” (the difference
between the totalled widths of the characters
and spaces in the line and the line length set
up on the keyboard) and the fumber of
inter-word spaces in the line. Thé machine
control unit divides the one by the other and
adjusts the width of each inter-word space to
bring the length of the photographed line to
the length set up on the keyboard—the
process known as justification which ensures
that the column of type has an even right-
hand edge. The fact that the keyboard and
control unit of the 540 do all their cal-
culations in basic units means that the
operator can mix different sizes of type in
the line without upsetting the justification:
this is a great help in setting complicated
copy.

The Lumitype 540 keyboard. In the 540 system this keyboard carries out the part of the justifying cycle which
involves calculating the deficit in the line and counting the inter-word spaces. The banks of keys to right and feft
of the typewriter allow the operator to select typeface, size, inter-line spacing and line length.
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Photographic unit of the Photon 713 machine. On the right is the matrix drum, with, leading down into it, the
connections to the two flash tubes. The light-coloured oval on the extreme right is part of the magnetic pick-up
for the sonic whee! on the matrix drum. Behind it is a printed circuit card carrying the character identity pulse
amplifier and shaper. To the left of the matrix drum are the typeface row selection optics with their actuating
solenoids, the lens turret, and the film magazine. On the extreme left is the film feed stepping motor.

The characters are imaged on the sensitive
material (which may be film or paper) by a
travelling lens and prism; these move along
the optical axis of the machine and place the
letters side by side across the film as they are
flashed. The 540 reads the tape punched by
its keyboard ‘‘backwards”, that is, from the
end to the beginning of the line, so that a
character’s width is read before its identity,
and the first codes of a line that are read are
the end-of-line group which allow the con-
trol unit to set up the value of the inter-
word space for that line. Before each letter is
photographed, the travelling prism moves by
a distance equal to the width of the letter:
this is achieved by the ‘variable escape-
ment”, an arrangement of differential gears
and a rack and pinion actuated by relays set
up by the codes in the tape frame containing
the character’s width. The variable escape-

ment is a mechanism of very high precision,
but its maximum rate of operation is limited
by the mass of its moving parts to 8-10
operations a second. For the much higher
repetition rates achieved by the Model 713 a
quite different system of character position-
ing is necessary.

The 713 control unit reads its tape in the
same sense as it is written; that is, from the
beginning of the line. The tape is punched
(or, if it is magnetic tape, written) in Tele-
typesettert or TTS' code; this is a simple
code, long used for the remote control of
hot-metal line-casting machines, in which all
the characters and certain functions of the
machine are indicated by single 6-channel
code frames. The tape does not contain any
width information, so the 713 must store for
t “Teletypesetter’”” and “TTS” are the registered trade
marks of Fairchild Graphic Equipment Inc.

Fig. 1. Simplified schematic of the electronic flash timing system in the Photon 713 machine.
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itself the widths of all the characters on its
matrix drum. It does this in pari of the
magnetic core memory in its control unit.
Into another part of this memory each line of
data is loaded as it is read from the tape.
While the line is being read, a justification
process similar in principle to that performed
in the 540 control unit is carried out.

Instead of moving the prism carriage for
every character photographed, the 713 moves
it in steps of 48 relative units (so that the
actual length of the step varies with the size
of the type being photographed). The prob-
lem of carriage bounce is surmounted by
slowing the carriage down as it reaches the
end of its step and by inhibiting the flashing
of characters for about 65 ms after the end
of each step to give the carriage time to settle
down.

S:nce the average width of a character in a
normal typeface is about eight relative units,
six or so characters have to be flashed within
each carriage step, and since the successive
characters in a step are generally not of
equal widths it is not sufficient simply to
position them uniformly across the width of
the step. However, the matrix drum rotates
at a constant speed and the characters are
equally spaced around it, so that if the
correct instant is chosen to fire the flash tube
the character can be correctly positioned
within the carriage step.

Associated with each group of eight char-
acters (one above the other) on the matrix
drum of the 713 is a timing slit, and on the
base of the drum is a “sonic wheel” which,
in conjunction with a magnet and a pick-up
coil, provides a pulse at each complere revo-
lution of the drum (Fig. 1). When a charact-
er is read out of the buffer part of the
memory during the “expose” cycle of the
machine, two look-up operations take place.
One, from the width tables stored in the
lution of the drum (Fig. 1). When a charac-
ter is read out of the buffer part of the
wll its calculations in half relative units).
This width information is transferred into an
accumulator which adds up the widths of all
the characters and spaces in the line. The
excess of the accumulator content over a
multiple of 96 half-units is transferred to
what is called the “M” register. The number
of multiples of 96 half-units already in the
accumulator is equal to the number of
carriage steps that have already occurred in
the line.

The other look-up operation gives, from
the position table in the memory, the position
of the character on the drum relative to the
zero position defined by the pulse from the
sonic wheel. This is transferred to the posi-
tion register, the value in which is compared
with the count of character identity pulses
derived from the timing slits on the drum.
When equality is reached, the drum is in the
correct position to flash the character at the
left-hand end (seen from the point of view of
the character, which is in fact photographed
inverted on the film) of the carriage step.

At this moment, pulses from a crystal-
controlled clock are gated out to count down
the contents of the “M’’ register. The fre-
quency of these pulses is such that during
each one the image of the character moves a
distance of half a relative unit on the film.
When the contents of the “M” register reach
zero the flash tube is fired and the character
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exposed on the film; its position has been
determined only by its width and the widths
of the characters preceding it in the line, and
is thus typographically correct.

This method of character positioning,
which reduces as far as possible the interven-
tion in the process of pieces of machinery
which have to start and stop abruptly, is
capable of much higher repetition rates than
the escape-and-flash mechanism of the 540.
By restricting the character content of a 713
drum and repeating common characters on it
so that they can be flashed more than once in
each drum revolution, production speeds on
normal text setting of ¢ greater than 10°
characters an hour can be reached.

The Photon-Lumitype family of moving
matrix machines seem to have pushed
the technique of direct photography on to
film from a photographically prepared matrix
as far as it will go in terms of speed con-
sistent with the large repertoire of characters
which printers demand, and with the excel-
lent typographical quality which has always
been the primary objective in the machines’
development. What little is published on
other organizations’ current research efforts
suggests that a great deal of work is being
done on machines which use cathode-ray
tube display devices; but it must be said
that none of the machines of this sort, in
production or announced, have yet achieved
standards of typography that even approach
those of the Photon-Lumitype family. It is
only with good typography that true legibil-
ity, the transmission of the author’s
thoughts to the reader’s mind without the
obtrusion of the printed word itself, can be
achieved.

Our Next Issue

THE April issue of Wireless World, which
will be current during the London Audio
-Fair, will contain several features of interest
to people concerned with sound reproduction:
Microphone Survey: a tabular presentation
of performance data of microphones avail-
able in the U.K., enabling comparisons to be
made easily between the different types and
makes. There will also be a technical review
of recent developments in microphone design.
Better Detection: an article pointing out
that the detector in receivers doesn’t get the
_attention it deserves, and presenting a new
type of circuit using digital techniques and
integrated circuits.
High-Quality Monitoring Loudspeaker:
the second part of H. D. Harwood’s article on
the latest B.B.C. design is concerned with
bass equalization, the cabinet, and the mid-
range and high-frequency units.

For constructors there will be a practical
design for a Wide-Range R.F. Signal
Generator. It covers the range 150 kHz to
120 MHz in six bands. Wireless World April
issue will be on sale on Monday 18th March.
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The South Africa-Europe

Submarine cable

A NEW 3-MHz cable is to be laid linking
South Africa and Europe, a distance of some
6,000 nautical miles. This cable, which is of
joint G.P.0./S.T.C. design, will start at Cape
Town and will “land” at Ascension, Cape
Verde and the Canary Islands where it will
link with a recently laid cable to Cadiz on the
Spanish mainland. It will carry 360 indepen-
dent two-way telephone conversations simul-
taneously.

In all therefore, 720 channels are required
360 for each direction. This is achieved by
using separate 1-MHz wide bands of frequen-
cies; 312-1428 kHz for one direction and
1848-2964 kHz in the other. Each band
accommodates 360 channels 3 kHz wide.
Grougs of channels are assembled into blocks,
each block being ““stacked” side by side in the
transmission spectra. This technique allows a
particular block of channels to be selected at
some intermediate point for transmission
down a branch cable.

Groups of sixteen channels form the start-
ing point for the translation. A separate carrier
is applied to each of the sixteen channels in
each group so that by choosing the appropriate
sideband resulting from each modulation
process 224 translated groups of 16 channels
reappear each spanning the range 60-108
kHz. The 224 groups, so obtained, are again
split up into 44 further groups each of these
undergoing a similar translation process to
place them in the band 312-552 kHz. A further
carrier is applied to bring the combined signal
into either the 312-1428 kHz for one direction
of transmission or 1848-2964 kHz for the
reverse direction.

The cable to be used is being manufactured
at Southampton by Standard Telephones and
Cables Ltd. The centre core consists of 41
strands of high tensile steel wire twisted
together, providing the cable’s strength.
Keyed to this is a tube of copper which forms
the inner conductor. The overall diameter is
maintained within very fine dimensional
tolerances. High molecular weight polythene is
used for the dielectric and is extruded round
the inner core. The outer conductor is next
formed by folding a copper tape round the
cable in a tubing mill, the cable being com-
pleted by the application of a further plastic
sheath. In shallow water the cable is protected
by heavy armouring to prevent damage by
ships’ anchors, etc.

Every 94 miles a repeater amplifier is
insérted into the cable to compensate for cable
losses. These amplifiers utilize a system of
high- and low-pass filters to enable amplifica-
tidn to take place in both directions. Power

for all the repeater amplifiers is fed down the
same coaxial cable as the signal and in practice
power will be fed from both ends of the cable
simultaneously, a positive voltage from one
end and a negative one from the other. This
prevents the repeater from having to with-
stand the very high voltages that would be
necessary if the cable was fed from one end
only. Two amplifiers are used in parallel each
one being able to take over in the event of the
other one failing. If a valve heater goes open
circuit a fusible element shorts out the heater
chain for that amplifier maintaining the d.c.
path.

It is essential in such a system that the gain/
frequency curve of the amplifier must exactly
match the loss/frequency characteristic of the
preceding length of cable. If at some given fre-
quency this was notsothe resultant error would
be amplified in each successive repeater render-
ing the system useless, the signal either falling
into the noise or driving the amplifiers into
overload. It is the task of the equalizer together
with heavy frequency selective negative feed-
back to match these two characteristics. Inadd-
ition to the individual equalizers fitted in the

- repeaters the cablelengthsin between cepeaters

are carefully selected to provide optimum re-
sponse. Even so with a system of this size and
complexity errors are bound to creep in, so,
after a certain number of repeaters, typically
ten, a demountable equalizer is fitted to the
cable. This is divided into two sections, a fixed
section and a “variable” section. The cable
section and repeaters between two demount-
able equalizers are known as an ocean block.

As an ocean block is being laid continuous
measurements are carried out from the cable
ship. These would be taken at several carefully
selected spot frequencies in the pass band and
include a detailed ‘fine grain” response
measurement. These measurements, taken to
very small fractions of a dB, have to be com-
pleted by the time about half the ocean block
is laid. The response of the unlaid section
being predicted in the light of results so far
obtained. The circuit of the “variable” section
of the equalizer is now designed, built and
tested. Itisfittedinto the demountable repeater,
the repeater is sealed and a cable joint made.
All this is carried out under shipboard condi-
tions to a very high order of accuracy. The
repeaters and cable for this 3-MHz equipment
is manufactured under clinical conditions.

A 5-MHz transistor repeater cable system is
now in production and the G.P.O. is carrying
out development work on a 12-MHz transistor
system that will carry in excess of 1000
channels.’
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Smaller D.C. Converters and Inverters

Operating Frequencies up to 50 MHz

by J. R. Nowicki,*M.1.E.R.E., M.1.E.E.E.

With silicon planar transistors, it is possible to design d.c. con-
verters and inverters that will operate at high switching
frequencies—typically 20-50 MHz—allowing small and light out-
put transformers to be used. Supplies between 40 V and 400 V,
or higher voltages for cathode-ray and other tubes, are feasible
by this technique.

P ORTABLE and mobile electronic equipment is usually required
to operate from some readily available battery (shown on the left
in Fig. 1) but the supply voltages which are needed for the equip-
ment (on the right) may be from a few volts to several kilovolts.
It is therefore necessary to use some device which will éonvert
the available voltage to the required value. Such a device, in this
case a d.c. converter or inverter, is shown in the middle.

The recent introduction of silicon planar transistors has made it
possible to design d.c. inverters and converters with switching
frequencies between 20 and 50 kHz. The high switching frequency
greatly reduces the size and weight of the output transformer and
therefore reduces the overall size and weight of the equipment.
The main application is for d.c. supplies for airborne and mobile
equipment where either 12 or 24 V batteries are available. The
output voltages required may be anything between 40 and 400 V
or even higher voltages, as, for example, in the d.c. supplies for
cathode-ray tubes, geiger counters, and image converters.

TRANSISTOR RATING

Because of the inductive nature of the collector load, the collector
voltage of the transistor during the switch off period may rise
appreciably before the collector current has decreased much from
its maximum value. Therefore, before commencing a design, it is
necessary to consider the breakdown voltage of the transistor at
high currents.

When the normal collector current collector voltage characteris-
tics of the transistor shown in Fig. 2 are plotted beyond the pub-
lished limits the curves shown in Fig. 3 are obtained. At higher
collector voltages, around ¥V, there is a rapid increase in the col-
lector current due to avalanche multiplication in the collector
depletion layer. The level at which the collector breakdown
occurs depends on the base drive conditions. Under forward
base bias conditions, the collector breakdown voltage becomes
lower as the base current increases.

The reverse base bias very much improves the collector break-
down voltage at low collector currents. At high collector currents
the breakdown voltages are very much the same. It may be seen
from the curves that, although the reverse base bias very much
improves the collector breakdown voltage, the collector voltage
curves exhibit the negative resistance characteristics. This,
combined with the very fast switching times obtained with silicon
planar transistors, may lead to a secondary breakdown. Therefore
power transistors which are intended for use with inductive loads
require a high energy capability before secondary breakdown
occurs in the transistor when operated with reverse bias.

* Mullard Lid.
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Fig. 4 shows a typical circuit of a transistor working into an
inductive load. Such a condition is found in an inverter circuit.
The transistor is driven by a feedback voltage derived from the
collector winding, which is equivalent to a low impedance generator.
If the base bias is reversed suddenly when a high collector current
is flowing, permanent damage may occur in the transistor. The
damage usually appears in the form of a collector-to-emitter
short-circuit. )

If the path taken by the operating point of the tramsistor is
considered as shown in Fig. 5, it will be seen that, for normal
loading, most of the collector current will be due to normal
loading, R, shown as the continuous line. The resistive load
current will normally decrease to zero by the time the collector
voltage rises to V., and the voltage across the load will then be
ero.

For low loading conditions, however, most of the collector
current will be due to magnetizing current, so that the path taken
by the operating point will be that as shown by the broken line.
The problem is even worse under no-load or an open-circuit load
condition, as shown in Fig. 6. The current through the inductance
cannot change instantaneously and remains very nearly at its
maximum value while the voltage rises to twice the supply value.

If the supply voltage is too high then the operating point during
switch-off may intersect the breakdown characteristic before twice
the supply value is reached. ) )
The transistor becomes a low impedance, and tl¢ switch-off .ime
is governed mainly by the inductive time-constant. The transistor
remains in a high dissipation region for a comparatively long time
and may be destroyed. Therefore the choice of the supply-volt-
age is very important.

INVERTER AND CONVERTER TYPES

There are many possible circuits in which transistors may be
used to convert voltages from one value to another. All transistor
circuits, however, are either ringing choke or transformer coupled
arrangements

D.C. converters are circuits which convert a d.c. voltage of one

value to a d.c. voltage of a different value. Ringing-choke circuits,
being followed by a rectified output, are all classed as d.c. conver-
ters. Transformer-coupled circuits, however, are basically d.c.
to a.c. inverters.” An a.c. output voltage, whether it is sine-wave
or square-wave, is often used. The transformer-coupled circuits
become converters only if they are followed by a stage of rectification
before the output is applied to a load.
Ringing Choke Converter—The simplest of the transistor
d.c. converter circuits is one using a ringing choke principle! shown
in Fig. 7. In this circuit the energy is stored in the transformer
during the *“ on ” period of the transistor and is then delivered to
the output during the ““ off ” period.

During the input stroke of the cycle the transistor is bottomed
and a linearly rising current flows in the primary winding according
to the expression V.. = L—glt . The collector current rises until
it reaches its maximum value of 4.zI;. The transistor then comes
out of bottoming and the collector voltage rises, lowering the
primary voltage, thus producing a fall in the base current and
switching the transistor off. At this point, the inductance of the
transformer primary contains stored energy equal to 3L ,[.,>2

During the output stroke, when the transistor is cut off, the
reverse voltage rises rapidly until the secondary voltage reaches the
value V. This is the voltage developed across the capacitor C
during the previous cycle of operation. At this point the diode D,
starts to conduct and delivers the stored energy to the capacitor C
and the load. When the secondary current has decayed to zero,
the reverse voltage developed across the base emitter junction
disappears and the transistor switches on again.

Push-pull Transformer-Coupled Inverters—All push-pull
inverters are basically transformer-coupled circuits. For high
efficiency, square wave oscillating systems are used of which
there are three well known configurations: (a) common base,
(b) common emitter and (c) commeon collector. Since the common-
emitter arrangement is most efficient and most commonly used,
the discassion will be limited to various forms of this type of
circuit. The basic principles, nevertheless apply to all three.
The conventional single-transformer d.c. inverter is shown in
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cc Fig. 9. Two-transformer inverter.
One transformer controls switching
while the other provides the correct
voltage to the load.
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Fig. 10. Collector current for (a) single saturating transformer circuit, (b) two-
transformer circuit.

Vec  Fig. 11. Inverter with timing
provided by CR arrangement
in place of saturable trans-
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Fig. 1.2. Voltage and current waveforms in the inverter with CR timing.

Fig. 13. (a) Equivalent base circuit of Fig. 11, and (b} its simplified version.
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Fig. 82. The transformer can either be of a non-saturable rype, or
of a saturable type. In the case of the non-saturable transformer
circuit, a considerable variation of frequency with load will be
experienced and the transformer size required to handle the same
power will be three to four times as big as one using a saturable
transformer. The circuit with single non-saturable transformer
is therefore regarded as not suitable for practical purposes.

The inverter with a saturable transformer, although widely used,
suffers from three main disadvantages: (a) the design is affected
by spreads in transistor characteristics because the peak collector
current is determined by the gain and the base-emitter voltage;
(b) for a given power delivered to the load, the ratio of the peak
current to the load current is high; and (c) the transformer uses
large amounts of an expensive core material.

If frequency is not important or a d.c. output is required, some
of the disadvantages may be overcome by operating at frequencies
in the range of 20 to 50kHz, for which silicon planar transistors
are most suitable.

In this single-transformer circuit, the transformer performs
two separate functions. First, it acts as the frequency control
device and, by saturation, governs the drive to the bases of the
transistors. Secondly, it acts as the output transformer and handles
the power from the collector to the load.

Further improvements in operation can be obtained by using a
two-transformer circuit®. The two functions then are separated

- and handled by separate transformers, each designed for its own

purpose. This circuit is shown in Fig. 9. A small saturabl: trans-
former T, is used to control the switching, and a larger output
type of transformer, T,, working linearly, is used to provide the
correct voltage to the load R;.

This circuit is very much less dependent on the transistor
characteristics and therefore will provide at least twice the power
obtained with single-saturable transformer circuits. Provided that
the transformer T, is designed to reach only a small magnetizing
current during the time determined by saturation of the trans-
former T, then the total collector current will be small even
under no-load conditions.

The collector currents for the two circuits, for no-load and
full-load conditions, are shown in Fig. 10.

It will be seen that in the case of a single saturable transformer
circuit the peak collector current I.,, depends on the drive con-
ditions and is always Ay; Iz, whereas, in the case of the two-
transformer circuits, the peak collector current, I,,, depends on
the actual load conditions.

These circuits are shown in their basic forms only. In order to
make them oscillate it is necessary to provide sufficient forward
bias to make the loop gain equal to or greater than one.

Although the two-transformer inverter circuit could be used at
frequencies of 20 to 50kHz, it is more suited for lower frequencies,
below 5kHz. To take full advantage of high frequencies a more
elegant and more economical circuit is shown in Fig. 11.4 Here the
saturable transformer of the previous circuit is replaced by a
capacitor C which, in conjunction with one of the base starting
resistors R, or R, provides the required timing. The transformer
T, again is working linearly, so that the peak collector current is
independent of the drive conditions and is small for no load.

The new circuit is probably one of the best arrangements known
to date which can be operated at frequencies well above 50kHz

Silicon planar transistors with fast switching times lend them-
selves to high-frequency inverter applications. These transistors,
when used in the inverter circuit with CR timing, provide one of
the simplest and most economical arrangements.

With planar transistors, additional components are necessary
to make the basic circuit of Fig. 11 work reliably. This, however,
does not invalidate the above statement. The circuit will provide
maximum output power using planar transistors, accepting their
full production spreads when designed for operation with the same
supply voltage, and at the same time be equally efficient.

The operation of the circuit is discussed next, and two practical
examples are given.

Circuit Operation.—In the basic circuit shown in Fig. 11 it is
assumed that transistor 77, is cut off and transistor 77, is on,
and that the capacitor C is charged. The base current of the
transistor Tr,, which is approximately equal to the discharging
current of the capacitor C, will decrease exponentially until it will
no longer support the collector load current. At this stage, the
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Fig. 14. Circuit of 13-watt fiuorescent iamp inverter.

collector current will start to fall, causing the polarities of the
voltages developed across the transformer windings to reverse.
This will switch transistor Tr, rapidly on and the transistor Tr,
off. The timing is thus controlied by the exponential decrease of
the base current. The voltage and current waveforms are shown in
Fig. 12.

Transformer Design.—The transformer is designed around the
value of the inductance required for each half of the primary
winding for a given magnetizing current. The value of the induc-
tance is given by

e
Iy
where V. is the supply voltage, V  g,r is the collector-to-

emitter saturation voltage, I,, is the peak magnetizing current, and
t, is the time of half a cycle.

To minimize losses, Ferroxcube cup cores are used. The cores

offer higher values of inductance for a given number of turns than
may be achieved with E-cores, resulting in lower copper loss and
higher overall efficiency. Since the efficiency of the transformer
depends on the value of the magnetizing current, the copper loss
and the core loss, the transformer is designed using the thickest
wire gauge possible and the lowest magnetizing current for mini-
mum total loss. ‘

The number of turns for each balf of the primary winding is
found from '

Ny=a/L .. .. oo e @

where « is the number of turns for 1mH for a given size of core, and
L is the inductance in mH.
The number of turns needed for the secondary winding will

depend on the output voltage required, and can be found from

|4
N,=N % .. .. .. .. .. 3
) Vee—Ve) @)

It remains now to find the feedback voltage required for satis-
factory operation and the number of turns for the feedback winding.
The equations required for the design* can be found with reference
to the base equivalent circuit shown in Fig. 13, but first the mini-
mum base cufrent, I required to support the peak collector
current, I.,,, is

I

—eM
Ig—hFE . .. .- .. R )
L, (min)—TI,+ 2Rt Vs N C)
R,
If R, is made equal to R,, which is usually the case, then
_ R,R,7, Vo R,
Vi=% Lipnt+Limin, [R2+ R2+R¢;:1+R2+Ro .. 8

and the number of turns for the feedback winding

Vs

N,=N,——
" ee—Vepsan

9

The value of the timing capacitor, taking into account the ex-
ponential decay, is given by

1

C=

(10)
3.2 fRz[H—

R, ]
R,+R,
Circuit Modifications for Silicon Planar Transistors.—
There are, however, two basic limitations of silicon planar tran-
sistors. These are (i) a lower energy capability in the avalanche
region and (ii) a lower base-emitter reverse voltage rating.

The energy dissipation in the avalanche will be dealt with first.
It calls for the reduction of the energy available at the time of
switch-off of the collector current, especially due to the leakage
inductance of the transformer. This is brought about by designing
a transformer with low voltage inductance achieved by (a) bifilar
winding of the primaries, (b) using the highest possible frequency
so that the inductance required for the primary for certain magnet-
izing currents is low, (c) reduction of the number of turns and the
length of wire.

A compromise is necessary in choosing the value of the magnet-
izing current because it will  affect the overall efficiency of the
circuit. ‘The minimum number of turns has already been assured
by using Ferroxcube transformer cup cores.

It has been proved that the energy capability of planar transistors
is higher under forward-bias than it is under reverse-bias con-
ditions. The 1everse-bias condition should therefore be avoided
as the damage to a transistor in the low-resistance region is more

R
%2 .Io

Fig. 15. Circuit of d.c. to d.c. converter capable of +24V £10%
delivering 60W of output power from a 24V supply.
C
sz =
40V r r470n
TI’|
BDI23
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likely to occur when the base-emitter voltage is high. The reverse
base-emitter voltage could be limited by a shunt diode placed
across the base-emitter junction. The diode, however, would not
eliminate the reverse base current. Series diodes are therefore
used in each transistor base lead together with the shunt resistor
to provide a path for leakage current.

It must be noted that diodes used for this purpose must be as
fast as the transistors if they are to have any effect on the operation
of the circuit. They must be fast recovery types.

Because of energy return to the supply due to inductive nature
of the load, especially when the inverter is lightly loaded, it is
necessary to decouple the supply by connecting a large valve of
electrolytic capacitor close to the transistors to avoid long lead
lengths which introduce appreciable inductance at high frequencies.
Because of the fast switching times, additional paper capacitors
may be needed to bypass the high-frequency current.

Practical Circuits—The benefit of the planar transistors,
apart from the small size and reduction of weight resulting from high
frequency operation, is also realized in the elimination of audible
noise.

Two circuits which illustrate these advantages are an inverter
for fluorescent lamps shown in Fig. 14 and a d.c. to d.c. converter
shown in Fig. 15.

The inverter circuit for 13W fluorescent lamps operates from a
nominal 12V battery. The output transformer, in addition to the
secondary winding, has the two heater windings required for the
lamp. A choke ballast L is used to limit the lamp current. The
frequency of operation is approximately 25kHz.

The d.c. to d.c. converter is capable of delivering 60W of output
power from a 24V d.c. supply. The same comment applies to the
rectifiers used for the bridge circuit; they must be a fast recovery
type. The recovery time of the rectifiers must be approximately
equal to the switching times of the transistors, otherwise the
efficiency will be reduced and the operation of the circuit may be
affected.

TRANSFORMER DETAILS

Fluorescent Lamp Inverter

Core Ferroxcube FX2242

Bobbin .. DT180

Primary wmdmg, » 12+ 12 turns, 23 s.w.g enamel
copper wire

228 turns 32 s.w.g enamel copper wire
10 turns 30 s.w.g enamel copper wire
9 turns each, 30 s.w.g enamel copper

Secondary winding, N,
Feedback winding, N,
Heater windings, N,

wire

Choke Core Ferroxcube FX2240 with 0.09mm gap

Bobbin DT2179

Winding 164 turns enamel copper wire

60W D.C. to D.C. Converter

Core Ferroxcube FX2243.

Bobbin .. DT2206

Primary winding, N, 12 412 turns, 21 s.w.g. enamel
copper wire

68 turns, 28 s.w.g. enamel copper wire

Secondary winding, N, 3
11 turns, 26 s.w.g. enamel copper wire

Feedback winding, N;

REFERENCES

1. “ Transistor D.C. Converter ”, by H. Light and P. M. Hooker.
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2. “The Design of Transistor Push-Pull D.C. Converters ”,
by W. L. Stephenson et al. Electronic Engineering, Vol. 31, No. 380,
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H.F. Predictions—March

Maximum usable frequency curves are based on a predicted value for the
Ionospheric Index (IF2) of 130. This is much lower than the corresponding
period of the last cycle which reached a maximum of 208 in December 1958.
Daytime peaks continue around 30 MHz but these will diminish over the next
few months as summer conditions approach.

Although Sporadic-E may be evident on all routes between 10.00 and
18.00 G.M.T., it is unlikely to affect circuit operation.

The curves for the lowest usable frequencies were drawn by Cable &
Wireless Ltd. for reception in the U.K. of point-to-point telegraph circuits
using several kilowatts of power and rhombic aerials. Curves for domestic
reception of high-power broadcasts would be similar.
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Public Address Exhibition

THE annual exhibition of public address equipment organized by the
Association of Public Address Engineers will again be held at the King’s
Head Hotel, Harrow, Middx., but will, this year, run for three days—March
12th to 14th. Some 40 exhibitors will be participating in the show which will
be open daily from 10.00 to 18.30. The theme is outdoor p.a. and there will be
a “working display” of microphones and also a display of loudspeakers for
outdoor use.

Admission will be by ticket obtainable free from the headquarters of the
Association, 394 Northolt Rd, South Harrow, Middx.

Wireless World, March 1968



Forthcoming Events

Further details are the

addresses in parenthesis

obtainable from

LONDON
Apr.8&9
Thick Film Technology
(LE.R.E., 9 Bedford Sq., London W.C.1)

Apr. 18-21
Audio Festival & Fair
(Rex Hassan, 42 Manchester Sq., London W.1)

Apr. 22-24
Interference Problems and Microwave Communications Systems
(L.LE.E., Savov Pl., London, W.C.2)

May 13-18
Instruments, Electronics and Automation Exhibition
(Industrial Exhibitions, 9 Argyll St., London W.1)

May 14-16
Automation for Productivity
(LE.E., Savoy Pl., London W.C.2)

May 20-25
Communication-Satellite Earth Stations
(R.E.G. Back, P.O. Engineering Dept., W82, 207 Old St., London E.C.1)

July 29-Aug. 2

Ship’s Gear International Exhibition
{Municipal and Industrial Exhibitions, 3 Clements Inn, London W.C.2)

Imperial College

Hotel Russell

LE.E. Savoy PL
Olynipia

L.E.E., Savoy Pl
Royal Lanc;lster Hotel

Olympia

Sept. 9-12 Queen Mary College, E.1
Elementary Particles
(1.P.P.S., 47 Belgrave Sq., London S.W.1)

Sept. 9-13 Grosvenor House Hotel

International Broadcasting Convention
(IB.C., c/o LE.E., Savoy Pl., London W.C.2)

Sept. 30-Oct. 2
Tropospheric Wave Progagation
(L.E.E., Savoy PL, London W.C.2)
Oct. 2-5
R.S.G.B. Radio Communications Exhibition
(P. Thorogood, 6 Museum Hse., Museum St., London W.C.2)

L.E.E. Savoy PL

R.H.S. New Hall

BELFAST
Apr. 1-3
Heavy Particle Collisions .
(L.P.P.S., 47 Belgrave Sq., London $.W.1)

Queen’s University

BIRMINGHAM

Sept. 16-20
Machine Tool Design and Research Conference
(Dept. of Mechanical Engineer, The University, P.O. Box 363, Edgbaston,
Birmingham 15)

The University

BRIGHTON

Oct. 8-10
National Electronics Packaging Conference & Exhibition
(Gordon Savill Exhibitions, 21 Victoria Rd., Surbiton, Surrey)

Hotel Metropole

CAMBRIDGE

Sept. 23-27
Electronics Design
(I.E.E., Savoy Pl, London W.C.2)

The University

CARDIFF

Apr.18 & 19
Audio-Visual Aids Conference and Exhibition
(National Committee for Audio & Visual Aids in Education, 33 Queen Anne St,
London W.1)

Cathays Park

DURHAM

Apr.2&3
Semimetals and Narrow Gap Semiconductors
(I.P.P.S., 47 Belgraye Sq., London S.W.1)

The University
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EDINBURGH

Aug. 5-10
LF.LP. Data Processing Congress & Exhibition
(LF.LP. Congress, 23 Dorest Sq., London N.W.1)

The University

FARNBOROUGH

Sept. 16-22

Electronics and Air Show
(S.B.A.C., 29 King St., St. James’s, London S$.W.1)

R.AE.

HARWELL

May 9 & 10
Low Energy Electron Diffraction
(LP.P.S., 47 Belgrave Sq., London S.W.1)

LOUGHBOROUGH

Apr. 16-19
Modular Education for Industry
(LE.E.T.E. Ltd., 26 Bloomsbury Sq., London W.C.1)

A.ERE.

University of Technology

MANCHESTER

Sept. 3-6
Solid State Devices
(LP.P.S., 47 Belgrave Sq., London S.W.1)
Sept. 24-28
Electronics, Instruments, Control and Components Exhibition
(Inst. of Electronics, 78 Shaw Rd., Rochdale, Lancs.)
Nov. 4-6
Electronic Instruments Exhibition
(Industrial Exhibitions, 9 Argyll St., London W.1)

Inst. of Science and Technology

Belle Vue

Hotel Piccadilly

NOTTINGHAM

Sept. 11-13
Physical Aspects of Noise in Electronic Devices
(LP.P.S., 47 Belgrave Sq., London S.W.1)

The University

OXFORD

Apr. 1-4
 Properties and Metrology of Surfaces
(Inst. of Mechanical Engineers, 1 Birdcage Walk, London S.W.})

Playhouse Theatre

SWANSEA

July 15-18
Electrical Contact Phenomena
(LP.P.S. 47 Belgrave Sq., London S.W.1)

University College

WARWICK

Aug. 2931
AC Properties of Superconductors and their Applications
(LP.P.S., 47 Belgrave Sq., London S.W.1)

OVERSEAS

Apr. 1-6 Paris
Components Exhibition & Colloquium also Electroacoustic Exhibition
(Fédération Nationale des Industries Electroniques, 16 rue de Presles, Paris 15¢)

The University

Apr. 9-11 Houston
Telemetering Conference
(R.H.D. Hardy, Serck Controls, Queensway, Leamington Spa, Warwick)

Apr. 22-24 Atlantic City

Frequency Control Symposmm
(Mr. F. Timm, Electronic Components Lab., U.S. Army Electronics Cmnd.,
Fort Monmouth, N.J.)

May 8-10 Washington
El ic Comp ts Conference
} (LE.E.E., 345 E. 47th St., New York, N.Y. 10017)
. May 14-17 Miami
tum Electronics Conference
(W.W. Rigrod, Bell Telephone Labs., Murray Hill, N.]J.)
May 20-22 Detroit

International Microwave Symposium

(Dr. G. 1. Haddad, Electrical Engineering Dept.
Ann Arbor, Michigan 48104)

June 10*14\'

British Engineering Exhibition

(S. Black, London Chamber of Commerce, 69 Cannon St., London E.C.4)
June 12-14

Conference on Communication

(LE.E. E., 345 E. 47th St., New York, N.Y. 10017)

June 17-19
Microelectronics Symposmm
(LE.E.E., 345 E. 47th St., New York, N.Y. 10017)

June 20-22 h
Optimal Systems Planning
(Prof. T. ). Williams, Laboratory for Applied Industrial Control
University, Lafayette, Indiana 47907)

University of Michigan,

Copenhagen

Philadelphia

St. Louis

Cleveland

Purdue
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March Meetings

Tickets are required for some meetings: readers are advised, therefore,
to communicate with the society concerned.

LONDON

4th. LE.E.-~—Colloquium on “Pulsed code modula-
tion” at 10.00 at Savoy Pl., W.C.2.

5th. LEE. & LE.R.E.—Caolloquium on “Large scale
integration” at 10.00 at Savoy Pl, W.C.2.

6th. BK.S.T.S.—*“A new loudness analyser” by H.
Bldsser at 19.30 at the Royal Overseas League, Park PL,
St. James’s St., S.W.1.

7th. Inst. Electronics.—‘Reed switches and their
applications” by B. F. Pamplin at 18.45 at the London
School of Hygiene & Tropical Medicine, Keppel St.,
W.C.1.

7th. R.T.S.—Discussion on “Cost versus quality in
television receiver design” at 19.00 at the 1.T.A,, 70
Brompton Rd., S.W.3.

8th. I.LE.E.—"British contributions to telecommuni-
cation” by R. J. Halsey at 17.30 at Savoy P1,, W.C.2.

11th. I.Mech.E. & L.E.E.—Discussion on ““Roll stabi-
lisation and auto pilots in marine engineering applica-
tion” at 18.00 at 1 Birdcage Walk, S.W.1.

12th. Radar & Electronics Assoc.—*The influence of
integrated circuits on equipment design” by K. H.
Brinkman at 19.00 Mullard House, Torrington Pl
W.C.1.

12th. S.E.R.T—*Colour television receiver de-
sign—current and future trends” by P. Mothersole at
19.00 at the London School of Hygiene and Tropical
Medicine, Keppel St., W.C.1.

14th. LE.R.E.—*“Engineers must manage or be
managed” by H. R. Sykes at 18.00 at 9 Bedford Sq.,
w.Cl.

18th. LE.E.-—Colloquium on ‘“Threshold extension
techniques” at 10.00 at Savoy Pl, W.C.2.

18th. LE.R.E.—*“Control: past, present and future”
by Prof. H. H. Rosenbrock at 18.00 at the London
School of Hygiene, Keppel St., W.C.1.

19th. LEE. & IMech.E—Colloquium on “En-
gineering aspects of satellite design” at 10.30 at Savoy
PL, W.C.2.

19th. LERE.—“Integrated circuits for radio
receivers” by W. D. Benson and B. Buckingham at 18.00
at the London School of Hygiene, Keppet St., W.C.1.

20th. LEE.—*Satellite communications” by W. J.
Quill at 17.30 at Savoy Pl.,, W.C.2.

21st. LE.E—Colloguium on “The role of the com-
puter in device, circuit and equipment design” at 14.30
at Savoy Pl.,, W.C.2.

22nd. R.T.S.—*“Comparison of u.hf. and v.h.f. co-
verage” by R. S. Sandell at 19.00 at the I.T.A,, 70
Brompton Rd., S.W.3. '

22nd. B.K.S.T.S.—*An electron-beam television film
recorder’” by John W. Overton at 19.30 at the Royal
Overseas League, Park Pl, St. James’s St., S.W.1.

25th. LE.E. & I.Mech.E.—Discussion on “Fluidics
and integrated circuits” at 17.30 at Savoy P1., W.C.2.

27th. LE.E.—“Waves in semiconductors—possibili-
ties for new solid state devices” by Prof. G. Kino at
17.30 at Savoy P1., W.C.2. .

28th. LE.E.—Discussion on “The engineer in soc-
iety” at 17.30 at Savoy P1., W.C.2.

28th. LE.R.E.—“Cost effectiveness and systems ana-
lysis in defence” by T. H. Kerr at 18.00 at 9 Bedford
Sq., W.C.1.

BANGOR

11th. LE.E—*Training the electrical engineer” by
Prof. Emrys Williams at 18.30 at the School of En-
gineering Science, Dean St.

BATH

- 20th. LER.E. & LE.E.—*Microelectronics” by Dr. S.

S. Forte at 19.00 at the Technical College, Avon St.
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BIRMINGHAM

20th. R.T.S.—*“The fully transistorised colour
receiver” by S. C. Jones at 19.00 at the Medical
Institute, Harborne Rd., Edgbaston.

25th. LE.E. Grads.—*“Waveguides” by Prof. E. M.
Barlow at 19.00 at the University of Aston.

27th. S.ER.T.—*Colour television” by B. J. Rogers
at 19.30 at the Electrical Engineering Dept., the Uni-
versity, Edgbaston.

BRISTOL

6th. LER.E. & B.C.S—*“Design of circuits using a
digital computer” by E. Wolfendale at 19.00 at the
University. ‘

12th. R.T.S.—“Colour TV receivers—the PAL de-
coder” by B. J. Rogers at 19.30 at the Reception Rooms
BBC, Whiteladies’ Rd.

13th, S. Inst. Tech.—“Instrumentation of inertial
navigation systems” by Prof. E. B. Pearson at 19.30 at
the Dept. of Physics, the University, Royal Fort.

CAMBOURNE

14th. LE.RE. & R.T.S.—*“Thyristors: modern appli-
cations in control systems” by G. Grimsdell at 19.00 at
the Cornwall Technical College.

CAMBRIDGE
14th. LE.E.—*The early history of radio” by G. M.
Garratt at 20.00 the University Engineering Labs.

CARDIFF

4th. 1LE.RRE. & LEE.—“Integrated circuits” by
R. Smith at 18.00 at the University of Wales Institute of
Science and Technology.

20th. R.T.S.—“Colour receiver design” by G. D.
Barnes at 19.30 at the Llandaff Technical College.

CHELMSFORD

12th. LE.R.E.—*Vision, television, colour television”
by N. N. Parker-Smith at 18.30 at the Technical High
School, Patching Hall Lane.

DERBY

6th. LE.E.—*“Changing patterns in communication”
by J. H. H. Merriman at 18.30 at E.M.E.B. Showrooms,
Irongate.

DUMFRIES
19th. LE.E.—“Radio astronomy” by I. W. Sheffield
at 19.30 at the Kings Arms Hotel.

EDINBURGH

Sth. LE.E. Grads.—“Waveguides” by Prof H. E. M.
Barlow at 18.15 at the Carlton Hotel.

13th. LERE. & LEE—*“Gas lasers” by G. M.
Clark at 19.00 at the Dept., of Natural Philosophy, The
University, Drummond St.

26th. 1.E.E.—*“Medical electronics” by D. W. Hill at
19.00 at Usher Hall.

GLASGOW

14th. LE.R.E. & LE.E—“Gas lasers” by G. M. Clark
at 19.00 at the Inst. of Engineers and Shipbuilders, 39
Elmbank Cres., C.2.

GRIMSBY

19th. 1.E.E.—“Waves, waveguides and radar” by
Prof. P. J. B. Clarricoats at 19.00 at the Yarborough
Hotel.

HUDDERSFIELD

7th. LE.R.E.—“Computer aided design” by J. G.
Davies at 19.00 at the Dept. of Electrical Engineering,
the College of Technology, Queens St.

LEICESTER

6th. LE.R.E.— “Numerical control of machine tools”
by D. Walker at 18.30 in the Physics Dept., the Uni-
versity.

LIVERPOOL

20th. LE.R.E.—*“Educational closed-circuit televi-
sion” by E. T. Blakeman and H. Barrington at 19.00 at
the Regional College of Technology, Byrom St.

27th. LE.E. Grads.—*The design of high-quality
audio amplifiers” by J. Dinsdale at 18.30 at the Uni-
versity.

MALVERN
25th. LE.R.E.—*“An introduction to acoustics” by
F. H. Brittain at 19.00 at the Abbey Ballroom.

MANCHESTER

21st. LE.R.E.—“Microelectronics™ by I. M. Breingan
at 19.15 at Renold Bldg, the University Institute of
Science & Technology, Altrincham St.

MIDDLESBROUGH

26th. S.E.R.T.—“Development of electronic circuits
for industry” by L. English at 19.15 at the Cleveland
Scientific Inst., Corporation Rd.

NEWCASTLE-UPON-TYNE

1st. LE.E—*“Thin film microelectronics” by R. S.
Pinder at 18.30 at the University.

13th. LE.R.E—*“Circuit design using digital com-
puters” by E. Wolfendale at 18.00 at the Inst. of
Mining and Mechanical Engineers, Neville Hall, West-
gate Rd.

20th. S.E.R.T.—*Electronic remote control” by N. S.
Richardson at 1915 at the Charles Trevelyan Technical
College, Maple Terrace.

28th. LE.E—*Medical electronics” by D. W. Hill at
19.30 at the City Hall.

NEWPORT, I.O.W.

1st. LE.R.E.—*“Optical communications using glass
fibres” by Prof. W. A. Gambling at 19.00 at the
Technical College.

PLYMOUTH
6th. R.T.S.—“Fleming Memorial Lecture “The
strange journey from retina to brain” by Dr. R. W. G.
Hunt at 19.30 at the Studios of Westward Television.
14th. LER.E. & R.T.S.—“Thyristors—modern ap-
plications in control systems” by G. Grimsdell at 19.30
at Camborne Technical College.

PORTSMOUTH
13th. LE.R.E.—*High-order idlerless multipliers” by
S. V. Judd at 19.00 at the Highbury Technical College.

READING ‘

12th. LE.R.E.—*“Transistor noise” by Dr. E. A.
Faulkner at 19.00 at the J. J. Thomson Physical Labs.,
the University.

RUGBY
Sth. ILE.E. Grads.—*Laser holography” by J. M.
Burch at 18.15 at the College of Engineering Techno-

logy.

SHEFFIELD
12th. LE.E.—*“Medical electronics” by D. W. Hill at
19.30 at the City Hall.

SHRIVENHAM

12th. LIEEE.TE.—*The laser beam and its applica-
tions” by C. S. Grace and L. G. Penhale at 19.30 at the
Royal Military College of Science.

SOUTHAMPTON

5th. LIERE. & Brit. Assoc—*“Modern methods of
traffic control” by D. G. Hornby at 18.30 at the
Lanchester Theatre, the University.

TENTERBANKS

6th. .LE.R.E.—*“An approach to transistor reliability”
by A. J. Melia at 19.15 at the Stafford College of
Further Education.

WARRINGTON

7th. S.E.R.T.—*Electronics in nuclear power” at
20.00 at the White Hart Hotel, Sankey St.
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Real and Imaginary

By “Vector”

The Parable of the P.B.X.

ONE of the more disturbing facets of the human

mind is its capacity for self-deception; for
maintaining its illusions in the face of contrary
evidence. As an éxample in common experience
consider the telephone, where the mental image
conjured up is that of instant two-way verbal com-
munication. This concept is often nonsense because
it idealizes the circuit and takes no account of the
human interfaces which can exist between the
caller and his destination.

In any organization which is larger than one
man and a boy, what happens? You lift the receiver
and wait, meekly wait and murmur not (Moody
and Sankey) until an imperious queen of your
internal exchange deigns to answer; by which time
your hitherto virgin blotting pad is filled with
doodled fantasies and you have quite forgotten the
pumber you wanted. This does not amuse Her
Highness.

When this little contretemps has been sorted you
settle down to another period of silence while
(assuming you are not on S.T.D.) your queen seeks
to attract the attention of the empress on the G.P.O.
exchange. Two exchanges and three wrong num-
bers later your call is battering at the indicators of
the destination private branch exchange. After
another prescribed period (during which the leaves
on the trees have been known to change from
springtime hues to autumnal tints) an irritated
“Yes?” signifies that you are within a stone’s throw
of success, awaiting only that blood-pressurizing
moment when you are plugged in to a dead exten-
sion line and thereafter abandoned. You can agitate
what is laughingly termed the recall button until
smoke issues from it, and much good may it do
you. ...

DELAYS AT THE INTERFACES

There are various theories to account for these
phenomena. One strong school of thought holds
that you have been inconsiderate enough to require
a call at that critical phase when the girl at the
P.BX. is casting on stitches for a new cardigan;
another visualizes her as immersed in a Yoga-type
trance which has Mick Jagger as its focal point.
Be this as it may (and lady operators will rise as
one cardiganned body to deny that it is) thereis no
disputing that in a typical medium-distance call
the ratio of time delays at the interfaces to those
over the purely electrical part of the circuit can
easily be of the order of 10™:1 or even higher.
And if you are not on S.T.D. then, brother, you are
in even worse trouble.

So much then for the “instantaneous” image.
If only our guesstimators could work out the man-
hours wasted in “trying to get through”, the figures
would be frightening. Hundreds of thousands of
pounds, and possibly millions, wasted per annum.

But I can hear someone objecting that this is a
general condition and has nothing in particular to
do with electronics. Black mark, that boy! It has got
everything to do with electronics; or rather it should
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have—and would have, if we were on our toes.
The trouble with us, I suggest, is that we immerse
ourselves far too much in the business of being
clever at making electrons jump through hoops,
regardless of whether they perform any partic-
ularly useful service in the process. We are not
engaged in pure science; we are in an industry
and an industry can only prosper by providing a
service to the community.

The P.B.X. interface is an admirable case in
point. Whether we are doing the operators an in-
justice or not (and I’m sure we are) is quite beside
the question. The real issue is that here we have
a.system of interconnection which dates back to
Alexander Graham Bell; a situation which cries
out for the application of electronics and automa-
tion while we continue to sit like birds in the wilder-
ness doing nothing about it. We haven’t even got
the excuse that it’s a new problem, because it existed
even in grandad’s day; even if you regard the elec-
tronics industry as dating only from World War II
we’ve still had a quarter of a century in which to
pull something out of the hat. The inescapable
thought is that we’re a lot cleverer at designing
computers, microcircuits and the like than we
are at setting them to work on something really
useful. .

AN INTERIM SOLUTION

One interim solution to the P.B.X. problem—
offered with diffidence because it must have been
doodled on hundreds of blotters by apoplectic
callers—consists in essentials of the installation
of a solenoid under the operator’s chair in such a
manner that, when energized, it causes a pin to
protrude with some degree of violence through a
hole in the seat. The solenoid is connected in
circuit with the recall button contacts on the caller’s
telephone and (fair play, chaps) all users are put
on their honour to refrain from using the recall
device for at least 20 seconds after lifting the re-
ceiver. I should perhaps add that the apparatus
described has not been protected by letters patent;
it is offered without restriction for the common
weal. And if this should catch the eye of those
having authority over us, the C.B.E., or what have
you, should be forwarded in a plain envelope, care
of the Editor.

Seriously though, the P.B.X. problem is merely
a symptom of the general malady that affects the
industry. There are plenty of things begging for an
intelligent application of electronics if only we
could be bothered; road safety for one, which I
mentioned a few issues ago. But no; we continue
to stick to the well-trodden paths of transistor
portables, television sets, record players and so
forth for the consumer market while the capital
goods boys confine their activities to radio com-
munications, with radar representing their farthest
flung frontier. It’s not exactly high adventure, is
it?

I know it’s a sacrilegious thought, but couldn’t

the electronics industry benefit from a pin under
its chair?

TAILPIECE

. If you will pardon the expression, which is not,
I think, inapposite. After the above was written
and (as I fondly imagined) put safely to bed, I
came across a news item in the business section of
The Times for February 2nd which seems to
suggest that the sooner someone inserts a pin
under the seat of British industry the better.

You probably noticed it yourself, but in case
not, it was to the effect that ten chairmen of
various big British companies (including at least
two identifiable with electronics) were setting sail
on a luxury cruise to South Africa. The outward
voyage will have taken 114 days and Old Thun-
derer rather let itself go in its conjectures con-
cerning lavish junketings in project aboard and
dropped divers dark hints as to the mergers which
might arise from the incarceration of ten business
tycoons in one ship for nearly a fortnight. It also
remarked that the basic cost of a suite on this
particular excursion was a mere £2,566. I sup-
pose it was mentioned just in case any of you
other Top Readers might want to rough it for the
summer hols.

Now, the readership of The Times is not, as
Mr. Bumble, the beadle, would say, parochial.
It is obligatory reading at top government
levels all over the world. Let’s suppose some
old acquaintance of yours has bitten your
ear for a fiver on the strength of a hard-luck
story and that same evening you find him whoop-
ing it up with a bunch of the boys in the
malamuk saloon . . . see what I mean? What must
have those foreign government readers thought
on reading The Times report? It seems to me that
all those who have lent this country money or
backed its devaluation policy have every right to
be doing some pretty serious thinking—not to
mention the few typists who set the trend for extra
work without pay and all those who followed
their example to ‘“Back Britain”. For here, accord-
ing to report we have ten captains of industry
absent from their respective helms and indulging
in assorted Bacchanalia when they should be
steering the ship of commerce across the green
fields of Old England (as a politician once said).

There are, of course various ways of looking at
a situation like this. It can be argued (and no
doubt will be) that the money expended on this
fiesta is fiddling and small compared with the
business which may accrue. “May” is, of course,
the operative word here and in any event the
sums involved would pay a tidy few weeks’
salaries of those who are putting in overtime for
nothing. But perhaps chairmen have never heard
of that new-fangled device, the heavier-than-air
machine which gets one to South Africa in hours
and would have taken the whole lot for approxi-
mately the price of one stateroom?

Although it is not implicitly stated in the
report the reader is left with the impression that
the whole enterprise is on an expense-account
basis. This may not be so. We may have eleven
hard-working chairmen taking their annual holi-
days at their private expense and, by a beautiful
coincidence, electing to go to the same country on
the same date and by the same ship. If that is so,
then it is surely nobody’s affair but their own.

Not exactly. For these are public figures and as
such should pay due regard to the corporate
image they project. It was surely a bad piece of
public relations to have travelled in a body in
such apparent ostentation with industry in such
a parlous state as it is at present. It is too
reminiscent of Nero fiddling while Rome was
burning and, regrettably, not nearly so fictional.
Or is the new slogan “I’m backing Britain—over a
precipice’’?

I still think we need pins, not air cushions, for
the boardroom seats.

45



New Products

Electrolytic Capacitors

A NEW series of high value electrolytic capacitors,
in which several new techniques have been used
to increase capacitance, ripple current rating and
working temperature without increasing can size,
has been announced by Mullard. These capacitors,
type 106 and 107, are suitable for use in applica-
tions where small physical size is required. Capaci-
tance has been increased by using deeper etched
foil electrodes of a new material and high
permissible ripple current rating has been
achieved by using a new electrolyte and a new
construction method. In this method of construc-
tion, multiple connections to the anode and
cathode make the capacitor immune to damage by
rapid charge and discharge cycles. Heat is trans-
ferred from the capacitor windings by means of a
metal spring that also holds the winding in
place. A self-sealing vent acts as a safety valve
and prevents pressure building up inside the can.
Compared with Mullard capacitors type C432,
these in the 106/107 series have twice as much
capacitance for a given can size, and at 70°C their
ripple current ratings are three times as high.
The capacitance range extends from 1,500uF
to 0.15 F. Type 106 is for working voltages of
63 V and less, and type 107 for 100 V working.
Mullard Ltd, Mullard House, Torrington Place,
London, W.C.1.
W.W.301 for further details

Multipulser

A COMPATIBLE series of modules forming a
wide-range flexible pulse generator, known as the
multipulser, is the first proprietary instrument to
be developed and produced commercially by Nuc-
lear Measurements. The modules are side-by-side
rack mounted and may be interconnected by
means of front panel connectors to provide a wide
variety of timing and pulse width sequences with
either single or multiple outputs. The three types
of module currently available will provide repeti-
tion rates from 1 Hz to 50 MHz; pulse width and
delay from 20 ns to 200 ms; positive or negative
pulses up to 5 V in amplitude into 502 with a
rise and fall time of 2 ns; 100% duty cycle at all
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repetition rates; and stable burst operation with a
constant input to output delay. The system is d.c.
coupled and all modules have true current
source outputs enabling signals to be easily
mixed at module inputs. Module interconnecting
logic levels for a zero and a one are nominally 0
and —16 mA, respectively (0 mV and 800 mV
into 50 £2 ). A standard 19-inch rack or bench crate
will house up to six modules, the power supply
connections being made up by a rear connector.
Nuclear Measurements, Dalroad Industrial Es-
tate, Dallow Road, Luton, Bedfordshire.

W.W. 302 for further details

Helical Potentiometers

EXTENSIONS to their range of helical poten-
tiometers have been announced by Reliance Con-
trols Ltd, of Swindon. A five-turn version of the
standard ten-turn helical potentiometer known as
Type HEL 05-BOS retains all the advantages of
the ten-turn unit including an end torque in
excess of 100 ounce inches (7,200 gm cm). This
has been achieved by incorporating the end stop
mechanism as an integral part of the spindle and
not relying upon the impact of the wiper upon a
stop. Resistance values of up to 50 k 2 are
available with a standard linearity of + 1% or
better to + 0.25% if required. With a body
diameter of 0.5 inches this unit is suitable for the
designer who has space problems. A three-turn
version of the Reliance HEL 07-05 and HEL
07-10 helical potentiometers is now available.
Designated the HEL 07-03 this potentiometer has
a diameter of 0.770 inches and a length of only
1.625 inches. This new version offers a resistance
range of 25 £2 to 45 k £ The standard resistance
tolerance is * 5% with a linearity of + 1% or
better if required. Reliance Controls Ltd, Drakes
Way, Swindon, Wiltshire.

W.W. 303 for further details

Bone Conduction
Headset

A LIGHTWEIGHT headset has been introduced
that has been designed for use in applications
where normal conversation is required in addi-
tion to communication with the equipment to
which the headset is connected. The bone trans-
ducer microphone is of the variable reluctance
type with an essentially inductive impedance of
300 £ at 1 kHz. It has an open-circuit output of
400uV peak at normal conversation levels. The
transducer should be terminated in a load imped-
ance of 600 £2 for optimum performance over the
telphony frequency band of 300 Hz — 3 kHz. The
loudspeaker is of conventional construction and
can be supplied with impedances of 30, 120, 150

or 600 £ and requires a maximum drive power of
35 mW. The headset may be worn under a variety
of protective helmets. It is comfortable and weighs
only 144 grammes. Spembley Electronics, Enham
Arch, Newbury Road, Andover, Hants.

W.W. 304 for further details

Group Delay
Measuring Equipment

AN instrument is now available from STC for
assessing the suitability of circuits for data trans-
mission. Known as the 74257 Group Delay
Measuring Equipment, the instrument may be
used on audio, broadcast, and multicircuit tele-
phone systems. The test signal may be obtained
either from an internal oscillator covering the
range 200 Hz—29.99 kHz, or from an external
oscillator with a frequency range of 200 Hz to
120 kHz. A feature of the instrument is that both
the delay time measurement and the internal
oscillator frequency are displayed in digital form
by cold cathode indicator tubes. The frequency of
the internal oscillator is set by four switches
which operate the display directly. Loop measure-

ments can be made on either a relative or an
absolute basis, and end-to-end measurements may
be made by using two equipments which can be
many miles apart. The group delay measuring
range is 0 + 20 milliseconds in 0.01 ms steps. The
instrument is portable and uses solid state cir-
Cuits operating from a.c. mains. Its dimensions are
225 x 93 x 16 in (565 x 241 x 406 mm) and its
weight is 601b (27.3 kg). Standard Telephones and
Cables Ltd, Testing Apparatus and Special Sys-
tems Division, Corporation Road, Newport.

‘W.W. 305 for further details

H.F. Receiver

BY eliminating the r.f. stage, and the overloading
and noise associated with it, Granger Associates
in their Model 351 h.f. communications receiver
have made possible a dynamic range as wide as
100 dB, an intermodulation distortion figure of
better than 40 dB and an image rejection of better
than 100 dB. The r.f. end is a single pre-selection
tuned circuit followed immediately by an fe.t.
mixer which, with a v.hf local oscillator,
provides up-conversion and places the image
130 MHz above the received frequency. The
noise figure is 10 dB. Following the first mixer is a
65 MHz crystal filter and i.f. stage and a second
f.e.t. mixer.

The receiver provides eight crystal-controlled
channels in a frequency range of 1.65 to 40 MHz.
Additional frequency coverage from 200 to
500 kHz is possible by substituting an optional
set of coils for the standard ones fitted. Possible
modes of reception, selected by a four-position
switch are: upper sideband, lower sideband, a.m.
and c.w. In addition, f.s.k. and i.s.b. reception can
be provided by adaptors.

Two crystal-controlled local oscillators—the
v.hf. one already mentioned (range 66.5—
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105 MHz) and an h.f. oscillator (range 4.65—
43 MHz)}—are used in a double frequency
conversion that cancels out the drift of the v.h.f.
oscillator. A fine frequency control is provided for
each crystal. Frequency stability is +20 Hz up
to 20 MHz, and 1 p.p.m. above 20 MHz.

Audio outputs provided are 10 mW into 600 €2
and 10 mW into 150 Q. A VU meter is fitted.
The receiver is designed tor rack mounting and has
a 19-in. panel. U.K. address of Granger Associates
is: Russell House, Molesey Road, Walton-on-
Thames, Surrey.

W.W.306 for further details

Thermoplastic
Adhesive

A NON-STICKY adhesive that is available in
thermoplastic and thermosetting forms, supplied
unsupported or applied to one or both sides of a
plastic film, has been introduced by G. T.
Schjedahl Co. It will bond plastic and plastic films,
metals and metal foils, ferrites, natural and syn-
thetic fabrics and rubber and wood. Visible
evidence of setting is given as unsealed Schijel-
Bond is milky-white and on setting the adhesive
becomes clear. It is of high resistance and dielectric
strength and is suitable for overlaying printed cir-
cuits. Rolls may be obtained in widths from 0.5
to 22 inches with thickness from 0.5 mil to 12 mil
G. T. Schjeldahl Co., Eastern Road, Bracknell,
Berks.

W.W. 307 for further details

Storage Display Unit

THE Tektronix type 611 storage display unit
permits stored, non-fading, displays of alpha-
numeric and graphic information from digital
computers and other data transmission systems.
The Tektronix bistable storage c.r.t. is used elimi-
nating the need for memory devices for refreshing
the display and providing high information densi-
ty without flicker. A write-through feature allows
the operator to visually position the writing beam
at any point on the cr.t. without disturbing the
previously stored information. The erase, non-
store, write-through and view operating functions
are remotely programmable through contacts at
the rear of the instrument. An erase interval
signal connector is also provided. Manual control
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of erase and view is carried out from the front
panel. The initial beam position can be set at any
one of nine positions by means of internal swit-
ches, each of these positions being adjustable
+ 10% of full scale both horizontally and verti-
cally. The time taken for the beam to settle within
one spot diameter of the final position is 6 us or 4
us/cm whichever is the greater. Spot positional
stability is quoted as being 0.1% or less of full
scale/hour with a 75 () source impedance at
between 20 to 30°C ambient temperature. Spot
drift will not exceed 0.4, of full scale at the
specified source impedance throughout the tem-
perature operating range of the instrument (0 to
50°C). Resolution in the vertical axis is 500 stored
line pairs and 400 stored line pairs in the horizon-
tal axis (screen size 2lcm x 16.3cm). Tektronix
UK. Ltd., Beaverton House, Station Approach,
Harpenden, Herts.

W.W. 308 for further details

A. F. Millivoltmeter

THE Si451 a.f. millivoltmeter is the first of a new
range of equipment to be produced by J. E.
Sugden & Co. Ltd, Bradford Rd, Cleckheaton,
Yorkshire. The four position range switch (1-
10-100-1000 mV) operates in conjunction with a
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scale switch that muluplies the setting of the
range by a factor of 1, 2, 5, 10 or 20. The
calibration of the instrument can be varied so that
it indicates r.m.s. through to peak-to-peak by
means of a front panel mounted potentiometer.
Using the three controls mentioned so far, the
pointer can be positioned at any convenient point
on the scale—a useful feature when making
relative measurements. A dB scale is incorporated
in which 0 dB = 1 mW into 600 {2 . The input
impedance is 1.1 M {2 and the frequency response
is within 0.5 dB between 20 Hz and 20 kHz. The
3.5 inch meter movement carries four scales—1,
2, 5, and decibels and an auxiliary socket provides
an output of up to 3 V at fis.d. for feeding an
oscilloscope. All internal ferrous material is cad-
mium plated and passivated and outer surfaces
are p.v.c. clad with the exception of the front
panel. The cost of the instrument is £30.

W.W. 309 for further details

Laser Range

A RANGE of argon ion and krypton ion lasers
have been introduced by Nutronic Lasers, a divi-
sion of Solid State Nutronics Ltd. Operating in the
blue-green region of the spectrum, these lasers will
supply outputs of 25 mW and 200 mW when
operated in the fundamental transverse mode.
When filled with Krypton the output power is less
than stated above. The lasers have been designed
to offer a stable 1,000 hour operational life (or 1
year) and employ a water cooled discharge tube,
d.c. excitation and variable output. The output

wavelengths when filled with argon are 0.4880,
0.5145, 0.4965, 0.4579 and 0.5017 um; devices
producing 0.4727, 0.4658 and 0.4545 ym are avail-
able using an alternative mirror system. Delivery
is from stock, 60 days maximum. Nutronic Lasers,
Solid State Nutronics Ltd, SA Voltaire Road, Lon-
don S.W.4.

W.W. 310 for further details

Log Plotting Unit for
X-Y Recorders

LOGARITHMIC or a.c. plotting facilities can be
added to any x-y recorder by means of an accessory
available from Electronic Associates Ltd. The
model 5.46.0001 is a self-contained unit which
accepts two plug-in modules and provides power for
their operation in an x-y plotter. Accurate logarith-
mic plots of linear a.c. or d.c. functions are pro-
vided when the 12.1384 log module is plugged
in, and automatic presentations of high-frequency
sine-wave signals are provided when the 12.1134
a.c. module is used. The 12.1384 generates loga-
rithmic plots of an input a.c. or d.c. voltage func-
tion in either the arm or pen axis, and when used
in the accessory unit provides d.c.-log, a.c.-log, or
log-log recording. The 12.1134 a.c. module enables
the user to record sine-wave signals generated by
a.c. amplifiers, transducers, audio-measuring de-
vices and analogue computers. It can also be used in
either the arm or pen axis. Electronic Associates
Ltd., Victoria Road, Burgess Hill, Sussex.

W.W. 311 for further details

Cartridge Tape

Recorder

A CARTRIDGE tape recorder that was inspired
by the EXPO ’67 ‘“talking chair” equipment
developed by the Rola Division of Plessey Com-
ponents (Australia) has now been placed on the
market. The recorder, known as the CT80), is sup-
plied in rack mounted, desk-top mounted,
recessed, and flush mounted versions. Each ver-
sion operates with either three, five or seven-inch
cartridge containers and all are available as either
record-and-play or playback-only models. An
optional “trip cue” attachment is available that
allows cue tones of different frequencies to be re-
corded at various intervals along the tape—
either while making the recording or at a later date.
On subsequent replay, these “trip cues” are used
to operate associated relays performing such
functions as operating a slide projector, starting
a film projector or separate tape unit, or activating
warning lights. The desk-top and recessed versions
are intended primarily for radio stations and dimen-
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sions of the desk-top model are 7.375 inches high,
12.5 inches wide, and 11.5 inches deep. The rack-
mounted CT80 unit is designed to fit into a
standard 19 -inch equipment rack and occupies
8.75 inches of vertical space. The Liaison Office
Plessey Australia, The Plessey Company Ltd.,
Ilford, Essex.

W.W. 312 for furter details

.

Plug-in Programmer

THE LATEST addition to the Sealectro range is a
plug-in programme board for use with a 28 x 50
hole matrix. Programme pins are held in a single
plug-in unit enabling a complete programme to
be changed in one operation without the need to
manipulate ‘individual pins. With this arrange-
ment programmes are semi-permanent although

individual pin positions in the plug-in unit can
be altered if desired. The new unit is drawer
mounted and requires just under 5.25 inches of
vertical space in a standard 19 inch rack. Sealectro
Ltd, Walton Rd, Farlington, Portsmouth, Hamp-
shire.

W.W. 313 for further details

Rotary Stud Switch

TYPE 01 subminiature rotary stud switch with a
fully adjustable stop mechanism is made by Radia-
tron, 7 Sheen Park, Richmond, Surrey. There
are up to 12 positions and four poles per wafer.
The diameter is 0.6in. Wafer material is ceramic
and it has an insulation in terms of resistance of
10'2 £ (between wafer and earth), while contact
resistance is 4 M £2. Maximum static load per con-
tact is 3 A, and the switching rating is 200 V at
0.1 A. Life expectancy is said to be up to 10° rota-
tions.

W.W. 314 for further details

Pulsed Carrier

Generator

THE RADA-Pulser 5071B performs three func-
tions. It will operate as a conventional r.f. signal
generator providing c.w. signal between 10 and 250
MHz in five overlapping bands with a setting ac-
curacy of 1 per cent. It contains a video generator
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that will supply pulses that can be varied from 100
ns to 100 us in width at a repetition rate of between
50 and 5,000 pulses per second with rise and decay
times of less than 20 ns. The third mode of opera-
tion entails combining the former two functions
using an internal diode switch and buffer stage, the
output now taking the form of a pulsed r.f. carrier
of variable frequency and repetition rate with a
fast risetime (10 ns). The output attenuator allows
102.5 dB of control in 0.5 dB steps. A 2.5 V (into
50 £2 ) sync pulse is available, preceding the output
pulse by 40 ns. Kay Electric Company, Maple
Avenue, Pine Brook, New Jersey 07058. U.S.A.

W.W. 315 for further details

Wire-wound Resistors

RESISTORS wound to customers requirements
for industrial or amateur use are available from
the Planet Instrument Co., 25 Dominion Avenue,
Leeds 7. Present facilities allow any value from 1
Q 1020k to be wound. Burlead meter shunts

in the range 0.1 to 20  are also available.

Tolerances can be 0.5% or 1% with a maximum
power handling of 1 W. Orders for individual
components are handled.

W.W. 316 for further details

Transient Voltage
Protected Rectifier

THE rectifier type A14D announced by the Gene-
ral Electric Company (USA) is a 1 amp device
intended for general purpose, domestic and light

0+150in. max.

0+180in. max.

Y

0-050in.max.

each lead

|

0-035 in.dia.max.
after tinning

industrial applications. The large transient voltages
associated with such applications can be safely
dissipated within the device, the reverse avalanche
rating being 1,000 W for 20 us. This surge
capability together with the 400 V rating make
this device suitable for 250 r.m.s. applications.
Higher and lower voltage units are available. The
1 amp rating holds good at up to 75°C ambient
temperature, the maximum surge current being
100 A. Other features include a miniature glass
encapsulation and dual heatsink construction.
The devices are available from Jermyn Industries,
Vestry Estate, Sevenoaks, Kent.

W.W, 317 for further details

Speaker Enclosure

THE “Standard” loudspeaker system introduced
with the Ravensbourne stereo amplifier earlier
this year by Rogers Developments Ltd has been
joined by a new, lower cost, enclosure called the
Compact. The main drive unit is 8 inches in dia-
meter with a 15 tesla (15,000 gauss) magnet and
with a 25 Hz resonance. The tweeter is the type
HF1300 by Rola Celestion. A crossover unit
operating at 2.5 kHz employs air cored inductors
and paper foil capacitors. The cabinet finish is
in teak veneer with gold Tygan fret material. Fre-
quency response is stated as being 50-14,000 Hz,
the impedance 8-16 {J and power handling
capacity 10-15 W. Overall dimensions are 22 x
11.5 x 8.625 inches and the price is about £30.
Rogers Developments Ltd, Rodevco Works, 4/14
Barmeston Road, Catford, London S.E.6.

W.W. 318 for further details

A

Press-fit Terminal

A NEW press-fit feed-through terminal is now
available from Sealectro Ltd, Farlington, Ports-
mouth, Hants. Designated press-fit' part no.
FT-SM-56-L1 the component is manufac-
tured from Teflon and has a gold plated
brass lug which extends 0.370 inches above the
0.172 inch shoulder. The terminal is 0.0625
inches in diameter and has a central hole 0.040
inches in diameter.

W.W. 319 for further details

X-Band Hot Carrier
Diodes

HOT carrier diodes are silicon epitaxial surface-
passivated devices that use a metal-semicon-
ductor junction rather than a p-n semiconductor
junction, With a metal-semiconductor junction
(Schottky barrier) the diode has no minority
carriers and hence charge storage effects are vir-
tually eliminated. The response, therefore, to a
change in bias is much faster than with pn
junctions. A series of such diodes is being produced
by Hewlett-Packard Ltd. One of these devices,
type HP 2511, is encapsulated in a hermatically
sealed metal-ceramic package designed for use with
stripline techniques and is suitable for coaxial
mixer and detector applications. Package induct-
ance and capacitance are typically 0.35 nH and 0.21
PF respectively—low values that render the diode
suitable in broadband applications. The noise
figure, when the device is used in a conventional
s.s.b. mixer, is less than 6 dB at a carrier fre-
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quency of 3 GHz. The HP 2511 can withstand
15 x 1077 Joules and the peak power dissipation
(1 us pulses with a 1%duty factor) is 4 W. Power
dissipation on c.w. is 200 mW. Mounted in a sym-
metrical microminiature ceramic package for wave-
guide, coaxial and stripline applications the diodes
in the HP 2700 series are intended for use at fre-
quencies both above and below and X-band. The
package size is less than 0.06 inch in diameter and
0.05 inch in height, package inductance and
capacitance are in the region of 0.3 nH and 0.13 pF.
The symmetrical design allows the diodes to be
inserted with either polarity into the circuit, meet-
ing the need for forward or reverse pairs in balanced
mixer configurations. The s.s.b. noise figure of the
HP 2701 is less than 6 dB with a carrier frequency
of 9.375 GHz. Allowable c.w. power dissipation is
100 mW. Hewlett Packard Ltd, 224 Bath Road,
Slough, Bucks.

W.W. 320 for further details

Digital Test Meter

POWER FOR this instrument may be obtained
from one of three separate sources; from the
mains—100/140 V or 200/270 V, 50-60 Hz; from
an internal 12 V accumulator which will give five
hours of continuous operation on one charge
(charging unit built in); or from ten U2 dry cell
batteries giving 25 hours of intermittent operation.
Weight without dry cells is 6.5 1b and the instru-
ment measures 9 X 8 X § inches. The display con-

sists of three cold-cathode type digital indicators
and neons to show polarity of input and permis-
sible over-ranging. The instrument is protected
against incorrect use and overloads by a system
of diodes, fuses and warning lamps. The Digi-
test will measure 100 mV to 1,000 V d.c. in §
ranges; 300 mV to 300 V a.c. (r.m.s.) in 4 ranges;
100 #A to 1 A d.c. in 5 ranges: 300 A to 300 mA
a.c. (r.m.s.) in 4 ranges; 100 {2 to 1 M Qin §
ranges. Accuracy is between 0.5 per cent and 2
per cent depending on range and function selected.
The price is £158. Kynmore Engineering,. 19
Buckingham Street, London W.C.2. .

W.W. 321 for further details

Tape Reader

THE DDR40 tape reader has been designed by
Data Dynamics to provide a low-cost unit for a
wide range of applications in the business machine,
data processing and industrial fields. The DDR40
is constructed on a modular basis and operates
asynchronously at speeds up to 40 characters per
second. Back spacing is available as a standard
feature and the equipment will handle all standard
grades and widths of paper tape. Reading is by
means of a moulded brush system feeding into a
set of gated amplifiers. Bi-directional drive is
achieved by the use of a high torque stepping
motor operating from a solid-state drive package.
The DDR40 is fully compatible with the Data
Dynamics range of Teletype page printers. Prices

Wireless World, March 1968

THE HOUSE OF BULGIN

AT YOUR SERVICE

L.E.S. AND NEON MINIATURE
SIGNAL LAMPS

Bulgin Miniature Signal Lamps, whether L.E.S. or Neon, conform to the highest

electrical standards an

guarantee long and useful life.
- extensive range all of which are only slightly larger than the lamps they hold.

d are manufactured from approved grades of material, that
Here we show only a small selection from our

D)

List No: L.E.S.1/1
List No: L.S.S.1/1

List No: D.857/Colour
L.E.S.

L17y

List No: D.81é
L.E.S.

RS

7
-
~

\

[BER \\
List No: D.744
L.E.S.

List No: D.925/Voltage
NEON

List No: D.84]/Voltage
NEON ONLY

Send for Leaflet 1502/C

A.F. BULGIN & CO. LTD,,

Bye Pass Rd., Bark
Tel: RIPpleway 558

ADMIRALTY
WAR OFFICE

AIR MINISTRY
HOME OFFICE
CHROWN AGENTS

MINISTRY OF WORKS
MINISTRY OF AVIATION
MINISTRY QF SUPPLY
RESEARCH LSTABLISHMENTS
UKAEA

ing, Essex.

8 (12 lines)
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for the DDR40 range from £50 for a basic reader
to £120 for a free-standing unit complete with
electronics and power supply unit. Data Dyna-
mics Ltd, Data House, Arundel Road, Uxbridge,
Middlesex.

W.W. 322 for further details

Sealed Push-Button

Microswitch

A SERIES of panel-mounted sealed push-button
microswitches has been introduced by the Plessey
Components Group’s Microswitch Unit at Titch-
field, Hants. Known as the 76.2510 Series, the
microswitches incorporate an ‘“‘O” ring panel seal
and an oil-proof diaphragm actuator seal which
protects the component from pressures of up to
3.46 kg/cm® (15 Ib/sq.in). A one- or two-pole or
changeover switch is fitted as a detachable
assembly. Compression of the actuator tabs
enables the basic switch assembly to be removed,
thereby facilitating easy installation and wiring.

W.W. 323 for further details

Low Drift

Electrometer

ZERO DRIFT on the model 602 electrometer
‘from Keithley Instruments of America is less
than 1 mV per day and the input impedance is
10’4 ()} As a voltmeter the instrument has nine
ranges with f.s.ds of 1 mV to 10 V at an accuracy
of +1% fs.d. excluding noise and drift; zero
offset is less than 300 uV/degree F after a 30
minute warm up period has elapsed. As an am-
meter there are 28 ranges with fis.ds of 107'* to
0.3 A (accuracy varies between +2% and +4%
of fis.d. depending on range selected), offset cur-
rent is less than 5 x 107'° A. As an ohmeter 23
ranges are available from 100—10'* , accuracy

N ELECTIE OGN T b

50

is between +3% and +5% depending on range.
As a coulombmeter 13 ranges are included from
107!* to 10°% coulombs, accuracy +5% of fs.d.,
drift due to offset current is not greater than 5 x
10-'* coulomb/sec. The instrument can also be
used as a variable input resistance unity-gain
amplifier with an accuracy of 50 parts per million
or 100 uV exclusive of zero offset. In addition
voltage and current recorder outputs are provided.
Keithley Instruments Inc., 28775 Aurora Rd.,
Cleveland, Ohio 44139.

W.W. 324 for further details

Transient Measuring
Voltmeter

TRANSIENTS of the order of 1 us may be

detected and measured on the Peak Lok model

440A voltmeter manufactured by the La Jolla
division of Control Data Corporation, situated in
California, U.S.A. The voltmeter reads positive,
negative or bipolar (highest of either positive or
negative) peaks, holding the reading indefinitely or
until reset by a push button or electrical signal.
Nine input ranges from 0.1 V to 1000 V are

provided and the response is d.c. to 1 MHz. There
is no limitation on the input risetime and no
recovery period is required. Accuracy on the
taut-band meter is 1.5% of f.s.d. while an elec-
tronic output of 0 to +5 V (at up to 2 mA) is
accurate to 1%. Applications of this instrument
include the detection of momentary overloads; in
product control, the determination of maximum
weight or other parameter during a production
run; in quality control reading peak strain of a
sample during a vibration test. For those who
require a portable instrument a battery operated
option is available. The equipment is distributed
in the UK. by Claude Lyons Ltd, Instruments
Division, Hoddesdon, Herts.

W.W. 325 for further details

Crosshatch and

Dot Generator

THE TPGSS generator will provide (1) a dot
pattern for static convergence tests; (2) a grid
pattern for dynamic convergence tests; (3) a grey
scale for tracking checks; and (4) a raster for purity
adjustments. It provides either an r.f. output of
several millivolts tunable over bands III, IV and
V or a video signal of about 1 V into 75 () (nega-
tive sync). The signal characteristics are as

specified by the B.B.C. except that there are no
equalizing pulses before and after the field pulse
sync. group. The TPG35 measures 12 x 7.75
x 8.5 inches; weight with battery is under 9lb;
and the price is £88 10s. The power supply needed
for mains operations is extra costing £4 5s. Rank
Bush Murphy Ltd, Welwyn Garden City, Herts.

W.W. 326 for further details

Parametric Amplifiers

TWO parametric amplifiers have been announced
by Mullard for use at S- and X-band frequencies.
Neither of the amplifiers requires cooling and
both have a noise figure of 3 dB. Type CL9010 is
for use at S-band frequencies in the range 2.7 to
3.3 GHz with a bandwidth of 15 MHz; type
CL9060 is an X-band amplifier that operates in
the range 7 to 12.4 GHz with a bandwidth of 50
MHz. Because of their compact size—15 x 9
x 9 inches—the amplifiers can be mounted directly
behind a radar aerial. Mullard Ltd., Mullard
House, Torrington Place, London W.C.1.

W.W. 327 for further details

PIN Diode Modulator

THIS variable r.f reflection type attenuator
(Sanders Type 6503/1) consists of a length of co-
axial line containing a shunt p-i-n diode assembly
to which negative bias is applied in order to increase
the attenuation of the line. In this way attenuation
of up to 35 dB can beachieved with a biasof 100 mA.
Insertion loss is 2 dB and the specification is guaran-
teed to within the frequency limits 0.5 t0 12.4 GHz.
However, the makers state that the device is useful
down to 100 MHz. The unit is fitted with one
male and one female 50  type N stainless steel
connector and bias is applied via a silver-plated
brass b.n.c. connector. Typical applications include

sweep or signal generator levelling, as a chopper
for low-level signal detection, as a pulse or square-
wave modulator for laboratory or system use, or as
a protection device for wideband receivers. Musto
& Steele Ltd, c/o Marconi Instruments—Sanders
Division, Gunnels Wood Road, Stevenage.

W.W. 328 for further details
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K, SO0 you’re a knob-twdler

After all, you’re only human, and those two big knobs on the Model 8
Avometer are terribly tempting. Just by twiddling them, you can have
over 30 calibrated ranges at your command—-11 current, 15 voltage,
5 resistance,and a 30dB power scale.Twiddle yourself a good combination
of accuracy (1%fsd/dcA, 2%fsd/dcV, 21%fsd/ac) and sensitivity (20kQ/Vdec,
1kQ/Vac,except 2.5Vac scale 100Q/V). Plus automatic cut-out,fused ohms
circuit, trio of ohms zero-adjustments, reverse-polarity button and anti-
parallax mirror. No wonder the Model 8 is the first choice of electronic, -
radio and TV engineers everywhere. Get yours from your local dealer or |
direct from Avo Ltd, Avocet House, Dover, Kent. Telephone Dover 2626.

Telex 96283. LS

-

AVQ MEANS BASIC MEASUREMENTS ALL OVER THE WORLD
A2

WW—005 FOR FURTHER DETAILS
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BREAK THE SOUND BARRIER

SETTING THE WDRLD'S

MODEL 488 SONO-BAR WITH PRUVED s H m E e N
NOISE CANCELLING MICROPHONES

When the chips are down, and noise levels are high, Shure Noise Cancelling
microphones with their exclusive Controlled Magnetic cartridges, distance-
discrimination design, and specially tailored response get the message through

. . even when noise level is so high the operator cannot hear himself! They
have been field-tested and proved in such ear-shattering environments as: drop
forges, helicopters, police power boats, “hard surface” gyms among cheering
crowds, motorcycles, jets revving up, fire engines, etc.

MODEL 419 RANGER 11

SHURE MODEL 488 SONO-BAR SHURE MODEL 419 RANGER 1l
Rugged, impact resistant “Armo-Dur” New small size. Only about half the
case. Four types: High or low impedance; size and weight of conventional mobile
transistorized for direct replacement of communications microphones. Unsur-
carbon microphone; and FAA Certified passed for use with portable or miniatur-
Transistorized Aircraft version. ized equipment.

[ ey
| Please send me details of Shure microphones. Please recommend the best model

|
SHURE MICROPHONES— | for use with my equipment.... |
WORLD STANDARD WHEREVER | NAME ... |
RELIABILITY AND | ADDRESS.......ooooo = e = . |
SOUND QUALITY ARE PARAMOUNT L TO SHURE ELECTRONICS LTD « 84 BLACKFRIARS RDAD « LONDON - SE1 Tel: 01-928 8361 !

WW—006 FOR FURTHER DETAILS
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Safe Journey

... when your radar is fitted with EEV magnetrons

Navigators feel all the safer for having an EEV magnetron on board.
It's because they know that EEV specifically designs for a longer,
more reliable life. As well as being prominent in the airborne and
marine field EEV is also the only British manufacturer of magnetrons
for heavy radars. The range available is wide enough for practically
every requirement but if you have something special in mind EEV’s
long and unique experience in magnetrons shows that this is the
company to make it. In the meantime details of the standard range
are available on request.

ENGLISH ELECTRIC VALVE COMPANY LIMITED cHeLMSFORD, ESSEX. TELEPHONE: 61777

WW—007 FOR FURTHER DETAILS
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If it’s worth 3 minutes
of your time to learn
the state-of-the-art
in Thyristors,

start here: Exclusive Multi-

Gate Thyristors When thyristors are to
be operated with steeply rising current
pulses and/or high repetition rates, great
care must be exercised in establishing the
operating conditions and selecting the
device to be utilized. A self-saturating
reactor may be introduced into the cir-
cuit to limit the rate-of-rise of current
(dl/dt); this will permit a conventional
high-power thyristor to carry heavy load
currents which exhibit high dI/dt. Where
it is not practical to use such a reactor,
which is often bulky and expensive, a
thyristor with enhanced turn-on action
must be used. Such action can be
obtained by providing the thyristor with
multiple gates.
IR multi-gate thyristors exhibit reduced
turn-on voltage at any given instant
during the turn-on period and shorter
time for equalization of current flow
throughout the entire semiconductor
" wafer. The consequent reduction in turn-
on power losses will permit increased
load current to be carried and the device
will exhibit faster turn-off time. It will
also be able to withstand greater rates of
rise of reapplied off-state voltages be-
cause of the lower junction temperature
at the instant of current commutation.

MULTI-GATE VS. SINGLE GATE THYRISTOR

100 f y

[ J
g /!
|

MULTI-GATE —
[ | fFe-SNGLE GATE

b W
|

~—

ACTIVE AREA TURNED ON (PERCENT)
1

ASSUMPTICN: CONSTANT TURN-ON SPREADING _|
YELOCITY Q.1 MM/, SEC TYPICAL 70 AMP

DEVICES OF SIMILAR RATING ‘I—I—I—
] L1111
] il 0 6 8 0w 10
TIME FROM INITIATION OF TURN-ON (. SEC}

MIM:-Protection IR’s epitaxial thyrist-
ors offer the exclusive feature of metal-
ion migration (MIM) protection.

/GATE LEAD

MOLYBDENUM DISC

BONDING METAL

GUARD-SHIELD —‘\

SILICON WAFER —1

BONDING METAL o————

MOLYBDENUM DISC (METAL MOUNTING SURFACE )

During manufacture, the silicon wafer
for epitaxial thyristors is contoured to
improve the high-voltage characteristics
of the device. This illustration shows the
cross-section of a typical contoured
silicon wafer.

Metal-ion migration can occur because
of the electrical potential that exists at
the junction interfaces at the edge -of the
wafer. When the device is energised,
metal-ions are attracted from the metal
moiinting surface towards the junction
interfaces. Migration may occur even
though the wafer has been cleaned by
etching and sealed with inert sealers or
varnishers. When the minute metallic
particles reach the interfaces, they can
cause degradation or failure of the device.
IR’s epitaxial devices employ an exclu-
sive groove etching technique which
provides needed contouring and, in addi-
tion, builds a guard-shield against
metal-ion migration.

Bulk Avalanche Thyristors These de-
vices exhibit true avalanche behaviour in
the bulk of the crystal, thus avalanching
atapproximately the same voltagein both
forward and reverse avalanche modes.
Bulk avalanche devices are characterised
by extremely low leakage current, which
is mostly bulk leakage and which does
not show any drift or instability under
long-term, high-voltage blocking opera-
tion. In addition, IR’s epitaxial thyris-
tors can be repeatedly broken over into
the conduction mode without detri-
mental effects as long as the power rat-
ings and - the rate-of-rise of turn-off
current (dI/dt) are kept within the.listed
specifications.

As a result of the epitaxial construction,
there is a substantial decrease in the for-

WW—008 FOR FURTHER DETAILS

ward voltage drop during turn-on. This
reduces the total power loss during the
turn-on action, which in turn reduces the
temperature of the device. Therefore IR
epitaxial thyristors are well adapted for
inclusion in inverter and switching
applications.

Ultra Fast Turn-Off Thyristors Early
last year IR implemented a major techno-
logical breakthrough by going into
quantity production at Oxted of thyristors
exhibiting turn-off times below 3 micro-
seconds, faster than those yet produced
by any other semiconductor manufac-
turer. To date this claim remains undis-
puted. The devices designated “RCU”
are offered in two current ranges of 8 and
10 amperes (full-cycle-average) with
voltage ratings of 50-800 volts PRV/PFV.
The turn-off times of all IR “RCU”
thyristors are measured at maximum
base temperature. The maximum operat-
ing frequency of a thyristor circuit is
obviously dependent on turn-off time,
and introduction of ‘“RCU” thyristors
means that high-power inverter circuits
may be operated at frequencies in excess
of 30 kHz. By utilizing “RCU”’ thyristors,
the inverter designer may subsequently
reduce the size and cost of the inverter

components used in commutating
circuits.
The principal applications for the

“RCU” thyristors also include high-fre-
quency induction heating, ultrasonic
equipment and d.c.-d.c. converters.
Detailed information about the world’s
leading range of thyristors and how they
can solve your specific problems is yours
on request from International Rectifier.
Just ‘ask.

Stop here. Now you
know, thanks to

AR
I h 4
q@Qy

International Rectifier - Hurst Green

Oxted - Surrey - Telephone : Oxted 3215
Telex: 95219 (RECHFIER OXTED)
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Mercury Va'pour Rectifiers

DATA Max. d.c. output

- full
Peak inverse Peak anode Mean anode - Rl

Service voltage current current Voltage Current
Type type max. (kv) max. (A) max. (A) (kV) (A)
869B — 20.0 10.0 25 19.0 715
AH200 = 20.0 10.0 2.5 19.0 7.5
AH205/
857B CV2673 22.0 40.0 10.0 21.0 30.0
AH211A Cv532 16.0 8.0 2.0 16.2 6.0
Cv5
AH221 Cv1435 20.0 5.0 1.25 19.0 3.75
AH238 Cv1629 13.0 5.0 1.25 12.4 3.75
BD10 = 1.0 25.0 8.0 0.95 24.0
BD12* = ' 1.0 2 x50 2x16.5 0.95 49.5

*Full wave rectifier.

This range of Mercury Vapour Rectifiers is available from your local EEV stockist. English Electric Valves
production methods ensure the reliabllity and performance you are looking for and prices are competitive.

Coventry Factors Ltd, Coronet House, Upper Well Street boventry Tel: Coventry 21051
Downes & Davles Ltd, G.P.O. Box 555, 72 Chapeltown Street Manchester 1 Tel: Ardwick 5292
Edmundson Electronics Ltd, 60-74 Market Parade, Rye Lane, Peckham London SE15 Tel: New Cross 9731
Gothic Electrical Supplies Ltd, Gothic House, Henrietta Street Birmingham 19 Tel: Central 5060
Harper Robertson Electronics Ltd, 97 St George's Road Glasgow C3 Tel: Douglas 2711
Smith & Cookson Ltd, 49/57 Bridgewater Street Liverpool 1 Tel: Royal 3154-7

The Needham Engineering Co. Ltd, P.O. Box 23, Townhead Street Shetfield 1 Tel: Sheftield 27161
Wireless Electric Ltd. Wirelect House. St Thomas Street Bristol 1 Tel: Bristol 294313

ENGLISH ELECTRIC VALVE COMPANY LIMITED cartoLmeRoAD. LINCOLN, TELEPHONE: 26352

WW—009 FOR FURTHER DETAILS
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We make our monolithic
capacitors in Britain

Monobloc ; an advanced
product for sophisticated
applications. A tiny
component that has become
the most exciting prodigy
this side of the Atlantic.

Its capacitance is vast, its
size minute—uptp 1 ufin
0.3 x 0.3 x 0.1in. (nine
times smaller than a postage
stamp). This capacitance-
to-volume ratio is achieved
by the unique monolithic
construction. Wafer-thin
ceramic dielectrics and
platinum electrodes are
fused into a solid, layered
structure, to give a
volumetric efficiency 10 to

100 times that of
conventional capacitors.
It's a rugged little device.
The layered construction
gives excellent stability and
resistance to every form of
shock and environmental
stress.

We manufacture a preferred
range, concentrated on the
individual requirements of
the British designer. There
are other configurations
available for more
complicated designs:
glass-encased, precision
moulded, phenolic coated,
and unencapsulated chips

The monolithic capacitor is
already a pretty important
contribution to the progress
of modern electronics — our
Monobloc Ceramicon design
caters for projects of the
future.

Contact us for the full details.
Technical Sales,

Erie Electronics Limited,*
South Denes,

Great Yarmouth, Norfolk.
Phone: 0493 4911

Telex: 97421

Monoblocs are to be featured in the
1968 edition 6 catalogue of

S.T.C. Electronic Services.

Monobloc and Ceramicon

are registered trade marks. ®

for hybrid integrated circuits.  *Formerly Erie Resistor Limited.
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Doctors needed a battery they could trust inside you
while it worked to save your life!

Mallory made it.

What can we do for you?

Medical science needed a battery. A battery that literally could
keep your heart beating. A battery to power a heart pacemaker—
the electronic device that “shocks’ sluggish hearts into a normal
beat. A battery that would last three years or more in the surgicaily -
implanted device, even in the high temperature environment of the
body. Mallory made it. Mallory leads the way in miniature power
sources for all needs. The high-energy of the Mallory mercury
battery and its extraordinary reliability have found many uses in
medical-electronics. Mercury batteries can be made so small they
will fitinto “'radio capsules’ that transmit from within your stomach.
The Electronic Larynx is used to transmit sound waves into the
throat cavity of people whose larynx has been removed.

If you're considering a battery system for a new product, think
of what Mallory can do foryou. If you have portable power problems
our sales and application engineers are at your service. Contact our
Manager, U.K. Sales, at Mallory Batteries Limited, Gatwick Road,
Crawley, Sussex—Crawley 26041—or get in touch with our nearest
industrial distributor.

BIRMINGHAM Messrs. Hawnt & Co., 112/114 Pritchett Street, Birmingham, 6. Aston Cross 4301

BRISTOL Wireless-Electrlc Ltd.," Wirelect House'', St. Thomas Street, Bristol, 1. Bristol 294313

BURNHAM—BUCKS Gawt Olstributor Services Ltd., The Red House, High Street, Burnham,

Bucks. Orchard Grove 694

CARDIFF South Wales Wireless Installation Co. Ltd., 121 City Road, CardIft, Card|ft 23636

COVENTRY Coventry Factors Ltd., Upper Well Street, Coventry. Coventry 21051

CRAWLEY S.A.8.C.0,,P.0. Box20 Gatwlck Road, Crawley, Sussex. Crawley 28700

GLASGOW Britlsh Electrlcal & Mfg. Co. Ltd., 183 St. VIncent Street, Glasgow, C.2, City 4131

Harper Robertson Electronics Ltd., 97 St. George s Road, Giasgow, C.3. Oouglas 2mM1
A.S.C.0.,Factory 138, Carbralnlndustrlal Estate, Cumbernauld Glasgow. Cumbernauld 410

HARLOW Standard Telephones & Cables Ltd., Electronic Services Sub-Oivision,

EdInburgh Way, Harlow, Essex. Harlow 26811

HITCHIN S.A.S.C.0., Hunting Gate, Wllbury Way, Hitchin, Herts. Hitchin 2242

Roberts Electronlcs Ltd., 17 Hermitage Road, Hitchin, Herts. Hitchln 50551/2

LEEDS A. C.Farnell Limited, 81 Kirkstall Road, Leeds, 3. Leeds 35111

LONDON British Electrical & Mfg. Co. Ltd., 10 Rushworth Street, London S.E.1. WATerIoo 3

Cables & Components Ltd., Coronation Road Park Avenue, London N.W.10. ELGar 2266

Edmundsons Eiectronics, 60-74 Market Parade Rye Lane, London S.E.15. New Cross 9731

Lugton & Co. Ltd., Mr. Lun, Radio House, 209-212 Tottenham CourtRd., London W.1. Museum 3261

NEWCASTLE British Electrical & Mfg. Co. Ltd., Clavering Place, Newcastle-upon-Tyne, 1.

Newcastle 22416

J. Gledson & Co. Ltd., Newblggln Lane, Westerhope, Newcastle-upon-Tyne, 5. Newcastl e 869033

NORTHAMPTON E.M.F. (Electrical) Ltd., Ounster Street, Northampton. Northampton 37316

PO.YNTON Sclentlfic Furnishings Ltd., Electronics Olvision, Poynton, Cheshire. Poynton 2215

SHEFFIELD Needham Englneering Co. Ltd., P.O, Box 23, Townhead Street, Sheffield, 1.

Sheffleld 27161

SUNDERLAND Britlsh Eiectrical & Mfg. Co, Ltd., 16/17 Bridge Street, Sunderland,

Sunderland 70567

It's good business to do business with Mallory MALLO RY
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Heathkit World-Leader in

INSTRUMENTS - HI-FI - RADIO - Electronic kits

assembly

The construction manual

5in. GENERAL-PURPOSE OSCILLO-

SCOPE, 10-12U

® Y sensitivity |0 mV. r.m.s. percm. at | ke/s. @ Band-
width 3 c/s-4.5 Mc/s. @ Frequency compensated input
attenuator X1, X10, X100. T/B, 10 ¢/s-500 kc/s. in 5 steps.
® Two extra switch selected pre-set sweep irequencies in
T/B range. ® T/B output approx. 10 v. peak to peak. ® Built-
in IV calibrator @ Facility for " Z’' axis modulation @ Elec-
tronically stabilised power supply ® Power req. 260-250 v.
A.C., 40-60 cfs., BO watts ® Fused @ Fronr panel, silver and
charcoal grey @ Cabinet, charcoal grey, size 8§ x 14 x 17in.
deep. Net weight 23lb. 56-page construction and operation
manual.

Kit £35.17.6. Ready-to-use £45.15.0
Attenuator and demodulator probes available as optional extras.

6in. VALVE VOLTMETER, IM-13U

® Modern styling e Extra features '@ The ideal
VVM for the Electronic Engineer @ 6in. Ernest
Turner 200uA. meter with muiti-coloured scales
® Unique gimbal bracket allows bench, shelf or
wali mounting ® Measures A.C. (r.m.s.), D.C. volts
0-1.5, 5, 15, 50, 150, 500, 1,500 e Resistance
range 0.1 to |,000MQ) with int. battery ® Vernier
action zero and ohms adjustment ® Roller-tinned
printed circuit ® High input resistance (I11MQ) ® Comprehensive assembly and
operation manual @ Size 5X 124} x4%in. Complete with test prod and leads.

Kit £18.18.0. Ready-to-use £26.18.0
4}in. Valve Voltmeter-V-TA (not illustrated). Kit £13.18.6.
Ready-to-use £19.18.6

provided with

the kit ensures successful

3in. PORTABLE GENERAL-PURPOSE
SERVICE OSCILLOSCOPE, OS-2

® Modarn styling. lightweight and compact size, make
this the ideal 'scope for service man, laboratory tech-
nician, amateur radio enthusiast or hobbyist e “ Y
bandwidth 2 ¢fs-3 Mc/s--3 dB. @ Sensitivity 100 mV/
cm @ Push-pull vertical and horizontal amplifiers ® Wide
range time-base generator 20 ¢/s-200 ke/s in four ranges.
® Automatic lock-in synchronisation ® Mu-metal c.r.¢.
shield @ Printed circuit board construction ® Fower reg.
200-250 v. 50-60 ¢fs A.C. 40 watts ® Fused @ Front panel
silver and charcoal grey. Size 5in. w.Xx7%in. h.X [2in.
deep. Weighr: 93lb.

Kit £23.18.0. Ready-to-use £31.18.0

GENERAL-PURPOSE SERVICE
RF SIGNAL GENERATOR, RF-1U

® ldeal for the alignment and trouble shooting
of RF, IF and audio circuits ® Large easy-to-read
dial @ Pre-aligned coil and bandswitch assembly
RF output of at least millivolts ® 10C kcfs-100
Mcfs. fundamentals up to 200 Mc/s harmonics
® 400 eycle audio signal with 4 v, output
Dimensions 94in. wide X 64in. high X 5in. deep.

Kit £13.18.0, Ready-to-use £20.8.0
AUDIO SIGNAL GENERATOR, AG-9U (not illustrated)
Kit £23.15.0. Ready-to-use £31.15.0

L e e T

See these and other Heathkit models in the FREE catalogue
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NEW! PORTABLE STEREO
TAPE RECORDER, STR-1

@ | track stereo or mono record and play-
back at 74, 33 and 1§ i.p.s. @ I8 transistor
circuit @ Record level indicator @ Digital
counter with zero reset @ Stereo mic and
aux. inputs. @ Speaker/headphone outputs.
@ Buile-in audio amplifier gives 4 watts rms
output per channel. @ Two high efficiency
8in. X 5in. speakers.

Versatile Recording facilities.  So-easy-to-
build. OQutstanding performance for price.

Kit £45.18.0. Ready-to-use £59.15.0

THE CAR RADIO TO COMPLETE YOUR MOTORING
PLEASURE CR-1

Complete your motoring pleasure with this
small, compact, high output unit. Superb
long and medium wave entertainment
whenever you drive. For |2v. positive or 12v
negative car earth systems.

® 8 latest semi-conductors (6 transistors, 2 diode circuit) @ Powerful output
(4 watts) will drive two speakers. ® Styled to harmonise with most car colour
schemes ® Supplied in two units, pre-assembled and aligned RF unit kic. £1.13.6
inc. P.T. {F/AF amplifier kit £11.3.6.

Total price kit (excl. LS)....£12.17.0 inc. P.T.

L/speakers and accessories available as extras.

LI T T T R T

NEW! PORTABLE STEREO RECORD PLAYER, SRP-I

® Compact, economical stereo and mono
record playing for the whole family
® Mains operated @ All " solid state ™
circuitry. Modern compact styling
@ Detachable second loudspeaker gives
optimum stereo effect ® Automatic
playing of 16, 33, 45 and 78 rpm records
® Suitcase portability ® Two 8in. X Sin.
speakers ® Controls: Volume, Balance
and Tone. Dimensions: overall 27in.
wide X 143in, highx74in. deep.

Kit £27.15.0. Ready-to-use price on request.

“OXFORD” LUXURY TRANSISTOR PORTABLE. U XR-2

This superb transistor radio is the ideal domestic
or personal portable Medium and Long Wave
receiver @ Solid leather case and handle ® Easy-to
read tuning scale ® Extra large loudspeaker.
Push button L, MW and tone ® |0 semi-conduc-
tors (7 transistors plus 3 diodes) @ Soclkets for
personal earphones, tape recorder, car aerial @
Internal 9-volt battery (not supplied) lasts for
months ® Latest printed circuit techniques ®
Comprehensive, easy-to-follow, fully illustrated
Instruction Manual.

Kit £14.18.0 inc. P.T. Ready-to-use price on request

@ Prices quoted are Mail Order, and include free delivery in U.K. @ Retail prices slightly higher.

Bttty

- DAYSTROM LTD.

DEPT. WW.3, GLOUCESTER, ENGLAND i

Member of the Schlumberger Group including the Heath Company :
MANUFACTURERS OF THE WORLD-FAMOUS EASY-TO-BUILD ELECTRONIC KITS i
|

WW—012 FOR FURTHER DETAILS

Wireless World, March 1968




Heathkit world-famous Easy-to-build

INSTRUMENTS ¢« HI-FI - RADIO - ELECTRONIC KITS

(Deferred terms available on all orders over £10, U.K. only)

NEW! 12+ 12w TRANSISTOR STEREO
AMPLIFIER
Model TSA-12

Luxury performance
at lowest cost i

® |7 transistors, 6diode circuit ® -1 dB., 16 to 50,000 ¢/s
at |2 watts per channel into 8 ohms e Output suitable
for 8 or |15 ohm loudspeakers ® 3 stereo inputs for
Grams., Radio and Aux. ® Modern low silhouette styling
® Attractive aluminium, golden anodised front panel ®
Handsome assembled and finished walnut veneered cab-
inet available ® Matches Heathkit models TFM-1 and
AFM-2 transistor tuners.

Kit £30.10.0 (less cabinet)
Ready to use £42.10.0

Beautiful Walnut cabinet £2.5.0 extra.

20-+-20W TRANSISTOR STEREO
AMPLIFIER

Model AA-22U

An international Class am-
plifier which offers superb
realism and beauty of
music at a very com-
petitive price. Professional, elegant, compact, slim-line
styling. The best of American transistor techinques
allow high output with jow distortion.
5 stereo inputs (five each channel) for pick-up, radio
tuner, tape and two other sources. 20 transistor, |0 diode
circuit. Beautiful, fully finished walnut veneered cabinet
(optional extra).

Kit £39.10.0 (less cabinet)
Walnut cabinet £2.5.0 extra.
Ready to use £59.15.0 (inc. cablnet)

5 W Hi-Fil MONO AMPLIFIER
KIT Model MA-S

A low-priced general purpose Hi-
Fidelity amplifier based on the popular
S-33 for those who do not require a
stereophonic system. Separate bass
and treble controls. Gram and Radio inputs, Suitable for
most crystal pick-ups. A printed circuit simplifies con-
struction.

Kit £11.9.6

Ready to use £15.15.0

STEREO CONTROL UNIT KIT
Model USC-I|

Incorporates all worthwhile féatures
for Hi-Fidelity stereo and mono.
Push-button selection, accurately
matched ganged controls to 4| dB. Negative feedback
rumble and variable low-pass filters. Printed circuit
boards. Accepts inputs from most tape-heads and any

stereo or mono pick-up.
Kit £19.19.0 Ready to use £27.5.0

LW/MW TRANSISTOR PORTABLE
RADIO KIT Model UXR-I

Base Beautiful leather case. Easy-to-read
S48 scale. 7 semi-conductors. Printed

2 D s circuit board 7in. X 4in. Special
Hit loudspeaker. Pre-aligned IF trans-
ft ’l. formers. 9-volt batter operated.

HEHTEH

Easy to construct, excellent in per-
formance and value.

Kit £12.11.0 (inc. P.T.)

“MOHICAN”
GENERAL COVERAGE
RECEIVER KIT
Model GC-IU

This fully transistor-
ised receiver which in-
cludes 4 piezo-electric
transfilters, is In the
forefront of receiver
design. It is an excel-
lent portable or fixed station receiver. The
R.F. ‘“front-end" is supplied as a pre-
assembled and pre-aligned unit. lts many
features include a |0-tranmsistor circuit,
printed circuit board, telescopic whip antenna
tuning meter, and a large slide-rule dpial giving
a total length of approximately 70 inches.
Housed in a steel cabinet and powered by
two 6 volt dry batteries (not supplied),
mounted internally, it gives frequency
coverage from 580 ke¢fs to 30 Mc/s in five
bands; thus enabling world-wide reception.
Electrical bandspread covers the amateur
bands from 80 to 10 metres—each band
having a scale length of approximately 8
inches, BFO tuning and Zener diode stabiliser.
Size 6in. X 12in. X 10in.

Please write for specification leaflet.

Kit £37.17.6  Ready to use £45.17.6

STABILISED POWER PACK
Models MSP-IM and MSP-IwW

Specially.-recommended for
industrial and laboratory
use, meeting the need for
a reliable and versatile
stabilised power pack
capable of a very high per-
formance. Input 200-250 v.
40-60 cfs., A.C., fully fused. OQutput: H.T.
200-410 v. D.C. at 0-225 mA. in 3 switched
ranges. Unstabilised A.C., 6.3 v. at 45 A.
centre-tapped. Two 3in. *‘ easy-to-read "’
meters for reading voltage and current
simultaneously. Separate L.T. and H.T.
supply transformers. All output circuits are
isolated. Size I3in.X 84in. X 94in.
MSP-IM (with meters)
Kit £36.12.6  Ready to use £43.12.6
MSP-IW (less meters)
Kit £29.17.6  Ready to use £36.17.6

BALUN COIL UNIT KIT
Model B-1U. Will match unbalanced
co-axial lines to balanced lines of either
75 or 300Q2 impedance. Fredquency range
10-80 m., input up to 200 watts.

Kit £5.5.6 Ready to use £5.18.0

P 2 8,

TAPE PRE-AMPLIFIER KITS
Models TA-IM and TA-IS
The Combined Tape
Record/Replay Amplifier g
is available in both
monophonic and stereo- .
phonic model. Model TA-IM can be modified
to the stereo version with modification kit
TA-IC.
TA-IM Kit £19.18.0 -

Ready to use £28.18.0
TA-IS Klt £25.10.0

Ready to use £35.18.0

TA-IC Kit .. £6.15.0

All prices are mail order and include
free delivery in the U.K.

-~~~ Deferred Terms
areavailable on all ordersabove £10

, DAYSTROM LTD.-——-

DEPT. WW.3, GLOUCESTER, ENGLAND
Member of the Schlumberger Group including the Heath Company

MANUFACTURERS OF THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS

AMATEUR TRANSMITTER KIT
Model DX-100U

The World’s most popular
Amateur TX Kit

Completely self-contained. 150 w. D.C. input.

Built-in highly stable YFO and all Power Supplies.

The KT88 high-level anode and screen modulator stage
gives over |00 watts of audio from less than 1.5 mV
input.

Keying on CW is via the YFO and buffer amplifier cathodes;
the other RF valves are biased beyond cut-off.

Provision has been made for remote control operation.
Covers all Amateur bands up to 30 Mc/s. 'phone or CW.
Kit £81.10.0 Ready to use £106.15.0

AMATEUR BANDS RECEIVER KIT

Model RA-| The ideal economically
priced fixed station,
portable or mobile receiver covering
the Amateur bands from 160-10 m.,
each band separately calibrated on a
large illuminated slide-rule dial. Features: Signal strength
meter, tuned RF amplifier stage, half-lattice filter, ad-
justable noise limiter. Freq. coverage 160, 80, 40, 20, 15,

10 metre bands, I.F. 1620 kc/s.
Kit £39.6.6 Ready to use £52.10.0

HEATHKIT
SINGLE SIDE BAND EQUIPMENT

Transmitters, Receivers, Transceivers. Send for
details of models. Fully illustrated American
Catalogue of Heathkit range sent for only /-
post-paid. Or see selection of models in British
catalogue.

REFLECTED POWER METER KIT

Model HM-IIU |ndicates reliably but inexpensively,
whether the R.F. power output of your transmitter is
being transferred efficiently to the radiating antenna.

Kit £8.10.0 Ready to use £10.15.0

VARIABLE FREQUENCY
OSCILLATOR KIT. Model VF-IU

Specially designed to meet the
demand for the maximum possible
flexibility from an amateur Trans-
mitter which would otherwise be
subject to certain limi-ations imposed
by crystal control. Calibrated for all
Amateur bands 160-10 metres,
fundamentals on 160 and 40 m. ldeal for Heathkit DX-40U

and similar transmitters.
Kit £10.17.6 Ready to use £15.19.6

Q MULTIPLIER KIT. Model QPM-I

A reasonably priced Q Amplifier
for the amateur and short-wave
enthusiast. This self-powered unit
{200-250 v. 50/60 cfs.) may be used
with communications receivers to
provide both additional selectivity
-and signal rejectionm.

Models QPM-1 for 470 kcfs. IF. QPM-16 for 1.6 Mc/s. IF.

Kit, either model ... ..... R £8.10.0
Ready touse.................... £12.14.0
AERIAL TOWER KITS. Model HT-I,

HT-IG

Height 32ft. sq. section 3ft. X 3ft. at base (no stays re-
quired). Accessories available as extras:

HT-IG Kit (galvanised) £43.15.0
HT-1 Kit (red oxide) £37.15.0

!
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Outstanding British Equipment by Heath kit

/

M TUNER KIT, Model FM-4U

Tuning range 88-108 Mc/s Fiy-
wheel tuning. Attractive pers-
pex front panel in two tone grey
with golden trim. Thermometer
type tuning indicator, pre-
aligned LF. transformers. Own built-in power supply.
Tuning heart model FMT-4U £2/15/- incl. P.T.
I.F. amplifier and power supply, Model FMA-4U.
Complete with case and valves £13/13/-. Sold

separately. Kit Total £16.8.0.

STEREO DECODER SD-I|

Ideal for use with valve FM Tuners.

Kit £8.10.0 Ready-to-use £12.5.0

343 W HI-FI STEREO AMPLIFIER
Kit Model S-33H4 An inexpensive

stereo-mono ampli-
fier with the high sensitivity necessary for lightweight
miniature ceramic pick-ups {e.g.,, Decca Deram).
De luxe version of the S-33 with attractive two-tone
grey Perspex panel.

Kit £15.17.6 Ready-to-use £21.7.6

MONO CONTROL UNIT KIT

Mode! UMC-I
Ideal for use with MA-I2

or similar amplifier. Output
0.25 v. Send for full details.

Kit £9.2.6

Ready-to-use £14.2.6

AMATEUR TRANSMITTER KIT
Model DX-40U

Covers all amateur bands from
80 to |0 metres, crystal controlled.
Power input 75 watts C.W, 6Q watts
peak controlled carrier phone. Out-
put 40 watts to aerial. Provision for VFO. Filters mini-
mise T.V. interference. Modulator and power supplies
are built-in. Single knob band switching is combined
with a pi-network output circuit for complete operat-
ing convenience, A high-grade moving-coil meter
indicates the final grid or anode current. Provision is
made for the use of 3 crystals.

Prices now reduced to:—
Ready-to-use £41.8.0

Kit £29.19.0

GENERAL COVERAGE RECEIVER
KIT RG-I

An inexpensive communications type receiver specially
designed for the short wave listener with many refine-
ments found only in receivers costing much more,
Freq. coverage 32 Mcfs.-1.7 Mc/s. in 5 ranges also
M.W. band.

Kit £39.16.0 Ready-to-use £53.0.0

Optional extras available.

GRIP-DIP METER KIT. Model GD-IU

Functions as oscillator or absorption
wavemeter. With plug-in coils for
comtinuous frequency coverage
from 1.8 Mc/s. to 230 Mc/s.

Kit £11.9.6 Ready-to-use £14.9.6

Additional Plug-in Coils Model 34i-U extend
coverage down to 350 kcfs. With dial correlation
curves. 17/6.

TRANSISTOR INTERCOM KITS

Models XI-IU and XIR-1U
9 v. battery operated. Up to five remote stations can
be operated with each Master. The Master unit can
call any one, a combination, or all five Remote stations
and any Remote station can call the Master.

Model XI-lU (Master)

Kit £11.9.6 Ready-to-use £17.9.6

Model XIR-1U (Remote)

Kit £4.9.6 Ready-to-use £5.18.0

»n 9000t s 9

(All' models available as easy-to-build kits or

HI-FI STEREO AMPLIFIER
KIT Model S-99

18 w. output (9 per channel with BDH & 4

0.2 per cent. distortion at 9 w. per

channel). It has ganged controls

Stereo/Mono gram, radio and tape recorder inputs
and push-button selection. Ultra-linear push-puli
output. P.C. boards. Attractive Perspex front panel
with golden surround and grey metal cabinet.

Kit £28.9.6 Ready-to-use £38.9.6

HI-FI SPEAKER SYSTEM KIT
Model SSU-I

Ducted-port bass reflex cabi-
net "in the white.” Fre-
quency response is 40-16,000
cfs. Power rating |0 watts
Matched speaker units 8in.
high flux (12,000 lines) with
hyperbolic cone and 4in.
wide angle dispersion type
for higher frequencies.

Kit (with Iegs)\(lz.lz.o

(less legs) £11.17.6
(inc. P.T.)

A.M.[F.M. TUNER KIT

Tuning range 88-108 M. (FM) s
16-50, 200-550, 900-2,000 m.
Flywheel tuning. Attractive
Perspex front panel in two-tone P

grey with golden trim. Thermometer type tuning
indicator, pre-aligned, I.F. transformers. Switched
wide and narrow A.M. bandwidths.

TUNING HEART Model AFM-TI £4/13/6 (inc.
P.T.) I.LF. AMPLIFIER and Power Unit Model
AFM-I. Complete with metal cabinet and valves
£22/11/6. Sold separately.

Kit Total £27.5.0

ELECTRONIC WORKSHOP KIT
EW-I|

20 exciting experiments can be made with this one kit-

Kit £7.13.6 (incl. P.T.)

SINE/SQUARE
GENERATOR
Model 1G-82U

Covers 20 c¢fs-l Mcfs. in

bands. Simultaneous
Sme and Square Wave outputs. Less than 0. ISpS
rise time on Square Wave. Less than 0.5%
distortion on Sine wave. Up to 10 volts
output. This attractively styled generator is
designed for maximum operating convenience.
Size 13in. X 8% X 7in. deep.

Kit £25.15.0 Ready-to-use £37.15.0

OSCILLOSCOPE TRACE DOUBLER
KIT Model S-3U

This device will extend the use
of your single-beam osulloscope.
and at 2 nominal cost, will give
you the advantages of a double
(or other multiple) beam *scope.

Ready-to-use £19.10.0

Kit £13.10.0

OSCILLOSCOPE ACCESSORY KITS
Demodulation Probe kit 337-C £2.17.6
Low-cap Attenuator Probe kit Pk-I|

£3.12.6

See also Oscilloscope page
@ Deferred Terms available on alt orders above £10.

DAYSTROM LTD.-

DEPT. WW.3, GLOUCESTER, ENGLAND
Member of the Schlumburger Group including the Heath Company

MANUFACTURERS OF THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS

Ready-to-use).

HI-FI MONO POWER AMPLIFIER
KIT Model MA-12

A compact Hi-Fidelity power
amplifier (including auxiliary power
supply). 12 watts output. Wide
frequency range and low distortion.
A variable sensitivity control is
fitted enabling it to be used with
an existing amplifier in a stereo-
phonic system. Other applications
includes sound reinforcement systems, transmitter
modulators, for use with tape recorders.

Kit £12.18.0 Ready-to-use £16.18.0

“ COTSWOLD ” SPEAKER
SYSTEM KIT

This acoustically designed en-

closure measures 26 X 23 X

I4%in., and houses a special 12in.

base speaker with 2in. speech

coil, elliptical middle speaker,

together with a pressure unit to

cover the full frequency range of

30-20,000 c/s. Its polar-distribu-

tion makes it ideal for really Hi-Fi Stereo. Delivered
complete with speakers, cross-over unit, level control,
grille cloth, ete. Left in the white for finish to
personal taste.

Kit £25.12.0
Also available Ready-to-use £33.4.'0

4lin. YALVE VOLTMETER KIT
Model V-7AU

The world's most popular valve volt-
meter with printed circuit and | per cent.
precision resistors to ensure consistent
laboratory performance. It has 7 voltage
ranges measuring respectively D.C, volts
to 1,500 and A.C. to 1,500 r.ms. and
4,000 peak to peak. Resistance measure-
ments from 0.! ohm to 1,000 megohms,
with internal battery. D.C. input resistance is I
megohms and dB measurement has a centre-zero
scale. Complete with test prod, leads and stand-
ardising battery. Power requirements, 200-250 v.
40-60 cfs. A.C. 10 watts.

H.V. and R.F. Probes available as optional extras.

Kit £13.18.6 Ready-to-use £19.18.6

DECADE RESISTANCE BOX KIT

Model DR-IU. Range 1-99,999Q in 1Q Steps.
Ceramic switches throughout. Current ratmg from
500 mA. to 5 mA. according to decades in circuit.
Polished wooden cabinet supplied complete.

Kit £10.18.0 Ready-to-use £14.18.0
@ Prices include Postage U.K.

DECADE CAPACITOR KIT
Model DC-1U

Capacity values 100uuF to O-11uF in 100upF steps.
Precision silver-mica capacitors and minimum loss
ceramic wafer switches ensure high accuracy.

Kit £7.15.0 Ready-to-use £10.18.0

TELEVISION ALIGNMENT
GENERATOR KIT
Model HFW-I

Offers the maximum in performance, flexibility and
utility at the lowest possible cost. Several outstanding
features have been incorporated in this model which
are unusual in instruments in this price range. Fre-
quency coverage 3.6 Mc/s. to 220 Mc/s. on funda-
mentals. Unique non-mechanical sweep oscillator
system. High level output on all ranges. Sweep
deviations up to 42 Mc/s. Built-in fixed and variable
marker generator (5 Mc/s. crystal supplied).

Kit £38.18.0 Ready-to-use £49.15.0

@ Prices quoted are Mail Order Prices; retail
prices slightly higher,

{
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See all these models, and many more...
in the latest HEATHKIT Catalogue

LOW-COST TRANSISTOR STEREO AMPLIFIER, TS-23

Incorporates all the essential features ‘or good
quality sound reproduction from record, radio and
other sources @ |6 transistor, 4 diode circuit
® Good frequency response ® 3 watts r.m.s.
(IS ohms) each channel ® 6 position selector
switch easily handles your record, radio or tape
inputs—stereo or mono ® Separate controls pro-
vide bass boost, treble cut, amplifier baiance and
volume ® Printed circuit board construction ® Compact, slimlinestyling @ Measures
37in. high x 13in. wide x 8in. deep ® Beautifu! walnut veneered cabinet (optional
extra) ® Attractive Perspex front panel.

KIT £17.15.0 (less cabinet) KIT £18.19.0 (with cabinet)

Walnut veneered cabinet £2/5/- axtra. Ready to-use price on request

THE AVON COMPACT MINI SPEAKER SYSTEM

The ideal compact system for bookshelf or other
small spaces ® 6}in. bass speaker ® 3iin. totally
enclosed treble unit ® Speakers rigidly mounted
to s%in. thick aluminium alloy plate @ Inductor-
capacitor cross-over unit @ Strongly constructed,
fully finished walnut veneered cabinet ® Cabinec
resonances are minimised by stout internal bracing
and special acoustic absorbent filling @ Suitable
for use wicth amplifiers having an output impedance
of 8-16 ohms, and power output of 5 to 15 watts.
@® Fast, easy assembly ® Gives best possible performance relative to smallest
possible size ® Frequency response 50 ¢/s-19,000 cfs. @ Size: 72in. wide x |3fin.
high x 83in. deep. Comprising: Walnut veneered cabinet kit £8/18/-. Loud-
speakers and cross-over network kit £4/18/- incl. P.T.

TOTAL PRICE KIT £13.16.0 incl. P.T.

Ready to-use price on request

1111 i

All models must perform to published specification when assembled in accordance
with the instruction manual. ALL MODELS COVERED BY MONEY BACK GUARANTEE.

TRANSISTOR AM-FM STEREO TUNER, AFM-2

® |8 Transistor. 7 diode circuit ® AM-LW/MW, FM
Stereo and FM Mono tuning @ Automatic stereo
indicator light @ Stereo phase control for maximum
separation, minimum distortion @ Automatic fre-
quency control for positive ** lock-in** tuning ® Auto-
matic gain control for even, steady volume @ Pre-
assembled and aligned *front end” FM unit e
Separatz Al1 and FM printed circuit boards @ Self-
powered ® Low-silhouette styling——.iatches AA-22U amplifier ® Handsome
fully finished walnut veneered cabinet, available as optional extra, Comprising:
AFM-2T RF Tuning Heart kit £7/17/6 incl. P.T., AFM-2A IF Amplifier and power
supply kit £24/9/6.

TOTAL PRICE KIT £32.7.0 incl. P.T.

Optional extra: Walnut veneered cabinet £2/5/- extra

TRANSISTOR FM STEREO TUNER, TFM-IS
(Mono version TFM-IM available)

® !4 cransistor, 5 diode circuit for cool instant
operation ® Mono TFM-IM and Stereo TFM-IS models
available ® Automatic {requency control ® Stereo g
phase contro! to maximise stereo separation, minimise §
distortion @ 4-stage IF -ection ensures high sensitivity |§8
and selectivity o Filtered outputs for direct “ beat-
iree ™ stereo recording @ Automatic stereo indicator
light @ Prealigned, preassembled * front-end ™ tuner
and one circuit board for fast, simple assembly. Cabinet £2/5/- extra. Comprising:
TFM-Ti RF Tuning Heart Kit, £5/16/-incl. P.T., TFMA-IM (Mono) IF Amplifier, Power
supply £15/3/-. Kit or TFMA-IS (Stereo)} IF Amplifier, Power supply £19/2/- Kit.

TOTAL PRICE KIT (Stereo) £20.19.0 incl. P.T.
TOTAL PRICE KIT (Mono) £24.18.0 incl. P.T.

Optional extra: Walnut veneered cabinet £2/5/- extra.

e
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BERKELEY SLIM-LINE SPEAKER SYSTEM

® Specially designed (o obtain optimum performance from
the slim elegant cabine: ® Beautiful walnut veneered, fully
finished cabinet ® Makes atcractive addition to any room @
Stood on end uses only 17in. x 73in. of floor space ® Two spec-
ially designed loudspeakers give adequate power handling for
most applications @ 12in. low resonance unit and 4in. Mid/High
frequency unit covers 30-17,000 ¢/s. & Build it in an evening
® Professional attractive styling ® Use one for mono and a pair
for stereo ® Qutstanding performance at a low price ® Shelt
or floor standing ® Use vertical or horizontal @ Designed to
harmonize with modern or traditional decor.

KIT £19.10.0 Ready-to-Use £24.0.0

LOW-COST SPEAKER SYSTEM SSU-{ (not illustrated)

®Build it yourself in an evening ®All wooden parts accurately pre-cut, drilled
and sanded @Wide frequency response ®@Two specially designed loudspeakers
@ Hi-Fi on a budget ® Glue, sandpaper, etc. are included in kit ®Use one for mono,
two for stereo ®Finish it to match your own furnishing @16 page instruction
manual ®7in. or I5in. legs optional extra, 14/6 @ Use vertical or horizontal.

KIT £11.17.6 (less legs)

Ready to-use price on request

Send for the Latest |
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LOW-COST SHORTWAVE RECEIVER, GR-64E

® 4 bands—3 short wave bands cover | Mc/s
to 30 Mc/s, plus 550 ke¢/s to 1,620 kefs AM
broadcast band @ Built-in Sin. permanent
magnet speaker for a big, bold sound @ Illumi-
nated 7in. slide-rule dial with extra logging
scale ® Easy to read lighted bandspread tuning
dial for precise station selection @ Relative
signal strength indicator aids pin-point station
tuning @ 4-valve superhet circuit plus two
silicon diode rectifiers ® Variable BFO control for code and SSB transmissions
® Built-in external antenna connections ® Built-in AM rod antenna e Fast,
simple circuit board construction assures stability ® Handsome * low-boy ** styling
-—charcoal grey cabinet, black front panel, and green and white band markings
® Headphone jack for private listening. Power requirements: t15, 230 v. 50-60 cfs
A.C. 30 watts. Dimensions: |34in. wide x éin. high x 9in, deep.

KIT £22.8.0 Ready-to-Use £27.8.0

-

GENERAL COVERAGE RECEIVER, GR-54E

Powerful 6 valve-6 diode circuit. 3 SW bands cover 2 Mc/s to 30 Mc/s plus 550 kefs
to 1550 kcfs AM broadcast band and 180 kc/s to 420 kc/s aeronautical and radio
navigation band. Tuned RF stage. & lattice crystal filter. Switchable USB LSW
mode position. Built-in 4in. x 6in. PM speaker. Power req.: 120/240 v. 50-60 ¢fs AC.

KIT £50.1.0 Ready-to-Use £63.6.0

HEATHKIT

FREE CATALOGUE

Now with more Kits more colour. Fully
describes these models along with over 150
models for StereofHi-Fi, test and laboratory
instruments, amateur radio gear, intercom,
radio educational kits. Includes helpful in-
formation on Hi-Fi in your home and planning
your Hi-Fi system. Mail coupon or write
Daystrom Ltd.,, Dept. WW3 Gloucester.

VISIT THE HEATHKIT CENTRES
233 TOTTENHAM COURT ROAD, LONDON, W.i
Open Mon.-Fri. 9 2,m.-5.30 p.m. Sat. $ a.m.-| p.m.
. AND
17-18 ST. MARTINS HOUSE, BULL RING, BIRMINGHAM
Open Tues.-Sat. 9 a.m.-6 p.m. inclusive.

All mail orders and correspondence
To: DAYSTROM LTD., Dept. WW.3, Gloucester. Tel.: 29451

[ EnclCscdMisle $i.. . . ..o . P A . R post paid U.K. only
Please send model(s}. ... vinirinirivienrvrinianereeamninas

[J Please send me FREE Heathkit Catalogue.

Prices and specifications subject to change without notice,
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SANSUI isn’t just

a pretty face ... o
and the vital statistics
prove it!

MODEL 1000A
AM/FM Multiplex Stereo Tuner Amplifier

This is a high-quality, tubed unit that uses the latest Nuvistor
devices and power tubes. Other features include High-cut and
Low-cut Filters for virtually interference-free enjoyment, a Muting
switch that further reduces noise, and an Automatic Frequency
Control switch to eliminate ‘drift’.

RMS power: 40/40 W.

Music power: 100 W (IHFM).

Harmonic distortion: 1.0% at 1000 Hz RMS rated power output.
Overall frequency response: 20—20,000 Hz -~ 1 dB.

FM sensitivity: 1.8 uV (IHFM).

MODEL 250 7
AM/FM Muitiplex Stereo Tuner Amplifier

A high-performance, tubed unit with many studio-equipment
features. And at a modest price.

RMS power: 10/10 W.

Music power: 22 W (IHFM).

Harmonic distortion: 1.5% 'RMS rated power output.

Frequency response: 30—20,000 Hz4-2 dB at normal listening level.
FM sensitivity: 4.0 sV (IHFM).

AM sensitivity: 30 uV (IHFM).

MODEL 220 — AM/FM Stereo Tuner Amplifier

A similar model to the 250, but without multiplex.

MODEL 500A
AM/FM Multiplex Stereo Tuner Amplifier

A tubed unit with a similar performance to the 1000A, but giving
a lower power output.

RMS power: 23/23 W.

Music power: 50 W (IHFM).

Harmonic distortion: 1.09 at 1000 Hz RMS rated power output.
Frequency response: 20—20,000 Hz 4- 1.5dB at

normal listening level.

FM sensitivity: 2.0 uV + 3dB (IHFM).

ansuit

‘Sole U.K. Distributors:

Technical Ceramics Limited
Cheney Manor, Swindon, Wiltshire. Telephone: Swindon 6251.

Accredited Midland & Northern Distributors to the retail trade
Audio Distributors Limited

4 Lion Street, Kidderminster, Worcestershire

Telephone: Kidderminster 3293

Other equipment in the superbly
styled Sansui range

MODEL 3000A — Solid-state AM/FM Multiplex Stereo Tuner
Amplifier. RMS power: 48/48 W. 4- 1 dB.

MODEL 2000— Solid-state  AM/FM Multiplex Stereo Tuner
Amplifier. RMS power: 32/32 W,

MODEL AU-777 — Solid-state Stereo Control Amplifier.

RMS power: 30/30 W.

MODEL AU-70— Stereo Control Amplifier.

RMS power: 12/12 W.

MODEL TU-70— AM/FM Multiplex Tuner. FM: 88 to 108 MHZ.
AM: 535 to 1605 kHz.

Stereo Headphone S$S-2-—

Hi-Fi Speaker Systems —

SP-50 — 2-way, 2-speaker system, 25 W.

SP-100 — 3-way, 3-speaker system, 25 W.

SP-200 — 3-way, 5-speaker system, 40 W.

SP-300 — 3-way, 4-speaker system, 50 W.

For complete details and fully illustrated colour leaflets, please
send the coupon below, indicating the equipment in which you are
interested, to:

=

Technical Ceramics Limited, Cheney Manor, Swindon, Wilts.

Please send me fully illustrated leaflets, and advise me of the
nearest Sansui Hi-Fi dealer.

Name_ § —a

Address.

Model

@ TCLITT
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VALUABLE NEW HANDBOOK

FREE mees

Have you had your copy of “Engineering Opportunities”

The new edition of ‘“ ENGINEERING OPPOR-
TUNITIES ” is now available—without charge—to
all who are anxious for a worthwhile post in Engineer-
ing. Frank, informative and completely up to date,
the new ‘“ ENGINEERING OPPORTUNITIES »
should be in the hands of every person engaged in
any branch of the Engineering industry, irrespective
of age, experience or training.

On ¢SATISFACTION OR
REFUND OF FEE’ terms
This remarkable book gives details of examinations,
and courses in every branch of Engineering, Building,
etc., outlines the openings available and describes our
Special Appointments Department.
WHICH OF THESE IS
YOUR PET SUBJECT?

ELECTRONIC ENG. RADIO ENG.

THIS BOOK TELLS YOU

Y HOW to get a better paid, more interesting job.
Y HOW to qualify for rapid premotion.

Y HOW to put some letters aofter your name
and become a key man . . . quickly and easily.

Y HOW to benefit from our free Advisory and
Appointments Depts,

Y HOW you can take advantage of the chances
you are now missing.,

Y HOW, irrespective of your age, education or
experience, YOU can succeed in any branch of
Engineering.

132 PAGES OF EXPERT

CAREER-GUIDANCE
PRACTICAL INCLUDING
EQUIPMENT TOOLS

The specialist Elec-

Basic Practical and Theo- "O"’“T Bitksion = af

retic Courses for begin-

. 3 B.1.E
ners in Radio, T.V., Elec- NOW offers you a

Advanced Electronic Eng. —  Advanced Radio — Gen. Radio
Gen. Electronic Eng.—Applied
Electronics — Practical Elec-
tronics — Radar Tech. —
Frequency Modulation —
Transistors.

ELECTRICAL ENG.

Advanced Electrical Eng. —
Gen. Electrical Eng. —
Installations — Draughtsman-
ship — Illuminating Eng. —
Refrigeration — Elem. Elec-
trical Science — Electrical
Supply — Mining Electrical
Eng.

CIVIL ENG.

Advanced Civil Eng. — Gen.
Civil Eng.—Municipal Eng.—

Structural Eng. — Sanitary
Eng. — Rotzj7 Eng. — Hy-
draulics — Mining — Water

Supply — Petrol Tech.

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN-

CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU-
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC.

Which qualification would Increase your_earning power?
AM.LE.R.E., B.Sc. (Eng.,) A.MS.E., R.T.E.B., AM.LP.
A.MIM.L, A.R.I.B.A., .0.B., P.M.G., A.R.I.C.
M.RSH., AMLED, AML Mun.E., =~ C.ENG. CITY & GUILDS
GEN. CERT. OF EDUCATION, ETC.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

Radio & TV Servicing —
TV Eng. — Telecommunica-
tions — Sound Recording —
Automation — Practical Radio
— Radio Amateurs’ Exam.

MECHANICAL ENG.
Advanced Mechanical Eng, —
Gen. Mechanical Eng. —
Maintenance Eng. — Diesel
Eng. — Press Tool Design —
Sheet Metal Work — Welding
— Eng. Pattern Making —
Inspection — Draughtsmanship
— Metallurgy — Production
Eng.

AUTOMOBILE ENG.
Advanced Automobile Eng. —
Gen. Automobile Eng. —
Automobile Masntenance —
Repair — Auromobile Diesel
Maintenance —  Automobile
Electrical Equipment — Garage
Management.

446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

THE B.ILE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

WW—017 FOR FURTHER DETAILS
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tronics, etc. A.M.I.LE.R.E.
City & Guilds Radio
Amateurs’ Exam., R.T.E.B.
Certificate, P.M.G. Cer-
tificate, Practical, Radio,

real laboratory train-
ing at home with
practical  equipment.
Ask for details.

Radlo & Television Ser-
vicing, Practical Elec-
tronics, Electronics
Engineering, Automation.

B.LLE.T.

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES,” Send for your copy now—FREE
and without obligation.
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POST COUPON NOW!'

T0 B.I.E.T. 446A ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE.

OPPORTUNITIES.”
exam., or career).

WRITE IF YOU PREFER NOT TO CUT THIS PAGE

3d. stamp if posted in
an unsealed envelope.

Please send me a FREE copy of ‘ ENGINEERING
I am interested in (state subject,
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HARMSWORTH -TOWNLEY & G0, _Components Dept. ask for

TODMORDEN LANCS Todmorden 2601 extension

ENGLISH ELECTRIC

"

GS FUSES

or the protection of rectifiers and
thyristors.

INTERNATIONAL
RECTIFIER
Quality Semi-Conductors.
Complete Rectifier Assemblies up

Bulletins and prices on request.

to thousands of Amps, Diodes, PRINTED CIRCUIT

Thyristors, Zeners, Encapsulated DRAFTING AIDS

Bridges, Photocells, Klipsel Surge Save drafting time and costs. Self-

Protectors. adhesive shapes and tapes. Terminal

For experiment and- teaching:— circles—fillets —tees —elbows —uni-

ZENER KITS. THYRISTOR KITS versal corners and mounting hcles. Rail Mounted Terminals and Ter-

’ ’ minal Blocks 0-5-250 Amps.
Bulletins and prices on request. Bulletins and prices on request. Bulletins and prices on request.

COMPONENTS PHUNE TUDMURDEN 260] AND ASK FOR
DEPARTMENT EXTENSION 1

WW-_—018 FOR FURTHER DETAILS

Y, VOLTMOBILES
TRANSFOR LOW VOLTAGE HIGH CURRENT 64 steps on load switching Auto-
NSFORMERS TRANSFORMERS Transformers. | phase and 3 phase.
0-25 kVA to 300 kVA with output currents of hundreds, 200-400 Amps.
| phase and 3 phase thousands and tens of thousands of
amps. Zero to 1009, Volts or 125%, of
| phase and 3 phase. Input Volts.
Voltmobiles are low-cost con-
DC POWER SUPPLIES trollers, for furnaces, rectifier
For Magnets, Accelerators, Plating, Ano- sets and other loads.

dising, Spectroscopy, Plasma Arc, Tor-
onto Arc, Electron Beams, Electrolysis,
Welding, Quartz Lamps, Mercury Va- LET US HAVE YOUR

pour Lamps. From 100 W to 200 kW_ | SPECIFIC REQUIREMENTS

! Equi t Dept. ask f
HAHMSWHHIH IHWNIEY & n“' Tod?:;eg;n26(§fexisensgn 3

TODMORDEN LANCS
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Has red tape been

complicating your procurement of

- electronic components
from the U.S.A.?

Procurement of ‘
American-made elec-

tronic components used to be thought of as a complex, time-
consuming procedure with a myriad of red tape details and
problems. Not anymore — now you can join the growing list of
companies that rely on the technical skills and services of Milo
International, world-wide distributors of electronic components.
Our team of experienced specialists will process your order with
speed and efficiency from start to finish —immediate price and
availability quotations, product information, application data,
import certificates, export licenses, declarations, export pack-
aging, delivery expediting, etc. And this all-inclusive service is
provided for each order, no matter how small or farge.

Let us help you

cut through it!

For whatever you may need in electronic components
from the U:S.A., Milo International can satisfy your re-
quirements with prompt delivery, at direct factory prices,
from a huge in-stock inventory of thousands of components

made by the leading American manufacturers including this

partial listing:
Amperex
Amphenol
Arrow-Hart &

Hegeman

Bourns
Burgess
Cannon
Centralab
Cinch-Jones
Clarostat
Cornell-Dubilier
Corning
Dale Electronics
Delco Radio

WW-—019 FOR FURTHER DETAILS

Wireless World, March 1968

Eimac

Electrons, Inc.
Erie

General Electric
Hardwick Hindle
Hickok

LT.T.

J.F.D.

Kings

Littelfuse

Mallory

Oak

Ohmite-Allen Bradley
Potter & Brumfield

R.C.A.

Raytheon

Simpson

Sola

Solitron

Sprague

Stancor

Superior

Sylvania

Texas Instruments
Transitron

United Transformer
Vector

Xcelite

For immediate price and delivery quotations, contact Milo by mail, phone, cable or International Telex.

I LO Irternational

World-Wide Electronic Component Suppliers

530 Canal Street, New York, N.Y. 10013 / Tel 212-233-2980 / Cable MILOLECTRO, N.Y. / Int'l. Telex 62528

15



MAGNETIC RECORDING

TYPE “A”

Standard /2 track, Record/Playback
and Erase. Many special versions can
be made to customers’ requirements
such as narrow track—raised track—
or cut-away for cine use. Ideal head
for dictating machines, etc. Size
Zin. dia. by gin. long. The round
body makes for easy azimuth adjust-
ment and takes up a minimum of
space. Head has internal screen and fly leads for
easy wiring.

TYPE “R”

Size is &in. square at the front
with body 32in. dia. by 3in. long.
Curved front ltin. radius. This head
g is available in a wide range of Record/
" Playback impedances. Also available
as Erase. This novel design possesses
many advantages over comparable
types — higher output — lower
losses—extremely good H.F. res-
ponse—very low noise pick up—has internal mumetal
screen. Round body aids mounting arrangements—
easy azimuth alignment.

TYPE “DR”

Exactly as Type R except body is
Lin. square along its length provid-
ing simple mounting arrangements.
The Erase versions of R and DR types
are double field heads. These are
not just double gaps but two Erase
heads in one, giving better than
60dB erasure of a saturation (+6dB
on full record level), | k/c recording at 33 i.p.s.

TYPE “X”

I/l — 1/2 — 2/2 and 2[4 Heads for
zin. tape. Record/Playback and
Erase Heads for high quality tape
recorders. Size only jin. cube and
available in a whole range of imped-
ances. Excellent HF performance,
efficient screening and very low
crosstalk are features of the R/P
head, Mounting brackets are available
for twin or triple head assemblies.

TYPE “T”

Built into a deep drawn mumetal
case ensures complete shielding.
Type T is the protruding pole type
with special narrow track (as narrow
as .002in.) and can be made as a
Record/Playback or Erase Head, or
combined Record |/ Playback | Erase
Head, or even Record/Playback and
self-oscillatory Erase Head. The
Erase track can be made wider than the R/P track
on the Combo Head, a fully screened lead is incor-
porated as part of the head.

\

|
BY

SINGLE TRACK COMBO TYPE “ X”

Designed as a combined Record/
Playback/Erase Head for the com-
mercial market. such as telephone
answering machines. Built into in.
cube deep drawn mumetal case it
incorporates the R/P features of R-
Type head. The Erase track is made
wider than the R/P track to ensure
complete erasure and to overcome
machlne to machine alignment tolerances.

TYPE “Z”

A brand new concept in combination
head design incorporating all the
best features of the X-Type Head
combined with integral erase facili-
ties. Accurate gap alignment be-
tween tracks makes this head emi-
nently suitable for high quality
stereo use. The one-piece deep
drawn mumetal case (only £in. cube)
ensures complete screening across the front as well
as the sides.

MULTITRACK
Available to special order in Two-
Four-Eight or Sixteen tracks, or to
specification. These tracks are
located by precision machined slots
and track dimenslons and positions
remain consistent. The track to
fixing base dimensions are held to
tight limits and any tolerances are
non-cumulative as each track is
indexed from the base. Special
purpose optical equipment ensures
a high order of accuracy in the align-
ment of the head halves. Erase
heads, identically sized to the R/P
head are available to special order.

TYPE “

Designed especially for the Cassette
Type Recorder using .|5in. wide tape.
Built-in tape guides are a feature of
this head. The Standard type now
in production is 3-track but a com-
patible Stereo version will soon be
avallable. The high Q factor of Type
W Erase gives maximum economy in battery applica-
tions.

TYPE “W?” R/P.
The Record/Playback Head for
Cassette Recorder incorporated in
a deep drawn mumetal case ensuring
complete screening. As an integral
part of the head the mounting plate
is of tempered Beryliium copper to
provide a simple azimuth adjustment.
The winding is centre tapped to give
the option of presenting a lower impedance to bias
and signal soyrces.during recording.

MARRIOTT MAGNETICS LTD.

WATERSIDE -WORKS

PONSHARDEN

PENRYN CORNWALL

Telephone: Penryn 3591-3363

SPECIALISTS IN ALL TYPES OF HEADS FROM THE ECONOMY MASS-PRODUCED ARTICLE TO THE VERY
HIGH QUALITY PROFESSIONAL HEAD FOR SOUND RECORDERS AND COMPUTERS. OUR TECH-
NICAL KNOWLEDGE MAKES IT POSSIBLE TO DEVISE, PLAN AND PRODUCE THE MOST VERSATILE
RANGE OF HEADS IN BRITAIN—FOR EITHER TAILOR-MADE OR MASS-PRODUCED DEVICES IN ALL

DIVISIONS OF RECORDING.

16
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Dial for a
meter

Dial Euston 1639. Specify your meter . . . type, shape, size, F.S.D.

It’s almost certainly on our premises right now. It will almost certainly be on yours
tomorrow (G.P.O. and/or B.R. willing). If by chance we haven’t got precisely what you want,
we'll tell you when you can have it. Or which stock alternative, plus or minus
a few ohms, will do the jeb. Or how long by our stopwatch it will take us
to modify a stock meter for you. You’ll always get a straight answer from Anders . . .
and 99 times out of 100 the answer will delight you.

Manufacture and distribution of electrical measuring instruments and
electronic equipment. The largest stocks in the U.K. for off-the-shelf delivery.
Prompt supply of non-standard instruments and ancillaries.

Sole U.K. distribution of FRAHM vibrating reed frequency meters and tachometers.

New comprehensive catalogue available free to manufacturers and bona-fide engineers.

ANDERS METER SERVICE

Anders Electronics Ltd - 48/56 Bayham Place - Bayham Street - London NW1 - Telephone: 01-387 9092
Ministry of Aviation Approved
WW—021 FOR FURTHER DETAILS
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“Where else can you buy a counter
like this for £2427?”

Nowhere else. The Racal type 835 Universal
Counter/Timer provides Frequency, Period,
Period ‘Average, Ratio, Time Interval,

Pulse Width and Mark/Space, Totalise and
Scaling In one compact instrument.

Plus

[] Integrated circuit construction ‘

[] DCto 12.5 MHz (125 MHz with Type 810 Divider)

[] Sensitivity 75mV r.m.s.

[] Gate Times 1 uS to 10 Sec. (with push-button selection)

[] Exceptionally easy to drive
—tabular control information

Built to Racal 800 series standards, and
occupying precisely half standard-rack width,
the 835 has a companion Type 810 Frequency
Divider which extends the frequency

range to 125 MHz.

RAGAL
INSTRUMENTS

q GUT COSTS
NOIT

PERFORMANCE

Racal Instruments Ltd., Crowthorne, Berkshire, England.
Tel: Crowthorne 5652. Telex 84166 Cables/Grams Racal Bracknell.

(RIAIC/A]L|
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VORTEXION

C.B.L. TAPE RECORDER.

Stereo/Mono § track recorder. Speeds 13/33/7% i.p.s. or
32/74/15i.p.s. Wow and Flutter 74 ifs 0.16%,. 33 i/s. 0.2%,.
H & N (after erasure)-50db. F. R. I5 i/s 40 c/s-20 Kc/s.
7% ifs, 40 ¢/s-15 Ke/s. 32 i/s, 40 ¢/s-12 Kc/s. 13 ifs, 40 ¢/s-
6 Kefs. All + 3db. Replay char. CCIR. Inputs: mic. |10
microvolt on 30Q, gram/radioc 60 mV on 300KQ.
{mixable on each amplifier). Output 15Q at 33 W each
amplifier. Three motors. 8;” spools. Less than | minute
rewind for 1750 ft. tape. Level meter. Pause control,
monitoring, mixing, echo, superimpose.

Size, 163" x 274" x 83", Weight 69 Ib.
Speeds 17/33/7% i.p.s. Price £172 0s. 0d.
Speeds 33/75/15i.p.s. Price £180 0s. 0d.

W.V.B. TAPE RECORDER. Similar to above but mono only. Professional quality recordings, checked by after record monitor during
recording. Echo and superimpose facilities, 600Q balanced or unbalanced output and 3f watts output to internal or external speaker.

Size 84" x 164" x 223", Weight 50 Ib.

Speeds 13/32/7+% i.p.s. Price £115 10s. 0d. Speeds 32[7%5/15 i.p.s. Price £128 0s. 0d.

W.V.A. TAPE RECORDERS. Same as W.V.B. but no superimposing. An extra head for stereo playback can easily be plugged in.
This may be 2 track (FP16) or 4 track (FP28). Size and weight as W.V.B.
Speeds 13/32/7% i.p.s. Price £96 7s. 0d. Speeds 33/74/15 i.p.s. Price £107 3s. 0d.

ELECTRONIC MIXERS. various types of mixers available. 3-channel with accuracy within |db Peak Programme Meter. 4-6-8-10 and
12 way Mixers. Twin 2-3-4 and 5 channel stereo. Tropicalised controls. Built-in screened supplies. Balanced line mic. input. Outputs: 0.5v at 20K or
alternative | m W at 600, balanced, unbalanced or floating. Prices on application.

200 WATT AMPLIFIER. can deliver its full audio power at any frequency in the range of 30 ¢/s-20 Kc/s-- Idb. Less than 0.2, distortion at
I Kc/s. Can be used to drive mechanical devices for which power is over {20 watt on continuous sine wave. Input | m W 600Q. Output 100-120v or
200-240v. Additional matching transformers for other impedances are available.

30/50 WATT AMPLI FlER. With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and music or over 30
watts on continuous sine wave. Main amplifier has a response of 30 ¢/s-20K¢/s + | db. 0.15% distortion. Outputs 4, 7.5, 15Q and 100 volt line. Models
are available with two, three or four mixed inputs for low impedance balanced line microphones, pick-up or guitar.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains

and |2 volt battery operation, charging its own battery and automatically going to
battery if mains fail. Protected inputs, and overload and short circuit protected
outputs for 8Q-15Q and 100 volt line. Bass and treble controls fitted.

| gram and 2 low mic. inputs. Price £84 0s. 0d.
| gram and 3 low mic. inputs. Price £90 0s. 0d.
4 low mic. inputs. Price £92 0s. 0d.

100 WATT ALL SILICON AMPLIFI ER. A high quality amplifier with 8Q-15Q and 100 volt line output for A.C. Mains. Protection

is given for short and open circuit output over driving and over temperature. Input 0.4v on [00KQ. Price £70 0s. 0d.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce intermodulation distortion to

a fraction of normal transistor input circuits. The response is level 20 to 20,000 cps within 2db and over 30 times damping factor. At 20 watts output
there is less than 0.2%, intermodulation even over the microphone stage at full gain with the treble and bass controls set level.
Standard model |-low mic. balanced input and Hi Z gram. Price £35 0s. 0d.

VORTEXION LIMITED. 257/263 The Broadway, Wimbledon, S. W. 19.
Telephone: 01-542-2814 and 01-542-6242/3/4. Telegrams: “Vortexion London S. W. 19.”
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"

The same safeguards in manufacture and control that have won government contracts for
TEONEX in over forty different countries apply equally to ensure top quality for private users too.
When you require valves to comply with E.V.S. or M.I.L. standards — choose TEONEX.

The TEONEX range (for use outside the U.K. only) incorporates the entire series of British-
produced valves or their Continental equivalents, including a wide range of colour T.V. valves.
Price list and technical specifications may be obtained from:-

Export Enquiries Only Please! TEONER LIMITED

2a, Westbourne Grove Mews,
TEONEX London, W.11
England.
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Just what is this ABR,
that makes such a
vital difference to the

‘DITTON 15’ ?

To achieve really impressive bass reproduction a speaker
must move a large volume of air at the lower frequencies.
In the usual "infinite baffle” compact system this is
achieved by large excursions of the diaphragm—with good
results if the designers and engineers have done their
homework (listen to the ‘Ditton 10°). But with the ‘Ditton
15" Celestion have come up with something even better.
-They have given a dramatic further improvement in the bass
response by a novel design idea call‘ed the ABR (Auxiliary
Bass Radiator).

The ABR is a rigid diaphragm with a linear suspension
capable of large excursions, pressure driven by the rear
radiation from the 8 bass unit. The acoustic mass of the
ABR and the response of the 8 bass unit are so matched
that from 80Hz down to 30 the ABR moves in phase with
the bass loudspeaker cone. It progressively radiates more
of the bass frequencies as the bass loudspeaker’'s own
power output falls away. This sharing of the load results in
a clarity of sound in the bass frequencies and permits a full
15 Watt power down to 30Hz. Above 80Hz the ABR is
stationary leaving the enclosure to act as a pure infinite
baffle.

And what about the high notes? They are in the care
of the famous HF1300 Mk. 2. Enough said!

But don’t take our technical word for it. Hearing is
believing! Ask your local Hi Fi dealer to demonstrate the
‘Ditton 15" and compare it for yourself. Or send in the cou-
pon now, and we will let you have full details and technical
specification—not only of the ‘Ditton 15°, but also of the
famous ‘Ditton 10, the inexpensive but most. sophisti-
cated mini-speaker on the market.

Sl loudspeakers for
SEERY the perfectionist

Celestion

e T = == T E e e e |
I Rola Celestion Ltd.  Ferry Works, Thames Ditton, Surrey.

I Please send details of the Ditton ‘10’ and ‘15’

|

| NAME |
| ADDRESS |
|

o

L ww.
GD 996

Studio quality high frequency unit HF1300

Anechoic cellular foam wedge and lining eliminates standing

waves.

High hysteresis panel loading material to eliminate structurai

resonances.

Auxiliary Bass Radiator (ABR)—plastic foam diaphragm of

high rigidity and low mass having a free air resonance of only

8Hz; double roll suspension allowing excursions up to 2” with
virtual absence of distortion.

5. 8" bass unit, with free air resonance of 25Hz, and massive
Ferroba Il magnet structure for optimum magnetic damping and
cone treated with viscous damping layer to suppress
resonances.

6. Units mounted flush to eliminate diffraction effects and tunnel
resonances; covered by acoustically transparent grille cloth
for maximum presence,

7. Full L-C Crossover network.

- (2] N, =
by . e

Rola Celestion Ltd Ferry Works,

Thames Ditton, Surrey Tel 01-398 3402
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IF THIS

IS NOT THE

ONE YOU

WANT WE STILL
HAVE A FEW
MILLION OTHERS

VALVES FOR:

Radio and Television Manufacturers.

Radio and Television Service Departments.
Radio Relay Companies

Audio Equipment.

Electronic Equipment.

Instrumentation.

Computers.

Marine Radar.

Com.munication Equipment.

Research and Development.

Government Departments.

Aircraft Military and Civil.

Ministry of Aviation Approved Inspection. Air Registration Board
Approved Inspection.

For quality, reliability and world-wide availability, rely on
Hall Electric’s speed, intelligence and reputation.

ImHALTRON

RADIO VALVES & TUBES

Hall Electric Ltd., Haltron House, Anglers Lane, London, N.W.5.

Telephone: 01-485 8531 (10 lines). Telex: 2-2573. Cables: Hallectric, London, N.W.5,
WW—026 FOR FURTHER DETAILS
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DILLINGOEN

a unique sound mixing system...

¥

[
i
§
§

3

Head office and plant: Kongsberg, Norway

KONGSBERG Tel.: Kongsberg 37, telex: 1491, cable: Vapenfabrikken, Kongsberg

e \JAPENFABRIKK £ oo s 170, tetox: 1114, cable: Konsern, osio
Central E ffice: K b Va fabrikk, B
KONGSBERG e T e ey,
Tel.: Bonn 27 422; telex: 88 65 05, cable: Korakontor, Bonn
NORWAY
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A new science project combining the fascination
of optics with electronics . . . the new field of

from PHllllPS

Demonstrations of these devices These new devices offer features which can be ex-
operating as

ploited in an extremely wide field of applications.

SPEECH LINK Their outstanding modulation and switching capa-
and

ON/OFF LINK

are being given daily at our only

address, ) '
52 TOTTENHAM COURT ROAD, data links, remote relay controls, safety devices, burg-

LONDON, W.1. lar alarms, batch counters, level detectors, etc.

d TYPE MGA 100 General Purpose Gallium Arsenide Light Source
o A filamentless, Gallium Arsenide infra-red emitter, only 5.54 mm.

dia. and 8.1 mm. long. Features a robust cylindrical package

coaxial with the beam, facilitating optical alignment and heat-

sinking.

bilities, coupled with completely solid state circuit
design and small physical size make them ideally

suited to such purposes as short distance speech and

7 MAX RATINGS
28 6 Posts FrEe Forword current Ip max.* D.C.......400mA. Forward peak current Iy max.* (pk)......

Power dissipatian®. .. .. 600mW. Deratmg factor for Tamp greater than 25°C. .. .7 SmW/’C.
Reverse voltage YR max -0v.

EACH *When d an an alumini heat sink lin. X }in. X }in.

Supplied complete with suitable lenses, full Technical Data and Application
Sheets,including Line of Sight Speech Link.

TYPE MSP3 Solid State Photo Receiving Device =
An ultra-sensitive infra-red and visible light detector, this device |j
is a complete silicon photo-electric receiver with a peak spectral

response at 9500A. Size only 6.4 mm. dia. and 25.4 mm. long, yet

absolutely complete, the device will generate sufficient power to 85’ EACH
drive an external relay. Chiefly intended for use in optical links =
based on Gallium Arsenide Light Sources, they are equally
suitable for systems based on visible light. Features a robust
cylindrical package coaxial with the incident light facilitating
optical alignment and heat-sinking.

Post free

MAX RATINGS

Total dissipation (in free air, Tams=25°C)........ 100mW. Derating Factor........2mW/°C.

Output Current Intcnsity ...... 100mA. Vaitage. ..... 25V. Operating Temperature........ from

—30° to 4 125° .
Supplied complete with suitable lenses, full Technical Data and Application Sheets d h I d
including Line of Sight Speech Link. ’ ’ s &) = an t ese neW SO I

state devices . ..

———— Type 31F2 Micro-miniature
' Infra-Red Detector ?fA dT:IACS lep: 404:2 .
g ntended primarily for phase controt of A.C.
28 6 EACH EXtrern.ely small phOto qIOdes loads in light dimming, universal and induction

of silicon NPN passivated motor control, heater control, etc., these gate
planar construction and suit- controlled full-wave A.C. silicon switches,
Past Free ble f P hed Card Read with integral trigger, switch from a blocking
aple Tor runchne ar eaaers, state to a conducting state for either polarity 7
Counters, Film Sound Track, of applied voltage with positive or negative 45 - EACH
gate triggering.

etc. Past free
Supplied complete with suitable lenses, full Technical Data and Application Sheets, "Sll;ﬁpél:get:‘gmplete with full Data and Applica-
including Line of Sight Speech Link.

INTEGRATED CIRCUIT RCA—CA 3020 AF
POWER AMPLIFIER & PRE-AMPLIFIER
{or servo-amplifier).

P RO OPS B ROTH E RS Llhelr TCA-CIG I?QQPO ; anAFi:ntPegratedA_drFlf{it‘
ultistage, Multi-Purpose ower Amplifier
% Ll M |T E D on a §|ngle .monohthlc silicon (;h|p, providing a

stabilized direct-coupled amplifier, performing
pre-amp., phase inverter, driver and power
output functions without transformers, and

52 Tottenham Court Road, London, W.1. b ol Rl R 42 - EACH
Telephone: LANgham 0141 (01-580 0141)

Supplled complete with full Data and Applica-
tion Sheets. Past Free
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Pinnacle

the largest single

valve independent

THIS IS WHAT
WE DO

Make available the widest
range of valves for com-
mercial and industrial use.
Give a personalised service
based on intelligence and
speed.

Ensure that we only supply
valves made by the world’s
foremost manufacturers.

Provide valves selected for
your special needs,

Help out rapidly with that
t‘fawkward’’ valve that no-
body else seems to have
heard of,

IF I’D ONLY TRIED PINNACLE FIRST...

Every valve in either widespread or special-
ised use in the fields of Entertainment,
Industry, Education and Research will be
found in our catalogue, together with its
main equivalents, classification, and the
Pinnacle **P’’ number under which it may
be ordered.

Specialise in European or
American types which are
not normally easily obtain-
able,

Rush you a small order, or
quote for a bulk require-
ment—1’s or 1,000’s are all
the same to us.

PINNACGLE ELECTRONICS LIMITED ACHILLES STREET - NEW CROSS - LONDON $.E.14
Telephone : All Departments—01-692 7285 Direct orders —01-692 7714

Wireless World, March 1968
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Nothing
matches
Belling-Lee
sub-miniature
R F Connectors

Bl A low cost range of precision subminiature
R.F. connectors.

B Impedence 50 ohms nominal.
Bl V.S.W.R. less than 1.1: at 400 MHz.

B Easily loaded with a variety of subminiature
coaxial cables up to 0.067” overall.

“BELNG-LEE" ,g
B PTFE insulation and choice of gold or silver
plated body.
'l Three plugs and three sockets. Types available
L to suit all installation requirements.
“Bellng Lo I
B Available from stock.
L1403/BS jAu
L1403/RFP/Au L1403/FP/Au Bulkhead Adaptor,
Right Angle Free Plug Free Plug Plug-to-Plug
Befune-Lee - D 2 ¢
| L1403/MFP/Au
= - S 11403/CS/Au Free Plug with L1403/PCS/A
Derene-Lee D m Bulkhead Socket Braid mgmv,; Printed Cin{ui‘: Socket

BELLING-LEE

COMPONENTS

connecting research to industry

BELLING & .LEE LIMITED
GREAT CAMBRIDGE ROAD
ENFIELD, MIDDLESEX.

Telephone : 01-363 5393 Telex: 263265
WW—030 FOR FURTHER DETAILS
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What's
eating g
into 0

profit
margin? =5

. -"‘_
\

YOUI Nty

mechanized handling can halve your

Are you hit by rising production costs
and shrinking -profit margins? |s com-
petition getting steadily tougher?
Sales prospects bleaker? If these are
your problems, can you ignore the
productivity improvements resulting
from systemized mechanization!?
There will be a multitude of new ideas
and methods at the International
Mechanical Handling Exhibition for
boosting profits and Increasing effic-
iency. |t will be much more than just
the world’s biggest display of mechan-
ical handling equipment — 500,000

INTERNATIONAL

square feet and 300 exhibitors — it will
be a unique presentation of handling
technology; new systems, equipment
and practical ideas. An unrivalled op-
portunity for evaluating the latest
developments in receiving goods and
materials; storage inventory control;
in-processing; packaging; transport;
distribution; and ancillary services
and equipment. Whether your com-
pany is large or small, you will find
much of interest and value at this im-
portant event. Mail the enqulry now
and note the date in your diary.

MECHANICALHANDLING

EXHIBITION

14-24 MAY ‘68 EARLS GOURT LONDON

Wireless World, March 1968
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I MAIL THIS NOW FOR FURTHER
I DETAILS AND SEASON TICKET

I To: The Manager,
Mechanical Handling Exhibition,
Dorset House, Stamford Street,
London S.E.I.

I INVANAE . i . SRR I st o o Ottt vsareeios » PO
I (please print)

| COMPANY oo

T &m0 N b

The Exhibition is sponsored by the
journals MECHANICAL HANDLING

|

| |
| |
| I
| and MATERIALS HANDLING NEWS. |
| |
| I
| |
| I
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HIGH FIDEI.ITY SPEAK RS

Whiteley Stentorian Speakers incorporate 40 years of
development in acoustic technology. Their frequency
response is exceptionally wide, and their overall performance
is outstanding.

Nlenlarian

MODEL H.F.1016 MAJOR

10” Die-Cast Unit, incorporating
16,000 gauss magnet system

and has a |5 ohms impedance
speech coil. Handling capacity
10 watts. Frequency response
30-16,000 c.p.s. Bass

resonance 39 c.p.s.

PRICE: £11.11.7 (inc. P. Tax)

Nentarian

MODEL H.F.1012

10” Die-Cast Unit, incorporating
12,000 gauss magnet. Handling
capacity 10 watts. Frequency
response 30 c.p.s. to 14,000
c.p.s. Bass resonance 35 c.p.s.
* Fitted with cambric cone and
universal impedance speech
coil providing instantaneous
matching at 3, 7'5 and 15 ohms.

PRICE: £5.13.1 (inc. P. Tax)

Stentarian
MODEL H.F.816

8” P.M. Unit, 16,000 gauss
magnet. Handling capacity

6 watts. Frequency responge
50 c.p.s. to 15,000 c.p.s. Bass
resonance 63 c.p.s. Fitted with
cambric cone, die-cast chassis
and universal impedance
speech coil providing
instantaneous matching at 3,
7-5 and 15 ohms.

PRICE: £7.14.8 (inc. P. Tax)

Ask your dealer for full details of the Stentorian range or write to

WHITELEY ELECTRICAL RADIO CO. LTD

MANSFIELD - NOTTS - ENGLAND Tel: Mansfield 24762

London Office: 109 KINGSWAY, W.C.2 Tel: HOLborn 3074

VARIABLE—HIGH GURRENT
SMOOTHED POWER SUPPLIES
WITH ACCUMULATOR PERFORMANCE
DIRECT FROM A.C. MAINS

TYPES
250VRU/30/20
250VRU/60/10
250VRU/120/5

250 VRU/240/2.5

PRICE:
£131.5.0

TYPE 250VRU/30/20 provides outputs of 0-30 v. D.C. continuously varizble,
up to 20A. Overload capacity 200% for short periods Ripple Content, impedance
and regulation equivalent to accumulator performance. Output protected.
INCORPORATES HEAVY DUTY SILICON RECTIFIERS.
with volt and amp meters, free standing, but suitable for {9in. racking.
USED BY MINISTRY OF TECHNOLOGY: Alrcraft operators, for servicing
28 v. aircraft instruments, radio; within B.C.A.R

FIXED OUTPUTS ALSO AVAILABLE. Smoothed 12 or 24 v. up to 24 amps
Applications. operating and servicing transistorised equipments, e.g. 12:24 v.
mobile r/telephone; production testing D.C. motors; heaters, wipers ignition
systems, etc., etc. Direct from A.C. without accumulators.

Complete

Avoid the extra expense of super regulation you may never need.

PRICES: from £31/4/- up to £88/4/-.

We shal!l be happy to assist with your power conversion problems. Call, \)vrite.
or Tel.: 01-890 4837.

EXPORT ENQUIRIES INVITED**

DEPT. PUI3
BROWELLS LANE,
FELTHAM,
MIDDLESE X,
ENGLAND,

TEL: 01-890 4242

Valradio

LIMITED

**DEMANDES CONCERNANT 'L'EXPORTATION SOLICITES.
CONSULTAS SOBRE EXPORTACION.

"SE INVITAN
EXPORTANFRAGEN ERBETEN.

WW—¢33 FOR FURTHER DETAILS

METER PROBLEMS?

A very wide range of modern design
instruments is available for 10/14
days delivery.

Full Information from:

HARRIS ELECTRONICS (London) LTD

138 GRAYS INN ROAD, W.C1 Phone: 01/837/7937

WW--032 FOR FURTHER DETAILS
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HOWELLS RADIO LTD.
MINISTRY OF AVIATION INSPECTION APPROVED

TRANSFORMERS

STANDARD RANGE OR DESIGNED TO YOUR
SPECIFICATION.

0-50KVA, “C” CORE, PULSE, 3 PHASE, 6 PHASE,
TOROIDS, ETC.

Transformers for 20W Transistor Amphﬁcr (W.W., Nov. 1966).
Driver 22/6 Carr.

Mains 29/6 Carr. 4/6

L.P. Filter, Chassis Mounting 11/6. Carr. 1/-.

L.P. Filter, Printed Circuit Mounting 14/6. Carr. 1/-.

*MAINS TRANSFORMERS

350-0-350 v. 60 mA., 6.3 v. 2 A. £1/15/-. Carr. 4/6.

500 v. 300 mA. 6.3v.4A,63v.1 A £3/12/6. Carr. 5/6.
500-0-500 v. 0.25 A, 6.3 v. 4 Act., 6.3 v. 3 Act,, 5 v. 3 A,
£4/10/6. Carr. 6/6.

525-0-525 v. 0.5 A, 6.3 v., 6 Act., 6.3 v, 6 Act, 5 v. 6 A.
£5/5/-. Carr. 6/6.

*LOW VOLTAGE

30-0-30 v. 4 A. £2/5/6. Carr. 5/6.
15v. 2 A. £1/12/6. Carr. 3/-.
15v. 6 A. £2/1/-. Carr. 4/6.
15v. 10 A. £2/15/-. Carr. 5/6.

TRANSISTOR POWER SUPPLY TRANSFORMER
0-2-4-6-8-10-20-30-40-50 v. 2 A. £4/10/-. Carr 6/-.
*PRIMARIES 10-0-200-220-240 v.

CHASSIS, CABINETS & PRECISION METALWORK

ELECTRONICS — DEVELOPMENT & ASSEMBLY
CASH WITH ORDERS PLEASE

Carlton Street, Manchester 14, Lancashire
TEL. (STD 061) 226-341 1

WW—035 FOR FURTHER DETAILS

M. R. SUPPLIES, LTD.,
(Established 1935)

Unlversally recognised as suppliers of UP-TO-DATF. MATERIAL. which doea the job properly.
Instant delivery. BSatisfaction Msure.d. Prices nett,

FANFLOW EXTRACTOR FANS, Undoubtedly to-day’s greatest bargain for domestic or industrial
use. For 200/250 volts A.C. 7,500 cu. ft. per hour, Easiiy Instalied, fitted weatherproof louvres
which open when motor is switched on and closed when off. Oniy 6}in. dia. Our nett price
only £6/15/- (despatch 4/6).

ELECTRIC FANS (Papst), for extracting or blowing. The most exceptional offer we have vet
made, 200/250 v. A.C. Induction motor—silent running. 2,800 r.p.m. duty 100 C.F.M. Only
44in. square and 2in. deep. Ideal for domestic or industrial use. Eaasy mounting, £3/8/- (des. 3/6).

SMALL GEARED MOTORS. In addition to our well-known range (List GM.584), we offer amall
open type 8.P, Units, 200/250 v. A.C., 1, 8, 12, 24, 60 r.p.m., approx, 5in. long, with lin. shatt
projection each side and enclosed gearbox. Buitable for display work and many industrial uses.
Only 69/8 (des. 3/-).

SYNCHRONOUS TIME SWITCHES. (Our very popular speclality), 200/250 v. 50 c. for accurate
pre-set switching operations. Bangamo 8.254 providing up to 3 on-off operations per 24 hours
at any chosen time, with day-omitting device (use‘optional). Capacity 20 amps. Compactly
housed 4in. dia., 34in. deep, £5/18/6 (des. 4/8). Also same excellent make new Domestlc Model,
no wiring and easy setting and Installation. Portable with lead and 13-amp. plug same duty
as above {less Day-omitting), £4/9/8 (des. 4/6). Full instructions sent with each.

MINIATURE COOLING FANS. 200/250 v. A.C. With open type induction motor (no inter
Overail 4in. x 3}in. X 2¢in. Fitted 6-biaded metai impeller. Ideal for projection lamp coollng.
light duty extractors, etc., still only 28/8 (des. 4/6).

MINIATURE RUKNIKG TIME METERS (8angamo). We have great demanda for thie remarkable
unit and can now supply immediately from stock. 200/250 v. 50 c. synchronous. Counting up
to 9,999 hours, with 1/10th indicator. Only 1}in. square, with cyclometer dlal, depth 2in. Many
industrial and domestic applications to indicate the running time of any electrical apparatus,
easy to install, 80/~ (post paid).

AIR BLOWERS. Highly efficient units fitted induction totally enclosed motor 230/260 v. 50 ¢.
1 ph. Model 8D.26, 80 CFM (free air) to 11.5 CFM at .15 WG (size approx.)8 x 8 x 7in. Outlets
2¢in, square, £8/10/- (des. b/-). Model 8D27, 120 CFM (free alr) to 40 CFM at 1.2 WG, A‘x 7
X 9In., outlet 2iin. sq., £11/15/6 (des. 5/-). Model 8D28, 260 CFM (free air) to 127 C at
1.5 WG, 11 x 8 x 9in., outlet 3in. sq., £13/17/6 (des. U.K. 7/6).

SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (as t ded in many
national journals), 200/250 v. 50 ¢. BSelf-starting. Fitted spindles lor hours minutes and central
asweep second hands. Central one-hole fixing. Dia. 2}in. Depth hehind dial only lin, With
back dust cover, 35/= {(des. 1/6). Bet of three brass hands in good plain style, For 5/7in. dis. 2/8.
For 8/10 dia. 3/6 set.

SYNCHRONOUS TIMER MOTORS (Sangamo). 200/250 v. 50 c/s. Self-starting 2in. dia. x 13in.
deep. Choice of following speeds: 1 r.p.m., 12 r.p.h., 1 r.p.h., 1 rev. 12 hours, 1 rev. per day.
(Any ?ln; 39/6 (des. 1/6). Also high-torque model (G.E.C.), 2¢in. x 2in. x 1}in. 6 r.p.m., 57/8
des. 1/6),

COUNTERS (Veeder-Root) Electromagnetic, 24 v. D.C. 4 digit (9999) with push-button reset,
miniature 2} x1x 1}in. Very limited quantity available at £3/15/~ each (des, 1/6).

RECTIFIERS, full-wave bridges elenfjum, D.C., delivery 250 v. 0.5 amp, miniature 2§ x 1 x .
Ideal for operating small shunt wound motors from A.C. 8/6 (des. 1/6).

IMMEDIATE DELIVERY of Btuart Centrifugal Pumps, Including atainless stcel (most models).
Philips Variable Transformers (all models).

M. R. SUPPLIES, Ltd., 68 New Oxford Street, London, W.C.1
(Telephone: 01-636 2958)

Wireless World, March 1968

Instantly removes
unwanted solder from
printed circuits and
other joints.. Saves
time, increases pro-
duction, eliminates
risk of damage to
components.

79/6

Available now from

W.GREENWOOD
INSTRUMENTSLTD

21 GERMAIN STREET,
CHESHAM, BUCKS

Chesham
4308/9

WW—036 FOR FURTHER DETAILS
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s L D e c BREADBOARDING

0—0—0—0—C

0—0—0—0—0

0—0—0—0—0

O—0—0—0—0

0==0—"0—"70—770

0—0—0=—0—0

0—0—0—0—0

an you assemble
your circuits
as easily as this =

The diagram shows the layout of the con-
tacts on S-DeC. Each S-DeC. contains two
separate panels, permitting most elect-
ronic building blocks to be accommodated.
DeCs may be joined using the keying
method provided to form a stable area of
any size. The connection points are on
a 3in. matrix. Components are simply
pushed into the contacts and may be with-
drawn at will.

Insertion/Withdrawal Force ...... 90gm. wt,
Capacitance between adjacent rows of
CONLACES ......oooeiiiiiiiiiiiiiie e 3pF
Resistance between adjacent contacts
..................................................... 1I0mQ
Resistance between adjacent rows of
CONLACES ... 10100

SINGLE DeCs. One S-DeC with Control Panel,
Jig and Accessories for solderless connections to
controls, etc., with booklet * Projects on S-DeC”
giving construction details for a variety of interesting
CIRCUIES . § 2 w2 B S Lo - o ol - 8- 29/6 retail.

4-DeC KIT. Four S-PeCs with two Control Panels,
Jigs and Accessories and the bookiet * Projects on
S-DeC " all contained in a strong attractive plastic
case. ldeal for the professional user, £5/17/6 retail.
Discounts to Industry and Education.

For further information

S. D. C.

Corn Exchange

PRODUCTS (Electronics) LTD.,
Chelmsford

Essex

WW—037 FOR FURTHER DETAILS
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TRANSVERTORS

(TRANSISTORISED D.C. CONVERTERS/INVERTERS)

coNIELEC

TYPE B12/200S. PRICE £67.12.0 ADJUSTM ENT
OTHER SINEWAVE UNITS ranging from 30w up to
200w are available from [2-24-50-F10v D.C. input, prices
£48.0.0 up to £75.0.0. ]
THE ¢“S” RANGE have been specially designed for operat-

ing frequency and waveform sensitive equipment such as
video tape recorders, Hi-Fi amplifiers, precision instruments
etc.

FREQUENCY STABILITY (4 + HZ) with low distortion
and good voltage regulation by the ferro-resonant method.

WE SHALL BE HAPPY TO DISCUSS YOUR POWER
CONVERSION PROBLEM:
CALL, WRITE, OR TEL: 01-890 4837

EXPORT ENQUIRIES INVITED :— Demandes con-
cernant |’exportation solicités— Se invitan consultas
sobre exportacién—Exportanfragen erbeten.

VALRADIO LIMITED, Dept. CI0
BROWELLS LANE - FELTHAM - MIDDLESEX - ENGLAND

NOW AVAILABLE
. AT 9'6 EACH

FOR LARGE QUANT ITIES
and still ex- stock!

A -high quality sub-
miniature, trimming
potentiometer.
Resistance Range
10Q to 20K<.
Temperature
Range—
55°C to 150°C,

If you were born under

ARIES

remember there’s an RTS in the month! Full details of these

Your pioneering spirit and qualities of leadership come in and other types from
for special recognition but check that subordinates have

not let some of your innovations lapse. A winner they
won’t forget is the use of RTS ‘by-return’ service.
Lucky numbers: Cambridge (OCA3) 51471 —for orders .

Cambridge (OCA3) 59101 -other business

Send for comprehensive catalogue today to see what RTS holds in store for you. \
RTS for all your components, by return, even overseas!
m '

21 GERMAIN STREET,
RADIO AND TELEVISION SERVICES LIMITED CHESHAM, BUCKS

P.0. Box 11. Gloucester Street, Cambridge
MEMBER OF THE Q'Q GROUP OF COMPANIES Chesham
A MEM
4808/9
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RCA COLOUR TUBES

two totally unique advantages
£9)

&
st
esseasss

Ty
New Rare Earth Red Phosphor Perma-Chrome

These new red phosphors—exclusive to RCA—combined with This is a four-point, temperature-compensated shadow
efficient sulphide blue and green phosphors produce picturesat their  mask assembly which accurately adjusts and sets the
brightest and most dependable. They completely overcome the shadow mask position relative to the screen. Shadow mask
imbalance of the three guns which cause red blooming, colour expansion limits the performance of a rectangular colour-
fringing and failure of the red gun due to overwork. RCA’s New tube—Perma-Chrome renders this problem negligible.
Rare Earth Red Phosphor achieves UNITY CURRENT RATIOS  Perma-Chrome produces full-colour fidelity and tempera-
—equal beam current from each electron gun; higher brightness, ture equilibrium throughout normal operation. It main-
picture contrast and highlight ; much longer tube life. tains excellent field puritv and uniformity.

RCA ‘HI-LITE’ COLOUR PICTURE TUBES...

THE BRIGHTEST IN THE INDUSTRY

For full technical specification and application information, write to:

RCA COLOUR TUBES LTD - PINFOLD PLACE - PIMBO - SKELMERSDALE -/ LANCS - TEL: TAWD VALE 4951

WW—041 FOR FURTHER DETAILS
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WIRELESS WORLD

ENQUIRY SERVICE FOR
PROFESSIONAL READERS

To obtain further details of any of the coded items men-
tioned in the Editorial or Advertisement pages of this
issue, please complete one or more of the attached cards
entering the reference number(s). Your enquiries will be
passed on to the manufacturers concerned and you can
expect to hear from them direct in due course. Cards
posted from abroad require a stamp. These Service Cards
are valid for six months from the date of publication.

PLEASE USE CAPITAL LETTERS

Pour obtenir tout renseignement complémentaire sur fes
produits mentionnés dans les articles ou dans les pages
publicitaires de ce numéros nous vous prions de remplir
une ou plusieurs des cartes ci-jointes en Inscrivant le ou les
numeros de référence. Vos demandes de renseignement
seront transmises aux fabricants intéréssés qui, en temps
voulu, vous feront parvenir une réponse. Il est nécessaire
d’affranchir les cartes postées a IPétranger. Ces cartes
de service sont valides pendant six mois & partir de
la date de publication.

PRIERE D’ECRIRE EN LETTRES MAJUSCULES

Weitere Einzelheiten iiber irgendwelche Artikel, die au
Radaktion-oder  Anzeigen-seiten  erscheinen, erhalte:
Sie, indem Sie eine oder mehrere der beigelegten Kartes
ausfiillen und die Kenn-nummer(n) angeben, lhre Anfrag:
wird an den Hersteller weitergeleitet, und Sie werden dani
direkt von ihm horen. Karten die im Ausland aufgegebe:
werden, miissn frankiert werden. Diese Service-Karter
sind sechs Monate vom Ausgabetag gultig.

BITTE IN BLOCKSCHRIFT AUSFULLEN

Per ulteriori particolari in merito agli articoli menzionat!
nel testo o nelle pagine pubblicitarie di questo numerc
Vi preghiamo di completare una o piu delle schede allegats
citando il numero o i numeri di riterimento. La Vostri
richiesta sard inoltrata ai fabbicanti interesati che V
risponderanno direttamente. Le schede dall’estero devonc
essere regolarmente affrancate. Questo scontrino d
servizio é valido per sei mesi dalla data di pubbli
cazione.

S1 PREGA DI COMPILARE LE SCHEDE
SPAMPATELLO

Con objeto de obtener mis detalles de cualquiera de lo
articulos mencionados en las piginas editoriales o de anun
clos de este nGmero sirvase rellenar una o més de las unida
tarjetas citando el nimero o nimeros de referencia. Su
consultas serin transmitidas a los fabricantes interesado
de quines tendran noticias directamente a su debido tiempc{
Las tarjetas enviadas desde el extranjero requieren fran
queo. Estas tarjetas de servicio son validas durantd
6 meses a parir de la fecha de publicacion.

SIRVASE ESCRIBIR CON LETRAS MAYUSCULAS

10—~

Watts — 25 kVA

DRAKE TRANSFORMERS

INCORPORATING

. F. GILSO
—LTD. —

Mains Transformers
Chokes

Coils

b

DRAKE TRANSFORMER

Audio Output Transformers
Audio Input Transformers
Saturable Reactors

Current Transformers

Billericay 51155

Transistor Transformers
Inverter Transformers
Screened Microphone Transformers
Wide Band R.F. Transformers

S LTD., BILLERICAY, ESSEX

| -
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Storage and

The Type 564 in a typical mechanical
measurement. Waveforms on screen repre-
sent shock imparted on the device under test
when dropped from successively increasing
heights. Trace is calibrated vertically at 8.6
g/cm and horizontally at 2 msec/cm. Storage
facility permits easy analysis of shock
data without need for multiple exposure
photography.

general purpose
facilities
are combined

in the

TEKTRONIX

. As a Storage Oscilloscope
Single traces at low and medium speeds are stored for at least one hour, and
erased in + second. A unique split screen permits storage or conventional operation
over the whole screen, or storage on either half with conventional operation on the
other half.

. As a general-purpose Oscilloscope
When you don't need stored displays, the Type 564 operates for you as a conven-
tional oscilloscope, with all the versatility afforded by interchangeable vertical-
deflection amplifiers and time-base generators.

Amplifier Plug-In Units Offer:

DC to 1 Mc/s at 50 mv/cm — Type 2A60 . ... £62 .15.0

DC to 300 ke/s at 1 mv/cm — differential mput — Type 2A63 ... £95 . 4.0

DC to 4 Mc/s at 50 mv/cm — Type 3AT5 .. ... £109.11.0

Dual-Trace, DC to 650 kc¢/s at 10 mv/cm—— Type 3A72 ... £169.17.0

0.06 cps to 300 kc/s at 10w v/em — differential input — Type 2A61 ... £226.13.0

DC to 5 kc/s at 10w strain/cm — carrier amplifier — Type 3C66 ... £243. 8.0

Duai-Trace, DC to 10 Mc/s at 10 mv/cm — Type 3A1 ... ... £215. 0.0*
Four Trace, DC to 2 Mc/s at 20 mv/cm — Type 3A74 ... i ... £355.13.0

0.4-nsec risetime at 2 mv/ecm, sampling — Type 3S76 ... ... £473. 0.0*
0.35-nsec risetime at 5 mv/cm, samphng with 100kQ

2 pfinput — Type 3S3 ... £890.12.0

Time-Base Plug-In Units Oﬁer:

1w sec/cm to 5 sec/cm, 5x magnifier, single sweep — Type 2B67 ... £97 . 0.0*
Same as Type 3B3 (below) except delay not continuously

calibrated and no single sweep — Type 3B1 £335.10.0

Normal and Delayed Sweeps, 0.5p. sec/cm to 1 sec/cm callbrated delay

from 0.5u sec to 10 sec, single sweep — Type 3B3 ... £269. 0.0*
0.2-nsec /cm to 10u sec/cm equivalent, for samphng —Type 3T77 .. £296. 0.0*
Type 564 (without plug-in units) ... . : . ... £394. 0.0*

Rack Mount Model also available

*These instruments are British Made

For detailed information on any of our products, please fill
in reader reply card or write, telephone or telex.

For overseas enquiries:

AUSTRALIA: Tektronix Australia Pty. Ltd., 4-14 Foster Street, Sydney,
N.S.W.

CANADA: Tektronix Canada Ltd., Montreal, Toronto & Vancouver.

Tektronix
U.K. Ltd.

Beaverton House - Station Approach - Harpenden - Herts
Telephone: Harpenden 61251 - Telex: 25559

34 WW—004 FOR FURTHER DETAILS

FRANCE: Relations Techniques Intercontinentales, S.A., 134 Avenue
de Malakoff, Paris XVI.

SWITZERLAND: Tektronix International A.G., P.O. Box 57, Zug,
Switzerland.

REST OF EUROPE AND THE MIDDLE EAST: Tektronix Ltd.
P.O. Box 36, St. Peter Port, Guernsey, C.l.

All other territories: Tektronix Inc., P.O. Box 500, Beaverton, Oregon, U.S.A.

Wireless World, March 1968



TIMER

MIGRO SWITCHES

IMMEDIATE DESPATCH

PROGESS TIMERS

611-T Delay Relay

* 2,515 & 25
secs. Delay.

% 5 amp. cfo
micro -switch
fitted

v LARGE RANGE
OF A.C. & D.C.
COILS.

approx.

40/ = each,

AT-10 PNEUMATIC TIMER -
delay relay

Bl % Fully adjustable up to

sys MINI-TIMER

SYNCHRONOUS MOTOR & CLUTCH

v {0 MILLION OPERATIONS

% Instantancous & Timed out
3 AMP contacts.

v Repeat Accuracy 1419%. 10
secs. to 28 Hrs. May also be
used as impulse start and
automatic reset.

approx. dependent
£9'15'0 on quantity.

STP Sub-Mini Process Timer
SYNCHRONOUS MOTOR & CLUTCH
Matchbox size
frontal area.

Automatic re-set.

APLUG-IN OCTAL
BASE

Y INSTANTANEOUS
AND TIMED OUT 2
AMP CONTACTS

JRANGES: 10 SECS.
TO 36 MINS.

approx. £5.0.0 cach.

YL 2 GPA

MAINS OPERATED

200 seconds.

with |5 amp. S.P.D.T.

switch.

il % One model
i delay after energise or
delay after de-energise.

o approx. £6.0.0

dependent on quantity.

provides

Fitted

% SOLID STATE SENSING HEAD

PROXIMITY SWITCH

FOR BATCHING, CONVEYORS,
MACHINE TOOL CONTROL, PACK-
AGING, SORTING, etc.

*SENSES FERROUS OBJECTS

YNEEDS NO MECHANICAL FORCE
OR PRESSURE TO OPERATE

INCLUDES

CONSTANT YOLTAGE CIRCUIT

approx. £1 1 _o_o dependent on quantity’

OTHER INDUCTIVE AND CAPACITY TYPES AVAILABLE

U.L. APPROVED (Appr. No. 32667)

U.S. MIL. SPEC.

ALWAYS AVAILABLE FROM STOCK

S5G

* ! MILLION OPS.
§ amp. c/o Sub-minia-
ture Micro-switch.

| 2/5 eachper 1,000
LIMIT SWITCH

VAQ
10 amp. cjo
PUSH BUTTON
Panel mounting.
Buttons in six
colours.

7 different panel mounting
actuatorsincluding; knob,
key, and lever, as well ac
push on/push off. Up
to4switchblocks can

be fitted. Dust and -
splash proof, D/Pslow
make and break, 5
amp rating. Full lit-
erature on request.

HEAYY DUTY PUSH-BUTTON SWITCHES

VV-15-1A

% 15/10 AMPS. cjo
% 100,000 ops.
1 /8 each
per 1,000
Singie Throw /4 each

WL 10 FNJ
% 10 AMP 2 CIRCUIT
% 5 INCH FLEXIBLE
ACTUATOR
AS ILLUSTRATED

AS LOW AS 47/7 EACH.

FIVE OTHER STANDARD TYPES
AVAILABLE

v-io-i8
% 1| MILLION
OPERATIONS.
w 10 amp. cfo.
*COMPARE OURSPEC.
OUR PRICES WITH
OTHER SIMILAR TYPES

Screw Terms. 2/2 each per 1,000
V-10-1A Solder Tags I/Il each: per 1,000
VV-15-1C2 187 AMP TAGS 2/6 each per | ,000

CCR-5

——

NEW!

Approx.
per 1,000.

Light force wire operated Micro-switch.
Designed for even more economical coin
operation mechanism.

4/- each

AS USUAL WE WILL BE EXHIBITING AT THE “INSTRUMENTS ELECTRONICS
AND AUTOMATION EXHIBITION” AT OLYMPIA DURING MAY

(Dept. W.W.9)

OMRON LTD: 313 Edgware Road, London, W.2

Wireless World, March 1968
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OMRON PRECISION CONTROLS

Tel.: 01-723 2370
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Bullers CERAMICS

for the ELECTRONIC INDUSTRY
(and Electrical Appliance Manufacture)

Refractories for high-temperature insulation.

Bullers porcelain for general insulation purposes.

Meticulous care in manufacture, high quality
material, with particular attention applied to
dimensional precision and accuracy, explain the
efficiency and ease of assembly when using
Bullers die pressed products.

Write today for detailed particulars.

BULLERS LIMITED

Milton, Stoke-on-Trent, Staffs.
Phone: Stoke-on-Trent 5432[ (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent
London Office: 6 Laurence Pountney Hill, E.C.4
Phone: MANsion House 9971

WW-—043 FOR FURTHER DETAILS

Those transistors cost money!
Protect them!!

36A SPACESAVER
DRAWER UNIT 427 high, 243"

wide, 12" deep. 36 drawers each 3~ S -
high, 55  wide, 103" deep, with N =
identificatlon cards.

(SNRASELRE) £12.0.0 BRAND NEW

o~ &
s
N

NS \“’q
Nl S SN .
EAO ety

N
i N
S\ e N \

12A POPULAR DRAWER

UNIT 9 high, 35" wide, 12" deep.

12 drawers each 3" high, 53" wide,

103" deep, with identification cards.

Ideal for shelf or table-top. logue of our complete
range of storage equip-

£4.15.0 BRAND NEW ment,

N.CBROWNLTD

inpusTriaL — pacesetters in storage equipment
SALES DIVISION

ORDER NOW
Send for FREE cata-

Eagle Steelworks, Heywood, Lancs. Tel: 69018
London: 25/27 Newton St. WC2, Tel: 01-405-7931

Please send [] 36A Spacesaver Drawer Unit
O3 12A Popular Drawer Unit
Tick where appiicableand send cash with orders under £5

NAME
ADDRESS -
WW-—044 FOR FURTHER DETAILS

TRANSISTOR HOLDER

7018 & 105
for

Printed
ircuit

.

&

SOLE AGENTS FOR Gt BAITAIN

oUPER ELECTRONICS LTD.

5 Violet Hill,
London, N.W.8.
Telephone: MAlda Vale 8281

WW-—045 FOR FURTHER DETAILS
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at last400VA
Miniature

actual size

Elesta Relays
for long-life and
reliable control

SEV tested
VDE approved

Elesta Relay The FR11 is an economically priced

high performance 3-pole change-over relay.
For universal application in industrial control and
automation.

¥ Simple, robust construction.

¥ High sensitivity.

¥ Gold-flashed hard-silver contacts.

High quality — moderate price

FR 1 P Plug-in and printed-circuit version

(™ "

Coils for3Vto 110V A.C.
Coils for 3Vto 110V D.C.
with series resistor

for 240V

Contact springs in
Beryllium-bronze
Contact pressure12-15g
Short bounce-time
Sockets type ZB 86/87

for solder connections

mechanical life

> 50 Million operations
Contact rating:

2A, 240VA.C.,

400 VA non-inductive load

SEV tested
VDE approved

BRITEC LIMITED

17, Charing Cross Road
London — W.C.2
Tel: 01—930 3070

Sole Distributors:

STAND G373, 1 E AOLYMPIA 13-18 MAY

WW—046 FOR FURTHER DETAILS

Wireless World, March 1968

GEC
takes you years
ahead in HF
communications..

.. . with their new RC/410/R Synthesised H.F. Receiver.
Intended for the professional user its advanced features include
(] Built-in full synthesis control over the complete frequency
range in 100 Hz steps [] Frequency range from 2 HMz to 30 iHz
(] Continuously tuneable without ‘‘see-saw’ at band edges
(] Quick setting to frequency with pre-set controls [ ] Accurate
digita! display with 100 Hz resolution (] Receives A1, A2, A3, A3A
and A3J transmission models [ Fully transistorised for reliability
(] Exceptional R.F. performance [] Low cost [] Single self-
containing unit available as either table model .

or for 19 inch rack mounting. Technical
literature is available. Demonstrations can be

arranged. Electronics

Information Centre

G.E.C.- AE.l. (Electronics) Ltd. Communications Division,
Spon St, Coventry CV1 3BR. Telephone: Coventry 24155
A subsidiary of The General Electric Company Ltd. of England

ol o W

20090 ¢ 00

WW—047 FOR FURTHER DETAILS

B/



THE TRENDSETTERS
TOA IN PUBLIC ADDRESS
will be exhibiting at the
International Public

Address Exhibition from
12-14th March 1968 at

THE COMPLETE PORTABLE P.A. SYSTEM Harrow
15 watt, 12 volt Amplifier complete with dynamic microphone ——— >
and 10 watt horn. Runs off 12 volt car battery or 8 U2’s in Comprehensive literature and price lists

special pack. sound equipment
Separately £33-5-5 Package deal £30 post free :

from Audio & Design the leaders in

PUBLIC ADDRESS SYSTEM

AUDIO & DESIGN LIMITED
40,QUEEN STREET MAIDENHEAD BERKS. TEL.25204

WW—048 FOR FURTHER DETAILS

AVONCEL TRANSFORMERS

EQUIPMENT TROLLEYS ’
Medium Duty from £17. Heavy co‘]ﬂs LARGE OR SMALL QUANTITIES

D f £35. Wid f
i e S CHOKES  rreoc enquimies weLcomep
Standard Models. Quick Delivery
SPECIALISTS IN

FINE WIRE WINDINGS

MINIATURE TRANSFORMERS

”»”

“AVONCEL RELAY AND INSTRUMENT COILS, ETC.
VACUUM IMPREGNATION TO APPROVED STANDARDS

Special Models made to order.

AVON COMMUNICATIONS & ELECTRONICS LTD ELEGTRO'WINDS LTD-
318 BOURNEMOUTH (HURN) AIRPORT CONTRACTORS TO G.P.O., A.W.R.E., L.EB., B.B.C., ETC.
CHRISTCHURCH, HANTS. Tel. NORTHBOURNE 3774 (P.B.X.) 123 PARCHMORE ROAD, THORNTON HEATH, SURREY
01.653.2261 CR4.8LZ EST. 1933
WW—049 FOR FURTHER DETAILS WW—050 FOR FURTHER DETAILS

We can’t
show them all!

The Partridge range of Transformers for

Hi-Fi circuits covers most leading pub-

lished designs. Write now for Data

Sheets, or let us have your specific

enquiry—there’s bound to be a model to

suit your needs.
W/oy@

PARTRIDGE TRANSFORMERS LTD.,
Roebuck Roag, Chessington, Surrey. 01-397 4353 /4/5

WW-—051 FOR FURTHER DETAILS
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into
pints!

—electronically
speaking!

Vero are electronic packaging specialists. A wide
range of standard Veroboards, Card Frames,
Module Racks and Cases are available from stock.
In addition we are always prepared to discuss
special designs and requirements, but prefer to be
consulted early so that our designers can work
closely with yours. Our deslgn experience and
know-how is invaluable in electronic problems
where maximum space utilization is important,

- r—

IHlustrated:

new two tier Vero
Card Frame System Il with
only five basic components which
can be rapidly assembled with a screw-
driver. Lightweight: excellent cooling: simple
identification. multiple connector mounting.

Send now for full details to:—

VERO ELECTRONICS LTD

INDUSTRIAL ESTATE, CHANDLERS FORD, EASTLEIGH, HANTS

Telephone: Chandlers Ford 2921 4. Telex 47551
BRANCHES AND AGENTS THROUGHOUT THE WORLD

WW—052 FOR FURTHER DETAILS
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... you
can say
that again!

The new RC/460/S is an H.F. Frequency Synthesiser.
Advanced in design and easy to operate, its advanced features
include [J High stability source for transmitters and receiver local
oscillators [] Full synthesis control in 100 Hz steps [] Frequency
range of 1 MHz to 29.999 MHz [] Internal frequency standard
stability 1 part in 10 [J Provision for external drive standards
[J Receiver local oscillator frequency offset can be provided
[J Remote control [] High purity output [] Clear in-line digital
display with 100 Hz resolution [] Fully transistorised for reliability
O Low cost [J Single self-contained unit available as either

table model or for 19 inch rack mounting.

Technical literature is available.
Electronics

D2monstrations can be arranged.

Information Centre

G.E.C.- A_E.l. (Electronics) Ltd. Communications Division,
Spon St, Coventry CV1 3BR. Telephone: Coventry 24155
A subsidiary of The General Electric Company Ltd. of England

WW—053 FOR FURTHER DETAILS
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IH NEW RANGE OF SOLID STATE A.C. MAINS AMPLIFIERS

Employing only high grade components and tranS|stors
et attmetie wood || LT66 12 WATT S
model. Phces trom . £5-109 STEREO

2 SN R ' AMPLIFIER

A twin channel version of the =
LT55 providing up to 6 watts Recommended

‘mmr

i, b, 0 st .. 11NN n\\“.wk\\\\\

LT5 5 6 WATT
AMPLIFIER

A High Fidelity unit providing Aol bbbl 15 GN

excellent results at modest output :l:g:n.rldellty output on each Rgti:' 1",;“;: T 5 oo GNS

levels. = y - 2 J
Switched Input Facilities

Frequency Response 30-20,000 cpS - Recommended 8 GNS Socket (1) Tape or crystal PU (2) Radio Tuner (3) Ceramic

T vparzs 8 Retail price PU Microphone.

Sensitivity 5 mv (max). Size 9} x 27 x 5}in. Controls (6) Volume, Bass, Treble, Balance, Mains Switch,

Harmonic Distortion o0.5%, at Input Selector Switch. Stereo/Mono Switch.

Controls (5) Volume, Bass,

1,000 cps. Treble. Mains Switch I Facia Plate Rigid Perspex with black/silver background ‘and
Output for 3-8-15 ohm Loud- £ Se'l tamss 'tlhc o Ame matching black edged knobs with spun silver centres.
speakers. put Selector Switch.
Input Sockets for ‘ Mike ' Gram and Radio Tuner/Tape Recorder- PTA3O HI-FI

LTA15 15 WATT PUBLIC ADDRESS

1 o i A successor to our popular - =
High Fidelity Output switched inputs Conchord 30 watt unit. Recommended
for Gram, ‘ Mike," Tape, and Radio. | Input Sensitivity 2 mv. (max.) Retail price 20 GNS
Frequency Response 10-40,000 cps— | % Output 30 watts. Size 12 X 3§ X 6in.
3dB. Recommended 16 GNS % Output Terminals or Loud- Housed in fully enclosed
Bass Control18dB to —:6dB at Retail price speaker or combination of stove enamelled steel case.
40 cps. Size 94 x 3% x 5tin, Speakers with total impedance  Gontrols Vol (1) Vol(2) Vol (3)
Treble Control +17dB to —14dB at gytput for 3-8-15 ohm between 3 ohms and 30 ohms. with mains switch, Treble
14 Kcs. Loudspeakers. % Three individually controlled ‘lift’ and ‘cut.’ Bass ‘ lift’
Hum and Noise —8odB. Jack Inputs for mixing pur- and ‘cut.’

> . & . 0ses.

Harmonic Distortion 0.29, at rated out?u.t. P R T T e—
e e T vy | AUAEaSUE EROMFSUR | ML S RS Ron A e
details of above units, also TUNER/AM an, _ INSTRUMENT PICK-UP, ALSO
MONO. LEEREEIEE D IBESLER FOR RADIO, TAPE, OR GRAM.

e i LINEAR PRODUCTS LTD., ELECTRON WORKS, ARMLEY, LEEDS

WWwW—054 FOR FURTHER DETAILS

SSIVIEE

The best pick-up arm in the world

re

Only S.M.E. Precision Pick-up Arms offer all these features - Cholce of arm length Model 3009 (%in.) or Model 30I2 (12in.) for
still lower tracking error—of special Importance with elliptical styli - low inertia - High precision ball races and knife-edge
bearings for minimum pivot friction ¢ Linear offset chosen for lowest distortion - Automatic slow-descent with hydraulic
control - Bias adjuster calibrated for tracking force - Exact overhang adjustment with alignment protractor - Precise tracking
force from -5 grams applied without a gauge - Shielded output socket - Low capacity 4ft. connecting cable with quallty plugs -
Light- welght shell - Camera finish in satin chrome, gun-black and anodised alloy - Comprehensive instructions - Rational
development—all improvements can be incorporated in any existing Series Il arm.

For sales and service ring Steyning 2228

SME LIMITED - STEYNING - SUSSEX * ENGLAND

WW-—055 FOR FURTHER DETAILS
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Welg
space race

— a new connector specifically designed for a new Military
project and for the race toward ever lighter, smaller equipment.
It uses the very latest materials to achieve brand new standards
in compact, efficient design. Just look at these features :

1. Glass filled Nylon housings and insulators for extreme
light weight, high insulation properties and minimal
fire risk. '

2. Compact design and positive coupling with the tip of
one finger — low height feature making it ideal for use
on portable equipment or as low voltage, medium power
connectors.

3. "Split shell”” construction of cable unit housing for ease
of wiring. Elimination of strain on cable joint by means
of right-angle contacts.

4. Crimp type contacts in cable unit, with full wndth cable
clamp and sealing grommet.

The Stumpi range is a new conception in
design, fully sealed, meeting the requirements
of DEF.5325, and is initially available in three
shell sizes with nominal contact ratings of 5, |
20, 40 and 60 amps.

Approximately twice full size
THERE IS A THORN CONNECTOR
FOR EVERY PURPOSE!

ile
' THORN SPECIAL PRODUCTS LTD, Great Cambridge Road, Enfield, Middlesex. Tel: 01-363 5353 Telex: 263201-2-3-

A subsidiary company of THORN BENDIX LIMITED
WW—056 FOR FURTHER DETAILS

Wireless World, March 1968

41



42

ANEW E

F.S.D.

nection terminals. Supplied complete with robust
tor

*SM

MULTI-RANGE *
DC AMMETER SM
% ran

RA

ANDERS

oh seen

R4

RA

Telephone:01-387 9092

SINGLE-FUNCTION PORTABLE METERS
AT REALISTIC PRICES

Produced to Anders’ specification, by a leading overseas manufacturer. D.C. accuracies within 1.6,

A.C. accuracies within 2.6 9, F.S.D. Mirror scale approx. 3.56" Case dimensions 73" x 41" x 3". Dual con-

range selection by rotary switch.

RANGES: 50, 100, 250, 500 and switch.
1,000 Microamperes, RANGES: 5, 25, 100, 250 and
£9.2.6 neit 1,000 Milliamperes.  £8.10.0 nett

-311. DC MILLIAMMETERS, with

500 and 1,000 Milliamperes. £8.0.0 nett

8M-321.
selection by terminals.

*$M-331. DC VOLTMETER, with range
selection by rotary switch.

500 and 1,000 Volts.

SENSITIVITY ;
Volt

ANDERS ELECTRONICS LIMITED - 48/56 Bayham Place - Bayham Street - London NWI1

ANGE OF

leads. Models marked with an asterisk have varis-
protection against 50 9 overload.

-301. DC MICROAMMETERS, with *SM-351, AC MILLIAMMETER

with range selection by rotary

$5M-361. AC AMMETER,with range
selection by terminals, incorpora-
ting Current Transformer.

RANGES: 1, 2.5, 5, 10 and 25
Amperes. £9.15.0 nett

*8M-371. AC VOLTMETER, with
range selection by rotary switch.
RANGES: 8, 10, 25, 50, 100, 250,
500 and 1,000 Volits.

SENSITIVITY : 2,000 Ohms per
Volt. £8.15.0 nett

ge selection by rotary switch.
NGES: 1, 5, 10, 25, 100, 250.
DC AMMETER, with range
NGES:1,2.5,5,10 and 25 Amperes.
£8.0.0 nett
NGES 1, 2.5, 5, 10, 25, 50, 100, 250.

20,000 Ohms per
£9,15.0 nett

WW—057 FOR FURTHER DETAILS

TECHNICAL TRAINING by

IN RADIO, TELEVISION AND
i C S ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the 1 € S-trained
man. Let ICS train YOU for a weli-paid post in this expanding field.

I C S courses offer the keen, ambitious man the opportunity to acquire, quickly
and easily, the specialized training so essential to success.

Diploma coursesin Radio/TV Engineering and Servicing, Electronics, Computers
etc. Expert coaching for:

* INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS.

* C. & G. TELECOMMUNICATION TECHNICIANS CERTS.

* C. & G. ELECTRONIC SERVIGING.

R.T.E.B. RADIO AND TV SERVICING CERTIFICATE.

RADIO AMATEURS EXAMINATION.

P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until Successful.

*
*
*

NEW SELF.BUILD RADIO COURSES
Build your own 5-valve receiver, transistor portable, signal generator and
multi-test meter—all under expert tuition.

POST THIS COUPON TODAY and find out how | C S can hel
career, Full details of | CS courses in Radio, Television and El
be sent to you by return mail.

MEMBER OF THE ASSOCIATION

OF BRITISH CORRESPONDENCE COLLEGES.

YOU in you"
ectronics will

I International Correspondence Schools I

lNT[RNANONAl I (Dept. 222), Intertext House, Parkgate Road, London® I

I S.W.II. l

CORRESPONDEN([ | NAME ... l
SCHOOI'S I ADDRESS...................... e oro SRR ReRSROTeReTe + Ro l

Block Capitals Please l

WHOLE wORLD |
ofF kNoweepgel l

Awartsyou!| __ _
WW-—058 FOR FURTHER DETAILS
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TELEPRINTERS - PERFORATORS

REPERFORATORS - TAPEREADERS
EDITING & REPRODUCING SETS

Codes: Int. No. 2 Mercury/Pegasus, Elliot 803, S
Binery and special purpose Codes.

2-5-6-7-8- TRACK AND
MULTIWIRE EQUIPMENT i

AUTOMATION AND COMPUTER PERIPHERAL ACCESSORIES

TELEGRAPH

Picture Telegraph, Desk-Fax, Morse Equipment; Pen Recorders; | -
Switchboards; Converters and Stabilised Rectifiers; Tape
Holders, Pullers and Fast winders; Governed, Synchronous
and Phonic Motors; Teleprinter Tables and Cabinets; Silence
Covers; Distortion and Relay Testers; Send/Receive Low and
High Pass filters; Teleprinter. Morse, Teledots Paper, Tape
and Ribbons; Polarised and specia-
lised relays and Bases; Terminals
V.F. and F.M. Equipment; Tele-
phone, Carriers and Repeaters;
Multiplex Transmitters; Diversity
Frequency Shift, Keying Equip-
ment; Line, Mains Transporters
and Suppressors; Racks and Con-
soles; Plugs, Sockets; Key, Push, Miniature and other Switches
Cords, Wires, Cables and Switchboard Accessories; Tele-
printer Tools; Stroboscopes and Electronic Forks; Cold
Cathode Matrics; Test Equipment; Oscilloscopes; Miscel-
laneous Accessories and Spares.

W. BATEY & COMPANY

Gaiety Works, Ackerman 8treet, Tring, Herts.

Tel.: Tring. 3476 (3 lines) Cables: RAHNO TRING
STD: 044-282 TELEX 82362

.
4 &
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CRET) PROGRAMMES
AR E AVAI LAB LE I N - l Programmes offered by your Institute.

Electronic Engineering Technology e
Industrial Electronics for Automation
e Computer Systems Technology e
Nuclear Engineering ® Mathematics
for Electronics Engineers @ Television
Engineering ® Radar and Servo En- g eectronics
gineering e City and Guilds of London g
Institute: Subject No. 49 and [ 173:176 Sioane Street,London,S.W.1.
l---------------'

Advanced Subject No. 300.

C.R.E.l. (London), Walpole House, 173-176 Sloane Street, London SW1 A Division of Mc Graw-Hill Inc

Photo reproquced by kind permission of Women's Journal

A well paid job, security and everything that goes with it can be yours. Look at the
situations vacant columns in the newspapers; notice the huge demand for
technologists such as electronics, nuclear and computer systems engineers, radio
and television engineers, etc. There are many senior positions requiring just the
up-to-date, advanced technical education which CREl Home Study Courses
can provide.

CREl Programmes are specialised and job-related. Time spent on a CREI
Technical Course pays immediate dividends in greater effectiveness and productivity
on the job.

Take the first step to a better job now—enrol with CREIl, the
specialists in Technical Home Study Courses.

General

NAME

Please send me (for my information and entirely
I without obligation) full details of the Education

My interest is City and Guilds [] please tick

EXPERIENCE

WW—060 FOR FURTHER DETAILS
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Trainfortomorrow'sworld
in Radio and Television
at The Pembridge College
of Electronics.

The next full time16 month College Diploma
Course which gives a thorough fundamental
training for radio and television engineers,
starts on 24th April 1968.

The Course includes theoretical and practical
instruction on Colour Television receivers and is
recognised by the Radio Trades Examination
Board for the Radio and Television Servicing
Certificate examinations. College Diplomas are
awarded to.successful students.

The way to get ahead in this fast growing industry
—an industry that gives you many far-reaching
opportunities—is to enrol now with the world
famous Pembridge College. Minimum entrance
requirements: ‘O’ Level, Senior Cambridge or
equivalent in Mathematics and English.

To: The Pembridge College of Electronics
(Deptww2), 34a Hereford Road, London,W.2

Please send, without obligation,- details of the
Full-time Course in Radio and Television.

NAME

ADDRESS ..

WW—061 FOR FURTHER DETAILS

Accurate
components at

competitive
prices

produced
by progressive
tooling and
multiform
methods

JOHN SMITH LTD.

209 SPON LANE * WEST BROMWICH * STAFFS.  TEL. 021-553 2516 (3 LINES)
WOODS LANE - CRADLEY HEATH - WARLEY *WORCS. TEL. CR 69283 (3 LINES)
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INSTANT
ofLECTION

from

110100 dB
ATTENUATION

P

Providing precise, switched attenuation
from | to 100 dB in steps of | dB over the
range 0-300 MHz, this new Hatfield RF

BRIEF SPECIFICATION :
Attenuation: 0 to 100 dB In

Attenuator is exceptionally neat and steps of | dB.
compact and is housed in a die-cast Switch Stquence: 1,2,12, 5, 10,
aluminium box fitted with nine switches, 20, 20, 20, 20.

nineI lt:inuator pads and twio BNC co-
axial sockets. .Only 54in. X 1§in. X 24in.
it is small enough to be used*in 10dB steps: & 0.1dB at 300
multiples, if required, without occupying MHz above residual.  20dB
excessive bench space, and offers a stepst + 0.2dB ar 300 MHz
versatile and accurate tool for the above residual.

engineer and laboratory. Type 687A
50 ohms impedance, Type 687B 75 ohms
impedance, and Type 687E 600 ohms

Step Accuracy: I, 2, 5, and

Insertion Loss: 0.15d8 at 50
MHz, 0.25dB at 100 MHz, 0.4dB
at 250 MHz.

fmpedance. X

Write or "phone for further details and ask Frequency Range : D.C. to 300

for a copy of the new Hatfield Short Form MHz, (DC to | MHzfor Type
Catalogue. 687E). Max. input 0.5W.

HATFIELD INSTRUMENTS LTD.,
Dept. W.W., Burrington Way, Piymouth, Devon.
Telephone s Plymouth (0752) 72773/4. Grams : Sigjen, Plymouth.

HATFIELD BALUN

WW—063 FOR FURTHER DETAILS
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INCREASE

THE SENSITIVITY OF
YOUR OSCILLOSCOPE,
VOLTMETER

OR

COUNTER

The TA401

is similar to
the TA60!

(as illustrated)

/ L

.

.

| /
PO ————

SPECIFICATIONS
TYPE TA401 ' TYPE TA60! i TYPE TA605
GAIN | = 40dB 1:0.1dB ' 60dB -+0.1dB 20, 30, 40, 50 and 60dB -+ 0.2dB:
| |
BANDWIDTH | IHz-3MHz l 3Hz-1.2MHz | 20-40dB, |Hz-3MHz; 50dB, 2Hz-2MHz; 60dB,
+3dB i “4Hz-[.5MHz.
BANDWIDTH | 4Hz-iMHz 10Hz-300k Hz | 20-40dB, 4Hz-IMHz; 60dB, |0Hz-300kHz.
+0.3dB ‘
INPUT | >5MQ, <40pF | >IMq, <50pF >5MQ, <40pF
IMPEDANCE from 100Hz to IMHz | from 100Hz to 300kHz | from 100Hz to 300kHz.
INPUT NOISE < I5uV, zero source; [ <154V, zero source; | As TA40i and TA60! at 40dB and 60dB.
<501V, 100kQ source | <40uV. 100kQ source
- {
POWER SUPPLY PP3 battery, life 100 hours ' I PP9 battery, life 1,000 hours, or A.C. Power Unit.
~ 1
AVAILABLE IV up to IMHz, 300mV at 3MHz, into load of 1.5V up to 2MHz, IV at 3MHz, into 100kQ and
OUTPUT | 100kQ2 and SO0pF ‘ SOpF.
OUTPUT IMPEDANCE i " 100Q in series with 6.4uF
i
SIZE & WEIGHT | 3" x 13" x 13”7 oz. | 23" X 47 x 54" 25 Ib.
: | | 5
PRICE with Battery £17.0.0 | £17.0.0 £27.0.0
and input lead | | {(Optional A.C. Power Unit £7.10.0 extra)

1 ully detailed leaflets are available on our complete range of portable instruments
LEVELL Fully detailed ledflet labl p
LEVELL ELECTRONICS LIMITED

Park Road, High Barnet, Herts. Telephone: 01-449 5028
WW-—064 FOR FURTHER DETAILS
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. ENGINEERING | RESEARCH | MANUFACTURING

Mr. Harold J. Leak wishes to engage, as his personal technical assistant,

an engineer of high vitality, competence and ambition.

The applicant must be capable of designing transistor amplifiers and stereo
FM tuners, along guide lines given by Mr. Leak. He must also be capable of carrying
out original work, again as guided, on loudspeaker transducers.

Salary £3,000 p.a. plus share of profits.

If you are certain that you are technically capable of the job and have the
personality to get things done, write to Mr. Leak; please do not waste his time if you are
unsure of yourself.

H. J. Leak & Co. Ltd,, Brunel Road, London, W.3.

WW—065 FOR FURTHER DETAILS

DE-SOLDERING TOOL

@ Sclf-contained—does NOT require the use of air-lines or pumps

@ Simple, light and inexpensive
@ PERMABIT nozzle will not wear or become eroded by the solder
@ Standard nozzle {; in. bore. Alternative, ;% in. bore

@ Mains or low voltages

Please ask for colour catalogue A/S

LIGHT SOLDERING DEVELOPMENTS LTD 2 syccnnam Rosd, cropdon, oo 2w

Telephone : 01-688 8589 & 4559

WW_—066 FOR FURTHER DETAILS
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for 450 to 470 Mc/s

The Pye F450T u,h.f. base station has a fully
transistorised transmitter and receiver, for
maximum reliability and minimum size.

The equipment is frequency-modulated, operates
from 450 to 470 Mc/s, with 40 to 60 kc/s channel
spacing, and is suitable for use with mobile

and Pocketfone radiotelephones.

Pye Telecommunications Limited

Solid State
U.H.F. Fixed Station

sk Choice of control systems.

sk Elimination of relays in transmitter with the
exception of aerial changeover.

% Output stage protected against ‘no-load’ conditions.

% High-stability receiver squelch
circuit eliminates background noise in
the absence of a signal. .

#24W nominal r.f. output.

sk Remote control facilities. d

Cambridge, England. Telephone: Cambridge 61222. Telex: 81166.

WW-—067 FOR FURTHER DETAILS
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More Value-engineering

from Weir

Compact regulated DC power Silicon solid state throughout.
supplies operating from AC line 0-25v, 0-0.25A DC, continuously
voltage giving outstanding variable or pre-set.

&
X

reliability over a wide ambient RS : Ripple and noise < 1mV
temperature range. - = peak-peak

Line regulation < 1mV
peak-peak+0.03%
Automatic current limiting at
0.3A.

Temperature range 0-50°C.

Type 351 Rack Mounting Units, Type 361 Bench Unit, £21.10.0. Type 341 Inbuilt Unit, £17.10.0.
each £18.10.0. 54 x 33 x103ins,, 14x9x 27 cm. 4:x3x9ins., 11 x8x23cm.
5+ x34x10ins., 13.5x9x 25 cm.

WE_ Werr Electronics

Weir Electronics Ltd Durban Rd Bognor Regis 3606

Bognor Regis Sussex Telegrams Electron Bognor Regis
WW—068 FOR FURTHER DETAILS
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CHASSIS and CASES

H. L. SMITH & CO. LTD.

Electronic Components ° Audio Equipment

287/289 EDGWARE ROAD, LONDON, W.2.
Tel: 01-723 5891

We sholl be pleased to quote for all your component requirements:

BLANK CHASSIS

SAME DAY SERVICE

Of »sver 20 different forms made up to YOUR SIZE.
(Maximum length 35in., depth 4in.)

SEND FOR ILLUSTRATED LEAFLETS

or . rder straight away, working out total area of material
req. ired and referring to table below, which is for four-sided CASES
chassis in 16 s.w.g. aluminium. ALUMINIUM, SILVER HAMMERED FINISH
48 sq. in. 4/6 176 sq. in.  9/10 304 sq.in. 15/2 Si Pri i i
50q.in. 510 Bsqin 112 336 in 166 L peige e e
M2sq.in. 772  240sq.in. 12/6 368sq.in. 1710 o $X 44 o Y iy T i
I44sq.in. 86  272sq.in. 13/10 and pro rata. e e - e -
P. & P. 2/6. P.&P. 3/ P. & P. 46. U 3.6 53 60 T o /- Y B ... 7 ) 46/-
U 9 x74x34 .... 22/- Y I5X9x7 ...... 48/6
Discounts for quantities. More than 20 sizes kept in stockfor U I15x9x9 ...... 44/6 Z 17 x10x9. ... 66/-
callers. w 82x 6 x 67 ...... 2;;— Z 19 x 10 x 8; /-
FLANGES (fin., 3in.), 6d. per bend. L2 g pens 25 “Height
STRENGTHENED CORNERS I/- each corner. WS A i PRySiRest-and. packing.
PANELS: Any size up to 3ft. at 6/~ sq. ft. 16 s.w.g. (I8 s.w.g.  Type U has removable bottom or back, Type W removable front, Type
5/3). Plus post and packing. Y all-screwed construction, Type Z removable back and front.

WW-—-069 FOR FURTHER DETAILS
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what has changed?

Well, loudspeakers for one thing. Practically
all loudspeakers designed in the last few years
have (rightly) followed the trend towards
lower efficiency and therefore require more
power to drive them.

And pickups_, too. The trend here is towards
smaller and lighter moving parts producing
lower outputs, requiring greater sensitivity
and improved signal to noise ratio in the
pre-amplifier.

QUAD has changed to accommodate both,
and has also taken the opportunity of
introducing other significant improvements in
performance and facilities.

Wl >

39&3'*303 E r."

0

-~ -

QUAD 33 QUAD 303

QUAD for the closest approach to the original sound

Wireless World, March 1968

Complete the coupon below and post today for full details of the new QUAD

N N N N BN B B N B B B BN B B B B B B
I Please send me a copy of the new QUAD leaflet

NAME
{Block Capitals)

u
1l
| d
I ADDRESS_ I
l {Block Capitals) I
: ACOUSTICAL MANUFACTURING COMPANY LTD., :

Huntingdon. Telephone Huntingdon (0480) 2561/2 WwW
TR R B R R R FE RN B R E B R B BB B

WW—070 FOR FURTHER DETAILS
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M. 08t ar0n

fatcheckmate

[]10-100,000Hz (4 ranges; scale length
81 inches each range).

(] Maximum outputs:25Vrms sinewave,
50Vp-p squarewave (continuously vari-
able from 1mV).

The new Taylor 192A L.F. Oscil-
lator is designed to meet the require-
ments of engineers checking the per-
formance of amplifiers, transformers,
loudspeakers and other devices. Its
low distortion (less than 0.5% at
1 kHz) enables you to test both
steady-state and transient responses
through the audio band and well
beyond. Its UK list priceis£36.10.0.
Trade prices on application.

information
Taylor Electrical
Montrose Avenue,
Telephone : Slough

Complete technical
available from
Instruments Ltd,,
Slough, Bucks.
21381. Telex 84429,

aylor-

WW—071 FOR FURTHER DETAILS
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SOunds
greal

INTERNATIONAL
AUDIO
FESTIVAL & FAIR

-Thursday April 18th to Sunday April 21st 11 a.m.—8 p.m.

On show the finest of the world’s sound
reproduction equipment.

Hear continuous demonstrations of the
newest equipment to keep you abreast of
all that is latest and best in Pick-ups,
Amplifiers, Speakers, Microphones, Stylii,
Turntables, Tapes, Tape Recorders . . . plus
a huge variety of accessories.

NOT ONLY SUPERIOR SOUND
BUT SUPERIOR MANUFACTURE

HOTEL RUSSELL,

Russell Square, London, W.C.1.

ASK FOR COMPLIMENTARY TICKETS
at your nearest AUDIO, RECORD, RADIO or
MUSIC Shop, or send stamped addressed envelope 1o

AUDIO HOUSE, 42 Manchester Street, London, W.1.

WW—072 FOR FURTHER DETAILS
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If i'd only tried

Pinnacle
firSt HEE

The widest ranging and most
comprehensive valve catalogue
available from any independent
supplier.

PINNACLE ELECTRONICS LTD ACHILLES STREET - NEW CROSS : LONDON S.E.14
Telephone: All Departments—01-692 7285 Direct orders—01-692 7714

WW—073 FOR FURTHER DETAILS
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A.D.S. P.O.
3000
SERIES

Through 30 years'
telephone service, and automation re-
finements, the world’s most versatile relay:
| to 4 coils in limitless permutations from # milli-

amp to 20 amps (0.1 to 400 volts); Fast, slow, and A.C.
versions; | to 16 contact units (36 springs max.); Standard contacts
0.3 to | amp; Alternatives for switching Dry-state, Inductive, and 10
amp circuits. nsulation from 100 to 4,000 volts; Life up to 100 million
operations; Plain or tropical finishes; Approx. dimensions 45" X 32" x
24" max. An A.D.S. 3000 Type to meet all specifications-G.P.O., E.I.D,,
C.E.G.B., ADMIRALTY, U.K.A.E.A., ALL COMMERCIAL, ETC.

A.D.S. P.I. PLUG-IN 3000 TYPE

Plug-in version, enabling relays to be changed in seconds. Coils and
contacts to G.P.O./R.C.S. and varlations: Standard contact insulation
is 250 V working: 400/750 V also provided: Bases available ex-stock
for immediate production: Fully approved.

A.D.S. MINI G.P.

Special ADS minlaturised
600 Type: Single or double
windings; | to 8 contact
units 524 springs max.);
Ideally suited to printed
circuit and general pur-
pose uses; A sensitive
miniature Relay built to
suit each specific require-
ment; Minimum operation
below 50 milliwatts (3 mA
in 5,000Q coil). A.C. colls
availzble. Approximate
dimensions: 2in. X l}in. X
23in. (plus tags).

AD.S. P.0. 600 SERIES

Miniaturised 3000 with similar, but restricted specification; only Zin.
chassis space (twelve=nine 3000 Type): | or 2 coils: | to é contact
units (14 springs max.). Approx. igin.x3Zin.x [3in.

AD.S. LITTLE KING (st right)

Screw-Fix type |, 2, 3 and 4 pole. Quick-
Change (Plug-in Type) 2 and 3 pole }2 and
24 v, D.C., 100 and 240 v. A.C. Ex-stock.
Little space required: Screw-Fix 1.7 sq. in.,
Quick-Change 2.0 sq. in. King size switch-
ing: Screw-Fix 2 kVA, Quick change [.5-
kYA, 10 million operations (proof tested to
27 million). Power transter=1,500. Max. cur=
rent gain=1,400 (coil to all contacts).
LK2C (2 pole screw-fix type)—I0 amps./400
volts (1,000 VA max.) per pole.

B A.D-S. RELAYS
LTD.

HE[AYS 97 ST. JOHN STREET,
LONDON, E.C1.

_ Telephone: 01-253 3393

WW-——074 FOR FURTHER DETAILS

DIGITAL
DISPLAY
UNITS

£4-50
0.9* with decimals, lit by 6.3v bulb.

Assemble units into groups to give countless
permutation of numbers.

* Maximum legibility from a wide angle through
uniform intense characters.

* Applications in every industry, for instantaneous
readout of anything numerical.

* Price of £4/5/- includes post and packing.

* Sjze 21" x 13" x 53" long.

Auromclric Maclﬂne Service

(CARDIFF) LTD

ACE HOUSE. FERRY IEIOAD, CARDIFF.
CF1 4RN. TEL. CARDIFF 41456

WW—075 FOR FURTHER DETAILS

Precision
Russian
instruments

*2, 3, 6, 12 point
strip chart
Recorders from

£126

*Recording Ammeter
and Recording
Milliammeter at

£47

* AC/DC Magnetoelectric Multimeter

*  Milliammeters, Voltmeters, Resistance Boxes,
Wheatstone Bridges & Potentiometers.

ALL OFFERED AT PARTICULARLY COMPETITIVE PRICES

DERRITRON ELECTRONICS LIMITED

Instruments Division, Sedlescombe Road North, Hastings,
Sussex. Telephone Hastings 51372 Telex 95111

WW—076 FOR FURTHER DETAILS
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MODULAR AUDIO MIXERS

fulfil every requirement for pre-amplifiers and

Master Gain, Treble and Bass controls.

Radio and Priority Tone Signal Modules.

Wireless World, March 1968

SYSTEMS
and ELECTRONICS

@HIGH PERFORMANCE @ COMPACT MODULAR CONSTRUCTION ® RACK OR CONSOLE MOUNTING

Model MXT/6 Assemblies offer a combination that will
watts and to operate in conjunction with MXT/6 Mixing

mixing. From 4 to 22 channels can be utilised each
with its own independent Gain control and with overall
distortion better than .5% 20 Hz to 15.000 Hz—output

to requirements—Microphone, Tape. Gramophone,

AUDIX SOUND SYSTEMS & ELECTRONICS STANSTED ESSEX Telephone: STANSTED 3132/3437

MODULAR AUDIO AMPLIFIERS

Audio Power Amplifiers having outputs of from 10 to 80

Assemblies. Silicon Transistorised throughout—stable—
high performance—overload and output protection—

15 ohm and 100 volt to line.

For mounting in Cabinet Rack or Console on 18" Integrated Mixer/Amplifiers Models A25-30 watts, and
standard paneis—finished gun metal two tone blue or A80—60 watts, having inputs for two Microphone
Channels balanced at 30 ohm, Auxiliary inputs for

Microphone, Gramophone and Tape. each channel
independently controlled. Overall Master Gain Control.
Treble and Bass tone controls giving + 12db lift and cut.

WW—077 FOR FURTHER DETAILS
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I |RADFORD |
AUDIO LABORATORY INSTRUMENTS

LOW DISTORTION OSCILLATOR (Series 2)

An instrument of high stability providing very pure sine
waves, and square waves, in the range of 5 Hz to 500 kHz.
Hybrid design using valves and semiconductors.

Specification
Frequency Coverage:
Output Impedance:
Output Voltage: 10 Volts r.m.s. max.

Output Attenuation: 0-110 dB continuously variable.

Sine Wave Distortion: 0.005%, from 200 Hz to 20 kHz
increasing to 0.015% at 10 Hz
and 100 kHz.

Square Wave Rise Time: Less than 0.| microseconds.
Monitor Output Meter: Scaled 0-3, 0-10, and dBm.

5 Hz-500 kHz (5 ranges).
600 Ohms.

Mains Input: 100 V.-250 V. 50/60 Hz.
Size: 174x || x8in.

Weight: 25 Ib.

Price: £125.

Rack mounting version available.

DISTORTION MEASURING SET (Series 2)

A sensitive instrument for the measurement of total har-
monic distortion, designed for speedy and accurate use.
Capable of measuring distortion products as low as 0.002%,.
Direct reading from calibrated meter scale.

Specification
Frequency Range: 20 Hz-20 kHz (6 ranges).
Distortion Range: 0.01%-100%, f.s.d. (9 ranges).
Sensitivity : 100 mV.-100 V. (3 ranges).
Meter: Square law r.m.s. reading.
Input Resistance: 100 kOhms.

High Pass Filter: 3 dB down to 350 Hz.
3 dB down to 35 Hz.

+ | dB from second harmonic of
rejection frequency to 250 kHz

Included battery.

Frequency Response:

Power Requirements:

Size: 174x 11 x8in.
Weight: 15 Ib.
Price £90

Rack mounting version available.

VOLTMETER (new item)
A transistor operated voltmeter satisfying the requirements
for audio frequency measurement.

Specification

Sensitivity: | mV.-300 V. f.s.d. (12 ranges).
Calibration Accuracy: 2%, f.s.d.

Frequency Response: 3 | dB. 10 Hz-500 kHz.

Input Impedance: | MOhm. | mV.-300 mV.
10 MOhm. | V.-300 V.

Meter Scaled: 0-3, 0-10, and dBm.
Power Requirements: Included battery.
Slze: I14%64X%6in.
Weight: 7 Ib.

Price: £35.

RADFORD LABORATORY INSTRUMENTS LTD

Ashton Vale Road
Bristol 3

Kco igse Lontnce CLEW

by using a

DIACROM SPATULA

The * Diacrom ' is a metal
spatula upon which diamond
powder has been deposited
by a special process. No
deep scratches are possible
because density is con-
trolled and the polishing
of the contacts is achieved
by a gentle brushing
motion. With coloured
nylon handle for com-
plete insulation and
easy size identification.

Manufactured in France
British Patents applied Jor

@ Grain size 200, thickness 55/100 mm., both faces diamonded. For
quick cleaning of industrial relays and switching equipment, etc.

@ Grainsize 300, thickness 55/100 mm., both faces diamonded. For
smaller equipments, like telephone relays, computer relays, etc.

@ Grain size 400, thickness 25/100 mm., one face diamonded. For
sensitive relays and tiny contacts. Two close contacts facing each
other can be individually cleaned, because only one face of the
spatula is abrasive,

Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
81 Piccadilly, London, W.l. Phone: 01-629 9556.

As supplied to the War Office, UK A.E.A., Electricity Generating Boards, British Railways qnd other
public authorities; nlso leading electronic and induxivial wzers throughout the Unfted Kingdom.

WW—079 FOR FURTHER DETAILS
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MINIMUM
L SPACE
DECADE
BOXES

ﬁ Small encugh to put in your pocket (but too
useful to keep there) the new Hatfield Capa-
citor Decade Boxes Type 688A has been
developed for use by design engineers for
circuit tolerancing and similar applications.
The unit is exceptionally compact, measuring
only 5fin. x I§in. x 24in. and provides a
rapid means of capacitor selection over
the range 100 pF to IuF. Accuracy is better
than 5% at any setting.

otcaot 1et san(f

#aM MSTHUAMINTS LTD  PLOMGLTH  ENGRAND

<

A

@ Aiso now available In identical size cases
to the above, are the new Hatfield Minia~
ture Resistance Decade and Switched
Attenuators Types 68TA, 687B and 687TE.

WRITE NOW FOR ILLUSTRATED LITERATURE AND
FO% YOUR COPY OF THE NEW HATFIELD SHORT
FORM CATALOGUE.

HATFIELD INSTRUMENTS LTD.,

Dept. WW, Burrington Way, Plymouth, Devon, Telephone:
Plymouth (0752) 72773/4 Grams: Sigjen Plymouth.

L

HATFIELD BALUN

WW—080 FOR. FURTHER DETAILS
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BS156

Some of the many TR and TB Cells available from EEV

TR CELLS SOLID STATE WAVEGUIDE SWITCHES
_ ] (a suitable ‘drive unif’ BS402 is available from EEV)
TYPE SERVICE  BAND  FREOUENCY PEAK MAXIMUM  MAXIMUM  MAXIMUM TYPE BAND FREQUENCY BAND ATTENUATION  MAXIMUM  TYPICAL MAXIMUM
NO. TYPE RANGE POWER V.S.WR. INSERTION ~ RECOVERY NO. RANGE WIOTH AT CENTRE PEAK PULSED OPERATING OPERATING
{MHz) {kW) L0SS TIMETO (MHz) (MHz)  FREOUENCY LINEPOWER VOLTAGE ~ CURRENT
{db) bdb ( xs) {db) {kw) v) {mA)
1
BS390 (V9442 S 2925-3075 1250 1.33 1.0 15 BS392 S 2925- 150 0.25-25.0 0.5 0.85 30
BS800 - S 2840-3100 1250 1.2 0.8 15 3075
BS824*  — S 2700-3100 250 1.25 04 1510 3db BS460 X 8500 to .
BS156 CV2306 X 9000-9600 200 1.2 0.8 4.0 12000° 100 1.0-25.0 0.5 0.85 30
BS452 — X 9310-9510 100 13 0.8 4.0 ¥
BS810t —~— X 9250-9550 B 14 0.8 4.0 * Set to customers’ requirements within this range
BS850 — X 9300-9500 50 1.2 0.7 40
* For protection of travelling wave tube amplifiers
t Tunable TR LIMITER CELL
TYPE SERVICE BAND FREOUENCY PEAK  MAXIMUM MAXIMUM MAXIMUM MAXIMUM
TB CELLS NO. TYPE RANGE POWER V.S.W.R, INSERTION RECOVERY LEAKAGE,
: {MHz) {kw) 0SS TIMETO  HIGH
TYPE SERVICE BAND  RESONANT OPERATING MAXIMUM MAXIMUM {db) 3db POWER
NO. TYPE FREOUENCY POWER LOADED V.S.W.R. {4s) SPIKE
{MHz) (kW) Q {erg/pulse)
BS310 Cv6070 X 9375 5-200 6.5 1.1 BS814 CV6192 X 9000-9700 200 1.3 0.8 3.0 0.02

EEV can provide you with any type of TR & TB cell you want, whether
your radars are marine, airborne or high power. The standard range,
which also includes microwave switches for use in S- and X-band
duplexer systems, covers narrowband, broadband and tunable types.
If, however, you have someéthing special in mind EEV can probably make
that too. Details of the standard range are available on request.

ENGLISH ELECTRIC VALVE COMPANY LIMITED cHeLmsFORD, ESSEX. TELEPHONE: 61777

WW—081 FOR FURTHER DETAILS
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YOU
WANT

PARTS

URGENTLY

—almost
immediately!

So what do you do?

You reach for the 'phone and dial ONO
239 8072, if it is anything made by the
United-Carr Group. You will be sur-
prised how soon you’ll get what you want.

Your immediate needs are our
business

We exist to supply the small user quickly
with standard parts made by these Com-
panies and carry large stocks of their
fasteners and clips and a wide range of
Radio, Electronic and Electrical compo-
nents. We’'re geared to speedy handling
and dispatch.

But. you will need our Ilatest
catalogue

For quick and accurate ordering you
should keep our comprehensive cata-
logue by you. This useful reference book
gives full details of the wide range of
parts we stock—nearly everything of the
kind that you are likely to require.

Even though not ordering anything im-
mediately, you should write now for this
useful publication and so be ready to
handle rush jobs whenever they arise.

United-Carr Supplies Ltd.,
Frederick Road, Stapleford, Nottingham.
Sandiacre 8072 STD ONO 239 8072

. @ STOCKISTS

UNITED-CARR
SUPPLIES

UNITED-CARR GROUP
WW-—082 FOR FURTHER DETAILS

EDDYSTONE COMMUNICATION
RECEIVERS

For the Professional or Amateur user who likes the Best.

840C
£66
-t
HIRE PURCHASE TERMS
Model Cash. Deposit 12 mthly. Total 24 mthly. Total
Price of H.P. Price of H.P. Price
EC10 £53 £15 £3 8 2 £5518 0 £119 2 £62 0 ©
840C £66 £16 10 0 £4 8 9 £6915 0£2 7 6 £7310 0O
EB35 £60 6 3 £15 6 3 £4 0 7 £6313 3£2 3 0 £66 18 3
940 £133 £34 £8 17 3 £140 7 0 £4 14 9214714 0
EA12 £185 £47 £127 3 £195 T 0 £6 12 3 £205 14 ©

Payments over 30 months if desired.
Quotation on request.
Delivered Carriage paid by Passenger Train.

CARRIAGE PAID

SEXNDGISTAMP FORLITERATURE
70

The Eddystone
Specialists

SERVICES LTD.

51 COUNTY ROAD
LIVERPOOL, 4

Telephone: AINTREE [445 ESTAB. 1935
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The"MIRACLE" Range of Soldering lrons
fitted with the Bi-Metal, Steel held Solid
Silver Bit.

8 Models—Any Voltage.
Over 150 type bits.

6 v. to 240 v.

10 W. to 500 W.

LONG LIFE BITS.
EASY BIT /| ELEMENT INTERCHANGE.
NO MAINTENANCE IN USE.

PERMANENT BIT SHAPE AND SIZE.

13

. . . This iron
has been in continuous use for about
EIGHT MONTHS and it would appear
that it now needs a new bit.”’

One Customer writes:

We claim long life
Our customers PROVE it.

Now new formula Multigrade Solders.

LONDTRA LTD. Kelway Works,

Kelway Place, London, W.I4.
Tel: (O1) 385 7606.
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3A MINIATURE AXIAL RECTIFIERS
IN4139—1N4143
NEW TO RASTRA’S RANGE

Meet all MIL $-19500 environmental specs.

Average D.C. Forward current 3.0A @ 50°C.

Leakage Max. @ D.C. Reverse Voltage 25uA @ 25°C.
500uA @ 100°C.

A.C. SOLENOQID TYPE SAM

Continuous Rating
1402z. atiin

Instantaneous Forward Drop @ 3.0A 1.2V @ 25°C.
1 1.0V @ 100°C.
up to 5:1b. IN4139 (50V) IN4(42 (400V.)
IN4140 (100V.) IN4143 (600V.)
Fitted with stainless steel guides—6 times the life. Larger IN4141 (200V.) Prices and data available on request, as also
and smaller sizes available—also transformers to 8kVA | our Short Form Catalogue/Price List.
3-phase.
3 WRTP 3 9 5 3 - 3
BR.A. WEBBER LTD, RASTRA ticcironics L1,
KNAPPS LANE, CLAY HILL, BRISTOL 5. TELEPHONE 65-7228/9 275/281 King Street, London,VV.b. Tel:RIV 2960
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IMPORTANT TITLES

the tape recorder
C. G. NIJSEN. Second edition.

Written for the growing number of enthusiasts, it shows how the best possible results can be obtained
from a recorder, whether it is used for pleasure or business or educational purposes—at home or in a
school. Includes chapters on sound recording and reproduction, basic principles and theory of the tape
recorder, acoustics, stereophony, choice of recorder and applications. The second edition has been
updated and expanded. 172 pp. lllustrated. 15s net |5s |1d by post.

the electron in electronics

Modern Scientific Concepts for Electronic Engineers.
ILIFFE M.G. SCROGGIE, B.Sc., F.l.E.E.

The author, as an electronic engineer has related the modern concepts to the things a student of electronics
BOOKS LTD. is likely to know already, and expresses them in familiar terms and symbols. The standard of mathematics
and general physics assumed is at most-G.C.E. * A’ level.. The book is intended to be an introduction
and perhaps a supplement to more formal and mathematical treatments, and particular attention has
42 RUSSELL SQUARE, been given to questions and difficulties that may arise. In The Electron in Electronics, M. G. Scroggie,
LONDON, W.C.1 whose books on radio and electronics have sold over a quarter of a million copies, and whose Foundations
p Voo Ug of Wireless has helped generations of students in their first steps, shows his ability to present this in-
trinsically difficult subject vividly and clearly. 276 pp. 132 lllustrations. 45s net 46s |d by post.

from leading booksellers
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~——, Now available

Mullard| 1968 Data Book
\\%6 pages of data, including for the first time, colour-coded

sections for quick reference—covering comparables and equivalents
and all current Mullard semiconductors, valves, tubes and compon-
ents for Radio, TV, Audio and HiFi applications.

PRICE 3/6 from your local TV retailer OR direct from Mullard—cash @
with order, plus 9d for p. and p. @

M ll Mullard Limited, Distributor Sales Division,
u ar Mullard House, Torrington Place, London, W.C.1.
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iIts easier..

to find small components in
a transparent €€igodrawer cabinet

It keeps all your transistors, bulbs, screws,
bolts, nuts, etc. VISUAL, ASSORTED
AND ALWAYS AVAILABLE

THE MOST COMPACT SYSTEM FOR
STORAGE OF SMALL ITEMS

see at a glance avoids searching
heavy gauge reinforced steel frames
transparent, dividable plastic drawers
self-supporting, standardized units
stackable or suspendable for speedy
erection or alteration into larger sec-
tions

m  more than 20 different models

FOR MODERN AND EFFICIENT STOR-
AGE OF ALL SMALL COMPONENTS
INSIST ON

f MODEL 36 A For detailed information and  RAACO (London) Ltd.,
illustrated brochure write to

§2/54 High Holborn,
£4.10.0 London W. C. 1.
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DEANSWOOD |

SHOPPING CENTRE,
RAINHAM, KENT

comprising

SUPERMARKET=Let to Pricerite Ltd.,
and 25 SHOPS

u
Reservations include multiple f0l
retailers and banks VARIABLE

ONLY 6 SHOPS REMAIN RIS

Frontages 18ft. Depths 40ft. | TERMINAL
RENTS £1,000 p.a. excl. STRIPS

Apply Joint Letting Agents !
WEATHERALL, GREEN & SMITH '

22 Chancery Lane, London W.C.2. 01-405 6944 WINGROVE & ROGERS LTD
and

HILLIER PARKER MAY & ROWDEN DOMVILLE ROAD - LIVERPOOL 13

Telephone: Stoneycroft 2265
77G . -
B e ! ClgRER 7660 I LONDON OFFICE : 75 Uxbridge Road, Ealing W.5.  Tel: 01-567 7046
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TRANSISTORISED P. A.AMPLIFIERS

Ahuja manufactures 6 models to cover complete
range with power outputs from 10 - watts. to
50-watts. 3 models work from A.C mains and
— 12 Volt Battery. All are provided with protective
MODEL 50 - ATR circuit to ensure absolute reliability.

50 - watts AC/ Bat.
Transistorised amplifier

PROFESSIONAL P. A. AMPLIFIERS

4 Models are available with outputs from
18 - watts to 100 - watts for professional standard

performance and all types of indoor & out door
installations.

MODEL A - 80 HF
100 - watts professional amplifier

WIDE CHOICE IN MICROPHONES

Ahuja offers a microphone for every P. A
application. 2 unidyne models and 2 Dynamic
omnidirectional models are available.

AHUJA LOUDSPEAKER SYSTEMS

Ahujas high quality breakdown - proof loudspe-
akers are availible to suit every P. A.installation

Ahuja Sound Equipments are built to international stondards.
These are most competitively priced and are marketted in
= over 20 countries. Ask for latest export catalogue & prices

Manufacturers : AHUJA RADIOS, 13, DARYAGANJ, DELHI -6 (INDIA)

Issued by : Engineering Export Promotion Council, Calcutta (India)
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D 43

urres

LABORATORY OSCILLOSCOPE

with plug-in amplifiers

ALE
UM
WER

D43 isadouble-beam laboratory
oscilloscope with a 4in. double-
gun aluminised PDA tube, op-
erating at 4kv. Alternative
time bases are available: T41,
calibrated 18 speeds, and T42,
calibrated 22 speeds with single-
shot facility and a DC coupled
X amplifier. Both have com-
prehensive triggering systems.
Six plug-in Y amplifiers are
already available—General
Purpose, Differential, Ultra
High Gain, Envelope Monitor,
General Purpose Differential,
and Wide Band. With General
Purpose (type A) Y amplifiers

and T41 time base, D43 weighs.

only 36 Ibs., costs only £125.
This versatile 'scope is part of a
still more versatile system,
which also includes the S43, a
single-beam version, and the
D53, an advanced instrument
with rectangular double beam
mesh tube and sweep and signal
delay facilities. The D53
accepts all six Y amplifiers,
plus two special signal delay
models. The entire 43/53
system is set out In our short
form catalogue—together
with nine other portable
'scopes, priced from £23 10s.
All prices quoted apply to the
U.K. only.

TELEQUIPMENT BGS

Telequipment Ltd - Southgate + London N14 -

“FG

J <~

Phone: 01-822 1166

DWW

ouTeUT

T e ‘
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CONSUMER

Mullard

_ELECTRONICS

| A

AM/FM modules give you design flexibility

Mullard now offer you in a single
can any major circuit function found
in a portable or mains radiogram.
Take the LP1169 AM/FM tuner for
example. It covers 87.5 to 108 MHz
on FM, short, medium and long

wavebands on AM, operates on 9V,
is fully screened and has a.f.c. Allin
one module.

The Mullard module approach gives
you design flexibility and the best
overall performance—we make the

components, we assemble them
into the modules. And onsuch a
scale that price and quality are

the best.

Ourrange is the widest available.
We've simplified external and
inter-stage circuitry as far as
possible without sacrificing design
flexibility. The range includes
modules to cover the requirements
of AM and AM/FM receivers plus
audio output modules up to 10W.
A special publication on the LP1169

‘and other Mullard modules which

also gives full application
information, is available to
manufacturers.

Tick the coupon for a copy.

Everyone knows we make tubes, but did you know
we make scanning coils too?

Itmakes good sense. You get a better
match if they are both from the same
source. We go to great lengths to get
an optimum match between tubes
and coils. We produce scanning coils
for all our many Panorama and Push-
through monochrome picture tubes.
Manufacture is strictly controlled to

Time well spent

There can’t be many firms who've
been in business as long as we have,
who have used the time to such
advantage. Our past experience
guides our future plans; provides us
with an insight into the industry we

ensure consistent quality. Setting up

is therefore greatly simplified.
Compensation for frame shrinkage,
due torises in temperature, is
incorporated. If any horizontal
pin-cushion distortion or mis-shape
at the corners of the raster should
occur, this can be corrected with

‘development—and thereby provide

modern, technically excellent
products ready for the demands of
tomorrow. We have co-operated in

extra magnets fitted to the coil
housing. Of course our scanning
coilsfor colour TV are produced to
the same high standard.

Technical information on the
monochrome scanning coil
AT1030is availabletomanufacturers.
Tick the coupon for a copy.

so many consumer electronics
projects that it's quite likely we
are working along similar lines to
yours. So why not get in touch ?

serve allows s o anticipate noeds | [issendmemematonn L B
and deploy our resources over the | ’ '
most fruitful areas of research and | Na":"? |
Position

I Company I

I Address I

| wwa |
Mullard Mullard Limited, Consumer Electronics Division, Mullard House, Torrington Place, |
CONSUMER ELECTRONICS DIVISION londonwWe1. _ __ __ _ _ _ _ _ __ ____________CED_sl

4
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This is the
size of the hig
development

in connectozrs!

This miniaturised version of the famous McMurdo Red range
provides 26 connections - two more than any other connector of
comparable size - plus improved rellability. Only a quarter the size of
the Red range, the entire REDETTE range has 16, 26, 38 and 52 way
versions. Now available. Moulded in D.A.P., with hard gold-plated
contacts. Current rating 3 amps per contact, contact resistance
under 10 milli-ohms, minimum proof voltage 1,500 volts peak.

M B M Complete the Reader Reply Card for details, or contact us direct for sample.

NEW REDETTE CONNECTOR

THE McMURDO INSTRUMENT CO. LTD., RODNEY ROAD. PORTSMOUTH. ENGLAND
TELEPHONE PORTSMOUTH 35361. TELEX 86112

LUGTON & CO. LTD., 209/210 Tottenham Court Road, London, W.1
Telephone Museum 3261

SASCO, P.O. Box No. 20, Gatwick Road, Crawley, Sussex
Telephone Crawley 28700
{also Chipping Sodbury 2641, Cumbernauld 25601, Hitchin 2242)

THAILAND Charray International Inc., Ltd., 28-30 New Road. {Siyek Phya Sri.), Bangkok
U.S.A. Trans Atlantic Electronics Ltd., 1789 Cardinal Avenue, Dorval, Quebec
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We're the firm
~ withallthe best
connections

So doesn'tit make sense to go a bundle on them?

Wrap up all electronic assembly problems
in one swift operation.

We've done our best to make it easy for
you by devising some 5,000 connecting
devices of one sort or another. And backing
them with an endless amount of ingenuity.

So whether you're connecting a printed
circuit, fastening a chassis, or simply
linking a plug and socket we'll show you
the quickest and simplest way of doing it.

And that goes for all your connecting
problems — not just electronic, but mecha-
nical and electrical as well. Our sort of
ingenuity knows no bounds and accord-
ingly, our range stops at nothing!

Go a bundle on it and you'll be helping
yourself to the best connections in the
business.

You can't do better than that now, can
you?

WW-—096 FOR FURTHER DETAILS

the firm with the best connections

l CARR FASTENER '

UNITED-CARR GROUP

Stapleford, Nottingham.
Telephone: Sandiacre 2661.
Sales Offices: Wembley,
Birmingham, Sale, Glasgow 5

(o

d
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SALES NOW More a_nd morbe :

EXCEED Marcon Self-Toning

£10,000,000 h.fsystems...

and one good reason is:

ECONOMY IN SKILLED
MANPOWER

® Centralized station control by one man
who need not be technically skilled.

8 Full remote control of transmitting
and receiving complex extends this
concept to allow complete stations to
be unmanned on a routine basis.

8 Built-in MST reliability means that
# only a nucleus of high grade

technicians required to service a full
h.f complex.

# Reduction of manpower require-
ments can be of the order of 5 to 1.

and other good reasons are:

Reduced capital outlay Traffic interruption reduced

MST designs reduce demands for space, and need Frequency changes and retuning accomplished in
for standby equipment. Installation costs are less than one minute without loss of traffic.
decreased.

Increased reliability World-wide acceptance

Maximum use of solid state technigues plus the 30 countries throughout the world have ordered
use of wideband amplifiers reduces number of more than £10,000,000 worth of MST equipment
moving parts, gives higher reliability and longer to improve their communications services.

equipment life.

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England

LTD/H76! AN ‘ENGLISH ELECTRIC' COMPANY
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AMPLITUDE

- T + 50V

There’'s a BRIMAR tube to meet the needs of every
oscilloscope designer—ranging from general purpose
tubes of medium bandwidth to tubes designed speci-
fically for exacting applications requiring features such
as short length, wide bandwidth or dual phosphors. Face
plates range from 81" large displays to 1" types for
numerical and indicator presentations including the
latest 7 x 5 cm rectangular size.

PERSONALISED
TECHNICAL SERVICE

Every- BRIMAR oscilloscope tube is backed by a first-
class technical service and assistance on any type of
problem involving it—from special characteristics to
circuit design. BRIMAR engineers are always available
—contact ison a personal level. Just phone or write.

The BRIMAR D13-51GH is a modern Mesh P.D.A.
6 x 10 cm?-area tube, which gives improved brightness,
higher deflection sensitivities and higher ratios of
screen to deflector voltage with no shrinkage of raster
area. The D13-51GH displays single phenomena up to
30 MHz bandwidth and is suitable for use with transis-
torised circuits. It needs fewer control voltages than
other mesh tubes. Lengthisonly 13%".

We shall be pleased to let you have full details of the
BRIMAR D13-51GH and the rest of the interesting
range of BRIMAR industrial cathode ray tubes.

Thorn-A.E.l. Radio Valves & Tubes Ltd.
7 Soho Square, London W1. Telephone; 01-437 5233

TAsYi8
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69 F Tantalum Capacitors are now made in Britain by EMIHUS Microcomponents Limited

at their Glenrothes factory.

What does this mean to you? Plenty!

You are now assured of a regular and reliable source of supply—no import problems.

Then, the EMIHUS 69 F Tantalum Capacitors are smaller and less expensive than similar

capacitors obtainable in Britain. And these EMIHUS 69 F Capacitors give the lowest leakage
current of all and are manufactured under the

strictest quality control conditions.
Approval'to DEF 5134 A-4.s pending.
For full details write or 'phone to:

E m EMIHUS MICROCOMPONENTS LIMITED
Sales Office:
Heathrow House, Bath Road, Cranford, Hounslow, Middx.
Tel: 01-759-9584/5 9961/2 | Telex: 23613.
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RECEPTION SETS R220/R220 1
These comprise two crystal controlled AM
receivers and can be operated independent of
each other on one spot frequency in the band
60-100 Mc/s., with built-in monitor speaker.
They are housed in one metal cabinet, size
214 X 124 x 18fin. and ready for immediate
mains operation (200-250 v. 50 cfs.). * Supplied
BRAND NEW in original crate, complete
with spares and manual, £20. Carr. 50/-.
POWER UNIT TYPE 24 FOR R.216 RE-
CEIVER. A.C. operated 100-125 or 200-250
volts 50 ¢/s. BRAND NEW AND BOXED.
£9/19/6, Carr. 10/6.
FILTER VARIABLE BAND PASS No. I
Dual channel unit, each channel has variable
slot frequency of 500-900 ¢/s., 1,200-1,600 cfs.,
and band pass facility. 600 ohms input and out-
put, monitor input and high impedance out-
put jacks. Standard rack mounting 34in. deep
panel. Mains operatlon 200/25Q v. 50 ¢/s. BRAND
NEW,. £5/19/6. Carr. 10/-.
HRO TUNING METER. 0-1 ma. New and
boxed 25/-. Post 2/-.

BC-221 FREQUENCY METERS
Complete with crystal and valves. In perfect
working order but WITHOUT calibration
charts. £9/19/6. Carr. 10/6.

100/1,000 Kcfs. 10X size 3-pin, as used in
Class D Wavemeter. Brand New, boxed.
21/- each. Post |/-.
200 kecfs American G.E.C. {in. pins suitable
for crystat calibrators, etc. Brand new, boxed,
7/6 each. Post |/-.

|
I
X'TALS ‘

V.H.F. SIGNAL GENERATOR
MARCONI TF-801A/l. Covers 10 to 310
Mc/s. (4 bands). DIRECTLY calibrated. Int.
Mod. at 400, 1,000 and 5,000 ¢/s. Attenuated
or force output. Guaranteed overhauled,
accurate and in perfect working order.
£35. Carr. £1.

BEAT . FREQUENCY OSCILLATORS.
MARCONI TF-195M. Covers 10 cps. to | |
40 kefs. in two sweeps. 0 to 20 kefs. and
20 to 40 kefs. Output 2 watts into 600
or 2,500 ohms. Pane! meter indicates output
voltage. A.C. mains operation 100 to 250
volts. First class condition. Fully tested.
£20. Carr. 30/-.

AMERICAN HEADSET TYPE HS-30-U
600 impedance, BRAND NEW and boxed,
15/-. postage 2/6.

DISTORTION FACTORMETER
MARCONI  TF-I142E. This  instrument
measures the percentage of total harmonic
distortion in the fundamental frequency
range 100 to 8,000 c¢/s. The lowest scale
engraving is 0.05%. Will handle 2 watts
{continuous) and W|Ilg|ve satisfactory readings
with only | mW input. Mains operated.
Output impedance 600 ohms. Very good
condition. £29. Carr. 20/-.

ADVANCE TEST EQUIPMENT

H1B Audio Signal Generator £30
J1B Audio Signal Generator £30
J2B Audio Signal Generator... £35

TTIS Transistor Tester......... g3

VM76 AC/DC Valve Voltmeter.. £72
VM77¢ AC Millivoltmeter.......... £40
VM78 AC Millivoltmeter (transistorised).. £40

-
-N-X-N-N_ NN N

VM79 UHF Millivoltmeter ’(iranmtonsed) ...... £125
These are current production, manufactured in U.K.
by Advance Electronics Ltd. (not discontinued models).
Showing a saving of approximately 33319, on nett trade
price. BRAND NEW, all in original sealed carton.
Carr. 10/~ extra per item. Special offer of 109, discount
for schools and technical colleges, etc.

WIRELESS SET No. 76

A compact CW only crystal controlled transmitter. Consists
of a Pierce crystal oscillator {807) and a Power Amplifier (807).
Both are cathode keyed by means of a retay. Six switched crystal
channels are available in the frequency range of 2 to 12 Mc/s.
{Crystals not included.) Aerial current is indicated on a panef
meter and two spare valves are supplied. Operates from 12 v.
car battery via internal rotary transformer. RF output 9 watts.
Contained in steel case 12X 12x8in. Weight 30 |bs. Ideal for 80
or 40 meters or cheap enough for breakdown. Good condition
and working order. Circuit included. £4/5/-. Carr. 10/-.

HRO RECEIVER £30

The octal valve version. In mint condition. Complete with all
nine general coverage coil sets covering 50 kecfs. to 30 Mc/s.
Instruction Booklet and circuit, but less external power supply.
Carriage 30/-. Complete manual available at 30/~ extra.

PRICES NOW REDUCED cINTEL EQUIPMENT:
ELECTROLYTIC CAPACITANCE AND INCREMENTAL
INDUCTANCE BRIDGE No. 36601
A modern instrument, all solid state, which accurately measures
the capacity of electrolytic condensers from 0.luF to 1,000uF
under operating conditions. Leakage current and polarizing
voltage are separately metered. Inductances from 100 mH to
100 H can also be measured with current up to 100 mA. A.C.
mains operation. Unused with handbook. List price £220. Our

Price £70.

WIDE RANGE CAPACITANCE BRIDGE. No. 1864,
A matching instrument to the above. All solid state. Mains
operation. Measures from 0.002pF to 100uF. Unused with hand-
book. List Price £250. Our Price £75.

MARCONI TEST EQUIPMENT

PORTABLE FREQUENCY METER TYPE TF.1026 SERIES
TF.1026/4 2,000/4,000 Mc/s., TF.1026/5 1,800/2,200 Mc/s.,
TF.1026/6 3,800/4,200 Mc/s., TF.1026/7 1,700/2,100 Mc/s.,
TF.1026/9 2425/2 525 Mc/s. £40 each,
WIDE BAND MILLIVOLTMETER TYPE TF.1371
100uv to 300 my in five ranges. 30 c¢/s. to 30 mc/s. £45,
VACUUM TUBE VOLTMETER TYPE TF.1300
A.C. measurement 0.05 to 100 v., 20 ¢/s. to 300 Mc/s. D.C

MICROAMMETERS
R.C.A. 0-500 microamps. 24in. circular
flush panel mounting. Dials are engraved
0-15, 0-600 vofts. As used in the Ameri:zan
version of the No. 19 set. BRAND NEW
and boxed 15/-. P. & P: I/6.

AR-38 SPARES

Knobs, Medium size, Set of 8 . ....... 10/
Knobs, Large size .............. o 5/6
Condenser {3 X4 mfd.). Post 4/6 12/6

Mains Trans. (L.F.) {(postage 9/-)
Escutcheons (Windows) .............

MINIATURE RELAYS
240 v. A.C. coils. Contact assembly
“ makes " and | C.O. 5 amps. Size 2x 17} X
“lin. Unused and removed from brand new
equipment 8/6 post paid.

MOVING COIL PHONES. . Finest
quality Canadian with chamois ear-muffs
and leather-covered headband. With lead
and jack plug. Noise excluding and supremely
comfortable. 22/6. As above but complete
with moving coil microphones 25/-. DLR-5
Low impedance headphones with attached
throat microphone. r2/6 All these items
BRAND NEW, Postage extra 2/6,

CINTEL NUCLEONIC SCALERS
Nos, 36402 and 364)1. Unused with hand-
book. List Price £300/£320. Our Price £65.

CRT Type 89D as used in the Cossor 1035
Oscilloscope. Brand New 59/6. P. & P, 4/6.

ement Q.1 to 300 v. Each over 5 ranges. Will also measure
ohms, 5002 to 5SmQ in 2 ranges. £45.

SENSITIVE VALVE VOLTMETER TYPE TF.1100
100uv to 300 v. A.C. in 12 ranges. 10 c/s. to 10 Mcfs. Can also
be used as a wide-band amplifier. £50.

DELAY GENERATOR TYPE TF.1415.
Provides sweep-delaylng facillties when used in conjunction
with' the TF.1330 (series) or similar oscitloscope. Alternatively,
gvsnay be used independently as a general purpose delay generator.

TF.867.A Standard Signal Generator
TF.890.A/l. R.F. Test Set ............ o
TF.1020.A/2 R.F. Power Meter.............
TF.1066.B/2 U.H.F, F.M. Signal Generator.
TF.1067 Heterodyne Frequency Meter. .. .
TF.1102 Amplitude Modulator........ . £40

TF.1221 Heterodyne Unit..... £128
TF.1274 V.H.F. Bridge Oscillatol £40
TF.127S V.H.F. Bridge Detector.. £40
TF.1350/1 Power Unit for TF. |346/| £40

TF.i400 Double Pulse Generator............ Ll £100
Detailed technical specifications supplied upon request.
Offered BRAND NEW at fraction of original cost.

e
CHARLES BRITAIN (Radio) LTD. |

Il UPPER SAINT MARTIN’S LANE

LONDON, w.C.2. 01-836 0545
Near Leicester Sq. Station, {Opposite Thorn House)
Shop hours 9-6 p.m. (9-1 Thursday). Open all day Saturday.

PCR-1 RECEIVERS

Covers 860-2080 metres, 190-570 metres,
5.6-18 Mcjs. | R.F. and 2 |.F. stages, 6 valves.
Internal speaker, requires external Power.
supply. Circuit supplied. Fully tested prior
to despatch. £7/19/6, Carr. 10/6. Fuller
details upon request. Brand new external
Power Supply Units, Vibrator Unit for opera-
tion from I2v, car battery, for caravans or
boats 15/6 or A.C. Mains Units £2. Carr. 5/6.

AR.88 VIBRATOR POWER SUPPLY

UNIT. Operates from 6-8 voit D.C. supply.
Output 300 volts, 90 ma. Brand new, boxed,
complete with leads. 15/-. postage 7/6.

ADVANCE POWER UNIT TYPE DC4.
12 volts D.C. 4 amps output. A.C Mains
operation 200-245 voits 50 ¢/s. Brand new.
Boxed, £20. Carriage 10/6. .

INDUSTRIAL METER, Iron clad. 0-300
volts A.C. 50 c/s. Moving iron, 6in. scale
Fl. mtg. Brand new, boxed, 59/6, postage 7/6.

SIGNAL GENERATOR CT-218 (FM/
AM). MARCONTU!t TF 937.

Covers 85 Kc/s. to 30 Mc/s. in 8 switched
ranges. Effective length of film scale is 50ft.
Qutput level variable in | d8 steps from IuV
to 100mV (75Q). Also IV Outputs down to
0.1uV from an outlet at 7.5Q. Int. mod. at
400 cfs., ! Kefs., 1.6 Kefs. and 3 Kefs. FM at
frequencies above 394 Kcfs. Variable mod.
depth and deviation. Crystal calibrator 200
Kefs and 2 Mcfs. Monitor speaker for beat
detection. Fully metered, blower cooled,
Panclimatic. A.C. mains 100 to 150 and 200
to 250 volts, 45 to 100 ¢fs. 17 X 204 X
174in.,  Weight 117 Ibs. Fully tested and
guaranteed. Fraction of original cost. £65.
Carr. 50/-.

T.C.C. METALPACK CONDENSERS.

0.1 mfd. 500 v. D.C. wkg. at 70°C. Brand new,
polythene wrapped, 7/6 doz., or £2 per 100.
T.C.C. METALMITE 350 v. D.C. wkg. 0.l
mfd. (CP37N); 0.05 mfd. (CP35N); 0.91 mfd.
CP.32N) all ac 5/6 doz. or 32/6 per 100.
PRAGUE METAL CASED CONDEN-
SERS 0.0l mfd. 1,000 v. D.C. wkg., 5/6 doz.
or 32/6 per 100.

T.C.C. VISCONAL CONDENSERS.

8 mfd. 800 v. D.C. wkg. at 71°C. CP 152 v.
Size 3 x 13 x 5in. high. BRAND NEW
{boxed), 8/6 each. DWUBILIER. 4 mfd.
600 v. wkg. CP 130T or similar 13 X 13 X
43in. high. BRAND NEW (boxed), 4/6 each.
All post paid.

STANDARD TRANSFORMERS
Yacuum impregnated, interleaved. E.S.
screen, universal mounting. Size 4 X 34 x
23in. ALL BRAND NEW. 24/- each. Post 4/6.
Type |. 250-0-250 v. 80 mA. 6.3 v. 3.5 a.,
6.3 v. | a., tapped at 2 a.

Type 2. As above but 350-0-350 v. 80 mA.
Type 3. 30 v. 2 a,, tapped at 12, 15, 20 and
24 v. to give 3-4.5-6-8-9-10 v., etc.

Type 5. 0-6-9-15 v. 4 a. |deal for chargers.

LOW CAPACITANCE BRIDGE

MARCONI TF. 1342, Range 0.002 pF. to
1,111 pF.  Accuracy 0.2%. Three terminal
transformer ratio arm bridge allows " in situ®’
measurements. Internal oscillator frequency
1,000 c/s 12 x 17 X 8%in. Weight 153 lbs.
AC. mains 200 to 250 and 100 to 150 v. 40-100 c/s.
With leads and handbook. ABSOLUTELY
BRAND NEW. List Price £120. Our Price £45.
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VIKING AMPLIFIER

50 WATT AMPLIFIER

An extremely reliable general pur-
pose valve amplifier. les rugged
construction yet space age styling
and design makes it by far the best
value for mone

TECHNICAL SPECIFICATIONS
4 electronically mixed channels,
with 2 inputs per channel, enzbles
the use of 8 separate instruments at
the same time. The volume controls
for each channel are located directly above the corresponding input sockets,

SENSITIVITIES AND INPUT IMPEDENCES

CHANNEL | 4mV. AT 470K, These 2 Channels (4 inputs) are suitable for
CHANNEL 2 4mV, AT 470K. microphone or guitars,

CHANNEL 3 200mV. AT Im Suitable for most high output instruments
CHANNEL 4 20(mV, AT | (gram, tuner, organ etc).

INPUT SENSITIVITY RELATIVE TO low OUT UT.

TONE CONTROL5 ARE COMMON TO ALL INPUTS,

BASS BOOST +12 dB AT 60 Hz/s, BASS CUT — 13 dB AT 60 Hz/s. TREBLE
BOOST +11dB AT |5 KHz/s. TREBLE CUT —i2dB AT I5 KHz/s.

WITH BASS AND TREBLE CONTROLS CENTRAL —3 dB POINTS ARE 30 Hz/s.
AND 20 KHz/s.

POWER OUTPUT

FOR SPEECH AND MUSIC

50 WATTS RMS, 100 WATTS PEAK

FOR SUSTAINED MUSIC 45 WATTS RMS. 90 WATTS PEA
FOR SINE WAVE 38.5 WATTS RMS, NEARLY 80 WATTS PEAK.
TOTAL DISTORTION AT RATED OUTPUT 3.2% AT | KHz/s

TOTAL DISTORTION AT 20 WATTS 0.15%,
OUTPUT TO MATCH INTO 8 ‘OR 15 OHMS SPEAKER SYSTEM.

NEGATIVE FEED BACK 20 dB AT | KHz/s.
SIGNAL TO NOISE RATIO 60dB,

MAINS VOLTAGES. Adjustable from 200250 V A.C,
50-60 Hz/s. A protective fuse is located ag the rear of

unit.
VALVE LINE UP: Double purpose ECC83 x 3, EL34 x 2
and GZ 34.

RECEIVER

STAR SR 150 COMMUNICATIONS

Frequency range 535 ke/s—30 Mc/s four wave
bands, four valve plus metal rectifier superhe
circuit incorporates B,F.O, band spread tuning,
" S meter external telescopic aerial—ferrite
aerial, built-in 4in, speaker, easy to read dial,
For 240v. A.C. operation, complete brand new
with full instruetion manual. £17/17/- + 10/~
p. & p.

NEW! The DORSET

TRANSISTOR PORTABLE RADIO
with BABY ALARM Facilities
Special offer—Power Supply Kit to purchasers of

Dorset Portable Radio parts incorporating mains
tarnsformer, rectifier and smoothing condenser, AC

PRICE: mains 200/250v. output 9v. 100mA. .. ... 9/6 extra,
1 Plus 7/6 600 mitli-watt solid state 7 transistor plus diode
£5 . 5 . 0 P. & P. and thermistor,

Completely modulised high quality portable radio
featuring complementary N.P.N. and P.N.P. out-
put stage.

The comprehensive easy-to-follow drawings supplied make this the easiest-ever
transistor radio set of parts, with the following features:

Circuit and parts list 2/6,
free with parts.

% Simple connections to only 6 tags on Y% High Q internal ferrite rod aerial
the R.F./I.LF. module, 3. |.F stages, osc. on both wavebands.
coil and 3 transistors which, with v Class ” B" modulised output stage
their associated components are with thermistor controlled heat
completely wired, stabilization. Class " B'" output

% Only 4 connections on the A.F. stage ensures long battery life,
module to complete the 4 transistor Current drain is proportional to the
600 milli-watet solid state amplifier. output level. Total current drain of

% Pre-aligned R.F./.LF. module built the receiver under no signal con-
and tested. ditions is 10-12 mA. At reasonable

Y% A.F. module built and tested. listening level 20-30 mA,

% Fully tunable over M.W. and LW, % Extension sockets for car aerial
bands. M.W. 540-1,640 Ke/s. (557+ input, tape recorder output (in-
183 metres). L.W. 150275 Kcfs. dependent of volume control) and
(2,000-1,100 metres). Ext, Speaker,

. % All components (except spezker)
% Intermediate Frequency 470 Kc/s. mount on the printed circuit

Y Sensitivity: MW, at | Mefs 10 board. Easy to follow instructions.
microvolts plus or minus 3 dB. Size of cabinet 12In. long, 8in. high
L.W. at 200 Kefs. 40 microvolt and 3in. deep.
plus or minus 4 dB. ¥ Fingertip controls.

BRESGES Geared Motor

240 V. A.C. Mains 50 Hz. 0.49 amp (65 watt). Ungeared speed 2,750 R.P.M.
Geared speed 80 R.P.M, Constant Gear ratio 35: |. Reversible. Spindle dfa. 12
mm. (0.473in.). Spindle length lin. 74in. long X 4}in. wide X 4}in. deep. Cost £20,
our price £7/19/6. 7/6 P. & P.

RADIO AND T.V. COMPONENTS (ACTON) LTD

21A HIGH STREET, ACTON, LONDON, W.3.
SHOP HOURS 9 a.m. to 6 p.m. EARLY CLOSING WEDNESDAY,

Terms C.W.0. Goods not despatched outside U.K. All enquiries stamped add. envelope.
323 EDGWARE ROAD, LONDON, W.2. Early closing Thursday.
PERSONAL SHOPPERS ONLY.

All orders by post must be sent to our Acton address.

‘ELEGANT SEVEN’ MK Il

SPECIAL OFFER

% De luxe wooden cabinet size 12§ X84 X 34in.

% Horizontal easy to read tuning scale printed
grey with black letters, size | 1§X2in,

% High " Q' ferrite rod aerial.

% LF. neutralization on each separate stage.

% D.C. coupled push pull output stage with
separate A.C negative feedback

% Room filling output 350 mWw,

% Ready etched 2nd drilled printed circuit board
back printed for foolproof construction.

% Fully comprehensive instructions and point-to-
point wiring diagram.

% Car aerial socket.

% Fully tunable over medium and long wave.
168-535 metres and 1,250-2000 metres.

% All components, ferrite rod and tuning
assembly mount on printed board.

Y 5in. P.M. Speaker. Buy yourself an easy to build

% Parts list and circuit diagrams 2/6 free with 7 transistor radio and save at
pares, least £10, Now you can build

this superb transistor super-

ONLY

Pl
£4.9.6 7/6 P, & P.

Power supply kit to purchasers of ‘‘Elegant
Seven ' parts, incorporating malns transformer,
rectifier and smoothing condenser. A.C. mains
200/250 volts. Qutput 9 v. 100 mA, 9/6 extra.

No one else can offer such a
fantastic radio with so many
de luxe star features.

FIRST QUALITY PVC TAPE

POST & PKG.
S}in. Std. 850ft, 9/- Sin. L.P, 850ft. 10/6 ON EACH
7in. Std. 1,200ft. 1}/6 3in. T.P. 600fc. 10/6 16

Jin. L.P. 240fc. 4/- S5in. T.P. 1,800ft. 25/6

5%in, L.P. 1,200fc, 1§/6 5%in. T.P. 2,400fc. 32/6 4 OR MORE
Siin. D.P. 1,8C0fc. 18/6 7in, T.P. 3,600ft. 42/6 poOST FREE

7in, L.P, 1,800fc. 18/6 4in. T.P. 900ft. I5/- !

FOUR PLUS FOUR Stereo Amplifier

het radio for under £4/10/-..

A superb High Quality, yet inexpensive
stereo amplifier. Due to great demand
we are now able to offer this precision
made instrument at a fantastically low
price. Its quality, reliability and styling
has in no way been marred by its low

price.

SPECIFICATIONS. Elegant styled
cabinet (sizes 16in. wide, 5in, high,
B4in. deep) in black rexine and wood-
grained sides. Brushed aluminium front
panel with contrasting black/silver
knobs.

CONTROLS. Stereo/Mono switch.
Gram/Aux. switch, Yolume left.
Volume right. Treble (cut and lift).
Bass (cut and lift).. Separate on/off
switch. Neon pilot indicator,
INPUTS AND OUTPUTS (per
channel). Gram, Aux., Tape out and
Speaker out. A switched mains socket
is also provided at the rear of unit.

Employs Mullard valves throughout,
ECC83 and 2xECL 86. With a metal
bridge rectification.

TECHNICAL SPECIFICATIONS
Gram sensitivity 40 mV. at | KHz.
Aux. sensitivity 50 mV. at | KHz
(sensitivities are given for rated out-
put). 4 watts R.M.S. per channel (8
watts R.M.S. in monoral position).
Output matches into standard 3 ohms
speaker system. Suitable 10in.X6in.
;7eakers are available at 29/6 each +-
Bass control at 100 Hz lift4-9dB, cut

10 dB.

Treble control at 10 KHz. Lift 4-BdB,
cut — |3dB.

Total harmonic distortion 0.35% at 3
watts and 2% for rated output at | KHz.
Negative feedback 13dB at | KHz.
Mains supply 220-250 v, A.C. 50-60 Hz.
PRICE 13 gns. P. & P. 15/,

600 mW SOLID STATE

Features NPN and PNP Com-
plementary Symmetrical Qut-

4-TRANSISTOR AMPLIFIER S Gucsic impouance

Frequency response —3dB points 90 ¢/s. and 12 kc/s Prlce ISI- plus If- P. & P.

7 X 4 speaker to suit, 13/6, plus 2/- P, & P.

2} WATT ALL TRANSISTOR AMPLIFIER
A.C. mains 240v. Size 7in. X 4{in. X |#in,

Frequency response 100 ¢f/s—I0 Kefs.

Seml conductors, two OC 75's, two AC 128's and two s:abuluers AAI29.
3/6.

Tone and volume controls on flying leads.

£€2/10/- + P.

Suitable 8in. X Sin. 10,000 line high flux speaker. 18/6 plus ZI- P.&P.

BSR TAPE DECKS 200/250 v. A.C. mains
Type TD2. Tape speed 3} twin track, £6/19/6.
Type TDIO, 2-track, 3 speed, plus rev. counter, £7/19/6.

Type TDIO, 4-track, 3 speed, plus rev. counter, £9/5/-.

P. & P. on each type 7/6.

3 TO 4 WATT AMPLIFIER

Chassis size 7x3% x lin,
Separate bass, treble and volume control.
transformer, metal rectifier and output transformer for 3 ohms
speaker. Valves ECC8I and 6V6, £2/5/- plus 5/6 P. & P,

3-4 watt Amplifier, bullt and tested.

Double wound mains

M. 1. P. PYROMETER

Temperature Range

50°F —230°F and 10°C—110°C

Builtinarobust case, (53in.x4in.x | in.)
Complete with probe and batteries.
Only £5.0.0. Plus 5/- P. & P.

A very useful Instrument, directly calibrated in
centigrade and Fahrenheit on an easy to read

moving coil meter.

Particularly suitable where heatrise plays an
important part in the functlons of:— Instru-
ments, Cars, Cooling or Heating Systems, etc.

MOTOR

1400 R.P.M. p: P &P.
230250 v. Price 9/6 ™4

WW—100 FOR FURTHER DETAILS
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25 & 53 TOTTENHAM COURT ROAD, LONDON, W.1 Tel: 01-580 4534/7679

Open 9-6 p.m. Monday to Saturday inclusive. Open Thursday until 7 p.m.

CARR.
20!~

COMPLETE HI-FI STEREO SYSTEM

ALL TRANBIBTOR 6 WATTS PER CHANNEL S8TEREOQ HI.FI SYSTEM OFFERING A PER-
FORMANCE EQUAL TOQ IF NOT BETTER THAN BIMILAR 8YSTEMS COBTING UP TO DOUBLE
THE PRICE, Modern styling pius advanced circuitry using latest silicon transistors throughout. The
famous GARRARD 3000 Record Changer fitted iightweight tubular arm with BONOTONE $TAHC
STEREQ/MONQ DIAMOND CARTRIDGE will play all sizes of records. (4 speeds 78, 45, 334, 164
r.p.m.) Wili play up to 9 records automaticaliy, also provision for manual play. Amplifiers and controls
are mounted beiow record player and incorporate Bass, Trebie, Volume and Balance controls and On/Oft,
Gram/Radlo, MonojBtereo siide switches. TWOQ IDENTICAL LOUDSPEAKER BYBTEMS each in-
corporating separate bass speakers and high frequency units with crossover network provide full frequency

production and are plete with 101t. leads and plugs for connection to amplifier. Will fit easily on to
bookshelves, room dividers or existing fumniture. BRIEF BPEC, PiayerjAmplifier unit, Teak finish,
size 164 x 14 x 8}in, 200/250v. A.C, operation. Inputs for Radio Tuner/Tape Recorder also outputs for
Tape Recorder, Loudspesker Bystems. Teak finish. Bize (each) 13 X 7 x 8in. Bupplied complete with
instruction bookiet. Ready to plug in and play. BEND YOUR ORDER NOW OR CALL AND HEAR
THIS MARVELLOUS HI-FI STEREQ SBYSTEM. Only 59 gns. plus 20/- Carriage and Insurance.
(Rosewood finish 3 gne. extra.) (Perspex Cover 3 gns. extra.)

. GARRARD DECKS

Z ™

L. onwy B9 ens.

Rosewood finish 3 gns, extra,
Perapex cover 3 gns. extra.

i
|

SINCLAIR PRODUCTS

MICROMATIC RADIO, KIT ONLY 49/8. P. & P. 2/6.
MICROMATIC RADIO BUILT. ONLY 59/8. P. & P, 2/6.
MICRO FM. KIT— £5/19/8 compiete. P. & P, 2/8,

Model 3000 with Bonotone Mono Cartridge

9TAHC Stereo Cartridge £8 19 6 719
5 .12 Hi-Fi AMPLIFIER £4/9/8. P. & P.2/6.

AT00 Mk Il rens eariitse.. 51919 o -y BTEREO 25 Control Unlt £9/10/6. P. & P. 2/8.

8P25 Mk, IX less cartridge .. £10 19 6 Stereo Cartridge PZ4, Mains Power Supply Unit £4/19/8. P. & P, 2/6.

LABBO Mk, II lesa cartridge £84 i’o 8 22/8 extrs.

—————
TEAK FINISH PLINTHS with perspex cove us. (For LABSO P - ts T!
Dual, Goldring. Prices on request. 84 2R Bile=t)CF £ 2. O Qecelu iy

TRANSIS

— e W
IY

MAGNAVO X.COLLARO 343 TAPE
DECKS

The very latest 8-speed model—1%, 33, 74 L.p.s. available
with either 2 track or 4 track head. Features Inciude:
Pause control; digital counter; fast forward and rewind;
new 4 pole fully screened inducti motor; i locking
keys. Bize of top plate 18} x 11 x 6in. deep below unit
piate. For 200/250 v, A.C. mains 50 c.p.s. operation.
New unused and fully guaranteed,

smckmose. £10/10/0 ¢ £13/9/6 [Nt Mt

Carriage and Packing 7/8.
MARTIN TAPE AMPLIFIERS

T=g a7

£. ) -—' 3
J 6 Transistor,

FM tuner Frequency 2 track model, £14/19/

2-3 WATT AMPLIFIER

range 88-108 Mc/s. Bize 8 x 4 x 24in.
Ready built for use with most amplifiers,
9 v. battery operation, Complete with
instructions.

ONLY FROM LIND-AIR!

For the Stereo enthusiast Multiplex Adspior lor

Btereo Radio reception, £5/19/6 extra.
= An ideal basia for bullding your own portabie record

player, Just add speaker and turntable and you
will have an above-average model for a mere fraction
of the cost. 2-3 watt printed circuit, with control
panel on fiying lead. On, OFF, TONE CONTROL
AND VOLUME, .colourful escutcheon. Brimar
valves: EZ80, ECL82 and composite instaliation

booklet. Price £3/|7I6 P. & P. 8/6,
i

LINEAR AMPLIFIERS

Latest A.C. Mains Models offering
highest quality at modest cost.

LT66, Al Transistor 12 watts Btereo, Inputs for

Tuner, Gram., Mike. Beparate Bass, Treble, Balance

70

::;ie V&i’\;fl& Con:rols. £15/15/-. Carr, 7/8. Teak
= extra, 5 -
PTA15 (as illus,) All Tranaistor. 15 watts Mono. Inputs STEREO HEADPHONES TRANSISTORS *VALVES - DIODES
tor Tuner, Gram,, Mike, Guitar Bass, Treble and Two Selection from stocki— 13 Z80 8/
?:li‘/linoe/ e:::;:ls. £15/15/-, Carr. 7/8. Teak case, TTC G110, 18 ohms N ! Ezs}“ i;
. . s . | pec
LT45. 8 VALVE 5 watts Mono. Inputa for Tuner, Gram., Bass, Trebie and V. 1 £3 BFY50 8/6 /
Carr, 5/6. Metal cover 15/- extra. Full details sent on reguest, ebie and Volume controls, £6/19/8. AL ABESEB Ohme. BFY51 7- i
BFY52 6/ 1
CORAL E102, 16 ohmé; e e /
noG'rA?:s AERIALS. HF v STEREO Eagle BEL, 18 om;. 5
AR
Idea! for model Lisaers, cn?lrcﬁ nfg;n e e Stethowopc.sohmes ;
rs, or v -
record  players,  tape VEEMASTER Table To P. & P. 4/6 each. 1
: p VHF/UHF. Tunable - - 4/
ge:kl.)'.é?c.lo(or 10,900 Acrial, Chrome or grey, 70/-. Also st:&klsts of Koss, BII-
epim. ot 930 m JAGAL Al Channel Table Top Acrisl, BECI/2/ SSEds /
1}in.x lin dia. , 85/~
5 A (3
Bhatt }in, lon%; x HL535 LOPT AERIAL, HILO V + 5 for UTO TRANSFORMERS f
3/64 dia., 9/8. P. & vertical. Band I/III. With mounting arni and Input 0-200, 220, 600w, 0C79 ]
P26 0. Gram, | RCket. 49/~ 240 v. Output 110 v. Sl HE
deck  repis 1} NEW MAJOR. 10-element BBC2 Aerial for 0C72  Bi-
l::tkor T X 1pin. loft or outdoor fixing. With roller bracket for sow. .. £1 .7 8 | ocis 6 g:g 4/8
dia. Bhaft $in, long up to 2in. dis, mast, 42/8, I gé 1; 8 ocIs  §/- e 3//'
x 3/s2n., 172/8‘ VANTENA Table Top V Aerial, BBC/ITV, 25/-. 150w... $215 0 gg’;g ;- 0ABl 2/
O AR El Hap—; 18 element BBC2 Aerial as Wow.. £ 8 g o oABs j
A.C. Tape above, ad/-. e OC78D §/- o
Dick Motor, | EL EXPLORER. 16 dlement BBC 2 Aeri, s N EAL10,40 AT o o 0A205 o8
50 cfs. above, 8. 2 : 9 0QA210 7/8
watts, single | LOPT §IX, 6 element BBC2 Aerial for loft or CRE 88 0AY  4/8
s:li‘v!:bul?:;‘ outdoor fixing. With arm and bracket, 34/8. MAINS TRANSFORMERS gg}gg 1 Ie_ 0Al0  g/-
; Takeupand | I-BEAM. 4-clement outdoor Band LI VEIF/FM Input 200-250 v. 50 cfa. 0C140 10/- o gf:
T sl B G Mv.Samp. §2 128 24v.8amp.£5 50 | OCI0 “g/- oA 26
are used together with 2v.52mp. £3 15 0 24v.12amp.£6 150 0C200 INOL  3/-
% oat extra. IN263 /-
::g:m:n ;n;t;alre ;Iua)‘ PROFESSIO L ELECTRIC Maina and Qutput Transformer Lists available. 88223; 13/8 MATI01 8/ IN254 Zi.
e INSTANT HEAT SOLDER GUN on request. 0C20310/6 | MaTLzo7/g | IN262 678
0C204 15/- 53
T 0 EAGLE SUBSTITUTION BO XES 9G04 /- | maTi2igre | N0 Y8
model mak- Om.t5, Y Lapacit- —— 0C206 19/8 IN2373 /8
ers, home e - = 7 ocrrtige | ERZXSITEN | 1N2374 15)-
S rIE a/10/6 | repatrs, electronios, radio, TV, s B @3 8T721 15/- | EL84 g 1N2379 25/-
Y L i etc. Unigue features include ST 0 1 8T728 10/- EF86 9 INSS  3/6
€1000, 01, 022, .047. .1, o
interchangeable tips, exten- .22 mid. With leads 8T140 4/- EYS88 9/ 69 3/8
::?::‘ bz:;l;e,rco:)!x:oalble'g&ig and clips, 28/8. P. %’g;:‘l g;: ggggs g; gg%g: 2/8
A%, sin0- iy S O Bt onar Yo N i CoRll S 2.
‘ £ wear. Light beam is auto- 5 ABCS0 8/
'TMKG500 30,000 opv, | matically directed on to end = ﬁ;g’;‘f““" VI1050A 8/- | UL84 8 PGT Power
£9/19/6 i 1 of bit when ON/OFF trigger is in use. 85 watt Low: 15 obm V1520P 10/- UF41 10/ Mounting
TTC Model 1030 element with special ventilation, ~ Complete t0 10 Kohm (1 V1530P10/- | UY4l "8/ Kits  3/9
50,000 opv £9/19/8. with 2-pin, 5 amp. plug 230-250 volts, Bpares watt resistors). ‘We have a complete range of new and old types
TOC Model 1031 100,000 opy £12/19/6. Also { available. - High: 15 K ohm to 10 meg. ohm (} watt of Valves, Transistors and Diodes.
stockists of Ave, Nombrex, Eagle etc. Test 49/6 2/6 P.P. resistors), Belects 24 separate resistances. FULLY DETAILED LI1ST AVAILABLE ON
equipment, P. & P. §/6. With leads and clips, 42/8. P. & P. 2/-, REQUEST.
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FREQUENGY
METERS

are widely used as standards in many industries because:—

1) They are accurate (to4-0.3% or +0.1% as specified)

2) They are not voltage or temperature sensitive, within wide limits

3) Th?y are unaffected by waveform errors, load, power factor or phase
shift

4) They will operate on A.C., pulsating or interrupted D.C., and super-
imposed circuits

5) They need only low input power,

6) They are compact and self-contained

7) They are rugged and dependable

FRAHM Vibrating Reed Frequency Meters are available in miniature
switchboard and portable forms, in ranges from 10 to 1700 cps. Des-
criptive literature on these meters, and on FRAHM Resonant Reed
Tachometers, freely available from the sole U.K. distributors:—

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD. 48/56 BAYHAM PLACE, BAYHAM STREET
LONDON NW1 TEL: 01-387 8092. MINISTRY OF AVIATION APPROVED

WW-—-101 FOR FURTHER DETAILS

TELETON COMES TO THE U.K.

Already highly successful in Belgium, Germany, Switzerland,
Holland, France, and Italy, we now proudly present the finest
integrated Solid-State Hi-Fidelity Equipment for your
approval. Ultra-modern designs have been created according
to European technical standards and popular requirements.
These outstanding products are supplied exclusively to us by
MITSUBISHI Shoji Kaisha of Japan.

Superbly styled in oiled walnut, TELETON Tuner/Amplifiets
include AM/FM Multiplex facilities, comprehensive filtres,
four inputs and up to fifty watts RMS output, at prices to suit
even the most modest pocket.

As an example of unsurpassed 'value, the TELETON
SRQ 302X Solid-State AM/FM Multiplex Stereo Tuner
with integrated Amplifier (20 watts RMS) is available
in a matt oiled-walnut case—price only 64 gns. retail!

There are over fifty TELETON products from which to
choose, and these include Stereo Tape Recorders, Radios,
Cassette Recorders, Transceivers, Memopacks and Stereo
Loudspeaker Systems. Centralised bulk purchasing power
enables us to compete most favourably with any Company in
the U.K. and our home-based Service Department implements
a full 12 months Warranty.

TELETON home-entertainment units are obtainable from |
most high-class specialist dealers, or from selected whole-
salers. Representative brochures and price lists are available
to bona-fide trade enquirers, and a comprehensive display
of the products may be seen in our Showroom by arrangement.

Telephone or write for further details to:—
TELETON ELEKTRO (UK. CO., LTD.,
66-68 Margaret Street,

London, W.1.

Telephone: 01-636 6491

Space
problems

Mopgy . ST
OLlizgy; lUse, Pow,
3

Stabilised
Power Units
for tight spaces
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Especially designed for tight spaces, three com-
I pact silicon modules, developed from the suc-

| cessful TSU-0500 Series.
Model 13027 10—12V at1A £25
Model 13028 10—12V at11A £30
Model 13028A 4—6V at11A £30
Measures only 58" x 3% x2%"”

A-P-T
ELEGTRONIC
INDUSTRIES LTD.

Chertsey Road,
Byfleet, Surrey
Telephone: 41131

WW—103 FOR FURTHER DETAILS
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TRANS/RECEIVER TWO-TWO

This Is one of the Latest Releases by the Govt. of an extremely recent R/T set covering 2.8 Mc/s.

in two switched Bands, containing I3 Yalves (3 EL32s in TX Qutput) which can be used for Morse

CW or R/T. Also has Netting Trimmer, BFO, RF & EF Controls, Switched Meter for checking
H

all parts of set, Size 17in. X 8in. X 12in.
Power required LT 12 volts DC,
HT 325 Volts D.C. Supplied Brand
New and Boxed with Headphones
& Mike, also Two Spare Valves and
Circuit of set. Few only at £5/10/-,
Carr. 30/-. New Plugin Power Supply
made by us for either |2 volts D.C.
Input £5/10/- or 200/250 Volts A.C.
£3/17/6.

LARGE QUANTITY OF SARAH V.H.F.
TRANS/RECEIVERS Avaiasie FOR IMMEDIATE EXPORT.

General information. This setis normally carried in thelife jacket of Airmen, itis a complete miniature
lightweight radio Trans/Receiver, which is used to give a Beacon plus two way speech communication
in the event of finding themselves in the sea. It comprises a Transmitter-Receiver, a speech unit, 2
coding unit and a power supply either Battery OR Transistor. These three items are permanently inter-
connected and all units are completely sealed and watertight using a combined speaker/Mike, Press to talk or listen buttons, Fold up aerial, a total of three Valves are used,
power required 6.3 Yolts LT 90 Volts and 435 Yolts DC RT. Frequency 243 Mc/s. Transmitter output pulse power—Beacon |5 Watts, Talk 3 Watts. Supplied In maker’s
boxes in Grade | condition singly at 45/, post 5/- with circuit. New batteries if available 7/6 each.

FAMOUS ARMY SHORT-WAVE TRANSRECEIVER
MK, IO

JOHN’S RADIO OLD cO-OP, WHITEHALL ROAD,

This set is made up of 3 separate units: (1) a two valve
amplifier using a 6V6 output valve; (2) (some only, not
bullt in the very latest dels) a V.H.F. t 1

covering 228-241 Mc/s using 4 valves; (3) the mainshort
wave transmitter/receiver covering in two switched
bands, juat below 2 Mc/s-4} Mc/s, and 4} Mc/s-8 Mc/s
{ approx. 160-37.5 metres) using 9 valves. For R.T.,C.W.
andM.C.W.The receiver is superhetrodyne having 1 R.F.
stage, frequency-changer, two L.F. (485 Kc/s) signal
detector, A.V.C. and output stage. A B.F.O. included
for C.W. or single side-band reception. T.X. output
valve 807, other vaives octal basea. Many extras, e.g.
netting switch, quick flick dial settings, squelch, ete,
Power requirements LT 12 volts, HT receiver 275 volta

D.C. HT transmitter 500 voits D.C., size approx.
174 x 7§ x 1lins. Every set supplied in new or as new
condltlon in carton with book ineluding circults, only
£4/10/- or Grade 2 slightly used §Q/-, or Grade 3
used but complete, 35/-. Carr, ALL 15/-. WE MAKE
A MAINS 200/250 VOLT POWER UNIT in louvred
mietal case to plug direct into set power socket to run (1)
receiver, 70/- post Bf-. (2) TX and RX, £6/10/-,
post 7/6. (3) 12 volt D.C. P.U. (original) fair condition,
40/~, Carr, 5/-. A charge of 10/- to unpack and test the
recelver of these sets is made only ¥ requested. Head-
phones & Mike, 15/-, new and boxed.

Tel.: DRIGHLINGTON 2732

This is a modern self con-
tained tunable V.H.F. low
powered frequency modula-
ted transreceiver for R.T.
communication up to 8-10
miles. Made for the Ministry
of Supply at an extremely
high cost by well - known
British makers, using |5
midget B.G.7 valves, receiver
incorporating R.F. amplifier.
Double superhet and A.F.C.
Slow motion tuning with the dial calibrated in 4l
channels each 200 kefs apart. The frequency covered Is
39 mcfs-48 mcfs. Also has built-in Crystal calibrator
which gives pips to coincide with marks on the tuning
dial. Power required L.T. 44 volts, H.T. 150 volts, tapped
at 90 volts for receiver. Every set supplied complete
with valves and crystals. New in carton, complete with
adjustable whip aerial, and circuit. Price £4 |0s 0d,
carriage 10s,

V.H.F. TRANSRECEIVER MK. I/I

DRIGHLINGTON, BRADFORD.

WE SUPPORT

EVERVTHING!

| We are the

flue stacks;

on our towers,

Unifab Structures — the Tower People |
— provide uplift, easy on £.s.d.

Unifab Structures Ltd

Gale Road,

Kirkby Industrial Estate,

Liverpool.

Phone: 051-546 3401.

TOWER PEOPLE
Floodlights, aerial arrays,

we support them all cheaply,
handsomely and efficiently.

We are accredited manufacturers of
the ‘Tubewrights’ range of tubular
steel tripoles, towers and headframes.
Heights from 20ft. to 155ft.
Alternatively we will design towers
for any special requirement.

Warning! We are habit-forming.
Customers tend to standardise I

| over-all fength
14.5 mm.

6mm tubular midget
flange 86/8 cap

It is one of the many Vitality Instru-
ment and Indicator Lamps that are
made in an unusually large number
of types, ratings and sizes. It may be
just what you need for an existing
or new project. If not, another from
the hundreds of Vitality types and
ratings may well be. Catalogue 66,
free and post-free, details them all.

*Many a product owes jts success to the
intelligent addition of an indicator light.

VITALITY BULBS

VITALITY BULBS LTO MINIATURE AND SUB-MINIATURE LAMP SPECIALISTS
} BEETONS WAY, BURY ST. EDMUNDS, SUFFOLK. TEL. BURY 2071.S.T.D. 0284 2071
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'S FREE ror foavs

'ACOMPLETE PROGRAMMED COURSE FOR YOU TO LEARN
BASIC ELECTRICITY (5 vols)
ELECTRONICS (6 vols)

You’ll find it easyto learn withthisoutstanding- into simplified learning techniques. This has
ly successful NEW PICTORIAL METHOD .proved that the PICTORIAL APPROACH
—the essential facts are explained in the sim- to learning is the quickest and soundest way

. g of gaining mastery over thése subjects. Each
plest language, one at a time, and each is Chapter has a unique PROGRAMMED supp-

illustrated byanaccurate,cartoon-type drawing. lemenit for you to test and check your know-
The books are based on the latest research ledge before proceeding.

r-----------------------

The series will be of
exceptional value in
training mechanics and
technicians in Electricity,
Radio and Electronics.

WHAT READERS SAY

““After reading section on Filter Circuits once, I understood more
about them than in a whole year from the obscurities of other
manuals.” L. G. West Wickham. ‘I must say they are the best

To The SELRAY BOOK CO. 60 Hayes Hill, Hayes, Bromley, Kent.

Please send me WITHOUT OBLIGATION TO PURCHASE, one of the above sets,
on 7 DAYS FREE TRIAL. I will either return set, carriage paid in good condition with-
in 7 days or send BASIC ELECTRICITY Cash Price 70/- BASIC ELECTRONICS.
Cash Price 84/-. All prices include P & P.

Deferred Terms readily available. This offer applies to UNITED KINGDOM ONLY
Overseas customers Cash with order.

Tick Set required (Only one set allowed on free trial.)

books on the subject as they explain in simple language what other !
books make hard going of.” C. B. Hartlepools. ““They have a PASICELEERSESS H = e o
wonderful system of imparting the subject to the beginner.” H. C. Signature

L. Leicester. ““What a contrast to the many text books I have (If under 21 signature required of parent)

attemptred to struggle through.” J. G. Rugby.

INAME,....00 e S5 000000aaE9900000 6t ~3BBIIBEAEB0B0N: J0AB0EC a0 S OAOEHO000G0

A TECH-PRESS PUBLICATION. BLOCK LETTERS

FULL POSTAL
ADDRESS ........... L concanort - onams o od00000BIB000k0 560 AIEOO0O0REAEOENN00E O GaT 000

POST NOW FOR THIS OFFER !
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RADNOR HOUSE

BI-PAK SEMICONDUCTORS o
s s 200 DIODES 10/-jmi e

“IN914 TETED 12 for 10/- SILICON, GERM & ZENERS SUB-MIN GLASS 7 AMP SCR’:
3 LOIODES il / ; ASSORTED UNTESTED IDENTIFICATION CHART FREE 200 PIy STUD 9/6§A§:H
0A202 SILICON DIODES ke * * * * * p—
I50P 1V 200 mA 15 for 10/- 1
" AF RED SPOTS 1 OO [ RANS- 1 O/' e Sl
FULLY TESTED 10,000 ONLY ) L g
20 for 10/- FANTASTIC VALUE PNP. GERM-UNTESTED .SUPER-VALUE 10/- 10/-
* . * * * * * BRAND NEW MARKED
BI-PAK’S FAMOUS =
BY 100 — -y OVER L MILLION DEVICES MUST BE CLEARED THIS MONTH
1009, 800PIV 550mA TO MAKE ROOM FOR THE NEW 1968 STOCKS NOW AWAIT-
BRAND NEW 3/- EACH E 6 FOR 10/- }|ING DELIVERY TO OUR WAREHOUSE
UNIJUNCTION TRANS. 7/6 2N706
UT46 EQVT. 2N2646 SALE PRICE FOR THESE 10/- PAKS
— " SIS 10 FOR 10/- -
BC107-8-9 4/6 Each IMPORTANT NOTICE}| \MARKED QUALITY TESTED-VALUE
Y7 || W T ;
BSY95A 3/- Each or CHANGED GUR NARE ' 5 50417 Eqw. AFILT 3 Power Tranastors 1 0038 1 O0%s
° 4 for 10/- OR AMALGAMATED MATS 8 OA70 Diodes Mullard 8 Bilicon Rects. 400 PIV 250mA
/ WITH ANY OTHER 4 OA47 Gold Bonded Diodes 4 OC75 Transistors Mullard Type
ORP12-60 8/ Each PAK FIRM 100/120 12 Assortment Germ. Diodes Marked 1 Power Trans. 0C20 100¥
- ac L You can only cbtain our 4 FOR IO/' 5 1 Amp. Geerr':i Rect. 2(;8nliiv 1 S"'.WTI‘:I:? ;?;’V%glql(?(y%go
SET OF 4 TRANS. advertised stock by sending i gl}};tz‘l ;’;i‘?f:"?&‘(f‘iffiv"v%%'fm : 83'?; 'xl‘)ri:nd:i:zo Mullard Typ
. to:- (| 3 A¥117 Trans. Mullard Type 4 0C77 Transistors Mullard Tope
SOMPLETE NUTH SRSV AND | BrpAk  SEMICOND-|  FSigi  [12 8cettens Moo e s ot Ao
UCTORS, 8 RADNOR 2 GETY Power Trans 60 VeB 8A 5 GET884 Trans. Eqvt. 0C44
ALL BOXED 5/- BOX > {5 FOR: 10/- |25 Trans. Heatsinke ot TO18, 8012, ete 5 GETS83 Trans. Eqvt. 0045
— — T HOUSE, 93-97 REGENT 2 23701.511. Trans. Texas NPN . 3 VHF 8il, Epox‘y %rm‘w. NPN 100 Mc/s
6 VHF TRANS. 667 STREET, LONDON,W. | B BIAIEEL 00 1 watt 5 GT41/40 Germ. Traue, BNF Equt. 0071
ol eners m - erm. lrans. qvt.
EQVT. AFI16/117 10/- Ici‘v;/;a PLEASE ADD 5 fg l:;oE & § ?3%” E;;;;gsl%s“ mfer 10, 2kcro g §§} éf J?En?ﬁ% Germ. Traus. PNP
ola / 5.6 Zeners erm. Trans. NKT773
BRAND NEW ALL MARKED * 30 FOR |0/ - 1;2 %“%E}:’;’JJ.‘E ,{T&E}'{;ﬂ)}lv g §§§ 53}::&]2:::: Lok
20 GERMDIODES| 25 PNP | OAI82 GOLD ~qll 3 1% A-SCR 100 Ly oo 2 ACI27/138 Comp. palr PAPINEN
EQVT. OATO79.4! GERM TRANS. | BONDED DIODE | ryNNEL DioDE ‘33"}&%"""‘3??"&%?%“% " 20 G Diodes Gencra Purpore
SASIB_,S,?H 10/- | z(A)‘EUE 20/- g?\\;T 8 for 10/- 10/- S e nta toomW 53V 5% Tar 3 AFI16 Mubard Tope Trane. 1"
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TRANSISTOR BARGAIN SALE! NEW STOCK AT UNBEATABLE PRICES!

0Cd4, 0C45, OCS1D now only 1/8 eacht £6/0/- per 100.
OC71, OC72 equivalent 1/- eachl £3/0/- per 100.

ASY22 Switching Transistors 2/6 each! £10/0/- per 100.

2N753 N.P.N. Silicon Planar, 300tnW. 250 Mc/s. High speed swﬂ:chmg o o0 2/8 eachl
BSY28 N.P.N. Silicon Planar, Epitaxial, 300mW. 300 Mc/s o 5 .8 2/8 eachl
B8Y85 N.P.N. 8ilicon Planar, Epitaxial, 800mW. 100 Mefs .. b o 218 eachl
AFZ12 P.N_P. Germanium Alloy Diff. low noise V.H.F. amplifier e 2/8 eachl
Complete sets of transistors for radio:—

2(}344A/2(}345A/2(}3458/2(}371A/2(}37BA]2037RA+ diode oo 5 .. 15/-only!
0C44/0C456/0C45/0C81D{OCB1/OCE1+ dl od L. . .. 10/- each!
Light sensltive transistors similar to OCP7 c 8. Fo 2/« each!
UNMARKED, UNTESTED TRANSISTOES TO CLEAR .. 718 _tor 501
Silicon dlodes. Make excellent detectors. Also sultable for keying elen.ronlc ornns 1/- each.
20 for 10/-.

BY 100 type rectifiers. SPECIAL REDUCED PRICE! ONLY 2/6 each. 24/~ doz

ELECTROLYTIQ CONDENSERS! FANTASTIC SELECTION!

20+ 4 275 volts oo 104d.
50uF 4560 volts .. oq 1/3 32432 275 volts . 1/8
84uF 276 volts .. & 1/38 8+ 8 450 volts = 1/9
500uF 30 volts .. ao 1/2 8+16 450 volts od 1/9
800uF 15 volts .. 00 1/2 50+50 278 volts od 2/
500uF 25 volts .. .. 104 40+40-+20 275 volte o0 21
16/16/16,350 v ..  2/2 100/100, 50v .. 32 260uF, 5OV .. 1od.
50550450. 350v .. 2/7 10,000uF, 12v .. 4/8 12,500uf, S0v .. 18/
1.000uF, 70v .. 32 1.250uF, 50v ..  4/- 30,000uF, 30v .. 25/
8.000uF, 35v .. 3/9 150/850, 300v .. 4/ L000uF, 16v .. 1/8
1,600uF, 50v .. 4/~ 260/250, 325v .. 4/~ LOOOuF, 18v .. 1/-
2000/2000, 25v .. 4/8 500uF, 16v. .. 104,
. 3 volt 5uF co 50 volt 30uF . 10 volt
‘l)ﬁ:‘“l“ oo 6 voit 55"‘ .. 70 volt 32uF .. L5volt
1uF o 10 volt HuF o 3 volt 40uF .- 3 volt
1uF .. 15volt 6uF .. 12 voit 40uF .. 6.4 volt
¥ oo 40 volt SuF S 15 volt 50uF 6 volt
1uF .. 50 volt BuF .. 160 volt 50uF . 9 volt
1.26uF .. 16 volt 8uF . 3 volt B0uF 12 volt
2uF LR 38 volt SuF ol 6 volt SiuF 2.6 volt
2uF oo 9 volt Buf s 26 volt 8iuF 9 volt
2uF .. 15 volt uf .. 350 volt 100uF 3 volt
2uf o 50 volt 8uF .. 50 volt 100uF 8 volt
2uF 70 volt 8uF .. 276 volt 100puF a0 9 volt
2uF 150 volt 10uF 0o 6 volt 150uF . 12 volt
2uF 350 volt 10uF .. 10volt 150 F .. 26 volt
1P 350 volt 10uF 12 volt 200pF 8a 3 volt
2.6uF 18 volt 10uF .. 25 volt 200uF .. 4 volt
2.0uF .. 25 voit 12uF g0 3 volt, 200uF : 18 voit
3uF o 8 3 volt 12uF oo 20 volt 200uF oo 18 volt
SuF . 12 volt 12.5uF .. 40 volt 250uF e 2.5 volt
SuF B 25 volt 16uF - 30 volt 250uF 12 volt
8uF .. 450 volt 16uF . 150 volt 250uF 5 9 volt
8.2uF X 8 volt 20uF . 3 volt 250uF .. 25 volt
3.2uF .. 6.4 volt 20uF £ 6 volt 320uF .. 2.5 volt
3.2uF 84 volt 20uF 5o 9 volt 350uF b 9 volt.
4uF 8 4 volt. 20uF .. 16 voit ?ggu‘lf . ?12 '-g::
F s 12volt : i . .5 v
GE . 25 volt 2y = o 400uF .. 1pvolt
4uF .. _64volt i - 500uF . 4 volt
4uF .. 100 voit 2uF .- Mvot | 50F L0 @ volt
BuF N, 6 volt 25uF ™ 25 volt 840uF . 2.5 volt
5uF .. 25 volt 30uF 6 volt ] T50uF . 12 volt
All ut 9/~ per dozen. ‘20 per 10/~ (our selection).
PAPER CONDENSERS
0.001uF .. 500 volt 0.02uF .. 600 A.C. 025uF .. 350 volt
0.001uF .. 1000 volt 0.02uF .. 350 voit 0.5uF .. 850 volt
0.002uF .. 600 voit 0.1uF .. 350 voit 0.5uF .. 500 volt
0.005uF .. 760 volt 0.1uF¥ .. 760 voli
All at 15/~ per 100. 3/- per dozen.
MULLARD POLYESTER CAPACITORS. ALL HALF PRICE
0.0022uF 400 volts M oA 0.15uF 400 volte oo I | S
0.0018uF 400 volts .. .o 4d. 0.22uF 160 volts .. B 74,
0.0016uF 400 volts i .. 4d. 0.27uF 160 volts A .. 8d
0.001uF 400 volts . T 0.058uF 125 volta ol 4
0.01uk 400 volts 44, LuF 125 volts, .. .. 1e
68pF Tubular pulse cenmlc ed ench
120pF Disc pulse ceramic 6d. each

VERY SPECIAL VALUE! Bilver Mica, Ceramic, Polystyrene Condensers.
Well assorteds Mixed types and values, 10/- per 100.

RESISTORS. Give-away oﬂcrl Mixed types and values. § to i wati,

8/8 per 100 or 55/~ per 1,00

Also } to 3 watt close tolerance Mixed values, 7/8 per 100, 5§/ per 1,000.
WIRE-WOUND RESISTORS. 1 watt. 3 watt, 8 watt, 8d. each. 7 watt and 10 watt Dd. each.

CONNECTING WIRE THIN, P.V.C. INSULATED
10yds 1/-; 100yds. 7/@; 500yds 25/- (post 4/6); 1,000yds 40/- (post 6/-).

VALVES. BRAND-NEW AND BOXED, ROCK-BOTTOM PRICES!

DY87 10 EY86 /10 6 4
EABC! EY87 5/10 PFL200 10/2
ECC82 8/5 PABC80 8/2 PL36 /
ECC83 85 PC97 5/10 PL81 4
ECL80 8/2 PCC84 8/ PL83 74
ECL86 914 PCF80 74 PL84 -
EF80 8/2 PCF86 8/9 PL500 10/7
EFS5 812 PCL82 714 PY32 7110
EF183 8/2 PCL83 8/8 PYS81 5/10
EF184 8/ PCL84 74 PY82

EY51 PCL8S PY800 5/10

5/ 7
A turther 10% discount will he ghen on lots of 50 of any one type.

Signal Injector Kit, 10/-. Signal Tracer Kit, 10/-.

NEEDLES FOR RECORD PLAYERS. EALF PRICE!
All types below at 3/8 each!

TCSLP, GC2LP, GCSLP, BF40LP, GPS7LP, GP37, GP59, TC8 Btereo LP, 8tudio O LP.
CARTRIDGES

SONOTONE MONO, 10/-. ACOS 15/-, ACOS STEREO SAPPHIRE 20/-. DIAMOND 25/.
All complete with ne 5]

VEROBOARD
lin. x 2§in., 1/1: 2§in. x 5in., 3/11; 24in. % 3}in., 3/3: Stin. x 5in., 5/8; 8%in.x3%in.. 3/11;
Terrminal Plns 36 for 3/-; Spo'. Face Cutter, 7/3.

Special Offer—Cutter and 5 boards, 2}in. x lin 9/9.

Pin Insert Tool 9/8.

ORDERS BY POST—TO G. F. MILLWARD, 17 PEEL CLOSE.
DRAYTON BASSETT, STAFFS.

PLEASE INCLUDE APPROPRIATE POSTAGE COSTS
No Enquirin without stamped addressed envelope please

the Birmingh area, goods may be obtained trom: Rock Fxchanges,
231 Alum Rock Boad Birmingham 8 (Post Orders to Drayton).

Its Ampex. Its 91 gns

The new Ampex 753 Tape Deck (complete with pre-amplifiers) gives
you these important new features:

[] off-tape monitoring [ ] sound-on-sound

[] sound-with-sound [ ] echo control
Plus (0 rigid block construction—tapes allgn with heads to one
thousandth of an inch, ’
and the 753 finds every
sound on the tape. (]
deep-gap heads give
three years’ peak per-
formance —few other
makes give more than one
year.[]stereo 4-track(]
dual - capstan drive
[J 3 speeds [] digital
counter [] fast wind (0
solid state throughout
[J vertical or horizon-
tal operation (] avail-
able in teak case.

For further information and list of UK dealers send coupon below, or
write to Ampex Great Britain Ltd., (Dept. WW3), Acre Road,
Reading, Berks.

Please send me 753 details and dealer list.

Name__ e

Address_ . S

| AMPEX

S S— S R G S GEEE S S S S AN S .o S—
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SUPERIOR QUALITY
NEW RESISTORS

High Stability Carbon Film Low Noise
W 5% E24 series 5.1 to 330k 1/10 doz. mixed; 14/6 per 100 mixed.
W IO? El2 series {Q) to 4.7Q onlr, as above but {d. extra per resistor.
w IO/; El2 series 4.7C) to 1OMQ) 1/9 dox. mixed; §3/6 per 100 mixed.
+W 5% E24 series 4.7Q) to 10MQ 2/2 dox. mixed; I7/- per 100 mixed.
W 10% EI2 series 10€) to I10M() 4d. each; 3/3 doz. mixed.
1/6 per 100 less when ordered in IOO's of one ohmic valua,
PLEASE state your choice of values in mixed quantities:
Quality carbon Skeleton Pre-sets, fit 0.lin. matrix: 100, 250, 500 Ik, 2k,
2.5k, 5k, 10k, 20k, 25k, 50k, 100k, 250k, 500k. IM, 2M, 2. M SM 1oMQ.
All values avallable in horizontal or vertical mounting, i/- each,
Yolume Controll 100, 250, S00Q2 and series to IOM(} linear, 2/3 each.

Sk, 10k, '25k$2 and series to SMQ log., 2/3 each,
Electrolytics: 5, 10, 25, 50uF 0V 9d. 50V Ceramics: .0l, .02, .05uF, 5d.
Mullard electrolytics, sub-min. C426, whole series stocked.

PICK OF THE NEW SEMICONDUCTORS

Silicon, many types including:

BC107 45V B8125-500, 4/- BCI167 S0V B125-500, 3/-
BC108 20V 8125-900, 3/11 BC168 20V 8125-900 2/6
BC109 20V 8240-900 4/- BC 169 20V 8240-900 2/9

BCI09 and BC169 are low noise types. BCI167, -8, -9 are plastic,
Best value in High Power: 2N3055 | I7W 100V, 16/6.

Best value in Field Eﬁe:t: MPF10S, gm: 2 to 6mA/V, 10/-,

Also: 2N3702, -3, A4, -5, 4/- each. 2N3707, 5/-. 262926 from 2/é.

Germamum, many types including

Low noise: 2G308, 6/9; 2G309, 7/9 NKT275 3/8.

General purpose old-timers: 2NI 04 (NPN), 2NI305 (PNP), 4/- each.
Best in High Power: NKT403, 16/3; 2N2147, 16/9.

Miniature Silicon Diodes: 15940, 30V 7SmA,, 1/3.
Other Diodes: OA47 (zold bonded), 1/9; OA9! (115V 50mA), 1/3.

PEAK SOUND PRODUCTS

CIR-KIT No. 3 Pack, 12/6; adhesive copper: 5ft. x §in. or #in., 2/-; 100ft., 30/-,
Perforated board 0.lin. matrix, Sin. x gim 4/-; 2}|n x 3%in., 2/6.
Transistorised Stereo Amplifier Kit type SA8-8 £10/10/-.

Cabinet, £3; Power Supply Kit, £3. Post free and 15% discount!

ALL GOODS BRAND NEW NO SURPLUS FAST DELIVERY

DISCOUNTS: 10% over £3; 15% over £10. P, & P. 1/-; free over £I.
Send I/- for 1968 Catalogue. Contains data and equivalents.

ELECTROVALUE

6 MANSFIELD PLACE, ASCOT, BERKSHIRE.
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CONVECTOR
HEATER

Just screw it together. Uses
1,250 watt copper clad element
which gives off black heat. Will
last a lifetime. Ideal for bedroom,
It's so safe. Complete in stove
enamelled case. 29/8, easily
worth double. Carriage & ins. 8/8.

MINIATURE WAFER SWITCHES

4 pole, 2 way—3 pole, 3 way—4 pole,
3 way—2 pole, 4 way—3 pole, 4 way—
2 pole, 8 way—1 pole, 12 way. All at 3/6
each, 3@/- dozen, your assortment.

T WATERPROOF HEATING ELEMENT

04 yards length 70W. Self-regulating

/.
- temperature control, 10/- post free.

See in the Dark
INFRA-RED BINOCULARS

These infra-red binoculars when fed from a high voltage
source will enable objects to be seen in the dark, provided
the objects are in the rays of an infra-red beam, Each eye
tube contalne a complete optical iens ayatem as well as the
intra-red cell. These optical systems can be used as lenses
for T.V. cameras—light cells, etc. (details supplied). The
binoculars form part of the Army night driving (Tabby
equipment). They are unused and believed to be in good
working order but sold without a guarantee. Price £3/17/6,
plus 10/- carr. and ins. Handbook 2/6.

SPECIAL BARGAINS

50 I?HH 50 WATT WIRE WOUND POT-METER. 8/6
each.

1 MEG MINIATURE. Pot-meter
$in. spindle 4/~ each, 9/ per dozen.
1 MEG MINIATURE Pot-meter Morganite preset screw-
driver controi. 9d. each, 8/ per dozen.

PRE-SET 100K by Welwyn with intrical bakellte knob,
1/- each, 9/- per dozen.

100K POT-METER. Miniature type with double polc
switch and standard }ln. spindle, by Morganite. 2/- each,
18/- per doeen.

BLANKETSTAT GLASS. Enclosed, normally closed
circult, will open should blanket overheat. 4/8 each.
THERMAL RELAY, Can be used to delay the supply of
HT while heaters warm up, or will enable 16 anmp. loads
to be controlled by miniature switches or relays. Regular
llst price over £2, price 7/@ each.

SIEMENS HIGH SPEED RELAY. Twin 1000 ohm coils.
Platinum  points changeover contacts—Ex equipment.
8/6 each.

TOGGLE SWITCH BARGAIN. 10 amp. 250 v. uormal
one hole fitting, 2/@ each, or 30/- per doz.

ELECTRIC LOCK. 24 v. coll, but rewindable to other
voltages. 4/6 each.
COMPRESSION TRIMMERS,
9/~ per dozen. B
PRECISION WHEATSTONE BRIDGE. Opportunity to
build cheaply. 100K wire wound pot. 15 w. ratlng, only §/-.
SHEET PAXOLIN. Ideal for transistor projects. 12 panels
each 5in. x 8in. 5/-.

8in. PM LOUDSPEAKER, 3 ohm. 12/6. 80 ohm. 13/86.
TRANSISTOR FERRITE SLAB AERIAL with medjum and
long wave colls. G each.

SLIDE SWITCH. S8ub miniaturs double pole changeover.
/- each. 18/- per dozen. .

Vacuum Cleaner Flex. Non-kinkable- jbbed rubber, most
pliable but very tough, 24/368 Cores. Normally 1/9 per yard,
offered at £3 per 100 yard coll, post and Insurance 8/6.
Sub-Miniature Silicon Diodes. General purpose type wlth
gold-plated leads, 1/- each or 7/8 per dozen,

MESSAGE TAPES. 225ft. Tape on 3in. spools, normally
4/8 each, we offer 4 tapes for 12/6.

WHITE CIRCULAR FLEX. Ideal for lighting drops,
twin made by BICC. Usually 8d.yd. 100 yd. coil for 30/~,
plus 6/ postage,

EDGEWISE CONTROL Morganlte, as fitted Imany
transistor radios, 2K or 5K wlth switch. 2/8 each or

Morganite standari.

Twin 100 pF. 1/- each,

INFRA-RED
HEATERS

Make up ome of these latest type heaters.
Ideal for bathroom, etc. They are simple
to make from our easy-to-follow jnstructlons

nses aifica enclosed elements designed for the correct infra-red wave length (3 microns). Price
lorizcﬂl:);;‘ans‘elemem, all parts metal casing as lllustrated. 19/, plus 4/8 post and ins. Pull
W - extrs.

DRILL CONTROLLER 8

Electronlcally changes speed

from approximately 10 revs. to

maximum. Full power at all apeeds

by finger-tip control. Kit includes all

parts, case, every thing and full instructions.

19/6, plus 2/6 post and insurance. Or avallable
made up 32/8. plus 2/6 PP

THIS MONTH'’S SNIP
FOOD MIXER

Fanmous Dutch made food mixer, 3 speed interchangeable beaters,
220-240 voit. Normally 7 gns. Our price §58/6. plus 6/6 postage.

SUPERTONE D.C.V.

Saves you work—

It’s partly bullt =
Like ita predecessors this latest Companion has full fi .
performance—such as only a gnod wooden cabinet and
biflux speaker can give, and due to its being partly built
you will have It going in an evening. Note these features.
@ 7 Transistors, superhet elrcuit.

Two-tone Cabinet. size 11 x 8 x 3in.
@ Al circuit requirements— Push-pull output—

A.V.C. and feed back, etc.

@ Printed circult hoard all wired only connectlons,
e.g. to Volume control W.C. 8witch and Tuning Condenser.
@ Pre-aligned IF stages complete with full instructions.
Price only £4/9/6 plus 8/6 post and insurance.

RADIO STETHOSCOPE

Easiest way to fault find—traces signal from aerial to apeaker—
when signal stops you've found the fault. Use it on Radio, TV,
amplifier, anything—complete kit comprises two special transistors
and all parts Including probe tube and crystal earpiece 29/6-twin
atetoset instead of earpiece 7/6 extra—post and ins. 2/9.

CASSETTE LOADED DICTATING MACHINE

Battery operated and with all accessories. Really fantastic offer a British made £31 outfit
for only £6/19/6 brilliantly designed for speed

and efficiency—casette takes normal spools, @

drops in and out for essy loading—all Il'lormnl W
1 les Include: h ear-

plece—crystal microphone has onjoft switch— @

telephone pick-up—tape reference pal—DON'T dwT

MI88 THIS UNREPEATABLE OFFER—BEND
TODAY £6/19/6 plus 7/6 poat and insurance,
Footswitch 18/8 extra. Bpare Cassettes at 7/6
each, three for £1.

THE “TECHNICAL”
RECORD PLAYER

4 specd, gram. motor with lightweight
pick-up, motor electronically balanced
and free from wow and flutter. BSpeed
change by push button—16, 33, 45, 78

r.p.m. Price 39/6. 2 Valve amplifier
32/6. Elliptical Speaker 9/§. Car-
tridge extra mono 10/6, stereo 16'/-

plus 4/6 t ‘and insurance. DON'T
MIS88 THIS TERRIFIC BARGAIN.

OZONE AIR CONDITIONER
For removing smells and generally improving oppressive
b In neat | finish box. Uses Philips ozone
lamp and niains unit. Lamp easily replaceahle. Oniy 39/6 plus
8/6 carr. and ins,

TUBULAR HEATERS

New and unused made by G,E.C.—rated at 60 watts per ft.—these.are ideai in airing cupboards
bedrooms, offices. stores, greenhouses, etc., curtains or papers can touch them without fear

%/- per dozen.

V INVERTER. Full transistorised for a
20-watt Auorescent tube, size Gin. longx 1§ x 1§, £3/10/-,
Post and insurance 3/-.

SILICON RECTIFIER equlv. BY100 760 mA. 400 V. 10
for 20/-.

MINJATURE PICKUP for 7in. records made by Coamocode,
crystal cartridge with sapphire stylus only. 3/ or 36/- doz.
TELESCOPIC AERIAL for radio or transmitter, chrome
plated, 6 section extends from 7iin. to 47in. 77/8 each,

£4 doz.

MIDGET NEONS for mains indicators, etc. 1/3 each or
2/~ doz.

]imam' RELAY twin 260 ohm coils, size approx.1{in. x

lln. x 1in. 4 pairs change-over contacts. 7/ each.

P,0. TYPE RELAY. Twin 200 ohm colls, slze approx.

3In. x 2in. x iin, 4 pairs changeover contacts, 8/8 each,

PRINTED CIRCUIT BOARD, EDGE CONNECTOR, solder

t inations tact. dard spacing for veroboard,

etc. 6in. long but easlly cut. 7/8 each, 80/- doz.

1,000 W. FIRE SPIRAL, replacement for most fires.

each, 12/- doz.

1/3

PP3 Eliminator. Play your pocket radio from
the mains} Save £4. Coinplete component kit
comprises 4 rectifiers—malns dropper resis-

S 4 4

tances, and instr

Only 6/6 plus 1/- post.

PHOTO-ELECTRIC KIT

All parts to make light operated switch/burglar salarm/
counter, etc. Kit comprises printed circuit. Lamlnated
Boards and chemicals. Latching relay Infra-red sensitive
Photocell and Hood, 2 Transistors, cond., Terminal block.
Plastic case. Essential data, circuits and P.O. chassis
plans of 10 photo-electric device including auto. car parking
light, modulated light alarm, B8imple invisible ray switch
—<counter—stray light alarni—warbling tone electronic
al ] bl ete., etc, Only 39/6,

larn; lamp
plus 2/ post and insurance,
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of hing or fire. with fixIng brackets and available in the following
sizes. Prices which are about } of list price include carriage by B.R.8. 8ft. 30/-; 101t. 36/-;

121t. 42/-,

CIRCULAR FLUORESCENT
Bring sunshine into your home, 1560 watts of light but
uses oniy 40 w. Beautiful fittings with glass, non-
plastic centre, fluorescent tube and choke controi.
Regular price £4/156/-. Special budget price 85/~ pius
10/- carr. and Ins. Please state colour of glass centre,
white, pink, blue, red, black, yellow or cream, Also
whether plug into lamp holder or ceiling mounting
mrdel 80 watt model 99/6, 10/- carr. and ins,

SOLID STATE IGNITION

Big things are claimed of Electronic ignition systems and If you would iike to try for your-

self a circult was described in ** Practical Electronics ** (S8ept, 1966). This requires a silicon

controlled rectifier, four transistors and other components avallable as a kit. Price
£6/15/- poat free.

BATTERY OPERATED TAPE
DECK

With Capstan control. This unit is extremely well made and
meadures approx, 6 x § x 2in. deep. Has three piano key
{ype controls for Record, Playback and Rewind. Motor Is
& special heavy duty type intended for operation off 4/5
volts. Bupplied complete with 2 spoola ready to install.

FLUORESCENT CONTROL
KITS

Each kit comprises seven ltems—Choke, 2 tube
ends, starter, starter holder and 2 tube clips, with
wiring instructions. Buitable for nornial fluorescent
tubes or the new ' Grolux'* tubes for fish tanks
and Indoor plants. Chokes are super-silent, mostly
resin filled. Kit A—15-20 w. 19/6. Kit B—30-40 w.
17/8. Kit C—80 w. 17/6. Kit D—126 w. 22/-.
Kit E—66 w. 19/6. Kit MF1 is for 6in., 9in. and 12in.
miniature tubea. 19/8. Postage on Kite A and B
4/6 for one or two kits then 4/6 for each two kits
ardered. Kits C, D and E 4/6 on first kit then 3/6
for each kit ordered. Kit MF1 3/6 on first kit then
3/8 on each two kits ordered.

MAINS TRANSISTOR POWER
PACK

Designed to operate transistor sets and amplifiers, Adjust-
able output 6 v., 9 v,, 12 volts for up to 500 mA. (class B
working). Takes the place of any of the following batteres:
PP, PP3, PP4, PP6, PP7, PP9, and others. Kit comprises:
mains transformer rectifier. smoothing and load resistor,
condensers and Instructions. Real snlp at only 16/6.
plua 3/8 postage.

DOOR INTERCOM

Know who is calling and speak to them
without leaving bed or chalr. Outfit
comprises microphone with call push
button connectors and master inter-
com. 8imply plugstogether. Originaily
vold at £10. Bpecial snip price 79/8.
plus 3/6 postage.

GEARED MOTOR
HALF REV. PER
MINUTE
Made by famous Smith Electric,
mains operated and quite powerful.
Slze 3} x 2} x 1{in. deep, Becond-
Aary use as process tlmer. Imternal
switch can be made to break
circuit within a period up to
2 mins. 17/6. P. & P. 2/6 unless
ordered with other goods.

MAINS MOTOR

Precision made—as

record decks and tape re-

corders—ideal also for ex-

tractor fan-blower, heater,

etc. New and perfect.
Bnip at ©/8. Postage
8- for first ‘one then
1/- for each one
ordered. 12 and over

post free.

used In

RELAY SWITCHES. These enable nicro switches, delicate
thermostats or other low current devlices to control up to
30 amps.—ideal to switch thermal atorage heaters—
motors, etc., made by the fanious A.E.I. group these are
listed at £25 each-—you can buy if you hurry at a very keen
price of 39/8 each and we will include diagrams and data.
Mounted on panel size approximately 8 x 7 x 2in. deep.

ALL PRICES GREATLY REDUCED
Type T

ype Type
No. Price | No. Price § No. Priee
2N1727 15/- | 0As 5/- § oCis » 3/
10/- | 0Al0 6/- | oce 3/~
25/- § 0A47 3/- | ocr7 7/~
25/- 1 0A70 2/- | ocrs 8/~
10/- | 0A79 2/6 | oCi8D 8/~
9/~ | 0A81 2/6 | ocs1 8/
4/- | 0AS5 2/6 | ocs1p 8/~
8/8 | 0A9¢ 2/6 | ocs2 8/~
5/8 | 08l 2/6 | ocs2p 3/-
8/6 | 04200 3/3 | ocss 4/-
5/8 | 0A202 4/3 | ocsd 4/
g/- | ocze 12/6 | 0oC139 8/8
4/6 | oc22 10/- | OCl40 12/8
4/- | ocaa 8/- | oci7o 8/~
4/ | ocaa 15/- | ocinl 4/-
4/- | oc2s 8/- § 0C200 9/~
AF117 4/- | 0C2%6 7/8 § 0c201 12/8
AF118 4/- | oczs 8/- | 0C202 13/
AF139 12/6 | oc29 17/8 | 0C203 1g/8
AF186 17/6 § 0C35 10/- | OCP71 18/-
AFZ12 15/- § 0C3e 15/- | ORP12 8/8
A82Z21 15/- | ocss 12/8 | ORP60O 10/-
BC107 14/8 | ocs2 6/8 | 8B0O78 6/6
BY100 4/¢ | 0C44 3/- § BB305 8/8
BYZ213 218 | 0C45 3/- | 8B251 10/-
MAT100 6/8 | OC48 3/- | sT140 8/-
MATIOL 7/6 | ocC7o0 3/- | 8T141 4/6
MATI20 &/8 | ocn 3/~
MATI21 8/8 1 oc72 3/~
SIMMERSTAT HEATER
REGULATOR

Buitable to control elements, heater, soldering jrons and
boiling rings up tp 2,500 watts. Complete adjustabie,
normal price §5/- each. Bpecial 8nip. Price 12/8. plua
2{- post and ins,

GANGED POTS

8tandard type and size wlth good
= \‘&,f,‘ length of spindle—niade by Morganite.
« List price is 10/- each but if you act
quickly you can have them at 12/ doz. (or 1/6 each if
less than doz.). Following valves in stock all *lin"'—
100K—100K—500K—0500K all new and unused. Post 2/9
on 1st doz. then 1/- per doz, 6 doz. or more post free,

When postage s not definitely stated as an extra
then orders over £3 are post free. Below £3 add 2/9,
Semi ductors add 1/- post. Over £1 post free.

Record, Replay head is the sensitive M4 type intended
for use with transistor, amplifier, Price £4/15/-. Poat and
insurance 4/6.

8.A.E, with enquiries please.

ELECTRONICS (CROYDON)

(Dept. W.W.), 102/3 TAMW ORTH RD., CROYDON, SURREY

also at 266 LONDON ROAD, CROYDON, SURREY.

LIMITED
(Opp. W. Croydon Stn.)
S.A.E. WITH ENQUIRIES PLEASE
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WIRELESS WORLD
DIGITAL COMPUTER

Send for our complete part
list. Competitive prices for
all components. Transistors,
Diodes, Resistors, Capacitors,
Neons, Veroboard, etc.

FAIRCHILD AF 11
20W SOLID STATE

MULLARD o ‘ J.E.D.E.C.

AAYIL 2/- |BFY50 8/- (OC82 48 I 2N385A/
ACI07 14/8 |BFY5) g/- |ocs2D 4/3 2N388A .. 15/
AC127 8/- |BFY52 8/- |0C83 3/6 2N696 9/~
ACI128 4/- |BF184 8/- |0Cs4 4/~ I 2N708 4f-
AC176 8- |B8X70 3/- {oc123 7i- QN;(:GIM g;g
AD149 11/~ |BYY79-400R 27/8 |0C138 12/- s - 2N
AD161 7/6 |BTVS87-150R 23/- |OCM0 12/- 5;3;3;2”" 1%;_ 2N1132 10/-
AD162 7/6 |BTYS1-150R 35/- |0C189 8/- 1B40K10 1g/- | 2N1302 5/-
ACY)? 5/~ [BSX38-100 3i- |oCLI0 4/- 1B100-MOS  54/- | 2N1303 5/-
ACY20 3/6 |BTY87-500R 47/- |0C171 €/~ 2N1304 8/-
ACY21 4/- |BYZ10 11/- |oC200 8/- SINCLAIR 2N1305 8/-
ACY22 2/8 |BYZI2 718 |oc201 10/- ADTI40 12/ | 2N1306 8/-
AFZ1] 10/- [BYZ13 5/~ |0C202 13/- 81141 bi- | 2N1307 8/-
AFZ12 11/9 |BZY93 C24 1%/ |0C208 8/- 8T140 . 8l- | 2N1308 10/6
AF114 4/9 |BY100 5/- |0c204 11/- —— | 2N1309 10/9 2 5
AF115 4/9 |BYX20-200 - 8/~ |OC205 10/8 2N2147 17/- B AN
AF16 4/9 |GET102 5/4 |OCP71 19/6 EAIRCIHLD 2N2160 14/9
AF117 4/9 |GETI08 4/4 |ORP12 9/- 2N2648 10/-
AF118 9/~ {GETIN 10/- |ORP60 8- 2N3436 6/9
AF188 12/- |QET573 10/- |ORP&3 9/- INTEGRATED i
AF239 12/- |0ci9 5/- ORP93 18/- CIRCUITS PLANAR
ABY26 5/- 0C20 33/- |ORP90 19/6 Epoxy TOS 10 lead BARGAIN
ABY28 5/~ |ocez 13/- |OAS 3/~ | uL 900 Buffer @ 9/-
ASZ2) 4/~ |oc23 25/= |0al0 4f- ul 914 Dual Gate 2N2926Y 3/-
ABY29 6/8 |o0C24 19/~ |0A47 1/8 o @ 1?{13 or 4 for 10/«
ATZ10  38/6 |0C25 7l- |0AT0K 18 | “Fiop @ 19208 | — s
BAllS 2/8 |oc28 12/- |OA7SK 1/6 4-page reprint on Over 2,000 transis-
BC107 b5/- j0OC28 12/- |OASIK 16 IC usage circuits tor and diode types
BC108 5/~ |oc2s 15/- |0A85K 1/6 data. ete. 2 ex atock.
BC109 §/- |0C35 9/6 |OAK 1/8
o W B L a8 memerhin Lesviity, o o 1m0 '35, 97,

- noise—| 8 . 3 v 10, . 3 .
ggz;g 2;;_ 831, :;//6_ g:gg(l)( lzlle_ 33, 39, 4%. 56, ns.ys-z & decades to 820K.

" 1-25 pleces 4d. 25-88 3d. 100 pieces or
BCY31 13/- |OC44 3/- |0A202 2/- over, 2a, ench.
BCY32 8/- |0OC45 3/~ |DA210 7/8 109 tolerance, | Watt, 1 Meg-8:2 Meg.. same
BCY33 8/- |ocii 3/- |BX8631 - rice.
BCY34 8/- |oci2 4/6 |8Xs838 10/- reset potentiometers, Standard or Suhb-
BCY38 19/- 0C738 3/- [8X638 19/- 'r’rll‘::;a:‘\‘lr:mtgg::‘.ﬂ‘zo% tolerance. Lin. ver-
BCY39 10/~ |0C75 5/- |8z20C 13/- F 100, 280, 500 ohm, Ik, 2.5k, Bk, 10k, 20k,
BCY40 16/- |0C78 3/- [618V 95/- 30k, 100k, 260k, 500k, 1 Meg. 2.5 Meg. 5 Meg.
BCY71 15/- |0C8s1 3/- |BIEC 95/- All at 1/6d. each. Discounts for quantities I
BCZ11 10/- |OC81D 3/- BV 18/9 over 12 of 1 value.
NP

GUARANTEE: All the above-listed semi-conductor devices are Brand New, First Grade, and B G
guaranteed. We will replace at no charge any device found to be faulty. Further: all devices =
carry the Manufacturer’s name or Trade Mark, type number and batch number. We do not 5
offer for sale devices often described as ' new and tested *’ or bearing re-marked type num- 4 HO

bers, these often have a short and unreliable life. L.S.T. COMPONENTS.

AMPLIFIER KIT
' £8.8.0d Complete

Includes

¢ ~ Printed  circuits
] board, Semiconductors,
( , Resistors, Capacitors, Heat

sink and short circuit pro-
tection components. S.A.E.
for details

1968 CATALOGUE
over 40 pages
AVAILABLE SHORTLY

POST & PACKING 9d. per order
l EXPORT ENQUIRIES WELCOME

TRANSISTOR MANUALS
RCA. .......... 27/64d.
GE ..ooovin... 29/9d.

RETAIL AND WHOLESALE
SUPPLIED.

TRANSISTOR STEREO 8 4 8

A really first-ciass Hi-Fi 8terec Amplifier Kit. Uses 14 transistors
glving 8 watts push puli output per channel (16W. mono).
Integrated pre-amp. with Bass, Treble and Volume controls.
Suitable for use with Ceramic or Crystal cartridges. Output
stage for any speakers from 3 to 15 ohms. Compact design, all
parts supplied Including drilled metal work. Cir-Kit board,
attractive tront panel, knobs, wire, solder, nuts, bolts—no
extras to buy. 8imple step by step Instructious enable any
constructor to bulld an amplifier to be proud of. Brief 8pecl-
fication: Freq. response +£3dB. 20-20,000 cfs. Bass boost
approx. to +12dB. Treble cut approx. to —16dB. Negative
feedback 18dB. over maln amp. Power requirement: at 26V.
at .6 amp.
PRICES:

Amplifier Kit, £8/10/~ (Built and Tested £12/10/-) P.&P. 4/8

Power Pack Kit, £2/10/- (Built and Tested £3/-/- P & P 4/-

Cabinet (as iilus.), £2/10/-. P & P 5/6

(Special Ofter— £14/10/-, post free if all above kits ordered at
same time or built and tested for £18/-/- post free)

Clrcuit diagram, construction detaiis and parts list (free with
kit) 1/8 (B.A.E.).

HSL ‘“ FOUR ” AMPLIFIER KIT

3-VALVE 4 WATT USING ECCS83, EL84, EZB0 VALVES for
A.C. mains 200/240 v. + Heavy duty douhle-wound malns
transformer with electrnstatic screen. ¢ Separate bass, treble
and volume controls, giving fully variable boost and cut with
minimum insertion loss. y¢ Heavy negative feedback loop over
2 stages ensure high output at excellent quality with very low
distortion factor. Suitable Tor use with guitar, microphone
or record player. Provision for remote mounting of controls
or direct on chassis. ¢ All this builds on to a chassis size only
74in. wide x 4in. deep. Overall height 4}in. <+ All

10/14 WATT HI-FI AMPLIFIER KIT

A stylishly finished mon- o
aural amplifier with an
output of 14 watts from
2 EL34s In push-pull
8uper reproduction of
both music and speech,
with negligible hum.
S8eparate inputs for mike
and gram allow records
and announcements to
follow each other. Fully
shrouded section wound
output transformer to
match 38-15Q speaker
and 2 independent vol-
ume controls, and separate bass and treble controls are provided
giving good It and cut. Valve line-up: 2 EL84:, ECC83, EF86,
and EZ80 rectifier. 8imple imstruction booklet 1/6 (Free with
parts). All parts sold separately. ONLY £7/9/8. P. & P. 8/6.
Also available ready built and tested complete with standard
input sockets. £9/5/-. P. & P. 8/6.

HIGH GAIN 4-TRANSISTOR PRINTED
CIRCUIT AMPLIFIER KIT Type TAl

® Peak output in excess of 1} watts. @ All standard British
components. @ Built on printed circuit panei, size 6x 3in.
@ Generous rize driver and output transformers. @ Output
transformer tapped for 3 ohm and 15 ohm speakers. ® Transis-
tors (GET 114 or 81 Mullard OC81D and watched pair of OC81,
ofp). @ 9 volt operation. @ Everything supplied, wire, battery
clips, solder, etc. @ Comprehensive easy to follow instruc-
tions and circuit diagram 2/6 (Free with Kit). All parts sold
separately. SPECIAL PRICE 45/-. P. & P. 3/-. Also ready
built and tested 52/8. P. & P. 3/-.

FM/AM TUNER HEAD

Beautifully designed and precision engineered by Dormer and
Wadsworth Ltd. S8upplied ready fitted with twin .0005 tuning
d for AM ti Preallgned FM sectlon covers
88-102° Mcfs. LF. output 10.7 Mc/s. Comnplete with ECC85
(6L12) valve and full circuit diagram of tuner head. Another
z#)eclll bulk purchase enables us to offer these at 27/@ each.
. & P. 3{-. Order quickly! Limited number also available with

3-VALVE AUDIO AMPLIFIER MODEL
HA34

Desi tor Hi-Fl rep ion of
reconis. AL, main= operation.
Ready built on plated heavy gauge
metai chassis, size 74in. w. x 4in.
d. x 4%in. h. Incorporates ECC83,
ELS4, EZ80 valves. Heavy duty,
double wound mains transformer
and output transformer matched for
8 ohm speaker. separate baas, treble

- and volume controls. Negative feed-
back line. Output 44 watts. Front panel can be detached and
leads extended for remote mounting of controls. The HA34 has
been specially deslgned for us and our quantity order enables us
to offer them complete with knobs, valves, etc., wired and tested
for oniy £4/5/-. P. & P. §/-.

BRAND NEW 3 OHM LOUDSPEAKERS

Sin. 12/8; 6}in. 15/-; 8in. 22/6; 10in. 27/6; 7x4In. 16/-;
10x6in. 97/6; E.M.l. 8x5in. with high Hux magnet 21/-;
E.M.I. 13} X 8in, with high flux ceramic magnet 4%/~ (15 ohm
45/-). P. & P. 5in. 2/-; 64 and 8ln. 2/6; 10 and 12in. 3/ per spkr.

and valves are brand new. ¥ Very ciear and concise Instructions
enable even the inexperienced amateur to construct with 1009,
success. ¥ Bupplied complete with valves, output trans-
former (3 ohms only), screened lead, wire, nuts, bolts, solder,
etc. (No extras to buy). PRICE 78/8. P. & P. 6/-.
Comprehensive circuit diagram. practical layout and parts list
216 (free with kit).

vaATORS Large sclection of 2, 4, 8, 12, and 32 volt.
Non sync. 8/8; 8ync. 10/-" P. & P. 1/8 per vibrator. B.A.E. with
all enquiries.

S.T.C.

SILICON AVALANCHE HALF-
WAVE RECTIFIERS

Type RAS, 508 AF, 6 amps. 960 P.I.V. lin. long X fin. dla.
approx. List 50/-. OUR PRICE 8/68. Post free.

BRAND NEw 12in. 16w, H/D 8peakers, 3 or 15 ohm.
Current production oy well-known British maker. Offered below
list price at 89/8. P. & P. 5/-. Guitar models: 25w. £5/5/-:
35w. £8/81-.

EM]I. 3}in, HEAVY DUTY TWEETERS
::):elr,l.uélgframlc magnet. Available in 3, 8 or 15 ohms, 15/..

precision geared 3 : 1 reduction drive. 30/-. P. & P. 3/-.
MATCHED PAIR AM/FM IF.s. Comprising 1st I.F. and 2nd
L F, discriminator. (465 Kc/s/10.7 Mc/s.). Bize 1ln. x 1}in. x
2tn. H. Wl match above tuner head. 11/- pair. P. & P. 2/-.

4-SPEED RECORD PLAYER BARGAINS

Mains models. Al brand new in maker’s original packing.
LATEST B.S.R. MODELS

TU/12 Single Player with mono Cart........... £3 9 8
GU7 Single Player with mono Cart . £41B 8
UA25 Changer with mono Cart. 26 7 6

All plus Carriage and Packing

All types available 1000, 2000, 3000, AT80, etc. Send S.A.E. for
atest bargain price list.

QUALITY RECORD PLAYER
AMPLIFIER MK. II

A top-guallty record player amplifier employing heavy duty
double wound mains transformer. 3, EL84, EZ80 valves.
Separate bass, treble and volume controls. Complete with output
transformer matched for 3 ohm speaker. Size 7in. w. X 3in. d. x
6ln. h. Ready bullt and tested. PRICE 75/-. P. & P. @/-.
ALBO AVAILABLE mounted on board with output transformer
:;nd lgeallier ready to fit into cabinet on right. PRICE §7/6.
. & P.7/6.

DE LUXE QUALITY PORTABLE
RECORD PLAYER CABINET

Unent motor board size 14} x 12in., clearance 2in. below,
5§in. above. Will take amplifier above and any B.8.R. or
GARRARD Autochanger or single Player Unit (except AT60
or 8P25). 8ize 18 x15x8in.PRICE £3/9/8. Carr. 8/6.

HARVERSON SURPLUS CO. LTD.
170 HIGH ST., MERTON, LONDON, S.W.19

S.A.E. all-enquiries.

Open all day Saturday (Wednesday | p.m.)

PLEASE NOTE: P, & P.
CHARGES QUOTED AP-
PLYTOU.K.OFLY.P.& P,
ON OVERSEAS ORDERS
CHARGED EXTRA.

Tel: 01-540 3985

Wireless World, March 1968




ANNOUNCING OUR NEW STANDARD
RANGE OF BRAND NEW MULTI-
TAPPED TRANSFORMERS. MOST
TYPES FULLY SHROUDED AND TER-

MINAL BLOCK CONNECTIONS. ALL
PRIMARIES 220-240 VOLTS.
*Denotes Unshrouded Types.

Neo. SEC. TAPS AMPS. PRICE CARR.
1A £8 15 6 10/6
1B £6 12 6 8/6
IC 10 6 8f¢
1D 5 6 7/6
2A 19 &6 7/6
2B 10 6 7/6
2C 19 & 6/~
2D 19 6 5/-
IA* 0 0 I5/-
3B* 17 6 9/6
ic 19 6 7/¢
D 12 6 6/6
3E 12 6 6/6
4A* IS 0 10/-
4B IS5 0 8/6
4C 76 76
4D 19 6 6/6
SA 19 6 7/6
5B 19 6 7/6
s5C 12 6 /6
5D 9 6 /6
6A 2 6 5/6
6B 5 0 5/6
TA* . 10 0 9/6
7B 19 6 76
E | 5 0 /6
70 . 7 6 5/6
8A . 7 6 5/6
9A . 2 6 5/6
10A . 2 6 5/6
A . 2 6 5/6

Note: By using the intermediate taps many
other voltages can be obtained.
Example: Range one 7-8-10-15-17-25-33-40-50V.
Range two 4-8-12-16-20-24-32V.
Range three 3-6-9-12-15-18V.

Send éd. stamp for out latest price list giving full
details of our range of L.T. transformers, L.T. and
H.T. smoothing chokes, capacitors, L.T. supply
units, rectlfiers, instrumeters, electric motors.

Samson’s Electronics Ltd.
3 & 10 CHAPEL STREET, LONDON,
N.W.1.

01-723 7851 01-262 5125

LATEST PURCHASE. BRAND NEW
TWICKENHAM HEAVY DUTY L.T. TRANS
FORMERS.

PRI tapped |10-220-235-255 volts. Sec. No. |,
55 volts, 24 amps. Sec. No. 2, 14 volts 10 amps.
S5ec. No. 3, 60 volts, 2 amps. All winding very
conservatively rated. Tropically finished. Terminal
connections. Size H9. W. 74 D 7 inches, weight
65 Ibs. Fraction of maker's price, £9/1%/6, carr. I5/-
Brand New L.T. S5moothing Chokes.

6 MH. 24 amps, tropically finjshed, Size H6 W 44
D5 inches. Weight (8 lbs. 75/, carr. 7/6.

2 MH. 24 amps, tropically finished. Size H 54, W
4, D 34 ins. Weight 9 |bs. 45/-, carr. 5/-.

ZENITH HIGH YOLTAGE TRANSFORMER
Oil Filled.

PRI 240 volts. Sec. 20,000 volts. 75 mA. Size,
H 24in. plus 8in. insulated terminals. W. 23in.,
D, I5in. One only £29/10/- ex warehouse.
HEAVY DUTY ISOLATION
TRANSFORMER
PRI 220-240 volts. 5ec. tapped 70, 140, 210, 280

74 kVa. Size 17 x 13 x 10 inches, £35 -ex
One Only.

volts.
warehouse.

SPECIAL OFFER OF WODEN
TRANSFORMERS
BRAND NEW

No. ). PRI tapped 200-250 v. E.5. Sec. Tapped
8-15-25-28-30-33-35 v. |15 amps. Tropically finished
table top connects. £5/§7/6. Carr. 10/-.

No. 2 PRI 240 v. E.5. 5ec. No. |. 50 v. 4 A. 5ec. No
2. 18-0-18 v. | A. 55/.. P.P. 7!6.

No. 3. PRI tapped 200-250 v. E.S. Sec. |. 315-0-
315 v. 110 mA. Sec. 2. 175-0-175 25 mA. Sec. 3.
5v. 1.9 A Sec. 4 6.3 v. 3.l A 5Sec. 5 63v.
CT4A. Sec. 6.3 v. CTI2A. Sec. 63 v. IA. " C"
Core table top connections. 50/-. P.P.7/6.

BERCO REGAVOLT VARIABLE
TRANSFORMERS TYPE 3IA.
Input max. 250 v., output 0-250 v. Current rating.

Mounted on heatsink. | amp. max. Unmounted.
0.75 amp. Size 3in. dia., D. 2in. Spindle length
1$in. £3/5/-. P.P. 5/-.

PARVALUX GEARED MOTORS
Shunt wound 220-240 volts D.C. rating. Cont.
Ibs.fins. 8, r.p.m. 150, overall size 6% x 31 x 3fins.
£3/15/-. P.P. 7/6. F.W. bridge. Selenium Rectifier,
direct mains’in 220 D C, out 750 mA. 8/6.

AIRFLO A.C. 220-240 v. BLOWERS
Capacity 80 cu. ft. 24in. dia. outlet. Overall size
6 x 6 x 7ins. Brand new. 85/-. Carr. 5/-.

SPECIAL OFFER OF BRAND NEW H.T.
TRANSFORMERS

Fraction of maker’s price. All tapped primaries

200-250 v. Table top connectlons. Enclosed type.
GARDNERS
No. [|. 5ec. 500-0-500 v. 200 mA. 6.3 v. 4 A. 6.3 v.

3 A 63 v.2A.5v.2A, 85 PP. 7/

No. 2. 5Sec. 450-0-450 v. 180 mA. 6.3 v.3 A 6.3 V.
3 A 63v.3 A 5v.3A T5- PP 7/6.

No. 3. Sec.350-0-350 v. 180 mA. 6.3 v. 3 A. 63 v.
25A.63v.25A.63v.2A.63v.05A
S5v.2.8A.75/-. P.P.7/6.

No. 4. 5ec. 450-0-450 v. 95 mA. 63 v. 3 A. 6.3 v.
I3 A.63v.2A. 5v.3 A 65/- PP 7/6.

No. 5. 5ec. 400-0-400 v. 85 mA. 250 v. 50 mA.
63v.5A 63v.475A.63v.05A.63v
0.2 A. 75/. P.P. 7/6.

No. 6. 5ec. 250-0-250 v. 50 mA. 6.3 v. 2 A. 6.3 v.
2 A.5v.25 A.37/6. P.P.5/-.

No. 7. Sec. 300 v. 37.5 mA. 300 v. 37.5 mA. 47/6
P.P. 5/-. 4kV D.C. wkg 4v. | A 4k
D.C. wkg. 4v.03 A

No. 8. Sec. 225 v. 100 mA. 6.3 v. 2.5 A. 6.3 v.
| A.37/6. P.P.5/-.

No. 9. 5ec.45v.87 mA. 6.3 v.45A 63v.).5A.

63 v. | A 6.3 v. 0.2 A. 29/6.
gec. tapped 450-470 v. 275 mA.
it

P.P. 4/-.

Neo. 10. 42/6.

GARDNERS LOW TENSION ISOLATION
TRANSFORMERS

PRI 6.3 v. Sec. 2-0-2 v. 4 amps, 5,000 v. wkg. Potted

type, 17/6. P.P. 3/6.

MARCONI AUDIO TESTER, TYPE TF89

This directly calibrated AF oscillator from 50c¢/s to
12ke/s has a maximum output of 300mW into 600
ohm and is fitted with an output level meter and
600 ohm ladder attenuator of 0-50dB. An alternative
5,000 ohm outlet is provided and the level in each case
is continually variable. AF measurements: the voltmeter
may be used for AF inputs (external) over the ranges of
0 to 80V in 4 ranges, providing a very useful facilicy.
Supplied in excellent condition and working order for
only £18.10.0. Power supply 240V a.c. (internal).

COSSOR DOUBLE BEAM
OSCILLOSCOPES TYPE 1035

An attractive end of contract run enables us to offer
these fine professional scopes in perfect working order
at only £25 each plus 25/- P. & P. Brief technical spec.:
4in. flac face C.R.T.; bandwidth 20c/s to |0Mc/s; time-
base repetitive, triggered or single stroke |5usec to
{50msec; size 16in.X llin.x [9in. Also Cossor (049
DC Coupled DB Scope same size and appearance as
1035. Price £30 plus 25/- P.

Sampling rate: | reading per 2sec. or manually con- | SPECIAL OFFER OF COLVERN 10
| TURN HELIPOTS TYPES CLR26/1001/9

trolled.

Power Supply: 100/120V; 200/250V 50 ¢/s.
Mechanical Characteristics:
Dimensions: 103in. high x7in.
Weight: [51bs.

Display details: Three digit with decimal point ind ication.
Character height lin.

At the price we can offer these instruments no laboratory
can afford to be without one! They are ideally suited to

production and inspection application.
£92.10.0

Brand new in manufac-
turer's packing. With

Carriage extra at cost,
IMMEDIATE DELIVERY!

wide X [3in. deep.

Handbook.

SOLARTRON LABORATORY
OSCILLOSCOPE TYPE 711/S2

This magnificent scope will take pride of place in an
service dept., college or umversn:y, offered at one- ﬁk{
of manufacturer’s price, in perfect working order and
excellent condition, EBOJIUS carriage. Brief specifica-
tion: bandwidth DC-7Mc/s; sensitivity ImV/em to
100V/cm; sweep velocity 0.33cm/sec to 3.3cmjusec;
X expansion variable up to X 10; size 16in. X 3in. X
27in. deep.

DIGITAL VOLTMETER

For the first time ever, we proudly present a three
digit a.c./d.c. voltmeter for less than £100!
Manufactured by the world-famous Hawker Siddeley
Group at its Gloucester Works, the Digimeter Type
B.I.LE. 2123 is a fully transistorised multi-range in-
strument possessing the following distinctive features:

Characteristics: D.C. ranges: [OmV
to 400V in four ranges {1,000V for positive voltages).
Accuracy: the greater of +0.1% of +1 digit. A.C.
ranges: [00mV to 250V r.m.s. in three ranges. Accuracy:
the greater of +0.5% or 4| digit over the frequency
range 30c/s to ) Oke/s.

Range change is manual.

Input impedance: D.C.-I5SMQ) on two lower ranges.
IMQ) on two higher ranges.

A.c.-a.c. cou'pled approxlmately equivalent to a shunt
impedance of BK() in series with the parallel impedances
180K) and 550pF.

Input characteristics: Single ended, floating. The
potential between terminal connected to OV and earth
should not exceed 400V d.c. or 250V a.c.

Input filter: 55dB attenuation at 50c/s.

Conversion time: 300msec.

Electrical

MARCONI| AF ABSORPTION
WATTMETER TYPE TF938/CT44

Designed to measure the power output of all audio
equipment in the range of |10 micro watts to 6 watts in
3 ranges. Impedance 2.5 to 2002 switched in || ranges.
Indication to large Sin. meter, a small portable modern
instrument. Price £25 plus P. & P. 12/6.

SOLARTRON CALIBRATING UNIT
AT203

Providing an output range 10uV to |10V, in the frequency
