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Conditions

Collector Base Voltage Vc60 25 45 45 60 60 100 25 100 70 volts I, 0

Collector Emitter Sustaining Voltage VcEg.) 25 35 35 45 45 80 25 80 70 volts Is 0 Ic 5mA

Emitter Base Voltage VEBO 4 4 4 5 5 5 4 5 5 volts lc 0

Collector Peak Current iCpit 500 500 600 500 500 500 500 500 500 mA

DC Collector Current Gain hFE 38-162 38-162 78-250 35-85 75-170 35-85 78-250 75-170 50-200 IC 10mA VCE - 6V

Collector Base Reverse Current Ica° 0.5 0.5 0.5 085 085 0.05 Vice = VCBO
TOMB = 25-C

Collector Saturation Voltage VCE (Set)
04 0.4 04

04 04 04
0.4

0.4 04 volts lc 50mA fa = 5mA
lc 10mA ii,= 2mA

AC Current Gain (typical) hfe 10 10 10 10 10 10 10 10 10 I - 20Mc/s lc = 10mA

Power Dissipation Plot 300 300 300 300 300 300 300 300 300mW NB. P,e, for ZT60-ZT66
350mW

Minimum Burn -In Period 'ElPiwe 48 48 48 48 48 48 48 48 48 hrs
TPAfemf 151000111rc

' .', ,-,1`t

, .,...,.

Ssi,

First into the Future

FERRANTI LTD  GEM MILL  CHADDERTON  OLDHAM LANCS Telephone: MAIn 6661
SEE THESE PRODUCTS ON THE FERRANTI STAND No. 311 AT THE R.E.C.M.F. EXHIBITION, OLYMPIA, LONDON. 18th - 21st MAY. 1965.
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PANORAMA.... THE PICTURE

WITH LIFE

IN IT!
New PANORAMA tubes oring a tresh exciting
sparkle to television. For the first time ever you're in
touch with direct vision. There are no protective
screens, no twin panels, no multiple reflections, no
dust-nothing to spoil the clearest, truest -to -life
reproduction ever seen.
And PANORAMA has long -life too. All the proven
features of world-famous Mullard "Radiant Screen"
tubes have been built into PANORAMA to make
doubly certain that PANORAMA is the picture with
life in it.

Mullard
5 WVI, -102 FGR FURTHER DETAILS.
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Science and/or Engineering
OUR front cover this month is symbolic of the complex physical structures which lie at
the foundation of modern solid-state electronics. It is intended to show the importance
of science, as exemplified in the report elsewhere in the issue on the Physics Exhibition,
in breaking new ground for development by the technologist and utilization by the
engineer.

Practising scientists and engineers respect each other as compeers exercising the same
intellectual powers to different ends, but aspirants to these professions, and in particular
young sixth formers deciding upon a career, seem to be attracted more by the glamour of
science and less by the prospects of engineering, which many regard as a dull pedestrian
pursuit.

What are the essential differences between science and engineering? A quick answer
would be that science is easy and carefree whereas engineering is difficult and loaded with
responsibility. No stigma attaches to the scientist whose hypothesis is proved false by
experiment; only the return of "don't know" as the conclusion from his work can be
scored as a failure. Engineering, on the other hand, can never contemplate so negative a
termination, though the possibility of failure must always be present as a spur. Success
is approached on a broader front. Engineering is a skill and, as R. Hadekel has pointed
out recently (The Chartered Mechanical Engineer, March 1965, p. 176) it has its roots in
craftsmanship. As such it pre -dates science not by centuries but by aeons. The modern
scientific method (hypothesis tested by observation and experiment) has been establishd
as a discipline for less than 400 years.

To claim that engineering is applied science is to do it less than justice. Applied
science may produce a new technique, even a whole technology, but these wait upon the
needs of the engineer and are his tools.

What is the superior attraction of science over engineering for the school-leavers of
today? Could it be that science combines the freedom of dilettantism with the chance
of making a great discovery, whereas engineering calls for iron discipline and steady
application to a limited end? If so there are several ways of redressing the balance. One
which we rather like was suggested recently at the Annual Dinner of the I.E.E. by its
president, Mr. 0. W. Humphreys, namely, that young men should be allowed first to sow
their wild oats in pure research before moving on in maturity to engineering.

Engineering talent is born, but may remain dormant unless it is fostered by precept and
fired by enthusiasm. The difficulty is that there are not enough good engineers to supply
the needs of both industry and education. Suggestions that there should be part-time
exchanges between these professions have frequently been made, but have not proved
practicable. At a recent conference of headmasters in Cambridge, organized by the
Engineering Institutions Joint Council and the Royal Society to discuss means of increas-
ing the numbers of aspirants to an engineering career, it was generally agreed that a firm
grounding in physics and mathematics must be given priority. Sir Willis Jackson
expressed himself as against the teaching of engineering in schools but in favour of the
use of imaginative experiments and films to show the relevance of physics and mathematics
to engineering. There should then follow a year in industry before entry to a university
where a first -year course common to both science and engineering students would be
undertaken.

This seems the best way of settling the matter, for by the time the student has reached
his second year at university and the real work is about to begin, any early romantic
fantasies will have given place to an appreciation of the deeper satisfaction which a career
in one or other of these disciplines will give.
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A SINGLE-CARRIER By E. J. GARGINI*

COLOUR TELEVISION SYSTEM

ASTUDY of the possibilities of h.f. wired television
distribution has led to the formulation of a new type
of colour transmission system' which could prove

to have considerable advantages if used for colour tele-
vision broadcasting. In this proposed compatible system,
called SEQUIN (Sequential Quadrature Inband System),
the colour information is transmitted sequentially by a
suppressed carrier signal at the same frequency as the
main carrier but in quadrature phase relationship with it.
Brightness information is transmitted in the ordinary
manner, the main carrier being modulated in the negative
sense. The complete signal provides the monochrome
picture for existing (625 -line) black -and -white receivers.

The colour signal conveys two sets of colour information
in sequence. These two sets can be either two colour -
difference signals, of the form ER - Ey and ER -E}., or
two colour -ratio signals, of the form (ER - 1 and
(ER/E,)- 1, where E, is an equal -energy brightness
signal formed from equal proportions of the three camera
tube outputs. The first kind of signal, providing chromin-
ance information, permits simple matrixing techniques in
receivers but has the disadvantage, common to all chrom-
inance systems, that fine detail brightness information is
displayed as fine detail whiteness information2 on both
colour and monochrome receivers. The second kind of
signal, conveying chromaticity information, overcomes this

SYNCHRONIZING

-
(KI-V)

-
IPHASE REFERENCE

BLACK- - - -

WHITE

Above:-Fig. I.
signal (for the
(R -Y)

(Kt - Y')]

BROWN

DESATURATED YELLOW

YELLOW

INCORRECT PHASE
DETECTION-----

- - - - _ COLOUR AXIS
1.K2 (R -Y)

INCORRECT PHASE
DETECTION

Vectorial representation of the complete SEQUIN
chrominance system). Correct phase detection,
R, etc.; incorrect phase detection, [R Y

Y R .(Ki -Y') etc.

Right:-Fig. 2. Modulating amplitudes and carrier phase angles
for a colour -bar transmission on SEQUIN (for R -Y, B Y version).
Maximum values correspond to condition: E I E, on
yellow, and E1, I.8E,, .
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defect and permits approximate constant chromaticity
and exact constant -luminance operation of the colour
receiver', with separate luminance signals. Normally the
two sets of colour information would be transmitted line
sequentially, but theoretically dot -sequential or frame -
sequential working would also be possible.

The complete transmitted signal can be considered as a
carrier wave modulated both in amplitude and phase.
This is shown vectorially, for the chrominance system,
in Fig. 1, where the modulus (envelope amplitude) and
angle (carrier phase) of the rotating vector are determined
by the amplitudes of the luminance signal and of a colour -
difference signal in quadrature. Mathematically the
vector modulus is given by

lEvi4toral =[(K,- E' y)2 I-1(2(ER_, or K,E,_ )21I
where I E i.1 is the instantaneous carrier amplitude, E',
is the amplitude of the luminance component, and Kt, K2
and K., are constants. The carrier wave phase angle is
given by:

L.Euivion= tan-' [K2(ER-y or K,E,_,.)
K1- E'r

where Z. is the instantaneous phase angle of the
carrier in degrees, and Kt, K, and KT are constants as

*Rediffusion Resedrith Ltd.
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Right:-Fig. 3. Receiver schematic,
assuming that chrominance informa-
tion is transmitted.

Below:-Fig. 4. Alternative detection
system for receiver, assuming chroma-
ticity information is transmitted.
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above. Fig. 2 shows modulating amplitudes and carrier
wave phase angles for a colour -bar transmission.

Recovery of the two sets of sequential colour information
at the receiver requires a colour synchronizing signal.
This is, in fact, transmitted automatically by the system,
since, with negative modulation, the line and frame sync
pulses constitute large -amplitude, long -duration bursts of
carrier frequency in exact phase quadrature with the
wanted colour signal. (During these bursts the colour
signal is not transmitted and so does not affect the
carrier phase.)

In the receiver two types of colour -signal detection
are envisaged. The first of these, which assumes that
chrominance information is transmitted, line sequentially,
uses a single synchronous detector (see Fig. 3). The detec-
tion process includes an automatic frequency control
system in which the local oscillator frequency is continu-
ously adjusted to maintain the standard i.f. vision carrier
in a fixed frequency and phase relationship to a second
local oscillator, operating at this same frequency or at a
sub -multiple frequency. This second oscillator provides
the carrier re-insertion signal for synchronous detection
of the sequential ER -E j. and En-E1 components of the
colour signal. Any departure from the correct phase
setting of the synchronous -detector oscillator introduces
positive or negative sync pulses into the colour channel
and these can be used to maintain the phase angle of the
re-inserted carrier at its optimum value. This carrier
locking technique used in this type of receiver introduces

WIRELESS WORLD, MAY 1965
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some complication but it is the authors view that
frequency control of u.h.f. colour receivers is
desirable with any colour system.

In the second type of colour receiver, which
assumes that chromaticity information is trans-
mitted (Fig. 4), conventional frequency changing
techniques with less precise frequency control
may be possible. The colour signal could possib-
ly be recovered by applying the composite vision
carrier signal to a limiter and ratio type phase
detector, the output of which would be further
processed in a non-linear matrix to obtain colour -
ratio or wide bandwidth colour difference signals.
Either type of receiver could be arranged to suit
chromaticity or chrominance information trans-
mission.

The delay line required in either type of receiver could
be a steel wire type, and in the second type of receiver
could be operated by the phase modulated signal available
at the output of the phase limiter.

A SEQUIN transmission received on conventional black -
and -white receivers should not show any degradation of
picture quality from that obtainable with monochrome
transmissions. On colour receivers the brightness resolu-
tion should equal that obtainable on monochrome.

In conventional quadrature transmission systems the
two simultaneous signals are recovered by a carrier re-
insertion process along the wanted signal axis. When the
upper and lower sideband structure is substantially
uniform these signals may be recovered independently,
that is, free from transient crosstalk. In the SEQUIN
proposal medium -detail colour information and bright-
ness information is transmitted double sideband over the
normal double-sideband region of the transmission
standard, and over this region a colour signal may be
recovered which is free of brightness information. The
remaining fine -detail brightness components would be
transmitted as in normal monochrome practice over the
single-sideband region, and as this band of frequencies
conveys no colour information the brightness com-
ponents would be recovered free of colour information.

Because in SEQUIN the monochrome carrier is not
suppressed, no carrier re-insertion is necessary along the
brightness axis. This feature allows compatible operation
of conventional monochrome receivers and also permits a
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simple brightness -signal detection process in colour
receivers, provided two precautions are taken before
transmission. Simple diode detectors respond to the
modulus of the composite transmitted waveform, which
yields an incorrect grey scale. Thus brightness -signal
compensation must be introduced to ensure that the
modulus of the transmitted waveform is, in fact, the
desired brightness signal. The second precaution is the
generation of a pre -correcting signal to compensate for
vestigial reception of the brightness signal. The main
carrier is received at a nominal - 6dB point in the re-
ceiver response, and without this correction the colour
signal sidebands would introduce some brightness -signal
transient distortion.

Simple tests have indicated that there is no difficulty in
effectively compensating for the receiver modulus
distortion at the transmitter, and a theoretical study and
simple tests have indicated that because colour transients
are less rapid than brightness transients, low order
spurious signal generation at receivers may be effectively
cancelled by transmitter compensation, although this is a
more difficult process. The carrier locking technique
mentioned in connection with the chrominance type of
receiver is currently in use in wired distribution signal
originating equipment for translating from a v.h.f.
carrier to an h.f. carrier.

An important advantage of the proposed SEQUIN
system is that it would make possible simpler receiver
tuning-which, in subcarrier systems, can be a somewhat
critical factor in obtaining good colour reproduction.
In a SEQUIN receiver (of the first type) the local
oscillator would always be locked in the correct frequency

RANGER

The 3W transmitter -receiver (for com-
mands. telemetry, etc.) in the Ranger
" bus or platform was powered by two
solar cell panels.

and phase relationship to the carrier, and colour reproduc-
tion would not depend on correct placing of a sub -carrier
on the receiver response curve.

In general the proposed system has the advantages of a
sequential system but would also overcome the com-
patibility problem that has characterized SECAM.
Horizontal colour resolution would be superior to that
of other systems because of the wider bandwidth colour
signal (1.5 Mc/s for the British b25 -line standard); and
signal 'noise ratio would be better, because of the different
manner in which the transmitter power is shared between
the brightness and colour signal. Low -power v.h.f. or
u.h.f. translater stations would be able to handle the
SEQUIN signal (which has no video equivalent) by the
standard frequency changing technique without recourse
to further transcoding. Finally, selective fading would
not affect the ratio of brightness information and colour
information.

Acknowledgment
The author expresses his thanks to the Directors of
Rediffusion Research Ltd. for permission to publish
this article.
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TELEVISION SYSTEM

AFTER transmitting more than 5,800 pictures of the ithiar
surface Ranger 9, the final in the series, impacted the moon
in the Crater Alphonsus on March 24th. Similar successful
flights were achieved with Rangers 7 and 8 giving altogether
a total of some 16,000 pictures taken at distances varying
from 1,500 miles to of a mile from the moon. The resolu-
tion of the pictures televised by the six -camera R.C.A.
system was excellent, detail being clearly observed in the
final pictures of craters estimated to be about a yard across.

The television system, which was powered by two 33V
batteries, employed two full -scan and four partial -scan
cameras. The full -scan 1,125 -line cameras were exposed

212

and read out seuuentially at 2.5 second intervals and the
partial -scan cameras, which utilized only the central 282 -
lines of the raster. at 0.2 second intervals. During the
intervals between exposure the photoconductive surface of
each 1 -inch vidicon tube was erased. Two 60W transmitters
were employed for the TV system operating on 959.52 and
960.58 Mc/s.

Six R.C.A. cameras (the full -scan are in the centre) pointed at an
angle of 38 from the roll axis of the spacecraft.
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DUALITY
IDON'T usually have much to say in Wireless World

about the Government, and the Editor is probably
reaching for his blue pencil (or the electronic

destructor that has no doubt superseded it) at the mere
suggestion of such a thing, but he can relax. All I am
going to remark on, and that quite non-politically, is
the creation of Ministries of Education and Science and
of Technology; because this is a sign of how growingly
important these subjects are, and the need for more and
better instruction therein. Every year the distance that
students have to go through basic matters in order to
reach the working face of their subject is greater. So
anything that can help speed their effective progress is
worth utilizing.

Perceptive teachers would agree, I think, that things
are more easily remembered and more clearly understood
if a pattern of relationships is seen. One of the admittedly
most helpful methods of approaching a new subject is by
way of analogy. And so electric currents in wires are
likened to water flowing through pipes, difference of
potential to difference in height above sea level, and so on.
The danger of analogies such as this is that they are not
perfect, so if they are followed too far they can mislead.
For instance, resistance to the flow of water in a pipe is
not inversely proportional to its cross-sectional area, as is
resistance to the flow of electric currents in wires.

Duality is a perfect analogy. So it deserves special
attention. Readers who have persisted with me for long-
I believe there are some-may have noticed my occasional
bursts of salesmanship for duality. But there are always
others for whom this is their first Wireless World, and
presumably still more whose ideas (if any) about electrical
duals and duality are vague. It is these I invite to gather
around.

The most elementary instruction on electric circuits
includes the two modes of connection-series and parallel.
When we come to a.c. we are told that inductance and
capacitance behave in some respects as opposites. Both
of these dual concepts occur together in resonant circuits,
which contain inductance and capacitance and come in
two kinds-series and parallel. If we compare the
equations relating to them we should find certain
systematic resemblances. To come to the point, all true
statements or equations connecting the things in either
of the columns below can be transformed into other true

R1

R2

(a)

( b)

Fig. I. Although "Ohm's law " is easy to apply to (o) it is slightly
less convenient for (b). and its dual is to be preferred.

By " CATHODE RAY "

statements or equations by substituting the corresponding
words or symbols in the other column.

Current, I Voltage, V or E
Voltage, V or E Current, I
Resistance, R Conductance, G
Conductance, G Resistance, R
Inductance, L Capacitance, C
Capacitance, C Inductance, L
Reactance, X Susceptance, B
Susceptance, B Reactance, X
Impedance, Z Admittance, Y
Admittance, Y Impedance, Z
Series Parallel
Parallel Series
Mesh Junction (or node)
Junction (or node) Mesh
Short-circuit Open -circuit
Open -circuit Short -Circuit

Each item in these lists is the dual of the other on the
same line. We can take a general equation connecting
any of the listed quantities, and construct its dual by
substituting the dual quantities. Take the familiar
example usually called Ohm's law:

E = I R (1)
Substitute the symbols in the opposite column and we get

/ E G . . .. (2)
which is also true and sometimes more useful, especially
with parallel circuits. Equation (1) is quite suitable for
attacking Fig. 1(a), because the total R is just the sum of
all the resistances, so the particularized version of (1) is

E - l(R, r R2 -f- 123) .. (3)
But the first time we are confronted with Fig. 1(b) we

have to think a bit and finally come up with

. . . (4)
1 1 1

R, R2 R3
which lacks elegance. By applying duality to (3)-i.e., by
referring to our parallel columns-we are spared the need
for any thought and we arrive directly at the same thing
as (4) in the neater form

I = E(G, G2 -H G,)
Conductance, G, is of course the reciprocal of resistance,
i.e. 1IR. It is also the dual of resistance, but not all dual
quantities are reciprocals; the dual of L is not 1 /L.

As well as dual quantities and dual equations there arc
such things as dual circuits. You might think that
Fig. 1(b) was the dual of (a) because its equation is. But
we can see that this is not exactly so if we describe (a) in
words and then transform it by using the parallel lists:
thus, (a) comprises three resistors all in series with a
voltage source. So its dual must be three conductors all
in parallel with a current source.

A little difficulty arises when we come to draw the dual
circuit diagram. Voltage sources are quite familiar:
batteries and d.c. generators for d.c., and a.c. generators
for a.c. Ideally they should have no resistance or imped-
ance in themselves, and this condition can be approxi-
mated fairly closely in practice. Its dual must he a
current source with no conductance in itself, and such
things are not practical. The best we can do is use a very
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high voltage source in series with a very high resistance.
There isn't even a reasonable symbol for a theoretical
current source. Most people use Fig. 2(a), but there are
two reasons why they should not: it is an international
standard symbol for a transformer, and it doesn't suggest
either the dual of a voltage source or a non -conducting
path. So I use a dotted line to make clear the absence of
conductance, and either the non -committal sine -wave
symbol for a.c. or the letter I, Fig. 2(b).

Duality can be applied directly to " equivalent
generators." A practical voltage generator has internal
imnedance, and can be represented in circuit diagrams
for algebraical purposes by an ideal generator in series
with an appropriate impedance. Dualwise, an actual
current generator can be represented by an ideal current
generator in parallel with an appropriate admittance.
Fig. 3(a) shows the well-known equivalent generator
which, for signals only, can be substituted for a valve.

(a) ( b)

4

-T

Fig. 2. The symbol (a), though often
used to denote an ideal current gener-
ator, is unsuitable; (b) shows two pos-
sible alternatives.

Here p. and r,, are the voltage amplification factor and
anode a.c. resistance respectively, and v, is the signal
voltage at the grid with respect to cathode. (I prefer
to use for this, or even just kg, but am making a
concession to common usage.)

If one were constructing a dual of the whole valve
one would have to replace it by a current -operated
device (e.g., a transistor). But when it is an actual valve
it is more helpful to retain its voltage -control element,
the grid, and just express the output side in its alternative
current generator form. The series anode resistance
is replaced by the parallel anode conductance, g- 1/r,
in Fig. 3(b).

To be really equivalent these two must appear the
same to any load connected to the terminals, so let us
connect a short circuit to (a) and so find that the current
therein is It must be the same in (b), and
as this is equal to the current put into it by the generator
it too is - µv/r,,. Since ,ult = g,,,, this is equal to
-g,v,, as shown, g, being the mutual conductance of
the valve.

I should like to emphasize that any valve can be
represented in either of these two ways, and both yield
the same answers; but (b) is more convenient than (a)
for valves of pentode type, especially if the load is made
up of items in parallel.

Returning now to the aside about notation for voltages,
I said I denoted the voltage at g with respect to that at k
by V,,,. There are those who would call it V,L. The
latter usage is quite workable within a restricted field,
but if one goes out for an integrated system embracing
such things as phasor ( vector ") diagrams and such
well -established conventions (in graphs and other things
besides voltage notation) as that " up " is positive and
" down " is negative, one is driven to the conclusion
that Tigi, should mean the voltage change on passing from
g to k.* The usual custom in common -cathode circuits
is to take account of the change on passing from k to g;
hence

People who use a double -subscript notation for vol-

 The reasons are more fully given in Essays in Electronics, Chapter 12.
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cages-either of the two opposite varieties just mentioned
-presumably think it is a good idea, because it indicates
both the voltage and its direction (unlike the absurd
arrows pointing both ways that are still often used) so
why not for currents too? Up to that point the line of
thought is impeccable, but unfortunately it almost in-
variably woes astray from there on. The thinker says to
himself that if V,,,, means the voltage between a and b
then I,, should mean the current flowing from a to h.
He would get away with this in circuits like Fig. 1(a),
where the junctions between the resistors might be
marked a, b, c, etc. But what about Fig. 1(b)? There
are four currents flowing between the only two circuit
junctions and they are probably all different. That will
never do, so he finishes up by distinguishing them as
I Ikz, etc., sacrificing the indication of direction in
the process. All very arbitrary and unsatisfactory.

If only he had remembered the table of duals he would
have realized that current is the dual of voltage, so if
the voltage subscripts refer to circuit junctions the
current subscripts should refer to circuit meshes. This
is perfectly specific and unambiguous; the current flowing
through, say R, in Fig. 1(b), is not specified by the
points between which it flows, for three other currents
do the same, but it is uniquely specified by the meshes
on each side of R,. This is not even a revolutionary new
idea; it was used for stresses in structures by Bow nearly
100 years ago.

If V,,,, means the change in voltage on passing from
point a to b, then I, (say) means the change in current
on passing from mesh J to K. Just as, according to this
notation, vb is positive if b is at a higher (i.e., more
positive) potential than a, IIK will be positive if the
current around mesh K is more positive than that around
J. There is a well -understood convention that b is more
positive than a if electrons show a tendency to desert
a in favour of b. (I would say that positive charges
tend to move from b to a if somebody wouldn't be sure
to jump up and ask what a positive charge is and why.)
There is also a convention, probably less well under-
stood, about mesh currents. For easing multi -mesh
calculations, the great Maxwell suggested the concept
of mesh or circulating currents, according to which
each mesh is imagined to have a current circulating around

( a) (b)

Fig.3. Dual valve "equivalent generators ": (a) voltage; (b)
current.

it, the actual current in any conductor being the difference
between the currents in the meshes separated by it.
The difference, because all the mesh currents are supposed
to have the same direction of rotation, so in any conductor
they flow in opposite directions. This can be seen in
Fig. 4, where the current through RI is clearly l,
which is the meaning we can appropriately give to /m,,
just as Vb = Vb V.

Strictly speaking, V,, and V,, are meaningless, since the
potential at any point is indeterminate unless given an
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J

Fig. 4. Fig. 1(b) repeated with junction and mesh labels, to show
circulating currents.

arbitrary figure or related to some other potential. Thus
the potential of an earthed point is said to be zero. But
V,, - V, or Vab, is definite, because any constant that
may be added to both of them cancels out in the difference.
Similarly there are an infinite number of sets of mesh
currents that could be equal to any set of actual currents,
but these are reduced to one set by assuming that the
current in the mesh formed by the circuit perimeter is
zero. So in Fig. 4 h,;, the actual current through the
generator -: I, - 1j, - I, because I - 0.

The usual convention is for all the mesh currents
(except the peripheral mesh) to flow clockwise. So for
1,, to be positive, 1 must be greater than Ix; in other
words, a positive 161, is one flowing from right to left
as one passes from K to L.

I use capital letters to distinguish currents from
voltages, because that renders the repeated symbols I,
V and E superfluous, so there is no need for the junction
and mesh designating letters to be subscripts. This
greatly eases the labours of the typist and no doubt those
of the compositor too. By using different letters for
currents and voltages, as in Fig. 4, one avoids any oral
confusion of AB with ab.

These notations and conventions lead to a simple and
clear system of phasor diagrams, perfectly integrated with
well-known electrical laws, principles, rules and con -

K.

Mx N

Above :-Fig. 5. Part of a cir-
cuit network for illustrating
Kirchoff's laws.

Right:-Fig. 6. (a) Example of a circuit; (b) how to derive
the dual configuration; (c) complete dual of (a).
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(a)

ventions, including (as we have seen) Maxwell's concept
of mesh currents. But there is not room to go into that
here.

There is yet another field for duality-laws. Kirch-
hoff's voltage law in its original form fails to follow the
dual pattern of his current law and obliges one to dis-
tinguish between e.m.fs. and voltage drops. When the
law is extended to include a.c., this is sometimes difficult
to dot-and quite unnecessary. So only misplaced senti-
ment will hinder the bringing of the voltage law into line
with the current law and expressing it more neatly and
simply as: Around any mesh the sum of the voltages is
zero. This can be written in symbols

EV=O
or, in our notation,

ab+bc-I cd+ -Fna=0
where a, b, etc. are consecutive points around a mesh.

The precise dual of this would read: Around any
junction the sum of the currents is zero. And corre-
spondingly

or
AB 1-BC+CD+ 4 -NA -0

The above form of the current law, an abbreviated
version of one suggested by Mr. C. E. Newton, may need
a little explanation. Just as in Fig. 5 the voltages ab be+
cd da around mesh M add up to zero, so the currents
KL LM MK (say) around junction a add up to zero,
as do those around any of the other junctions. The
words " mesh " and " junction " are used in the above
statements of Kirchhoff's laws because they are applied
to circuits, but the laws are equally true around any
enclosures, even in open space. The sum of the changes
in potential around any closed path is equal to zero, and
so is the sum of the currents into any enclosed space, if
Maxwell's displacement currents are included.

Note how the notation provides an automatic check of
Kirchhoff's equations, as used in circuit calculations. The
letters show completeness of path by forming a continuous
sequence ending at the start.

t"E.M.F.", Wireless World, July and August 1964.

(c)

( b)
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A useful circuit theorem that has its dual is Th&enin's
(or Helmholtz's). The dual is known as Norton's theorem.
But as I wrote about this as recently as the January, 1964
issue perhaps it can be taken as read.

A more timely exercise would be to note the pro-
cedure for obtaining the dual of a circuit (I nearly said
" any circuit," but see later). Because the dual of a mesh
is a junction, we begin by putting a dot in each mesh to
form the junction of the dual circuit. Don't forget the

04A

Ssn.
0 4V

Fig. 8. Maxwell bridge cir-
cuit, which is its own dual.

I 2A

U Fig. 7. Extremely simple exam-
ple of duals with particular
values.

external mesh. Then we join these dots by lines to form
meshes around each junction. Lastly we include in these
lines the symbols of circuit elements that are the duals of
the elements crossed by the lines. So if two junctions in
the original circuit were joined through an inductor, the
part of the new circuit passing between these junctions
would have to contain a capacitor.

Fig. 6 is an example, where the original circuit (a) has
4 meshes and 7 junctions, so its dual, found as shown at
(b) and redrawn separately at (c), must have 4 junctions
and 7 meshes. And of course the dual of (c) is (a). Note
how series tuned circuits become parallel ones, and induc-
tive coupling becomes capacitive. All equations relating
to (a) have their duals relating to (c), obtained by simply
changing over the symbols according to the list. But how
about the actual component values, currents and voltages
in (b), given those in (a)?

Fig. 7 (a) shows a very simple example, with all the
quantities marked. In its dual (b), if we assume the num-
erical values pass over unchanged we do find that it still
checks: a current of 2 amperes passing through a conduc-
tance of 5 mhos gives rise to 0.4 volt across it. But it
is quite possible-and for some purposes convenient-to
have a dual circuit configuration with different values. In
such a simple circuit as Fig. 7 there would be no difficulty
in prescribing any values one pleased for two of the quan-
tities and calculating the third by equation (a). But in
more complicated circuits where use of duality would be
really worth while, much of its effort -saving would be
wasted if one had to calculate new values throughout.

So it is perhaps worth knowing that a conversion factor
can be used, having the dimensions of resistance (or
impedance), to change from a certain number of amps to a
different number of corresponding volts in the dual.
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Call this factor k. Then, if subscript 1 refers to the orig-
inal circuit and 2 to its derived dual,

12
k I V,

k

V2
k V, kl,

.12

V2 k21,
R2

12

1,

V,

V, R,
G,

V2 k21, k2

This means that if we want the dual voltage (V2) of a
current (I,) to be numerically equal to k every dual vol-
tage must also be k times its corresponding current,
every dual current must be 1!k times its corresponding
voltage, every resistance, impedance, reactance or induc-
tance must be k2 times its corresponding conductance,
admittance, susceptance or capacitance, and every con-
ductance, admittance, susceptance or capacitance must be
1 k2 times its corresponding resistance, impedance, re-
actance or inductance. So (using this sledge -hammer to
crack the nut of Fig. 7) if we want 1.2V in Fig. 7 (b) our k
is 1.2/0.4 - 3, so besides the voltage being 3 x 0.4 =1.2
the current must be 2/3- 0.67 and the conductance must
be 5/9=0.56. Similarly, we can choose any other ratio
between one of the above four classes of duals, but the
ratios of all the others are thereby fixed.

Duality can be useful for discovering alternative circuits
that may be more convenient in practice; for example,
Fig. 6 (c) with its capacitive coupling might cost less to
manufacture than Fig. 6 (a), or vice versa. Then it is some-
times helpful to realize that two types of circuit that
appeared to be quite different are duals of one another,
so they behave correspondingly and all the equations fcr
one can be easily derived from those for the other. Usually
the dual is a different circuit, but not necessarily. Fig. 8
shows the Maxwell bridge circuit, the dual of which is the

(a)
(b)

Fig. 9. The simplest network for which no dual exists: (a) in sym-
metrical form; (b) redrawn to reduce cross-overs to the minimum
(one).

(b)

Fig. 10. Another dualless network, again (a) in symmetrical form
and (b) with minimum crossing.
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Fig. I I. (a) Three-phase star -connected system; (b) its dual, delta -
connected: (c) identical with the foregoing modes of connection
are the T and II.

same except for the change from voltage to current gener-
ator. Obviously circuits of this kind must have the same
number of meshes as junctions, and the same number of
inductances as capacitances.

Finally, some circuits have no dual. It has been shown*
that duality exists only if the circuit diagram can be drawn
on a flat sheet of paper with no wires crossing. That might
seem to rule out rather a lot, but in fact most basic circuits
can be drawn without crossings. The simplest exception
is shown in Fig. 9 (a). It is the basis of a celebrated puzzle,
in which three of its points are supposed to be houses and
the other three are sources respectively of gas, water and
electricity; and the problem is to supply all three houses
with all three services without any feeds crossing. It is
not difficult to reduce the number of crossings to one-
Fig. 9 (b)-but there one sticks.

Another relatively simple dual -less circuit is shown in
Fig. 10, (a) being its most symmetrical form and (b) as
redrawn with the irreducible minimum of one cross-
over. In Figs. 9 and 10 I have not bothered to draw
the components that are supposed to exist between every
pair of points.

Fig. 11 (a) is familiar to all electrical power engineers
as a three-phase star -connected system. Drawn in this
rather pictorial manner, two wires cross, but this can easily
be avoided by interchanging b2 and c2 without affecting
the circuit. The dual can then be drawn and turns out

 By B. D. H. Tellegen in Philips Technical Review, Vol. 5, No. 11 (Nov. 1940),
pp. 324-330.

c

d. 2

ti

ti

(a)

(b)

c)

0000

to be the equally familiar three-phase delta -connected
system-Fig. 11 (b). These might be considered irrele-
vant in Wireless World were the star and delta configura-
tions not identical with those well known to us all as the T
and /I (c), for these are the basis of all filters and attenuators.
They can be regarded as duals of one another.
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I.F. SWEEP GENERATOR

TRANSISTOR CIRCUIT FOR 465 KC'S AND 1.6 MCIS

By M. W. RIGNALL*

ALIGNMENT of many i.f. amplifiers may be done
with a signal generator and output meter. lf, how-
ever, a crystal filter is incorporated this is no longer

possible except by a laborious point by point plot. For
such amplifiers, a sweep generator and oscilloscope pro-
vide the only acceptable means of alignment. The unit
described is capable of sweeping a 25 kc/s range at any
point in the 450 kc/s and 1.6 Mc/s i.f. channels.

The operation of the swept oscillator depends upon the
change of input reactance of a grounded -base oscillator as
its emitter current is varied by the voltage derived from
the horizontal scan. The magnitude of the input re-
actances at the chosen frequency is dependent upon the
f, of the transistor, hence for a low -frequency device the
input reactance is low. Thus for a given change of
emitter current, the corresponding frequency change will
be larger than in a high frequency transistor.

Circuit Function
The practical circuit is shown in Fig. I. A grounded
base oscillator employing an 0C170 is biased by the nor-
mal potentiometer circuit R, -R,,, which establishes the
unswept d.c. condition. Th.: sweep voltage from the
oscilloscope is passed via the deviation control RV,
through a resistor R, or R, to the point A, thus varying
the voltage at this point and adding a linearly increasing

* The Marconi Company Ltd.

voltage to the base potential. The resultant change of
emitter current varies the transistor reactances over
a range governed by the magnitude of R, and R2. Over
the small range required the deviation is almost linear,
but since the tuning capacity is greater at the I.f. end
of a range and the swept reactance is constant, the devia-
tion for a fixed setting of RV, will be lower at the 11.
end than the h.f. end. Figs. 2(a) and 2(b) show the de-
viation plotted against sweep voltage for both ranges.

Swla selects the appropriate inductance for the range
required, while Swlb adjusts the swept current flowing
into point A by selection of R, or R,. This adjustment
is necessary because the swept current must be reduced
for the 1.6 Mc/s range, where a 25 kc/s sweep represents
only a 1.6",, deviation, in comparison with 5.5",, at
450 kc/s. It should also be noted that the deviation,
being dependent upon a change of working point, will
also vary with the supply voltage since the sweep voltage
at point A will be added to a reduced voltage as the bat-
tery discharges. This variation is plotted on Fig. 3.

Changes of ambient temperature do not measurably
affect the deviation, but move the mean frequency by
approximately 4"1. for a 25'C variation.

The sweep input required is 150 V peak, which is
obtainable from several widely used measuring oscillo-
scopes. This may be readily modified for the 20 V sweep
output from the " Wireless World" 'scope by substituting
the input circuit of Fig. 4.

Above:-Prototype sweep oscillator.

Left:-Fig. I. Circuit diagram of sweep
generator arranged for 1SOV sawtooth input

218 WIRELESS WORLD, MAY 1965

Idlair=f



30

25

7;,- 20

.7- IS

i0

470kc/s

3U

25

:20

2 is

10

5

100 0

PERCENTAGE DEFLECTION

Fig. 2. Deviation plotted against input voltage for both

Since the deviation is a function of
the f, of the oscillator transistor, the
values of R, and R, R and R,, in
Fig. 4 should be selected for the par-
ticular transistor used.

The swept output is taken through
an emitter follower, giving an output
of approximately 0.1 V r.m.s. from a
75!2 source.

Construction
The complete unit is easily accom-
modated in an Eddystone die cast
box, Type 650. The layout is shown
in the photos. The components
are mounted on a tagboard with
turret lugs; the _layout is, however,
not critical, and any of the usual
methods of construction may be
adopted. The battery, a Vidor VT4
or equivalent, while not shown, is mounted on the floor
of the box.

Testing
The first step is to adjust the cores of L, and L, to the
correct ranges. With C set to the maximum, the fre-
quencies on the appropriate ranges (with no deviation)
should be adjusted to 440 kc/s and 1,550 kc/s. A digital
counter is the ideal setting -up device, but in the absence
of a counter a communication receiver may be used. Many
such receivers will have an i.f. in the 450 kc/s region.
In this case the second harmonic of the generator may
be used, noting however that the deviation must be set
at 50 kc/s.

With the minimum frequencies set, a direct volt-
age equal to the peak sweep output should be applied
to the sweep input socket with the deviation control set
to maximum, i.e. RV, slider connected to the sweep input
socket (or RV, at minimum).

The resistors R, and R, (or R,, and R,,) may be then
adjusted to give a deviation of 25 kc/s. The approximate
values for the correct sweep amplitude will be 100k51
and 33 le..1 for the 1.6 Mc/s and 450 kc/s ranges respec-
tively of the circuit of Fig. 1, and 39052 and 1 MI in
the circuit of Fig. 4.

Several of these sweep generators have been assembled
for the Marconi Company's internal use and all are giving
satisfactory performances. It must he stated, however,
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Fig. 3. Reduction of maximum obtainable deviation
with decreasing battery voltage.

SAWTOOTH
INPUT

Above:-Sweep oscillator component layout.

Right:-Fig. 4. Input circuit to accept 20V
sawtooth input.

that no manufacture for external sale is contemplated.
The author wishes to thank the Director of Engineer-

ing & Research of the Marconi Company for pet mission
to publish this article.

R, '
R. See text

,
R3 lkil
R, 4.7101

6.8k0
R6 2.2k11
R7 15kil
R9 3300
R9 820
R10 4.7IW
R55
1212

CI, CO C5
C2
C3

See text

Cl;
C7
VT1, VT2
L1 30T
L2 120T

RV,
RV2

Component List

All 1 8 W 10%

0.0411F paper 250V
0.021AF paper 250V
470pF polystyrene 250V
100pF air spaced variable
25µF 12V electrolytic
Mullard OC 170
Layer wound
in 5 slot bobbin
15 48 stranded
25k01
50k 11

.1 On Aladdin
Former No. PP5892
Core No. PP5804
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Cathode and Emitter Decoupling

By J. F. YOUNG, C.G.I.A., A.M.I.E.E., A.M.I.E.R.E.

MOST electronic engineers use a certain number
of " rules of thumb " in their work. Such rules
of thumb are excellent in many ways since they

remove the necessity always to think out problems from
basic principles and so they can save a lot of the engineer's
valuable time. However, such rules require occasional
re-examination in order to bring them up to date as engi-
neering techniques change. In some cases rules which
have been perfectly adequate in the past become quite
useless and must be rejected completely.

One rule which the writer often hears quoted is that
the reactance of a cathode (or emitter) by-pass capacitor
should be about one tenth of the cathode (or emitter)
resistor value at the lowest operating frequency. Indeed,
this rule appears in at least one respectable handbook.
Now if it is a good rule, then it is sensible to use the
highest possible value of cathode (or emitter) resistor in
order to minimize either the lowest operating frequency
or the size of capacitor required. In turn this implies
the adoption of a high supply voltage so that at a given
current a higher value of resistor can be used. Is this
the true position? In order to find out we have to analyse
the circuits mathematically.

Considering firstly the valve case, in Fig. 1 we obtain
an expression for the gain:

v ILZ, (1)
v, kl-r±(p+ 1)Z,.

(It is worth noting in passing that this is the gain which
would be obtained with a valve having an anode slope
impedance of r±(p -1- 1)Z, We make use of this fact
if we want to increase the effective anode resistance of a
triode so that it can be used as a constant current source.')
Now in the usual amplifier circuit of Fig. 2, Z, takes the
form of a cathode bias resistor RA by-passed by a capacitor

Z,
r.
ZA

CA.

R,
gm
Ie
lb

IC
a

Zi
Ze
Re
R,
C
RI
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SYMBOLS
valve amplification factor.
load impedance.
valve anode slope resistance.
cathode circuit series impedance.
cathode circuit resistance.
cathode by-pass capacitor.
angular frequency 27 f, where f is the operating frequency.
load resistance.
valve mutual conductance.
transistor emitter current.
transistor base current.
transistor collector current.
transistor emitter to collector current gain.
base circuit series impedance.
emitter circuit series impedance.
transistor emitter resistance.
emitter circuit resistance.
emitter by-pass capacitor.
base circuit resistance.

C,. Also the load Z, takes the form of a resistor R,.
Therefore in this case the cathode circuit impedance
can be written as:-

Z, -
Rk

1 j aCiAk
(2)

Fig. I. Valve amplifier stage with
cathode impedance

Fig. 2. Valve stage with cathode by-
pass capacitor C,.

Now if the values of Z, and Z, are substituted into
equation (1), the gain becomes:-

v p.R(1 j coCkRk)

v (RL + r") (1 cuCkRk) (µ+1) R,

Equation (3) can be rewritten as:-
v ,AR

vi R, r -1- (µ-I-1) R,

1 -I- jtoCkR,

C,, (R, ra) (µ +1) RA (4)
1  jw

µ 1 R, +r (// 1) R,

Equation (4) is not really as complicated as it looks at
first sight. The first term on the right:-

R, r,, 1) RA

should be compared with equation (1). It is the gain
which would be obtained if the capacitor CA was not
there at all. Since in these circumstances Z,, would
simply be equal to RA, the first term is completely inde-
pendent of frequency. The second term on the right of
equation (4) depends on the frequency, however, and

(3)
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CI.
C --`

p+1

R

his term determines the frequency response of the
Implifier. The second term takes the form :-

1 jwC,R,
1 + jwCR

where

and
(R, r) 1)12,

R, r ; ; 1)R,
The imaginary resistor R can therefore be thought of as
formed from (R, r) in parallel with (it 1 1)R,,
while the imaginary capacitor C is (µ 1) times smaller
thin Ch.

Because of the presence of this frequency response
term in the gain equation (4), we can see that the overall
gain of the circuit of Fig. 2 is not independent of fre-
quency. Instead, when the gain in decibels is plotted
against the logarithm of frequency, a curve such as that
of Fig. 3 is obtained. From equation (4) we can see that
at very low frequencies, when w is very nearly zero, the
gain becomes:-

(5)

/1RL

vi R, r (it 1)R,
since the frequency response term equals one when
w =-;- 0. On the other hand, at very high frequencies,
when w approaches infinity, equation (4) gives a gain of:-

(6)

(7)

v,, ,L12 R r (0 1)Rk

yr R r (it R r,,

AL_
R, r

As might be expected, at high frequencies capacitor C,,
removes the negative feedback, gain -reducing, influence
of cathode resistor R,,. This is of course the reason for
including C, in the circuit in the first place.

Thus we know the low frequency gain and the high
frequency gain. From equation (4) and Fig. 3 we also

4')2= CIR, CR

Fig. 4. Transistor amplifier stage.
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(9)

Fig. 3. Variation with fre-
quency of valve stage gain.

know the frequencies at which occur the " cut-off "
points, where the characteristic curve departs by approxi-
mately 3 decibels from the low frequency and high
frequency gain values. Now since capacitor C, was
added to increase the gain at any but the lowest frequen-
cies, we are interested in the value f, of the lowest fre-
quency at which the capacitor is very effective in holding
up the gain. From Fig. 3 it can be seen that this lowest
frequency is given by: -

1 R, r,, -1- (1 -1- 1)RA(0, /7rf,.. (10)
CR C,R, (R r)

Simply in order to make more sense out of equation (10),
let us make the assumptions that (pt 1)R,, is so much
greater than (r R,) that we can neglect the latter
and also that r is so much greater than R that we can
neglect R. On the basis of these assumptions:-

1- - (11)
CAr,, 1/g,

Thus, insofar as the assumptions are acceptable, the
critical frequency below which the gain falls off fairly
steeply depends on the relationship between the cathode
by-pass capacitor value and the mutual conductance of
the valve. The value of the cathode resistor is not very
important in settling the required capacitor value. On the
other hand the gain stops falling below a frequency
f, given by :-

1
(02 2 4, .. (12)

This frequency is clearly very dependent on the value
of It,. However, we are not normally very interested in
the value of w2, our main interest is in the lowest fre-
quency at which the capacitor is effective in maintaining
the gain high, and this is determined by wi.

The argument so far is wide open to criticism in that
some pretty wild assumptions have been made. In order
to clear this up it will be as well to put a few typical
values into our equations and to see what the numbers
look like. Suppose we take a typical triode and operate
it at -1 volt on the grid with an anode current of about
3.7 mA. Under these conditions r,, is 13.5 k11, g, is
4 mA/V and it is 54. Now suppose R, is 39 k IL In
order to obtain -1 volt of grid bias at 3.7 mA, a 27011
cathode resistor RA is required. With these values :-

C,  :R (R, r)CR = ' . . (13)R r (pt 1)R;, 
= Ck x 211i?

Now g, is 4 mA/V, so 1 is 250i1 and the approxima-
tion involved in equation (11) would give in this case a
reasonable answer. However, also in this case Rh is
27013 so that the rule of thumb, which might be expressed
as CR = CAR,,, is not too bad an approximation either.
In fact, of course, the only reason that the rule of thumb
works at all is that in most of our circuits R, is not
terribly different from 1/g,. However, suppose that we
keep all conditions the same except that we make Rk
to a negative rail so that we can use a higher value of
resistor. Can we then reduce the value of capacitor
C, without changing the cut-off frequency? Suppose
that we increase R; by nearly 40 times to 10 k12, can we
reduce the value of Ck by 40 times and yet still obtain
the same cut-off frequency? To obtain the answer,
we examine the value of CR in this case. On substituting
the correct values, including the new value of RA, into
equation (13), we find that :-

CR = C,, x 873
Thus we can indeed reduce the value of C, without
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changing the cut-off frequency, but only by about four
times rather than forty times. If a rule of thumb is
required, the only safe one is that the reactance of
capacitor Ck should be low (say less than ten times)
compared with 1/g,, rather than compared with RI,
at the lowest operating frequency.

With valves at least the usual rule of thumb is satis-
factory for use with normal amplifier circuits, even if
this is just a lucky accident. What of transistor emitter
by-pass capacitors, what value should they have? Here
some people carry over the rule of thumb from valve
circuits and say hopefully that the emitter by-pass
capacitor should have a reactance of one tenth of the
emitter resistor value at the lowest operating frequency.
After our experience with the valve case, it will be as well
to defer comment until the circuit has been analysed.

In the transistor circuit of Fig. 4, we can say without
doubt that I, - Ib + I,.. If required, Kirchhof can be
invoked but it would seem to be common sense that what
goes in must come out somewhere. In addition, let us
make the assumption that Ie = al where a is a constant.
This is an assumption which we can use safely at low
frequencies with small signals as we can see from examina-
tion of the characteristic curves of a transistor. Accepting
these two equations of operation, it is not too difficult
to derive for the circuit of Fig. 4 an expression for the
collector current I, :-

ccV,

Z, (1 - a) Z .. (14)

Now suppose that Z is a resistor R,, Z, is a resistor
R, and Ze comprises a resistor R2 in parallel with a
capacitor C, both in series with a resistor R, as shown in
Fig. 5. Thus :-

Ze = R"+1 +R2 (15)
jR2coR2

By substituting the various component values into
equation (14), we can obtain an expression for the voltage
gain of Fig. 5. :-

Z'

aR
R, (1 - a) ± R, - R2

1 -4- jwCR2

R2 (R, + (I - a)R,)
1 4 jc0C R2 + Re ± (1 - a)R,

Equation (16) can be compared with equation (4). Once
again there is a fixed term and a frequency dependent
term, the latter having the form :-

1 + joiCR,
1 + j °JCR

where

(16)

R2 (Re (1 - a)R,)
R R2 + Re + (1 - a)R, .. (17)

The imaginary resistor R can be thought of as a resistor
R2 shunted by the series combination of Re and (1 - a)R,.
The frequency response obtained with the arrangement
of Fig. 5 can be plotted as shown in Fig. 6. In this
case :-

1

CR

so that the critical frequency is determined by :-
122(R, -t- (1 - a)R,)

CR = C .. (19)
R2 + Re ± (1 - a)12,

Usually R,. + (1 - a)R, will be small compared with R,
and the former can therefore be ignored as a first approx-
imation in the denominator of (19). On this assumption :-

CR -- C (Re (1 1)R,) .. (20)

Fig. 5. Transistor stage with
emitter by-passcapacitor C.

')2- C kiRk
C.)

Fig. 6. Variation with fre-
quency of transistor stage
gain.

Thus with the transistor circuit, the minimum frequency
at which the emitter capacitor C is effective depends
largely on Re, R, and a rather than on R2. The reactance
of capacitor C should therefore be small compared with
R,. i- (1 - a)R, at the lowest operating frequency in
order to reduce the amount by which R2 causes the gain
to be reduced, even though R, is not in the emitter
circuit.

Once again, the insertion of a few typical numerical
values will make the position clearer. Suppose that
Re = 2051, R2 = 1101, R, = 101(0 and a = 0.99,

1000 (20 +- 10,000 x 0.01)
then R 1075

1000 + 20 10,000 x 0.01
This value is much nearer to (Re + (1 - a)121) -- 12051
than it is to R2 = lk n, though if instead we happen to be
using a value of R2 in the region of 100 SI then the old
rule of thumb would give a reasonable answer. Un-
furtunately a value of R2 as low as 10011 would be likely
to lead to thermal problems in many cases.

Thus the old rule of thumb should be used with
caution, if it is used at all, in either valve or transistor
circuits. However, it is always safe to say that the by-pass
capacitor reactance at the lowest operating frequency
should be low compared with 1/g,,, in the valve case and
with (Re + (1 - a)R,) in the transistor case. It is
interesting to note that the base series resistance R,
has a large effect on the temperature stability of a tran-
sistor stage as well as on the frequency response.

REFERENCE

.. (18) 1. Young, J. F., A Transistor Characteristic Curve Tracer'
Electronic Engineering, Vol. 31, p.330, 1959.
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MANUFACTURERS' PRODUCTS

Plug-in Sampling Unit
A NEW plug-in unit that converts the
existing 530, 540 and 550 series of
Tektronix oscilloscopes into d.c. to
1 Gc/s sampling scopes is announced
by Tektronix UK Ltd., of Beaverton
House, Station Approach, Harpenden,
Herts. Known as the 1S1 plug-in, it
has internal triggering facilities that ex-
tend to over 1 Gc/s, calibrated sweep
speeds from 0.1 nsec/cm to 50 ,usec/cm
and a unique " time magnifier " which
allows any part of the display to be
magnified up to 100 times horizontally
without reducing the display dot den-
sity. The sweep speed, even when
magnified, is read directly from a single
knob.

Calibrated vertical sensitivities range
from 2 to 200 mV/cm and a d.c. offset
control is provided which allows milli-
volt signals to be observed in the
presence of up to +1 volt input levels.
Provision is also made for driving x -y
and y -t chart recorders.
SWW 301 for further details

Power Units for Logic Systems
A MODULAR unit for powering digi-
tal logic systems is being offered by
Standard Telephones and Cables Ltd.
Operating from 210-250 V, 50-60 c/s
supplies, it provides 1 A at 24 V d.c.
and 0.5 A at -6 V d.c. Separate volt-
age controls are provided and allow ad-
justment from 20.6 to 27.6 V on the
24 V rail and from - 5 to -7 V on the
-6 V rail.

The long and short term stability of
the Type 19G power unit over the
entire load range-and for 20".; input
variation-is better than 250 mV on the
24 V rail and better than 60 mV on the
-6 V rail. The maximum ripple volt-
age is quoted to be 1 mV r.m.s. and
protection is provided against accidental
overload by means of a semiconductor
current -limiting circuit. Both rack
mounting and bench mounting versions
of the Type 19G power unit are avail-
able from Electronic ServiCes, S.T.C.,
Edinburgh Way, Harlow, Essex.
5WW 302 for further details

Small Industrial Relay
A COMMERCIAL version of the Clare
Type F "crystal can" relay is an-
nounced by Clare -Elliott Ltd., a mem-
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NEW ELECTRONIC EQUIPMENT AND ACCESSORIES

ber of the Elliott -Automation Group.
This small two -pole relay designated
CF is primarily intended for computer
and machine tool applications, and has
been tested at speeds up to 30 c/s for
10 million operations without failure.

Sensitivity is 300 mW and maximum
operate and release times is claimed to
be 5 msec. Other specification details
include a typical contact resistance of 25
milliohms (75 maximum) and contact
ratings of 28 V d.c. resistive at 3A, 115 V
a.c. resistive at 1 A and 88 V d.c. in-
ductive at 1 A.

The company's address is 70 Dudden
Hill Lane, Willesden, London, N.W.10.
5WW 303 for Wither details

Type ISI plug-in sampling unit for
existing Tektronix oscilloscopes.

S.T.C. Type I9G power unit pro-
vides dual outputs suitable for
driving analogue/digital conver-
ters and system logic circuits.

Spark Erosion Machine
A SMALL spark erosion machine
suitable for machining extremely small
components is announced by the South
London Electrical Equipment Com-
pany, of Lanier Works, Hither Green
Lane, London, S.E.I3. This machine,
known as the Arcotron, uses a dielectric
liquid to reduce the distance between
the cutting electrode and the workpicce.
This allows a practical working volt-
age to be used and also serves to cool
the operation and by flushing, to carry
away the erosion products from the
gap.

The Arcaron is capable of cutting
slots down to approximately 0.00035 in

Small industrial relay, Type CF, !'rom Clare -
Elliott Ltd.

Precision spark eroder for use in the manu-
facture of micro -miniature components and
apparatus. It is being mode by the South
London Electrical Equipment Compony.
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wide and alignment is to approximately
0.00002 in. A surface finish of approxi-
mately 3 microns is obtainable with
this bench -mounted machine. Spark
rate is about 1 Mc/s.

Applications for this machine in the
electronics industry have so far been in
the manufacture of evaporation masks,
thin film resistor patterns and micro-
wave components such as millimeter
wavelength reflex klystrons.
SWW 303 for further details

" Broadcast" Vidicons
THE range of separate mesh one -inch
vidicons manufactured by the English
Electric Valve Company has been ex-
tended with the introduction of two
new units having high peak response in
tne " blue " region of the spectrum.
Entirely new photo -surfaces have been
incorporated in these tubes, the 8625
(P846) and 8626 (P847), which give
high resolution at high signal currents,
correct panchromatic response with
tungsten illumination, low lag and re-
duced long term sticking characteristics,
and a very high and uniform sensitivity.
The improved features have resulted in
new manufacturing techniques whereby
the photo -surfaces are " prefabricated "
to ensure an overall even deposition.
The extra blue sensitivity has also
been found to improve considerably the
signal to noise ratio in colour television
cameras, While the 8625 (P846) has the
standard 6.3 V/0.6 A heater. the other
tube has a low consumption 6.3 V/
0.095 A heater.
SWW 305 for further details

General-purpose Bridge
AN instrument containing a resistance -
capacitance bridge, a resistance -
capacitance -inductance comparator, a
capacitance leakage/inductance-resist-
ance analyser, a d.c. valve voltmeter and
a d.c. valve ammeter has been intro-
duced by the EICO Electronic Instru-
ment Co. Inc., of 131-01 39th Avenue,
Flushing, New York 11352. Called the

EICO 965 FaradOhm Bridge Analyser,
this instrument is suitable for measuring
resistance from 0.511 up to 500 M11
(insulation resistance up to 100,000 M11)
and capacitance from 5 pF to 5,000 IfF.
The internal supply to the bridge is
only 0.45 V a.c. (at line frequency) which
allows the instrument to be used for
testing very low voltage components. An
external voltage at a higher frequency
and/or voltage may also be used, and an
external polarizing voltage may be ap-
plied if required.

The six -range valve voltmeter and
eleven -range valve ammeter-required
for capacitance leakage/inductance-
resistance analysis-may be used ex-
ternally. The full scale voltage ranges
cover 1.5 to 500 V d.c. with an input
impedance of 10 Mit on all ranges. Cur-
rent range, full scale, is from 150 nA
to 15 mA and the full scale voltage drop
on all ranges is 75 mV.

The price of this instrument in the
United States is $129.95.
5WW 306 for further details

Transistor Tester
AVAILABLE either as a kit of parts
or ready made is the new Heathkit
Model IM -30U transistor tester. It
provides facilities for testing most p -n -p
and n -p -n transistors and has a 15 ,,A
basic range for leakage measurements.
Tests up to 9 volts are effected from
internal batteries and provisions are
made for connection to external sup-
plies for higher voltage and current
tests. The Model IM -30U costs
£24 18s Od in kit form and £35 lOs Od

assembled and is available from Dm -
Strom, of Gloucester.
5WW 307 for further details

Small Closed-circuit Camera
ONLY 4', inches long and weighing
under two pounds is the new all -
transistor closed-circuit television
camera developed by EMI Electronics
Ltd., of Hayes, Middx. The camera

INFORMATION SERVICE FOR PROFESSIONAL READERS
To expedite requests for further information on products appearing in
the editorial and advertisement pages of Wireless World each month, a
sheet of reader service cards is included in this issue. The cards will be
found between advertisement pages 16 and 19.

We invite readers to make use of these cards for all inquiries dealing
with specific products. Many editorial items and all advertisements are
coded with a number, prefixed by 5WW, and it is then necessary only to
enter the number(s) on the card.

Readers will appreciate the advantage of being able to fold out the sheet
of cards enabling them to make entries while studying the editorial and
advertisement pages.

Postage is free in the U.K. but cards must be stamped if posted overseas.
This service will enable professional readers to obtain the additional
information they require quickly and easily.

can operate on 405, 525 and 625 line
standards and changing from one to
another is achieved simply by pressing
a button. The camera head equipment
is contained in two sealed stainless -steel
cylinders, each 41 in long and of 1.7 in
diameter. The lens head unit, which is
fitted with a half -inch vidicon tube, can
be up to 100 ft away from the amplifier
head unit and is joined to it by cable.
Camera control unit and other units
comprising the camera channel can be
up to 1,000 ft away.
5WW 30S for further details

Counter -timers
THE 3 Mc/s universal counter -timers
(Types TM51B and TM51C) intro-
duced last year by Levell Electronics
Ltd. are now being produced under a re-
vised specification which increases their
top counting frequency to 6 Mc/s. The
sensitivity figures are also revised and
are as follows: 35 mV up to 300 kc/s,
100 mV at 3 Mc/s and 300 mV at
6 Mc/s. The ageing rate of the crystals
has also been improved and now is 2
parts in 10'/week for the TM51B and
3 parts in 10'/month for the TM51C.

Both instruments are portable, have
five -digit displays and differ only in the
stability of the internal 1 Mc/s crystal
reference standard. No change is to be
made to the type numbers, or the price
of the instruments which is £275 for the
Type TM51B and £295 for the TM51C.
The company's address is Park Road,
High Barnet, Herts.
5WW 309 for further details

Klystron Power Supply
A SOLID-STATE power supply has
been developed for medium -power kly-
strons by Microtest Ltd., of 9 Old Bridge
Street, Kingston-upon-Thames, Surrey.
It offers a fixed, regulated 300 volt out-
put to drive the cathode (resonator), a
continuously variable 0 to -300 volt
output for the reflector and a 6.3 volt
a.c. output for heaters. Current ratings
are from zero to 50 mA, zero to 500µA
and 2 A respectively.

The reflector supply can be internally
square wave amplitude modulated at
frequencies between 900 and 4,000 c/s
or externally frequency modulated by
means of sawtooth waveforms or sine -
waves. Amplitude of the internal modu-
lation is 200 volts and is provided by
a valve circuit.
5WW 310 for further details

Voltage Amplifier & Charge
Amplifier

TWO new signal conditioning devices
for piezoelectric accelerometers, a Type
1-302 voltage amplifier and a Type 1-
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303 miniature charge amplifier, are an-
nounced by the Consolidated Electro-
dynamics Division of Bell and Howell
Ltd., of 14 Commercial Road, Woking,
Surrey. Two standard models of the
voltage amplifier are available. One is
equipped with a voltage limiter and an
adjustable voltage control oscillator re-
ference supply, and the other contains
an augmenter (power amplifier) that can
drive several hundred feet of cable or
very low load impedances (down to
1,200) without distortion of the signal.

The Type 1-303 charge amplifier is
the first of a series to be introduced by
Consolidated. It features low power
drain, wide frequency response (5 c/s
without the requirement of a long time
constant), good stability under extreme
environmental conditions, and low out-
put impedance.

Transistors are used in the voltage
amplifiers, which weigh 45 grams, and
in the charge amplifier which weighs 25
grams.
5WW 311 for further details

Push -Button Reed Switches
A NEW push-button reed switch pro-
viding complete separation between the
mechanical and electrical functions is
being manufactured by Highland Elec-
tronics Ltd., of 26-28 Underwood
Street, London, N.1. A cylindical
magnet connected to the end of the
push-button is used to operate a pair
of reed switches which are individually
encased in glass tubes and mounted in
p.v.c. shock absorb,:rs on the outer part
of the assembly.

The standard switch is supplied with
two make contacts, however, other con-
figurations can be supplied such as two
break, one make and one break, and
two changeover. The d.c. contact rat-
ing varies from 0.5 to 10 watts accord-
ing to the construction and the type of
contact used.

The operating time of the switch,
which the makers claim is independent
of the speed of operation of the push-
button is approximately 500 nsec.
Release time is a few microseconds.
The magnets in these switches are not
demagnetised or influenced by normal
stray fields and do not require magnetic
shields. At full rating, the life span is
107. The approximate dimensions are
2.316 in long by .4 in diameter. Maxi-
mum weight is 2 oz.
SWW 312 for further details

"Domestic" Transistors
SEVERAL new transistors have recently
been introduced by Mullard Ltd. for
domestic receivers, including a series
with the trademark TVistor. So far
there are four transistors in the TVistor
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A new photo -surface material has been used on two new one -inch
separate -mesh vidicons from the English Electric Valve Company.

EICO Model 956 FaradOhm Bridge Analyser.

television camera made b1 EMI
Electronics Ltd. for closed-circuit applications.
The head amplifier for the camera is housed
in the rear stainless -steel container.

Right: Universal counter -timer Type TM5/ C
with a top counting frequency of 6 Mc s
(Levell Electronics Ltd.).

Heathkit Model IM -30U transistor tester
from. Daystrom Ltd.

Right: Microtest Type 700 klystron power supply.

14' 1 -?-4) 400
yr

 410 lip 0
*

Left: Voltage amplifier and
charge amplifier produced
by Consolidated Electro-
dynamics for use with piezo-
electric accelerometers.
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TVistor series of transistors Mullard's have introduced especially
for domestic television applications.

Fluke Model 5408 thermal transfer' standard. Thermal
reversal error is less than 0.01? of input.

series: AF186, an amplifier and self -
oscillating mixer for u.h.f. tuners; AF180,
an amplifier for v.h.f. tuners; AF178 a
mixer/oscillator for v.h.f. tuners; AF181
and AF179, which are both vision i.f.
amplifiers.

The AF186 is an alloy -diffused tran-
sistor and can be contrclled with for-
ward a.g.c. to give improved signal -
handling whilst retaining a low voltage
standing wave ratio at the aerial input.
The AF178 and AF180 are germanium
alloy -diffused transistcrs and a typical
noise figure of 5 dB and a gain figure
of 18 dB is quoted for the AF180 which,
incidentally has a control range with
attenuation of 40 dB. The remaining
two transistors, the AF179 and AF1S1
provide power gains of 75 to 80 dB in
typical i.f. stages. The AF181 is pri-
marily intended for use in the first stage
of i.f. amplifiers (or as a second stage
in a three -stage unit) where adequate
gain control is necessary if maximum
signal-to-noise ratio is to be achieved.
Hence the AF181 has a large control
range-greater than 50 dB. The com-
panion transistor, the AF179 is particu-
larly suitable as an output device as it
is able to maintain a constant gain at
high current levels and has high dissipa-
tion characteristics. It also features low
bottoming (voltage) at high frequencies.

A line -output transistor designated
AU103 and a silicon efficiency diode
BY118-both intended for use in con -
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Model EMT 125 low -frequency millivoltmeter (Elektromess-
technik Wilhelm Franz KG).

frID.

Twenty-four contact printed circuit board edge connector
(Ferranti Ltd.).

junction with the A28 -13W eleven -inch
television picture tube-have been de-
veloped by Mullard's for portable tele-
vision applications. The transistor has
a collector -emitter voltage rating of 155
volts and a collector current rating of
10 A with fast turn-off characteristics.
Fast switching is also claimed for the
diode which has a reverse voltage rating
of 300 V and a current rating of 14 A.

Mullard's have also recently produced
a new r.f. transistor which they claim
will make possible a reduction in the
number of i.f. stages in a.m. and f.m.
receivers. This silicon epitaxial planar
device, designated BF115, is suitable for
use up to 100 Mc/s-noise level at this
frequency is about 3.6 dB-and has a
high forward gain coupled with a low
value of feed -back capacitance. A figure
of not greater than 0.7 pF is quoted for
a collector -to -emitter voltage of 10 V.
Other features of this device include
good a.g.c. performance, high resistance
to voltage surges, a V,., o rating of 50 V
and a knee voltage of less than 1 V at
10 mA.

5WW 313 for further details

Low -frequency Millivoltmeter
A NEW high -stability millivoltmeter
that can also be used as a laboratory
measurement amplifier is announced by
the German manufacturers Elektro-

messtechnik Wilhelm Franz KG, whose
address is 763 Lahr/Schwarzwald,
Kaiserstrasse 80. Designated EMT
125, it covers 1 mV to 300 V (f.s.d.) in
twelve ranges and has an input imped-
ance of 1 Ml l. The output impedance
in the amplifier mode is 412.

Transistors are used throughout the
EMT 125, which conforms to the DIN
45 402 specification. The instrument
is fully protected against accidental
overloading and bursts of h.f. The
upper cut-off frequency of the EMT
125 is 200 kc/s but, by switching, this
may be reduced to 20 kc/s.
5WW 314 for further details

A.C./D.C. Comparator
AN instrument for accurate a.c. voltage
and current measurement using thermal
transfer techniques is being made by the
John Fluke Manufacturing Co. Inc.
Called the Model 540B thermal transfer
standard, it has fourteen voltage ranges
covering 0.25 to 1,000 V r.m.s., with a
frequency range of 5 c/s to 50 kc/s and
an input impedance of 182 ohms/volt of
input.

Without the use of calibration curves
or correction tables, the basic a.c. to d.c.
transfer accuracy is + 0.01%. The trans-
fer is achieved by means of a specially
constructed vacuum thermocouple which,
incidentally, is protected against over-
load. Each input range may be used
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Low frequency signal generator intro -

Five -watt transistor local oscillator unit designed to
duced by Linstead Electronics Ltd.

operate at 2Gc:'s. This unit is part of the new G.E.C.
range of transistor microwave communications equip-
ment.

Heathkit reflected power meter
v.s.w.r. bridge Type HM -111J.

and

to measure voltages from 1. to 1 times
the range setting; maximum galvano-
meter resolution varies between 0.0012
of input per scale division at 1 times
to 0.006% of input per scale division at
I of range setting.

A series of thirteen shunts are avail-
able for the 540B and allow precision
current measurements from 2.5 mA to
10 A a.c. The basic accuracy is + 0.03 "
and the frequency range is from 5 c/s to
100 kc/s.

Nine high -frequency thermal con-
vertors are also available for the 540B
and extend the frequency range of the
instrument to 50 Mc/s. One is provided
for each voltage range from 0.5 to 50 V
and may be used at 1 to 1 times the
rated voltage.

This instrument is available in the
United Kingdom through Livingston
Laboratories Ltd., of 31 Camden Road,
London, N.W.I.
5WW 315 for further details

One of the Moduline series of rotary switches
offered by Diamond H Controls Ltd.

Printed Circuit Board Edge
Connectors
A SELECTION of single- and double -
sided printed circuit board edge connec-
tors is available from Ferranti Ltd., of
Kings Cross Road, Dundee. Contact
sizes range from 8 to 40 in multiples
of 8. The spacing between contacts is
0.150 in and the d.c. working voltage is
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450 V. The current capacity of each
pole is one amp.

Polarizing keys are provided which
may be inserted into any of the pole
positions without removal of, or damage
to, the contact concerned. The con-
tacts are of phosphor bronze and the
actual contact area is gold-plated to a
depth of 0.0002 in.
5WW 316 for further details

Low -frequency Signal Generator
COVERING the frequency range 10 c/s
to 100 kc/s in four switched ranges is
the Model GI generator from Linstead
Electronics Ltd., of 35c Newington
Green, London, N.16. This unit,
which operates from the mains, pro-
vides up to 6 V r.m.s. sine wave out-
put, up to 9 V p -to -p square wave out-
put, and up to one watt at three ohms
over the frequency range 50 c/s to
20 kc/s. The GI measures 83 X 62 X
6 in, weighs 7', lb and costs £20.
5WW 317 for further details

Transistor Microwave
Equipment
MICROWAVE communications equip-
ment using transistors throughout is
being manufactured by G.E.C. (Tele-
communications) Ltd., of Coventry. So
far G.E.C. have two units in production,
one suitable for main trunk routes and

will carry 960 speech circuits-or a tele-
vision channel-in the frequency bands
1.7 to 1.9 Gc/s and 1.9 to 2.3 Gc/s.
Auxiliary equipment for this two -watt
link has also been transistorized.

A capacity of 300 speech channels is
provided by the second unit, which
operates between 7.4 and 7.7 Gc/s. This
equipment is suitable for spur applica-
tions and a feature is that any part of
the baseband may be dropped and re-
inserted at any repeater station without
demodulation of through circuits.
SWW 318 for further details

Rotary Switches
MODULAR rotary switches introduced
in the United States a few months ago
by the Oak Electro/netics Corporation,
are now being made-up by the British
subsidiary Diamond H Controls Ltd.
This series of switches, designated
Moduline, gives the design engineer a
wide range of variables, as follows: 6
different switch sizes; 101 different sec-
tions; choice of up to 24 positions; 6
different shaft ends; 24 options of flat
angle; 1 choice of bushing; 2 locating
key positions; 383 variations of the com-
plete assembly; 5 choices of detent angle,
depending on the type of switch; and 24
different shaft lengths.

The address of Diamond H Controls
Ltd. is Vulcan Road, Norwich, NOR
85 N.
5WW 319 for further details

Reflected Power Meter &
V.S.W.R. Bridge
AN inexpensive instrument that can be
used to indicate percentage forward and
reflected power, and voltage standing
wave ratio is announced by Daystrom
Ltd., of Gloucester, in the form of the
Heathkit Model HM -11U. Although
designed primarily for use with amateur
radio transmitters, this instrument has
an r.f. power handling capability of 1 kW
and may be suitable for some com-
mercial applications. The input and
output impedance of the Model HM -
11U is 755.2 and the band coverage is
from 160 to 2 metres (2 to 150 Mc/s).
Insertion loss from 160 to 10 metres
is less than 1 ",, and less than 10-, up to
2 metres.

This instrument measures 4 X 73 X
4,'a and weighs 21 lb. Assembled,
the price of the Model HM -11U is
£10 lOs Od and in kit form it costs
£8 5s Od.
SWW 320 for further details

High -power S.S.B. Tetrode
ABLE to develop a load power of 1 kW,
the new Mullard YL1230 tetrode utilizes
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Mullard 11.1230 metal -ceramic tet-
rode for s.s.b. applications at
frequencies up 209 Mc's.

Metal oxide resistor kit from Electrosil Ltd.

metal -ceramic techniques to ensure opti-
mum stability, high gain and low dis-
tortion, and is suitable for single
sideband applications. At 1 kW output
level -40 dB can be achieved without
the use of r.f. feedback.

Typical s.s.b. operating conditions for
the YL1230, which is suitable for use
at frequencies up to 200 Mc/s, are as
follows: Va 2.5 kV; Vg, 250 V; - V,-
-50 V; Ia 600 mA; and p -e -p output
of 1.2 kW.
5WW 321 for further details

Metal Oxide Resistor Kit
A METAL oxide resistor kit contain-
ing thirty values of resistor, each with
three ratings (general purpose, high -
stability and semi -precision) has been
introduced by Electrosil Ltd., of Pallion,
Sunderland, Co. Durham. The kit is
housed in a cabinet measuring 14 x 12 X
5 in and normally covers the E6 range of
preferred values, but special combina-
tions of resistance values can be sup-
plied to order. The resistors are
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S.T.C. Type 74251 millivoltmeter introduced
for general purpose and telecommunications
use.

qualification approved to DEF 5114A and
have Post Office approval to D.2228A.
Stability of all resistors is 0.5% at semi -
precision rating, 1% at high -stability
rating, and 2% at general purpose rat-
ing. Standard tolerances are 51/4, 2%
and 1", .

5WW 322 for further details

Differential Amplifier
Transistors
TWO isolated high -gain, low -noise sili-
con planar transistors housed in a micro-
miniature encapsulation about 150 times
smaller than a TO -5 transistor can are
being manufactured by the National
Semiconductor Corporation. The two
transistors in the block, designated
NS7070, have a d.c. beta of 100 and are
matched to within ± 10"..; the base -
emitter voltages differ by less than 5 mV.
The change in base -emitter voltage
differential with temperature is 10 i,V
per degree Centigrade from -55 to
+125°C, when the collector voltage is
5 V and current is 10 Connections
to the block, which measures 0.080 x
0.065 X 0.065 in, are by 0.005 in wires
that can be soldered or welded.

These silicon blocks are handled in
the United Kingdom by Walmore Elec-
tronics Ltd., of 11-15 Betterton Street,
Drury Lane, London, W.C.2.
5WW 323 for further details

Millivoitmeter
A NEW general purpose a.c. millivolt -
meter, covering 0-1 mV, 0-3 mV up to
30 V f.s.d. in ten ranges, is announced
by the Transmission Testing Appara-
tus Division of Standard Telephones
and Cables Ltd., Corporation Road,
Newport, Mon. An active probe is
employed with the new 74251 millivolt -
meter, making it suitable for use in the

frequency range 20 c/s to 20 Mc/s. In-
put impedance is greater than 100 kf..2
in parallel with 40 pF.

An easy -to -read meter display contain-
ing two r.m.s. voltage scales and a
decibel scale for use with 75 -ohm circuits
is provided and all the switching func-
tions, including range, are by push-but-
ton. This portable, transistorized instru-
ment may also be used as a bridge de-
tector, and its calibrating oscillator can
be used to supply approximately 100 kc/s
at 300 mA for external use. The inter-
nal amplifer may also be used for exter-
nal applications.
5WW 323 for further details

Tunable Magnetrons for
Frequency Diversity Radar
TWO tunable magnetron, designed to
provide the controlled frequency jumping
required by diversity radar systems are
announced by Mullard Ltd. These
magnetrons, which have been desig-
nated JPS9-80 and JPS9-200, operate in
the frequency range 8.5 to 9.5 Gc/s and
are tuned by a high-speed spinning
tuner mounted in a specially designed
resonant cavity. This provides a " fail-
safe " arc -free type of tuning and is
driven by a simple servo -motor. The
system covers 450 Mc/s in 500 !'sec in
a quasi -sinusoidal manner.

This type of drive which utilizes the
fringe fields of the magnetron magnet
is said to avoid the inherent life limita-
tions of the slower, hydraulic systems
and the life of the units is dependent
only on the cathode life-as with fixed
frequency magnetrons. They are also
considerably smaller than the hydraulic-
ally tuned magnetrons or the high -
power klystrons of the type normally
used in the local oscillator power am-
plifier chain of a radar system. They are
in fact only slightly larger than the fixed
frequency types. The smaller of the
two, the JPS9-80, weighs 8 lb and has
a minimum output power rating of
70 kW, while the other weighs 15 lb
and is rated at 200 kW.

These spin -tuned magnetrons may be
used at fixed or programmed pulse
repetition rates with a variation in out-
put frequency, or at fixed or pro-
grammed frequencies with a variation
in repetition rate. The smaller of the
two is now in production and develop-
ment samples of the JPS9-200 are avail-
able.
5WW J25 for further details

Airmec
The upper limit of the frequency

range of the Airmec Type 298 counter
advertised on page 77 of our April issue
is 100 Mc/s, not 50, as stated in error.
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WORLD OF WIRELESS
Colour Television Deadlock
THERE now seems little likelihood of an internationally
agreed standard for colour television. The two-week meet-
ing in Vienna of the C.C.I.R. television study group, which
was attended by some 200 delegates from 45 countries, ended
with a majority vote for SECAM (22) with PAL second (11)
and N.T.S.C. third (6). It now remains to be seen whether
any countries will introduce a service using the system of
their choice, although the C.C.I.R. statement at the con-
clusion of the meeting said efforts to secure agreement on a
single system must continue and the subject will be examined
again at its plenary assembly in Oslo in 1966.

The countries voting for the three systems were:-
SECAM:-Algeria, Argentina, Bulgaria. Byelorussia, Cameroon,

Czechoslovakia, France, Gabon, Greece, Hungary, Luxembourg. Mali,
Monaco, Morocco, Niger, Poland, Rumania, Spain, Tunisia, Ukraine,
Upper Volta and U.S.S.R.

PAL:-Austria, Denmark. Finland, Iceland, Ireland, Italy, New
Zealand, Norway, Sweden. Switzerland and West Germany.

N.T.S.C.:-Brazil, Canada, Japan, Netherlands, U.K. and U.S.A.
Six countries abstained:-Australia, Belgium, Pakistan, South Africa,

Turkey and Yugoslavia.
With no decision made at Vienna, there is opportunity for

further evaluation of existing and new systems (see, for
example, p. 210). A statement by the Postmaster General
that the implications of Vienna must be fully considered
before a date can be fixed for introducing colour in Britain
suggests that the U.K. is not necessarily committed to
N.T.S.C. Within days of the end of the conference the
Television Advisory Committee met to discuss the situation.
Engineering thinking within the I.T.A. and the programme
companies, now appears to be favouring PAL.

Component Industry's Balance of Trade
ALTHOUGH the overall 1964 import-export figures for the
component industry given in the 32nd annual report of the
Radio & Electronic Component Manufacturers' Federation
show a credit balance (exports £58.7M. imports £24.2M)
certain products show an adverse balance of trade. For
example, the value of exported transistors and semiconductor
devices is given at £2M (a 5% decrease on 1963) compared
with imports of £5.3M (a 56% increase). Exports of valves,
c.r. tubes and parts increased by only 3% to £9.6M, whereas
imports went up by 27% to £7.6M. Capacitor and resistor
exports totalled £3.2M although imports stood at £4.3M. It
should be stressed however that neither the export nor import
figures take account of components used in complete gear.

Cylindrical steel mast
at Winter Hill, near Bolton,
Lancs, which will carry the
aerials for both the B.B.C.
and I.T.A. transmitters. It
is 1,015ft tall. The lattice
section (above 650ft) will
support the aerials which
will be enclosed in curved
glass -fibre sheets thus
keeping a cylindrical shape
for the whole mast, The
aerials are being supplied
by E.M.I. Electronics and
the mast by B.I. Callender's
Construction Co. A similar
mast, but I,265ft toll, is
being built at Emley Moor,
Yorks.

As in recent years, there were three main sources of com-
ponent imports, the Netherlands (£3.2M), the U.S.A. (£3M)
and West Germany (£2.4M), which together accounted for
77% of the world total. The principal markets for British
components were South Africa (£2M), Sweden (£1.9M),
India (£1.8M), Netherlands (£1.8M) and Finland (£1.7M).

The R.E.C.M.F. Report also refers to the plans made for
the setting up of a European committee for co-operation
between component manufacturers' associations in Belgium,
France, W. Germany, Italy, the Netherlands and the U.K.
The title chosen for the organization is the Committee of
European Passive Electronics Component Manufacturers'
Associations (C.E.P.E.C.).

Radio istronomy: Fleck Committee Report
FOR just over three years the Radio Astronomy Planning
Committee, set up by the Government under the chairman-
ship of Lord Fleck, has been considering the probable future
developments in radio astronomy. The twelve -man com-
mittee* has been considering in particular the proposals for
new and large radio telescopes for which Government aid is
likely to be required, the best ways of providing and operat-
ing them and the question of international co-operation in
the field of radio astronomy.

The committee's report has now been issued in which it
pays tribute to the work of British radio astronomers, parti-
cularly the teams led by Hey at R.R.E., Lovell (Manchester)

*Sir Edward Appleton (Edinburgh University), Dr. D. G.
Christopherson (Dutham University), Dr. W. L. Francis (D.S.I.R.),
Dr. J. S. Hey (R.R.E., Malvern). Prof. F. Hoyle (Cambridge Univer-
iity), Sir Willis Jackson (London University). Sir Ewart Jones (Oxford
University). Sir Bernard Lovell (Manchester University), J. A. Ratcliffe
Radio Research Station), Prof. Martin Ryle (Cambridge University) and
Sir Richard Woolley 'Astronomer Royal).
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and Ryle (Cambridge), and recommends that "as a matter of
policy for at least the next eight years, the U.K. should press
forward with research in radio astronomy at the existing
centres giving it generous treatment."

The committee draws attention to the danger of electrical
and radio interference which could severely restrict the use of
the existing and planned radio telescopes at Jodrell Bank,
Cambridge and Malvern, and appeals for the continued co-
operation of the appropriate planning authorities in safeguard-
ing this work because they regard it as of national scientific
moment.

Space Science Laboratory
HOLMBURY HOUSE, a Victorian mansion near Dorking,
Surrey, has been purchased by University College, London,
and will be equipped as an outstation of the Physics Depart-
ment and be devoted to space science research. The purcaase
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has been made possible by a gift of £65,000 from the Mullard
Company and the centre will be known as the Mullard Space
Science Laboratory. It will be headed by Professor R. L.
Boyd who will initially have a staff of 50 when the laboratory
is opened at the beginning of the next academic year
(October).

Scientists at the Laboratory will be engaged both on the
planning and design of experiments using instruments to be
carried in satellites or rockets, and on the subsequent analysis
of information received from these flights, together with
related laboratory studies. The teams research programme
for the next three years plans to utilize eight satellites-two
from the European Space Research Organization (ESRO) and
the remainder from America. It will also be employing a
large number of high -altitude research rockets. One was
recently launched (using a " Skylark " from Sardinia under
ESRO auspices to investigate electron temperature in the
ionosphere at altitudes between 90 and 170 km.

More BBC -2 Stations:-By the end of this year live more
major BBC -2 stations will be brought into service, making
seven in all. The locations, transmitter characteristics, and
opening dates arc: Wenvoe, Glam (channel 51, e.r.p. 500kW)
opening Sept. 12th; Winter Hill, Lancs (62/500) Oct. 17th;
Emley Moor, Yorks. (51/1000) Oct. 17th; Rowridge, I.o.W.
(24/500) Nov. 14th; and Black Hill, Lanarks (46/500) Dec.
12th. The permanent 1000kW transmitter at Sutton Cold -
field, Warks., on channel 40, will begin operating on October
4th. All thew u.h.f. transmitters will use horizontal
polarization.

Stereo Transmissions.-As a result of the extension of the
B.B.C's Third Network Music Programme into the after-
noons, the experimental pilot -tone stereophonic transmissions
from Wrotham three afternoons a week have been discon-
tinued. Instead, pilot -tone stereo items are being included
as part of the Music Programme transmissions from Wrotham
on 91.3 Mc/s and Swingate (Dover) on 92.4 Mc/s on Mon-
days from 2.30 to 3.0 p.m. and Thursdays from 11.0 to
11.30 a.m.

R.E.C.M.F. Council.-At the thirty-second annual general
meeting of the Radio & Electronic Component Manufac-
turers' Federation on April 6th the following were elected
to the council for 1965/6:- R. Arbib (Multicore Solders),
E. E. Bivand (S.T.C.), S. H. Brewell (A. H. Hunt), N.
Dundas Bryce (Belling & Lee), R. A. Bulgin (Bulgin & Co.),
B. E. G. Harris (Bakelite), Dr. F. E. Jones (Mullard), Dr.
G. A. V. Sowter (Telcon Metals) and J. Thomson (Morganite
Resistors). At the first meeting of the council the following
were co-opted:- K. Hughes (Rola Celeston), F. W. Irons
(McMurdo Instrument), C. R. Jennings (Formica), E.
Marland (T.C.C.), J. D. Sutton (Parmeko) and E. E. Webster
(Plessey). The new chairman is S. H. Brewell.

Valve and Semiconductor Production.-Sales of British
valves, tubes and semiconductor devices for 1964 show an
increase of 16.9". over those for 1963, according to figures
issued by the British Radio Valve Manufacturers' Asso-
ciation (B.V.A.) and the Electronic Valve and Semiconductor
Manufacturers' Association (VASCA). The relative figures
are:- valves and tubes £48.3M (£42.7M, 1963) and semi-
conductors £23.7M (£18.9M).

BEAMA.-The Kingsway and Ascot offices of the British
Electrical and Allied Manufacturers' Association have been
transferred to Leicester House, Leicester Street, London,
W.C.2. (Tel.: GER 0678). This is now also the address
of the Electrical & Electronic Manufacturers' Joint Education
Board.

A.I.R.O., the Acoustical Investigation & Research Organi-
sation, Ltd., is to hold open days at its new laboratories at
Hemel Hempstead, Herts., on May 6th & 7th. Invitation
tickets are obtainable from A.I.R.O., 42, Store Street, Lcn-
don, W.C.1.
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Amateur Tribute to I.T.U.-To mark the centenary of the
International Telecommunication Union on May 17th, and in
recognition of the link between the International Amateur
Radio Union and the I.T.U., the secretary of Region I of
the I.A.R.U. (John Clarricoats) has been given permission
by the G.P.O. to use the call GB3ITU instead of his own
(G6CL) during May. Special QSL cards are being pre-
pared to confirm contacts with GB3ITU which will operate
in the 3.5, 7, 14, and 21 Mc/s bands and possibly the 28 Mc/s
band. It is also hoped to put GB3ITU in operation during
"The '65 Show" at Earls Court (Aug. 25 -Sept. 4) and also
during September when the I.T.U. Plenipotentiary Con-
ference will be in session in Montreux, Switzerland.

R.T.E.B. Exam. Results.-Of the 688 entrants for the
practical test for the 1964 Final Radio & Television Servicing
Certificate of the Radio Trades Examination Board 462
passed (67 compared with 74", the previous year). A
total of 1,646 entered for the intermediate exam. and 1,081
passed. There were only 19 entries for the Final Elec-
tronic Servicing Certificate and 14 passed. In the inter-
mediate exam. 154 of the 215 entrants passed. All entrants
had previously taken the written papers.

I.E.E. Structure.-A Control & Automation Division is
to be formed by the I.E.E. and the title of the Science &
General Division changed to the Science & Education Joint
Board. This board will co-ordinate the activities of those
professional groups within each of the three divisions
(Control & Automation. Electronics and power) that deal
with basic science and education.

The fifteenth International Apprentice Competition is to be
held, for the first time in the U.K., from July 18th -31st.
Approximately 240 apprentices from Western Europe and
Japan will be competing in practical tests in 25 different
trades in Glasgow. The City & Guilds of London Institute
is responsible for the selection of the British team which is
picked (one representative each trade) from about 1,100
nominations by employer',.

Electron Beam Machining.- At the Mullard Research
Laboratories, at Sal fords, Surrey, on experimental unit has been
built for machining all types of materials-even diamonds-to a
very high degree of accuracy, using an electron beam,
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I.T.U. Centenary:-
One of the two stamps
being issued by the Post
Office on May 17th to
mark the centenary of
the International Tele.
communication Union.

An international Aerospace Instrumentation Symposium
will be held at the College of Aeronautics, Cranfield, Beds.,
from March 21st to 24th next year. It is being sponsored
by the College and the Aerospace Division of the Instrument
Society of America. Further details are available from M. A.
Perry at the College.

A week's full-time lecture/laboratory course on transistor
circuit design is to be held at the Twickenham College of
Technology, Egerton Road, Twickenham, Middx., from May
31st to June 4th. It is intended for graduates or holders of
the H.N.C. in electrical engineering. (Fee, 9gn).

The U.K. Government proposes to increase receiving
licence fees to £5 for a combined television -sound licence
and 25s for sound only from August 1st. When announcing
this in the House of Commons on April 14th the Post-
master General said that the whole question of broadcasting
finance requires further study. This review will be com-
pleted as soon as possible and, the P.M.G. said, must be
seen as part of the wider review of broadcasting policy
which the Government is undertaking, including educa-
tional broadcasting, the allocation of a fourth television
service and local broadcasting.

1966 Battery Symposium.-The fifth international sym-
posium on batteries will be held in Brighton in September
1966. It is sponsored by the Joint Services Electrical
Power Sources Committee which has now taken over the
duties of the Inter -Departmental Committee on Batteries,
organizers of the earlier symposia. Further information is
obtainable from D. H. Collins (secretary of the Committee),
Electrical Dept., Admiralty Engineering Laboratory, West
Drayton, Middlesex

PERSONALITIES
Sir Lawrence Bragg, O.B.E., M.C.,

M.A., D.Sc., F.R.S., is retiring from the
directorship of the Royal Institution a:
the end of August and will be succeeded
by Professor George Porter, M.A.,
Sc.D., F.R.S. Sir Lawrence, who is
a Nobel Laureate, gave up his post of
Cavendish Professor of Physics at Cam-
bridge in 1954 in order to take over the
direction of the Royal Institution.
Professor Porter, who is 44 and is at
present Firth Professor of Chemistry in
the University of Sheffield, recently
gave a series of television lectures on
"The Laws of Disorder." Since it was
founded in 1799 the Royal Institution
has been directed by a resident
professor for whom it has provided ac-
commodation at its headquarters in
Albemarle Street, London, W.I.

S. R. Mullard, M.B.E., M.I.E.E.,
founder in 1920 of the Mullard Radio
Valve Company, has received the
honorary insignia award in technology
of the City & Guilds of London Insti-
tute (C.G.I.A.). Mr. Mullard, who is
81, retired from the managing director-
ship of the company in 1929 but re-
mained a director of Mullard Ltd., and
its associate companies. During the
1914/18 war, he designed and con-
structed radio valves for the Services,
and later, in collaboration with the staff
of H.M. Signal School, Portsmouth.
invented and developed high -power
transmitting valves in fused silica bulbs.

W. R. Thomas, B.Sc., M.I.E.E., has
been appointed group chief scientist of
Elliott -Automation. He joined Elliott
Bros. in 1952 as general manager and
has been a director of Elliott Space and
Weapon Automation Ltd. since 1963.
Mr. Thomas, who graduated at the Uni-
versity of Wales, Aberystwyth, was
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technical officer in the Radio Dept., at
R.A.E., Farnborough, throughout the
war, after which he spent six years in
the Guided Weapons Dept.

Group Captain E. Fennessy, C.B.E.,
B.Sc., M.I.E.E., who, as annnounced
last month, resigned from the managing
directorship of Decca Radar and joined
the Plessey company, has been
appointed chief executive of the new

Gp. Got. E. Fennessy

Electronics Group of the company.
Group Captain Fennessy, who is 53,
served on the staff of No. 60 (Radar)
Group, R.A.F., for the major part of
the war having previously been with the
original Air Ministry radar research
team at Bawdsey Manor from 1938. He
had been with Decca since 1945. E. E.
Webster, M.I.E.R.E., has become chief
executive of Plessey's new Components
Group. Mr. Webster, who is 56, joined
Plessey in 1950 as chief inspector of the
Swindon Region of which he became
general manager in 1961 and director a

E. E. Webster

year later. He started his career with
Marconi Marine and was later with
S.T.C. Throughout the war he was in
the Air and Supply Ministries, after
which he was, for three years, with
Fleming Radio as general manager.
Other chief executives appointed under
the Plessey reorganization are F. Limb,
O.B.E. (Telecommunications Group),
H. E. C. Nash (Automation Group), and
D. R. Trowbridge (Dynamics Group).
Mr. Limb, who is 66, is managing direc-
tor of Ericsson Telephones which he
joined 40 years ago as an engineer.
Mr. Nash (41) who had been a director
of Elliott Processing joined Plessey in
January. Mr. Trowbridge (44) joined
Plessey in 1939 and has been genera!
manager of the Aircraft Equipment
Group since 1962. Plessey also
announce the appointment of G. H.
Doust as chief executive of the Plessey
organization in Australia. Mr. Doust,
who is 49, joined Plessey in 1956 and
has been managing director of Plessey
International Ltd.
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F. J. M. Laver, B.Sc., M.I.E.E., who
joined the Post Office in 1935, at the
age of 20, and was employed at the
Research Station at Dollis Hill, work-
ing at first on radio -frequency measure-
ments and the development of the
quartz crystal clock, has been appointed
an assistant e. -in -c. In 1951 he was
posted to the Radio Planning Branch
and dealt with international radio
questions and since early 1963 he has
been assistant secretary in charge of the
Office Machines Branch of the Treasury
Management Services. He graduated
in logic and mathematics as an external
student of London University.

J. E. Flood, D.Sc., Ph.D., M.I.E.E.,
chief engineer in the Advanced Develop-
ment Laboratories of A.E.I's Telecom-
munications Division, has been ap-
pointed professor of electrical engineer-
ing at the College of Advanced Tech-
nology, Birmingham, which is to become
the University of Aston. Dr. Flood,
who is a graduate of Queen Mary Col-
lege, University of London, has been
closely associated with the development
of electronic telephone exchanges and
has served on the Electronic Research
Committee of the G.P.O. and telephone
manufacturers.

G. R. Scott-Farnie, C.B.E.,
M.I.E.R.E., managing director of Inter-
national Aeradio Ltd. since 1958, has
also been appointed deputy chairman to
the new chairman, Keith Granville,
C.B.E. Mr. Scott-Farnie joined I.A.L.
as operations manager in 1947 shortly
after the formation of the company. For

G. R. Scott-Fornie

the major part of the war he was on
special signals duties in the R.A.F. and
from 1944-45 was signals intelligence
officer on General Eisenhower's staff.
He operates an amateur radio station
under the call GSFI.

David Ashworth has joined d -mac
ltd., of Glasgow, as applications engi-
neer. Mr. Ashworth, who is 27, was
previously with I.C.T. Ltd., Stevenage,
working on computer developments.
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J. H. D. Ridley, M.B.E., head of the
Engineering Secretariat of the B.B.C.
since 1950, has retired. He was in the
radio industry from 1920 until he joined
the corporation in 1938. From 1923 to
1932 he was with Burndept Wireless.
latterly as chief engineer, after which he
joined Edison Swan Electric Co. as chief
radio engineer. Mr. Ridley has spent
the major part of his 27 years with the
B.B.C. in the Engineering Secretariat.
He is succeeded by J. A. Fitzgerald,
A.M.I.E.E., who joined the B.B.C. in
1940 as a maintenance engineer. In
1949 he transferred to the Engineering
Secretariat where he was responsible for
patent work. He was also secretary of
the B.B.C's Engineering Advisory
Committee.

Hugh Menown, M.Sc., has been
appointed manager in charge of the Gas
Tube Division at the Chelmsford fac-
tory of the English Electric Valve Com-
pany. Mr. Menown graduated in
experimental physics at Queen's Univer-
sity, Belfast, and joined the English
Electric Valve Company in 1951, as an
engineer working on gas tubes. He has
been engaged on the development and
production of hydrogen thyratrons, and
for the past three years has been
assistant manager of the division of
which he is now in charge.

T. G. Clark, A.M.I.E.R.E., who had
been with Decca Radar since 1951, has
joined the Plessey Group. For the past
three -and -a -half years he was a group
leader in the Radar Development
Laboratories, Chessington, Surrey, con-
cerned with both marine and special
developments. Before joining Decca he
was in R.E.M.E. as a warrant officer
working on radar and telecommunica-
tions equipment.

J. Hale, B.Sc. (Eng.), A.M.I.E.E., pro-
duction manager of Feedback Ltd.,
which he joined about a year ago, and
E. G. Bell, A.M.I.E.E., the company's
sales manager for the past two years,
have been appointed to the board of
directors. Mr. Hale was a student
apprentice with A.E.I., then served as
an electrical officer in the R.N.V.R. He
was for four years with Production'
Engineering Ltd. before joining Feed-
back. Mr. Bell was a development
engineer with Salford Electrical Instru-
ments before joining Muirhead & Co.
in 1954. He went to Servomex Controls
in 1958 where he stayed until joining
Feedback in 1963.

S. D. Coombs has joined Keyswitch
Relays Ltd., as chief development engi-
neer. He comes to Keyswitch from
Standard Telephones and Cables where
h: was general applications engineer,
concerned with relays and associated
equipment. Prior to this, Mr. Coombs
was with de Havilland Propellers Ltd.,
on the Blue Streak project, and was
earlier with Elliott Bros.

Sydney S. Bird, who in 1920 founded
the well-known company bearing his
name, celebrated his 80th birthday at
the end of March. To mark the occa-
sion the directors of the parent company
Astaron-Bird Ltd. arranged a banquet

Sydney S. Bird

a; Ferndown, Dorset. Gifts were pre-
sented to Mr. Bird by the directors and
staff and, on behalf of over 80 friends
in the radio and electronics industry,
H. J. Barton-Chapple gave him a camera.

E. G. Lennard has resigned from the
position of commercial director of Cos-
mocord which he joined 61 years ago.
1 le has represented the company on the
council of the Radio & Electronic Com-
ponent Manufacturers' Federation for
several years and has served on its
Export -Import Committee.

Eric J. Gargini, A.M.I.E.E.,
A.M.I.E.R.E., author of the article on
page 210 in this issue, is colour tele-
vision section leader at the laboratories
of Rediffusion Research Ltd. He re-
ceived his technical training at Southall
Technical College and, after a short
period as a trainee with E.M.I. and then
Philco, he served in the R.A.F. through-
out the war. He rejoined E.M.I. in 1945
where he was concerned with wire tele-
vision distribution systems and later
colour television receiver development.
He left E.M.I. in 1960 to go to Mar-
coni's at Chelmsford and six months
later joined the Rediffusion organization.

Squadron Leader H. C. Jamieson and
Senior Technician G. W. Honey have
each been awarded £75 by the Air
Force Board for a modification to the
approach radar installation at R.A.F.
Wyton, Hunts, which was regarded as a
valuable contribution to flight safety.
Their device enabled a flatter angle of
approach, as assumed by an aircraft
suffering from wing flap failure, to be
more positively indicated on the face of
the radar tube thereby reducing the
possibility of human error by con-
trollers.
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NEWS FROM INDUSTRY

Plessey Reorganization.-The Plessey
Company's operations in the U.K. are
being reorganized and all its subsidiaries
will operate under the name Plessey
within five groups, these being: Auto-
mation, Components, Dynamics, Elec-
tronics and Telecommunications. Com-
menting on this Lord Kilmuir, Plessey's
chairman said eventually all products
will be marketed under the single name
Plessey, although a number of tradi-
tional trademarks will be retained.
Changes are also being made in the over-
seas organization.

Eddystone Radio Ltd.-The English
Electric Company have agreed to pur-
chase from Laughton & Sons Ltd. the
whole of the issued capital of the latter's
subsidiary Stratton & Co. Ltd., the
manufacturers of Eddystone communi-
cations receivers. The purchase price

Oceanographic Equipment.- To assist
in the collection of information in oceano-
grapic surveys, EMI-Cossor Electronics Ltd.,
of Canada, have produced a device for gather-
ing underwater data for recording or relaying
to a monitoring station, ship or aircraft.
The device consists of a sub -surface float
containing measuring equipment (for water -
speed, salinity and temperature tests) moored
to the bottom by a taut wire and connected
to a surface -buoy which houses the recording
and rod :s equipment.
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was 220,000 English Electric £1
Ordinary Shares plus £104,157 in cash.
It is the intention of the English Elec-
tric Co. to change the name of Stratton
to Eddystone Radio Ltd. and operate it
as a subsidiary of the Marconi Com-
pany, a member of the English Electric
Group.

SGS-Fairchild European Expansion.
-The SGS-Fairchild organization an-
nounced in London recently that the
group is expanding its activities and is
now able to supply silicon planar semi-
conductor devices for all types of elec-
tronic equipment. Under the title
"Total Planar" the group is now pro-
ducing and marketing comprehensive
ranges of semiconductor devices, in-
cluding microcircuits, for the military,
professional, industrial and consumer
markets. To cope with the expansion,
it is planned to increase the output of
the Ruislip plant-one of the two Euro-
pean manufacturing plants, the other
being in Milan-by four times to about
ten million units a year, and also to
build a new factory in Sweden. SGS-
Fairchild also plan to establish research
and development laboratories in Europe.
Information from the American Fair-

laboratories will be avail-
able to the staff of the proposed Euro-
pean laboratories and in preparation for
their opening, a number of SGS-Fair-
child engineers are at the Californian
laboratories of Fairchild Semiconductors
" injecting the European point of view."

Long Term Planning.-Industrial
Market Research Ltd., of. 34 Sackville
Street, London, W.1, have been
appointed U.K. representatives and
consultants for the long term planning
service run by the Stanford Research
Institute, which was founded in 1946
by the Trustees of Stanford University
and a group of American businessmen.
This service is to draw management
attention to new business possibilities
and new competitive threats and also
give the implications of development in
technology. More than half of the
2,700 staff are technical and professional
personnel and recent reports cover a
variety of subjects including electrical
test equipment and new semiconduc-
tors.

Mullard Research Laboratories.-A
further three -storey wing is to be built
on to the laboratory block recently com-
pleted at the Mullard Research Labora-
tories near Redhill, Surrey. Work has
commenced and will take about a year to
complete providing an extra 35,000 sq ft
of space.

Texas Instruments Incorporated, of
Dallas, have received a contract valued
at $5,604,937 from the U.S. Naval
Oceanographic Office for a marine geo-
physical survey. This is one of the
largest contracts of its type to be placed
with an industrial concern and will be
carried out over the broad areas of the
eastern and central Atlantic Ocean, and
the Mediterranean. Information during
the survey, which is planned to take
three years, will be collected with seismic
and oceanographic instruments installed
on two specially fitted vessels now being
completed in an American shipyard.

Pantiya Electronics Ltd., which was
formed nearly ten years ago when the
old Pantiya Tea and Rubber Company
ceased to trade, is to go public. In 1956
Pantiya acquired the whole of the issued
share capital of Walmore Electronics
Ltd., for £100,000 in cash, and last
November acquired the issued capital of
Marlyne Electronics Ltd. and its sub-
sidiaries for £300,000. Marlyne Elec-
tronics manufacture, import, wholesale
and retail radio and audio equipment and
components for the home constructor;
one of their outlets being Stern -Clyne
Ltd., who operate twelve shops in Lon-
don and the provinces. A recently
formed subsidiary of Pantiya, Saba Elec-
tronics Ltd., now has the sole U.K. con-
cession for the products of Saba, the
West German radio, television and audio
manufacturers. The combined pre-tax
profits of the Pantiya Group and
Marlyne Group have increased from
£6,500 in 1954-55 to £139,000 in 1963-
64.

Associated Electrical Industries Ltd.
trading profit for 1964 was up by over
£5.25M on the previous year's result at
£13.9M. In the year under review,
£5.3M was set aside for taxation as
against £2.7M in 1963, leaving a net
profit of £6.2M, which represents an
increase of £2.3M. In a circulated
statement to shareholders (65th a.g.m.
on 28th April) the company's chairman,
Mr. C. R. Wheeler, made reference to
an improvement in the profit of the
Electronics Group, which comprises the
Electronics Apparatus Division, the
Instruments Division and AEI Auto-
mation.

British Insulated Callender's Cables
group sales for 1964 amounted to
£216M and showed an increase of
£32M on the 1963 figure. Pre-tax pro-
fits were up by just over £3M at
£15.86M and after providing for taxa-
tion and other deductions, the net profit
totalled £8,171,000, compared with
£6,820,000 in the previous year.

The Amplivox Group, which became
public last June, announce a pre-tax
profit of £202,748 for 1964, an increase
of £54,735 on the previous year's result.
After tax, profits rose from £64,085 to
£93,176.
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N.S.F. Ltd. pre-tax profit for 1964
amounted to £360,000 and showed an
increase of £49,526 on the previous
year's result. Tax on these profits ac-
counted for £194,000, compared with
£163,000 for last year, leaving a net
profit of £166,000 (£147,474). The
thirty-third a.g.m. to be held on 5th
May is the first as a public company.

Marconi Instr. Acquire W. H. San-
ders.-Marconi Instruments Ltd. have
acquired over 96 of the Preference
Shares and over 84% of the Ordinary
Shares of W. H. Sanders (Electronics)
Ltd.

Painton Acquire Electroprints.-A
majority shareholding in Electroprints
Ltd., of Portsmouth, who manufacture
printed wiring on flexible and rigid
materials, has been acquired by Painton
& Co. Ltd. Mr. C. M. Benham, Pain -
ton's chairman has been appointed
chairman of Electroprints Ltd.

Plessey Bid for T.C.C.-The Plessey
Company have made a bid, worth
£3.6 M, for the Telegraph Condenser
Company. The offer, which is subject
to 90'0 acceptance, has been made after
consultations with British Insulated
Callender's Cables, who own about 65%
of T.C.C. and intend to accept the bid.
Financial details of T.C.C. apepared in
last month's issue.

Goonhilly-Bristol Microwave Link.-
Standard Telephones and Cables Ltd,
have received a contract from the Post
Office, worth about £300,000, for a high -
capacity microwave link between Bristol,
Plymouth and the communications satel-
lite station at Goonhilly Down, Corn-
wall. This link, which will be the first
tin the U.K. to operate in the "upper
i5,000 Mc/s band," will join the micro-
wave system S.T.C. are now installing
between Bristol and the London Post
Office tower.

Hughes Expansion.-Hughes Inter-
national (U.K.) Ltd., who at present are
producing a million semiconductors a
month at their Glenrothes, Fife, plant
are soon to start making planar devices.
In preparation for the production of
these devices, the floor area has been
increased by 13,500 sq ft. Initial pro-
duction will be 300,000 per month. The
company's sales department has moved
from Hounslow to larger premises at
Heathrow House, Bath Road, Cranford,
Middx.

M.E.L. Automation.-While exten-
sions to the company's main factory
offices are being completed, the auto-
mation division of the M.E.L. Equip-
ment Company has moved from Crawley
to Stone Street, Waddon Factory Estate,
Croydon, surrey (Tel.: MUNicipal
4971). The division is expected to re-
turn to Crawley at the end of the year.
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Floating Navigation Stations

PLAN FOR TRANSATLANTIC CHAIN

ECAUSE of the increasing amount
of air traffic using the North
Atlantic, a new company called Sea -

station Telecommunications Ltd., has
been formed to investigate a scheme for
the setting up of a series of "floating
stations" to carry trans -oceanic telecom-
munications and navigational apparatus.

In collaboration with the Ministry of
Aviation-who have awarded the com-
pany a design contract worth £60,000-
work is being carried out on the feasibility
of establishing a number of permanent
floating navigation -cum -communication
stations connected with each other and
with shore by underwater cables.

The proposed floating station con-
sists of a tubular structure-about 400 ft
in length and 16 ft in diameter-floating
vertically in the sea with the greater
part of its length submerged. The upper
part of the spar buoy, as it is called,
supports a large superstructure that is
well above the reach of the waves and
provides accommodation for the equip-
ment, for a crew of about twelve, for a
helicopter landing deck and for aerial
arrays. The station is moored by three
cables to anchorages on the sea bed and

as the motions of the sea decrease rapidly
with distance below the surface, the
length of the cylinder makes the station
particularly stable in the roughest
weather. From tests conducted with a
scale -model in water tanks, calculations
have been confirmed that for 95';:, of the
time the half amplitude pitch or roll
will not exceed half a degree and that
vertical motion would not exceed six
inches.

In addition to navigation aids such as
medium -frequency beacons and d.m.e.,
and v.h.f./u.h.f. equipment for air
traffic control purposes, primary and
secondary radar could be provided if re-
quired, with the necesary display data
being transmitted through the under-
water cables to a.t.c. centres either side
of the ocean.

The new company is jointly owned by
Cammell Laird & Co., shipbuilders and
engineers, who are, incidentally, respon-
sible for the marine construction side of
the Ministry of Aviation study, and Sub-
marine Cables, which is owned by Asso-
jated Electrical Industries and British
Insulated Callender's Cables, and is re-
sponsible for the communications side.
The company's chairman, Dr. J. N.
Aldington, has stated that the Ministry
of Aviation design study is expected to
be completed in five to six months time.
He also said a single chain-compris-
ing two to four stations-crossing the
North Atlantic would cost approxi-
mately £10 M to £15 M to install with
running costs of about £300,000 to
£400,000 a year. Once the go-ahead is
given, it would take two to three years
to get a system operational.

These " seastations," Dr. Aldington
said, could also be used for other pur-
poses. One of these being to replace
weather ships as they have several
advantages such as a stationary platform
that enables high altitude wind velocities
to be more accurately measured, and a
direct link-by underwater cable-that
allows contact to be made under all
adverse conditions. Another example
given by Dr. Aldington was the use of
" seastations" in underwater cable com-
munication projects where intermediate
shore stations in long-distance links are
not practicable for technical or political
reasons.

The stations are to be self-supporting
and able to operate for months at a
time. Power for the various communi-
cation and navigational equipment will
be provided by diesel -oil generators.

Should the scheme be adopted by the
British Government, Dr. Aldington
stated that subscribers, such as airlines
and shipping companies, would pay dues
in the same way as they now do for
" fixes " and other services from the
weather stations.
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50 Years of Public Address
A.P.A.E. INTERNATIONAL GOLDEN JUBILEE EXHIBITION

LAST year's A.P.A.E. exhibition was reported in Wire-
less World to be the most ambitious show presented by
the Association of Public Address Engineers, and this

year's exhibition has beaten last year's records in every
respect. The rapidly expanding Association presented
its 16th annual exhibition at the King's Head, Harrow -
on -the -Hill, on March 17th and 18th and the occasion
marked the 50th anniversary of the first application of
electrical equipment to address the public. The event,
which took place in San Francisco in 1915 under the
guidance of Jensen and Pridham makes the p.a. industry
older than wireless broadcasting, since no public broad-
casts had been made at that time.

The opening ceremony was conducted by the Danish
Chargé d'Affaires and the Scientific Attache of the
Danish Embassy in honour of their countryman Peter
Jensen (the "father of the loudspeaker"). Shortly after-
wards a two-way radio link with New York took place
and the past 50 years of p.a. were recalled by engineers
on both sides of the Atlantic. The discussion touched on
the use of time delays to overcome problems due to re-
verberation time and frequency shifting in systems to
prevent acoustic feedback. However at this interesting
point, just as we were about to learn why these techniqes
were not used more widely in Britain, the discussion was
brought to a close.

Part of the veteran p.a. dis-
play. The amplifier used by
Baird with his television sys-
tem is shown just left of
centre on the upper row.
Some collected literature on
p.a. is seen behind the equip-
ment, including a number of
pages of Wireless World.
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B.B.C. Demonstration
An interesting demonstration by B.B.C. engineers was
given on the studio control room equipment. The trans-
istorized control console, which was B.B.C. designed and
built, has quadrant mixers and also bass and treble con-
trols on each microphone channel. But even these do
not meet the demands of present-day entertainment and
" presence " controls have been included also.

Live gun shots are notably unrealistic in studios and
the B.B.C. use a simulator which gives a very impressive
performance. A thyratron white noise generator is used
with the high frequency end of the spectrum tailored
(coloured?) and gated to give single or machine-gun
shots; ricochets are provided by the generator and a
multivibrator whose h.t. supply is run down.

Another item used by the B.B.C. was an acoustic table,
which transmitted incident sound and thus avoided inter-
ference at the microphone.

Veteran P.A. Exhibition
A display of old p.a. equipment aroused much interest.
One item dated back as far as 1894, but strictly speaking
this was private-not public-address equipment. It was
the "Electrophone " system, which used a carbon pencil
transmitter disguised as a Bible for use in churches

VETERAN PA PARADE



connected via Post Office lines to subscribers' headsets.
This was provided by the G.P.O. on their display of
" 50 years of telephones " which included a replica of
Graham Bell's original telephone.

The first p.a. apparatus did not use amplifiers and
some of the carbon button microphones used passed as
much as 5A. Amplifiers were introduced around 1918,
but a 3 -valve line amplifier used during the war in 1915
was shown. The Western Electric amplifier used by
Baird in his television system is illustrated in the photo-
graph of the display. One of the microphones shown
was used by King George V at the opening of the Empire
Exhibition at Wembley in 1924 (Western Electric double
button carbon) and another was the Beyer microphone
used by Rommel to address German troops in the desert
campaign. Much of the equipment on display was in
working order and an old Marconi amplifier with micro-
phone and horn loudspeaker were shown to be capable of
feedback at least!

Much of the equipment on manufacturers' stands had
been seen before and some of the more recent items are
outlined below.

Microphones
Most of the new introductions are dynamic types with
multi -impedance connections (low, 20-60W; medium,
200-3000; and high, 10102 and above), often with bass cut
and on -off switches. The AKG types D119CS and
D119ES have both switches and a front -to -back ratio of
15dB at 1 kc/s. The CS has an output impedance of
200W and the ES offers a choice of three impedances.
The Beyer M610 (displayed by Fi-Cord) with cardioid
polar diagram has both switches with low and medium
impedance outputs and the omnidirectional lavalliere
(ncckslung) type M110 is also dual impedance. Fi-Cord
also introduced two of their own microphones, the 801
and the directional 901, with responses extending up to
18 kc/s.

A field effect transistor has been used in the head
amplifier of the S.T.C. capacitor microphone (type 4126)
and this is available with an omnidirectional or a cardioid
pattern. Also new is the 4119 ribbon microphone.
Reslosound have added a switch to their pencil micro-
phone (type PD); and the Vitavox M100, offering four
impedances, has now reached the production stage.

Loudspeakers took a relatively back seat this year
although a new range, primarily intended for rental, was
announced by Sound Coverage but are electrically
similar to the previous range. Goodmans have intro-
duced two small loudspeakers with inverted ceramic
magnets and whilst these are not for p.a. work, they will
meet a demand for lighter and more compact equipment
in other fields. A 3 -watt elliptical motor -cycle mounting
loudspeaker (Home Office approved) was shown by Rola
Celestion.

Amplifiers
The C.T.H. range of p.a. equipment has been augmented
with the MA50 (50 -watt) transistor amplifier. Their p.a.
series of amplifiers were battery operated whereas this
unit (and the MB15) is for battery or mains operation.
In the event of a mains failure, the amplifier will continue
to operate from the battery, this being recharged when
the mains supply is resumed. The Grampian 650
amplifier is similar to their 50 -watt type 600 but the
number of microphone channels has been increased to
four. A 100 -watt amplifier with six inputs (M.C. 100/6)
is added to the VOX range and the volume level meter
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also monitors circuit voltages. (Similarly with the M.C.
50/6.)

Modular amplifier units are becoming noticeably more
popular. The Audix mixer (MXT/6) and mixer -
amplifier can be made up with any combination of their
units, which include a single -tone generator. The S.T.C.
modular transistor units include 35 and 60 watt ampli-
fiers (with 100 V line outputs), two microphone pre-
amplifiers, a mixer, master gain -control unit and
microphone and loudspeaker switching units. Reverb-
eration units (pre -amplifiers and 20 W amplifiers) for
increasing reverberation time at selected frequencies,
form part of the system. The pre -amplifier works from
a 30(.2 microphone in a Helmholtz resonator, amplifying
a bandwidth of a few c/s, with provision for phase
adjustment.

Contrary to the current trend Reslosound introduce
three valve amplifiers (15, 30 and 60 W) and with high
and low impedance inputs.

Miscellaneous
Radio microphones were seen on a number of stands.
The transmitters are frequency modulated, often with
speech compression and are, of course, crystal controlled,
usually around 175 Mc/s according to allocation by the
G.P.O. Lustraphone have introduced a combined micro-
phone and transmitter with an output of 10 mW and
using voice compression. The receivers are double
superhets and on mains types a transmission indicator
lamp is included. Magneta and Pamphonic market a
Labgear radio microphone using speech compression and
the receiver output may he used to feed into a telephone
handset or a normal p.a. installation. The transmitter has
a range of up to mile under ideal conditions.

An Ultra tape recorder with a 32 -track head for
standard announcements of up to 6 minutes was seen on
the Trix stand. Each track is selected by a push button
and the machine can be used for 64 channel work with
message lengths of 3 minutes.

3M have added two flat adhesive cables to their Scotch -
flex range; the 550 type, with two conductors, and the
800 type, with four conductors. Other cables on show
included the EMT a.f. cables, shown by Bauch. One of
the cables contains 10 pairs of individually screened
wires and is reported to be anti-microphonic. The
capacitance is about 70 pF per metre.

A transistor portable loudhailer (Bouyer Super Mega -
flex) was shown by Douglas Lyons Associates. The unit
is rated at 7 watts and the rubber microphone is provided
with a volume control.

THIS MONTH'S COVER
This atomic structure
model represents on epi-
taxial arrangement of
silicon on quartz. Work
at the Allen Clark Re-
search Centre of The
Plessey Company aims to
produce new types of
integrated circuits in
which single crystal films
of semiconductor mat-
erials are deposited on
insulating substrates. The
purpose is to reduce cap-
acitance coupling between
neighbouring circuits.
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PHYSICS EXHIBITION IN THE NORTH
HIS year The Institute of Physics and The Physical
Society broke fresh ground by holding their ex-
hibition-the 49th-in Manchester instead of

London. Once again the scientific character of the event
was maintained, by careful selection of items for their
interest to physicists, and only about half of the offers
were accepted for display. Last year's innovation, a
special section devoted to educational exhibits, was re-
peated, and proved a popular feature with visitors.

RESEARC H

Non-linear acoustics.-It is often assumed in deriving a
wave equation for acoustic waves travelling through a fluid
medium that various parameters are independent of acoustic
pressure, which results in a linear representation of the sys-
tem. If waves of sufficiently high intensity are considered the
system becomes non-linear, since density and bulk modulus
are functions of acoustic pressure. Because of this non -
linearity, two sinusoidal pressure waves will interact and give,
amongst others, sum and difference frequencies. Birmingham
University demonstrated the existence of the difference fre-
quency by propagating pulsed pressure waves along the same

Formation of a virtual source cf acoustic energy by exploiting the
non-linear characteristics of a fluid. (Birmingham University.)

axis from two small barium manate transducers immersed in
water and at frequencies around 300 kc/s. In the region of
interaction of the two waves a virtual source of directionally
propagated audible pressure waves is thus formed. The
elastic parameters are analogous to reactive parameters in
electric systems, so parametric amplification and sub -har-
monic generation may be possible in a similar fashion to
electric systems. It is felt that this and similar exploitation
of the non-linear effects may ultimately have application in
sonar systems.

Protoplasm impedance is an unusual biological parameter
being measured by Wayne Kerr to aid research into cancer
and into new methods of food production. The effects of
electric and magnetic fields on protoplasm and cell mem-
branes are significant, and it is thought that more information
may be obtained by a.c. impedance measurements than from
the orthodox d.c. measurements, particularly as these living
structures transmit electrical impulses by an electrochemical
process similar to that of the animal nerve cell. A demon-
stration was given of measuring the dynamic response of the
alga Nitella to electrical stimulation by an automatic balanc-
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ing bridge. The real and imaginary components of the
measured impedance (in this case R and C) were displayed
on a chart recorder. Low -resistance metal electrodes cannot
be used to make contact with the alga as they destroy the
cell membrane, so extremely high -resistance glass electrodes
are necessary. To avoid measurement ambiguities resulting
from these high series resistances, the bridge is a transformer
ratio -arm type with a split neutral terminal to permit the
use of four electrodes instead of the usual two.

Sub -millimetre source.-Until recently, there have been no
strong sources of radiation for laboratory use in the sub -
millimetre wavelengths, that is between the short wave-
length end of the microwave region and the long wavelength
end of the infra -red region. The main difficulty has been
finding molecules with suitable energy transitions, but a
number are now known which will give stimulated emission
in the region between 0.01mm and lmm. S.E.R.L. have
developed a tube using water vapour and emitting micro-
second pulses of radiation at 0.0279mm. The N.P.L. demon-
strated the Teratron (frequency about 1 teracycle per sec)
which uses the CN radical in the form of acetonitrile vapour
CHCN, and emits at 0.337mm. The acetonitrile vapour
is pumped into a tube (about a metre long) and emission
is triggered by an electric discharge which causes the mole-
cule to decompose and give an excited CN radical. Since
the CN is short lived, the pump is necessary to remove the
decomposition products and replace the CH,CN. The
emission at 0.337mm occurs between two regions of strong
absorption by water vapour; also, the wavelength is long
enough to avoid scattering by most fogs, so there are possi-
bilities for communication at this wavelength.

Reverberation.-A demonstration by the Physics Department
of the Manchester College of Science and Technology illus-
trated the effect of increasing the reverberation time at mid -
frequencies of the main theatre in the Renold building. This
theatre had been designed for speech and had a reverberation
time of 0.8 sec at mid -frequencies, but was found to be
"dead" to performances of music. Increasing the reverbera-
tion time to 1.2 sec, with delays provided by a multi -head tape
recorder and 37 loudspeakers, resulted in increased liveliness.

Cyclotron resonance.-Power dissipation problems in high
frequency backward wave oscillators has prompted research
into alternative methods of microwave generation. A device
employing cyclotron resonance was shown by G.E.C., pro-
viding a source which was tunable over the whole of Q band.
Interaction occurs between electrons moving in a cycloidal

New microwave vacuum tube, by G.E.C., using cyclotron resonance.
The device is tunable over the whole of Q band by variation of the
magnetic field in which the tube is inserted.
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motion in perpendicular electric and magnetic fields and an
r.f. wave from a local source. The r.f. wave propagates along
a transmission line formed by the electrodes providing the
electric field, and takes up energy from the electron beam so
that the cycloid humps decrease in size. The output fre-
quency is determined by the magnetic field which varies the
cyclotron frequency of the electrons. The device has
achieved a c.w. output of 11 watts with an efficiency of 5^,",
and an anode voltage of 6 kV. It is expected that the tube
will operate with up to 10 kV anode voltage and provide an
output of 50 watts.

Thermionic generator.-In conjunction with Imperial Col-
lege, Fairey Engineering Ltd. have been developing a thermi-
onic energy converter for use with radioactive isotopes. The
device shown was described as a gas -filled triode converter.
Given a heat source, electrons are emitted from a cathode and
collected at an anode as in a normal diode. The available
power at the anode is limited by the space charge around the
cathode and operation of the device depends on its neutralisa-
tion, enabling much larger powers to be drawn from the
anode. In the device shown, a third electrode is used to cause
a discharge in the inert gas which provides a source of ions
to neutralize the electrons causing the space charge. The
emitter is 90":, tungsten with lanthanum and zirconium. The
heat source in this experimental model is electrical, but the
final source envisaged is a radioactive isotope, in particular
a waste fission product available in quantity from nuclear
reactors. The emitter has a work function of 2.4 V and is
operated at 1,650°C, and the triode gives an output voltage
of 0.7 V at a power density of 10 watt cm-'. The power out-
put achieved is in the region of 30-40 watts.

Semiconductor microwave generator based on the little-
known Gunn effect was demonstrated by S.T.C. It consists
of a 0.Olin thick wafer of n -type gallium arsenide with con-
tacts on each plane face. mounted in a coaxial circuit. When
a potential of about 100 volts is applied across the contacts,
the charge carriers form into domains which move across
the material at the carrier drift velocity, producing current
instabilities in the form of oscillations. The frequency of
oscillation is determined by the transit time of the current
carriers, and for a 50 -micron wafer is about 6 Gc/s. To avoid
excessive power dissipation in the crystal the applied voltage
was pulsed, and on an oscilloscope the resulting microwave
signals were shown superimposed on the square waves.
Several watts of r.f. power can be obtained with this pulsed
operation and the efficiency of conversion of d.c. to micro-
wave energy is of the order of 5".",. This direct method of
generating microwave signals may prove much simpler than
the parametric solid-state techniques at present in use.

SENSING DEVICES
Space vehicle attitude sensors were shown by R.A.E., Farn-
borough. One very elegant sensor, for use in U.K.3, was
described as an optical potentiometer. A slit image of the
sun is formed on an array of phototransistors arranged in
an arc of a circle whose centre is at the slit. Each of the
phototransistors is connected on to a resistor chain forming
a potential divider. On illumination, a transistor conducts
and taps the potentiometer chain, with the result that the
device gives an output voltage proportional to the angle of
incidence of the light.

Tidal air integrator for continuously measuring and record-
ing volumetric air flow in human breathing was demonstrated
by Mercury Electronics. The patient breathes through a
tube in which a wire gauze constriction is placed (pneumota-

Tidal air integrator developed by Mercury Electronics, showing
pneumotachograph head in front and integrator unit on right.

Above: " Optical potentiometer " de-
veloped at R.A.E. for use in space
vehicles, including U.K.3.

Right: Solartron vibrating
cylinder pressure transducer.

chograph head) and the differential pressure across the con-
striction is proportional to the velocity of the breathed air.
This differential pressure is measured by a micromanometer
and the resulting velocity signal is then integrated in a sepa-
rate unit to give a continuous measure of air volume. Normal
breathing rhythm and any other effects such as coughing are
clearly shown on recordings. The integrator comprises a
transistor circuit controlling the charge applied to a capacitor.
Total volume of air breathed during a given period can be
registered by an electromechanical counter: this is operated
by pulses obtained by discharging the capacitor through an
electronic switch when a predetermined charge threshold is
reached.

Vibrating cylinder pressure transducer, a new type of
measuring clement suitable for telemetering in widely spaced
tank farms and other such plant, was demonstrated by
Solartron. Intended mainly for measuring liquid level by
head pressure in storage tanks, the device comprises a thin -
walled cylinder of magnetic material with one end closed.
Inside the cylinder are a drive coil and a pick-up coil, and
these are electrically coupled through a small amplifier to
form an oscillatory circuit which causes the cylinder to vibrate
at its natural frequency. The cylinder is enclosed by a con-
tainer into which liquid is fed by tube from the bottom of
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the storage tank, so that liquid plus atmospheric pressure is
applied to the outside of the cylinder and atmospheric
pressure to the inside. The vibration frequency of the
system then varies with the differential pressure on the
cylinder walls, according to a known non-linear relationship.
Electrical signals produced by the oscillating circuit are trans-
mitted to remote frequency measuring equipment, operating
on the counter -timer principle, and the resulting digital
display gives the liquid pressure (or related variable such as
liquid level or quantity) in appropriate units. The non -
linearity of the transducer is compensated in the counter -
timer by a pulse dropping technique. Good accuracy and
long-term stability of calibration are claimed for the device.

Relative humidity transducers.-The ability of ion -exchange
resins to take up water but not dissolve is utilized in a new
type of relative humidity measuring element, shown by
Wayne Kerr, which provides an electrical output signal. A
thin film of resin is deposited on an insulating substrate in-
corporating two interdigital metal electrodes, and in this
arrangement the surface conductivity is proportional to the
ambient relative humidity. The resistance between the elec-
trodes is measured by a self -balancing miniature a.c. bridge
operating at 2 kc/s and this is displayed in terms of relative
humidity on a pointer indicator with two scales, one calibra-
ted 20-60°;; r.h. and the other 60-95"., r.h. Temperature
coefficient, constant over the whole measuring range of the
transducer, is +0.4 r.h. per 1°C rise in temperature.

Semiconductor radiation detectors are becoming more widely
used and in many cases are replacing conventional methods
of detection. Gamma radiation, 7 -particles and 0 -particles
can be detected with surface barrier semiconductors or with
junction types by varying the depletion layer thickness to
suit the type of radiation. Semiconductor and conventional
radiation detectors were seen on many stands, and a personal
gamma dosemeter which gave an audible 2-kc/s tone output
modulated to give pips of decreasing duration as dosage
increases was featured by Isotope Developments Ltd. Here
the detector is an ionisation chamber with an energy range
of 50 keV to 2 MeV.

MEASUREMENT AND ANALYSIS
Laser devices held a prominent position in the exhibition
and exhibits included two rangefinders. The small beam -
widths obtainable, which enable specific objects to be used
for ranging without echoes from the surroundings, and the
compactness of the apparatus make laser rangefinding attrac-
tive, particularly for low-level altimeters. The Services
Electronics Research Laboratory displayed an equipment
with a range of 1,000 feet and an accuracy of about 5 feet,
using a pulsed gallium arsenide transmitter, about the size
of a small torch, with a peak power of 10 watts. The
equally small receiver has a sensitivity of 0.1 ,(watt and is
situated at the focus of a parabolic mirror (see picture).
Although some high-performance radars have been known
to resolve overhead high tension cables, this elegantly simple
and compact system has been shown capable of measuring
heights of trees on experimental flights.

Specific gravity meter demonstrated by Sangamo Weston
continuously measures the density of a liquid, on the hydro-
meter principle, by determining the electrical current neces-
sary to maintain an immersed metal plummet at a given level
in the liquid-the buoyancy of the plummet depending on
the s.g. of the liquid. The ferrous plummet is suspended
by an electromagnet within a vertical open-ended plastics
cylinder immersed in the liquid, and its vertical position is
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measured by search coils fed with 500 kc/s a.c. The position
measurement is fed back to the suspension system, giving a
closed -loop servomechanism which maintains the plummet
at a fixed height in the liquid. Depending on the liquid
density, more or less electrical power is needed to maintain
the plummet's position, and in fact the suspension magnet
current varies inversely with the density of the liquid. This
current is measured and used for indicating cr recording the
s.g., which can be done over a range of 0.4 minimum to 2.0
maximum.

Neutron flux measurement.-A miniature fission chamber
was shown by Elliott -Automation for monitoring neutron flux
in reactor cores. The device, which is lin long and ;,in
diameter, detects thermal neutrons with a coating of uranium
235, 238 or a mixture of both. The usual fission of the
uranium nuclei takes place and produces radio -active frag-
ments which are then detected in a stainless steel ionisation
chamber containing helium and polarized with 75 volts. The
device can withstand a temperature of 550° C and measure
flux densities between 10" and 10'4 neutrons cm' sec-'.
The sensitivity is 2 x 10-" amps per neutron per cm'.

Liquid composition meter shown by the N.P.L. is based
upon the comparison of dielectric constants. The instrument
was required for on-line computer control of chemical pro-
cesses and measures the composition of an ethanol -water

Laser rangefinder, with application :n low -dying
aircraft, using semiconductor laser. (Services
Electronics Research Laboratory.)

lop of Sangamo Weston specific gravity meter, with a measuring
cylinder shown on the right.
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mixture. The mixture and a reference solution form the
dielectrics of two capacitors which are used as the frequency
controlling component in a bridge -type r.f. oscillator. The
construction is such that the cell with the reference mixture
is placed in a pipe carrying the mixture whose composition
is required. A variable frequency oscillator sweeps the
range 19-37 Mc/s and at either resonant frequency the oscil-
lator grid current rises sharply giving pulses which are fed
to a flip-flop whose output can be used with digital or
analogue information processing equipment. Effects of
temperature changes in the measured stream are reduced since
both mixtures are subjected to the temperature variation,
and temperature sensitivity is also reduced by frequency
scanning in a linear manner.

The instrument will cover the whole range of dielectric
constants of the water -ethanol mixture (26 to 81) and it is
anticipated that other mixtures with dielectric constant falling
low as 6 could he accommodated.

0 -level oscilloscope. A low-priced simple oscilloscope, the
Serviscope Minor, developed to meet Nuffield Committee re-
quirements for an instrument for teaching 0 -level modern
physics, was shown in the educational section by Telequip-
ment. Weighing only 5 lb and measuring 6in x 6in x 9in, it
has a c.r.t. and a Y amplifier bandwidth of 30 kc/s.

Telequipment oscillo-
scope designed for

" 0 "-level
physics.

Sensitivity range is 100 mV to 50 V per 0.5 cm graticule divi-
sion. Controls have been reduced to a minimum (bright-
ness/on-off, focus, timebase speed, Y -shift, Y -amp. gain)
and operation is further simplified by an automatically lock-
ing timebase. The timebase speed can be varied from
100 !is to 100 ms per 0.5 cm graticule division.

Automatic recording balance was displayed by U.K.A.E.A.
Atomic Weapons Research Establishment. Electronic balances
often use the variation of capacitance to determine the bal-
anced condition, but this instrument was required to handle
radioactive materials and total enclosure was necessary. This
resulted in the use of variation of inductance of a coil, which
was external to the glass -enclosed apparatus, by an iron dust
core, which was internally connected to a balance pan. Move-
ment of the balance beam changed the frequency of an
oscillator tuned to a 10.7 Mc/s. The circuitry which follows
the oscillator gives a d.c. output proportional to the frequency
change and is used in a servo system to return the pan to
balance by a restoring force applied to a solenoid, which is
provided with temperature compensation and damping. The
current to the solenoid is passed through a standard resis-
tance and the p.d. is measured with a digital voltmeter. The
method is useful for measuring weights up to 1.5 gm with
a sensitivity of 0.2 mgm.
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CIRCUITS AND
INFORMATION PROCESSING

RC active filters.-Apart from new manufacturing methods
microminiaturization has brought about the need for new
circuit techniques, one requirement being the elimination of
inductances, since these circuit elements are extremly diffi-
cult to fabricate on a microminiature scale. One method has
been to use crystal filters and follow these with RC ampli-
fiers, but this still leaves a lot to be desired for many appli-
cations. Frequency selective RC amplifiers built in thin-film
and integrated solid state form were shown by AEI Tele-
communications Division and include negative impedance
converters and inverters. Response curves normally asso-
ciated with circuits including inductors have been readily
achieved. As an illustration conventional filters were shown
and compared with RC filters, and in particular a low pass
filter with one pole at a finite frequency and one at an infinite
frequency with a ripple of 1dB and a stop band of 30dB was
shown.

The current interest in design automation was maintained
at the exhibition by the Post Office Engineering Department.
A method of using computers to design wide -band transistor
feedback amplifiers was presented and relied upon the com-
puter to perform nodal analysis and computer stability mar-
gins, with the aid of Nyquist diagrams, of multiple feedback
loop amplifiers, from measured admittance parameters. A
directly coupled three -stage feedback transistor amplifier
circuit was shown which had been designed with the aid of
a computer, had constant gain up to 10 Mc/s, and the input
and output impedances were precisely defined by the feed-
back. Computed and measured characteristics of an ampli-
fier up to 1000 Mc/s were also displayed.

Tuning active filters.-One of the difficulties in providing
variable tuning controls in active filters (using transistor,
R, C combinations) is that several potentiometers, each asso-
ciated with an active circuit element, have to be ganged. The
Royal Radar Establishment showed a technique for providing
automatic electronic ganging so that only one variable tuning
control has to be adjusted. The circuits demonstrated used
electronic integrators as basic units for synthesizing the
required filter transfer functions, and normally each of these
would be preceded by a potentiometer to permit tuning by
variation of the integrator CR product. In the R.R.E. tech-
nique the potentiometers are replaced by electronic input -
signal sampling switches, which alter the effective CR
products according to the sampling period, and all these
electronic switches are operated by a common pulse generator
with variable mark/space ratio. Ganged tuning is then
obtained by applying a variable control voltage to the pulse
generator to adjust the mark/space ratio. Examples of
circuits demonstrated included a self -tuning filter providing
high-pass, band-pass, low-pass and notch characteristics at
separate terminals; a tunable two-phase oscillator with a
10:1 range; and a tunable 5th -order low-pass filter with very
steep cut-off.

Integrated matrix store of the magnetic, coincident -current
type, shown as a demonstration model by Plessey -UK, uses
new design and manufacturing techniques to achieve a large -
capacity, small -size, random-access store with low cost per
bit. Read-out is non-destructive. The magnetic storage ele-
ments are produced in thin-film form by electroplating on a
substrate and the anisotropic square hysteresis loops are
obtained by compressive mechanical stress, achieved by
release of a tensile stress applied to the substrate during
plating. Conductors are also thin films, laid on separate
substrate. The size of a conventional magnetic matrix store
is limited by noise resulting from half selection of the ele-
ments, so a new method of reading has been adopted in which
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Demonstration model of Plessey coincident -current
matrix store using thin film techniques.

frequencies of 8 and 9 Mc/s are applied to the X and Y
selection conductors respectively. From the non-lincarities
at the " knees " of the hysteresis loops a 1-Mc/s difference
frequency is obtained, and this has two possible phases de-
pending on which knee of a loop, upper or lower, is mag-
netically biased (i.e. whether 1 or 0 is stored). To avoid des-
truction of the stored information by this a.c. read-out system,
the storage elements are formed by two distinct magnetic
films, magnetically coupled. One is of high coercive force
and is used for writing in the conventional manner, by coin-
cident -current d.c. pulses, while the other is of low He and
allows a.c. read-out without wiping out the magnetic biasing
of the coupled storage film. In the 16 x 16 x 10 memory stack
on show, cycle time was 30 psec and read cycle time 10 ',sec.
A 10' -bit store built on these principles would occupy about
3 cu ft and consume about 250 watts.

DVM with a.c. reference.-The accuracy limitations imposed
by a resistive potential divider are avoided in a new digital
voltmeter technique in which the usual potentiometer and d.c.
reference voltage are replaced by an inductive voltage divider
(auto -transformer) and a.c. voltage reference voltage. Such
inductive dividers can have division accuracies as high as 1

part in 10'. As embodied in a new instrument shown by
Digital Measurements, the technique makes possible a very
wide range of measurement, 10 ,,V to 1.1 kV, in four switched
ranges, with good accuracy (0.001", f.s.d. of the a.c. reference
voltage). A high-speed a.c.-d.c. comparator detects the un-
balanced between the direct voltage to be measured (which is
applied to an electrometer valve) and the a.c. output of the

Digital voltmeter with inductive voltage divider,
shown by Digital Measurements.
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divider. A Weston standard cell is included to enable the
first range, 10µV to 1.1 V, to be set accurately. Resolution
is 1 part in the maximum digital reading of 109999.

Acoustic telemetry.-Another item in the field of acoustics
was a telemetry system used by the Research Department of
the British Railways Board. This was designed to transmit
acoustically the movements of parts of the overhead power
supply system and pantograph, which are at a potential of
2 kV, to recorders at earth potential. This is achieved by
using piezo-electric transducers at both ends of glass rods
acting as insulators. At the high potential end of the system,
measuring transducers are energized at an audio frequency
between 3.9 and 7.2 kc/s and the modulated outputs are fed
to the piezo-electric transmitters after amplification. This
resultant amplitude modulated signal is accompanied by an
unmodulated signal and the two are received at the low -
potential end of the glass rod, amplified and fed to phase -
sensitive detectors. The equipment works from d.c. to 50 c/s
and records displacements, accelerations, etc., associated with
the power supply system.

DISPLAY DEVICES
Linear milliameter.-A low pressure discharge tube may ne
used to indicate current by measuring the length of the glow
discharge at the cathode. A linear relation between current
and length of cathode glow occurs when an anode of equal
length is mounted parallel to the cathode and at a suffici-
ently short distance to prevent the anode from glowing.

Mullard's glow discharge milliameter, which gives a linear
indication of current up to 10mA.

Mullard Research Laboratories demonstrated such a tube
with a 5" accuracy of reading. The useful current range
is dependent on the gas composition, pressure and electrode
diameter. The device has a full-scale indication of 10 mA
over a distance of 10 cm. The igniting potential (150 V)
and maintaining potential (115 V) are fairly close, so the
tube can be controlled by simple transistor circuits. A
demonstration showed the use of the tube as a motor speed
indicator, with calibration from 0 to 5,000 r.p.m.

Light guides.-Bundles of optical fibres through which light
may be ducted were shown by Barr and Stroud. Light is
transmitted along the fibres by total internal reflection at the
interface of the fibre core and its sheath, which has a lower
refractive index than the core. Flexible light pipes are made
from 50µ fibres, and rigid rods from 10µ fibres which permit
image transference owing to their rigidity. If one end of
a rigid fibre rod is made larger than the other, a magnified
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image is produced at the larger end, and vice versa. Con-
trast of the image can be improved by adding an outer absor-
bent sheath to the fibres and this effectively reduces " cross
talk" between the fibres.

Faceplates: Fibres can be fused into a solid block, allowing
application to coupling of image intensifiers and cathode-ray
tube faceplates. Indeed, a c.r.t. faceplate was shown by
R.R.E. for operation in bright surroundings (see picture). A
high level of illumination at a c.r.t. screen causes reflections
from the phosphor, decreasing the visibility of the image.
The use of a fibre -optic plate increases the contrast by allow-
ing light which is approximately normal to the screen to
pass through the plate. Light incident at angles greater
than the critical angle is absorbed.

Cascade image intensifier with a light flux gain of 10' was
shown by 20th Century Electronics. It has two intermedi-
ate dynodes for electron multiplication, each comprising a
phosphor and a photocathode deposited on opposite sides of
a 4 ,,m thick mica sheet. Overall resolution is 30 line -pairs

Right-hand photograph shows a normal c.r.t. with trace under high
ambient illumination. Left-hand picture shows the same trace under
the same illumination, but with a fibre -optic faceplate. (R.R.E.,
Malvern.)

per millimetre and the final image appears on a screen of
39 -mm diameter. Developed on the basis of original work
by Professor McGee of Imperial College, London, the inten-
sifier is designed for use in astronomy and particle physics.

Commercial Literature
" The Sig Gen Book 1 " is the title of a 26 -page publica-

tion issued by Marconi Instruments Ltd., of St. Albans,
Herts., on how to use signal generators for receiver measure-
ments. It is split into seven sections covering source im-
pedance, coupling to loop aerials, sensitivity, automatic gain
control, receiver bandwidth (frequency response characteris-
tic), selectivity, and spurious responses.
SWW 326 for further details

" Impedance Measurements with a Q Meter" is the title
of another reference type of publication recently announced
by Marconi Instruments. It gives theoretical and practical
information and also possible pitfalls to look out for when
conducting these tests.
5WW 327 for further details

" Ten new products from Imhofs " are contained in an
eight -page catalogue H/143 now available from Alfred Imhof
Ltd., of Ashley Works, Cowley Mill Road, Uxbridge, Middx.
There are additions to their already extensive range of
instrument housings and accessories, and make possible a
new " square " form of styling, that is now optionally avail-
able on the majority of the racks in their International Series
of Imracks. Other new items described in the catalogue
include ventilation fan units, handles and chassis runners.
6WW 328 for further details

Modular Construction System.-Details of the ISEP (In-
ternational Standard Equipment Practice) system of modular
construction for electronic equipment housings arc contained
in a new twelve -page brochure (MG/104) available from the
electronic services division of Standard Telephones and
Cables Ltd., of Edinburgh Way, Harlow, Essex. The
brochure is well illustrated and shows how, with stan-
dardized parts, the user can build different sizes of racking,
sub -assemblies, circuit boards, multi -pole connectors and
cubicles. This publications should be of particular interest
to those building electronic equipment for the home and
overseas Ministry and P.T.T. authorities as many of these
have standardized on the ISEP system.
5WW 329 for further details

SGS-Fairchild semiconductor products are now classified
under the following headings: Military, Professional, Indus-
trial and Consumer. Catalogues covering these fields are
available from the company's offices at 23 Stonefield Way,
Ruislip, Middx.
tww 330 for lurther details
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Mullard Industrial Components.-The 1965 edition of " A
quick reference guide to Mullard components " is now avail-
able from the company. Over a third of this 36 -page publi-
cation is devoted to capacitors. Other items in the guide
include a selection of resistors, electro-mechanical compo-
nents, magnets, ferrite materials and assemblies, computer
core assemblies, thin-film circuits, and piezoelectric materials.
Requests for copies should be made to central enquiry
handling, Mullard Ltd., Mullard House, Torrington Place,
London, W.C.1.
5WW 331 for further details

The 1965 "Electronic Valve and Component Data"
abridged catalogue of the English Electric Valve Company
contains brief specifications of the products they manufac-
ture at Chelmsford and Lincoln. These include ignitrons,
rectifiers and thyratrons, magnetrons, transmit -receive and
transmission blocking cells, solid state microwave devices,
photo -multipliers, and glass -to -metal seals. Two of the 20
pages are devoted to an equivalents index that lists valves
of various manufacturers for which EEV types may be used
as replacements.
SWW 332 for further details

An " Extended Scale Voltmeter " employing a Zenar diode
to achieve zero suppression is described in specification sheet
32 now available from the manufacturers, British Physical
Laboratories, Radlett, Hens.
5WW 333 for further details

The 2500 series of " Radiation -tolerant Television
Cameras" manufactured by Cohu Electronics Inc. are des-
cribed in leaflet 6-327, which is available from the com-
pany's Kintel Division, whose address is Box 623, San
Diego, California. One -inch vidicons are fitted to these 525 -
line cameras.
5WW 334 for further details

The second edition of the 19 -page booklet describing the
LFK4 " Audio Transistor Package for Transformerless
Amplifiers" has been issued by the Entertainment Markets
Division of Mullard Ltd., whose address is Mullard House,
Torrington Place, London, W.C.1. This transistor package
is intended for use in portable radio and audio equipment
with output powers up to 750 mW at 9 V and 1 W at 12 V.
The design method described in the publication is based
on a report prepared by R. F. Brown of the Mullard Central
Application Laboratory.
5WW 335 for further details
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PARIS

COMPONENTS SHOW

PARIS, PORTE DE VERSAILLES, 8-13 APRIL

NOW that the exhibition has left the collection of halls
on the east side of the Avenue Ernest-Renan and
crossed to the main exhibition (Le Hall Monumental)

under one roof, the confrontation, as the French say,
which meets the eye on entering is more daunting than
ever. The horizon is lost in the haze at the far corners
of the hall; there are nearly 900 stands and one has to
walk 5 km to see them all.

Obviously, any report must be highly selective and
many items, especially those shown by British Manufac-
turers who will also be at Olympia next month, have
been left for our coverage of the R.E.C.M.F. exhibition.

A branch of the main hall was this year set aside for
what the organizers term the ler Salon International de
l'Electroacoustique but which did not differ much from
the aggregation of the same firms in last year's general
exhibition. Monsieur Gogny, who revives for one U.K.
visitor memories of Voigt and his lone work for high
quality in the mid '30s, was showing refined versions of his
now well-known Orthophase ribbon -driven flat diaphragm
speaker cells. Also a number of combinations of conven-
tional moving coil units, conventional that is with the
exception of the " woofer " units which incorporate a
separate velocity -sensing unit, with separate magnet
system, providing feedback to linearize the velocity char-
acteristic of the main coil.

Another interesting audio exhibit was the new Braun

Braun TG60 tape recorder
with plug-in heads

Photomicrograph of the SGS-Fairchild
decade counter chip.
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TG 60 tape recorder designed to give " studio " per-
formance comparable with the rest of Braun domestic
quality equipment. The outstanding feature is the plug-
in head assembly which permits rapid change -over
between 2 and 4 -track working.

In the main exhibition the real components, piece
ditachee, are fittingly congregated around the entrance
and as one penetrates into the hall the complication
increases, with sophisticated measuring equipment at the
four sides. For precision and quality in small metal parts
it was pleasant to find an old -established Birmingham
firm (Brandauer & Co. Ltd.) setting the standard. Many
of these minute parts-contacts, transistor headers, etc.
-are gold plated and P.M.D. Chemicals Ltd. were
expounding their " Duplex " technique in which a heat
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Telefunken 500 kw triode (RS1828).

resisting gold layer is combined with a second coating
to reduce porosity.

A striking demonstration of the low -noise properties of
Filotex coaxial cables was given by inducing large -ampli-
tude traverse mechanical waves in a vibration test bench.
Also on this stand was seen a parallel -stranded flexible
coaxial shielding (Type FMG) which is easier to strip
than the conventional braiding. Sub -miniature coaxial
cables shown by Precicable-Bour S.A. are made down to
1 mm external diameter (5011+4, 93 pF/m, 0.87 dB/m at
200 Mc/s). A useful kit of inter -series cable adaptors and
fixing spanners for most NATO stock numbers was
shown by Greenpar Engineering Ltd.

New n -p -n high voltage transistors (700 V, collector -to -
emitter) and germanium p -n -p diffused alloy power types
(325 V) switching 2A in <Zosec were announced by
Bendix for use in television receivers. The all -planar
techniques evolved by S. G. S. Fairchild were well exem-
plified by a single chip decade counter circuit (C/4L958),
measuring 1.25 mm square and containing four binary-

Milliohmmeter, Type ROI, by S.E.N.

244

English Elec-
tric KY366
vapour - cooled
klystron.

Right: Colour display
tube (A63. I 1 X) by
"La Radiotechnique"
has pre -stressed
(auto -protected) 63
cm rectangular screen

Left: C -band travel-
ling wave tube, type
TWC827, by M-0
Valve Company

triggered flip-flops with feedback. There are 24 tran-
sistors and 30 resistors and it consumes 160 mW at 4 V.
Thin film techniques for R and C in conjunction with
silicon integrated active circuits were represented by the
Ferranti " Multilin " system.

Some things transistors cannot yet do-for instance,
produce 8 kW at 6.3Gc/s; but this is the performance
of the M -O Valve Company's travelling wave tube which
was on show and which is in use at Goonhilly Down.
Nor can they yet do the work of vapour -cooled klystrons
such as the KY366 shown by English Electric and used in
the Post -Office microwave links between Goonhilly and
Plymouth for the " Earlybird " tests. The contrast is
even greater at broadcast frequencies for which Eimac
have produced a 250 kW vapour -cooled pentode (5CV250,
000A) and Telefunken a triode (RS1828) rated at
500 kW.

In switching circuits transistors have not yet entirely
superseded mechanical relays, particularly glass -encap-
sulated reeds, typified " dry " by a new G.E.C. model

Acos model 101200
I -in oscilloscope

Tektronix Type 422 portable oscilloscope
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and " mercury -wetted " by the I.T.T. range. These are
cheaper and have life expectances up to 10' operations.
High-speed polarized relays of the Carpenter type are
also less expensive than the transistorized equivalent
shown by T.M.C., but in unattended situations or where
skilled adjustment is expensive, the higher capital cost
of the transistor version may be justified.

Two new colour television display tubes, both with
rectangular screens, were shown, one by the firm "La
Radiotechnique " which markets the Miniwatt and Dario
valve and transistor marques in France, and the other by
Sylvania. This latter tube has a new phosphor coating
for the red dots containing the rare earth europium which
enables the brightness to be brought up to the more
sensitive green and blue levels. An overall brightness in-
crease of 43'':, is claimed.

Among measuring instruments a milliohmmeter (Type
R01) by Societe Electronique et Nucleaire was noted.
It has a range of 10 4!.1 to 10 k11 and uses long thin leads

and crocodile clips for connection to the circuit to be
measured. Actually the jaws of each clip are insulated
from each other one being used to establish a known
current through the circuit under test and the other to
measure the voltage developed across it. As the input
resistance of the voltmeter is about a megohm the lead
resistances can be neglected.

Oscilloscopes showed no striking advances in perform-
ance, but there was a trend among the high-grade makers
to produce models of smaller size and weight, typical
examples being the Hewlett Packard Model 132A double -
beam tube, using Nuvistors for low microphony in the
channel amplifiers, and the Tektronix 422 measuring only
16 X 81 x 6-,} in, also with double -trace operation and a
wide selection of functions for all kinds of scientific work
in the field. The ultimate in portability was seen on the
Cosmocord stand where a new range of inexpensive
vibration measurement equipment included a 1 -in
oscilloscope measuring approximately 5.: x x 3 in.

COLLOQUIUM ON MEMORY TECHNIQUES

AN attendance not far short of 600 served to indicate the
breadth of interest in this subject. While the com-
mercial rewards in a future dominated by computers

are likely to be high for anyone making a major break-
through in capacity and/or access time, this alone would
not account for the fascination of the problem for applied
physicists, technologists and engineers who have the planning
of computer systems. Work on thin magnetic films, opto-
electronics, cryogenic devices and ferroelectrics have pro-
duced a wealth of paper work and more questions than
answers, but the time will no doubt come when the domin-
ance of the ferrite ring core matrix in present-day computers
will be superseded.

Successive miniaturization giving better packing densities,
and multi -aperture cores permitting non-destructive read-out
have kept ceramic ferrite cores ahead of the pack so far.
Although a higher Curie point is possible with lithium, and
other minor improvements can be obtained with various
additives, H. P. Peloschek (Philips) thought that the original
manganese -magnesium square loop ferrite was likely 'o
remain the most -favoured type for a long time on account
of its uniformity, reliability and fast switching time. He
saw no sensational improvement in these directions, but
thought that higher saturation magnetization and crystal
anisotropy were possible, and that better ceramic structure
might be found to improve the squareness of the hystersis
loop, degraded by the increased effect of disturbances (pores,
etc.) in miniature structures. Most speakers supported this
view and agreed that competitors using other methods were
aiming at a moving target.

Much work has been done on thin magnetic films which
promise faster and cleaner switching because the change
of magnetic state depends on 180° coherent rotation of the
molecular magnetization in what is virtually a single domain
and is independent of the wall motion between domains
which is dominant in bulk materials. J. I. Raffel described
work at M.I.T. on a high -capacity film store giving 3,200
word lines on 350 digit lines (1.1 x 10' bits) on a glass
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substrate only 10 inches long. The magnetic material is

deposited by evaporation in a vacuum and special precautions
against blemishes (e.g. dust) in preparation are necessary,
as one open or spoil the whole store.
Non-destructive read-out is possible with sandwich films
in which a " hard " (Ni Fe Co) film is separated from a
soft (Ni Fe) film by a thin non-magnetic layer. The coup-
ling between the magnetic films in these conditions is parallel
and identical in direction and this unexpected phenomenon
is as yet not satisfactorily explained, though work by Prof.
Neel and his colleagues at C.N.R.S. at Grenoble suggests that
three mechanisms may be involved: (1) contacts through
microholes in the non-magnetic layer, (2) diffusion into this
layer of ferromagnetic elements and (3) long-range inter-
action through the polarization of conduction electrons. The
dominant cause is dependent on the metal used for the
intermediate layer.

An unusual photoelectronic memory depending on per-
sistent internal polarization (p.i.p.) in a layer of powdered
photoconductive material in air, and also exposed to an
electric field was described by H. P. Kallmann (Univ. of
New York). The information is written -in by a light beam
and can be released by light in the absence of the electric
field, but with both field and light off it is calculated that
the latent image would last, under dry conditions, for 10
to 12 years.

Another unusual memory principle was described by J. T.
Chang et al (Bell Tel. Labs.) and depends on the rotation
of polarization of transmitted light through a mosaic of
gadolinium iron garnet crystals on the application of a

magnetic field. The magnetization of the iron sub -lattice
of the garnet produces a rotation in opposite senses for
magnetization along or against the direction of light, so
the elements can be interrogated non-destructively.

In the concluding session J. A. Rajchman (R.C.A.), a

pioneer of memory techniques, summarized the conclusions
of the conference and gave his views of future prospects.
Too much emphasis he thought should not be given to
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miniaturization and perfection of integrated memories them-
selves without at the same tune considering the integration
of the access switching circuits which at present cost about
as much as the matrix itself. Junction transistors at present
capable of being packed at 20 or more to the " chip " were
too big, and one had to think in terms of thousands in the
same area. Meanwhile diodes which could be laid down at
60 to the inch must offer the best prospect for integration
during the next 2 or 3 years. Tunnel diode characteristics
were sensitive to manufacturing tolerances and he thought
that the future might lie with field effect complementary
pairs which were capable of nanosecond switching times with
negligible energy requirements. But we would still need
6 to 8 transistors per bit.

In spite of slow progress and pessimism in some quarters
he thought that superconducting memories had as much
chance as any of beating the ferrite core. They contained
only conductors and were simple to manufacture, energy
requirements were small and switching thresholds sharp.

The attraction of optics as providing the ultimate in speed
of operation was in Dr. Rajchman's view illusory. Com-
pared with fibres, necessary for the conduction of light to
the appropriate part of the memory, the copper wire for the
conduction of electricity was a great invention; it was just
as fast and much more efficient. Lasers with their capability
of concentrating large energies in a small spot were not yet
sufficiently developed to judge whether a practical application
could be made.

LETTERS TO THE EDITOR
The Editor does not necessarily endorse opinions expressed by his correspondents

Class D Audio Amplifiers
THE article in the April issue by Messrs. G. F. Turnbull and
J. M. Townsend concerning their " pulse width modulated,"
or " class D," audio amplifier circuit interests me very much.
They have produced a design essentially similar to the one I
described in this same journal over two years ago (Letter to
the Editor, March 1963), although I am assured that they
were unaware of my circuit until after their article was com-
plete. We both advocate arrangements in which overall
negative feedback is used to generate the basic switching, and
apparently we were led independently to this principle from
consideration of different kinds of automatic control system.

Since the publication of my letter I have several times
heard the comment that this type of switching must lead to
distortion, since it introduces a variation of the basic switching
frequency when a modulation waveform is applied and that
this variation must give rise to complex sidebands which will
spread down into the a.f. band more seriously than would
have been the case with the more usual fixed frequency of
switching. But is this variation of the frequency necessarily
a bad feature? Might not the feedback be cleverer than we are,
and " know " that a judicious amount of frequency modulation
can actually reduce the troublesome low -frequency sidebands?
In fact I am sure that this is the case, and that the feedback
effectively modifies both the mark -to -space ratio and the
frequency of the switching square -wave in such a manner as
to give a very worthwhile reduction of the spurious sidebands
at the low frequencies.

Consider the basic arrangement as shown in Fig. 1, which is
almost a reproduction of Fig. 8(a) from the article in the April
issue. The amplifier A and the capacitor C form an integrator
using the well-known " Miller " principle, and the resistors

AUDIO
INPUT

Fig.1
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Rr and R2 form a feedback network also in a familiar way. If
the amplifier A has a high gain, so that voltage swings at its
input are negligible, and ahigh input impedance, so that no
current is wasted, then the feedback network delivers a current
proportional to the voltage error at the output point and this
current is integrated by the capacitor C. Thus the output
voltage of the amplifier A is at every moment a measure of the
integral of the error of the overall amplifiers and the hysteresis
circuit H trips over whenever this accumulated (error x time)
integral threatens to get outside the range represented by the
voltages &

We can thus draw a diagram of the error waveform of the
overall amplifier by subtracting the ideal linear output voltage.

IDEAL LINEAR OUTPUT
Rz

Vin RI

Fig. e

ERROR WAVEFORM

EDGE TIMES OF OUTPUT SQUARE -WAVE

+h

1,

R.,
which is V. " from the actual output square wave that the

in RI
system gives. The result will look like the waveform in Fig. 2.
where the vertical edges have the same height and timing as
the edges of the square -wave output, but are joined together
by portions of the ideal linear output as a result of the subtrac-
tion. Now clearly we require this error to be as free as possible
from components of frequency in the a.f. band. The modula-
tion system we are discussing, and only this system, has the
property that each single pulse in this error waveform has the
same voltage x time integral, indicated by the areas shaded on
the diagram, as all the other pulses.

Now this means that not only are the very low frequency
components of this error waveform always exceedingly small,
but that their increase of size along the frequency spectrum is
parabolic rather than linear. In contrast to this, conventional
fixed frequency p.w.m. generates sideband components of
constant amplitude even when their frequency is close to zero,
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such as when the signals at the input are roughly one -quarter
or one -sixth of the switching rate. Now the writer is forced to
admit that he has been unable to find a satisfactory method for
obtaining a proper Fourier analysis of this switching wave-
form, perhaps some reader may be able to help, but approxi-
mate methods suggest that the advantage gained with this
arrangement extends over a band of frequencies up to at least
a third or a half of the basic switching frequency, that is to
say throughout the range that is of practical importance.
It will be realized, of course, that if very heavy modulation
of the mark -to -space ratio is used then the switching rate
falls drastically and severe distortion occurs, but it will be
found that the effects are not really so very much different
when a system of the constant frequency type is overloaded,
and the only honest course is to quote a figure for maximum
output power based on a maximum modulation depth of
perhaps 75".

Thus this basic system of modulation, involving both the
mark -to -space and the frequency of the switching wave,
obtained with the negative feedback kind of circuit appears
to be theoretically superior to the more usual fixed frequency
p.w.m. scheme. This means that such a circuit has the
practical advantage that a lower switching rate can be used
to obtain a given level of performance, and this in turn cases
the speed requirements on the final power transistors. The
selection of these is at present the most difficult part of any
Class D amplifier design, so that easing of the requirements
is of considerable value.

But this is not the only advantage of the negative feedback
system. Consider Fig. 1 again and think what is actually
involved in block H. This is not merely a switch with
hysteresis, but a power amplifier capable of driving some
watts into a loudspeaker. It will normally comprise four or
more transistors of which several are being pushed for
economic reasons to their limits of power and switching speed.
Thus it is naive to assume that the pulse edges will emerge
at the loudspeaker circuit with accurately defined amplitudes
and uniform time -delays. But in a circuit without feedback
this assumption has effectively been made and if it is wrong
even by only a few per cent. then a corresponding distortion
will be found in the output. The negative feedback, how-
ever, corrects for errors of these types and it is a feature of
this kind of amplifier that feedback can be put over so many
stages that the correction is easily made almost perfect. The
only worry is that the circuit may possibly " squegg " if you
are exceedingly careless; it will, of course, " hoot," as it was
intended that it should!

This makes it clear that the only way in which the circuit
can misbehave is by a weakness of the feedback arrangement.
Thus the amplifier A in Fig. 1 must take only a negligible
input current and its input voltage must not vary appreciably.
If these conditions are not met then not merely does distortion
appear, but power line hum is able to creep in and bass
response can be lost. My circuit of March, 1963, can be
substantially improved in this respect by the use of either a
transistor of exceptionally high current gain or a Darlington
pair in the first stage. The circuit of Turnbull and Townsend
in the April issue has a lower impedance feedback network
than mine, so that it will be likely to suffer less, but even so
the selection of a high gain transistor for Trl will probably
be worthwhile. The exact mechanism of this interference
can be rather subtle, but the essential effect is that any
variation of the collector current of this transistor due to any
cause such as variation of the voltage applied to the load
injects a current, reduced only by the current gain factor,
directly into the feedback bridge. This in turn causes a
corresponding change of the voltage at the loudspeaker and
hence an unwanted contribution to the output.

It seems rather unkind to criticize the details of the circuit
given in the April issue when I am so much in agreement
with its basic principles. Accordingly I will content myself
with asking that interested readers should compare the two
circuits before building either of them, and I would also
like to point out that far and away the most difficult problem
for many readers will be in obtaining transistors fast and
powerful enough to work adequately in the final stage. The
day when transistors become like vacuum tubes and are
always able to function far beyond the highest audio fre-
quencies whatever their current or power capabilities has
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not yet arrived. When it does we may well see the Class D
circuit as the only type of a.f. circuit used in any numbers.

Cheadle. K. C. JOHNSON

Pulse Width Modulated Audio Amplifier

IT has been my pleasure to read the valuable article by G. F.
Turnbull and J. M. Townsend on pulse modulated audio
amplifiers in the April issue.

I would like, if I may, to underline the muffled plea (con-
clusions, p.167) for the development of transistors or G.T.O.s
appropriate to power outputs of 20 to 100 watts r.m.s.

In the current range, theie is a pronounced notch between
audio types having inadequate switching speeds, and hi.
power devices which are too good, and correspondingly ex-
pensive for this application. It is to be hoped that the more
enterprising semiconductor manufacturers will force the
potential of class D systems in the industrial as well as domes-
tic markets.

There is a good choice available for the lower -powered
stages with prices ranging from under one shilling to about
4s for planar epitaxiai devices. I mention this to make the
point that other components, e.g., a decoupling capacitor, can
cost the manufacturer more than a transistor.

The editorial of the April issue makes appropriate com-
ment about " habits of thought induced by long experience
with valves. . . ." Historically stress has always been laid
upon the number of valves employed in a particular piece of
equipment. There is surely no longer any reason to regard
transistors differently from other circuit components, such
as resistors and capacitors.

This argument is relevant when comparing open and closed
loop class D systems. It is perhaps worth mentioning that in
an open loop system employing double edge modulation the
h.f. energy is confined to blocks centred on the fixed p.r.f.
and its harmonics, and that filtering therefore tends to be
easier. Whilst filtering is frequently unnecessary in domestic
installations due to the large h.f. resistance of most loud-
speakers, it is important in high -power p.a. applications in
order to avoid radiation.

On this topic and again referring to " habits of thought,"
we ought not to be prejudiced against an audio amplifier con-
taining a "local oscillator" any more than we are towards
,uper-het receivers. In both instances, however, adequate
design is called for.
Oxted, Surrey. D. R. BIRT

Klystron Action

I CANNOT agree with Mr. K. E. Hancock's qualitative
description of the action of the klystron in the October, 1964,
issue. Contrary to his statement in the script on page 509,
the charge distribution in the resonator of Fig. 4 gives a field
distribution most favourably disposed towards accelerating the
beam electrons within it.

Furthermore, although a finite transit time in the gap
;G1 to G2) does affect the intensity of velocity modulation of
the beam (by a gap factor sin 2//2 where ch is the transit
angle), the phenomenon of bunching can be explained
without reference to it. The main factor governing the
velocity of an electron leaving G, will be the potential to which
it has been raised at this point, and it can be easily shown that

the velocity of an emergent electron is given by '41 -F.vtl-1)'J

where v1 is the instantaneous potential difference between
Go and Gi, Vo is the steady p.d. between resonator and cathode
and µ0 is the electron velocity with no cavity resonance.
Bunching is thus obtained by electrons entering the retarding
field space near the repeller at different velocities as v, goes
through its sinusoidal cycle. The modifying gap factor will
have little effect upon this as the transit angle is normally
of the order of 1 radian.

If the bunch can be timed to return to the resonator when
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it is again in the phase shown in Fig. 4, it will be retarded in
velocity, thus giving up energy to the field.

Cardiff. E. H. JONES
Welsh College of Advanced Technology.

Resistances and Reactances in Parallel

IN reply to Mr. de Visme's letter in the; January issue, let
me say that the graphical method for determining the equiva-
lent series circuit of a given R and X in parallel, and vice
versa, has been described in the literature. At a second-
hand book shop I bought a nicely bound volume of Experi-
mental Wireless and The Wireless Engineer for 1927, from
which one obtains an excellent insight into " the state of the
art " at that time.

Mr. de Visme's method is used in two articles : " Some
New Coil Impedance Diagrams " by W. A. Barclay on page
87, and "Alterations to the Modulating Panel at 2L0," by
Green, Hewitt and Petersen on page 467. In each case the
authors give credit to F. M. Colerbook for originating the
method in an article "The Graphical Analysis of Composite
Impedance," in E.W. & W.E. for December 1924.

The late F. M. Colebrook is, of course, well known for
his book " Basic Mathematics for Radio and Electronics,"
which, in the 1927 volume of E.W. & W.E. was running in
serial form. Another contributor, describing the horizontal
Hertzian aerial, and a graphical method of amplifier coupling
design was that Peter Pan of radio technical literature, M. G.
Scrogg ie.

Brisbane, Qld., Australia. A. R. WHITE

Audio Topics-Nomenclature

IN view of the increasing interest in class D amplifiers it is
surely pertinent to begin this new design phase with accurate
terminology.

It was in the Wireless World of April 1946 that "Cathode -
Ray," dealt with the term " pulse width " and showed that
this was slovenly jargon for the appropriately designated
concept of " pulse duration." However, pulse duration
modulation has been customarily used for a different sort
than that associated with your class D. Surely the correct
and most widely used term for this type of amplifier is
" pulse -ratio " modulation?

London, S.W.19. P. F. COOK
I THINK I voice the feeling of the p.a. profession when I
say we wish to remain old fashioned enough even with our
latest transistor amplifiers, to retain sine wave ratings.

May I make a point about "pop" music? The dynamic
range here is much less than the 10dB mentioned-in many
cases less than 3dB ! As this class of programme takes up
so much broadcast time, and accounts for a large volume
of disc sales, surely this type of signal must be considered?

Luton, Beds. HAYDON G. WARREN

National Certificate Courses

YOUR correspondent Mr. I. Leslie (April issue) complains
that after working for 7 years and having three A Level passes
he cannot enter directly a Higher National Certificate Course.
When he left school two avenues for his further advance-
ment would in theory be open to him:-

(1) to follow technological courses leading to O.N.C. and
H.N.C.

(2) to acquire sufficient G.C.E. passes at 0 and A level to
qualify for entry to a degree course, if he had not sufficient
already, and to proceed either as a part-time student for a
London External degree or as a full-time grant -aided student
(at a university or technical college) for an internal or a London
External degree.

He has elected to follow the second avenue and now appears
to be ready to enter on the degree course proper. If it happens
that he has not yet obtained qualifications acceptable for
admission as a corporate member of a particular professional
institution, apparently without having years ago considered

what he would need for this purpose, he is in no position to
complain that the regulations of avenue (1) above are not
suited to his particular case.

In any case there are a number of professional institutions
to which persons active in the field of electronics might
usefully apply.

University of Newcastle Upon Tyne. I'. SHORT

Average Power

IN your editorial comment on the question of power ratings
of audio amplifiers you use the expressions " watts r.m.s."
and " sine -wave r.m.s. power." It is clear from the context
that what is actually meant is average watts and average
power, and thus the addition of the letters r.m.s. is both
unnecessary and misleading.

Virginia Water. L. GOODALL

REPRINTS OF "W.W." ARTICLES
IN response to requests we give below a list of the articles
which have appeared in Wireless World and are, or will be,
available as reprints.

Wireless World Oscilloscope
Parts 1, 4, 5 & 6 (Mar., June, July & Aug. '63)
Part 2 (April '63)
Part 3 (May '63)
Parts 7 & 10 (Feb. & Oct. '64)
Parts 8 & 9 (Mar. & April '64)

W.W. Audio Signal Generator (Nov. & Dec. '63)
Transistor Audio Power Amplifier & Pre -Amplifier;

Tobey & Dinsdale (Nov. & Dec. '61)

5s Od
2s 6d
2s 6d
2s 6d
2s 6d

3s Od

3s 6d

Wireless World Crystal -Controlled Transistor F. M. Tuner
(July '64) available soon

Transistor High -Quality (Stereo/Mono) Audio Amplifier;
Dinsdale (Jan. & Feb. '65) available soon

Low-cost High -Quality Amplifier; Baxandall (Feb. '58)
3s 6d

F.M. Tuner (Valve); Amos & Johnstone (April, May
& July '55) 2s Od

" Where do tran-
sistors go . . . "-
Some of those that
fall by the wayside
find their way to
PMD Chemicals Ltd..
of Coventry, who find
that it pays to re-
cover the headers and
also the gold which is
plated at consider-
ably greater thickness
than on jewellery.
Rejects arrive by the
I cwt sack and stocks
awaiting processing
can be anything up
to 10 tons!
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Satellite Communications Service Begins
GOONHILLY STATION MODIFIED FOR EARLY BIRD SYNCHRONOUS SATELLITE

LAUNCHING of the Early Bird synchronous satellite
on 7th April effectively established the first satellite
radio communications system to be used in a com-

mercial telephone service. Previous satellite communica-
tions systems have been purely experimental. After an
initial test period, now nearing completion, the new
system will carry a proportion of the transatlantic tele-
phone traffic normally conveyed by cable between Europe
and North America. Nevertheless it is still only a trial
commercial system. The economics and technical advan-
tages of synchronous satellite working have still to be
assessed, relative to h.f. radio, under-
sea cables and the rival non -syn-
chronous satellite systems, before a
decision can be made on the best
type of satellite scheme for global
communications.

The Early Bird system will provide
up to 240 telephone circuits between
an American earth station, at
Andover, Maine, and any one of
three European earth stations, at
Goonhilly Downs in Great Britain,
Pleumeur Bodou in France and
Raisting in W. Germany. Continu-
ous operation is possible, but initially
the service will be restricted to peak
telephone traffic hours between noon
and midnight, Monday to Friday.
The system may also be used for
occasional experimental television
transmissions. The three European
stations will operate consecutively,
each carrying the whole of the satel-
lite -system traffic for one week in
every three week period. The re-
maining two weeks of the period are
for standby operation and mainten-
ance respectively. Switching centres
at London, Paris and Frankfurt will
establish the required telecommuni-
cation circuits throughout Europe, to
and from whatever station is acting
as the satellite terminal.

Early Bird, otherwise known as
HS -303, has been placed at a height
of about 22,240 miles and moves in a
synchronous equatorial orbit which
causes it to be stationary with respect
to the earth at a point 27° 30'W above
mid -Atlantic. Built by Hughes Air-
craft Company, U.S.A., the HS -303
is constructed as a cylinder 3ft in
diameter and 4ft 6in high with pro-
jecting aerials. The cylinder carries
on its surface about 6,000 solar cells,
providing a 45 -watt power generator,
and encloses two communications
transponders, a v.h.f. telemetry trans-
mitter, two microwave beacons and a
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battery of rechargeable cells. The two transponders
(one for each direction of signal transmission) receive
signals from a colinear aerial array and use a common
travelling -wave tube transmitter, which has an output
power of 4.3 watts and feeds a co -axial slot aerial. For
telemetry, four v.h.f. whip aerials arc used.

Communications signals are transmitted from the Euro-
pean earth station on 6.30 Gc/s and received by one of
the satellite transponders, which re -transmits them on
4:10 Gc/s to the U.S.A. In the reverse direction, signals
are transmitted from Andover on 6.39 Gc/s and received

GIRDER STRUCTURE
AND MACHINED TRAYS

OLD AERIAL
BOWL POSITION

T.W. MASER CABINS

24 PANELS

TURNTABLE

Fig. 1. Main features of the modified aerial, showing the new bowl built on top cf the old one.
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by the second transponder, which re -transmits them to
Europe on 4.16 Gc/s. Beacon frequencies are in the
region of 4 Gc/s (transmitted with e.r.p. of 250 mW) and
v.h.f. telemetry frequencies are 136 Mc/s. (All figures are
approximate.)

In preparation for the Early Bird communication
system the British Post Office, as reported earlier, has
made extensive modifications to its terminal station at
Goonhilly Downs. These have been necessary mainly
because different frequencies are now used and because
HS -303 is more distant than earlier satellites so that re-
ceived signals are considerably weaker (power received
from the satellite is about 10' W). Furthermore, since
the new communications system is intended for regular
commercial use, it must be more reliable than an experi-
mental scheme. The most important aspect of the modi-
fications has been the improvement of the signal/noise
ratio in the system. This has been achieved by increasing
the gain of the aerial; reducing losses in the aerial wave -
guides; introducing a new maser receiving amplifier; and
increasing, the output power of the transmitter.

The higher transmitter power (8 kW) is provided by
a new water-cooled travelling -wave tube with a clover-
leaf slow -wave structure developed by G.E.C. and
S.E.R.L. This valve, like the maser, is housed within
the aerial structure.

Changes made to the aerial are illustrated in Fig. 1.

To obtain more efficient transfer of energy between the
primary feeds and the paraboloid reflector, the reflector
bowl has been made shallower and the feeds unit moved
outwards to the new focus position. As a result the
aerial aperture has been reduced from 180' to 140'.
The new bowl has, in fact, been built on top of the old
one. Precision engineering techniques have been used
to obtain high reflection accuracy. The bowl membrane
now consists of a solid steel 25 -ft central section,
machined to an accuracy of 0.015 in to act as a reference,
and 24 adjustable stainless steel panels surrounding it.
The surface positions of these panels have been adjusted,
against a parabolic test template, by the multiplicity of
screw jacks mounted behind the membrane on the sup-
porting structure (the bowl having been rotated under
the template). As a result the bowl is within 0.1 in of

New travelling -wave maser. A second maser will be installed later
to act as a standby.
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Fig. 2. Radiation
pattern of new
aerial compared
with old one, briuw-
ing improverrietic
in gain and sup-
pression of side
lobes.
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the optimum paraboloid over 99% of its surface. In
addition, the feed supports have been designed and
positioned to reduce aperture blocking and feed shadow-
ing, and losses due to these effects are estimated as
less than 0.26 dB. As shown in Fig. 2, these aerial
modifications have sharpened the radiation pattern and
increased the gain by 6 dB to 60.5 dB at 6 Gc/s.

The new Mullard travelling -wave maser has a higher
gain (about 7 dB more) than that of the earlier model
and the noise temperature has been reduced from 15° K
to about 10° K. An unusual feature of the device
is the use of a light -weight superconducting electro-
magnet for tuning in place of the earlier heavy per-
manent magnet. This has improved the stability of
operation of the device. The low temperature necessary
for superconductivity in the magnet coils is provided
by the liquid helium bath ( - 271 °C) used for the maser.

Detection of the received signals (after they have
been converted down to 70 Mc/s) is performed by an
f.m. negative feedback demodulator. In this the devia-
tion of the signal is reduced by frequency feedback
before it reaches the final discriminator and the noise
bandwidth is limited by a filter with a passband narrower
than that of the original deviation.

As a result of the modifications the figure of merit
(gain/noise temperature) of the overall system has been
improved by 4 dB. Of this, 3 dB results from the better
aerial performance and 1 dB from lower noise temperature.

Since Early Bird is a " stationary " satellite the aerial
tracking requirements are much less stringent. The
aerial bowl movement is still controlled from predicted
satellite position data (sent from the U.S.A. and con-
verted into azimuth and elevation aerial co-ordinates, by
computer at Goonhilly), but the predicted data sent are
now more widely spaced in time. Position interpolation is
performed by the computer and the aerial control equip-
ment, to give position -demand signals for the aerial
digital servos at 1/50th second intervals. Errors in pre-
diction are estimated at not more than 10" arc. Fine
positioning of the aerial beam, to correct errors in pre-
diction or due to wind forces on the aerial bowl, is now
performed automatically by a closed -loop control system.
In this the beam is made to follow the satellite, by
hydraulically powered movement of the aerial feed unit
relative to the true focus of the paraboloid, in response
to error signals derived from a conical -scan position -
detecting system.
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ELECTRONIC LABORATORY INSTRUMENT

PRACTICE By T. D. TOWERS,* M.B.E., A.M.I.E.E.,

5.-MEASUREMENT OF RESISTANCE

NINE times out of ten in an ordinary electronics
laboratory you will use a multimeter to measure
resistance. Next time you have occasion to do

such a measurement, halt that reflex reaching for the Avo,
and think " What am I doing? What will the reading tell
me? What accuracy can I expect?" If you think you
could, without reference to a textbook, score more than
900 for an examination question like this, you need
not read on. If, however, your ideas on resistance measure-
ments are, like most people's, a bit hazy, you may be in-
terested in the description given below of the variety of
methods (of which the multimeter is only one) which
can be used.

Multimeter Resistance Measurements
Most multimeters are provided with direct reading re-
sistance scales. When switched to an " ohms " scale
the instrument uses the basic meter movement in com-
bination with an internal battery and resistive network to
display a reading of the value of a resistance connected
across its terminals.

In most commercial multimeters, the ohmmeter section
is of the basic " series -type " shown in Fig. 28 (a) where
the current meter M is combined internally with a voltage
source, E, (usually a 1 V battery) and a series resistance
RV. The component to be measured is connected across
the test terminals X -X and its resistance is read off on an
ohms scale on the meter.

In practice, the operation is self -calibrating. First you
leave the test terminals open, and verify that the meter
scale reads zero deflection (infinite resistance). You
may have to adjust the meter -preset screwdriver zero -
adjustment for this. Then you short-circuit the test
terminals and adjust the " zero -ohms " knob (controlling
RV) until the meter reads full deflection (zero ohms).
Next you connect the unknown R between the test points
X -X and read its resistance on the direct -reading re-
sistance scale. The scale (which normally reads forward
from left to right for increasing current or voltage) reads
backward for increasing resistance, since the current
through M falls as the resistance across the test terminals
increases. The resistance scale is non-linear, being crow-
ded up towards the left-hand (high resistance) end.

Good commercial multimeters, like the Salford
" Selectest," or the Avo Model 8, described in previous
articles, have three switched resistance ranges. In these
the normal range (Q x 1) measures 0-200k.Q, with
2k.Q mid -scale; the high resistance (Q x 100) measures
0-20MQ, with 200k.Q mid -scale; the low resistance
(Q = 100) measures 0-2000Q, with 20Q mid -scale.

How accurately does a multimeter read resistance?

Newmarket Transistors Ltd.
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When it leaves the manufacturer, the accuracy specifica-
tion (for example, of the " Selectest ") is typically ±
3" from zero to mid -scale, 5",, from mid -scale to
2/3rd full scale and 10" from 2 /3rd up to full scale.
After a few " adventures " in the lab., you would be unwise
to assume that it is as good as this. If you are prudent
you should not rely on its being better than 5% below
mid -scale, 10" from 1 to 2 '3rd scale, and 20% to 2/3rd
to full scale.

These accuracies are sufficient for many requirements
in the laboratory but you may want to check more
closely on occasion. You can then turn to one of the more
specialized instruments described later. Alternatively
(and this is very often done) you may check the multi -
meter resistance range error by measuring a standard
cracked -carbon high -stability resistor of known value.
These can be obtained quite cheaply to a 1",, tolerance

(a;

(b)

(c)

(d)

x x

TEST TERMINALS

Rs

TEST TERMINALS

TEST TERMINALS

TO INPUT OF
FIRST STAGE

OF VALVE
VOLTMETER

Fig. 28. Basic circuits for resistance measurement: (a) series -type
ohmmeter range of multimeter; (b) alternative series -type ohmmeter
(c) shunt -type ohmmeter; (d) valve -voltmeter circuit for measuring
resistance.
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from your usual electronics supplier or in case of difficulty
from specialist firms such as the Radio Resistor Co. Ltd.
With a range of these (say 1Q, 10Q, 100Q, up to 1MQ)
you can rapidly check the multimeter resistance scale in
the area of resistance where you are critically interested,
and apply the necessary correction to your reading of the
unknown. A useful tip is to keep the resistances handy in
a polythene bag Sellotaped to the top of your instrument.

In using the multimeter as an ohmmeter, remember the
few simple precautions following:-

(a) Before commencing test, adjust meter zero -
deflection if necessary by screwdriver meter -zero
adjustment control.

(b) Check that connections to test terminals are tight.
(c) Check that meter is switched to correct resistance

range.
(d) Short-circuit test prods or terminals and adjust

full-scale deflection (for zero resistance) with the
" set -zero " control knob.

(e) Verify that in short-circuit test, (d), the meter
pointer does not " wander " or " jitter "-this
indicates a nearly exhausted internal battery. If
you cannot bring the pointer up to full-scale deflec-
tion at all, renew the battery.
Don't leave a resistor (or short-circuit) across the
terminals except in making measurements, as this
may run the battery down.
After use, always switch away from the resistance
range (preferably to a high voltage one).
Remember that without calibration check against a
standard, errors as high as ± 20% can occur at
some points of the scale in practice.

Variants of the basic series -type ohmmeter circuit of
Fig. 28 (a) may be met with. For example, another
version of the series circuit is given in Fig. 28 (b). Here
the short-circuit adjustment for full-scale meter deflection
is made by a variable resistor RV in parallel with the
meter. However, the basic principle of measuring an
external resistance connected across the test terminals
X -X by measuring the current through it (and an internal
resistance in series with it) still obtains.

A different principle is adopted in the shunt -type
ohmmeter circuit of Fig. 28 (c) where, on open circuit,
the meter is adjusted by RV to full-scale deflection. When a
resistance is connected across the terminals X -X, the
current through the meter falls to indicate the resistance.
This type of ohmmeter reads increasing resistance from

(f)

(g)

(h)
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left to right, the opposite way to a series ohmmeter, and
is less common.

Valve Voltmeter Resistance Measurements
After the multimeter, the commonest instrument used
for resistance measurements in an electronics laboratory
is the general-purpose valve voltmeter, which now
usually incorporates resistance as well as voltage measure-
ments.

Fig. 28 (d) illustrates the basic arrangement of the
valve voltmeter in its resistance ranges. Current from the
internal d.c. voltage supply flows through an internal
precision resistor R, and the unknown resistance Rx
connected across the test terminals X -X. The resultant
potential difference across R,. is applied to the input
stage of the valve voltmeter, which gives a corresponding
pointer deflection. The higher the unknown resistance

the greater the deflection. The resistance scales of a
valve voltmeter thus read from left (low resistance) to
right (high resistance) in contrast to the multimeter
which, as we saw above, reads the other way round.

The valve voltmeter ohmmeter tends to cover a wider
range of resistance than the multimeter-and in a greater
number of switched ranges. For example, the KLB
Paco V70 valve voltmeter has seven switched resistance
ranges covering 0-1000Q (10Q midscale), 0-10,00052
(100Q midscale) etc. up to 0-1,000MS2 (10M.S2 midscale).
This contrasts with the three internal ranges of the Avo
with a 20MS2 maximum. The difference is not so great,
however, when the valve voltmeter is transistorized.
In the typical good transistorized voltmeter illustrated
in Fig. 29, the B.P.L. TVM1063, the resistance ranges
available are 0-1MQ, 0-10MS2, 0-100MQ. (Unlike the
more conventional valve voltmeters, the resistance scale
on this particular instrument reads from right to left
like a multimeter.)

The precautions outlined earlier for using the multi -
meter in resistance measurements apply equally to valve
voltmeters, which are provided with the same zero -
setting facilities.

Bridges for Resistance Measurements
In the higher resistance ranges, the valve voltmeter is
capable of measuring resistances with an accuracy better
than the multimeter, but otherwise its accuracy is still
only of the order of 5" or so. For better accuracies

Fig. 29. Typical commercial valve voltmeter with
three resistance ranges !Skil. 1500, ISMLI
midscale reading (B.P.L. TVM 1063, transistorized).
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you must turn to some other measurement method.
Now the well-known Wheatstone bridge has been in use
since the earliest days of electricity to make accurate
resistance measurements and it still finds wide use in
ordinary electronic laboratories.

The original Wheatstone bridge for d.c. measurement
of resistance, from which many different bridge types
have evolved, is shown in basic form in Fig. 30(a). Here
E is the d.c. source voltage, A, B and S are the selected
bridge resistors; and R. is the unknown external resistor.
The bridge resistors are adjusted until depressing the
key produces no deflection in the galvanometer or current
meter, M. At balance, it can be shown that

ARx-B  S
The two internal bridge arms A and B in Fig. 30(a) are

known as the " ratio arms ". In commercial instruments
the ratio of these is selected by switches so that the
third arm S (known as the " series " arm), a dial -con-
trolled variable, will yield the maximum number of
significant figures.

For low resistances of the same order as the bridge
contact and lead resistances, the Kelvin bridge, a modified
form of the Wheatstone bridge, is often used. The basic
Kelvin bridge circuit is given in Fig. 30(b). In this,
B and S are chosen large compared with lead and contact
resistances. Ry can then be measured accurately even
if it is very low. When the bridge is balanced with b B

s/S, it can be shown that R,
A

.S as before.

For very high resistances, again the accuracy of mea-
surement on a standard Wheatstone bridge falls off,
mainly due to lack of a sufficiently sensitive null detector
meter, M. The Wheatstone configuration has, however,
been used to measure resistance of the order of 1,000,000
MQ. For this the meter null detector is replaced by a
highly sensitive valve detector as shown in Fig. 30(c).
A guard ring is used so that leakage across the insulation
of the high resistance arm, A, of the bridge does not
affect the balance point.

The balancing of d.c. bridges is not difficult, but one
precaution it is wise to take is to confirm that the balance
is obtained at the same point on the resistance dial when
the polarity of the bridge energizing voltage is reversed.

Up till now we have dealt with a d.c. Wheatstone
bridge where the source is d.c. from a battery, and the
detector a centre -reading galvanometer or meter. Now
laboratories also normally require a bridge for impedance
measurements (to be discussed in the next article) and
this calls for some form of a.c. bridge. If the signal
source of the d.c. Wheatstone is changed to an a.c.
oscillator and the detector to an a.c. detector (such as a
pair of headphones or an a.c. voltmeter), we get a bridge
capable of measuring impedances. At low audio fre-
quencies, a " resistance " normally has negligible reac-
tance, so that it is possible to use an 1.f. a.c. bridge for
" d.c." resistance measurement. The basic circuit of the
a.c. Wheatstone bridge is given in Fig. 30(d). If the
frequency of the a.c. source is low (50-2000c/s) and the
bridge impedances Z Z, 4 as well as the unknown
Z, are effectively resistive then the balance equation
becomes, as with the d.c. bridge, R, (A/B)S.

The a.c. bridge circuits used in commercial 1.f. bridges
are not often simple Wheatstone types but usually one
of the many derivative types, which are beyond the scope
of this treatment. Interested readers might well consult
E. Hague "Alternating Current Bridge Measurements "
(Pitman) where over 100 bridge types are described.

The range and accuracy of resistance measurement
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(a)

(c) TO VALVE
DETECTOR

(d)

Fig. 30. Basic bridge circuits commonly used for resistance
measurements: (a) d.c. Wheatstone; (b) d.c. Kelvin; (c) amplified
d.c. Wheatstone; (e) a.c. Wheatstone.

Fig. 31. Typical commercial example of portable Wheatstone d.c.
bridge (W. G. Pye 7383).

253



with the three types of d.c. bridges described for general
purpose instruments is approximately as follows:

(a) D.C. Wheatstone 1-1,000,000 ohms with an
accuracy of the order of ± 0.1" (can be obtained
down to ± 0.003°).

(h) D.C. Kelvin (low resistance) down to 0.001 ohm
with accuracy of the order of ± 0.1 " except for
very low values of resistance.

(c) Amplified D.C. Wheatstone (high resistance)
up to 10" ohms with accuracy of ± 41° up to 10"
ohms.

Fig. 31 illustrates a widely used example of a d.c.
resistance bridge, the W.G. Pye type 7383 Portable Wheat-
stone. Capable of measurements from 0.0015 to 1MQ.
this bridge has a built-in pointer galvanometer and a
CV internal battery for applications where full portability
is required. However, terminals are provided for an
external galvanometer and external battery for ultra
precise measurements in the laboratory. The series arm
comprises four decades in steps of hundreds, tens, units
and tenths of ohms, and uses manganin coils adjusted to
±0.02% accuracy, except the 0.1 ohm coils which are
adjusted to ±0.2% accuracy. The two ratio arms are
each switched selections of 1, 10, 100 and 1000 ohms
utilizing manganin coils adjusted to ±0.010,, accuracy.
Other well-known names in the d.c. bridge field are

Fig. 32. Typical commercial example of portable a.c. bridge capable
of accurate measurement of resistance, as well as impedance
(Marconi TF2700-transistorized).

Baldwin, B.P.L., Cambridge Instruments, Croydon Pre-
cision, Sullivan, Tinsley and Wayne Kerr.

In the lab. you will often find that the 1.f. a.c. bridge is
used for rapid resistance measurements when accurazies
better than the multimeter or valve voltmeter are looked
for, and the high accuracy obtainable with the slower -
operating Wheatstone is unnecessary. An excellent
example of this type of bridge is the Marconi TF2700
illustrated in Fig. 32. This is a new -generation tran-
sistorized universal bridge, designed to measure L, C and
R, but eminently suitable for rapid, accurate resistance
measurements. The internal battery -powered transistor
oscillator provides a bridge source at lkc/s. The TF2700
has eight resistance ranges in decades from 0-1.152 to
0-11M.Q. In all ranges except the bottom one, the
measurement accuracy is better than 1% of the reading
added to 0.1" of the range maximum. On the bottom
1.1Q range, the accuracy is ±0.1% of range
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(a)

(b)

TO TO
POTENTIOMETER POTENTIOMETER

-ig. 33. Basic circuits for high -accuracy resistance measurement by:
ra) substitution; (b) potentiometer.

maximum. As a general statement it can be said that the
accuracy is about 1". The TF2700 is tending to take
over from the well-known TF868 valve universal 1%
LCR bridge which has been " a piece of the furniture "
in so many electronics laboratories over the last decade.
A.G. bridges suitable for resistance measurement will be
covered more fully in the next article.

Substitution Measurement of Resistance
A simple " lab. lash-up " method for resistance measure-
ment that can be of considerable accuracy employs the
circuit of Fig. 33(a). A battery E is connected via a
galvanometer or meter M with a variable shunt resistor R
to a switch S. The resistance R, is a variable standard
resistance, and R, the unknown. With the switch in
position 2 the meter current is adjusted to a convenient
deflection by means of the variable shunt resistor R.
S is then switched to position 1, and R, adjusted to give
the same current reading. At this point R0 - R. The
precision of the method depends on the accuracy of R,
and of the meter scale reading, and can be high if R,

Fig. 34. Typical commercial decade resistance box for use in methods
of Fig. 33. (Level) type R4I0).

is large compared with contact and lead resistances.
In Fig. 33(a) the " substitution " resistor R, is usually

a "decade resistance box". This is a useful piece of general
purpose laboratory equipment, which can vary from ex-
pensive 0.01% accuracy to economical 1% accuracy.
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Usually it has four decades of resistors selectable by
switches. Typical of the 1" variety is the Levell Type
R410 decade resistance box illustrated in Fig. 34. This
particular version can switch -select any resistance from
10 to 111,100 ohms with accuracy. In decade
boxes, you are likely to meet units manufactured by
such companies as Baldwin, Cambridge Instruments,
Croydon Instruments, Daystrom (Heathkit), Furzehill,
Rivlin, Sullivan and W. G. Pye.

Besides resistance boxes, most of the firms specializing
ia d.c. resistance test equipment supply single standard
resistances of various degrees of accuracy from 0.001",,,
to 1".

One feature of the circuit of Fig. 33(a) calls for remark.
When you are using a decade resistance box for R, watch
out that you do not put too much current through it.
The high stability resistors in the box are very liable to
lose their accuracy if overloaded. Read the instruction
leaflet or manual for the decade box very carefully, and
ensure you do not exceed the manufacturer's current
rating. If you should do so by accident, immediately
tie a label to the box saying what has happened. This
prevents the next user from placing unjustified reliance
on the accuracy of the standard until calibration check
has been possible.

Potentiometer Method of Measurement
Another lab. bench method of measuring resistance is by
means of a potentiometer as illustrated in Fig. 33(b).
The potentiometer, which was described in the February,
1965, article of this series, is used to compare the voltage
drop, V,, across the unknown R, with that, V, across a
standard resistance, S. It can be shown easily that

V,R, =
V

.S

The measurement must ensure that the current through
both resistors is constant. Usually a decade resistance
standard box is used for S, and adjusted until the po-
tentiometer reads the same voltage when switched re-
peatedly from R., to S and back. This makes the method
rather tedious but it has the advantage that the unknown
can be evaluated very accurately in terms of a suitably
chosen standard. This method is capable of extremely

Fig. 35. Typical commercial high -resistance megohmmeter (W. G.
Pye 11801 Wide Range Megohmmeter, 3MU to 200 million MU).

(a)

(b)

SQUARE -WAVE

VOLTAGE

GENERATOR

RV

Fig. 36. Basic circui s of miscellaneous resistance measuring
techniques: (a) oscilloscope trace decrement meti od; (b) meter
internal resistance measurement by variable resistance.

high accuracy if a sufficiently good potentiometer and
reference resistance standard are used.

Low Resistance Measurements
Several of the methods outlined above are useful in the
very low resistance field. In particular the Kelvin bridge
is very commonly used. Some firms make equipment
specially for low resistance measurements, as, for example,
Startronic with their " Lohmeter " and " Milohmeter ".

A particular problem arises when you are measuring
switch contact resistances. You may get variable and
misleading results if you do not ensure that sufficient
voltage is applied to break down surface oxide layers in
the switch.

High Resistance Measurements
High resistance measurements have been discussed gener-
ally under the various methods outlined earlier. Again
some firms specialize in this field. Most electrical engineers
for example, will know of the portable " Megger " type
ohmmeter manufactured by Evershed and Vignoles. In
electronics laboratories, while the Megger is not un-
common, it is more usual to find more specialized static
equipment used if any substantial high resistance
measurements are required.

Typical of these specialized high resistance test sets is
the W. G. Pye 11801 Portable Wide Range Megohm-
meter illustrated in Fig. 35. This covers 3 megchms to
200 million megchms in seven switched ranges. Battery
operated, it provides a constant test potential of 500V,
and comprises a highly stabilized transistor converter,
a range of reference resistors and an accurate transistorized
voltmeter. It is particularly suited to measuring capacitors
or long cables, and is fitted with a guard terminal to
minimize the effect of leakage paths.

Miscellaneous Techniques
One technique of resistance measurement I myself have
been working with recently, which has considerable
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JUNE ISSUE

Publication date of the June issue of Wireless World,
which will include a preview of the London Radio and
Electronic Component Show, will be brought forward to
May 17th, the day before the exhibition opens at Olympia.
The Show, sponsored by the Radio and Electronic Com-
ponent Manufacturers' Federation, will open daily from
10 a.m. to 6 p.m. from May 18th to 21st. The preview
will summarize briefly some of the newest products of the
250 exhibitors and will be in addition to the normal
quota of articles and regular features.

potential (but is not at present in common use), is the
"square wave", or what I call the "scope trace decrement",
method. The basic circuit of this is illustrated in Fig.
36(a) where a square -wave generator with output im-
pedance negligible compared with the resistance R.,
to be measured is used to drive the differentiating network,
CR,. The wave shape across R, is inspected with an
oscilloscope (with input impedance high compared with
R,). The capacitor C is adjusted until the step " AB "
at switch -over on the scope trace is 4.3% of its negative
peak value; VIA. It can be shown then that R,

(27r f0 C), where fo is the square wave repetition rate.
A common practical problem in a laboratory is to

measure accurately the internal resistance of a d.c.
milliammeter or microammeter, particularly when you
want to select a shunt or series resistor to attain a specific
full scale deflection. There are many ways of doing this,
but the commonest (and easiest) is probably the variable
resistor method shown in Fig. 36(b). This uses a cali-
rated variable resistance RV (which can be a decade
resistance box) and a steady d.c. voltage source E (for
example a fresh 1.5V battery) to test the resistance of the

This

meter M. To make the measurement you close the
switch and adjust RV until the meter reads full scale.
Let RV be the value of RV for this. Now increase RV
until the meter reads half -scale. Let RV value now be
RV,. The meter internal resistance can then be found
from R,t = RV, -- 2RV. The accuracy of your result
depends on how precisely the mid -scale point on the
meter represents half current and on how accurately you
can measure RV and RV,. At a pinch you can use a
volume control potentiometer for RV, and measure the
values at the two settings with an Avo, or, better, a
resistance bridge.

Summary
When you have to make resistance measurements, always
try to use the best instrument available for the resistance
range and accuracy you are interested in. In broad
terms,

(a) For accuracies of the order of 10% and not too
low or too high resistances, you can use a multimeter or
valve voltmeter (but take the precaution of checking it
with standard resistances occasionally).

(b) For accuracies of the order of 1% you can usually
employ a good 1.f. a.c. bridge or a general-purpose d.c.
bridge.

(c) For accuracies of the order of 0.1% or better, you
must turn to specialist instruments such as refined d.c.
bridges.

To return to my original question, you should now be
in a position to realize how and with what accuracy an
Avo measures resistance. As most run-of-the-mill
circuitry works with only 5 or 10', tolerance resistors,
and a good well -calibrated multimeter can measure to this
accuracy, you can also see why more than nine times out
of ten engineers in an electronics laboratory reach for the
multimeter, already on their bench, to check a resistor
value.

Month's Conferences & Exhibitions
Further details are obtainable

LONDON
May 17-21 Savoy Place

Components & Materials used in Electronics Engineering
(I.E.E., Savoy Place, W.C.2)

May 17-21 Grosvenor House, W.1
International Instrument Show
(B. & K. Laboratories, 4 Tilney St., W.1)

May 18-21 Olympia
Radio & Electronic Component Show
(R.E.C.M.F., 6 Hanover St., W.I)

May 20-21 R.Ae.S., Hamilton Place, W.1
Electrical Conduction at Low Temperatures
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1)

DUNDEE
May 25-27 Marryat Hotel

Electronics in Action Exhibition .

(I.E.E. Scottish Electronics & Measurement Section, 50
Holeburn Rd., Glasgow)

EASTBOURNE
May 13 & 14 Grand Hotel

New Materials & Processes in Instrument Manufacture
(Scientific Instrument Research Assoc., Chislehurst, Kent)

SCARBOROUGH
May 24-27 Royal Hotel

R.T.R.A. Annual Conference
(Radio & Television Retailers' Assoc., 19 Conway St., W.1)
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from the addre,,e. in parenthe,c,.

OVERSEAS
May 5-7 Clearway, Fla.

Microwave Theory & Techniques
(J. E. Pippin, Sperry Microwave Electronics Corp., Box
1828, Clearway, Fla.)

May 6-8 Boston
Human Factors in Electronics
(I.E.E.E.. Box A, Lenox Hill Station, New York 21, N.Y.)

May 10-12 Dayton
Aerospace Electronics Conference
(NAECON, 1414E, 3rd St., Dayton 2, Ohio)

May 19-25 Amsterdam
Electronic Exhibition
(Elvabe, Molenallee 63A, Wilp, Gld., Netherlands)

May 24-28 Montreux
Television Symposium
(R. Jaussi, Postfach 97, Montreux, Switzerland)

May 24-29 New York
Information Processing Conference
(British Computer Soc., Finsbury Pavement, London,
E.C.2)

May 25-27 Washington
A.F.C.E.A. Annual Convention
(Armed Forces Communications & Electronics Assoc.,
1725, Eye St., N.W., Washington, D.C.)

WIRELESS WORLD, MAY 1965



MAY MEETINGS
Tickets are required for some meetings:
readers are advised, therefore, to commu-
nicate with the society concerned

LONDON
3rd. I.E.E. Graduates & Students.-

" Some aspects of transistor tape recorder
design " by Dr. J. C. Vickery at 6.30 at
Savoy Place, W.C.2.

6th. Royal Society.-" The organization
of a memory system" by J. Z. Young at
4.30 at Burlington House, Piccadilly, W.I.

11th. I.E.E.-Colloquium on "Semi-
conductor capacitors in varactor and pulse
applications" at 2.30 at Savoy Place,
W.C.2.

12th. I.E.E.-" Television recording " by
P. Leggatt at 5.30 at Savoy Place, W.C.2.

12th. I.E.E. & I.E.R.E.-" Random
access mass stores" by J. Davey at 6.0 at
the London School of Hygiene & Tropical
Medicine, Keppel Street, W.C.1.

13th. I.E.E.-" Effect of weather on per-
formance of 8mm radar " by 0. Nourse and
S. G. Nicholls at 5.30 at Savoy Place, W.C.2.

19th. I.E.R.E.-" A groove control
system for phonograph disk cutting equip-
ment" by H. Lindskov Hansen at 6.0 at 9
Bedford Square, W.C.1.

21st. Inst. of Navigation.-" A satellite/
ground station navigational aid" by R. E.
Anderson at 4.30 at the Royal Instn. of
Naval Architects, 10 Upper Belgrave St.,
W.1.

26th. I.E.R.E.-" The impact of elec-
tronics on the Army's repair organization "
by Major General L. H. Atkinson at 6.0
at the London School of Hygiene and Tro-
pical Medicine, Keppel Street, W.C.1.

CAMBRIDGE
4th. I.E.E.-" Anglo-Canadian trans-

atlantic telephone cable" by F. Scowan at
6.30 at the College of Arts & Technology.

MIDDLESBROUGH
5th. I.E.E.-" Fuel cells, a branch of

electrochemical engineering " by Dr. A. B.
Hart, at 6.31 at Cleveland Scientific Instn.

PRESTON
5th. I.E.E.-" Computers" by Dr. R.

Feinberg at 7.311 at the Harris College.

CLUB NEWS
Bexleyheath.-Mobile operation will be

discussed at the meeting of the North Kent
Radio Society on May 13th at 7.45 at the
Congregational Church Hall.

Heckmondwike.-Members of the Spen
Valley Amateur Radio Society are to visit
the Wharfedale Wireless Works at Idle,
Bradford, on May 13th. A fortnight later
at 7.30 at the Grammar School, H. Tom-
linson, of the G.P.O., will discuss com-
munication via earth satellites.

Leamington Spa. -The May programme
of the Mid -Warwickshire Amateur Radio
Society includes lectures on single sideband
reception (3rd), amateur aerial arrays (17th)
and the fifth of a series on radio theory
(31st). Meetings are held at 7.45 at Harring-
ton House, Newbold Terrace.

Portsmouth. --The Royal Naval Amateur
Radio Society is holding a mobile rally at
H.M. Signal School-H.M.S. Mercury -
near East Meon, Hants, on May 30th.
Talk -in station GB3RN will operate on
1.88, 70.26 and 144.2 Mc/s and station
G3BZU on 3.72 Mc/s for s.s.b. operators.
Further particulars from M. J. Mathews
(G3JFF) H.M.S. Mercury, Leydene,
Petersfield, Hants.
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R.E.C.M.F. EXHIBITION

OLYMPIA 18 TO 21 MAY 1965
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Our Friends at Home & Abroad

are cordially invited to visit us.
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LOGIC CIRCUITS

THE second I.E.E. & I.E.R.E. Joint Colloquium on
logic circuits early this year was well attended (more
than 500 were present) and logic circuit design engineers
will no doubt continue to present themselves en masse
at future meetings, which are expected to be held
annually.

As switching times are gradually decreasing the
problem of interconnections assumes greater proportions,
and engineers must give greater consideration to the design
of logic elements driving interconnections. Considering
interconnections as transmission lines,* propagation
delay will be in the order of 2nsec per foot with normal
mlterials and the characteristic impedance will be about
50- 300 Q Thus elements at each end of intercon-
nections must be matched to this impedance if ringing
due to reflections is to be minimized, and logic voltage
levels must be kept low in order to keep dissipation
within reasonable limits. Line -driver circuits were
discussed, including a commercially available type with
a 2 nsec edge speed.

Some aspects of a balanced 50 Mc s tunnel diode circuit
(Goto Pair) were considered. Here interconnection
limitations are severe and in one realization described
intermodule connectors were limited to 5in. The im-
pedance of the connections was controlled by interleaving
the printed interconnections with earth planes. At speeds
of 250 Mc,'s, where a maximum permissible length is
about lin, it becomes necessary to use delay lines in

 Detailed analyses arc contained in 1.K.E. Trausacrimit ar Eke:rot:le
Computers, August and October 1963.
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The predictions for this month show very little difference
from those of the same month last year. This is due to
the predicted value of IF2 being the same as was used for
last year. However, the value of IF2 is expected to rise,
throughout the year, now that sunspot minimum has been
passed. It is to be hoped that by July, conditions will be
similar to those experienced in the same period in 1963.

The prediction curves show the median standard MUF,
optimum traffic frequency and the lowest usable frequency
(LUF) for reception in this country. Unlike the standard
MUF, the LUF is closely dependent upon such factors as
transmitter power, aerials, and the type of modulation. The

258

0

interconnections but these do not affect the repetition
rate of the system.

Faster switching times in diodes are realized by shorten-
ing carrier storage time and this is achieved in the metal
semiconductor diode or hot -carrier diode. But develop-
ment of the related metal -base transistor is not sufficiently
advanced to offer a challenge at the moment to tunnel
diode switching times. (A metal -base transistor with a
theoretical limit of 20 Gc,'s was described at the 1964
Electronic Component Conference, U.S.A.)

Attention was drawn to the fact that a minimal logic
design did not necessarily result from a minimal Boolean
expression (particularly from the aspect of maintaining a
minimum number of interconnections). In realizing a
function involving A, for instance, in AND/OR logic,
any one of the following six functions may be used in
place of A: AB, AC, A(; C),A(B !-C), A(B i e) and ABC.
The function AB -- AB, for instance, can be realized
from A, B, A, B, using five gates, but if AB is formed and
used in place of A and B, only four gates are required.
Similarly, a full adder of 12 modules is reduced to 8
modules.

The brief survey of fluid logic must have surprised
some when it was stated that a liquid logic element in
moulded plastic capable of switching 1-10 watts and
measuring l!in. was available off the shelf in the U.S.A.
Military requirements have resulted in the availability
of a range of fluid devices which can handle from milli -
watts to kilowatts and with temperature ranges from --100°
to 1000 F. At present, however, logic speeds are limited
to around 10 kc s.

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

Note that the solid line represents the median maximum
usable frequency. This means that communication will be
possible for only 50"., of the time at this frequency. For a
higher grade of service, a frequency some 15',',, lower should
be used.
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ANOTHER

STEP

An improved AvoMeter

Model Mk HI

This new model incorporates increased sensitivity
in the lower AC ranges and wide frequency charac-
teristics with the traditional AvoMeter features in-
cluding the AVO automotic cut-out mechanism and
interlocking rotary switches for quick range selection.

With the aid of a range of d.c. shunts measurements
can be made up to 400 amps. d.c.

Write (or illustrated brochures on AvoMeters

Fused ohms circuit provides

increased protection against

inadvertent overload.

Improved temperature

coefficient over whole range.
Now measures up to

400 amps d.c.

T) AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1. Victoria 3404 ((2 Imes)

SWW-006 FOR FURTHER DETAILS.
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CHOOSE
Photograph by courtesy of ELLIOTT AUTOMATION LIMITED

* PRECISION
SOLDERING IRONS

...used by experts everywhere !
ANTEX IS PURPOSE -DESIGNED
for speed and efficiency in soldering Printed
Circuits, Transistors, Micro -Miniature Assem-
blies, Deaf -Aid Equipment and similar products.
ANTEX INCREASES PRODUCTION
ANTEX Irons weigh only 2-3 ounces. Stream-
lined to give absolute finger-tip control and
ensure increased production of 5" to 10"
compared with ordinary soldering irons.
ANTEX CUTS PRODUCTION COSTS
So easy to use - ANTEX reduces operational
fatigue, with resulting drop in reject output.
ANTEX. having the lowest leakage current of any
miniature iron, virtually eliminates all risk of
damage to transistors.
ANTEX FOR RELIABILITY
Guaranteed for 1000 hours' continuous production
-on fine work giving a potential of well over a
quarter of a million trouble -free soldering points.
ANTEX BITS are really INTERCHANGEABLE
ANTES patent design gives instant interchange-
ability of bits-as often as you like-without
damaging the iron!

* Latest in the ANTEX Range is Model C240N-a giant
in power performance-a midget in compact construction!
FITTED WITH LONG -LIFE "PERRACLAD"
BITS.
For more details fill in and post this coupon TODAY!

SPECIALISTS in

Soldering Appliance,

GROSVENOR HOUSE, CROYDON, SURREY
Tel: MUNICIPAL 2774

Please send details and prices of the
Range of Precision Soldering Irons.

I NAME

I ADDRESS

ANTEX./NIT(D

STATUS

ANTEX

I

5WW-007 FOR FURTHER DETAILS.
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permanent
print !

Proudly
Announce

-BEATTIE-COLEMAN

OSCILLOSCOPE CAMERAS
. . . A range of instruments covering the entire field of Oscilloscope photo-
graphy. Polaroid processing backs arc standard on most models and these
give you finished prints literally within ten seconds. No other equipment
and no experience are needed.

Camera Model MII 565, for recording ultra -high-speed nanosecond traces.
Has 1 : 1 object image ratio and an 86 mm. f/1.2 Navitar lens which is exclusive
to A -B -C. When used with the fastest Polaroid film, this remarkable lens gives
recording speeds never before obtained with standard equipment.

35 mm. film is used in Model KD5 for rapid sequence recording or for con-
tinuous " streak " recording. There is also a dual-purpose model with a 35 mm.
magazine for high-speed " streak " recording and a Polaroid unit for transient
and repetitive phenomena.

Ask AVO for full details or a demonstration.

Model KS (illustrated) is surprisingly inexpensive although
it has a fast f/I.9 lens, a multi -speed shutter, and is suitable for
both repetitive and single shot transient waveforms. An additional
"Lensette " converts the KS for photographing diagrams, circuit
breadboards and other laboratory subjects. Interchangeable
backs provide for Polaroid roll or flat pack film, or for 4in. x Sin.
cut film. Engineers throughout the world specify KS because of its
low cost, ease of use and superior performance.

Check these KS Features:-

* Adjustable ratio I 0.9, I : 0.7.

* Multiple exposures, up to 13 on one frame.
* Parallax -free view of C.R.T. during set-up.
* Records written data on film (optional).
* Swing -away, lift-off mounting (optional).
* Lensette attachment for off -'scope pictures.
* 10 -second developing with Polaroid film.
* Film speeds up to ASA 10,000.
* Choice of lenses, f 1.9 or f 4.S.
* Complete cameras from LI39.

A.B.C. cameras are joint products of Avo Ltd. and
Beattie -Coleman Incorporated of California. They
are fully guaranteed and backed by Avo Service.

C 7Ir
AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1 Victoria 3404 (II lines) AA
IN NORTH AMERICA: BEATTIE COLEMAN INC.. ANAHEIM. CALIFORNIA. Iffapite

5WW-008 FOR FURTHER DETAILS.
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ANOTHER BRILLIANT DESIGN from BRENELL

The STB2 is a masterpiece in mechanical engineering and electronic
circuitry. It is a versatile mono stereo tape recorder and has been designed
with high fidelity stereo installations particularly, in mind.

SPECIFICATION (STB2/5/2)
It has all the standard Brenell features of 4 tape speeds, frequency correction at all speeds, three Papst outer rotor motors, pause
control, monitoring and superimposing, 8,+" dia. reels, fast rewind, etc., plus-adjustable attenuators on all input channels to ensure
perfect matching with all auxiliary equipment dual concentric recording level and playback level controls cathode follower output
lour channel mixing on mono programme sources twin recording and twin playback pre -amplifiers comparison of original and
recorded signal adjustable bias level recording facilities for 1/2 and 2/2 track playback facilities for 1:2, 2/2, 1/4 and 2/4 track
sound on sound facilities two edgewise meters for recording level, tape output level and bias level optional extra:- stereo
power amplifiers and monitoring speakers.
ALTERNATIVE MODEL STB2/510,2 has special deck to accommodate 101' N.A.B. reels.

Please write for full details to the sole manufacturer:-

BRENELL. ENGINEERING COMPANY LIMITED
231-5 LIVERPOOL ROAD, LONDON, Ni
Telephone: NORth 8271 (5 lines)

SK W----Ou9 FOR FUR1 HER DE FAILS.
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Memo 
IIIMBOO  Oar  
IBMS§
Mill
Ella awn 

11.111,

..
a

MEM

IN CHESS the major pieces exercise
REMOTE CONTROL

For the same flexibility of manoeuvre
in design use

c-10,A

SHAFTING
The knowledge and experience of

our advisory department is always at
your disposal. Ask for an engineer
representative to call.

a

R C 12

Write to

Dept. W. for

technical handbook.

/e
THE S. S. WHITE DENTAL MFG. CO. (G.B.) LTD.

Third Avenue, Denbigh Road, Bletchley, Bucks.

R.C. 12

5WW-010 FOR FURTHER DETAILS.
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Sound is the business ofy gm.

MODEL H.F.I012 SPEAKER

10 in. die-cast unit, incorporating
12.000 gauss magnet. Fitted with
cambric cone and universal impedance

speech coil providing instantaneous
matching at 3, 7.5 and 15 ohms. Hand-
ling capacity 10 watts. Frequency
response 30 c.p.s. to 14,000 c.p.s.

Bass resonance 35 c.p.s.

T.359 CONE TWEETER
Provides a very high standard of
reproduction when used in conjunc-
tion with 'Stentorian' 10 in. or 12 in.
units. Incorporates High Sensitivity
9,000 gauss magnet, special cone and
lightweight coil.
Frequency response: 3,000-15.000 c.p.s.
Overall size : 3 in. dia. x 2 in. deep.
Voice coil impedance: 15 ohms or
5 ohms. Power handling capacity:
15 watts when used with a 3.000 c.p.s.
crossover.

SPEAKERS
PriceType Flux Density

10in. H.F.I016 16,000 gauss L9 8 6'Major'

10in. H.F.I016 16,000 gauss L7 7 0

10in. H.F.I012 12,000 gauss L4 12 0

8in. H.F.816 16,000 gauss L6 6 0

8in. H.F.8I2 12,000 gauss L3 16 6

8in. H.F.810 10,000 gauss a 17 0

TWEETERS
Type Flux Density Price

T359 tweeter 9,000 gauss LI 12 3

T8I6 16,000 gauss L5 19 3

T12 tweeter 16,000 gauss L13 17 9

TIO tweeter 14,000 gauss L4 12 9

11.11111111111 -limmilmaridau
Type

joijiLmAk311111.
(Mahogany)

Pr(w.ii,,ce,,,,Height Width Depth

Bass Reflex Console Cabinet 3Iin. I9 -'Bin. I8in. L12 17 6 L13 5 0

Hi Fi Equipment Console 3Iin. 19 -'Bin. I8in. LIS 0 0 LI5 10 0

Bass Reflex Corner Console 3Iin. 194in. I7in. LII 17 6 LI2 2 6

Slim -Line Cabinet 3Iin. 20in. 9in. LIC 5 0 LIO 10 0

THORESBY SLIM -LINE CABINETS
This enclosure has been designed to accommodate any of the Stentorian range of 8 in. or 10 in.
units. Provision is made for the addition of either pressure or cone type tweeter and a
crossover may be used.

MANSFIELD NOTTS
Telephone: Mansfield 1762/5

5555%, -0 i I FOR FURTHER DETAILS. WS173
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KEYSWITCH RELAYS

why say Keyswitch?
It's a difference of quality, often not
visible until you look at performancedata.
Keyswitch miniature and sub -miniature
relays are exhaustively tested .... each
one individually. All conform precisely
to a very fine specification. Their relia-
bility is proven-they come from the
makers of the C.E.G.B. approved plug-in
P33 B.P.O. relay. They have all the bene-
fits of Keyswitch delivery-and that's
quick, every time.

TYPE 1051 Illustrated approx. actual size. Inexpensive sub -miniature switch relay. Snap action contacts rated to 7.5A or

480V a.c./250V d.c. Coil voltages (d.c.) 6V, 12V, 24V, 48V +20%. This relay can cost as little as 7/5.
TYPE 1051 P Illustrated approx. actual size. Snap action contacts rated at 3.5A, 250 a.c., 100MA and 100V d.c. Metal
can -type cover and complete with octal socket. This relay can cost as little as 10/6.

always to price >-4 always to specification 1><1 always on time
KEYSWITCH RELAYS LIMITED  CRICKLEWOOD LANE  LONDON N W2  TELEPHONE: GLADSTONE 1152  TELEX: 262754

cWW-012 FOR FURTHER DETAILS.
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THE QUALITY KITS
ANYONE CAN BUILD

)BRITISH HEATHKIT MODELS
USE BRITISH COMPONENTS

DAYSTROM

INSTRUMENTS FOR LABORATORY, TEST, SERVICE AND HOME WORKSHOP

Transistorised
REGULATED POWER SUPPLY

Model IP-20U
Tremendous value! 0.5-50 volts D.C.
output at up to 1.5 A. Voltage or current
monitored on easy -to -read meter. Ad-
justable current limiter.
Relay protected against overload. Less than 150 micro-
volts ripple. Regulation less than 15 millivolts. Output
impedance less than 0.1 ohm. Compact 91in x 61 in. x I lin.
Weight I lib. net. Full details on request.

Kit 05.8.0 Assembled (47.8.0.

Sin. Flat -face GENERAL PURPOSE
OSCILLOSCOPE Model I0 -12U

An outstanding new 'scope
" sensitivity 10 mV. r.m.s. per cm. at I kc/s.

bandwidth 3 cis. -4.5 Mc's. Frequency compensated
input attenuator XI, X10, X100. TB. 10 cs.-500 kc,s.
in 5 steps. Two extra switch selected pre-set sweep
frequencies in TB. range. T B. output approx.
10 v. peak to peak. Built-in IV calibrator. Facility
for " Z " axis modulation. Electronically stabilised
power supply. Power req. 200-250 v. A.C., 40-60 c/s.,
80 watts. Fused. Front panel silver and charcoal
grey. Cabinet, charcoal grey, size Ell x 14 x I7in.

deep. Net weight 23Ib 56 -page construction and operation manual.

K't 02.12.6 Assembled (41.10.0

n1111111111,11 11, I,

TV ALIGNMENT GENERATOR
Model HFW-I Designed to offer the
maximum in performance, flexibility and
utility at the lowest possible cost. Frequency
coverage 3.6 Mc s. to 220 Mt.'s. on fundamentals.
Unique non -mechanical sweep oscillator system.
High level output on all ranges. Sweep devia-
tions up to 42 Mc/s. Built-in fixed and variable
marker generators. (5 Mc/s. crystal supplied).
Power requirements: 110/200-250 v. A.C., 50 watts. Size 13 x 8} x Tin.

Kit 04.18.0 Assembled (44.10.0

De Luxe 6in. VALVE VOLT-
METER Model IM -13U

Modern styling. Extra features. The ideal
VVM for the Electronic Engineer. kin. Ernest
Turner 2001iA. meter with multi -coloured
scales. Unique gimbal bracket allows bench,
shelf or wall mounting. Measures A.C. (r.m.s.),
D.C. volts 0-1.5. 5, 15. 50, 500, 1.500. Resistance range 0.1 to 1,000MS) with int.
battery. Vernier -action zero and ohms adjustment. Roller -tinned printed circuit.
High input resistance (1111!)). Comprehensive assembly and operation manual.
Size 5 x 121-f x 41in. Complete with test prod and leads.

Kit (18.18.0 Assembled 06.18.0
H V and R.F. Probes svaable as optional 2xt, as

OUTSTANDING EQUIPMENT FOR AUDIO ENTHUSIASTS

P.A. AMPLIFIER
Model PA -I

A multipurpose, high output, compact unit, suitable
for vocal and instrumental groups, guitars, electronic
organs etc. 4 inputs for guitars. microphones, record
players. Has many features found only in expensive
equipment, i.e. SC watt Amplifier, two heavy duty
speakers, " Magic Eyc " volume indicator, variable
tremolo, modern elegant cabinet.

Kit (54.15.0 Assembled L74.0.0.
(Legs optional extr;. 17'6 set of 41

MODELS TO ENTERTAIN

" OXFORD " LUXURY
TRANSISTOR PORTABLE

Model UXR-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. 10 semi -conductors
(7 transistors plus 3 diodes). Sockets for personal
earphone, tape recorder. car aerial. Internal 9.
volt battery Inot supplied), lasts for months.
Latest printed circuit techniques.
Comprehensive, easy -to -follow, fully illustrated Instruction Manual.

Kit £14.18.0 incl. P. Tax
Assembly can be arranged on your behalf.

STEREO AMPLIFIER
Model S-99

9 watts per channel. Within its power rating
this amplifier is the finest available, regardless
of price. Features include: Inputs for stereo/
mono; Gram. Radio and Tape: sensitivity
to meet the requirements of any pick-up; push-button selection; variable filter
for optimum performance: excellently styled in two-tone grey perspex panel
with golden surround and matching knobs. Suitable for cabinet mounting or as a
free-standing unit. Size I31in. x 41-1 in. x 12f in. deep.

K,r 07.19.6 Assembled £37.19.6

YOUR FAMILY AND FRIENDS

A WELL DESIGNED
F.M. TUNER Model FM -4U

Tuning range 88-108 Mc s. Flywheel tuning.
Attractive Plastic Front Panel in two-tone grey
with golden trim surround and motif. Thermo-
meter type visual tuning indicator. Pre -
aligned. I.F. transformers. Three I.F. stages,
Wide -band low distortion Ratio Detector. R.F. Unit, wired, tested and pre -
aligned. Printed circuit for I.F. Amplifiers and Ratio Detector. Built-in power
supply. Output sockets for stereophonic adaptor (for stereo transmission when
available).
TUNER UNIT Model FMT-4U with 10.7 Mt.'s. I.F. output. L2'15;. (inc. P.T.).
I.F. AMPLIFIER and power supply Model FMA-4U complete with case
and valves, £13 3,-. Sold separately.

Kit Total £15.18.0
Assembly can be arranged on your behalf.

DAYSTROM LTD.
DEPT. W.W.S. GLOUCESTER, ENGLAND

BRITISH HEATHKIT MODELS USE BRITISH MANUFACTURED COMPONENTS

5WW-013 FOR FURTHER DETAILS.
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DE -LUXE LABORATORY TRANSISTOR TESTER. MODEL IM -30U
Unmatched for

* Provides complete d.c. analysis of PNP and NPN
Transistors.

* D.C. gain (Beta, Alpha) read direct on calibrated
scales.

* 1SpA basic range for leakage tests.
* Four lever switches for fast, easy, test selection.

6 W STEREO AMPLIFIER KIT
Model S-33: A versatile high -quality self-

contained STEREO/MON-
AURAL Amplifier with ade-

quate output for a living room. Can be used to
convert a favourite (monaural) radiogram into a
stereo -radiogram. 3 watts per channel: 0.3".,
distortion at 2.5 w/channel; 20 dB N.F.B., inputs
for Radio (or Tape) and Grain, Stereo or Mon-
aural; Ganged controls. Sensitivity 200 mV.
Kit £13.7.6 Assembled £l8.18.0

6 W HI-FI STEREO AMPLIFIER
KIT Model S -33H An inexpensive

stereo -mono am-
plifier with the high sensitivity necessary for
lightweight miniature ceramic pick-ups (e.g..
Decca Derain). De luxe version of the 5-33 with
attractive two-tone grey Perspex panel.
Kit £15.17.6 Assembled £21.7.6.

5 W HI-FI MONO AMPLIFIER
KIT Model MA -S

A low-priced general purpose
Hi -Fidelity amplifier based on
the popular S33 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 construction.
Kit 00.19.6 Assembled LI5.10.0

HI-FI MONO POWER AMPLIFIER
KIT Model MA -I2

A compact high 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

stereophonic system. Other applications include
sound reinforcement systems, transmitter mod-
ulators, (or use with tape recorders, also as a

general purpose laboratory amplifier.
Kit £11.18.0 Assembled £15.18.0

STEREO CONTROL UNIT KIT
Model USC-I

I Incorporates all worthwhile
features for high fidelity stereo
and mono. Push-button selec-

tion, accurately matched ganged controls to
-I 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 £19.10.0 Assembled £26.10.0

AMERICAN HEATHKIT
SINGLE SIDE BAND EQUIPMENT

For direct delivery from U.S. Plant. Send for
details of models. Fully illustrated American
Catalogue of Heathkit range sent for only
1/- post paid.

A subsidiary of the
Weston Instruments Group

Quality and Performance at the price
* Internal batteries for tests up to 9 v.
* Provision for connection to separate power supply i

for higher voltage and current.
* Large easy -to -read dial.
* Comprehensive construction and operation manual.

The Heathkit De Luxe Laboratory Transistor Tester
will be found invaluable for servicing, design work,
inspection, production testing. Tests include base
current gain, collector current, collector voltage,
leak voltage, short test, diode or collector -to -emitter
leakage (Iceo) and collector -to -base leakage (lcbo).
In all an outstanding instrument, with attractive and
modern functional styling.

Kit £24.18.0 Assembled £35.10.0

SEND
BRITISH

Full details of any

MALVERN "
CABI

FOR FREE
CATALOGUE
model sent on request.

HI-FI EQUIPMENT
NET KIT

AN ATTRACTIVE CABINET in modern
style designed to house all your 1 'i-Fi

tape deck and full-
sized transcription record player). The
cabinet parts are veneered and pre -
drilled, with edging in Panoplex plastic
strip for ease of finishing. Complete
with everything you need for assembly,

including screws, hinges and even a padsaw! Left " in the
white " for finishing to choice. Size 39f x 32 x 211in.
Kit (18.1.0 (inc. P.T.) Assembled L23.6.0

"GLOUCESTER" HI-FI CABINET KIT
Will accommodate: Tape Deck and/or
Record Player. F.M. Tuner and Stereo
Amplifier. For those with limited floor
space a speaker system can be housed
at one end. For this purpose a loud -

OPEN speaker kit comprising one 4in. plus
Bin. speaker systems, balance unit, speaker grille, cutting
template, padsaw and mounting details is also available.
Neutral hardwoods have been carefully selected so that the
finished product can be stained and polished to individual
choice. There is storage space for records, etc., also for
power amplifiers. Dimensions: length 46fin., height 30in.,
depth 21 in.

Mk. I for Tape Deck or Record Player
Kit £17.3.6 (inc. P.T.) Assembled £22.8.6

Mk. II for both T/D and R:P
Kit £18.10.0 (inc. P.T.) Assembled £23.15.0

TELEPHONE AMPLIFIER KIT
Model TTA-1 for home, office or shop.
Kit £7.9.6. Assembled £11.15.0

INTERNATIONAL MAIL ORDER SCHEME
Covering the American Heathkit range

of 250 models
Direct from U.S.A. to your U.K. address. Illus-
trated American catalogue and full details can be
obtained from us for I - post paid.

Deferred Terms available on orders above £10

DAYSTROM LTD.

MONO CONTROL UNIT KIT
Model UMC-I

Ideal for use with MA -I2
or similar amplifier. Out 111L.1 y-
put 0.25 v. Send for full
details.
Kit £8.12.6 Assembled £13.12.6

...411111r.

HI-FI SPEAKER SYSTEM KIT
Model SSU-I

Ducted -port bass reflex cab-
inet " in the white." Fre-
quency response is 40-16,000
c/s. Power rating 10 watts.
Matched speaker units Sin.
high flux (12,000 lines) with
hyperbolic cone and 4in.
wide angle dispersion type
for higher frequencies.
Kit (with legs) £1 1.12.0 (Less legs) LI0.17.6

(inc. P.T.)

" COTSWOLD " SPEAKER
SYSTEM KIT

This acoustically designed en-
closure measures 26 x 23 x
14f in.,and housesa special l2in.
bass speaker with 2in. speech
coil, elliptical middle speaker
together with a pressure unit to
cover the full frequency range
of 30-20,0000. Its polar distribution makes it ideal
for really Hi-Fi Stereo. Delivered complete, with
speakers, cross -over unit, level control, grille
cloth, etc. Left " in the white " for finish to
personal taste, all parts are pre-cut and drilled
for ease of assembly.
Kit L23.4.0 Assembled £30.15.0

"COTSWOLD M.F.S."
SPEAKER SYSTEM

KIT
This model, based on the stand-
ard Cotswold, measures only
36in. high, 16{ in. wide by 14in.
deep. Particularly recommended
to those who require the best
results in small rooms.
Kit £23.4.0 Assembled £30.15.0

How to installls YOUR home
If you are planning to install a Hi-Fi system in
your home, and are uncertain of the type of
equipment to use, our widely experienced
technical staff will with pleasure put forward
recommendations. All you have to do is state
the type of installation contemplated, the price
you are prepared to pay and give details of
existing equipment you wish to include, if
possible.

DEPT. W.W.5, GLOUCESTER, ENGLAND
MANUFACTURERS OF THE WORLD'S LARGEST -SELLING ELECTRONIC KIT -SETS

SWW-014 FOR FURTHER DETAILS.
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MULTIMETER KIT Model MM-IU
Provides wide voltage, current, resistance
and dB ranges to cover hundreds of
applications. Sensitivity 20.000 ohms 'volt r --t
D.C. and 5,000 ohms volt A.C. Ranges.
0-1.5 v. to 1,500 v. A.C. and D.0
0-150iiA. to 15 A. D.C. Measures resis-
tance from 0.2!) to 20M!). 41in, 5011A
meter. A polarity reversing switch
eliminates transferring test leads when
alternately measuring and voltages.
Uses standard commercial batteries.
Kit (12.18.0 Assembled L18.11.6

OSCILLOSCOPE TRACE DOUBLER
KIT Model S -3U

This device will extend the use
of your single -beam oscilloscope
and, at a nominal cost, will give you
the advantages of a double (or
other multiple) beam 'scope.

Assembled L18.10.0

R.F. SIGNAL GENERATOR KIT
Model RF-IU

Provides extended frequency cover-
age on six bands from 100 kcis,
100 Mcis on fundamentals and up to
200 Mc, s on calibrated harmonics.

Kit [13.8.0 Assembled (19.18.0

DECADE RESISTANCE BOX KIT
Model DR -I U. Range I-99,999!) in If !steps Ceramic
switches throughout. Current rating from 500 mA.
to 5 mA. according to decades in circuit. Polished
wooden cabinet supplied complete.
Kit L10.8.0 Assembled L14.8.0

RESISTANCE -CAPACITANCE
BRIDGE KIT Model C -3U

Measures capacitance 10pF. to
I.000, F. Power factor and resistance
100!) to 5M ohms. Test voltages
5-450 v. Safety switch provided.

Kit C10.10.0 Assembled LI6

AUDIO SIGNAL GENERATOR KIT

Kit (21.10.0

Model AG -9U
10 c s to 100 kc 5., switch selected.
Distortion less than 0.1%. 10
sine wave output metered in
volts and dB's.

Assembled C30.10.0

AUDIO VALVE MILLIVOLTMETER
KIT Model AV -3U

A very sensitive meter with high stability I mV.
to 300 v. A.C. The frequency response is virtually
flat up to 100 v. f.s.d. within I dB from 10 cfs
to 400 kcis. 41in. 2001,A. moving coil meter.
Kit (16.10.0 Assembled (22.18.0

AUDIO WATTMETER KIT
Model AW-IU

This popular meter is used in many
recording studios and broadcasting
stations as a monitor as well as for
servicing purposes. Dissipation rating up
to 25 w. continuous, 50 w. intermittent.

Kit L17.5.0 Assembled (23.18.0

A.M.:F.M. TUNER KIT
Tuning range 88-108 Mc s. (FM)
16-50. 200-550, 900-2,000 m.
Flywheel tuning, Attractive
Perspex front panel in two-
tone grey with golden trim. Thermometer type
tuning indicator, pre -aligned I.F. transformers.
Switched wide and narrcw A.M. bandwidths.
TUNING HEART Model AFM-TI (4 13 6 (inc.
P.T.) I.F. AMPLIFIER and Power Unit Model
AFM-Al. Complete with metal cabinet and valves
Or 166. Sold separately.

Kit Total L26.10.0

DUAL -WAVE TRANSISTOR PORT-
ABLE RADIO KIT Model UXR-1

Presented in elegant real hide
case with tasteful gold relief.
Can be assembled in 4 to 6
hours and you have a set in the
top flight of transistor portables.
Pre -aligned I.F. transformers,
printed circuit and a 7in. x 4in.
high flux speaker.
Covers both Long and Medium waves. D.mensions
9};r1. x 7fin.

Kit (12.11.0 I nt P T )

4 -wave TRANSISTORISED PORTABLE
RADIO KIT Model RSW-I

Using 7 latest type tranststors and
three diodes this highly sensitive
set is specially designed for Short
and Medium wavebands (200-
550, 90-200, 20-40 and 11-16 m.).
An internal ferrite aerial is
provided for medium wave and a
car aerial socket is also fitted.
Housed in an elegant leather case
with retractable whip aerial
this set will receive broadcasts from all over the world.

Kit (19.17.6 (inc. P.T.).

JUNIOR TRANSISTOR RADIO KIT
Model UJR-I

A dual -wave headphone receiver
for use with external aerial and
earth. Specially designed as a

practical introduction to radio and electronics and is
particularly suitable for absolute beginners. Kit.
(2.7.6 (inc. P.T.).
Additional Amplifier Stage U1R-IS, 16 6.

ELECTRONIC WORKSHOP KIT
Model EW-I

20 exciting experiments can be made with this one kit.
Transistor Radios, Intercom. Sets, Burglar Alarm etc.
A 72 page illustrated manual is included. Ideal for the
iunior experimenter. Kit L7.13.6 (inc. P.T.).
TAPE DECKS are available as " packaged deals
with other equipment. Details on request.

HEATHKIT THOMAS (Transistorised) ELEC-
TRONIC ORGAN KIT. Model GD-2328E. Can be
built with no knowledge of electronics. Send far
details.

-------- Money -back Guarantee
Daystrorn Limited unconditionally
guarantee that each Heathkit model
assembled in accordance with our easy -
to -understand instruction manual must
meet our published specifications for
performance or the purchase price will
be cheerfully refunded.

 Deferred Terms available on all orders above L10.

-0- -0 -0- 0-
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4,1in. VALVE VOLTMETER KIT
Model V -7A

The world's most popular valve volt-
meter, with printed circuit and I 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.rn.s. and
4,000 peak to peak. Resistance measure-
ments from 0.1 ohm to 1,000 megohms
with internal battery. D.C. input resistance is II
megohms and dB measurement has a centre -zero
scale. Complete with test prod, leads and standard-
ising battery. Power requirements. 200-250 v. 40-60
c s. A.C., 10 watts.

Kit E13.18.6 Assembled L19.18.6

HIGH VOLTAGE PROBE KIT
Model HV-336

Extends measurement up to 30,000 v. D.C. with neg-
ligible circuit loading. A special High Stability 1,090
megohm resistor gives a multiplication factor of 100X
when used with a valve voltmeter of II megohms
input resistance such as the V -7A.

Kit [2.19.6

R.F. PROBE KIT Model 309-C U
This complete probe kit will extend the frequency
range of the V -7A Valve Voltmeter to 100 Mc's. and
will enable useful voltage indication to be obtained
up to 300 Mc s.

Kit (1.13.6 Assembled L2.2.0

POWER SUPPLY UNIT KIT
Model MGP-I

Compact, general purpose unit
suitable for F.M. Tuners. Tape
Recording Amplifiers and general
laboratory use. Input 1001120
2001250 v., 40-60 cis. Output
6.3 v., 2.5 A. A.C.: MO. 250, 270 v.,
120 mA. max. D.C.

Kit L5.2.6 Assembled L6.12.6

DECADE CAPACITOR KIT
Model DC -I

Capacity values 100,itiF to 0.111,(F. in 1001,,F, steps.
Precision silver -mica capacitors and minimum loss
ceramic wafer switches ensure high accuracy.

Kit L7.5.0 Assembled [10.8.0

2 -1 -in. SERVICE OSCILLOSCOPE
KIT Model OS -I

Light, compact, portable for service
engineers. Printed circuit board for
easy construction. Time base 15 c/s.
to 150kcis. in four ranges and 50 cis. 7
sine wave sweep. Flyback suppres-
sion on all ranges. Internal, external  ° °  
and 50 cis sync. Size 5 x 8 x 14f in. long. Vs/eight

Kit L22.18.0 Assembled L30.8.0

CAPACITANCE METER KIT
Model CM -I U

This Direct -Reading Capacitance Meter is a very low
priced, time -saving instrument which is so useful
that it should be part of the general
equipment of every electronic laboratory
and production line. Easily built in a

few hours. 0-10004(F.. 0-1,000/inF.,
0-0.01iiF., The meter has 4 -fin.
scale and tan be used by an unskilled
operator after a few minutes' instruction.

Kit (15.15.0 Assembled [21.14.0

-DAYSTROM LTD. -
DEPT. W.W.5, GLOUCESTER, ENGLAND

A SUBSIDIARY OF THE WESTON INSTRUMENTS GROUP, MANUFACTURERS OF

SWW-0 IS FOR FURTHER DETAILS.
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AMATEUR TRANSMITTER KIT
Model DX -40U

Covers all amateur bands from
80 co 10 metres, crystal controlled.
Power input 75 watts C.W. 60 watts
peak controlled carrier phone. Out-

put 40 watts to aerial. Provision for VFO. Filters minimise
T.V. interference. Modulator and power supplies are
built-in. Single knob band switching is combined with a
pi -network output circuit for complete operating con-
venience. A high-grade moving -coil meter indicates the
final grid or anode current. Provision is made for the use
of 3 crystals with access through a trap-door in the back
of the cabinet. A 4 -position switch selects the appropriate
crystal or a jack for external VFO which can be used instead
of the crystal(s).
Kit ... (33.19.0 Assembled ... L45.8.0

SINGLE SIDEBAND ADAPTER KIT
Model SB-IOU
May be used with most A.M. trans-
mitters with certain provisions. Allows
full use of existing equipment for SSB
facilities. Band coverage: 80, 40, 20,
15, 10 m. Unwanted sideband suppres-
sion; better than 30 dB. Carrier sup-
pression: better than 40 dB. Power
requirements: 300 v. D.C. 85 mA.
(average) 30 mA. (standby), 140 mA

(transmit). 6.3 v. A.C., 3.5 A. Meter: 23in. Scale edge
reading, 2001/A movement, indicates carrier null and
relative power output. Cabinet I lin. high x 8in. wide x
141in. deep.

Kit ... L39.5.0 Assembled ... L54.18.0

AUDIO SINE -SQUARE WAVE
GENERATOR KIT. Model AO-IU
Covers 20 c/s. to 150 kc/s. in four ranges with choice
of sine or square waves. The latter up to 10 kc/s. Output
10 v. max. and distortion less than l'!. Ideal for audio
testing. Size 91 x x 5in.

Kit ... L14.15.0 Assembled ... (21.5.0
GRID -DIP METER KIT. Model GD-1U

Functions as oscillator or absorption
wavemeter. With plug-in coils for
continuous frequency coverage front
I.8Mc/s. to 230 Mc/s.

Kit...L10.19.6 Assembled...L I 3.19.6
Additional Plug-in Coils Model 341-U extend coverage
down to 350 kc/s. With dial correlation curves, 17/6.

TRANSISTOR INTERCOM KITS
Models XI-IU and XIR-IU

Ideal for home or business use. Up to five remote stations
can be operated with each Master. The Master unit can
call any one, any combination, or all five Remote stations
and any Remote station can call the Master. A private
call to any Remote station cannot be interrupted or over-
heard by any other while a conversation is in progress.
Any Remote station can talk to any one or all others
provided the Master is manned. These kits have been
designed for easy construction and high performance.
The mahogany veneered wooden cabinets are supplied
completely assembled and finished. The Master unit
has a 4 -transistor amplifier and is operated by an internal
9 v. battery as are the Remote units. Batteries are not
included with the Kits.

Model XI-IU (Master)
Kit ... L10.19.6 Assembled ... £16.19.6

Model XIR-IU (Remote)
Kit ... L4.7.6. Assembled ... L5.16.0

ELECTRONICS AND RADIO AVAILABLE.
Send for Lists and Prices.

A WIDE RANGE OF BOOKS ON --

..... ...D A

"MOHICAN"
GENERAL COVERAGE

RECEIVER KIT
Model GC -I U

This fully transistor-
ised receiver which in-
cludes 4 piece -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. Its many
features include a 10 -transistor circuit,
printed circuit board, telescopic whip antenna,
tuning meter, and a large slide -rule dial 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 kc/s. to 30 Mcis. 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 x I2in. x 10in.
Please write for specification leaflet.
Kit ... L37.17.6 Asmbld. L45.17.6

STABILISED POWER PACK
Models MSP-IM and MSP-IW

Specially recommended for
industrial and laboratory
use, meeting the need for
a reliable and verstile
stabilised power pack cap-
able of a very high per-
formance. Input 200-250 v.
40-60 c.'s., A.C., fully fused. Outputs: H.T.
200-410 v. D.C. at 0-225 mA. in 3 switched
ranges. Unstabilised A.C., 6.3 v. at 4.5 A.
centre -tapped. Two Sin. " 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 81in. x 9din.

MSP-IM (with meters)
Kit ... L36.12.6 Asmbld. L43.12.6

MSP-IW (less meter)
Kit ... L29.17.6 Asmbld. L36.17.6

BALUN COIL UNIT KIT
Model B -I U. Will match unbalanced
co -axial lines to balanced lines of either
75 or 30011 impedance. Frequency range
10-80 m., input up to 200 watts.
Kit ... L4.15.6 Asmbld. L5.8.6

TAPE AMPLIFIER KITS
Models TA -IM and TA -IS

This Combined Tape
Record Replay Amplifier
is available in both
monophonic and stereo-
phonic models. Model TA -IM can be modified
to the stereo version with modification kit
TA -IC.

TA -IM Kit L19.8.0. Asmbld. L28.18.0
TA -IS Kit L25.10.0 Asmbld. L35.18.0

TA -IC Kit ... (6.15.0
All prices include free delivery in the U.K

Deferred Terms
are available on all orders above LIO

elepess des lilt.

AMATEUR TRANSMITTER KIT
Model DX -100U

The World's most popular
Amateur TX Kit

iCompletely self-contained. 150 w. D.C. input.
Built-in highly stable VFO and all Power Supplies.
TV I : Careful design has reduced TV1 to a minimum
by use of effectively screened frequency generating
stages and pi -tuned circuits at the input and output
of the PA stage and by II chokes and pi -network
filters to all outlets from the cabinet.

 The KT88 high-level anode and screen modulator
stage gives over 100 watts of audio from less ..han
1.5 mV. input.

 Adjustable drive and clamp control ensures that
valves are only driven sufficiently to maintain the
required output.

 Keying on CW is via the VFO and buffer amplifier
cathodes; the other RF valves are biased beyond
cut-off.

 Provision has been made for remote control operation.
 VFO slow-motion drive is very smooth and backlash

free.  VFO or Crystal control.
 Covers all Amateur bands up to 30 Me/s. 'phone or

CW.
Kit ... L79.10.0 Assembled...LI 04.15.0

REFLECTED POWER METER KIT
Model NM -11U. Indicates, reliably but inexpensively.
whether the R.F. power output of your transmitter is
being transferred efficiently to the radiating antenna,
Kit...L8.5.0 Assembled...L10.10.0

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 limitations imposed
by crystal control. Calibrated for all
Amateur bands 160-10 metres,
fundamentals on 160 and 40 m. Ideal for Heathkit DX -40U
and similar transmitters.

Kit LI0.17.6 Assembled ... £15.19,6

 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 cis.) may be used
with communications receivers to
provide both additional selectivity
and signal rejection.

Models QPM-I for 470 kc/s. IF. QPM-I6 for 1.6 Mc;s. IF.
Kit, either model L8.10.0
Assembled L12.14.0

[By arrangement with RECORD HOUSING
we can now supply you with any one of their large
range of fully finished Equipment Cabinets.
May we send you details?

[ease send me FREE CATALOGUE

Full details of Model(s)

NAME
(Block Capitals)

ADDRESS

(Yes/No)

1

WW 5_

YSTROM .....
DEPT. W.W.S, GLOUCESTER, ENGLAND

THE WORLD'S LARGEST -SELLING ELECTRONIC KIT -SETS

-4- 4- -4-

5WW-016 FOR FURTHER DETAILS.
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RADIO TUBES
EXPORT ON LY

It is our desire to try to keep abreast of development of industry, where it
concerns the use of radio tubes of all descriptions, also transistors.

Therefore, we are continually adding to our stocks, which are already probably
the most comprehensive in the world and consist of over 3,000 types and total
over 4,000,000 tubes. From such stocks we can, in nearly all cases, satisfy demands.
However, part of our service is delivering at the shortest notice types which are
nor normally carried in our stocks. Therefore, you are assured of a service which
is without equal in the world.

OUR PRICE AND STOCK LISTS ARE AVAILABLE ON APPLICATION

Our Organisation is E.I.D. and A.R.B. Approved

HALL ELECTRIC LTD
41-ALTRON

HALTRON HOUSE, ANGLERS LANE, LONDON N.W.5.
Tel Gulliver 8531 (10 lines) Telex 2-2573 Cables: Hallectric London"

9WW-GI7 FOR FURTHER DETAILS.
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Have you
seen our
hot stripper?

miniature heat wire stripper

one of many ORYX products

miniature mains soldering iron

miniature soldering tweezers

illustrated leaflet from
W.Greenwood Electronic Ltd.
677 FINCHLEY ROAD, LONDON, N .W . 2 .

telephone: SWIss COTTAGE 3383/4

5 W-018 FOR FURTHER DETAILS.
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OFFERS THE WORLD'S
GREATEST RANGE
there's a Garrard to suit every
record -playing requirement
Garrard record changers and turntables form the only
range in the world to answer every purpose and suit
every pocket. Professionals who must have instrument
quality enthuse aboui the precision engineered 401 ...
while wondering how on earth Garrard can do it for
the price. Highly selective enthusiasts who want the
very best choose either the 4C1 or the LAB 80. Others,
who want first-rate equipment at a lower price, note
cheerfully the great Garrard range of no less than 7
other models, varying widely in price and features-
enabling them to choose the right unit at the right
price. Every model, high or low priced, is completely
reliable, and is a product of good design, ceaseless
Garrard research, and invariable adherence to the
highest manufacturing standards,

For further details write to:

GARRARD ENGINEERING LIMITED
Swindon, Wiltshire. Telephone: Swindon 5381

G41 A

401 Transcription Turntable, with heavy
12- turntable, machine -cut strobe,
neon lamp and speed control.

A70 For the critical user ... offers automat
playing, with pusher -platform, and
many other features.

AT60 Automatic or manual operation-ha',
precision arm, bias compensator
and heavy turntable.

S P 25 Single record player, with precision
arm, heavy turntable and cueing device.

Model 50 Automatic record changer with large
turntable, weight -counterbalanced
arm and plug-in pick-up head.

3000 Designed for use with high -

compliance cartridges; low -mass arm
gives exceptionally low record wear.

2000 Automatic record changer with
large turntable playing up to
8 records.

1000 Compact low-priced record changer,
automatically playing up to
10 records.

LAB 80 An outstanding automatic
transcription turntable for profession,,;
reproduction.

SWW -011 FOR FURTH 1r-i-t.
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This company was founded as a marketing
organisation to obtain the cream of the
world's valve production, confirm the quality
of each type by exhaustive testing, overcome
the enormous complexity of valve nomencla-
ture by relating all known equivalents to a
single stock number, and thus make a selective
product available under one brand name.

This was something unique in valve distri-
bution and the idea met with success from the
start. The company was called Pinnacle
Electronic Products Ltd. and it adopted the
motto " Pick of the World's Valves ". Each

year important additions to the range found
an ever-growing market of enthusiastic users.
Well conceived literature made ordering
easy.

To -day, with a slight change of title, Pinnacle
Electronics Ltd. not only provides a speedy
reliable service to manufacturers, wholesalers
and retailers of Radio and Television equip-
ment, but also makes available a comprehen-
sive range of high quality specialised types
which are now eagerly sought by all facets of
Industry, Education and Research.

A.R.B. and E.I.D.
approved stockists

Over 1,000 specific types are to be found in
the index of our master catalogue. This will
serve as an adequate testimonial to the
beliefs on which this company was founded
and will illustrate the nature of the service
which Pinnacle sets out to provide.

The value of
innacle

to the
Electronics
Industry
today

PINNACLE ELECTRONICS LIMITED
ACHILLES STREET NEW CROSS LONDON, S.E.I4 Tel. TlDeway 7285

5WW-020 FOR FURTHER DETAILS.
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THE VARIAC variable transformer is the most useful and versatile
device ever developed for the control of a.c. voltage, or of current,
power, heat, light, speed. It provides smooth continuous adjustment
of output voltage from zero to line voltage and above, either hand -
operated or motor -driven.
Only Vanac has Duratrak -a patented track surface giving longer
life, increased overload and surge capacity and maximum economy
in maintenance.
There are over 600 Variac models and assemblies to suit virtually
every possible requirement, ranging from small units for laboratory
or instrument use to large ganged assemblies for high power
3 -phase operation. The range includes low -voltage, high -frequency,
dual -output and narrow -range types, open, covered, portable,
metalclad and oil -immersed constructions, plus many special
models. This is the largest range of variable transformers available
today.
The technical superiority and dependability of Variac are the result
of over 30 years of development and refinement since the introduc-
tion of the first Variac models - the original variable transformers.
 Variac' and Virratrak' are registered trade marks

Variacs are made in England by The Zenith Electric Co. Ltd. London, and exclus-
ively distributed in the U.K., Eire and British Colonies by Claude Lyons Ltd.

Variac
variable transformers

-over 600 models
to suit every possible

requirement

Write for comprehensive catalogue to Publicity Department. Hoddesdon

CLAUDE LYONS LTD Valley Works, Hoddesdon, Herts Hoddesdon 4541 Telex 22724
76 Old Hall Street, Liverpool 3 MARitime 1761 Telex 62181

as
5W W-021 FOR FURTHER DETAILS.
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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.

PLEASE USE CAPITAL LETTERS

Pour obtenir tout autre renseignement sur tout article
mentionne dans ('Editorial ou dans les pages pub-
licitaires de ce numero nous vous prions de remplir une ou
plusieurs des cartes ci-jointes en inscrivant le numero ou les
numeros de reference. Vos demandes de renseignement
seront transmises aux fabricants interesses qui, entamps
N;oulu, vous feront parvenir une reponse. II est necessaire
d 'affranchir les cartes postees de l'etranger.

PRIERE D'UTILISER DES CARACTERES D'IMPRIMERIE

Weitere Einzelheiten iTher irgendwelche Artikel, die
auf redaktionellen oder Anzeigenseiten erscheinena er-
halten Sie, indem Sie eine oder mehrere der beigehigten
Karten aushillen und die Kennummer(n) angeben. lhre
Anfrage wird an den Hersteller weiter geleitet, und Sie
werden dann direkt von ihm horen. Karten, die im Ausland
aufgegeben werden, mussen frank iert werden.

BITTE IN BLOCKSCHRIFT AUSiULLEN

Per ulteriori particolari in merito agli articoli menzionat
nel testo o nelle pagine pubblicitarie di questo numero.
Vi preghiamo di completare una o pit delle schede allegate
citando it numero o i numeri di riferimento. La Vostra
richiesta sara inoltrata ai fabbricanti interessati the Vi
risponderanno direttamente. Le schede dall'estero devono
essere regolarmente affrancate.

SI PREGA DI COMPILARE LE SCHEDE A
STAMPATELLO

Con objeto de obtener mas detalles de caulquiera de
los articulos mencionados en las paginas editoria es o de
annuncios de este numero sirvase rellenar una o mas de las
unidas tarjetas citando el numero o numeros de re erencia.
Sus consultas seran transmitidas a los fabricantes interesados
de quiene stendran noticias directamente a su debido tiempo.
Las tarjetas enviadas desde el extranjero requireren fran-
queo.

SIRVASE ESCRIBIR CON LETRAS MAYUSCULAS

10-12 Watts - 5 kVA

DRAKE TRANSFORMERS
Mains Transformers

Chokes
Audio Output Transformers

Audio Input Transformers
Saturable Reactors

Coils
Current Transformers

Transistor Transformers
Inverter Transformers

Screened Microphone
Transformers

Wide Band R.F. Transformers

DRAKE TRANSFORMERS LTD., BILLERICAY, ESSEX
Billericay 1155

5WW-004 FOR FURTHER DETAILS. \ 
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Extended range of
EEV Ignitrons
now available with
coaxial construction
All Ignitrons with the International size letters A to
D in the range manufactured by
English Electric Valve Company Limited
at Lincoln, can now be supplied in co -axial construc-
tion form. This range, already established as the

STAND No.
164

RECMF SHOW
OLYMPIA

most comprehensive in Europe, is now extended to
incorporate those Ignitrons previously available from
The English Electric Company at Stafford: these will
continue to be available under their original type
numbers. (AR10T, AR14T and AR31).

INTERNATIONAL EEV AMERICAN-} APPLICATION
SIZE LETTER TYPE NO. EQUIVALENT

A

B

D

C

D

BK66 (AR31) 5550

BK42 (AR14T) 5551A
BK442 7669

A.C. resistance welding

BK24 (AR1OT)

BK168

BK444*

5552A
5822A

7671

BK146 5553B

Three phase welding

BK44 5554

BK46 5555

Power. rectification
and control

A

0

E

BK416 7703
BK423

BK178

BK194

Capacitor discharge

t These equivalent type numbers are usually
prefixed with the identifying code letters of the
manufacturer concerned.

 Coaxial construction.

Full information on the complete range of Ignitrons available from EEV may be obtained from the address
at the foot of the page. Enquiries from Government departments and overseas customers should be directed
to the Sales Department, Chelmsford, Essex, England, Telephone: Chelmsford 3491 (Ext. 262) Telex: 99103,
Telegrams: Enelectico, Chelmsford.

ENGLISH ELECTRIC VALVE COMPANY LIMITED
CARHOLME ROAD, LINCOLN, ENGLAND. Telephone: Lincoln 26352

Telex: 56114, Telegrams: Enelectico, Lincoln AGENTS THROUGHOUT THE WORLD

5WW-005 FOR FURTHER DETAILS.
A P139
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THR UGH UT
THE

RLD.....
QUAD is used professionally
to ensure the highest quality
of reproduction in music.

Monitoring with QUAD equipment
at the Lucerne Music Festival.

(MA

... and in your own home, too. QUAD gives
the closest approach to the original sound.

for the closest approach to the original sound

Send a postcard, quoting ref.W.Vii. for full details of the QUAD range.

THE ACOUSTICAL MANUFACTURING CO. LTD. HUNTINGDON, HUNTS. TELEPHONE: HUNTINGDON 361.

SWW-022 FOR FURTHER DETAILS.
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Insulators have a list of satisfied customers
as long as your arm ...

... and have
some attraction for

Magnetic
Devices

Relay Cover in polycarbonnte
for Magnetic Devices Ltd.

And what can Insulators mould for you?
With first-class design engineering facilities and three factories special -
ising in injection, compression and fibreglass mouldings respectively,
Insulators are unusually well equipped to tackle any size or shape
of problem in plastics. Ask any of the companies listed on this page.

COMPRESSION INJECTION FIBREGLASS MOULDINGS

Insulators Limited
Leopold Road, Angel Road, Edmonton, London N.18. (EDMonton 1195-8)
Grams: Mermould Southtot London.

r
I Send for FREE 16 -page
i booklet which shows exactly

why so many of Britain's
leading manufacturers come
to Insulators for their
plastic mouldings.

NAME

COMPANY

ADDRESS

W.VV.M

1

SWW-023 FOR FURTHER DETAILS.

110A.E.I. Hotpoint Ltd. e
Associated Automation Ltd.

Belling & Co. Ltd.

Belling & Lee Ltd.

Champion Sparking
Plug Co. Ltd.

E. K. Cole Ltd.

Electrolux Ltd.

Hoover Ltd.

Magravox Electronics
Co. Ltd.

M. K. Electric Ltd.

Morphy- Richards
(Astral) Ltd.

Philips Electrical Ltd.

P. 0. Contracts Dept.

Satchwell Controls Ltd.

Simplex Electric Co. Ltd.

Smith Meters Ltd.
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The meter game

START

2
HERE

go TO

Anders transform your
delivery times from weeks to hours

MOVE ON 5IX

You switch to
Anders for metering
requirements
MOVE ON FOUR

Your metering problerns
kf-LISt you- you diant

go to Anders

ANDERS You probe the great
possibilities of
the Atufets meter
service, AIOVE ON Ihb

A friend relays the
advice: Anders for
off -the -shelf meter delive.y, MOVE ON THREE

Miss Thk) nr2oWc

.(

Cf0 TO ANDERS

40 To ANDERS

O

go To ANDERS

Anders rectify
your meter
problems -
MOVE OW THREE

Anders demonstrate
rhur capacity for
meeting unusual and
urgent dernands

40
FOQI.VARD
TWO

ONCE YOU'VE GONE TO

ANDERS METER SERVICE
YOU'VE WOW THE GAME

You win the Meter Game by going to Anders. For part of the Anders Meter Service is building meter -circuitry to
your specifications. Your problems are solved in detail from just a broad outline, because Anders are equipped to
meet the most unusual and urgent demands a customer can make - fast ! Special calibration on both standard
and non-standard meters is another part of the service. And Anders carry the largest stocks in the country of
meters of all types for immediate off -the -shelf delivery. Whatever you want in metering -go to Anders.

 Meters of all kinds from stock  Meter calibration Meter modification Ancillary equipment  Custom -designed
meter circuitry and components ! 1 Sole U.K. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE
ANDERS ELECTRONICS LTD / 103 HAMPSTEAD ROAD I LONDON NW1
TELEPHONE EUSTON 1639 MINISTRY OF AVIATION APPROVED

SWW-024 FOR FURTHER DETAILS.
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Reproducers & Amplifiers Ltd., Wolverhampton

SWW-025 kOR FURTHER DETAILS.
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Hcps.p.h?

That's hiccups per hour. If you really want one, Anders will supply a meter calibrated to measure just that. And
supply it fast ! It's part of the Anders Meter Service -a service that will meet the most urgent and unusual
demands a customer can make. Anders experts will solve your metering problems in detail from just a broad
outline, and Anders carry the largest stocks in the country of standard and non-standard meters for immediate, off -
the -shelf delivery, as well as a complete range of ancillaries. Whatever you want in metering - leave it to Anders.

 Meters of all kinds from stock  Meter calibration Meter modification Ancillary equipment  Custom -designed
meter circuitry and components Sole U.K. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE
ANDERS ELECTRONICS LTD 103 HAMPSTEAD ROAD LONDON NW1
TELEPHONE EUSTON 1639 MINISTRY OF AVIATION APPROVED

5WW-026 FOR FURTHER DETAILS.



24 WIRELESS WORLD 11". 19(6',

NEWMARKET
'TEE EERg F
Ir-2.

N)

Ec'lr -10
at RECMF

See us on Stand 281

Q-2) r

NENIARKEI

TRANSISTORS

Write for transistor data and packaged circuit specifications to i)ept. 9
NEWMARKET TRANSISTORS LTD, EXNING ROAD, NEWMARKET Telephone: Newmarket 3381/4

DENMARK: Oskar Pade, 4 Ingersvej, Charlottenlund, Copenhagen. SWEDEN: Forslid & Co A -B, Rldmansgatan 56, Stockholm. FINLAND: Ingenj0rsbyran

Pluton, Kristinegatan 8A, 13 Helsingfors. NORWAY: H. Meltzer & Co, Rldhusgaten 17. Oslo 1. CANADA: Musimart of Canada Ltd, 970 McEachran

Avenue, Montreal 8.

5WW-027 FOR FURTHER DETAILS.
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THERE IS A SOLUTION

TO ALL SOUND PROBLEMS
PROBLEM:

FEED&°
11%111111=Montly011111111=11.111.?

SOLUTION:
.0.w.

oil, .......,
IT00.1"..,0=:*

0-72,.-.
, ' V..

Model 55S
.

Utudyne

Aff

Unidirectional Dynamic Microphone
This superb ultra-cardioid unidirectional micro-
phone. picks up every subtle shade of sound
without distortion and with virtual suppression of
random background noise. Thoroughly dependable,
the Unidyne 55S will give long trouble -free service
indoors or out. With its high output it can be used
with low -gain systems as well as the highest quality
sound installations. The Unidyne 55S is the most
widely used high quality P.A. system microphone
in the world. Multi -impedance switch (high-
medium -low). Frequency response 50 to 15,000 cis.
With or without on -off switch.

PROBLEM:

II rki 11It
IIII 1

...

1

SOLUTION:

1

Unidyne ill

-----

Ultra -compact Unidirectional Microphone
The perfect solution to halls or rooms with annoy-
ing bass resonances. This popular unidirectional
microphone prevents over -emphasis of bass tones
and ensures natural lifelike voice reproduction. The
Unidyne III is handsomely designed, versatile and
sturdily built to withstand hard usage. As one of the
smallest cardioid dynamic microphones in the
world, it features an ultra-cardioid pick-up pattern
symmetrical about the axis, uniform with frequency.
Dual impedance, 50-15,000 c, s response. With or
without on -off switch.

.
PROBLEM:

ea 4

SOLUTION:

,.',xi
r

,

i Model 488
to

Noise -cancelling Controlled -magnetic
Microphone
Thisdvhi is a revolutionary noise cancelling microphone

has been tested by Shure engineers against
raft revving -up at top engine power. Theaircraft

voice comes through clearly and intelligibly and
background noise is suppressed-even when the
talker can't hear himself ! The 488 Sono -Bar incor-
porates an all -new close talking controlled-reluc-
tance design. It is unrivalled for use in all conditions
of high ambient noise. Choice of three models-
high impedance, low impedance, or transistorised.
Push -to -talk switch.

PROBLEM :

BUT NOT SEEN

SOLUTION:

\
Akdif 570 LA,,,, , , , ,,, ,., .

A miniature size dynamic microphone of professional
quality to meet all the precise demands of tele-
vision, night club and conceit stage work. The 570
features a special 'shaped' response for superior
lavalier performance. It reduces pickup of clothing
and cable noise. Designed for use with 'flex -grip'
lavalier which holds the microphone firmly yet per-

easy and quick removal. Frequency responsemits50-12,000

cis. Non-reflecting grey metal case with
stainless steel grille.

SHORE
The comprehensive Shure range includes a microphone for every application. If
you have a microphone problem, do get in touch with us. We are confident we
can help you.

Setting the world's standard in sound
SHURE ELECTRONICS LTD  84 BLACKFRIARS ROAD LONDON SE1  Tel: WAT 6361

SWW-028 FOR FURTHER DETAILS.
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this storage space

no longer required

this storage space

no longer required

either!

triple rating means triple economy
Brilliant design and the use of metal oxide fused to a glass substrate.
enables each Electrosil resistor to perform three roles :-Semi -precision,
high stability and general purpose. Three applications for the price of
one. Resistor stocks now need only be one-third the size. Powerful
factors in industry are adopting this Electrosil concept-are saving space,
effort and cash, getting more reliability in performance, TR resistors are
approved to DEF.5114A and by the G.P.O. to D.2228A. Employ resistors
the modern way-let Electrosil show you how.

Semi -precision

High stability

General purpose

Ohmic range

TR4

IOW

AW

510-
150K

TR5

tiw

TR6

sW

EZ1111
zW

100-
410K

1W

100-
1M

TR8

zW

1W

2W

1000-
1.4M

Stability

0.5%

10/0

2°/0

Standard Tolerances (All types) 1% 2% 5%

get glass -tin -oxide reliability with

ES

Electrosil
LIMITED

Write today for full detail

ELECTROSIL LIMITED
PALLION, SUNDERLAND, CO. DURHAM

Tel: Sunderland 71557. Telex 53273

5Vt, W-029 FOR FURTHER DE TAILS.
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The International Plastics Exhibition in Europe for 1965

LONDON OLYMPIA 16-26 JUNE

interer

Typical of latest machinery-
Prodex sheet plant incorporat-
ing a 4t" extruder and double
shell cooling rolls embodying a
built-in heat exchanger.

Many of the most brilliant
achievements in plastics design
in the International Design
Display.

asOS

Information on all aspects of
plastics and plastics trade-
materials, markets, suppliers,
customers, new applications.

The latest equipment for plastics
moulding, extrusion, vacuum
forming, welding and printing-
much of it in full operation.

an essential event for all concerned with plastics
This huge display-biggest ever held in Great Britain
and unique in Europe in 1965-will present the latest
achievements in plastics manufacture, design and

technology. More than 500 firms from Great Britain,
Germany, United States, France, Japan and other
leading countries. Plant and machinery in action . . .

SEE THE UNLIMITED

POTENTIAL OF

PLASTICS

TODAY

MAIL THIS NOW

materials . . . processing equipment . . . finished and
semi -finished plastics products . . . industrial and
consumer goods ranging from boats to paper clips-
more than 10,000 exhibits. An incomparable op-
portunity to gather new ideas for product improvement,

cost reduction.

To: The Exhibition Manager, INTERPLAS 65, Dorset House, Stam/ord Street, London SE1
Please send full information and a free season ticket

NAME

FIRM

ADDRESS

DATE

5WW-030 FOR FURTHER DETAILS.
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Heavy currents ahead. IR control
them with new heavy duty epitaxial
thyristors. Currents up to 150 A,
PRV up to 1300. Give yourself new
power over power; find out exactly
what these new IR power thyristors
can do.

=117Ro INTERNATIONAL RECTIFIERNI I/
Immediate off -the -shelf delivery from IR distributors-phone

COLCHESTER 6173 CRAWLEY 28700 GLASGOW DOUGLAS 8671 (LANCS) TODMORDEN 602 LEEDS 35111
LEICESTER 68561 (LONDON S.E.27.) GYPSY HILL 6166 (MIDDLESEX) SKYPORT 1314 PORTSMOUTH 20,0i

=

INTERNATIONAL RECTIFIER CO. (GREAT BRITAIN) LTD HURST GREEN OXTED  SURREY  TELEPHONE OXTED 3215  TELEX RECTIFIER OXTED 8810 IFG/risi
SWW-031 FOR FURTHER DETAILS.
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TRANSISTOR
R.C. OSCILLATORS

TYPES TG150, TG150M

TG150D & TG1500M

See us on

STAND NO. 454
Grand Hall Gallery

RADIO & ELECTRONIC
COMPONENT SHOW

OLYMPIA
18th - 21st MAY

Continuous Frequency
Coverage from
1.5 cis to 15 0 kc/s
in 5 Ranges
at Decade Intervals

SPECIFICATION:

FREQUENCY
I

3

STABILITY
- 0.05 ',, drift after 30 seconds.

0.3",, drift for 30
fall of supply voltage.

0.05" drift per C at I kc,s.

DISTORTION
0.1 at 1 by s:
0.3 from 50 cis to 15 kc/s;
1.5 below 50 c s

and above 15 kc s.

SINE WAVE OUTPUT
Variable up to 2.5V
into 60055

1 '. variation with frequency.
- 0.5% change for
30'' fall of supply voltage.

SQUARE WAVE
OUTPUT
Variable up to 2.5V.
Rise time , of period 0.2/3

ATTEN UATOR
20dB, 40dB and 60dB. 60052.

SUPPLY
Self-contained PP9
batteries, life 400 hours,
or, 200/250V A.C. when Power
Supply Unit is fitted.

SIZE
10in. high x 6in. wide x 1in. deep.

WEIGHT
6 pounds.

LEVELL
PORTABLE INSTRUMENTS

TYPE TG150 1G150M TGISCD TGISOOM

Output Waveforms. Sine only Sine only Sore and Square Sine and Square

Output Meter' None 0-2.5V and dB None 0-2.5V and dB

Price with batteries: L32 L42 L35 L45

Mains Power Supply Unit 0.10.0

Leather carrying case L3.10.0

Fully detailed leaflets available on our complete range of portable instruments

LEVELL ELECTRONICS LIMITED
PARK ROAD, HIGH BARNET, HERTS Telephone: BARnet 5028

5WW-032 FOR FURTHER DETAILS.
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1

YD5 SINGLE CHANNEL RECORDERS

Model Tape Speeds Voltage Frequency

YD5A 71, 31 and 1i i.p.s. 100 250V 50 c.p.s.*
YD5AH 15 and 71 i.p.s. 100, 250V 50 c.p.s.*
YD5B 71, 3,1 and 11' i.p.s. 100,250V 50 c.p.s.*

YD5BH 15 and 74- i.p.s. 100 250V 50 c.p.s.*

*60 c.p.s. to order

Y500 DOUBLE CHANNEL RECORDERS

Model Tape Speeds Voltage Frequency

Y532U 71, 31 and 1i, i.p.s. 200 250V 50 c.p.s.

Y532A 71, 31 and 1.4 i.p.s. 117V 60 c.p.s.

Y532E 7i, 31 and 1i i.p.s. 110V 50 c.p.s.

Y522UH 15 and 71 i.p.s. 200/250V 50 c.p.s.

Y522HA 15 and 7-1 i.p.s. 117V 60 c.p.s.

Y522HE 15 and 71 i.p.s. 110V 50 c.p.s.

THE FERROGRAPH COMPANY LTD
84 BLACKFRIARS ROAD, LONDON, S.E 1

Telephone : WATerloo 1981

SERIES V

RECORDERS

Series "Y" instruments are housed in strong

metal cases and, in some instances, can be rack -

mounted. They are intended for those engaged

in scientific research and industrial pursuits.

SWW-033 FOR FURTHER DETAILS.



MAY, 1965 WIRELESS WORLD

NEW

1

`DIPSEAL'*

W95
Hunts new 'Dipseal' process gives designers and service engineers
a new kind of capacitor -a proven, reliable metallised paper unit
in a tough, resinous housing. New Dipseal' W95 midget tubulars
are as small as or smaller than their thermoplastic cased equiv-
alents; the humidity performance is better; and the hard thermo-
setting resinous housing is unaffected by heat, making soldering
safe and easy.
Find out more about the new W95 and other 'Dipseal' ranges. Full
particulars will be sent freely on request.

another
FIRST

for
HUNTS!

RANGE

elm
Wet

Ala
Writ

Better humidity performance than
thermoplastic cased units,

Far cheaper than metal cased units.

TYPE W95 STANDARD RANGE

DC Working Voltage Capacitance 1pF) Dimensions

250
500
750

Temperature Range

0.004 to 0.05
0.002 to 0.01

5Opt to 0.004pF
-55'C to + 100"C

} 12 to 15.5mm x 5 5 to 6.5mm

Capacitance Tolerance ±20/..

HUNTS
A. H. HUNT (Capacitors) LTD.
Wandsworth, London, S.W.18. Tel: VANdyke 6454
Factories also in Surrey, and North Wales

SWW-034 FOR FURTHER DETAILS.
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These are transistor -stabilised power supplies of outstanding electrical performance coupled with very sma'
size (5 x 10 x 7in. high) and rated for d.c. outputs of IA (TCU-0550). IA (TCU-150) and 2A (TCU-250,
The output voltage of each unit is 0-50V, fully variable, and the stabilisation ratio is greater than 1000: 1

throughout this range. The comprehensive overload protection circuit gives both immediate current limiting
and delayed trip action. Separate input sockets are provided for the control amplifier so that the effect
lead resistance on the performance can be neutralised when the unit is used to supply a remote load. Other
units in the TCU range give maximum outputs up to ISA.

IIPlease send me full details of your transistorised cased units.

Please send me your full catalogue of stabilised power supplies.

APT
11111\NAME

COMPANY

ADDRESS

ELECTRONIC INDUSTRIES
LIMITED

wow nem min
Chertsey Road, Byfleet, Surrey. Phone. BYFLEET 41131 2 3 4 PABX GRAMS: APTRAN, BYFLEET.

5WW-035 FOR FURTHER DETAILS.

Detach and send to:-
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Illustrations
actual size

ERIE
STYLE

Volts
Wkg

EDM 1 5

EDM 2 0

EDM30

EDM15 EDM20 E DM30

Capacitance-pF
d.c.

300 10-820 20-12000 510-30000

500 10-470 20- 8200 510-16000

41111:.

ERIE ELECTRONIC COMPONENTS

The dip -coated silver -mica construction of the Erie
EDM Series Capacitors provides outstanding stabil-
ity, reliability and close tolerance characteristics
coupled with versatility.
Operating temperature range:

-55°C to +125°C
Capacitance tolerances:

410% and +5%
Q factor:

1000 minimum*

Temperature Coefficient:
Generally -0 to +70 ppmr-C

except for very low values
texcept for low values

Write for EDM literature

Reg d Trade Mark

121E RESISTOR LIMITED GREAT YARMOUTH NORFOLK T.Iphons 4 911 T.I.x 1720

SWW-036 FOR FORIOER DE'i AILS.
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A versatile Transistorised Pulse Generator with & wide
range of repetition rates, delays and pulse widths.
Rise time is less than IOns up to 2V and the output
is true positive or negative with respect to Earth.
The PG54 can be externally triggered, synchronised
or gated.

An auxiliary square wave is also available at the
repetition rate.

 Repetition rate fully variable from 2c s to 311c,s

 Delay fully variable 7Ons to 0.2s

 Pulse width fully variable 7Ons to 0.2s

 Amplitude fully variable positive and negative
0.IV to 2V with additional steps at 5V and 10V

 Rise time less than IOns up to 2V

 AC or Battery operation

NETT PRICE EX WORKS IN UK: £190 (excluding battery)

transistorised

40Advance

SWW-037 FOR FURTHER DETAILS.

ADVANCE ELECTRON ICS LIMITED
Roebuck Road, Hainault, Ilford, Essex
Telephone: Hainault 4444

Electronic Instruments
Stabilised Power Supplies
Constant Voltage Transformers
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If you are a
junior or senior
technician, a graduate
or professional
engineer, aiming
to advance to
higher
status...

This new brochure describes the wide area of study, extending into every application of electronic
engineering, which C.R.E.I. (London) offers for 1964. The revised programmes bring the student right
up to date with modern developments and techniques. The flexibility of the C.R.E.I. system provides an
arrangement of studies appropriate to the technical level of each programme. Every course offers a
clear cut path to increased knowledge, linked with everyday problems and experience.

The student works at his own pace. On enrolment each
C.R.E.I. student is allotted a highly qualified tutor who
maintains a personal interest in his progress throughout the
entire course.

Special programmes for the City and Guilds of London

Institute Telecommunication Technicians Syllabuses Nos.49
and 300 have been prepared by C.R.E.I. (London), who are
members of the City and Guilds of London Institute.

Some 30,000 students are currently taking C.R.E.I. Courses
throughout the free world.

C.R.E.I. (London) (Dept. WW54), WALPOLE HOUSE, 173 176 SLOANE STREET, LONDON, S.W.1

C.R.E.I. Courses
are available

 Electronic Engineering Tech-
nology

 Mathematics for Electronic I

Engineers

 Telecommunications
 Automation
 Radar
 Servo Systems
 Space Electronics
 Nuclear Engineering Tech-

nology

Please send me (for my information and entirely
obligation) full details of the City & Guilds

Programme. (C. & G. SUBJECT 49)

1st yr. 2nd yr. 3rd yr. 4th yr.

NAME

Supplementary Studies (Subject 300).

ADDRESS

Educational and Technical Background

 City and Guilds of London I C.R.E.I. (London) (Dept. WW54)
Institute Telecommunication Walpole House, 173/176 Sloa,e Street.
Technicians' Syllabuses.

Please send me (for my information and entire!
without obligation) full details of the Educationa
Programmes offered by your Institt.te.

I NAME

ADDRESS

I ELECTRONICS EXPERIENCE

C.R.E.I. (London) (Dept. WW54)
Walpole House, 173/176 Sloane Street.

SWW-038 FOR FURTHER DETAILS.
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`11

The best pick-up

arm
in the world

S.M.E. LIMITED  STEYNING  SUSSEX.
SWW-039 FOR FURTHER DETAILS.

ARKC4
SOME APPLICATIONS

Radio Aerials
Meteorological Instruments
Microphones
T.V. Cameras
Floodlighting
Aircraft Landing Beam checks and
calibration

BRIEF INFORMATION
Extended heights: 16-100 feet
Lifting Capacity: 1-200 lb
Material: High Tensile Light Alloy

Full range of attachments for mount-
ing masts on vehicles or in open
country
Air supply taken from hand -pump,
air compressor or air bottle through
special control valves

EACH MAST BACKED BY
THE EXPERIENCE WHICH
HAS MADE CLARK THE FIRST
CHOICE

Write for Pocket Catalogue today.

. ...111111111. .

31,01-110

A. N. CLARK (ENGINEERS) LIMITED
Binstead, Ryde, Isle of Wight

Telephone: RYDE 3691 Telegrams. TELEMAST RYDE
SWW-040 FOR FURTHER DETAILS.
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GOODMANS IMPROVE
ON EXCELLENCE

INTRODUCING THE IMPROVED AXIOM HIGH FIDELITY LOUDSPEAKERS
7- Goodmans loudspeakers have a long Tradition of Excellence,

earned by setting the very highest standard: impeccable per
formance, enduring reliability, flawless reproduction and
outstanding value. To keep this leadership, a continuing pro
gramme of research and development is pursued. And now
the lead is increased-but NOT the price!

The new Axiom High Fidelity loudspeakers improves
on excellence. Even the world's largest selling 12 ' High Fidelity
loudspeaker, the Axiom 301 has now been improved. New
features now incorporated include:

 A pure plastic roll suspension for the moving assembly, pro-
viding great strength and excellent acoustic termination,
and allowing long and linear excursion, reducing distortion
to new, low limits.

 An entirely new pressure diecast chassis, in which open
construction and high rigidity are combined to give positive
alignment of all parts and to minimise chassis resonances.

 Smart new hammered grey finish.
The result:, speak for themselves. See and hear them at your
Goodmans dealer-or send the coupon for free copy of the
latest Goodmans Manual.

THE IMPROVED AXIOM FULL RANGE HIGH FIDELITY LOUDSPEAKERS

AXIOM 201
12 inch -15 watt -15 ohms
Frequency range: 30-16,000 c s
PRICE: £11.8.9.

FFREEPlease send me a free copy of Goodman'

High Fidelity Manual,

I Name

I Address

hh W5L

AXIOM 301
12 inch -20 watt -15 ohms

Frequency range: 30-16,000 c/s
PRICE: £15.18.9. I

GOODMANS INDUSTRIES LIMITED

II

AXIOM WORKS  WEMBLEY MIDDLESEX Tel: WEMbley 1200
A Member of the Rentaset Group

5WW-041 FOR FURTHER DETAILS.
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WEYRAD
COILS AND I.F. TRANSFORMERS IN

LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

P.9 SERIES 10 mm. 10 mm. 14 mm. Ferrite cores 6 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm. 12 mm. 20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

T.41 SERIES 25 mm. ;.' 12 mm. 20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Double -tuned 1st and 2nd I.F.s and Single -tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

Weymouth Radio Manufacturing Co., Ltd., School Street, Weymouth, Dorset

5WW-042 FOR FURTEITR DETAILS.

CHASSIS and CASES
by of

EDGWARE ROAD

H. L. SMITH & CO. LTD.
ELECTRONIC COMPONENT DISTRIBUTORS

287 289 EDGWARE ROAD, LONDON, W.2.
Tel: PADdington 5891 7595

We shall be pleased to quote for all your component requirements

BLANK CHASSIS
SAME DAY SERVICE

Of over 2C different forms made up to YOUR SIZE.
(Maximum length 35in., depth 4in.)

SEND FOR ILLUSTRATED LEAFLETS
or order straight away, working out total area of material
equired and referring to table below, which is for four-sided

chassis in 16 s.w.g. aluminium.
48 sq. in. 4/3 176 sq. in. 9/- 304 sq. in. 13/6
80 sq. in. S/6 208 sq. in. 10/- 336 sq. in. 14/9

112 sq. in. 6/6 240 sq. in 11/3 368 sq. in. 15/9
144 sq. in. 7/9 272 sq. in. 12/6 and pro rata.
P. & P. 2/6 P. & P. 2/9 P. & P. 3/-
Discounts for quantities. More than 20 sizes kept in stock for
callers
FLANGES (fin., fin.), 6d. per bend.
STRENGTHENED CORNERS 11- each, corner.
PANELS: Any size up to 31s. at 5,3 sq. ft. 16 s.w.g.; (lb s.w.g.
4/6). Plus post and -packing (over 42 free).

CASES
ALUMINIUM SILVER HAMMERED FINISH

Type Size Price Type Size Price
U 4 x 4 x 4. 10- Y 8 x 6 x fr 26/6
U 5f x 41 x 4f 156 Y 12 x 7 x 7 41/-
U 8 x 6 x 6 21,- Y 13 x 7 x 9 46/-
U 15 x 9 x 9 44.6 Y 1Sx 9 x 7 40/6
W 8 x 6 x 6 211- Z 17 x 10 x 9 66/-
W 12 x 7 x 7 34!- Z 19 x 10 x 13) 71/-
W IS x 9 x Er 44i- 'Height.
Plus post and packing (over 42 free).
Type U has removable bottom or back. Type W removable front, Type Y
all -screwed construction, Type Z removable back and front.
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for electronic components...

ASK PALMERS

FIRST
A range of paper and plastic film and
electrolytic capacitors. Conforming to
NATO & I.E.C. specifications.

EROFOL II Type HX
Polyester Capacitors
Range of Values
Tolerance
Voltage Range

from 5% to 10%
from 100V to 1000V

EROMAK I (Type Hf)
Polycarbonate Capacitors
Range of Values 100pF to 1.0µF

from 63V to 40
Tolerance
Voltage Range

from 1% to 20%

Paper Capacitors
Tubular & Rectangular Can Styles

Range of Values
Tolerance
Voltage Range

from 47pF to 10E&
10% & 20%

from 250V to 16KV

Multiple types also available

ROE
Electrolytic Capacitors
Subminiature, miniature & standard types

Range of Valium I from 0.10 to 25000µF
Voltage Range I from 3V to 450V

Multiple types and special
mountings available

For further details concerning ranges and specifications of capacitors write to:

G. A. STANLEY PALMER LIMITED
Island Farm Avenue, West Molesey Trading Estate, East Molesey, Surrey.

SWW-043 FOR FURTHER DETAILS.
M P SPE,
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t

RADIO
ELECTRONIC
COMPONENT

SHOW
OLYMPIA LONDON 18-21 MAY

Sponsored by thy
Radio di Electronic Component Manulactureis* Fedoiation

BIG BUSINESS in small pieces
British radio and electronic equipment is world -famed.
But it can never be better than the components that go into
it.
Fresh techniques in the component industry, new mater-
ials, more sophisticated test instruments and smaller -than -
ever micro -miniaturisation are all to be seen at the Radio
and Electronic Component Show at Olympia - Britain's
only major electronic show this year - from May 18th to
21st.
It is the biggest, widest -interest show of its kind. Three
hundred exhibitors demonstrate the scientific and engin-
eering progress which has rocketed our component
exports 13 per cent this year.
A record 50,000 visitors from 70 countries saw the last
component show. This year's exhibition, 20 per cent larger
and even more comprehensive in scope, is the show that
every buyer, engineer and scientist must see.

Exhibits include...
. components, accessories, valves,

cathode-ray tubes, semi -conductors, instruments,
test gear, materials, machinery and tools for...

Professional & scientific electronic equipment
Process control, industrial electronics & automation

Nucleonic & atomic power control apparatus
Civil & military ground & air equipment

Medical & biological electronic & allied apparatus
Radar & navigational aids

Guided missile & spacecraft equipment
Electronic computers & data handling equipment

Telecommunications equipment
Radio & television receivers

Tape recorders, record reproducers, film equipment
Amplifiers, tuners & "hi-fi"

Measuring instruments & test gear

TIMES: 10 am -6 pm DAILY
ADMISSION: 5/- or by ticket available only from exhibitors

Foreign visitors free

An 04 Exhibition

INDUSTRIAL EXHIBITIONS LTD 9 ARGYLL STREET LONDON W1

5WW-044 FOR FURTHER DETAILS.

Tie

11

1_MIDGET
Printed Circuit Relay

Supplied as standard or latching type, single or double
winding. Size fin. cube, weight 0.8 oz.
Contact Rating 24 v. D.C. 3 pole double throw.
Voltage: 6, 12, 24, v. D.C. Power: 500 mW. Speed
10mS.
Temperature: 70 C max.

3000 TYPE
PLUG -1N

Size 4in. x 2iin. x
Ifin. Specification

as 3000 type 6 change
overs maximum,
light duty.

S 1500 MINIATURES
A.C. or D.C. operat-
ing. Coil up to 10,000
ohms. Single or
double winding.
Contact material -
Silver, Platinum,
Spring Set - 6
change overs. Light
duty maximum.
Size: 2 11/16in. x
Iiin. x jin.

We are manufacturers of ful ranges of 3,000 type,
600 type, and plug in relays, also 12 way mounting
rack l9in. x 3fin. Further details available on request
to Mr. Clemens.

FULLY APPROVED HOUSE
7 DAY PROTOTYPE SERVICE

A.D.S. RELAYS LTD
89-97, ST. JOHN STREET, LONDON, E.C.I.

Telephone: CLErkenwell 3393

5WW-045 FOR FURTHER DETAILS.
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THE NEW

602

GAS

LASER
Continuous Monochromatic

Light Source

Bradley helium -neon Gas LASERS have a continuous
high flux output of extreme spectral purity, readily
appreciated by research groups, for applications such
as Interferometry (Metrology and fine Measurement).
Gas LASERS are rapidly replacing conventional light
sources in schools and technical colleges, where their
spectral purity and high flux greatly simplify the
demonstration and explanation of optical principles
and phenomena. The Bradley Gas Laser, Type 602, is
the lowest -priced Laser in Europe.

Write or 'phone for demonstration and data sheet.

complete with

drive unit

Stocks of Gas Laser Type 602 are available for immediate delivery. G& E BRADLEY LIMITED
Electral House, Neasden Lane, London, N.W.I0 Telephone: Dollis Hill 7811. Telegrams: Bradelec London N.W.I0 Telex: 25583

;WW -046 FOR FURTHER DETAILS.
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this set
IS
unique:
Designed by C & N (Electrical) Limited as a compact.
robust, reliable equipment, this sophisticated set stands
alone in its field. Whatever the environment, this
Receiver will remain operational - powered by standard
1.12 torch batteries, vehicle batteries, field generator or
mains supplies. Tough assignments require dependable
equipment.

81020 Hi COMMUNICATIONS RECEIVER
FULLY TRANSISTORISED - FREQUENCY RANGE OF 0.6 to 32 MC/s.

Any portable Receiver offering the detector outputs which this set has avail-
able, capable of operating under the most adverse environmental con-
ditions, and designed particularly with hard usage in mind, has so tar been
cumbersome, unwieldy and unsuitable for prolonged manhandling. This
set marks a major step forward in British communication equipment and
was selected for use by the 1964/65 British Combined Services Expedi-
tion to South Georgia, Antarctica.

C & N (ELECTRICAL) LTD
Telephone : Gosport 80221/8.

I PHASE
AND

3 PHASE

0.5 KVA
TO

25C KVA

TRANSFORMERS

Brief Technical Summary - Crystal calibration at 100 Kcis intervals. Fre-
quency selecticn: 11 x 3 /Acts Bands. Power Supply: Between 12 and 50 V
DC at 100 mA (peak). Signal Modes: AM, PM, SSB. FSK. & CW. Co -axial
or Wire Aerial connections. Total Weight: 20 lbs. The Receiver is housed
in a standard R.A.E. aluminium alloy Equipment Case and has been
accepted by the British Ministry of Defence
(See it at the 1965. R.E.C. Show on Stand No. 318)

, THE GREEN, GOSPORT, HANTS.
Telex : 8621

5WW-047 FOR FURTHER DETAILS.

RECTIFIER SETS
100 W ISO kW
FIXED OR
VARIABLE OUTPUT
I PHASE & 3 PHASE
Electro-Plating, Plasma, Arc
Welding, Electro-Magnets,
Carbon Arc, Battery Charg-
ing and other uses.
Plasma Arc Sets and other
specialized equipment for
gas, vacuum and powder
techniques. Power Control
by saturable reactors and
other methods.

Variable Output
D.C. Sources

Low Voltage High Current Rectifier Sets

HIGH CURRENT

TRANSFORMERS

I Phase and 3 Phase

Output currents of
hundreds or thousands
of amperes for Fur-
naces, Rectifier Sets,
Heat Rur,s, Short Cir-
cuit Testing and other
uses.

Examples: 5V300A.
10V1,000A
20V3,000A
5V6,000 A

OLTMOBILE
64 STEPON LOAD

SWITCHING

t 3
AUTO-

HARMSWORTH,

TRANSFORMERS

Output 1.6 to 100
or 125', of input volts
in 64 steps or 80 steps.
A control device for
many loads - resis-
tance furnaces, rec-
tifier sets, battery
charging, anodising,
heating and other uses
I Phase and 3 Phase.
18 Models.
Output currents Irons
20 A ta 200 A.

OW NLEY & CO.
2 Harehill, Todmorden, Lancs.

Telephone Todmorde 602
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"Talk -Back", the smallest, lightest V.H.F. Pocket Radio
Transmitter, weighs only 21 ounces and is entirely self-
contained. It enables Keymen to speak to base from wherever
they happen to be. The Multitone "Talk -Back" system
operates effectively both inside and outside buildings. It can
be integrated with any Paging System. Type approved by
the British General Post Office.
Two-way speech communication and acknowledging calls
is now possible, when used with Multitone Pocket Paging
or any other speech system including loudspeakers.
No establishment is too large or too small for this system
and it has been specially designed for use where intrinsic
safety regulations apply.
If you would like further particulars and details of Multitone's
"Talk -Back" fill in the coupon for your free "Instant Com-
munication" brochure.

INSTANT COMMUNICATION BY

Multitone
Please send me the brochure"Instant Communication" together
with other details of Multitone's "Talk -Back" system.

NAME

ADDRESS

MULTITONE ELECTRIC COMPANY LTD.,
12 UNDERWOOD STREET, LONDON, N.1.

5WW-048 FOR FURTHER DETAILS.
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A 301

MINIATURES

from
Airmed lid

A 303

Rugged high performance carbon microphones for com-
munication use. They can be mounted on headset booms
where small size and weight are obvious advantages.
Both types can alsc be mounted in various ways to meet
individual requirements.
These microphones are designed for close speaking where
the special acoustic screens, high electrical output and
tailored frequency response make an important advance
in speech transmission.
SPECIFICATION A 301 A 303
Frequency response 200-5000 c s 200-4000 c s
Sensitivity -50c1811/,:dyne:cm a. 1000 cis
Load Resistance 100 to 250 ohms 100 to 250 ohms
Feed Current Approx. 40 mA 60 to 85 mA sic current
Mounting By two 8 BA screws Special clip contact for

which also form the mounting on headset
contacts. boom.
High impact injection moulded case. Her-
metically sealed except for small equalising leak.
Fully tropicalised.

Finish

LEAD SWITCH

ARB Ref. WR650

primarily
airborne

A spring
loaded single

pole double throw
snap -action positive

contact switch, designed
as microphone switch for
telecommunication headsets.

RATINGS: D.C. 28 v. D.C. max. at IOU
A.C. 240 v. A.C. at 2 A.

EDINBURGH WAY

HARLOW ESSEX

TEL: HARLOW 24331

C
One el Ow

Clemson Ca/ ie
Group

4WW -049 FOR FURTHER DETAILS.

M. R. SUPPLIES, Ltd.
.Established 19851

Fnivenvilly recognised an rs rt 411-To.lo ATE MATERIAL, which
nib properly. Instant .1'in ry. o.o .0010.11. Priers nett.
AIR BLOWERS. Highly .111.4.111 toots 01101 oidort ion totally enclosed motor, .2.
360 v. 50e. I ph. %stet i.20. 'FM fre di1 to 11.5 CFM at .15 WG,siae app.

a 7 0.7in. Out let 21in. g8 10 - Model 91127. 120 CFM (free..
to 40 CFM at 1.7 Wo, n sots

200 CFM fro, an) to 127 'I'M .1 1..' \1:. 271;315.1o6eit'klets.3t.IMIM. "Ebl.13'1"7.
01.

COMPLETE SEWING MACHINE MOTOR OUTFITS. No better lob olii
any prim. 2,10,27O1 v. AA'. IA,. rill, ol ralio/T.V. suppressors.
motor with fixing bracket, town rol awl -u itch, nestle light with switch, kilt. 
and instructions for cosy tiling io ASS machine. The complete outfit £6,18 4/
Odes. 3L11).

SYNCHRONOUS TIME SWITCHES Milt %., pophlar spedahly). All for 200;250v.
a0e. for neeilrate pre-set suilolorig operitnito. Nang:ono 8.204, providing op to
3 on -off operation.' pr 24 hones :it an, ..11.1.-11 i111,., with day -omitting devie. on..
opt louall. tap:oily 20 -atop, po113 4oi. d4. 34in. deep. With toil
inatructions. ES 18.6 ides. 3,./. .11.1 -ainn make, same duty, Domestic II01. I

Mini with litrinip ping for j111. ',IMO' price. Also Paragon, 1.133.
50c. with 7 -day dial provigliog for oprratoo.. on tom' separate circuits (2 torkes
breaks) at AI, it u,' ,hieing Clint, .1.,y,. spoilt 20 amps each circuit, in tnii..I

I lio. wall mount. £11 Ohs. 60. Also very limited null r
cl-I 10 - limo.' new, 21/117711y. 341e. with 24 -hoar spring resets..

.0, per 24 hours. switching. £71101- Ides. 3-0
VENEER CLOCKWORK DELAY SWITCHES. Variable 1 to 9 hours. Make, lin,. k
or C.O. Easily ,.t ....Mimic.' nil,11. mp uw i log. Pallet mounting. 2,0. ilia_
3Iin. Long. 1111.14` for Parking light'. 37 6. 2 0.
SHALL GEARED MOTORS. In In our urn -Munro range ILict t:M 3011
we offer smaller open 13 Iii Ii,. nits, 2190250 3. At'.. 1, 0, 12, 20 or 60 rdido.
approx. 41in. 21in. 201. with lin. shat) plot. Suitable for Wapiti, souk ...I
toasty industrial uses. Only 69.6 idea. 2,01.
SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (its mentioned and ree1.11.111111111 .1
in nmoy national Journals,. 2110,25.1 V. :ow. Fitted sills spindle for bouts, ninon..
and central sweep wicon.ls bands. Self -darting. eentod one -hole aging. Din
Depth behind dial only lin. Withr4 ,het.,..,.,i:.

6.
,229;6(,1101. 1.13 did/1

$
. ,-8t6 g ..f

hands, lira, in inas1 plain style.
EXTRACTOR PANS. Finn! oiler of this 3ct y popular and efficient ino.ici pi,
with 0.33 ling and Indoor -hotter. irrolar motor housing only 411n d
Easily niomit. !Wall V. (.10W pall, iliductkm motor. 200/240 c
no interfere's.. 3.500 ...ft hr. lost, oil ions wink Only 69/6 each (dcsi...,

3 6). We :41..nigol our ant. no.), 1 1010. eisoilel at 5,15/12/11
:VOL Thee 1111.1. o. ..... routine. Details on 111,111,1.

SYNCHRONOUS TIMER MOTORS 21911250 v. 50 e/s. Self starting lift.

12 his., 1 rei. P. v 39 6 140. Alui high -torque uml. I
21in. a 211i. I 57 6 1:1.

IMMEDIATE DELIVERY r Stuart Centrifugal Pumps. inchttling statute, -101
most model, Philips Variable Tragslormers

N. R. SUPPLIER Ltd., 68, Naw Oxford Street London, W.C.1
(Telephone. MUSeurri 2958)

OX
The OXLEY printed circuit
sockets are designed for
direct mounting on 'I"
module printed circuit board
with standard '050" diameter
holes and accepts our
standard plug Type 50P:156.
The mounting is arranged so
that the plugs may be in-
serted in a plane parallel to
the printed Circuit board thus

PRINTED CIRCUIT SOCKETS
cpierzitttbinogardcsiose stacking of

Sockets can be supplied from
I to 12 ways, colours can be
in black, brown, red. orange,
yellow, green, blue violet,
pink, grey and white.

200".4.V.z. L 300' _ j

Write for the technical details of these any other 300Oxley Products

ULVERSTON, LANCASHIRE llIverston 2567

OXLEY DEVELOPMENTS CO. LIMITED
5WW-050 FOR FURTHER DETAILS.
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IMIcMILBRDO
COMPONENTS E

INSTRUMENTS

on
display at

REC1111-F
EXHIBITION
OLYMPIA

MAY 18-21

STAND 218

McMURDO INSTRUMENT CO. LTD. ROONEY RD., PORTSMOUTH, HANTS. PORTSMOUTH 35555 TELEX 8612

5WW-051 FOR FURTHER DETAILS.
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AUDIO AMPLIFIER
12 Volt with 15 W. Output

Designed specially tc give pleasing results on music and speech

Common emitter, class B output stages, with maximum efficiency choke
coupling to 15 ohm speaker lines; temperature stabilised and direct coupled
pre -amplifier stager- with liberal feedback.

All output and input terminations are fully floating, thus enabling layman
or skilled engineer tc be equally confident in the simple matter of coupling
up for use.

FULL DETAILS Of THIS AND OTHER EQUIFMENT BY RETURN OF POST

E. K. ELECTRONICS, (IA.) LTD: Brotherton, Knottingley, Yorks
SWW 052 FOR FURTHER DETAILS.

SOCKETS
in short supply?

You need a

exor
DIS-BOARD
Pis

THERE ARE OVER 1000 COMBINATIONS
IN ALL TYPES OF FITTINGS
AVAILABLE FROM STOCK
Full literature and price list from

LEXOR DIS-BOARDS LTD
BOARD is a registered trade mail,. Alleslev Old Road, Coventry. Tel. '2E,1

5WW-053 FURTHER DETAILS.

IMPEX ELECTRICAL LIMITED
1 GOWER ST.. LONDON, 'N.C.! MUSeum 9777

IMPEX SEMICONDUCTORS

Supplies are available of fully tested semiconductors with slightly
relaxed specifications. Continuity of supply is always assured. Availa-
bility list upon request.
S31T

S9IT

S3R

p -n -p audio frequency transistor similar to °C81 VCE max. -
-9V; VBE max. IIC 1.5mA1 200mV; VBEmax. (lc 300rnA

9V) 2501; hEE >100.-75°^W: ICB0 'VCB
silicon junction transistor similar to 0C204VcB max, VCEmax.

- 14V; lEmax. 450mA; IB max. 90mA; Ico (VCE 6V)
fl (VCE - 6V, IC I mA) 1.5 MC/S.; hFE N.

germanium general purpose point contact diode. P.I.V. 22V.

TRADE ONLY

5WVI 05.4 FOR FURTHER

FRE TO AMBITIOUS ENGINEERS
- THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you sent for your copy:
ENGINEERING OPPORTUNITIES
is a highly informative 156 -page guide tc
the best paid engineering posts. It tells
you how you can quickly prepare at home
for a recognised engineering qualification
and outlines a wonderful range of modern
Home Study Courses in all branches of
Engineering. This unique book also gives
full details of the Practical Radio & Elec-
tronics Courses, administered by our
Specialist Electronics Training Division-
the B.I.E. T. School of Electronics, explains
the benefits of our Employment Dept. and
shows you how to qualify for live years
promotion in one year.

We definitely Guarantee
44 NO PASS - NO FEE"
Whatever your age or experience, you cannot afford
to miss reading this famous book. If you are
earning less than £25. a week, send for your
copy of "ENGINEERING OPPORTUNITIES"
today FREE.

WHICH IS YOUR
PET SUBJECT

Mechanical Eng..
Electrical Eng..

Civil Engineering.
Radio Engineering,
Automobile Eng..

Aeronautical Eng.,
Production Eng.,
Building, Plastics,
Draughtsmanship.

Television. etc.

GET SOME
LETTERS AFTER

YOUR NAME!
A.M.I.Mech.E.

A.M.I.C.E.
A M.I.Piiod.E.

A.M.I.M.I.
A.1.O.B.

B.Sc.
A.M.I.E.R.E.
City & Guilds

Gen. Cert. of Education
Etc., etc.

BRITISH INSTITUTE

PRACTICAL.
EQUIPMEHT
Basic Practical and Theore-
tic Courses for beginners in
Radio, T.V..Electronics.Etc.,
A.M.I.E.R.E. City & Guilds

Radio Amateurs' Exam.
R.T.E.B. Certificate
P.M.G. Certificate
Practical Radio

Radio & Television Servicing
Practical Electronics

Electronics Engineering
Automation

INCLUDING
TOOLS!
sees

The pectal,,t Lice -
ironies Division of
B.I.E.f. NOW
offers you a real lab-
oratory training at
home with practical
equipment.

B.I.E.T.
SCHOOL OF
ELECTRONICS

POST COUPON NOW

UI
Please send me your FREE 156 -page

-ENGINEERING OPPORTUNITIES"

{Write if you prefer not to cut page)

 NAME
ADDRESS

OF ENGINEERING TECHNOLOGY 111

(Dept. SE/22 ), 29 Wright's Lane, London, W.8 SUBJECT OR EXAM.
THAT INTERESTS ME

U

UI

U

THE B.I.E.T. IS THE LEADING ORGANISATION OF ITS KIND IN THE WORLD
CV% s. 055 FOR FURTHER DETAILS.
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New?
Not very. The
circuits of
Marconi Instru-
ments dual

trace oscilloscope Type TF 1331 have been
subjected to detailed improvement since its
introduction in 1960. It is now a well -tried,
tested and stabilised instrument enjoying
consistently good sales. However, there are
many refinements in the latest version,
Type 1331A : a supply socket for a cathode -
follower probe has been added, the new
rectangular bezel accepts a wide range of
cameras and viewing aids, a graticule with
edge illumination is fitted, and the restyled
front panel is the result of a special study of
ergonomics in relation to oscilloscope
design.

MARCONI INSTRUMENTS
TYPE TF 1331A

Yes, we think so.

Till 0
This is a general
purpose oscillo-
scope with a 3dB

bandwidth of at least 15 Mc/s. The d.c. coupled
amplifier has a response which is practically flat to 10
Mc/s with a very gradual roll -off up to 30 Mc/s. This
really is a 15 Mc/s scope with a writing speed that can
cope with fast pulses. The 5 -inch CRT has a spiral post -
deflection accelerator and is operated at an e.h.t. of
10 kV. You can really see the leading edge of a fast
pulse on the TF 1331A.
And what other oscilloscope at this price-£400-has
all these features ?
[ 1 Slide -back measurement of time and amplitude by
means of directly -calibrated shift controls, giving
measurement accuracy independent of amplifier gain
and CRT sensitivity [1 250 nsec signal delay, enabling
you to view the leading edge of the pulse that triggers
the timebase [1 Provision for use of the full range of
Marconi oscilloscope accessories, including probes,
viewing aids, and camera attachments.

DUAL TRACE OSCILLOSCOPE

00

* Bright display
on fast sweeps

* Full 15 Mc/s bandwidth
* Direct time and amplitude

calibration
* Signal delay

* Cathode -follower probe
Please write or 'phone

for full technical
information.

A GOOD NAME FOR GOOD MEASURE

MARCONI
INSTRUMENTS

Marconi Instruments Limited, St. Albans, Herts.
Tel: St. Albans 59292. Telex 23350

241

SWW-056 FOR FURTHER DETAILS.
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POWER AND RELIABILITY
GOODMANS AUDIOM LOUDSPEAKERS
FOR ELECTRICAL INSTRUMENT AMPLIFICATION PUBLIC ADDRESS SPECIALISED APPLICATIONS

Outstanding in the Goodmans Audiom range is the 18 inch Audiom 91. Very large numbers now in
use under the most punishing conditions give ample evidence of the reliability of this unit, due in
large measure to the use Of a 3" voice coil:for increased heat dissipation, a massive magnet system
for high control and efficiency, and a very strong cast chassis to stand inevitable severe handling.
The diaphragm too is particularly durable, and provides excellent performance for critical musical
applications, just as for purposes requiring sheer power.

The Audiom 91 is available in two versions: Audiom 91 STANDARD for use with Bass Guitars and in
high power Public Address and sound reproducing systems; Audiom 91 BASS for use with Electronic
Organs, in specialised applications, and as a Bass unit in very high powered multiple speaker High
Fidelity Systems.

The heavy duty Audiom 91 handles up to 50 watts (100 watts U.S.A.) power (35 watts when used
with Bass Guitars).

AUDIOM 91 SPECIFICATION

Maximum Power handling capacity 50 watts (100 watts U.S.A.)
Fundamental resonance (nominal) Standard 55 c s
Fundamental resonance (nominal) Bass 30 c s
Flux density 14,000 gauss
Total flux 269,000 maxwells
Voice coil 3" (7.6 cm) diameter
Impedance 15-16 ohms
Chassis Diecast
Overall diameter 18T16" (45.89 cm)

Overall depth 8-1" (20.6 cm)

A.R.U. 480 enclosure volume (internal) 11,700 cu. ins.
Baffle hole diameter 16" (40.64 cm)
Fixing holes 8 holes if (.87 cm) dia. on 17i" (43.82 cm) PCD
Net Weight 22 lbs (9.98 kg.)

For full details of the Audiom 91 and its many applications, and the other units in the Audiom range, contact
Technical Advisory Department .

GOODMANS
GOODMANS INDUSTRIES LIMITED
AXIOM WORKS, WEMBLEY. MIDDX , ENGLAND
Tel: WEMbloy 1200

FOR FURTHER DETAILS.

A M, :the, at the RentJset Gre,tP
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S."

Low
Distortion

Marconi Instruments Type TF 1370A

WIDE RANGE
R -C OSCILLATOR

A new development
in versatile sine -wave/

square -wave generators

Please write or telephone for further information.
Also available shortly-Signal Source Calculator (slide rule)

5WW-058 FOR FURTHER DETAILS.

tO' 64

 Sine -waves 10 c/s to 10 Mc/s
Square -waves 10 c/s to 100 kc/s
 Distortion less than 0.5% over
main part of range
 Decade frequency bands with
dual -ratio slow-motion tuning
 High outputs at 4 impedances
 Price - £275
 Accessories include a triple impedance
unbalanced -to -balanced transformer, 1 kc/s
band-pass filter and x 100 attenuator pad

A GOOD N 1ME FOR GOOD MEASURE

MARCON I
INSTRUMENTS

Marconi Instruments Ltd., St. Albans, Herts., England
Tel : St. Albans 59292. Telex 23350

TC 283
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The revolutionary Tweeter
-introduced at the Audio
Fair-and available now !

THE NEW SUPERB

IONOFANE

MODEL 601
The basic H.F. unit ready for
building into a speaker
assembly. It will handle the
treble of 20 watts of music.

28 Gns.

MODEL 602
The basic lonofane: H.F. unit.
together with a special 5"
mid range unit, cross -over
and provision for connection
to an existing bass unit of up
to 20 watts capacity.

45 Gns.

MODEL 603
A full range speaker assembly
of the highest quality. con.
sitting of the lonofane H.F.
unit, new 5- mid range and
new 15' bass unit. Will
handle up to 20 watts.

75 Gns.

FANE

LOUDSPEAKER

The IONOFANE operates on the

lonophone principle invented by

Klein of Paris and is covered by

British Letters Patent No. 756546.

It is a high frequency loudspeaker

having a perfectly uniform re-

sponse from 3 to 30 kilocycles.

quite free from resonances anti

colourations and with perfect

reproduction of transients.

It is fully guaranteed.

WRITE NOW FOR
ILLUSTRATED LEAFLET

acoustics
LIMITED r HICK LANE,

BATLEY, YORKSHIRE

Enquiries for these Speakers including the Wholesale and
Retail Trade may be sent direct to FANE ACOUSTICS
LTD., BATLEY, YORKSHIRE, or to LINEAR PRODUCTS

LTD., ARMLEY, LEEDS

SWW-059 FOR FURTHER DETAILS.

Measurement of

Harmonic Distortion
One of the most essential measurements necessary

in a high quality audio system is that of simple harmonic
distortion. It is impossible to do serious development
work on anything in high quality audio without
measurement of this fundamental parameter.

RADFORD make the most advanced audio equip-
ment in the world, and in order to do this it was
found necessary to develop measuring instruments
of a superior performance than those existing. The
Low Distortion Oscillator and Distortion Measuring
Set were designed by audio engineers knowing the
requirements of such apparatus in audio engineering.

The Low Distortion Oscillator generates sine waves
of extreme purity from 5 c s to 250 Kcis. The instru-
ment also contains a valve millivoltmeter, a squareing
circuit which will produce a clean 250 Kc/s square
wave, and a switched ' T ' 110 dB 600 ohm attenuator
with facilities for continuous interpolation. The dis-
tortion of the oscillator is less than 0.005% at mid -
band frequencies from its 600 ohm output attenuator.
It is also capable of a very low distortion output of
about 0.001-, or below from the 10K ohm output
position at mid -band frequencies.

The Distortion Measuring Set is a complementary
equipment, and is capable of measuring extremely low
distortion content. The most sensitive range on the
instrument is 0.01 f.s.d. On this range it is possible
to get an accurate measurement of 0.002";, distortion
and an indication of the order of 0.001",, distortion.

The design of these instruments is described in
leaflets which are available upon request.

Prices: Low Distortion Oscillator. L95.
Distortion Measuring Set. 05.

RADFORD ELECTRONICS LTD.
Ashton Vale Estate, Bristol, 3. Tel.:

CWW -060 FOR FURTHER DETAILS.



WIRELESS WORM

FERRANTI T.R. CELLS
are used in marine radar
throughout the world
A comprehensive range of T.R. Cells is available covering
frequencies from 2,700 Mc's. to 35,000 Mc's. Write for further
information.

FERRANTI LTD KINGS CROSS ROAD DUNDEE Tel DUNDEE 87141

FERRANTI
First into the Future

SWW-061 FOR FURTHER DETAILS.
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WHARFEDALE

LEATHERETTE COVERED

 Amplifier, micro-
phone, 6 speakers,
all contained in
one case
 30 watts output
 Operated from
batteries or AC
mains 110-250 volts
 6 specially de-
signed Wharfedale
speakers
 Weighs less.than
42 lb

PRICE

£69. 1 0. 0.
WITHOUT BATTERIES

CASE WITH VINYL
GRILLE CLOTH. Size 361 x x 9/

Ideal for schools, churches, social events,

crowd control, yacht clubs, harbours.

auction sales etc. etc. etc.

LEAFLET FREE ON REQUEST

Wharfedale
WHARFEDALE
WIRELESS WORKS LTD
ELECTRONICS DIVISION
IDLE BRADFORD YORKS
Tel : Idle 1235/6
Grams: "Wharfdel" Bradford

NOW re -designed

and fully

weather protected

The

MINIMITTER
BIRDCAGE

F.M. AERIAL
Mk. 2

MAY, 1965

 Suitable for 88-108 Mc s.
 High Gain ( 9.5dB) with high Front to Back ( - 35d11) and

Front to Side ( - 30dB) ratios.
 Full wavelength elements reduce interference
 Elimination of vertically polarised signals gives freedom

fromziteroplane " flutter."
 Tuning facility incorporated to enable the cable to be

accurately matched to the aerial.
 Suitable for loft or outside erection.

Retail price ES (4 6 post 8 packing)
TRADE ENQUIRIES INVITED

Order direct from

MINIMITTER (1964) LTD. Albion Mews. Kiburn
High Road. London. N.W.6 (MAIda Vale, 5588)

Manufacturers or Specialist Aerials and Aerial Equipment
for the Entertainment and Communication Industries.

5WW-063 FOR FURTHER DETAILS.

TRANSVERTERS
(TRANSISTORISED D.C. CONVERTERS)
the D.C. conversion

specialists
since 1935

2 KW. Peak Starting.
750 W. Continuous.
50-60-400 c/s. or D.C.
from 12-24e v. Battery.
Up to 93% Efficiency. Polarity Reversal Pro-
tection. Square or Sinewave. Up to 300%
Instant Overload Capacity. Manually Controlled
Frequency. Reed Type Indicator. Remote
Control Facilities.
Applications: Static " No -Break " Standby
Power Supplies: For Vital System(s) Protec-
tion, e.g. V.H.F. Transmitters: Industrial
Processes; Control -Alarm -Warning Systems:
Mobile Use of Counters; Sig. Gen. Recorders-
U/V Sound. Oscilloscopes and Lab. Gear in
Marine and Aircraft (KI14).
Range of models available Please write to department
with prices from (11494./0.0 C.IO for transverter leaflet.
VALRADIO LIMITED
BROWELLS LANE . FELTHAM . MIDDLESEX

Telephone: FELTHAM 4837-4242
Valradio and Stereosonoscope are the registered trade

marks of Valradio Ltd

STAND 113, R.E.C.M.F. SHOW
18th -21st MAY

5WW-062 FOR FURTHER DETAILS. 5WW-064 FOR FURTHER DETAILS.



.\11' i9r,' WIRELESS WORLD

The vital role of reliable communication

When reliability is of the first importance-as with ambul-
ance or patrol car work-BCC equipment is chosen timeand
time again. The BCC 81 mobile VHF transmitter -receiver
is so compact that the whole unit can be fitted under the
dashboard of almost any vehicle, without taking up valuable
passenger space, thereby adding prestige and efficiency.
Transistors are used throughout the receiver and power
supply unit and in all but the final stages of the transmitter;
current consumption is low-equal to only one instrument
panel lamp on 'receive'; no standby facility is necessary as
quick heating valves are used in the transmitter.
With six channels in any frequency range between 37 and
174 Mc/s and 6 watt A.M. output, the advanced design of
the BCC 81 makes it quite unbeatable in its class.

BRITISH COMMUNICATIONS CORPORATION LTD.

CD
EXHIBITION GROUNDS. WEMBLEY, MIDDLESEX
Telephone: Wembley 1212 Telegrams: BEECEECEE WEMBLEY

5?

5WW-065 FOR FURTHER DETAILS.
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Linstead Electronics
LOW FREQUENCY SIGNAL GENERATOR
Type G.1

10c s to 100kc,'s in four decade ranges

Three Outputs:
1) 0 to 6v. r.m.s. SINE WAVE with low distor-

tion

2) 0 to 9v. peak to peak SQUARE WAVE with
no droop and good H.F. rise time.

3) 0 to 1 Watt into 3 ohms, 50c s to 20kc s

£20-0-0 Nett

Send Coupon, deleting as required.

To, LINSTEAD ELECTRONICS Ltd., 35c, Newington Green, London, N.16.
Please supply Low Frequency Signal Generator Type G.1. Cheque for £20 enclosed.
Please send Type G.1. Technical Leaflet.

Name

Address

IHAH

5WW-066 FOR FURTHER DETAILS.

FABBRICA ITALIANA APPARECCHI RADIO
DI PARTI M ENTO ELETTRON ICA PROFESSIONALE
MILAN (Italy) - Via G. B. Grassi, 93 -Telephone: 306241 306841 -Telex: 31295

Closed circuit television

Sound diffusion installations

 TV transmitters
Radio transmitter receivers

PRODUCTION
Radar and ancillary equipment 
Electronic military equipment 

Ancillary navigational equipment 
Antennae and accessories 

talian representative and licensee of TELEFUNKEN AG
for commercial radio equipment

4.4

t.
:

.

Transistorised

....t.......-----1:

television repeater P 3149

I

Direction unit
installations

for large sound diffusion Transistorised telecamera- P 4814

5WW -067 FOR FURTHER DETAILS.
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THE AWA
TRANSMISSION
MEASURING
SET A220
An accurate, portable instrument for
the evaluation of audio and carrier
frequency systems.
 Compact, transistorised and ruggedly

constructed, the instrument is ideal
for field or station use.

 All major circuits are plug-in epoxy
glass -fibre printed boards.

 Accuracy and high -stability have been
retained by the use of tantalum
electrolytic capacitators and deposited
metal -film resistors.

 Unit may be operated from A.C. Mains,
external D.C., or internal rechargeable
cells.

For further particulars, please contact Engineering Products Dfs,s,on

FUNCTIONS OF THE A220 (provisional)
 Measures signal level of tray ..ission equipment,

between 50 c/s and 250 kc/s; impedances of 75, 150, 600,
1,200 ohms. Terminating and bridging level measurements
with balanced input.

 High -impedance voltmeter (unbalanced), 50 c/s to 650
kc/s. I Mohm input, sensitivity 10 mV, F.S.D.
 A balanced frequency -selective voltmeter to measure

pilot carrier level and "Tone -on -channel" selection. Band-

pass 100 c/s.
 Measures individual channel levels (end -to -end) between

200 c/s and 3.4 kc/s.
 Wien -bridge, sine -wave oscillator, frequency continu-

ously variable over range 100 c/s to 630 kc/s. With
associated amplifier outputs to 13 dbm in 75, 150, 600,
1,200 ohms (balanced).

 Wien -bridge, oscillator amplitude, modulated by in-

ternal oscillator at 820 cis or by external tones between
200 c/s and 3.4 kc/s.

 High -sensitivity measurements (-80 dbm for trans-
mission level and noise measurement).

 Meter indicates modulation percentage on carrier
channels (8 kc/s to 250 kcis).
 Weighted noise measurements (with optional external

plug-in unit) to C.C.I.T. Specification or other network if
required.
 Simulates broadband carrier channels with a.m.

modulation.
 Wave analyser measures harmonic distortion and inter -

modulation products down to 0.1%.
 Amplitude modulation monitor, 0 to 80%.
 Measures the bandpass characteristics of filters.
 Provides output for Pen recorder (0.1 mA 1,000i) or

head receiver for listening tests.
Dimensions and Weight:

Height: 8 inches 20.3 cm. Width: 14
inches 35.5 cm. Depth: 12.5 inches 31.75
cm. Weight: 20 lbs. 9 kg. (approx.
including power supply).

AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED
47 YORK STREET, SYDNEY - 2 0233

MELBOURNE  BRISBANE  PERTH  HOBART

67 9161 4 1631 28 3426 3 3836

 LAUNCESTON  WELLINGTON, N.Z.  ADELAIDE
Newton McLaren Ltd.

2 1804 43 191 51 0111

EP7-65
SWW-068 FOR FURTHER DETAILS.



FOR FULL INFORMATION
Apply Dicect to:

ADCOLA PRODUCTS LTD.
ADCOLA HOUSE
GAUDEN ROAD
LONDON S.W.4

WIRELESS WORLD

SOLDERING
EQUIPMENT

Telephones:
MACaulay 4272 & 3101

Telegrams
SOLJOINT LONDON S. W.4

MAY, 1965

vg.:03051$902PROMORWM1411111.4,,.4,

PRECISION
PRESSINGS

 4

Accurate

components at

competitive

prices

produced

by progressive
tooling and
multiform
methods

JOHN SMITH LTD.
209 SPON LANE  WEST BROMWICH  STAFFS. TELEPHONE WES 2516

"MITRE MILLS" RICHARD STREET  BIRMINGHAM
TELEPHONE ASTon Cross 2218 (4 lines)

5WW-069 FOR FURTHER DETAILS.

EDDYSTONE
DIECAST INSTRUMENT BOXES
The largest of the four boxes offered-the Cat. No. 903-is illustrated
above. Of aluminium alloy, it has internal dimensions of 7i" x 4}- x 3".
The other three boxes are cast in zinc alloy and have the following
dimensions :- Cat. No. 896. 41' x x

Cat. No. 650. 4}" x 3} x Y.
Cat. No. 845. x 44' x r.

All are complete with close -fitting flanged lids and are in natural
metal ready to take any final finish.
Data Sheets giving detailed information available
on request.

Manufacturers :

STRATTON & CO. LTD.
BIRMINGHAM 31

PROD,

5WW-070 FOR FURTHER DETAILS.
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Labgear S.S.B.
AN ORIGINAL BRITISH DESIGN
FOR WORLD MARKETS
Illustrated is the
LSP 30 Pack Set.
25 Watts p.e.p. output
2-11 Mc/s.
Totally transistorized
USB/LSB and
compatible A.M.
complete with unique
continuously tunable
aerial.
Ruggedised and
Tropicalised for use
all over the world.

Also available :

* Lp 10 -- 2 watt Pack Set
* LS 100 -- 100 watt Fixed Station
* LSM 100P- 100 watt Mobile Station

LSM 30- 30 watt Mobile Station
* LSR 8 8 channel S.S.B. Receiver

Plus a range of continuously tunable
Whip Aerials (patents pending)

Labgear Transistorised SSB Transceivers give
you the Ruggedness and Dependability of

military designs but at the cost of units made
for commercial applications. One standardised

Receiver/Exciter module is [he rieart of every
equipment resulting in lower initial cost and better serviceability

Write for full details to the sole designers and manufacturers.'

Labgear Limited
CROMWELL ROAD CAMBRIDGE  ENGLAND
TELEPHONE CAMBRIDGE 47301 - TELEX 81105 LAB TELEGRAMS LABGEAR CAMBRIDGE ENGLAND

fN W -07I FOR FURTHER DETAILS.
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and Now-
a Fully Transistorised

IP WalkiemrTalkie!

theqpBantamTWO-WAY RADIOTELEPHONE

Once again in
the tradition of

the outstanding
Cambridge and

Vanguard Radio-
telephones, Pye

have produced the
Bantam, a brilliant

fully transistorised
Walkie-Talkie.

 Fully transistorised Transmitter and Receiver
 Long endurance with Rechargeable or Dry Batteries  Crystal Filter selectivity
 Reliability and accessibility of components  Very high performance Receiver
111 Lightweight 4 lbs. (1.82 kg.)  Frequency Band 25.174 Mc/s. a Weatherproof
 Approved by G.P.O. to s'ec. W6345

Tel : TEVERSHAM 3131

PYE TELECOMMUNICATIONS LTD. CAMBRIDGE, ENGLAND Telex No. 81166
SK W-072 FOR FURTHER DETAILS.



MAY, 1965 WIRELESS WORLD
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The world's most competitive Single

Sideband Radiotelephone - the SSB
125 is suitable for fixed or mobile
operation and is the most economic
equipment for long distance com-
munication available today,

Features
 125 watts p.e.p. output
 4 switched channels
 Transistor DC or AC power pack
 Crystal filter selection of side -

bands

PYE TELECOMMUNICATIONS LTD.
7' CAMBRIDGE  ENGLANDA Telephone: Teversham 3131

SK vs -073 I. ur: FLR DE "I AILS.
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THE LINEAR 'SUPER 30' HIGH FIDELITY
PUBLIC ADDRESS AMPLIFIER

TECHNICAL DETAILS:
SENSITIVITY FOR 30 WATTS
Gram. -50 millivolts.
Mic. I. 5 millivolts.
Mic. 2. 150 Microvolts.

FREQUENCY RESPONSE
2 dB 30 c.p.s.-20,000 c.p.s.

BASS CONTROL
15 dB to - 15 dB at 50 c.p.s.

TREBLE CONTROL
12 dB to- 12 dB at 10 Kcs.

HUM AND NOISE
60 dB

HARMONIC DISTORTION
0.5";, for 30 watts.

VALVES
Mullard ECC83, ECC83, ECC83,
EL34, EL34, GZ34.

NEGATIVE FEEDBACK
20 dB

DAMPING FACTOR
12

RETAIL "S
PRIC 3 Gns.E

Send S.A.E. for leaflet.
For operation on standard 200-250 v. SO c.p.s. A.C.
mains. 110/120 v. models available for export.

Trade and export enquiries invited.

LINEAR PRODUCTS LTD.
ELECTRON WORKS, ARMLEY, LEEDS.

A HIGHLY
EFFICIENT 30 WATT
GENERAL PURPOSE

PUBLIC ADDRESS
UNIT

With input mixing facilities and
outputs for 3 - 7.5 - 15 and 330
ohms (100 volt line).

A special feature of the
SUPER 30 is its high
degree of stability, ensuring
that the longest output leads
can be used without fear of
the usual troubles associated
with instability.

Three high sensitivity stand-
ard Jack inputs with pro-
vision for high and low
impedance microphones.

5WW-074 FOR FURTHER DETAILS.

VARIABLE D.C. POWER UNIT WITH

ACCUMULATOR PERFORMANCE FROM

A.C. MAINS

EFFECTIVE
RESISTANCE

LESS THAN

1 ohm.

TYPE

253VRU 30 20
PRICE

8131-5-0

FEATURES 0-30 VOLTS Variable up to 20 AMPS.
RIPPLE CONTENT negligible. IMPEDANCE and REGULA-
TION equivalent to accumulator performance. SILICON
RECTIFIERS. Inadvertent "SHORT" protection.

APPLICATIONS
Operating and Servicing transistorised equipment. I2v. Mobile
radiojtel. operation. D.C. Motors. relays, industrial power, etc..
from any point of A.G. WITHOUT THE USE OF
ACCUMULATORS.

12 or 24v. FIXED OUTPUTS up to 24 Amps also available.
AVOID THE EXTRA EXPENSE OF SUPER REGULATION YOU
MAY NEVER NEED. PRICES: LI1-16-0 to L131-5-0.

STAND 113
R.E.C.NI.F.

SHOW

MAY 18-21
LIMITED

Please write to department C 3b. BROWELLS LANE,
for current literature. FELTHAM. MIDDX.

Tel.: FEL. 4837-4242
VALRADIO and STEREOSONOSCOPE are the registered trade

marks of VALRADIO LTD

PRECISION

POINTS

TO

PICIRDS
specialists in precision hand tools

and small machine tools Jar
miniature assembly and repair work

HENRI PICARD & FRERE LTD
UT MI

11,00411.4 MANUFACTURERS IMPORTERS  w01,3 NOE DISTRIBUTORS

Plifr 31/35 FURNIVAL STREET LONDON E.C.4
SRANCYI OFFICES IN SWITZERLAND FRANCE I GERMANY

ti

r

5WW -075 FOR FURTHER DETAILS. SWW-076 FOR FURTHER DETAILS.
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the 12mc/s UNIVERSAL
COUNTER/TIMER
giving the facilities
you need...
* ILLUMINATED 6 DIGIT DISPLAY
* TIME, PERIOD AND FREQUENCY MEASUREMENT
* 100mV SENSITIVITY
* PRINTOUT FACILITIES
* CRYSTAL OSCILLATOR ACCURACY ± 1 PART IN 106
* OPERATING TEMPERATURE 0 - 45°C

£195
PACKED AND DELIVERED IN UNITED KIN000.'.1

For full information write today for Leaflet 231D1

DIGITAL INSTRUMENTATION RACAL INSTRUMENTS LIMITED. WESTERN ROAD
BRACKNELL. BERKS. TELEPHONE: BRACKNELL 941. TELEX

5WW-077 FOR FURTHER DETAILS.
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L

IX
frequency.
characteristics

at your fingertips-each one repeatable,
quickly, visibly and accurately to within
1 dB!
This wide range of equalisation Is available
without insertion loss or distortion in the
LEEVERS-RICH 6 BAND AUDIO
EQUALISER, a compact, A.C. operated
unit to suit the requirements of curve
shaping and quality matching in high
grade rerecording and transcription work.
Model 46X for use on 600 ohm line-
balanced or unbalanced, bridging or
terminated. C166 complete.

Write for full information to:

LEEVERS-RICH EQUIPMENT LTD.
5194 Trinity Road, London, SW1b Vandyke 9054

LTD

WIRELESS WORLD MAY, 1965

EDDYSTONE COMMUNICATION RECEIVERS
For the aroffessional or Amateur user who likes the Best.

840C

E62

Communication receiver at a moderate price. MANUFACTURING
STANDARDS OF THE HIGHEST ORDER, 8 B8A valves Superhetero-
dyne circuit. FREQUENCY RANGES:

Range I

Range 3

12.4-30 Mc/s. Range 4 ... 1.12-2.58 MO.
Range 2 5.2-12.9 MO. Range S ... 480-1,150 kc/s.

2.5-6.1 Mc/s.
Ranges 4 and 5 include the International Distress Frequencies.

Sensitivity better than 10 microvolts. Selectivity 30 db down at
10 kc/s. off resonance. A.C./D.C. Internal speaker.

HIRE PURCHASE TERMS
Model No. Cash Price Deposit 12 Mthly. 24 Mthly.

Payments Payments
870A E34 8 9 a 0 0 [2. 12 6
840C L62 0 0 C12 0 0 E4 8 3 E2 6 6
940 E125 0 0 125 0 0 C8 16 6 E4 14 6
ECIO £48 0 0 Transistorised Receiver.

CONFIDENTIAL TERMS. YOU DEAL SOLELY WITH H.P. RADIO.
Carriage paid per passenger train. SATISFACTION GUARANTEED

Telephone: AINTREE 1445

The Eddystone
Specialists

SERVICES LTD.

49 51 COUNTY RD.,
LIVERPOOL, 4

ESTAB. 1935

5WW-079 FOR FURTHER DETAILS.

It's easy to find small components

in an original raaco cabinet
 You can see at a glance what you want
 6 drawer sizes with movable dividers
 Stout steel frame will carry heavy loads
 Hang them up, or stack them in units
 Range of 35 different space -saving cabinets

FOR MODERN AND EFFICIENT STORAGE OF SMALL ITEMS

Write today /or free illustrated leaflet
Bath House, 57/58 Holborn Viaduct
London, E.C.1. Tel : City 3410

5WW-078 FOR FURTHER DETAILS. 5WW-080 FOR FURTHER DETAILS.



MAY, 1965 WIRELESS WORLD

All the big

names will be

there-
why not you too?

INTERNATIONAL SHOW

RADIO TELEVISION
from 9-19 September, 1965

PARIS
(Porte de Versailles-Hall Monumental)

Request for information on the
INTERNATIONAL SHOW

RADIO TELEVISION

to be forwarded to
S.D.S.A., 16 rue de Presies, PARIS 15e-Tel. 273.24-70

Mr. (Name in capitals)

FIRM 

FULL ADDRESS:..

PRODUCTS:

SIGNATURE:

POSITION IN FIRM 

AUDIO SERVICES

ANNOUNCE AN
IMPORTANT
INVENTION
(Provisional Patent No. 06155)

RELATING TO
ELECTROSTATIC
LOUDSPEAKERS
This Company has applied for U.K. and
U.S. Patents on a revolutionary improve-
ment in the efficiency and performance of
electrostatic loudspeakers.

The unit will be incorporated in the new
"DYNASTATIC Mk. II" Loudspeaker.

This development is to be the subject of
an article in Hi-Fi News in the near future.

These new loudspeakers are now avail-
able and are being demonstrated here in
Barnet. All interested are invited to see
and hear what is now probably the world's
finest loudspeaker at a price people can
easily afford.

Write or ring BARnet 6605.

AUDIO SERVICES LTD.
82 East Barnet Road, New Barnet, Herts
No parking problems. Open Saturday until 7 p.m.

SWW-081 FOR FURTHER DETAILS. SWW-082 FOR FURTHER DETAILS.
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TAE
WHARFEDALE
SUPER RANGE

Each loudspeaker in
this range is fitted with
roll surround for low
resonance and double
diaphragm assembly
for extended
HF response.

SUPER 8/RS/DD
Impedance 10;15 ohms
Ceramic Magnet
Flux density 14,500 oersteds
Total flux 60.000 maxwells
Aluminium voice coil
Max. input 6 watts rms or
12 watts peak
Frequency range 40-20,000 c/s.
Bass resonance 50160 cfs.

Price 134 2 inc. P.T.

SUPER 10/RS/DD
Impedance 10/15 ohms
Flux density 16,000 oersteds
Max. input 10 watts rms or
20 watts peak
Frequency range 30-20,000 c/s.
Aluminium voice coil
Bass resonance 38/43 c/s.

Price 218/8 inc. P.T.

SUPER 12/RS/DD
Impedance 12/15 ohms
Flux density 17,000 oersteds
Total flux 190,000 maxwells
Aluminium voice coil
Max. input 20 watts rms or
40 watts peak
Frequency range 25-20,000e/s. Write for informativeBass resonance 26,32 c/s. and fully illustrated
Price MI. (no tax) 12 -page Booklet to

Dept. It'

z A

WHARFEDALE WIRELESS WORKS LTD.
IDLE BRADFORD YORKSHIRE
Tel: Idle 1235,6 Grams: "Wharfdel" Bradford

MAY, 1965

YOUR TAPES ON

L=3

PHILIPS
PRO 50

RECORDER
These are some of the features that make this
new series of recorders particularly suitable for
editing-although they are of course completely
versatile:
1. Models for 71115 i.p.s. or 15/30 i.p.s.
2. One or two tracks on }in. tape, 3 or 4 tracks on

tape.
3. CCIR or NARBT tape feed and equalisation.
4. Ferrite heads for long life, maintained quality,

precise alignment of multiple gaps, and easy main-
tenance.

5. Electronic tape tension control.
8. Press -button operation.
7. Finger gaps in headblock for ease of tape handling.
8. Tape lifted during rewind from all heads or in contact

with play -back head only if required.
9. Push-button cutting or marking of tape on replay

head.
10. Photo -electric tape stop, operating at end of tape

or on transparent insert.

The PRO 50 is one of a new range of Philips Tape
Recorders which covers every requirement of high grade
professional sound recording: the PRO 20 transportable;
the PRO 25 for highest quality studio recording; the
PRO 50, particularly suitable for heavy duty operation;
and the PRO 70 for multi -channel recording and for
dubbing, post -synchronising and transfer.

PETO SCOTT ELECTRICAL

INSTRUMENTS LIMITED
SOUND & VISION SYSTEMS

AddleEtone Road, Weybridge, Surrey
Telephone Weybridge 45511. Telex 262319
Philips Professional TV and Sound Systems.

5,4W-083 FOR FURTHER DETAILS. SWW-084 FOR FURTHER DETAILS.
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HIGH QUALITY INSTRUMENT KNOBS

This superb range of instrument control knobs is produced by
SCIENTIFCA in the knowledge that they will meet an increasing demand
for serviceable knobs of the very highest quality. Machined from solid
aluminium, they are sensibly constructed with a knurled surface which
always ensures a definite, positive grip. They are light, elegant in
design, and yet extremely durable. There is a choice of attractive
finishes of lasting quality, with pleasing colours, which cannot fail to
enhance the appearance of ary equipment in which they are used'

For further details write to

"SCIENTIFICA"
1413 ST DUNSTAN '5 AVENUE, ACTON, W.3

SWW-08S FOR FURTHER DETAILS.

TELEPRINTERSTERFORATORS,

REPERFORATORSAPEREADERS
Codes. let. No. 2: Ferrauti'Peessus, Elliott 803 eta.

2 AND 5 WIRE,
F.S.K. TERMINALS,
POWER SAMAS,
FLEXO WRITER
AND BURROUGHS

EQUIPMENT
TELEORAPH AUTOMATION AND COMPUTER ACCESSORIES

Picture Telegraph Equipment, Desk -Fax,
Morse Equipment, Cold Cathode Mat rics,
Stroboscope and Electronic Forks, Pen Re-
corders, Switchboards, Rectifiers, Tape Pullers
and Rewinders, Governed, Synchronous and
Phonic Motors, Suppressors, Teleprinter and
Teletype Tables, Silence Covers, Terminals,
V.F. and F.M. Equipment, Telephone Carriers

and Repeaters,
Multiplex Trans-
mitters, Triple
Stabilised Power
Units, Send / Re-
ceive Low and High
Pass Filters, Tele-
printer and Relay
Testers, Oscillo-
scopes, Valve

Testers, Electric Meters, Teleprinter and
Teledeltos Paper, Plugs, Sockets, Key, Push
Miniature and other Switches, Cord Wires
and Cables, Relays and Relay Bases, Uni-
selectors, Telephone, Decimal and other
Counters, Telegraph and Mains Transformers,
Racks and Consoles, Miscellaneous Accessories.

BATEY & COMPANY
Gaiety Works, Akeman Street, Tring, Herts.

Tel.: Tring 3076 (3 Lines) Cables: RAHNO TRIMS

SWW-086 FOR FURTHER DETAILS.
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THE NE 4/ WHARFEDALE

W2-DOVEDALE

The 12' bass unit with NEOPRENE
SURROUND gives remarkably clean bass and
will handle a 30 c rs. note with 10 watts input.
The cabinet is modern and attractive in
appearance, styled by Design Consultant
Robert Gutmann, F.S.I.A.

Open baffle resonance of 12" unit; 15/18 c/s.
Freq. range; 25-17,000 c/s. Impedance; 12/15 ohms.
Power handling cap.; 15 watts rms. 30 watts peak.
Size; 24' x 14' x 12". Weight: 37 lb.
Finish; walnut, mahogany, teak or zebrano veneer.
PRICE £.31.10.0.

For illustrated leaflet write to Dept. IV

A
WHARFEDALE WIRELESS WORKS LTD.
IDLE BRADFORD YORKSHIRE
Tel: Idle 1235,6 Grams: "Wharfdel" Bradford

SWW-N117 FOR FURTHER DETAILS.
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FIVE
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This is a hand that can't be beaten. Five
models from our tremendous range of soldering
instruments. Superb performance. Amazingly
compact. Developed to simplify YOUR soldering.
Copper bits for greatest speed.
Permatip bits for long life. May we deal you in ?

LIGHT SOLDERING DEVELOPMENTS LTD., 28, Sydenham Road, Croydon, Surrey.
Te:ephone: CROydon 8589

SWW-088 FOR FURTHER DETAILS.

TECHNICAL TRAINING by
IN RADIO, TELEVISION AND

ELECTRONIC ENGINEERINGC S
First-class opportunities in Radio and Electronics await the I C S
trained man. Let I C S train YOU for a well -paid post in this expanding
field
I C S courses offer the keen, ambitious man the opportunity co acquire,
quickly and easily, the specialized -training so essential to success. Diploma
courses in Radio/TV Engineering and Servicing, Electronics, Computers,
etc. Expert coaching for:
 INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS.

C. & G. TELECOMMUNICATION TECHNICIANS' CERTS.
C. & G. SUPPLEMENTARY STUDIES.

 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 I C S can help YOU
in your career. Full details of I C S courses in Radio, Television and
Electronics will be sent to you by return mail.
MEMBER OF THE ASSOCIATION
OF BRITISH CE COLLEGES.CORRESPONDEN

, International Correspondence Schools
(Dept. 222), Intertext House, Parkgate Road,

London, S.W.I I.
INTERNATIONAL

CORRESPONDENCE

SCHOOLS

I NAME

ADDRESS
Block Capitals Please

I

A WHOLE WORLD I I

OF KNOWLEDGE I I

AWAITS YOU !I 5-65
I

5i% W-089 FOR FURTHER DETAILS.

a Whole World
of users
can't be
wrong
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One of the really outstanding micropnones in the medium -price
range, the DP14 is enjoying unparalleled success. Small wonder,
for the DP4 is wonderfully reliable and sensitive to an extremely
wide range of sounds. Uniform frequency response from 50 c's
to 15 Kc s.
It is in world-wide use for high -quality broadcasting, recording
and public address both by the amateur and professional.
The Parabolic Reflector, its natural partner, focuses a distant
sound -source onto the microphone head, greatly amplifying it
without loss of realism and without unwanted side -noises.
The DP..4 comes in three impedances- Low, medium and high-
and is supplied complete with connector and 18ft. screened lead. The
2ft. dia. Parabolic Reflector is complete with microphone holder.

Further details from your dealer or from:-

GRAMPIAN REPRODUCERS LTD.,
Hanworth Trading Estate,

Feltham, Middx. FELtham 2657
5WW-090 FOR FURTHER DETAILS.

rampia3l
Sound Equicment -
Integrity that hear
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CONSTANT VOLTAGE TRANSFORMERS
There are VOLSTAT Constant Voltage Transformers from 15W to 10kW
rating (and others to special design) to keep your equipment operating in
the factory or in the field no matter how the voltage supply is fluctuating.
Stabilisation to + 1% is continuous and automatic from no load to full
load, for supply variations of + 15%. VOLSTATS are used throughout
the world in a variety of equipments such as:
Measuring Instruments, Hospital Equipment, Control and Computing
Installations, Photographic and Photometric Devices.
VOLSTAT types CVN and CVS have all the advantages of the CVT range
with, in addition, reduced harmonic distortion limited to less than 5%.
If fluctuating voltage affects your production or your products a VOLSTAT
is the answer. For further technical details please write to

ADVANCE ELECTRONICS LIMITED
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. TELEPHONE: HAINAULT 4444

5WW-092 FOR FURTHER DETAILS.
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Small instrument... fits in the pocket 33 rtr- --..:,..

.. lip -top performance. It's the Salford

Minitest, a highly sensitive test meter f i

for the measurement of A.C. and D.C. A
volts, current and resistance. Wherever

there's a measuring job to do - you .. . IN THE LAB

can rely on the Minitest. The clarity of

the scale is exceptional and the knife \ C?tt
edge pointer ensures accurate reading. if T4' 1 ipI

Housed in a tough Melamine cover, 2.1)

the movement is built into a pressed

steel case Onch effectively screens it

from external magnetic fields. .. . IN THE TROUBLE
SHOOTER'S HANDS

MINITEST D.C. Amps D.C. Volts A.C. Volts

0 I Amp. 0 - 1.000 0 . 1.000

Ohms 0- 100 n. A. 0- 250 0 250
0 - 100 0 - 1000. 2.000 0- 10 re.A. 0. 25 0- 25

0 - 200.000 0 I rr.A. 0 - 10 0 10
0 - 20 Megonms 0 50 uA. C . 2.5 C - 2.5

TRADE PRICE ONLY £7-17-6
(with leather case (8-12-6)

All ranges are selected by a single twelveposition rotary switch. A
separate slide switch is provided to change over Iron, A.C. to D.C.
ranges. IMMEDIATE DELIVERY.

At your finger-tips with the Minitest:-
* D.C. sensitivity 20,000 ohms per volt
* A.C. sensitivity 2,000 ohms per volt
* D.C. accuracy :i: 21% F.S.D.
* A.C. accuracy :i: 21% F.S.D.
* A.C. accuracy maintained up to 20 kc/s
* Additional decibel scale
* Small size 5.; x 31 x 2,',
* Weight 18 ozs. * 20 ranges.

a Iti 1. Leaflet cn tequest (-Sale)
SALFORD ELECTRICAL INSTRUMENTS LIMITED
Peel Works Silk Street Salford 3 Tel: BLAckfriars 6688 Telex: 66711
London Sales Once: 6100k Green Hammersmith WG Tel: Riverside 5245
A Subsidiary of THE GENERAL ELECTRIC COMPANY LTD OF ENGLAND. 101P

SWW-093 FOR FURTHER DETAILS.

SPECIALIST SWITCHES LTD

the fastest switch

service in the world
ROTARY AND LEVER TO SPECIFICATION
New customers arc generally very surprised when we
tell them their order will he despatched today or tomorrow -
latest. They are even more surprised when they receive
the switches on time. They eventually get used to all
their following orders also turning up within 24 hours-
and they keep coming back.

Where's the catch?
There is no catch. There are one or two limitations
of course-all switches have 2in. long spindles, with
no locating lugs, but this is a small price to pay for
the fastest service in the world.

The Secret
We only make small quantities of switches to specification
-We do nothing else. We are small and flexible-We
need the minimum of internal paperwork-We are
SPECIALIST. SWITCHES.

Quantities: 1 to a dozen or so -24 hours. Around, say,
250-7 to 10 days. If you want more-come to us for your
earliest requirentents and go to the big three' for the rest.

Ask for details and prices:

SPECIALIST SWITCHES LIMITED
23 RADNOR MEWS, W.2. Paddington 8866-7

i555% Ova FOR FURTHER DETAILS.

ORCHARD & IND LIMITED
LOOSE LEAF BINDER DIVISION

Prestige Covers for all purposes, including:

Lightweight binders for-
Brochures
Specifications
Estimates
Bulletins
Catalogues

Many new types and styles of fittings

Heavy Duty Binders for Workshop
Manuals, Parts Catalogues, etc.

Write for new Catalogue

Enquiries to:

!lead Office,

Northgate, GLOUCESTER
Telephone: (OGL2) 22111 (5 lines)

S*W-095 FOR FURTHER DETAILS.



MAY, 1965 WIRELESS WORLD 69
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THE VACWELL

"PR56" THERMAL COMPRESSION BONDER
AND "PR44" DICE BONDER

have NEW 20 WAY Rotary Indexing Interchangeable Magazines

and will be shown on our Stand No. 169

of the R.E.C.M.F. EXHIBITION  OLYMPIA

TUESDAY 18th MAY to FRIDAY 2Ist MAY

These machines with their new magazines, now
enable Transistor production rates to be increased

up to 350 complete Headers per hour.

Suitable for both high volume production and laboratory scale outputs.

azz
VACWELL ENGINEERING COMPANY LIMITED

SHERMAN ROAD, BROMLEY NORTH, KENT
Telephone RAVENSBOURNE 9933 Telegrams EMCO BROMLEY Telex 28566

5141'1-096 FOR FURTHER DETAILS.
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it's easy to see...

...why Sifam CLARITY
instruments are
specified, so often

Instruments that are consistently accurate and easy to read
are essential in modern industrial equipment. Sifam 'Clarity'
instruments-made to B.S.89 (1954) specifications-
adequately meet these demands, having completely
transparent fronts for maximum readability and providing
a range which is outstanding in both visual presentation
and workmanship. Scales and pointers are supplied to
B.S.3693, Part 1, 1964, or to customers' requirements.

Our Technical Representative will be pleased to call.
Write for Data Sheets 106'C and 106, Cl.

Sifam 'Clarity' instruments are part of a complete range
of moving coil instruments.

See the Sifam range on Stand No. 461
R.E.C.M.F. Exhibition, Olympia, 18-21 May

INSTRUMENTS
SIFAM ELECTRICAL INSTRUMENT CO. LTD.

Woodland Road, Torquay, Devon
Telephone : Torquay 63822 3,'4, 5

iww-ov7 FOtt FUR s WER DETAILS.
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UT 106
kfrarben 185

Flu( Cartridges

ITS 322Rini.. II

KIEL -GERMANY

British Agents

HIGH FIDELITY CENTRE
61, WEST STREET. DORKING. Telephone. 4229.

5WW-098 FOR FURTHER DETAILS.

save time energy money
with

PIANO.
automatic

stripping
pliers

* Strips cables 0.4
mm. to 3.5 mm.
up to 1 in. in lengtli
in one movement.

* Strips cables over 1 in. in
length in two movements.

* Automatic release to protect fine
stranded conductors.

* Spare blades available.
* Approved for Joint Service use by Ministry of

Defence.

i lot. \1.\\.4
CREATORS LIMITED. SHEERW ATER. WOKING. SURREY.

To., '5215
1 I. cO11111 I. I'llE l'IWATOR GROL r

5WW-099 FOR FURTHER DETAILS.
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SOVIREL have great experience
in the techniques of glasswor-
king and devote a large part of
their production facilities to the
manufacture of components or
assemblies for the electronic tu-
be industry.

Examples are :
Image converter tubes
Image storage tubes
Memory tubes
Photomultipliers
TV camera tubes
Light amplifiers

m ies or spare part:

oath` e

r y tube

a111 phot tubes

SOV I R EL recommend, from
among their glasses in current
production, the four types listed
opposite. These are particularly
suitable for the manufacture of
cathode ray tubes and photo -
tubes owing to their perfect sea-
ling compatibility to each other
and to the currently -used me-
tals or alloys.
SOVIREL quality control gua-
rantees high dimensional preci-
sion and perfect optical quality.

GLASSES FOR

FACEPLATES

S 801-40 and S 801-51 (7056)
Optically perfect - stable
Supplied rough or with polished
surfaces.

GLASSES FOR ENVELOPES, FEET,
PUMPING TUBULATIONS AND FOR

HIGH TENSION INSULATION

S 740-01 seals to tungsten
S 747-01 seals to molybdenum
and to suitable Fe Ni Co alloys.

0

0
2
8 30-304 27, rue de la Michodiere, Paris 2 - France -Tel.: 742.23.49

DIVISION ELECTRONIQUE-TELEVISION SOVIREL
5WW-100 FOR FURTHER DETAILS.
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New 5" double beam
portable oscilloscope
for less than £100
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A new 5' flat -faced PDA tube gives a double beam trace of maximum clarity
and visibility, on a compact portable instrument versatile and accurate enough
for laboratory applications, yet simple and robust enough for general, industrial
and teaching purposes. Advanced features include transistor stage high sensi-
tivity amplifiers on both channels; 6 Mc/s bandwidth, new faster starting time
base of improved linearity, and printed circuit construction to ensure depend-
able performance under most arduous working conditions. Note the simplicity
of controls characteristic of all Serviscopes.

£95 dem ipt ive leaflet will be sent on request.

TELEQUIPMENT
FCR FURTHER DETAILS.

See us at the R.E.C.M.F. on
Stand No. 231

D52
SERVISCOPE*
Max. sensitivity to mV/em
Calibrated input attenuator-
to mV/cm to 5o V/cm
t8 preset sweep speeds plus variable
control
Automatic sync. Trigger with level
control
Squarewave voltage calibration
source
DC coupled flyback blanking
olding tilting feet fitted

* Yet.:ircope is a registered trade mark of

Telequipment Limited, 313 Chase Road,
Southgate, London, N.14.
Fox Lane 1166
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PANORAMA.... THE PICTURE

WITH LIFE

IN IT!
New PANORAMA tubes oring a tresh exciting
sparkle to television. For the first time ever you're in
touch with direct vision. There are no protective
screens, no twin panels, no multiple reflections, no
dust-nothing to spoil the clearest, truest -to -life
reproduction ever seen.
And PANORAMA has long -life too. All the proven
features of world-famous Mullard "Radiant Screen"
tubes have been built into PANORAMA to make
doubly certain that PANORAMA is the picture with
life in it.

Mullard
5 WVI, -102 FGR FURTHER DETAILS.
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TAKE A ';
STEP IN .1

THE RIGHT

DIRECTION %'im

.

rmisfilitm I.

BY VISITING 1 if.1
TCC ON ##

STAND 212 01
R.E.C.M.F

CAPACITOR
new types

new techniques

new developments

THE TELEGRAPH CONDENSER CO. LTD

E

ALL

ANCE

North Acton. London- W.3 .Telephone: ACOrn0061.Te1ex 261310 "r Also at CHESSINGTON SURREYand BA THGA TE SCOTLANO

SW W-101 FOR FURTHER DETAILS.
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ALL SOLID STATE

pulse generators and spectrum analyzers

0 0 0
PO

PG -2 Pulse Generator

repetition rate lcps to 16mc  single or double pulse w
positive or negative pulse  one-shot pushbutton  adjust-
able reference, delay, width  variable linear rise and fall
time  dc coupled output  adjustable trigger sensitivity,
threshold and slope  rack mountable  3Yz" panel height

TPG-2 Double Pulse & Square Wave Generator

repetition rate lcps to 16mc 
single, double, or delayed pulse
and square wave  dual outputs:
positive pulse and negative pulse
is mixed positive and, negative
pulses  adjustable delay, width
and base line  dc coupled out-
put  up to 400 ma into load 
unlimited duty factor  external
bias to 200 ma  meter readout
Of frequency, amplitude, width
and delay

Other Models:
TPG-3 20mc Repetition Rate
TPG-1 D Delayed Single Pulse

PG -1 Square Wave and Pulse Generator

small size, light weight  fre-
quency lcps to 10mc  pulse,
Square wave and trigger modes 
20v positive or negative pulse 
rise and fall time less than 10
nanoseconds  dc coupled out-
put  external bias to 100ma

Other Models:
SG -1 Square Wave Generator
PU-2 Externally -Triggered Delay & Double Pulser

Optional Single- and Multiple -Unit Rack Adapters Available.

HSA-1 Subsonic Spectrum & Wave Analyzer

frequency range 1 to 4000cps
 resolving power lcps; 5cps at
55db amplitude difference  lin-
ear and log amplitude scales
wave and automatic sweep opera-
tion  odometer frequency indi-
cation with 1% accuracy  linear
sweep voltage output  remote
sweep control  sinusoidal anal-
ysis frequency output  readout
on standard plotter or recorder

.gue

411.P..

-

(.

HSA-2 Audio Spectrum and Wave Analyzer

frequency range 20 to 30,000cps
wave and automatic sweep opera-
tion  odometer frequency indi-
cation  selective filters: 10 and
200cps  linear and 60db log
amplitude readout  sinusoidal
analysis frequency output  auto- i, 4,

matic frequency tracking  linear
electronic sweep output  crys-
tal -controlled markers  readout
on standard plotters, recorders or
osci I loscopes

RSA -1 Random Signal Analyzer

power spectral density, probabil-
ity density and cumulative proba-
bility distribution modes  linear
and logarithmic output: instan-
taneous voltage, voltage squared,
integrated voltage, or integrated
voltage squared  frequency
range (with appropriate Intercon-
tinental Spectrum Analyzer) to
30kc  synchronized for continu-
ous tape loops  amplitude and
frequency readout on standard
XY plotter or scope

Optional Rack Adapters and Companion Recorders Available.

CLAUDE LYON.S
CLAUDE LYONS LIMITED  INSTRUMENTS DIVISION
76 Old Hall Street, Liverpool 3 MARitime 1761
Southern Offices: Valley Works, Hoddesdon, Herts. (Hoddesdon 4541)

5WW-104 FOR FURTHER DETAILS.
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PRECISION
OSCILLATORS
As designers and as users of
oscillators, Marconi set an
exceptionally high standard in
accurate frequency control
Years of experience give
Marconi authority in the
production of crystals. crystals
with ovens. and complete
oscillators.
The new Marconi range of
packaged, transistorized, highly
stable, pre -tested, quartz crystal
oscillators, using conservatively
rated silicon transistors, is
available within the frequency
range 1 kc/s to 75 Mcis.

Marconi specialized components
are designed and manufactured
only when the precision and high
performance required is
otherwise unobtainable.
The Specialized Components
catalogue lists the full range.

Marconi specialized components
The Marconi Company Limited, Specialized Components Division,
Billericay Works, Radford Crescent, Billericay, Essex, England.

5WW-105 FOR FURTHER DETAILS.
LT=
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(APPROX. FULL SIZE)

LkitlPAX/

(APPROX. FULL SIZE)

g 'C04 OS A rm. AAAAA ere. u.s. 1...1 orrice
A, lel 01.1 COI/OMNI"  C1.1001 glACT10 COMPANY

WIRELESS WORLD MAY, 1965

NUMBER ONE IN ELECTRICAL CONNECTORS...

MAINS
CONNECTOR

New versatility
Cannon has developed a mains version of the already well established range of
high quality audio XLR connectors with latch lock coupling. This will permit the
standardisation by equipment manufacturers and users, of a common type of
connector which covers both audio and mains input applications. The XLR-Mains
is suitable for cable rated at 2 amps and fully meets the Safety Requirements of
BS415. The XLR mains was designed at the specific request of the BBC.

The XLR-Mains insulator has been carefully designed to
ensure that not only are the creepage requirements of
BS415 fully met for mains voltages but that the safety
requirements of the same Specification limiting access to
live parts are complied with by both halves of the connector
in the unmated condition. This has been achieved by
having fully shrouded line and neutral socket contacts in

the receptacle insert and deeply recessed and shrouded corresponding pins in
the plug. The earthing connection is made by a pin contact in the receptacle
and by a socket contact in the plug; both the earth contacts are connected
directly to the outer shell. By having both pin and socket contacts in each half
of the connector and by the shrouding given to the line and neutral contacts,
mismating of the mains version with any of the audio versions is prevented.
In addition, to provide immediate visual discrimination between the XLR Mains
and the XLR Audio series, in both the unmated and mated condition, the insert
mouldings and cable bushing of the mains connector are coloured red.
An insulating shroud is available for the XLR-LNE-32 fixed receptacle. This
permits electrical isolation of the metal receptacle body from the panel when
the prevention of earth loops is desirable. The XLR-LNE connector is fitted with
the latch lock type coupling which is standard on the XLR range.

For any connector requirement consult the world's
most foremost name in this highly specialised field.

CANNON ELECTRIC (GREAT BRITAIN) LTD.
25-27 Bickerton Road, Upper Holloway, London N.19. Tel: ARChway 3088

PLANTS IN: LONDON  BORNEM,BELGIUM  PARISTOKYO  MELBOURNE  TORONTO
LOS ANGELES, SANTA ANA & ANAHEIM, CALIF.  PHOENIX, ARIZ.  SALEM, MASS,

O 19.3 CANN,. CO AAAAA

CANNON
PLUGS

Sales offices and representatives in principal cities of the world inimmin

European Enquiries: Cannon Electric International Inc., Borneim Belgium. Telephone: (03) 77.06.14.
Scandinavian Enquiries: Sweden: Ab Gosta Backstrom, Boo 12089 Stockholm 12. Denmark: Tage Schouboe, 7 Skyttegade: Copenhagen. Norway: Standard Telefon Og Kabellabrik A.S.
Postboks 60, °kern, Oslo 5, Norway Oslo 222050. Finland: ITT Myynti-Komponentit, Museokatu 8A, Helsinki, Finland Helsinki 440621
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RADIO
EIECIRONICS

COMPONENTS
SHOW

SIAN0325
GRIND

11411 0117011high

DOUBLE TRIODE
Particularly suitable for Tape Recorders and Instrumentation

HIGH GAIN

Amplification factor 050

[OW NOISE

Grid Hum Level 3ps
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Please ash for Data sheets

Thorn -AEI Radio Valves & Tubes Ltd.
HEAD OFFICE: 155 CHARING CROSS ROAD LONDON, W.C.2 Telephone: GERrard 9797

BRIMAR EXPORT DIVISION: THORN HOUSE  UPPER ST. MARTIN'S LANE LONDON. W.C.2
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Marconi Self -Tuning H.F System
-the first in the world to be station
planned from input to output

saves 85%
floor space
Transmitters can be mounted side by
side and back to back or against a
wall; built-in cooling fan; no external
air -ducts. These features lead to
smaller, simpler, cheaper buildings
or more services in existing buildings.

simplicity
R.F circuits have only three tuning
controls and two range switches.
Final valve can be replaced in 30
seconds. Miniature circuit breakers
(used instead of fuses throughout)
can be reset instantly. All sub-
assemblies are easily tested because
they are electrically complete units.

WIRELESS WORLD

breakthrough
MST L kW transmitter
H1100 series

MAY, 1965

An h.f linear amplifier transmitter for high-grade telecommunications.
Frequency range: H1100 and H1101, 4-27.5 Mc, s

H1102 and H1103, 2-27.5 Mc s
Output power: 7-8 kW p.e.p, 5-6 kW c.w.
The H110C series meets all CCIR Recommendations.

rugged
reliability
Stainless steel shafts in ball -bearings
in rigid machined castings; stainless
steel spur gears meshing with silicon
bronze; heavy r.f coil contacts with
high contact pressure-some exam-
ples of design features giving long
term endurance and operational
reliability. Specified performance
achieved with ample margins.

self -tuning
Types H1101 and H1103, used with
MST drive equipment, give one-man
control of an entire transmitting
station and continuous automatic
aerial loading.

MANUAL TUNING
Manually tuned versions, types H1100
and H1102, are available which, when
fitted with built-in drive units, become
entirely self-contained transmitters for
four spot frequencies and all types of
modulation.
Manual tuning takes less than 60
seconds.

Marconi telecommunications systems
The Marconi Company Limited, Communications Division, Chelmsford, Essex, England

5WW-108 FOR FURTHER DETAILS.
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Test 100 circuits
.in less than 1 minute

.,..tc40.-tic colvrtteurn, It ye,
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This automatic circuit tester
provides a rapid means of
testing large numbers of
electronic components in
circuits and the associated
wiring. The tester automatically
switches from one circuit to
another, checking the resistance
of each against a 'master' unit.

Any circuit with a
resistance outside the
tolerances set on the front
panel stops the testing
sequence and shows a
warning light.

Test Circuit:
Equal arm Wheatstone brie
for resistance comparison

Tolerance Ranges:
5%, 10% or 20%, set by front
panel control

Test Rate:
Variable from approximately
3 per second to 1 per 2 seconds.

Test Voltage:
Max. bridge voltage 15 V d.c.
or 7 V r.m.s. 50 c/s.

Test Capacity :
Up to 100 circuits with respect
to any of four lines

By using the tester in
conjunction with an Ohmmeter,
such as the Ai rmec Type 861,
'fault' readings from the
tester can be accurately
measured as and when
they occur.

Airmec Automatic Circuit Tester Type 859

a Airmec for peak performance consistently
LABORATORY INSTRUMENTS DIVISION-
High Speed Counters, Signal Generators, Oscilloscopes. Wave Analysers,
Phase Meters, Ohmmeters, Valve Voltmeters, etc.
AIRMEC LIMITED  HIGH WYCOMBE  BUCKS  ENGLAND
TELEPHONE: HIGH WYCOMBE 21201 (10 LINES)

SWW-109 FOR FURTHER DETAILS.
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PHILIPS

PHILIPS
VERSATILE DC VOLTMETERS

mains -operated
dc microvoltmeter GM 6020

The sensitive microvoltmeter of proved reliability
Measuring range: 100 pV (f.s.d.)-10 V in 11 sub
fancies (input I), 10 mV (f.s.d.)1000 V in 11 sub

ranges (input II)
Accuracy: 3 % of full scale

Automatic polarity indication
Input impedance: 1 Mn (input I), 100 Mn (input II)

Pre -deflection: < 5 pV
Recorder output: 10 mV full scale

Dimensions: 25x36x22 cm (10x14x9 in),
rack mount model available

Weight 11 kg (24 Ibs)

NEW
battery -operated
dc millivoltmeter PM 2430
The PM 2430 is a high -precision, fully
transistorized millivoltmeter with either
a floating or an earthed input.
The polarity of the dc voltage is
automatically indicated on a small meter.
which can also be used as a very
sensitive null indicator. An internal
calibration voltage, for easy
re -adjustment, is provided.
Measuring range: 1 mV (f.s.d.)- 300 V
in 12 sub ranges.
Accuracy: 2 % of full scale
Input impedance: 1 Mn (1 mV- 300 V):
100 Mn (1V - 300 V)
Pre -deflection: < 2.5% of full scale in the
most sensitive range
Polarity indication: automatic (from 3 %
of full scale)
Null indicator: sensitivity approx. 5 pV
Power supply: 4 dry cells of 1.5 V or NiCd
batteries
Dimensions : 24x16x18 cm (9',4x6', 4x7 in)
Weight: 3.3 kg (7 Ibs)

PHILIPS
electronic measuring
instruments

Sales and Service all over the world
=or the U K :
The M.E.L Equipment Company Ltd.,
207 Kings Cross Road, London WCI

MAY, 1965
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Vortexion
quality equipment

TYPE C.B.L.

TAPE RECORDER

Here is a versatile stereophonic recorder which has no equal in its price group.
IT CAN record monaurally or stereophonically with its own mixed inputs from Gram, Radio or other
sources and from high grade low impedance balanced line microphones. With good microphones, etc.
the result is a suitable master for disc manufacturers. " Before and After " monitoring is provided
together with adjustable metered bias for perfection.
IT CAN also make a recording on one track and then transfer it to the other track while measuring
and listening to it and adding one or two more signals also metered.
IT CAN repeat the process and transfer this combined signal to the first track with one or two more
signals. Composers use it for this purpose. One track may have music or commentary and the other
cueing signals or commentary and either may be altered without the other.
IT CAN playback stereophonically or monaurally with its own amplifiers of 31 watts each.

Price L160 Os. Od.
The Vortexion W.V.B. is a high quality monaural machine with " Before and After " monitoring.
The recording inputs are a high sensitivity socket for moving coil or ribbon microphone and a high
impedance socket for radio, etc. either of which can be selected by a switch. Superimposing and
echo work can be done and the playback has reserve gain for abnormal requirements. This model
cannot be converted for stereo playback, but it is a thoroughly reliable machine for the
engineer specialising on monaural work. Price L110 3s. Od.
The Vortexion W.V.A. is a monaural machine which has a performance equal in sound quality to the other
models. It possesses all the features of the W.V.B. except for " Before and After " monitoring,
Dubbing and Echoes. The recording being made can be heard on the internal loudspeaker as in the
W.V.B. and C.B.L. The controls are uncomplicated. Price: E93 13s. Od.
All tape recorders have adjustable bias controls, low impedance mic. inputs for unlimited lengths of
cable, highly accurate position indicators and meters to measure recording level and bias.

As demonstrated at:
International Audio Festival & Fair, Hotel Russell, London, W.I.
DEMONSTRATION ROOM 204 BOOTH 27

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, London, S.W.19
Teleph...e: Liberty 28i4 6242-I Telegrams: " Vortexion London S.W.19"

vs st -III FOR FURTHER DETAILS.
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mains Input unit Incorporating Miniature Circuit Bre.,).... r.
Our, /Neill Plug and Sochi! (1.1436) and Miniature Undo,

WIRELESS WORLD

overload protection
supply switching,
and supply indication

In a panel space of 21" x -1" you can fit this small but
robust Belling -Lee Miniature Circuit Breaker. And see
what it can do for your designs!
A thermal (delayed) trip for small sustained overloads
-and magnetic coil for operation in milli -seconds
where heavy fault currents occur, whilst being
unaffected by harmless surges.
Push-button reset that gives visual indication when
circuit is broken. Manual trip button that allows use as
supply switch, too. Provision for special contacts for
remote indicator lamp or other signalling.

Tripping time at IR x 1.4 less than 30 minutes
IR x 2.0 less than 60 seconds
IR x 10.0 less than 50 milli -seconds

Rupturing capacity 750 Amp at 0.8 pf.

Tested for normal operation at -25'C to -I- 70°C,
altitudes to 30,000ft. Withstands accelerations of over
35g without false operation.

For full information on Belling -Lee Miniature Circuit Breakers
write for section E of the Belling -Lee Technical Catalogue,
which deals with this and other efficient circuit protection
devices.

Get down to detail with

in under 2 ounces

/000

00 -

MAN, 1965
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See Belling -Lee components
at the RECMF-stand 308

BELLING -LEE
Belling & Lee Limited  Great Cambridge Road  Enfield  Middlesex Enfield 5393

Most Belling -Lee products are covered by patents or registered designs or applications.
SWW-112 FOR FURTHER DETAILS.
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A MAJOR LOUDSPEAKER INVENTION THE " SANDWICH "
Price £39 : 18 : Od.

AUDIO AND RECORD REVIEW-" ... This design must be regarded as a break-
through of fundamental and far-reaching importance."

A SUCCESSOR TO THE FAMOUS " TROUGHLINE II ":
FM " TROUGHLINE 3 " Price £31 : 14 : 6d.

HI-FI NEWS-" To sum up, the Leak Troughline II belongs to the very limited class of
aristocrats in the tuner world."

ANOTHER MILESTONE IN AUDIO ENGINEERING - STEREO 30 '
TRANSISTORISED AMPLIFIER Price £49 : 10 : Od.

WIRELESS WORLD Editorial, May I963-" Last autumn during his presidential address
to the British Sound Recording Association, H. J. Leak demonstrated a prototype high -quality
transistor amplifier which gave results indistinguishable from those of his valve amplifiers . . "

" People sometimes ask why there is any necessity to change to transistors. The elimina-
tion of the output transformer is, in our view, sufficient reason now that solutions of the problem
of linearity in the response of the rest of the transistor circuit have been found. As additional
bonuses we get smaller size, cooler running and the prospect of longer life."

the

first

name

in

High Fidelity

since 1934
If you are interested in Hi-Fi equipment
combining faultless presentation with audio
engineering to impeccable standards offer-
ing studio quality reproduction at reasonable
cost.

WRITE NOW FOR FULLY ILLUSTRA-
TED AND DETAILED LITERATURE.

H. J. LEAK & CO., LTD., BRUNEL ROAD, ESTWAY FACTORY
Telephone: SHEpherds Bush 1113 (PBX)

ESTATE, LONDON, W.3.
Telegrams: Sinusoidal, Ealux' London

-114 FOR FURTHER DETAILS.
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The most advanced 10 watt
loudspeaker system (only /3 cubic ft)

THE CELESTION TITTON 10'
This full range, no compromise, loudspeaker system
is designed for situations where space is limited and
yet the highest standards of fidelity are demanded.
The 'Ditton 10' employs a new, long travel, bass unit
which, combined with the Acoustic Suspension
Principle, gives a low frequency distortion content
unique in this size of enclosure.

PRICE £18.18.0. including tax
(Available In Walnut or Teak finishes)

Celestion Studio
Series

CELESTION LTD.
Ferry Works, Thames Ditton, Surrey.

Telephone: EMBerbrook 3402,6

High hysteresis panel
loading material to
eliminate structural
resonances

Bonded
acetate fibre
to eliminate
standing waves

Four element L.C.
cross over unit

Large Feroba magnet
structure for high
magnetic damping

High compliance
bass unit. Free air
resonance 35 c/s

Pressure loaded
H.F. unit ± 2dB
3,000-15,000 c/s

CELESTION LTD. Ferry Works, Thames Ditton, Surrey.

I Please send me (he booklet and
I colour brochure on the 'Dillon 10'Name-----
Address____________---_-_--

1(A9,
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 MEASURES
I 1;1

 WEIGHS LESS
THAN I OZ. INC.
BATTERIES

 HAS AMAZING
POWER, RANGE
AND SELECTIVITY

 EASILY BUILT IN
AN EVENING

OVER 17,000 ALREADY BUILT

SMALLER THAN ANY SET IN THE WORLD
Fascinating to build and use
No set in the history of radio has ever captured the public's
enthusiasm as has the now -famous Sinclair Micro -6. Never was
a set so small, never so efficient and powerful. Smaller than
a matchbox, the Micro -6 brings in stations from all over Europe
for your pleasure and entertainment (unless you use it in the
U.S.A. or Australia, for example). It performs with fantastic
efficiency in cars, buses, trains as well as steel -framed buildings,
yet everything to do with this set except the lightweight ear-
piece is contained in the minute white, gold and black case
which is small enough to be held in a tea -spoon! The many
attractive features of the Micro -6 include a highly stable 6 -stage
circuit, powerful A.G.C., bandspread for easy Luxembourg
reception, vernier -type tuning and three special M.A.T.
Transistors. Tunes over the medium wave -band. The instruc-
tions make building easy.

SINCLAIR MICRO.6

A.G.C.

-4-
1st R.F.

Amp.
2nd R.F.

Amp. Detector

1st A.F.
Amp.

2nd
Amp.

3rd A.F.
Amp.

A I parts including
high weight earpiece

case a d dial, and 8 -Page
instructions manual

come to

5916
Sinclair "T ista" well -styled,
strong black nylon wrist strap 7/6
Mallory Mercury Cell Type ZM312
i2 required)each I II Pack of 6 104

MEASURES

2" x 2

Complete
withwith built -on

switch on 0
.olurne control

IDEAL WITH MICRO -6
MI portsIn-
ins with
liens corny
Ready bu
tested

39'6
45'-

SINCLAIR
TR 750

POWER

AMPLIFIER

Another outstanding Sinclair
design. Incorporates its own
volume control and on -off switch.
Used with the Sinclair Micro -6,
makes a powerful high quality car
portable or domestic radio. 750
milliwatt output into a standard
25-35 ohm speaker for 10mV
input. Frequency response from
30 to 28,000 c 1 1dB. The
TR 750 will also make an excellent
mono record reproducer (paired
for stereo) baby alarm, etc.

SINCLAIR
MICRO -INJECTOR

INVALUABLE IN
FAULT-FINDING

s ingeniously
deigned device
generates rest
signal at any frequen-
cy from I Kc s to 30
Mc s which is in-
jected via the probe
into any part of
audio or radio
equipment to enable
the user to trace
faults rapidly and
accurately. The case
measures only 1.8 x
1.3 x 0.5 ins. with
self-contained bat-
tery With full in -

Parts for building
come to

27/6
Ready built and
tested

32'6

SINCLAIR MICRO-AMPLIFIER

Ports and onstruct,on
ome to

With a frequency res-
ponse from 30 to 50,000

c s IdB and power
gain of 6 0 dB
11,000,000 times/
makes a broadband
R.F. amplifier, A.F
quality amplifier or
F.M. Transmitter
Invaluable to keen
experimenters.

28'6

SPECIAL 011DER FORM O % -1'N is \7' PAL

A NEW SINCLAIR AMPLIFIER

0
See following pages!

SINCLAIR RADIONICS LTD
COMBERTON, CAMBRIDGE Telephone. COMBERTON 682
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S8 WIRELESS WORLD

SINCLAIR

BUILD IT
FOR ONLY

£7.19.6

New principles
20 WATTS R.M.S
OUTPUT!
* No. of transistors-I2
* Output into 7.5 ohms -20 watts R.M.S. music

power
15 watts R.M.S. con-

tinuous
Output into 15 ohms-I0 watts R.M.S. con-

tinuous
* Total harmonic distortion -0.1",, at 10 watts

R.M.S.
* Frequency response -20-25.000 c/s 1dB
* Input sensitivity -1 mV into 5K ohms
* Signal to noise ratio-better than 70dB
* Power requirements -36 V.d.c. at 700mA
* Built-in low-pass filter in output stage

MAY, 1965

20
P.W.M

AMPLIFIER
AND PRE -AMP

New power
Here is proof positive of the power and quality that a Sinclair Pulse
Width Modulated Amplifier can give you. The new X-20 which is
complete with integrated pre -amplifier uses silicon epitaxial planars
in the output stage, better than anything ever before offered in tran-
sistorised equipment for constructors. Many other refinements have
been introduced into this latest Sinclair design, amongst which, for
example, absolute constant amplitude is maintained in the output
square wave form, irrespective of the modulation applied. Building
this amplifier is exceptionally easy and the results to be obtained from
it are completely rewarding. As with all quality hi-fi amplifiers, the
X-20 has power and power to spare-much more in fact, than is ever
required for normal domestic listening. It has superb quality too, all
from a unit measuring only 8; 3; I dimensions which will
inspire and enable constructors to build to entirely new concepts of

design and layout.
Complete set of parts includ-
ing 12 Transistors and X-20
instructions manual
Ready built and tested
X-20 Low -ripple mains power
pack for 2007240 V.a.c.
operation, sufficient for 2

X -20's

£7. 19.6
£9. 19.6

£4. 19.6

SINCLAIR RADIONICS LTD
COMBERTON, CAMBRIDGE Phone COMBERTON 682

SWW-L17 FOR FURTHER DETAILS.
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WHAT YOU SHOULD KNOW ABOUT

THIS BRILLIANT NEW SINCLAIR DESIGN

FEED EACKSQUARE WAVE cuseiro I ILICTRONIC OUTPUT

GENIE ATOM INTEGRATOR *DOER 1-12WITC.1_ STAGE

PU T

PIT ADP

CONSTANT

AMPLITUDE IN
ALL CONDITIONS

Illustration shows in block diagram form, the
principal stages used in the Sinclair X-20 Pulse
Width Modulated Amplifier. It includes the latest
in transistors and high quality components to
achieve outstanding performance.

Pulse Width Modulation requires a
perfectly formed square wave to
carry the audio signal and it must be
of a frequency well above the highest
level of the audio spectrum. In the
Sinclair X-20, the peak -to -peak
amplitude of the square wave is contant at all times, no matter to
what extent it is modulated by the A.F. The result is that distortion
figures are lower than ever over the entire range of audio frequencies
and beyond.

PULSE REPITITION FREQUENCY
In the interests of quality, the pulse repetition frequency in a P.W.M.
amplifier must be as high as possible without extending into the
region of radio frequencies. In the Sinclair X-20, the pulse repetition
frequency is between 65 and 75 Kc/s, a value which is found to satisfy
the most stringent demands likely to be made upon it in terms of
uncompromising quality. This frequency is generated within the
circuitry of the X-20 itself and the output has a rise -fall period of less
than 0.2 micro -seconds. This is sufficient to ensure maximum effi-
ciency in energy conversion to the loudspeaker with perfect reproduc-
tion of the audio signal itself.

The Sinclair X-20 integrated Pulse Width
Modulated Amplifier and Pre -amp marks a
further important advance by Sinclair in the
development of entirely new and original ampli-
fier designs. Many months of research and
development have gone into its production and
units have been subjected to impossibly severe
working conditions with sensationally satis-
factory results. The X-20 has even been run flat
out continuously for 12 hours at 40",. overload
and at the end has still shown no signs of strain

or distress.

OUTPUT STAGE -955 EFFICIENT
The rise and fall time of less than 0.2 micro -seconds is achieved by using silicon
epitaxial planar output transistors which makes the efficiency of the output stage
at least 95'',,. Thus only I watt is dissipated in each of the output transistors
when the amplifier is giving an output of 20 watts. The complete linearity of
the integrater and careful modulator design ensure absolutely negligible
distortion right up to the maximum output.

LOW-PASS FILTER
A low-pass filter cutting off above 20 Kc s built unto the output of the X-20
ensures that the output transistors always "see" a high impedance at the P.R.F.
making the amplifier widely tolerant of the type of load to which it is connected.

PRE -AMPLIFIER
This consists of three transistors with two negative feed back loops which define
the gain and ensure an absolutely flat frequency response. The sensitivity is
sufficient for all types of pick-ups. Provision is also made for connecting high -
output devices such as P.M. Tuners.

TONE CONTROL SYSTEMS
The Manual included with the X-20 Amplifier details a variety of tone and
volume control systems, any one of which may be added to the amplifier for
very little outlay. Full information on stereo operation is also provided, of
course.

POWER SUPPLY
A special A.C. Mains operated power supply unit is available for the X-20.
delivering 36 volts D.C. Full -wave rectification us used, and the unit is supplied
ready built in a completely enclosed steel case.

OTHER SPECIAL FEATURES
Because of the high energy conversion factor of the X-20, it requires no heat
sink in the output stage. Connected to a 7.5 ohms loudspeaker, the power
output is 20 watts R.M.S. music power. Using a 15 ohms loudspeaker, the
output is 10 watts R.M.S. continuous power, a particularly useful arrangement
for stereophonic hi-fi reproduction.

FULL SERVICE FACILITIES ARE ALWAYS AVAILABLE TO SINCLAIR CUSTOMERS
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4kfft4110.- -4411 RUSTRAK MINIATURE RECORDERS engineered for years of rugged service

Et0
All over the world you can see Rustrak
recorders mounted on the cross -arms
of telegraph poles, gathering depend-
able data day and night, winter and
summer.

Because Rustrak recorders use pres-
sure sensitive paper they maintain
optimum accuracy in temperatures
from sub -zero to 160' F.. from sea level
to 100,000 ft. and under conditions of
high humidity.
In spite of low costs Rustrak recorders
are precision instruments housed in

rugged die cast aluminium cases.

Motor drive mechanism, galvanometer
and writing system all give years

of faithful service under extremely
tough conditions.
Other important features include:
NO INK. Smooth, high resolution traces

are produced without ink, heated stylus
or voltage sensitive paper.
11 SPEEDS WITH ONE MOTOR. With any

one drive motor 11 different chart

speeds are available by means of
rapidly interchangeable gearboxes.

99 CHART SPEEDS. From lid " to 450"
per hour on all analogue (galvano-
meter) recorders.
LARGE CHART CAPACITY. At I" per hour

a standard chart roll lasts a full
month.

AC, DC OR BATTERY DRIVE. Chart drive

powered by AC synchronous motors of
any standard voltage, DC motors which
consume only milliwatts of power, or
by rechargeable batteries.
RANGES. Models available to record
AC and DC current and voltage and
temperature.

I

0 2 4 0

MUMMPOWIDC 4

RFROLL OR TEAR -OFF. The chart is re-

sound inside the unit or in the tear
Ai type it feeds out of the record,:
Ind may be torn off as required.
t )(PERT ADVICE. Our repre.-ientative-
,rill be glad to advise you on any
.application.

OW COST. Prices Irom £53 - port
:Ole units or for panel mounting.

Write or phone for catalogue

rusirak
W E ST Instrument Limited

A Division of

GUETON INDUSTRIES (BRITAIN) LTD

The Hyde -Brighton 7- Sussex -England

Tel: Brighton 66271 Telex: 87171
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... but for those who use miniature
transformers seriously ...

The FERRANTI "SUBMIN" resin -cast range of
transformers and chokes is becoming the
automatic choice for designers of tran-
sistor circuits - not surprising when you
consider the following features:

Designed to meet all inter -service
aircraft and G.W. specifications
Superb mechanical finish
Temperature range --55°C to +150`C
H7 Humidity classification (DEF. 5214)

We think that our prices are reasonable
and our deliveries are good. Moreover, our
technical design service is second to none.

-ig-ipr cur catalogue.
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5 points to remember

0 Z

1

2
3
4

101

19" Rack Panel mounted with
attractive sturdy cover.

Two high sensitivity Mic. inputs
and Gram. input.

All inputs independently faded
and mixed.

Full power output at 100 V.

Less than 2% distortion at 10
Watts. Max output -15 Watts.

tr

The SR 415. First in a family of P.A. amplifiers and
control equipment. Each unit is mounted on a basic 19"

Rack Panel and an attractive cover, as illustrated above, is available. The
SR 415 is ideal for clubs, churches, youth clubs, public houses, and all
forms of Public Address.

$11415 audio amplifier
RESLOSOUND LIMITED
24 UPPER BROOK STREET, LONDON, W.1. HYDE PARK 2291

'WW -121 FOR FURTHER DETAILS.
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From Europe's most
modern capacitor plant -
Subminiature aluminium
Foil capacitors in 42
standard ratings

---------------

1 1 1 1 1
la 111.or Ism2'..44?1

J111110,1

The most modern and efficient capacitors
obtainable today.

For 8 years SPS International has been producing
in the U.S.A. a range of miniature lightweight
capacitors designed to cope with every extreme
of temperature. Now the whole benefit of
this experience has been brought to the new
SPS factory at Shannon, Ireland, making the
same high -quality capacitors available at short
notice to any part of Britain. SPS capacitors
guarantee complete reliability and long life
thanks to the techniques of total encapsulation
perfected over a long period in the U.S.A.

Ideal for transistorized communications equip-
ment, portable radios, hearing aids, electronic
instruments, audio cross -over networks, hi-fi
tuners and amplifiers, recorders, test equipment.
and other low voltage circuits.

CAPACITANCE -20 100" of rated cap-
acity

DISSIPATION FACTOR: Less than 8

at 50 WVDC.

D.C. Leakage: Less than 6,,A after I min.
applied WVDC.

OPERATING TEMPERATURE: 65 C at

rated WVDC.

Available in 42 standard ratings, with inter-
mediate values at no extra cost. For complete
technical information and assistance write or
telephone SPS International Ltd., European
manufacturing arm of a leading U.S. supplier of
quality capacitors.

Spil
SPS INTERNATIONAL LIMITED
SHANNON AIRPORT, IREI.AND. Tel.: Shannon 61155

SWW-122 FOR FURTHER DETAILS.
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this is the MOST

ADVANCED

of

single

decade

readout counters
This single digit electromagnetic readout counter for
flush panel mounting has many unique features :

Readout Signal
Available for remote indication, for predetermining or to
control electric recording machines.

Decade Advance
For series operation either by through -switching of total
current, or by control of relay or electronic switching of
separate supply currents, amplified if necessary.

Resetting to zero
Either automatically, or at will by mechanical or electrical
control.

Predetermining function
To operate at any desired digit or, in the case of series
assemblies, any one or more combinations of digits.

Programmed sequences
Of functions can be arranged without difficulty.

Operation
Standard speed and voltage : 25 impulses/sec ; 24 v.d.c.;
other voltages can be provided for.

Small dimensions
Main body only 4i" deep, 1A" high, I" wide; plug-in
connections.
Please asA us for full technical details.

another outstanding counter from

EUROPE'S MOST COMPREHENSIVE RANGE

When you think of a number-
think of HENGSTLER I

J. HENGSTLER CO. Great Britain LTD.
HIGHBRIDGE STREET  WALTHAM ABBEY ESSEX
Waltham Cross 26166`7 &wo"a, JH 4.C2

SvVW-123 FOR FURTHER DETAILS.
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The Goldring-Lenco GL70
The Goldring-Lento GL70 transcription unit with its integrally
mounted transcription arm continues to be the first choice of
discriminating record lovers with custom-built equipment. Now,
for those favouring the trend towards shelf table mounted Hi-Fi
units, The GL70 is also available plinth -mounted or with
shallow cabinet and clear Perspex cover.
GL70 TRANSCRIPTION UNIT. The elegant appearance of the
unit is matched by its superb performance. Swiss precision
engineered throughout, its silent motor drives a die-cast and
machined 8 lb non-magnetic turntable through the unique
conical mandrel -knife edge idler system that permits continuously
variable speed adjustment from above 80 rpm to below 30 rpm
and from 15 to 18 rpm. There are adjustable click -in positions
of the speed control lever for the four standard speeds. The
integrally mounted transcription arm (which is much in demand
for use with many other motor units) has a plug-in head shell
taking all standard fitting cartridges, is fully adjustable for
precisely maintained stylus pressures, and is wired for both mono
and stereo operation. The mains "on:off' switch is coupled to an
idler disengagement mechanism and to pick-up lowering device
which facilitates groove selection and affords protection against
accidental stylus -record contact.

GL 70 TRANSCRIPTION UNIT: £25.15.0 £4.3.8 P.T.
GL 70/P unit on fabric -covered plinth : £28.15.0 £4.13.5 P.T.
C70 CABINET AND COVER FOR GL70 Elegant sapele
mahogany cabinet with removable, clear Perspex dust cover.
Cut for spring or rigid mounting of unit. Size: 14" x x 7".
£8.19.6±£1.12.0 P.T.

* Recommended cartridges for GL70 are Pickering 380A
Goldring CS 90 and Goldring 600,

GOLDRING MANUFACTURING CO (GB) LTD 486-488 HIGH ROAD
LEYTONSTONE , LONDON El I TELEPHONE. LEYTONS IONE 8343

SWW-124 FOR FURTHER DETAILS.

* PICKERING 380A
Moving -magnet cartridge for excep-
tional mono or stereo reproduction.
Features the exclusive V -guard push -
in diamond stylus unit which prevents
damage through accidental dropping
of arm on record. The Pickering 380A
ensures high channel separation and
virtually eliminates needle talk, hiss
or distortion. Hermetically sealed. it
tracks at 2 grams, faultlessly repro-
duces the most exacting records.
f12.12.0 E2.0.11 P.T.

* GOLDRING CS90
A stereo ceramic cartridge with excel-
lent frequency response and cross-
talk separation. Can be played at
light tracking weights and gives an
output of 50 mV. Fitted with replace.
able 0.0005" tip diamond stylus.
£4.4.0 13.8 P.T.

* GOLDRING 600
Turn -over type Variable reluctance
mono cartridge. Fitted with diamond
stylus for LP and sapphire for standard
play. Exceptionally flat frequency
response. A mu -metal shield elimi-
nates the hum problems sometimes
encountered when using magnetic
cartridges. £8.8.0 , £1.7.4 P.T.
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649B, the smallest dynamic lavaller microphone,
was sent to Coventry Cathedral (and also to BBC
and ITV studios) because of its incomparably
smooth and full-bodied response; its ability to
mix outputs with any standard microphone; its
lack of bulk and weight; and because of its history
of trouble -free operation in the USA.
This tiny handful answers studio requests for a
truly miniaturised, omni-directional microphone.
Its performance, whether stand mounted, or as a
neck -mike, is remarkable.
Send for literature, and see for yourself.

Length: 2i' Weight: 31 gm. Output: -61 dB
PRICE: £24

Made in the U.S.A. by
Electro-Voice

Distributed in Europe
by KEF

0E0
Installation by G.E.C. Illustration: Coventry Cathedral, East side. Architect. Sir Basil Spence,

Write to: KEF Electronics Ltd., Tovil, Maidstone, Kent.
O.M.. R.A. Photograph: Hank Snoek. Tel: Maidstone 55761 Grams KEF Maidstone

SWW-125 FOR FURTHER DETAILS.

The

,lilil
Television Camera
101 applications

MANUFACTUREC TO A HIGH SPECIFICATION
AT A REASONABLE PRICE

This camera car. be supplied
with an electronic automatic
light level controi which was
designed and perfected in the
Fringevision laboratories and
this item can be supplied as
an extra

Send for full informotior

1474/;N,611 Ltd

kETAIL PRICE

£91.0.0

(Electronics
Division)

ELCCIT LANE. MARLBOROUGH, WILTS. Telephone: 657 8
5WW-126 FOR FURTHER DETAILS.

NEINayil-rago

TRANSFORMERS
for use with the

MULLARD 10 + 10
STEREO AMPLIFIER

using ECL 86 Valves

The range of Partridge Transformers for
the High Fidelity enthusiast has recently
been extended by two new types, for
use with the Mullard 10 10 Stereo;
Output Transformer TG 1073 (price
62/6) and Mains Transformer TG 1074
(price 70,-).

FROM STOCK AND
PARTRIDGE SUPPLIERS

PARTRIDGE TRANSFORMERS LTD.

ASK FOR

TECHNICAL

DATA SHEET

No. 41

ROEBUCK ROAD, CHESSINGTON, SURREY. Telephone: LOWer Hook 4353/415

SWW-127 FOR FURTHER DETAILS.
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utters CERAMICS
for the ELECTRONIC INDUSTRY

(and Electrical Appliance Manufacture)

Frequelex-for high -frequency insulation.

Refractories for high -temperature insulation.

Bullers porcelain for general insulation purposes.

Meticulous care in manufacture, high quality mate-
rial, 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 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent

London Office: 6 Laurence Pountney Hill, E.C.4
Phone. MANsion House 9971

OM -128 FOR FURTHER DETAILS.

TRACE

MK
GREENLINE
moulded edge
connectors

The double canti-
iever bifurcated
contact. Sectional
close-up shows r
the 45'x .005 -
chamfer.'

30 2

These carefully engineered
printed circuit edge connec-
tors feature diallyl phthalate
moulding for maximum in-
sulation and special bifurca-
ted contacts for low insertion

forces, minimum wear, and positive contact at all times.
Contact edges are chamfered to obviate scoring of pads
and sharp radii are avoided to eliminate fatigue frac-
tures. Available in all standard sizes from 4 to 40 ways,
with gold, silver, or nickel plated contacts, and solder
slot, printed circuit, or wire wrap tails. For boards
with 0150 contact pitch.

CARR HgVUM12 00 gZiD
the firm with the best connections

C1411 .....

95

Stapleford, Nottingham. Telephone Sandiacre 2661 A;;A

Sales Offices: Wembley, Sale, 14°.:
SWW-129 FOR FURTHER DETAILS.
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srapewrs srkososcoPe
ESPECIALLY DESIGNED FOR

TYPE THE UNIVERSITY OR SCHOOL
1214 A LABORATORY

The Dawe Stroboscope Type 12I4A

was initially developed for the stro-
boscopic photography section of the
Scottish Education Department's new
syllabus, and is now generally avail-

able to all educational establishments.
This lightweight, portable, low cost in-
strument provides a stationary or slow
motion image of reciprocating and rota-
ting objects, enabling cyclic speed to be
accurately measured, and distortion,
vibration and resonance to be detected
and studied under operational conditions.
Particular applications include the study
of momentum, vectors in projectile
motion and free fall characteristics.

DAWE,

* Measures directly speeds from 300 to 6,000

* Indirect speed measurement up to 60,000
r.p.m.

* High intensity white light.
* No contact with a moving part required.
* Simple to operate, mains powered.
* Fully portable and light in weight (approxi-

mately 61b.).

Brief Specification
Range: Two overlapping, 300 to 1,500, and

1.200 to 6,000 flashes per minute.
Accuracy: 5 of scale reading.
Flash Duration: 5 to 10µS.
Mean Illumination: 80 lux at 1 metre approx.
Power Supply: 200 to 250v. 50 cycles A.C.

mains.
Power Consumption: 24w.
Enclosure: Metal case fitted with carrying

handle. Finished blue & grey.
Dimensions: 71 x x 131 in. approx.

Full techMcal data from:
DAWE INSTRUMENTS LTD.,
Western Avenue, Acton, London, W.3. Tel. ACOrn 6751
A ',ember of the Simms group of companies

SWW - U0 FOR FURTHER DETAILS.

VITALITY BULBS
bested and prosen
A.I.D. and A.R.B.

Miniature and Sub -miniature
indicator bulbs, from 1 to 50v,

in sizes from 4.0 mm.

Catalogue from:-Vitality Bulbs
Ltd., Neville House, Wood Green,

N. 22. Mt 1 berry 1931.

SWW-131 FOR FURTHER DETAILS.

TRANSFORMERS
COILS
CHOKES

LARGE OR SMALL QUANTITIES

TRADE ENQUIRIES WELCOMED
SPECIALISTS IN

FINE WIRE WINDINGS
MINIATURE TRANSFORMERS

RELAY AND INSTRUMENT COILS,
VACUUM IMPREGNATION TO APPROVED

ETC.
STANDARDS

ELECTRO-WINDS LTD
CONTRACTORS TO G.P.0., A.W.R.E.: LLB.,

123-5-7 PARCHMORE ROAD, THORNTON
LIVINGSTONE 2261-

B.B.c. FTC.

HEATH, 'SURREY
EST. 1933

SWW-132 FOR FURTHER DETAILS.

SiGNmi
GENERATOR

MODEL 27

NOMBREX
TRANSISTORISED

INSTRUMENTATION

* Signal Generator 27 L9.15.9

* Power Supply Unit 61 (6.13.6

* C.R. Bridge 62 ... £13.10.9

* Audio Generator 63 ... L17. 0.9
* Inductance Bridge 66 ... L18. 5.9

All prices include batter", post ova packing. Proiapt Delivery,

S.A.E. FOR TECHNICAL TRADE & EXPORT
LEAFLETS w ENQUIRIES INVITED

NOMBREX LTD.
ESTUARELIHOOt JUTSHE, DCEAIMOPNERDPOhoWn N. ?T51E5RR ACE,

AUDi0
GENERATOR

MODEL 63

SWW-133 FOR FURTHER DETAILS.
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offeette ----rotnodtere
itaef Izever
heard of

HOWELLS
RADIO

.
MINISTRY OF AVIATION APPROVED INSPECTION.

TRANSFORMERS
STANDARD RANGE OR TO YOUR DESIGN
TOROIDAL - 4 C ' CORE - PULSE - MATRIX

CHASSIS -CABINETS & PRECISION METALWORK
ELECTRONIC ASSEMBLY

HOWELLS RADIO LTD.
MULBERRY STREET, MANCHESTER, 15

MOSS SIDE 2000-2434

5WW-135 FOR FURTHER DETAILS.

LEARN ELECTRONICS
AS YOU

BUILD 25
CIRCUITS
EXPERIMENTS

including: TEST GEAR

 MINIATURE CATHODE RAY OSCILLOSCOPE
 VALVE EXPERIMENTS
 BASIC AMPLIFIER
 BASIC RECTIFIER
 PHOTO ELECTRIC CIRCUIT
 TIME DELAY CIRCUIT
 SQUARE WAVE

GENERATOR
 SIMPLE TRANSMITTER

 TRANSISTOR EXPERIMENTS
 BASIC OSCILLATOR
 ELECTRONIC SWITCH
 SIGNAL TRACER
 BASIC COMPUTER CIRCUIT
 BASIC RADIO RECEIVER
 MORSE CODE OSCILLATOR,

ETC., ETC.

This complete practical course will teach you all the basic
facts of electronics by making experiments and building
apparatus. You learn how to recognise and handle all types
of components-their symbols and how to read a circuit
diagram. You see how circuits are built and how they work
BY USING THE OSCILLOSCOPE PROVIDED. Applications
of all the main electronic circuits are demonstrated-radio
reception and transmission; photo-electrics; computer
basics; timers; control circuits; etc., including servicing
techniques. NO MATHS USED OR NEEDED. NO THEORN
NEEDED. NO PREVIOUS KNOWLEDGE OR EXPERI-
ENCE NEEDED. Tutor service available. No extras needed
-tools provided. Send, now, for FREE DETAILS without
obligation, to address below. - -
To: RADIOSTRUCTOR, Dept. K1, Reading, Berks.
Please send free details of your 25 circuit kit courv-

NAME

ADDRESS

97

fasten onto FAsTEX
With unshakable confidence!
The unique range of 'FASTEX' plastic fasteners provide a
POSITIVE answer to all assembly problems, where cost
reduction and fixing simplicity is of prime importance.
Consider the 'F ASTEX' facts: - CORROSION RESIST-
ANT  IMPRESSIVE INSULATION  MINIMUM
FIXING TIME  MAXIMUM UNSHAKABLE GRIP.
If you appreciate the advantages of combining several
operations into one, cutting assembly costs and producing a
higher quality product; contact one of our Sales Engineers,
or write to our development department for free samples and
further information, you'll be glad you did.

s -

i

4 A r......

01

..._,..4. _....

--:
MY

-4111Flit
-N.. -

- - 00
- 00
- 00

FASTEX
MI TW LIMITED, Fastex Division, 647 Ajax Avenue,

Trading Estate. SLOUGH, Bucks. Tel : SLOUGH 27441.

SWW-136 FOR FURTHER DETAILS. SW W'-l34 rUK E WITHER DETAILS.
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DE LUXE RECORD PLAYER KITS
4 -Speed Player. 2 -tons Cabinets
17 15  Win. High Sus loud-
speaker and 3 watt 2 valve I:

slue arurilie., ready built.
Quality output. Vol-
ume and Tone coo -
filth. All tint ht
together perfectly.
Neale instructions
enable amenably in
30 minutes. only 5
wires to iota.
12 months' written
guarantee.

AUTOCHANGE
KITS

Ckmpleto as
above.

2.8.11. Monarch Actochange
Garrard Au:Isu.., Autochange
Garrs,1 Sin MeV

ALL Am Al.. \OLE SEPARATELY
Cabinet all board cut to choice

Amplider with speaker
AUTOCHANGERS Stereo 15 - etas's,

B.S.R. :innovative
Garrard A Mono

SINGLE PLAY Ells
Garrard SRFIO auto. stop Start
E.M.I. Latest Model Auto. Stop

£10 10 0 P.P. 5 -
£10 19 8 P.P. 5 -

E9 19 6 P.P. 5 -

£3 9 6 P.P 36
£2 12 6 P.P.6
ES 19 6 P.P. 36
£6 10 - P.P. 36

£4 17 6 P.P 3 8
£4 15 - P.P. 26

Q MAX CHASSIS CUTTER
Complete: a dia., a punch, an Allen screw and key

fin. 14/6 I Am. 18/- I }in. 22 6
fin. 14/6 !fin. IC- 2in. 34 3
fin. 15/6 'fin. 1111/6 2;'1 in. 371
Sin. 1S/9 I fin. 20/- 21in. 44 9
lin. 18/- Ifin. 20/6 Lin. sq. 31.6

CRiSTAI, MIKE INSERTS. 1 .',. in. 7 6
A705 MIKE INSERT 1: lin. 8 6
ACOS STICK MIKF: 39-1 . 35 -
PROFESSIoNAI. MAGNETIC GUITAR BIKE line

Vol mid To,.. Controls .59 6
Moving Coll Mike 00 -. Floor Stand . .... 57 -
TANNOV CARBON MIKE 5 6
8ARGAIN aTAI, PICK -0P ARM Complete with ACOS

LP -:8 Toiroiio Heoil 20 -

NEW ELECTROLYTICS
TUBULAR TUBULAR

1 350 v. 2 - 100 25 v 2 -

FAMOUS MAKES.
CAN TYPES

8 600 v. 9 -

2 250 v. 2 3 250 25 v. 2 6 16 000 . 12 -
4,330 w 2 3 500 12 v. 3- 16 16 500 v. 76
8,360 v. 2 3 1.000 11 3 - 32 32 350 v. 5 6
16 450 a. 3 8 . 8 150 v. 3 6 32 32 450 v. 6 -
32 450 v 39 8 18 450 v. 3.9 50 50 350 v.

25 25 Y. 19 16 16 450 v. 4 3 61 120 350 v. 11 6
50 50 v. 8 - 32 3C 350 v. 46 100 200275,.128

PAPER CONDENSERS. 0.001 mid., 7 kV.. 6 6; 20 kV. 10 6:
0.1 mild.. 7 kV.. 9 6: Tubular 500 v. 0.01 to 0.5, 9d.: 0.1 1

0.25 1 6: 0.1 350 v. Eid.: 0.5150 y. 1 9: 0.01 2.000 . 2 6:
0.05 2.000 v. 3 6: CERAMIC. 500 v. 1 pP. to 0.1 mid.. 9d. Disc
Ceramics 1 -. Palm 100 pF.. etc.. 12 kV.. 2 6.
SILVER MICA. Close tolerance ,plua or minus 1 pP. 2.210 47 pF.
1 -: ditto 1 50 to 815 pt. 1 -: 1.000 to 5.000 oF.. 1 9.
TWIN 4301e0. 0-0 " 208 pF. 176 pF.. 10 8; 365 pP.. mtnn-
tore 10 -: 500 pP. standard with trimmers. 9 -. midget. 7 6:
midget with trimmers. 9 -; 500 pF. slow motion. standard 9 -:
small 3 -cone 500 pP. 17 8. Single 0 365 or. 7 6.
SHORT WAVE. Single 10 pP.. 25 pF.. 50 pF.. 75 pF.. 100 pP..
160 pF.. 5 6 each. Can be ganged together. Couplers 9d. each.
TUNING. Solid dielectric. 100pF., 300 pF.. 500 pF.. 3 8 each.
TRIMMERS. Compression ceramic 30. 50. 70 pP.. 96.: 100 p/..
150 pF.. 250 pF.. 1 6: 600 pF.. 750 pF.. 1 9.

MAINS TRANSFORMERS Post
2.- each

250-0-250. 80 mA. 6.3 v..35 a.. or 4 v. 4 a. Rectifier 6.3 v.
1 a. or 5 v. or 4 v. 2 a. 22 6: Ditto 350-0450. 29 6,
300-0-300 v. 120 mA., 6.3 v. CT 4 a.. O. 5. 6.3 v. 2 a. 33 6
mm30111118 200 v. 20 mA.. 6.3 v. 1 a. . 10 6
MIDGET 220 v. 45 mA., 6.9 v. 2 a. 15 6
SMALL, 300-0-300 v.. 70 mit.. 6.3 v.. 4 a. 19 6
IIF:ATER TRANS. 6.3 v. li a.. 7'8; 6.9 v. 4 a. 10 6
Ditto tapped see. 1.4 v. 2. 3. 4, 5, 6.3 v. 1' amp. 8 6
GENERAL PURPOSE LOW VOLTAGE. Outputs 3. 4. 5.

G. 8. O. 10. 12. 15, 19. 24 and 30 v. al 2 a. 22 6
amp.. 5. 10. 15. 20. 25. 30,25. 40.45.50. 55. 60 29.8

Mains to 9 v. 813 mA. 1 s LiI .. 7
.5110 TRANS. 150 la. O. 115v.. IMO v., 22/8: 600 e. 82 6

GRAM AMPLIFIERS
Valves: UY85 Rectifier and UCL82 Triode/Pen-
tode 31 watts output. Size (inc. valves) 5 x 51 x
2in. deep. New and Tested complete 3 ohm output
tone and volume ONLY 37/6 P. 8 P. 2:6on/off controls.
Ready for use 200-250 v. A.G.

12' GUITAR
5GNS.

BAKERSSELHURST
LOUDSPEAKERS

7 cm,

17.moi 9 ints.

25w.

l, i - 12 cos.
Trade

16
Supplied

BAKERSPU7L1C ADDRESS MODELS
12m. STANDARD HEAVY DUTY 70 w. 7gns.More powerful magnet 14.000 lines. special
suspension. 40-14.500 c.p.s. Bass res. 40 c.P.s. 4
15m. AUDITORIUM MODEL 35 w. 17.000 lines. logub.
20-12.000 c.o.s. Bees Res. 38 r.pri
15in. GUITAR MODEL, 50 w.

LOUDSPEAKERS P.M. 3 OHMS FAMOUS MAKES. 2,in., Sin..
in.. Sip., 7in. 4in.. 15 6 each: Bin. 17H; 6!ia. 16 8; 121a.

SO 15 ohm, 35 1010 Bin. 22 6; Bin. Sin. 21:-:
in. Sin. 21 -. E.M.I. Double Coae 111! - Sin.. 45 weidoope
Oat. HF1012. 87 8: Sin. 111812 72 6. Crossover 0.000 ups.

30 -. Horn Tweeter 104 db 2 lie a to 18 Kr',. 29 6.
WAVE -CHANGE SWITCHES WITH LONG SPINDLES.

P. 2 -way or 2 p. 8 -way or 3 p. 4 -way or 1 p. 12 -way ea. al
p. 2 -way or 4 p. 3 -way. 3 6; 8 p. 4 -way. 2 wafer . -

- 618
Wavechange MAKITS ' 1 p. 12 -way. 2 p. 6 -way. 3 p. 4 -my.

p. 3 -way. 6 p. 2 -way. Prices include click spindles, adiustable
tops. spacers. etc. I wafer. 8 8: 2 wafer. 1243: 9 wafer. 16: -

TOGGLE SWITCHES. 1.P.. 2 d.n. 3 6: d.p.d.L. 4 -.

BOOKS Please Add Postage
 W.W.' Radio Valve Data 7 6
High Fidelity Speaker Enclosures
At a Glance Valves. CRT Equivalents 3 13
TV Fault -Finding 6 -
Mullard Audio Amplifier Manual 8 6
Radio Valve Guide, Book. I. 2. .. oi I

Practical Radio Inside Out ::6
Transistor Audio Amplifier Manual 6 -
Shortwave Transistor Receivers

RETURN Or 1..)t.)eA Pont 116, Lint if.. C.O.D. 2'6 extra. (Export -Send r,rnittonce and extra postage. no C.O.D.) CALLERS WELCOME

RADIO COMPONENT SPECIALISTS
337 WHITEHORSE ROAD,
WEST CROYDON IT;igh,o6"6;

NO EXCUSES! NO DELAYS! FROM STOCK!

VARIABLE VOLTAGE TRANSFORMERS
P5RTABLE

Input 230 iv. A.C. Out-
put variable 0-260 v.
A.G. at 2.5 v. Fitted in
beautifully finished steel
case. Complete with
voltmeter. pilot lamp, 50 AMPS.fuse, switch, carrying
handle, 19/17/6 P.8C.5 -.
I AMP. OPEN TYPE.

(Type IA)
Compact
well con-
structed
unit de-
signed for
buildinginto

equipment. Panel or
rack mounting, extend-
ing shaft. Complete
with engraved voltage
panel and control knob.
Input 250 v. A.G. Out-
put variable 0-260 v.
Ideally suited for Manu-
facturers of variable vol-
tage equipment. Price
£411716 post paid.

I AMP

-0(
410.,

INPUT 230 v. A.C. 50;60 -
BRAND NEW Carriage Paid. Buy direct
from the importer, keenest prices in the
country. Ail Types (and Spares) from 1 to SO
amp. available from stock.
0-260 v. at i amp L3 3 0

*0-260 v. at I amp L4 10 0
*0-260 v. at 2.5 amps. L5 17 6
2.5 amps., Portable L9 17 6

00-260 v. at 4 amps. L8 7 6
*0-260 v. at 5 amps. L9 0 0

0-260 v. at 8 amps. L13 10 0
*0-260 v. at 10 amps. C17 0 0
'0-260 v. at 12 amps. £19 10 0
*0-260 v. at 20 amps. £32 10 0

*0-260 v. at 37.5 amps. L65 0 0
*0-260 v. at 50 amps. £85 0 0

'These instruments are fully shrouded.

I 100 WATT POWER
RHEOSTATS (NEW)

Ceramic con-
struction wind-
ing embeddded
in Vitreous
Enamel heavy
duty brush ass-
embly designed
for continuous
duty.

Available in the following
four values.
50 ohm. I .4 a., 100 ohm. I a..
1,000 ohm., 280 mA.. 1,500
ohm. 230 mA. Dia. 3f in.
Shaft length Sin., dia.
27/6. P. & P. 1/6.

NEW ( AMP. FULL
RANGE VARIABLE

VOLTAGE
TRANSFORMER

Input 230 v.
A.C. Output

continuouslyarable from
0 to 260 v.

at f amp. Size:
dia. 3in., depth
31in. includ-

11 ing shaft, single hole fixing.
I Easily built into equipment.
I Ideal for manufacturers or

Lab. use. L31310.

INSULATED TERMINALS
available in black, red,
white, yellow, blue and
green New. IS'. per dor.
P. 8 P. I -- - - - -

7 AMP. A.C. D.C. VARIABLE OUTPUT

and voltmeter
Price 04 10

SLIDER
RESISTANCES

I ohm.. 12 amp., 17/6; I 2
ohm, 14 amp. 27/6; 75 ohm. 2
amp. 37/6;200 ohm, 1.25 amp
37/6; 36 ohm, 6.5 to 2.8 amp
tapered winding, geared drive
(less knob), 37/6. P. & P. 3/6

POWER UNIT
Input 230 v, A.C.
Output continuously
VARIABLE from 0 to
260 v. A.C. OR 0 to
230 v. D.C. at 7 a.
Robustiy construc-
ted in metal care,
complete with safety
fuse, neon indicator

Size 17 x 12 x 71n. Weight 361b.
Carriage 201-.

INSULATION
TESTERS

(NEW)
4.41

Test to I.E.E. Spec. Rugged metal
construction, suitable for bench
or field work, constant speed
clutch. Size: L. Bin., W. 4in., H.
6in. Weight 61b. 500 volt, 500
megohms. Price £22, carriage
paid. 1,000 volts, 1,000 meg-
ohms, £28, carriage paid.

SERVICE TRADING COMPANY
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SERVICE TRADING CO
ULTRA VIOLET BULBS
Easy to use source of U.V. for dozens of practical
and experimental uses.
12 volt 36 watt A.C./D.C. SBC 6/6. P. & P. I'-.
12 volt 60 watt A.C.ID.C. SBC 816. P. & P. I -.
Transformer to suit the above. Input 200-240 v.
A.C., 12 volt 36 watts, 16/6; P. & P. 2'6. Input
200-240 v. A.C. 12 volt 60 watt, 22/6. P. & P. 316.
Set of 4 Colours FLUORESCENT PAINT.
Red. yellow, green and cerise. In oz. tins.
Ideal for use with the above Ultra Violet Bulbs.
9j6, plus 1.6 P. & P.

SIEMENS SEALED HIGH
SPEED RELAYS

H96A, 2.2 ohm 2.2 ohm., new 12 6.
H968, 50 ohm 50 ohm, new 12 6.
H96C, 145 ohm 145 ohm, new 12 6.
H96D, SOO ohm SOO ohm, new 12 6.
H96F, 1,000 1,000 ohm, new 12 6.
1-196S, 1,700 ohm 1,700 ohm, ex.
equip., 16/6. P. & P. I - On each Relay.

P.O. RELAYS, Type 3.000
100 ohm 3 co 2 make. 2 break, 12'6
200 ohm, 6 co. 6,500 ohm. I c/o, I break.
500 ohm. 6 c o. 16.000 ohm. 2 make, 2 break
500 ohm I Heavy duty c/o, 12/6
500 ohm, 4 Heavy duty make.
2.000 ohm, 4 make, 4 break.
20.000 ohm, 2 Heavy duty make, 12,6
All at 12'6 each, plus I'- P. & P.

G.E.C. SEALED RELAYS
M1069 5,000 ohm, 2 c,o. MI084 180 ohm, 4 Co
M1092 670 ohm, 4 co. MI095 670 ohm, 2 to. 2 b
M1100 670 ohm, 2 c/o. Ex new equipment.

All at 12,6 each plus I!- P. & P.

7,000 OHM SEALED RELAY. High Speed
single c/o. Platinum contacts. Super -sensitive,
ideal for Transistor circuitry. Will operate
on I milliamp. 25:-. P. & P. 1/-.

SPECIAL REVERSING 24 VOLT D.C. MOTOR
2 -AMPERE

Quadrant moves 9C degrees with limit switches.
Ideal for opening doors, etc. Price 32/6 P. & P. 3/-.

SOLENOID. Overall length 3Iin., stroke fin.
to fin. Maximum push 8 oz. 12-24 v. D.C.
operation. D.C. resistance 35 ohm. Price 8/6.
P. & P. 1/6.
SOLENOID Heavy Duty 230 v. A.C. Approx.
31b. pull. IS -. P. & P. 1 6.
SOLENOID OPERATED MAGNETIC RELAY.
Type Sc;3944, 4 Pole c/o., 10 amp. Contacts,
24 volt D.C. operation, 12/6 each. P. & P. 1,6.

SX 631 SILICON RECTIFIER. 100 v. P1V.
750 mA in air or 2 amp. on 2 2 all. heat sink,
3 6 each, P. & P. 6d., or 4 to make bridge 12/,
P S. P. I -.

WIMSHURST ELECTROSTATIC
GENERATORS

A- t. Really well constructed machine.
Ideal for School and Laboratory to
demonstrate the various effects
associated with static energy.
Will work well in any atmospheric
condition giving a spark over Sin.
long in dry weather. I lin. dia.

'-r twin plates. 2 Leyden jars. Dis-
charge electrodes. Heavily plated fittings, mounted
on solid wooden base. Outstanding value at
L13/17/6. Carriage U.K. (B.R.S.) I0/-.
RESETTABLE HIGH SPEED COUNTER.
3 figure, 1,500 ohm coil, 40-50 v. D.C. operation.
Brand new, 50/- each, plus 1;6 P. & P.
EX P.O. MAGNETIC COUNTER (old type),
either 500 ohms for 24 volt operation or 3 ohms
for 6 volt D.C. operation. 4 figures to 9,999. Price,
either type, 8/6. P. & P. 1/6.
LATEST HIGH SPEED MAGNETIC COUN-
TERS. 4 figure, 10 impulses per second. Type
1000, 4.1 ohm coil, 3-6 v. D.C. operation. Type
100A, 500 ohm coil, 18-24 v. D.C. operation.

Type 1008, 2,300 ohm coil, 36-48 v. D.C. operation.
Any type 15/- each, plus 1/6 P. & P.

HIGH SPEED BLOWER UNIT
200250 volt A.C. Powerful 2 -speed motor, 11,000
and 13.000 R.P.M. 17.6, plus P. & P. 2;6.
AUTO TRANSFORMERS. Step up, step
down. 110-200-220-240 v. Fully shrouded. New.
300 watt type L2 6.6 each. P. & P. 2/6. 500 watt
type £3 7/6 each. P. & P. 3,9. 1,000 watt type
i4 10 - each P. & P. 6.:6.

FIRST AGAIN ! TYPE 34R SILICON
SOLAR CELL

Four .5 volt units
series connected in
high impact poly-
styrene case, flying

//1 `' lead connections.
Specially designed

diffusing lens system to ensure maximum light
pick-up. Output -up to 2 v. at 16-20 mA. in
bright sunlight. Wider spectral response, and
thirty times the efficiency of selenium cells. As used
to power earth satellite! 37.6, and I.- P. & P.

230 v. A.G. RELAY. Type I. 2 c. o, 2 amp.
contacts. 96. Type 2. 2 IS amp. break, 2 . 2

amp. make. I 2 amp. break. II 6. Both types
ex new equip. P. & P. I 6 each.

2 0 VOLT A.C. GEARED NOTORS
Type BI6G 80 r.p.m. 261b. inch 12 2 -. P. & P.2 -
Type DI6G 5 r.p.m. 1.76. inch L2/46. P. & P. 216
Type DI6G 13 r.p.m.1.451b. inchL2/12 6. P.&P.2 6

230 Volt AC 50 ca. 5 -figure Veerfer-Roo
Counter (not resettable

New. Boxed. 19/6, plus 2/6 P. & P
MINIATURE

UNISELECTOR SWITCH
3 banks of 11 positions, plus
homing bank. 40 ohm coil.
24-36 v. operation. Ex equip.
individually tested. 22/6, plus
2/6 P. & P.

20 -way STRIP containing standard Post Office
telephone Jack, Sockets, overall size I I x 3/ x /in.
New. Price 15/. each. P. & P. 1'6.

Pour, and Carria, shown
1,1or. arm, inland only. For
ov'rses el us. ask for
qoonation. We do not
ein entalOgee or list.

DIALS FOR AUTOMATIC TELEPHONES,
used but good condition, 12 6 en , plus 2/6 P. & P.

CROMPTON PARKINSON BRAND
NEW ' h.p. MOTORS. 230/250 VOLT
A.C. 1,400 R.P.M. Fitted with 21 x /in. SPIN-
DLE. Price L3 5 -. Carriage 8 6.

V/.

LIGHT SENSITIVE SWITCH
Kit and parts including ORP.12 Cadmium
Sulphide Photocell, Relay, Transistor and
Circuit. Now supplied with new Siemens
High Speed Relay for 6 or 12 volt operation.
Price 25/, plus 2/6 P. & P.
ORP.I2 and Circuit 8.6, post paid.

A.C. MAINS MODEL
Incorporates main transformer, rectifier and
special relay with 3, 5 amp. mains c,lo contacts.
Price inc. circuit, 47,6, plus 216 P. & P.

SEMI -AUTOMATIC "BUG" SUPER SPEED
MORSE KEY.
7 adjustments, precision tooled, speed adjustable
10 w.p.m. to as high as desired. Weight 2)1b.
post paid.

MUIR HEAD KEY SWITCHES
Latest type, twelve c/o
(6 per side). Heavy duty
silver contacts. Complete
with chrome escutcheon
plates and screws (less knob).
IS:- 1;6 P. & P.

KEYING LEVER
Especially designed for use with all types of elect,onic
keyers. Fully adjustable micro -switch action, no con-
tact bounce, precision made, finely polished parts.
Screw down base. Price L4141-, post paid.
TRANSISTORISED FULLY AUTOMATIC
ELECTRONIC KEYER. 230 v. A.C. or Battery
operated. Incorporates built-in monitor Oscillator,
Speaker, and Keying
Lever. Adjustable
speeds. Keying either
auto., semi -auto. or
hold. 4 diodes. 7

transistors. Price.
L16/10/-, plus 4/6 P. & P.
TRANSISTORISED MORSE OSCILLATOR
Fitted 21in. Moving Coil Speaker. Uses type PP3
or equiv. 9 v. battery. Complete with latest design
Mprse Key.221.6. Plus 1/6 P. & P.

ALL MAIL ORDERS. ALSO CALLERS AT:
47-49 HIGH STREET, KINGSTON -ON -THAMES

Telephone: KINgston 9450.
Closed Saturdays.

Is. grade TRANSISTORS Brand new
OC28
OC29'

87 - 00 CI 33; 2251,10598 20,
30/-

0C41
6 6 OC 171 ... 9/--i TK2OB 7116

7 - OC 140 ... I9/-, S8345

0°CC4154 5 - 0C200 .. 10/6 AC107

0072' 14 6
0071

.
5 'AEI 14 1 1

0C203 ... 14/-
7 _

0073 6 Get 104 ... 6/-1AF115 10 -

0075 7 Get 105 ... 10/HAF116 .. 10 -

6 Get 573 ... 12/6 'AF117 .. 9.600cC8761,

. 8 - 2N706A ... 17/6 43CZ I I

'Available in Matched Pairs.
DIODES

S°A799Il ZISS0I11X B

ZENERS S'
All 4 watt 5 .. at 10/- each, 4.3 v., 4.7 v., 5.1 v.,
5.6 v., 6.2 v , 6.8 v., 7.5 r. 8.2 v., 9.1 v., 10 v., 12 v.,
IS v., 16 v., 22 v.

HEAVY DUTY L.T. TRANSFORMER
Very conservatively rated for continuous duty.
Input 110-260 volts, multi -tapped, SO cycles, single
phase. Output 28. 29, 30, 31 volts at 21 amp.
Price L6/15;-. Carr. 10/-.

L.T. TRANSFORMER
Type I. Pri. 200-240 sec. tapped 30, 32, 34, 36

volt at 5 amp., 57/6. P. & P. 4/,
Type 2. Pri. 240 sec. tapped 30, 40 and 50 volt

at 5 amp., 44/15/.. P. & P. 4/-.
Type 3. Pri. 200-240 sec. tapped 10, 17 and 18

volt at 10 amp., 57/6. ?. & P. 4/-.
Type 4. Pri. 240 sec. tapped 6 and 12 volt at 20

amp. 726. P. & P. 5;-.
Type S. 17, 18. 20V. at 20 amp., £4/19/6. 5/- P.& P.
Type 6. 6. 12v. at 20 amp.. L4/15/- P. & P. 7/6.

A.C. AMMETERS
0-I, 0-5, 0-10, 3-15, 3-20 amp. F.R. 2fin. dia.
All at 21 - each.

A.C. VOLTMETERS
0-200 v. A.C. Rect. M -Coil 3fin. Type W23
0-300 v. A.C. M.I. 2fin. F.L
0-300 v. A.C. Rect. M -Coil 2fin
0-300 v. A.C. Rect. M -Coil 3fin. Type W23

D.C. AMMETERS
0-20 amp. D.C. M -Cod 2in. Rnd 12/6
0 40 amp. D.C. M Coil 2in. Rnd 12/6
0-5 amp. D.C. M.I. 2fin. Rnd 11/6
0-500 Microamp. aub-min. Ifin. dia. Scaled

0-I milliamp. 2I/-
:'ostage extra.

CONDENSER
8.000 mid.. 50v. 24111. x 41in .. 12/6- -
DELCO 12-27 VOLT D.C. SHUNT WOUND
MOTOR. 5,400 r.p.m. torque 4in, oz. double sp.,-
die, smooth rune ung ex -new equip. 12/6 P. & P. 2/6,

22;6
29/-
95/ -

4

VAN DE GRAAFF ELECTRO-
STATIC GENERATOR, fitted
with motor drive for 230 v. A.C.
giving a potential of approx. 50,000
volts. Supplied absolutely complete,
including accessories for carrying

out a number of interesting
experiments, and full instructions.
This instrument is completely
tare, and ideally suited for School
demonstrations. Price L6/6/- plus
4/- P. & P. Leaflet on request.

Latest type SIEMENS MINI-
ATURE RELAY in Transparent
Care. Gold-plated spring sets. 4
c. o 700 ohm coil. 2.5v. D.C. op-
eration. Size. I j x I x lain. New
in maker's packing. Price 12/6.

BUILD AN EFFICIENT STROBE UNIT FOR
ONLY " 37/6 "

The ideal instrument for workshop, lab. or factory.
This wonderful device enables you to " freeze
motion and examine moving parts as if stationary.
We supply a simple circuit diagram and all electrical
parts, including the NSP2 Strobe tube which will
enable you to easily and quickly construct a unit
for infinite variety of speeds, from I flash in several
seconds to several thousands per minute. New,
modified circuits bring price down to 37/6, plus
3/- P. & P.
NSP2 CV2296 STROBOTRON FLASH TUBE
made by Ferranti, brand new, I.O. base. Price
!Sir. P. & P. 1

PERSONAL CALLERS ONLY 9 LITTLE NEWPORT
STREET, LONDON, W.C.2. Tel.: GER. 0576.

(OFF LEICESTER SQUARE)
Open till I p.m. Thursday and all day Saturday.
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Willinsons FOR RELAYS
P.O. TYPE 3000 AND 600

BUILT TO YOUR REQUIREMENTS -QUICK DELIVERY
COMPETITIVE PRICES - VARIOUS CONTACTS

DUST COVERS -QUOTATIONS BY RETURN
VEEDER-ROOT MAGNETIC COUNTERS W11 H ZERO RESET
800 COUNTS PER MINUTE. 6 FIGURES. GENERAL PURPOSE
TYPE. VARIOUS A.C. VOLTAGES AVAILABLE FROM 110V to
250 V. 65/- post 2/6.

SMALL MAGNETIC COUNTERS

3. I in per second.
with 4 figures. Tho following D.C.
voltages arc available. 6 v., 12 v..
24 v.. SO v., or 100 v.

POTENTIOMETERS, WIREWOUND AND CARBON including
Sub -miniature, sealed and precision types. latest addition 7.5 WATT
PAINTON SEALED in preferred values 1001! to 50K I? 9/- each, list now ready
10 WATT BERCO 231(f) with taps at 5. 10 and I5Ki l, ideal for test equip-
ment etc. Complete with Sin. skirted knob and dial 15/-. Post 3/-.

MINIATURE SEALED RELAYS OVER 120 TYPES IN STOCK.
SIEMENS - G.E.C. - S.T.C. - ERICSSON - SEND FOR LIST.
S.T.C. POLAR, ZED RELAY 41928. Coil 4 550.' with lacks, 50/-.
MINIATURE UNISELECTORS. Plug-in type. Occupies no more space
than a P.O. 3000 Relay. Siemens No. 2200A. 3 level, 12 outlets, SO volts,
1 bridging and 2 non -bridging wipers. Supplied with jack. 90/. inc.
LONDE X RELAYS Type LF 24 v. D.C. or 440 v. A.G. 2 Break 35/- each.
RELAYS 24 volt D.C. 4 Make. 4 Break 10 amp. 5C/3944 Dust cover. 12/6 each.
LEDEX SOLENOID DRIVEN WAFER SWITCHES. Size 5S. From 90/-,
11 way and off 3 to 24 Pole, also 4 Pole 12 Way and 54 Pole on/off.
Commutating switch section and control wafers available.

Microammeters, Milliammeters, Voltmeters
2;in. Moving Coil Flush Round. 100 Microamp, 40/-;
10-0-10 Milliamp, 35/-; 50 Milliamp. 35/-; 100 Milliamp
25/-. Proi. Round 50 Microamps, Special scale 45/, All
D.C.: 100 Microamps. A C. 85/,
3 lin. MC Flush Round. 100-0-100 Microamp. 70/-; 500
Microamp 70/, 10 amp 45/.. 500 Milliamp 54/-.,
2in. Moving Coil Flush - Round. 0/1 Milliamp: 0/5
Milliamp.; 3/10 Milliamp.: 0J20 volts; 0/30 volts; 0/40 volts;
0/5 amp., all at 27/6 each.
MICROAMMETERS. 2in. 0/500 D.0 Flush Round. 2.5/-.

M.C. RECTIFIER A.C. METERS. 3jui. FR 10 Milliamps. 70/-; SO volts 72/.;
100 volts 70/-; 200 volts 75/-; 1,0001' per volt.
MOVING IRON A.C. AMMETERS. 0/10 2;in., 44/-;0/20 3inas. 561-, both
flush round 0/60 6in. Projection Round. 90/, Postage on small meters, 2/-.
KEY SWITCHES (3 position).
P.O. 212 2C/2C Locking 6/6.
P.O. 264 2K/2K Locking 9/,

4C/4C Non -Locking 13/6.
P.O. 295 4C/6C NL/L 17/6.
Other types available. Knobs 6d.
Plates If..
RESISTORS WIREWOUND AND HIGH STABILITY CARBON inc.
Erie 109, 108 and 103. ex stock in quality. Write or phone your requirements
PRECISION SILVER MICA CAPACITORS, 0.1 rnfd. i%, 61- ea.: 1% 5/ -ea.
"VISCONOL-CATHODRAY" CONDENSERS. .001 mid. 10 kV. 5/-:
.002 mf 15kV.. 9/-; .02 mf 101tV. 10/-; .025 mf 2.5kv. 5/-; .05 mf 5kV.
0.1 mf 4kV, 9/-; 0.I rat 6kV, 17/6; 0.5 mf 2.5kV, 17/6; 1 rnfd 2kV., 17/6.

MANUFACTURERS OF MACHINES FOR

AUTOMATIC & HAND
COIL WINDING,

LAYER, WAVE AND
CONTINUOUS STRIP

WINDING
REEL CARRIERS (Light & Heavy)

Machines supplied to customers'
requirements.

Your enquiries are invited

ETA TOOL CO.
(LEICESTER) LTD.

29A WELFORD ROAD, LEICESTER
Phone 56386

5WW-137 FOR FURTHER DETAILS.

L. WILKINSON (CROYDON) LTD.
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY

Rhone: THO 0276 Grams: WILCO CROYDON

THE HIGH - FIDELITY
MAIL ORDER SPECIALISTS

GOODS DESPATCHED BY RETURN
Carriage, Packing & Insurance (U.K.) FREE!!
AMPLIFIERS . TUNERS SPEAKERS MOTORS . PICKUPS . MICROPHONES

CABINETS TAPE RECORDERS
ACOS. A.D.C.. ARMSTRONG. B. and 0 BRENELL. CELESTION. CHAPMAN. CONSOLS-
SEUR. DECCA. DULCI. FERROORAPH. Fl -CORD. GARRARD. GOODMANS. JASON.
K.E.F. LEAK. LOWTHER. LENCO. LUSTRAPHONE. PHILIPS. PYE. QUAD. RADFORD.
RECORD HOUSING. ROGERS. ROSETTE. S.M.E. TANNOY THORENS. TRUVOX.
T.S.L.. VORTEXION. W.B. WEARITE. WHARFEDAI.E. ETC.
Hire Purchase terms available "Comparator" Demonstrations

WORLD WIDE EXPORTERS
OVERSEAS ORDERS SENT FREE OF PURCHASE TAX
AND SHIPPED PROMPTLY AT MINIMUM COST

C. C. GOODWIN (SALES) LTD.
(Dept. W63) 7 THE BROADWAY, WOOD GREEN
LONDON, N.22. Tel. BOWes Park 0077 8

SOI, ENO I D
TYPE SCM

Continuous 3ozs. at r.
Instantaneous to 2lbs.
Larger sizes available.
Also -Transformers to

8kVA 3 phase.
9

D. A. WEIMER LTD.
KNAPPS LANE, CLAY FULL, BRISTOL 5 Phone: 65-722819

5WW-138 FOR FURTHER DETAILS.
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NO PICTURE IS GOOD ENOUGH
TO SHOW YOU THAT THE
NEW ARMSTRONG 221 AMPLIFIER

FULLY INTEGRATED
WITH

MAGNETIC pickup inputs

ceramic pickup inputs

tape inputs

tape monitoring

loudness control

:reble filter

-umble filter

stereo & mono

10 watts per channel

optional case

many other features

IS

THE BEST VALUE MONEY CAN BUY
AS DEMONSTRATED AT THE 1965 AUDIO FAIR
ARMSTRONG AUDIO LTD WARLTERS RD  LONDON N7 NORTH 3213

for £33-15-0
send coupon or write to dept. 5WW65

name_

address _

5WW65

SWW-139 FOR FURTHER DETAILS.
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London's Unique Electronics Specialists.....
VISIT OUR NEWLY EXTENDED SHOWROOMS
WHERE YOU CAN SEE SOME OF

AERONAUTICAL INSTRUMENTS
OSCILLOSCOPES TO WAVE METERS
FREQUENCY METERS
CRYSTAL CALIBRATORS
STANDING WAVE INDICATORS
ELECTRICAL METERS
WAVE GUIDE EQUIPMENT

THE VERY LATEST ELECTRICAL

PRESSURE GAUGES
ACCELEROMETERS
TRANSDUCERS
BLOWER MOTORS

SERVO COMPONENTS
MAGSLIPS

MOTORS

AND ELECTRONIC TEST EQUIPMENT
RELAYS
RESISTORS AND CONDENSERS
WIDE RANGE OF PLUGS AND
SOCKETS FOR ALL PURPOSES
TRANSISTORS & DIODES
SWITCHES & CIRCUIT BREAKERS

LATEST CATALOGUE NOW READY
SEND 6d POSTAGE FOR OUR FULLY ILLUSTRATED
CATALOGUE OF ELECTRONIC COMPONENTS
Covering:

BLOWERS GEAR BOXES AND MOTOR
MOTORS MOTORS TACHOMETERS

PRECISION SERVO MOTORS AND RECTIFIERS AND
SWITCHES SYNCHRO EQUIPMENT VALVES

TRANSISTORS & DIODES
ICatakgues showing other items from our extensive range are now in production

I

ISeparate illustrated lists are available for Transistors, Diodes,
Rectifiers and Valves. Send 3d. postage.

A.C. Ammeters. 0.10 amps Moving iron
25-100 cs 2' diam. 17 6d. P P 2 -.
A.C. Ammeter. amps. Moving iron

.

400x s 2 diem. 3: x 3;" sq. PP 21.
Milliammeter. 0-100 MA F.S.D. Scaled 0-10
volts. Moving coil. 21" diem. Round flush.
294d. P,P 2 -.
Voltmeter. 0-10 volts D.C. 21' diam.
31" x 31' sq. 37,15.d. P P 2 -.

Voltmeter. 0 -IS volts A.C. Moving iron 50 c s 21' diem.
Round flush. I7/6d. P P 2'-.
Voltmeter. 0-20 volts. A.C. Moving iron 50 c s 21' diam.
Round flush. 17:6d. P P 2 -.
Microammeter. 200 W.A.F.S.D. Scaled Power Watts. 0-10,
0-100, 0-200 W. 2' round flush. Simpson Elect. Co.. U.S.A.

P/P 2
Microammeter. 20-0-20 W.A.F.S.D. Clear Scale. 2/' round
flush. 29;15d. P P 2 -.
Microammeter 20-0-20 W.A.F.S.D. Scaled 10-0-10. 11% 11"
x 11" sq. 296d. P:P 2 -.
Microammeter. 0.500,W.A.F.S.D. Scaled 0-1 MA. D.C. I'
round flush 19 6d. P P 2 -.
Microammeter. 100-0-100 W.A.F.S.D. Res. 487 Oh ms

21' round flush. 22.6d. P/P 2 -.
Microammeter. 500 W.A.F.S.D. 2' sq. 21 x 2: 39.6d. '
Microammeter. 500-0-500 W.A.F.S.D. 2//- sq. 31 x 31'
39 6d. P P 3'-.
Milliammeter. 0-I MA F.S.D. r sq. 21 x 21. 35, 2.-.
Milliammeter. 0-1 MA. F.S.D. 34" sq 41' x a!" 73/. PIP 2.-.
Mi 'ham meter. 0-25 MA. F.S.D. 2'.- sq. 31 x 3139;68. P/P
Milliammeter. 0-500 MA F.S.O. 21"
round flush. Scaled 0-5 amp. Res. 15 Ohm
17/6d.
Milliammeter. 30-0-30 MA. 2'' round
flush I2,6d. PIP

VENNER MINIATURE SILVER
ZINC ACCUMULATOR,

TYPE H. 105.
1 Nominal Voltage I.5

^ volts. Nominal Capacity
arnp.-hrs. Recorn-

10-$'" mended Max. Discharge
at 20 C. 4.5 amps. Max.
Discharge Time at 5

amps.- I5 minutes.
Complete with ampule and vent cap.
6- x I r x oz. 10 6d. P P I 6.

VENNER MINIATURE SILVER ZINC LIGHT-
WEIGHT ACCUMULATOR, TYPE H. 075.
Nominal Voltage 1.5 volts. Discharge
Time at 750 M.A. 53 minutes. Re-
commended Max. Discharge rate 1.75
amps. Max. Discharge at 2.5 amps at
20 C. -IS minutes. Size: 1 -fl" x I

x I Weight oz. 10/6. P/P 1,6.

3 -Digit Mechanical
C Complete
with drive gear. Sian

x x 11'. Black
finish. Price 5,6 P P 1'6.

Small
ic

Impulse -Count -
r. High-speed type.

10 impulses.second
with 4 digits. 24 V D.C. with slide metal
cover 31' x x 29/6 PIP 1/6.

Relay. 39 Ohms, 3 volt
single contact. Size
11' x x V. Price 2/-.

0-4 amp. Radio Frequency Meter Thermo-
couple. Self contained. Finished in black bakelite.
Sire 24 X 31 X14" depth. 21164. PP 2 -.
Micro -switches. Single pole. Extremely sensitive.
Site 2 x 11 x Rated C. 7 for 3:-. P P 1,6.

TEST EQUIPMENT
For personal callers only -we offer a wide range of
Test instruments below manufacturer's list prices.

Rapidgraph Pen Recorders
SEFRAM "RAPIDGRAPH" high-speed pen recorders, specially
designed for direct recording of transient phenomena down
to 0.01 sec. or oscillatory phenomena up to 60 c.p.s. (or 120 c.p.s.
with correction amplifier.)
Interchangeable pen units and wide range of chart speeds make
them suitable for many measurements or controls, either directly
or associated with appropriate transducers, with or without
amplifiers. Examples of applications are: Recording of varia-
tions in current, voltage, frequency. speed, torque acceleration;
measurement of working time of relays, welding machines,
circuit breakers, recording of vibrations, strain, pressure,
geophysical prospecting by seismic methods, medical research,
etc. Nine different speeds of paper feed.
Dual Voltage 1101220 v. Size 11!," x 12I," x 7'. Rack mounting
version available specification as above. 19" x 12'x 113".
Outstanding value. Offered at half the manufactured current
list price. Brand new condition 350 guineas. Further details
available on application.

MAIL ALL ORDERS TO DEPT. W.W. I

LIND -AIR (SUPPLIES) LTD
53. TOTTENHAM COURT ROAD LONDON W.1

LANGham 3633
sWW-I40 FOR FURTHER DETAILS.
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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 oscillato
frequency 1,000 c/s. 12 x 17 x Eifin. Weight
151 lbs. A.C. mains 200 to 250 and 100 to
150 v. 40-100 c/s. With leads and handbook
ABSOLUTELY BRAND NEW. 145

PORTABLE RECEIVER TESTER
MARCONI INSTRUMENTS TF-888, 3
This instrument combines the functions
of a wide range signal generator and
output meter. Continuous frequency
coverage of 70 Kcis to 70 Mc/s in 8
wavebands by means of a rotating coil
turret. Output impedances 80 or 52
ohms or high level (500 mV) 400 Int.
Mod. at 1000 c/s. Two crystal checks at
500 Kcis and 5 MO. Panel meter moni-
tors carrier and also functions as output
meter full scale 10 mV., 100 mV. and lw.
Input impedances 3, 33, 150 and 60052.
Handsome grey case size IS) x 7/ x 11f
high. Wt. 17/ lbs. Operates from A.C.
mains 100 to 250 volts. As new, tested
and guaranteed. 439/10/-. Carr. 10/,

BC221 FREQUENCY METER
126 ke a. to 20 Me s.

This crystal controlled heterodyne fre-
quency meter is too well-known to need
further description. Those we offer are
complete with correct individual calibra-
tion book and are carefully tested and
guaranteed. Used condition.

Carr. 10/-. £16
Laboratory Standard £25

GENERAL RADIO LR2
HETERODYNE FREQUENCY &

CALIBRATOR EQUIPMENT.
BRAND NEW.

NavalLM-14

HETERODYNE
FREQUENCY METER

version of the BC -221. 125 KO to
20 Mc's. Undoubtedly superior to the
BC -221 in construction and performance.
Requires 12 or 24 v. LT and between 200
and 475 v. HT (self -stabilised). A parti-
cularly useful feature is variable RF
coupling and modulation is also available.
With correct individual calibration books.
Unused and guaranteed. L25. P. & P. 7/6.
Separate power unit for A.C. (if re-
quired). E4/10/.. P. 8 P. 5/-.

MARCONI SIGNAL GENERATOR
TF-517. Three ranges. 18 to 58 MO in
2 individually calibrated ranges and 160 to
300 Mc/s by DIRECTLY calibrated dial.
A.G. mains operation. AS NEW CON-
DITION. In original transit cases with
instruction book. E7/101-. Carr. CI.

MARCONI TF-390-G SIGNAL
GENERATOR. 17,10;-. Carr. LI.
Four ranges: 16-32, 32-60, 50-100 and
75-150 Mc/s. A.C. mains operation.
AS NEW in original transit cases with
correct individual calibration and in-
struction books.

G.E.C. RECEIVER BRT402E
14 valve superhet 150-385 Kc.s, 510 Kc s to 30 Mc/s in six wave-
bands. Sensitivity, sig./noise ratio, freq. stability etc. of the highest
order. Six step variable selectivity, Xtal filter (Xtal phasing
control), RF, IF and AF gain, 500 Kc/s Xtal cal., Audio Filter, "5"
meter, Ae trimmer, Variable BFO, A.C. mains operation. EVERY-
THING. Reconditioned. E60. Carr. 30/-. S.A.E. for details.

1

RECEIVER R.1071"
This receiver covers from 1.2 Mc/s to 17.5 MO continuously
in three wavebands. It is completely self-contained with
built-in speaker and power unit for operation from A.C.
Mains or 12 volt battery. Those we offer are guaranteed
perfect. £15. Carr. 30/-.

HIGH STABILITY POWER UNIT
Solartron Type SRS 156B. Designed to give ISO v. at
0-40mA. 6.3 v. 4 a. C.T.. 6.3 v. I a. Operates from A.G.
mains 100 to 250 v. 40 to 60 c)s. Size 9 x 6 x 6/in. high.
Ripple and noise less than 3501iV. Stability factor greater
than 400 I. Source impedances less than 251. BRAND
NEW. LS. Post paid.

TELEVISION SWEEP
GENERATOR

MARCONI TF 11041.
V.H.F. alignment oscillo-
scope for TV, V.H.F., IF

and VF response. Crystal
controlled or variable oscil-
lator markers. Sweep
width up to 10 Mc/s. Can
be used as normal oscillo-
scope. With handbook.
Details on request. AB-
SOLUTELY BRAND
NEW. US.

CANADIAN CRYSTAL CALIBRATOR
As used in Wireless Set No. 52. Gives marker pips at I Mc/s,
100 KO and 10 KO intervals. Harmonics are available up to
30 Mc/s. Incorporates a twin I Mc/s/100 KO crystal and uses
a multivibrator circuit for 10 Kc/s. Requires 12 v. L.T. and
150 v. H.T. Complete with valves, circuit of 52 set and
operational notes. BRAND NEW. S7/6, plus 216 post.

MAGNETIC COUNTERS (Ex-G.P.O.). 4 figures to 9,999.
Coils 500.2 for 24 v. operation. Tested (no reset). 5/- each.
P. & P. 1)6. SPECIAL OFFER. 10 for 30/-. P. & P. 5/-.

ABSORPTION WAVEMETERS
MARCONI TF-643B. Covers from 20 to 300 Mc/s in four
plug-in coil ranges. Complete with individual calibration charts.
Accuracy 1",,. Indication is on a 50iIA 2fin. panel meter.
In original transit cases. Condition as new 15/19/6. Carr. 7/6.

RELAYS G.C.E. MINIATURE SEALED
M-1099. 6700 2M HID Wire Ends 7/6
M -I052. 5.0002 2'CO. Plat. Wire Ends I0/ -
M -I092 67052 4/CO Plat. Wire Ends 12/6
ALL BRAND NEW AND BOXED. Please add postage.

MINIATURE RELAYS. 240 v. A.G. coils. Contact assembly
2 '' makes '' and I C.O. 5 amps. Size 2x If x lin. Unused and
removed from brand new equipment. 8/6 post paid.

HICKOCK OSCILLOSCOPE OS-sw.0
A high grade general pur-
pose instrument made to
exacting U.S.A. Navy speci-
fication. Detachable cover
with carrying handle. Com-
pact (134 x 6 x 8fin.),
weight 17 lbs. Green trace
Sin. tube. Bandwidth "Y"
amplifier D.C. to 2 Mc/s
(D.C. coupled). Sensitivity
40 mV/cm. "X" amp.
can be used separately,
similar spec. to "Y" amp.
Leads are housed in case.
For A.C. mains 105 to
125 v., 50 to 1,000 c/s.
BRAND NEW, tested and
guaranteed. E2S. Carr. 10/-.
Auto transformer 15/6 extra.

CHARLES BRITAIN (Radio) LTD.
II UPPER SAINT MARTIN'S LANE
LONDON, W.C.2. TEMPLE Bar 0545
Near Leicester Sq. Station, (Opposite Thorn House)
Shop hours: 9-6 p.m. (9-I p.m. Thursdays). Open all day Saturday.

OHM-
METER

Nashton.
Type V 16
A.G. mains
operation
200 to 250 v.
50 c/s. 10
ohms to I

Megohm (4
ranges) and
I Meg to
10,000 Megs.
(4 ranges).
Weston 4in.
mirror scale
meter. Uses
4 cathode -follower
valves fed
from stabi-
lised H.T. line. With circuit etc. A quality
instrument at a fraction of original price.
BRAND NEW 1809/6. P. & P. 5/6. De-
tails on request.

PHASE MONITOR ME -63/U
(AN/URM-67)

Designed to measure directly the phase
angle between two applied audio frequency
signals of from 20 to 20.000 c.o.s. , 1 .

Direct indication on a panel meter. Input
can be sinusoidal or non -sinusoidal from 2
to 30 volts peak. Of recent manufacture
(1957) by Control Electronics Inc. and ex-
U.S.A. Air Force. In first class condition
with handbook. A complex instrument
with 19 valves. E40. Carr. 30)-.

MOVING COIL PHONES. Finest
quality Canadian with chamois ear -muffs
and leather -covered headband. With
lead and jack plug. Noise .excliuding and
supremely comfortable. 22/6. Post 1/6.
As above but complete with moving coil
microphone. 25/-. Post 2j6. DLR-5 Low
impedance headphones with attached
throat microphone. 12/6. Post 1/6. All
these items BRAND NEW.

T.C.C. VISCONAL CONDENSERS.
8 mfd. 800 v. D.C. wkg. at 71 C. CP
152 v. Size 3x If x Sin. high. BRAND
NEW (boxed), 8;6 each. DUBILIER
NITROGOL. 8 mfd. 350 v. D.C. wkg.
at 71 C. Size II x If x On. high. With
fixing clips. BRAND NEW (boxed), 5/ -
each. T.C.C. or DUBILIER. 4 mfd.
600 v. wkg. CP 130T or similar. If x
If x 4/in. high. BRAND NEW (boxed),

4/6 each. All post paid.

ASSORTED CAPACITORS. Mixed
parcel of 100 all brand new, marked
value quality types. Silver mica, cera-
rnicon and feed through from I pF to
3,000 pF. 10/,

STANDARD TRANSFORMERS
Vacuum impregnated, interleaved, E.S.
screen, universal mounting. Size 4 x 31 x
21in. ALL BRAND NEW. 18/6 each.
Post 2/6.
Type I. 250-0-250 v. 80 mfa. 6.3 v. 3 a.
tapped at 4 v. 4 a. 4.3 v. I a. tapped at
4 v. and 5 v. 2 a.
Type 2. As above but 350-0-350 v.

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. Ideal for chargers.

ADVANCE CONSTANT VOLTAGE
TRANSFORMERS. Input 190-260 v.
SO c s. A.C. mains. Output 230 v.
150 watts. E7/10/-. Carr. 5/-.

OSCILLOSCOPE TRANSFORMER
These are replacements for the Cossor
339A 'scope. BRAND NEW in original
packing. Only a limited number. 79/6.
P. & P. 5/6.

SANGAMO
WESTON

VOLTMETERS
561. Dual range
0-5 and 0-100 v.
D.C. FSD I m'A.
3m scale. Recent
manufacture. Ideal
for schools. Com-
plete in super qual-
ity canvas carrying
case, with test
prods and leads.

BRAND NEW. Boxed 32/6. Post 2,6.
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R.S.0
BRADFORD
56 Morley Street
(Half day Wed.l
Now open, larger
premises at 10

North Pandit.

Post Orders to R.S.C. Manchester Ltd.
Dept. W. 51 Welling ton St., Leeds. 1.

Trade Supplied. Personal Shoppers to any of Branches below.

BRISTOL BIRMINGHAM
14 Lower Cattle St.

Tel.; 22304

(Holiday Wed.)

30 310). Western Arcade
l..'.: Evrr,d 1270

New spacious preimses
(app. Same 11s5 .1)...)

(Ye holy duel

DERBY
26 Osmsston Rd..

The SpoL
Tel.; 41361

(Half is, Wed.)

Post Terms. C.W.O.or C.O.D. No C.O.D. under £1.
Postage 29 extra on orders under V2. 4,6 extra under
IS unless tam stated.

DARLINGTON
13 Post House. Wind.

Tel.; boti41

(Half day 11.4 )

R.S.0In=
EDINBURGH GLASGOW HULL

133 Leith St.

Pa.; It 4 Feeley 3766

(Hoff dew Wal

326 Argyle St.

Tel.; CIT. 41Z,

(Ate Ralf Any,

51 Savile St.

BRISTOL NOW
OPEN

14. LOWER CASTLE STREET. (Hall -day Wedneadar

HI-FI 10 WATT AMPLIFIERS
BRAND NEW

Ex.-Guttar Amplifier, £7.19.6.
A REMARKAPLE (1'UNITS

LINEAR T SPE PRI- -AMPI IFIERS Tie- I P 1

TRANSISTORISED SOUND MIXER

49 6
R.S.C. POWER PACKS 200-250 v. A.G.

39 9
SUPERHET RADIO FEEDER. UNIT

NOMBR EX TEST
EQU IPMENT

£9.10.0
£8.5.0

STOCKISTS OF

ARMSTRONG CHASSIS
GOOOMANS, W.B. and FANE SPEAKERS,
LINEAR, LEAK, VERDIK, ROGERS, DULCI
AMPLIFIERS, GARRARD and COLORING
TURNTABLES.

CASH OR CREDIT TERMS

Fullowin, F V.
6 12 I

632 ;

I, 45

Only 3 pairs of tolderiti
joints plus mains.

! Iss7S:

rit.w=r140

AUDIOTRINE HI-FI TAPE RECORDER KIT
Build a high quality recorder in the £70 class for only

' .'' be assembled OR DEPOSIT £3.0.0

1/2 GNS.

Can
In

eaflet
S.A.E. lor
1 hour and 12 monthly payment, .,1 1.1

Send .Total 28 Gns.
Cash poet it settled iu 3 month..

INCORPORATING THE LATEST COLLARD STUDIO TAPE TRANSCRIPTOR THE
AUDIOTRINE HIGH QUALITY TAPE AMPLIFIER. A HIGH FLUX 7 41u. LOUDSPEAKER
Reel of Best Quality TAPE. Spare Tape Spool. a Portable Cabinet. sue approx. 141 x 15 .- B: u.
finished in complementary shades of Rexine and Emur. Connection diagram for wiring ampullw
to transcriptor provided. FEATURES INCLUDE:
* 3 -SPEEDS * FREQUENCY RESPONSE 50-11.000 c.p.a. * SWITCHED NEGATIVE
FEEDBACK EQUALIZING FOR EACH SPEED * OUTPUT 1 WATTS * MAGIC EVE
RECORDING LEVEL INDICATOR * 3 MOTORS * Past rewind * TAPE MEASURING
AND CALIBRATING DEVICE * TAKES FULL ,:n. DIAMETER REELS OF TAPE *
NEGLIGIBLE HUM * ENTIRELY EFFECTIVE AUTOMATIC ERASURE.

R.S.C. BATTERY TO MAINS CONVERSION UNITS
I P 11111 ti ill let Lit/ i; iii;or,

Suitable (or
2'1 battery pot:Able receivers re 4 v..11(1 90, 30 9

o r. THEREBY COMPLETELY REPLACING BOTH 11 T
BATTERIES AND,T 2 v ACCUMOLATORs.0 III, 1,11

tt ti

N H.P. & CREIT SALE
ALL INTEREST CHARGES REFUNDED

O

SETTLED WITHIN SIX MONTHSACCOUNTS

R.S.C. 4 WATT
GRAM.

AMPLIFIER KIT

59'9

R.S.C. A5 4-5 Watt HIGH GAIN QUALITY AMPLIFIER

R.S.C. 3 WATT GRAM AMPLIFIER KIT

39/9
SELENIUM RECTIFIERS

1 lip.' R.T. Types N.W.
1.9 pj.., ,.. 4. ,,.% 3 SJ

n. , 3 11
Bridgal 2.,,, ,, ,,,. , , 4 11

3 11 '=.ii, s. ,. ii. s 6 11
811 ...I. N.,. II. A 11 9

Type. Below Contact cooled
2..a, , nil Ili %. (I ,, 5 11

Ili 1. II. 11 7 11
F.W. Bridge Types

12,3
14'6
15 6
25 9
35 9

8 11
10 11

SPECIAL PURCHASE
BRAND NEW GARRARD
3000 LM HIGH QUALITY

STEREO MONO AUTOCHANGE
UNITS WITH LIGHTWEIGHT
PICK-UP ARM AND SPECIAL
HIGH FIDELITY HEAD

NORMAL PRICE
APPROX.
£12 . 15 .0

LIMITED NUMBER

AVAILABLE AT

( %OR

GNS

ACOS GP6T-26 Hi -Ft
Crystal Cartridges with
sapphire stylus.

ONLY 16 9
- 359

TRANSISTOR SALE

1 11 III
.' 11 '

JASON F.M. TUNERS

i6 11/ 6
1111, ES 199

R.S.C. BATTERY CHARGERS & KITS
for 200-230-250 v 50 c s. A.G. Mains Guaranteed 12 rwths.
HEAVY DUTY

12

arn, 59 9 ,

KIT BATTERY CHARGER KITS

51,1titilated
steel Case. Punta, fuse-huldera, grunt -
torts, panels, clip. and circuit. Carr.

TRANSFORMERS

129
14 9
169
199
239
289

EX -GOVT. SELENIUM RECTIFIERS 19/9
12 v. 15 amps. F.W. (Bridge). Only

EL GOVT. SMOOTHING CHOKES
mA. 10 h. 400 ohms 311. 100 mA. 10 h. 100 ohms. 60,

ISO niA. 10 h. 100 ohm. 10111. 120 niA 12 h. 100 ohm.
200 enA. 640 h. 100 ohms 11/9. 250 mA. 6 h. 60 ohms 10/9.
TANNOY S WATT RE-ENTRANT LOUDSPEAKERS.

fid workshop, factory or outdoor use 210 ca. Poet 416

6 v. or LI v. 1 sap. 229
28 9

6 v. ramp.. 199
6v. or 12 ir. maps 259
6 v. or 12 v. 2 amps 359

linclualva of ammeter)
6 v. or 11 v. amp, with variabl
charge rata selector, and
ammeter 52.9

As above with ammeter

RX60 DE -LUXE 4 BAND

COMMUNICATION

RECEIVERS
0.y. a

quenciea )1

continumic. Ire/ /peri - -;

Elide 1.111,. Inning k11.

l

61. " ti"
Internal ferrite aerial for medium wave. Telviwoplc whip aerial 68tn. 10 section fir abort

s. Fitted a0,livta for optional outdoor aerial. Headphone. external speaker. Socket
Lobar Jammu are clectima.1 bandoliers.' tuning. Nolo. limiter. A.V.C. B.F.O. stood

by ...Itch. Mae approx. 121 x 61 x Atka.
Handsome crackle finlabed metal cabinet. Brawl

w. with full Instruction. manual. Ulm!
rantee.FANE 122/10 20 WATT HEAVY DUTY

LOUDSPEAKERS Post Free

121n. 16 ohm. With exceptionally robust Mn. diameter 5 GNS.
tutee coil assembly.

VALVES Pull morel'
CHARGER Bia R.S.C. BABY ALARM of INTERCOM UNIT KIT

Keen prices. AMMETERS 0-7 a. For 200-250 v. AC. maws. Includes all parte, diagram. and
lost I oat.... High steed ivity. Completely sale. Controllable

54 4 STEREO AMPLIFIER Complete at both end .
Lit 01 part. to construct a 4 -1 4 watt good quality stereo ampli-
fier pr..viding realistic reproduction. Total tindiatorted output
is watts. Sensitivity 160 nl.v. Suitable all .tercu pick-up lead..
Ganged vol. and tone controls. Pre-set
balance. For 200-260 v. A.C. mains only.
Fully Isolated chasing. Or Including Stereo
Head 19/9 extra. Carr. 4'6 GNS.

19 6 PactG NS. g,f.r..

HOZIKKi In twocabinets of
pleasing design
89/6. Carr. el-.
Or assembled and
tested 6 011.

SWW-141 FOR FURTHER DETAILS.
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LEICESTER. LEEDS LIVERPOOL I LONDON !M'CHESTER MIDDLESBROUGH SHEFFIELD
60a -SOD Oldham St.

J 13 Exchange Street,32 High Street j 5-7 County (Mecca) :a Dale Street 106 Newport Rd,
Castle Market Buildings):Arcade. Briggate. Leeds 1:Tel.: central 3573 123d Edgware WRTel.: 56420 j. PADdington 1629 Telii,-.CEArLitrt.:78 Tel.: 47096

(11/4.1 date 70n,,,1 (1.1!!.:Indf can r0t. "st!',..4',"h"y1Zut Wolf ring Thur... New lame Stare (Ralf don 11. rd.)
I

'11,311;1;C, Tine..)

105

R. S. C.c="
R.S.C. A10 30 WATT AMPLIFIER

HIGH FIDELITY ULTRA LINEAR
PUSH-PULL OUTPUT

SIX VALVES I.I I a
-

II Z34. Tom c 111,1 1.1-, %TIT ..11
/It is /Aliens ly loch.

only 12 millivolt n1111111111111 itiplat is requirot
for full output. THIS ENSURES THE SUIT-
ABILITY OF ANY TYPE OR MAKE OF
MICROPHONE OR PICK-UP. Separate Miss
and Trehle ooltrols give both  lift" and
"ruL" with :1111/14 I ..... P eons etioo for lotig
play In. reeords. An 4vtr0 input with :cos/date
vol. control is prfIN 111141 S4. that two separate
inputs siteh as 2 mike " and grant. ete., eint 1,4
mitoultaneomly applied for itlivim piinowes. AN
OUTPUT SOCKET WITH PLUG IS INCLUDED
FOR SUPPLY OP 300 v. 20mA. and 6.3 v. 1.5 A. FOR A RADIO FEEDER UNIT. 1'1,,
lint, with /any to follow NNirin, diagram.
ONLY Or factoiy built ,.lit 141. E1,34 "dye, 311.1 with 12 0,,: -

rarr-11 gins. 14 GEL TERMS ON ASSEMBLED UNITS. DEPOSIT 346
lo,.. 6 im.nlnlc 1:::, newt.. of 33 5. ,Total 16 0111.1
Protective cover 1.910. T)1. 607 out pot sal,. ate used with High Quality sleet W4011.1
output transformer specially tle.ivned for I Itra Linear opera tiol,. Negative feedback of 211 11.1t.
d i main loop. CERTIFIED PERFORMANCE FIGURES ARE EQUAL TO MOST EXPENSIVE
UNITS AVAILABLE. Frequeney rvsponse 3.1/.11. 31420,000 e.s. Tone Controls 4 12 !Wit.
at 50 ew. 12 11.0. to 11 DAL at 12.0014. s., hum and noise 711 U.B. down. 1:4/0.1 00..10 -
n .11,ible components med. I'hassin thii.11 cold haulier. Overall site 12 9 Si,,.;, P.

eonsumption 110 watt'. For At . 1113111.1 200-2541 . 30 4.s. Output for 3 and 13 ohm-, co,. I

EQUALLY SUITABLE FOR THE CONNOISSEUR OR FOR LARGE HALLS. CLUBS OR OtTSI
FUNCTIONS. IDEAL FOR USE WITH MUSICAL INSTRUMENTS. SUCH AS STRING 13!0,
ELECTRONIC ORGAN, GUITAR. etc. FOR DANCE RANDS. GARRISON THEATRES.
We can supply Microphone, Speakers, etc., at keen cash pt Ives or on terms with a outliners. EXPORT
ENQUIRIES INVITED.

MANCHESTER New largseoar_e=1 gried7isaismessotroewet.open at

POWER
PACK KITS
1

1

II I I

of 1.haais,
Trans. 200-230
Double w4muti,
Rectifier, Tholes,

ttod, and

19/11

FANE HIGH FIDELITY SPEAKERS
All with exceptionally robust Sin. diameter voice coil assemblies,

12in. 15 ohms. Cast chassis: HEAVY DUTY.
5 rug. 103 110 ..,,, , .I1 6 ClIS,
7 00s, 1.2.2 12 S 2. 4,- 8 ,....
9001. 1/./. II l - 0 01- 102,

£11.'17 6 Ill
1 k ,.. , .,,- £12 17 6

15in. 15 ohms. Cast chassis: HEAVY DUTY.
1.2,'.! 1'_' '211 , . . . . 12 gm. :X.! 1, V 2., w . 13 ens

1 152,14 27 w. 14 mu. 15 of
18 am. I., 17 k a., .. 17 ,,,

1.:000 .1..0. sr.l s. s I

R.S.C. TRANSFORMERS
FULLY GUARANTEED

INTERLEAVED and IMPREGNATED
MAINS TRANSFORMERS. Primaries 200-250 v. Si) ,

FULLY SHROUDED. UPRIORTISOUNEDIG.
2411.11.2a0 v. WA., 6.3 v. 2 a. 0-5-6.3 v. 2 a. 21-3-3i1. 18 9
230-013701 s. 100 naA., 6.3 v. 4 a., 0-6-6.3 v. 3 a. 29 9
366-0-300 v. 100 mA., 6.3 v. 4 a., 0-5-6.3 v. 3 a. 29 9
300-0-300 v. 130 mA., 6.3 v. 4 a. c.t., 6.3 v. 1 a. F

610 Amplifier 38 9
4:0).0-330 e. 100 6.3 V. 4 a.. 04-6.3 v. 3 a.... . 29 9
35041.350 v. 150 mA., 6.3 v. 4 a.. 0-5-6.3 v. 3 a. 38 91
425-0-425 v. 200 mA., 6.3 v. 4 a., e.t., 0 v. 3 a. 59 9
423.0-423 v. ROO mA., 6.3 v. 4 a., 6.3 v. 4 a., b v.3 :L. 83 9
4311.0-410 v. 250 mA.. 6.3 v. 4 a., e.t. 5 v. 3 a. 69 9
TOP SHROUDED DROP -THROUGH TYPE
2.:0-6.2:61 v. ill Int,. 0.3 v. 2 111.. 11-3-11.3 V. 2 a. . 17 9
2:)0-11-2'41) 100 enA., 0.3 v. 3.5 a. 19 9
230.41.270 v. 100 mA., 6.3 v. 2 a., 6.3 v. 1 a. 21 9
34041-350 v. 80 mA., 6.3 v. 2 a-, 04-6.3 v. 2 a. 21 9
250-11-250 v. 100 mA., 6.3 v. 4 a., 0-5-6.3 v. 3 a. .. 28
300-0400 v. 100 mA., 0.3 v. 4a., 0-5-0.3 v. 3 a. ..
300-0-300 v. 130 mA., 6.3 v. 4 a., 0-5443 1. 1 a.

suitable for Mullard 510 Amplifier 35 9
330-0.330 v. 100 tu.A.. 0.3 v. 4 a., 0-5-0.3 v. 3 a. 28 9
350-0-330 v. 150 014., 6.3 v. 4 s., 0-5.6.3 v. 3 a. 37 g
MIDGET CLAMPED TYPE. Primaries 1041-250
2311-0-240 v. 00 mA., 0.3 N. 2 a., 2 21in. ... 13 9
230 v. 60 mA.. 0.3 v. 2 a. Mize 2 x 2 x itm. 12,9
FILAMENT TRANSFORMERS 13 v. 1 a. 7.9

N . 13 :1. 5;9 6.3 v. 3 v 8 11
6.3 v. 2 :v. 7,8 11.3 v. Ii a. 17.9

12 v. 3 a. or 24 v.1.3 a. 179
AUTO (Step UP, Step DOWN) TRANSFORMERS
50-80 watts 110-120 v. 230-240 v. 14 9
130 watt. 110-120 v. 200-250 v. 27.9
250 watts 1111-120 v..200-250 v. 49.9
OUTPUT TRANSFORMERS
Midget Batb/rt Pentode 66.1 for 334, cte, 4/6
Small Pento/14 5,1100Q to 41(1

5.011110 to 313 5 9
Standard Pentode 7,0000 to 30 5 9
Posh pull 8 watt. ELS4 to 30 n4. I50 8 9
Posh 40111 10-12 watts 65.0 to 30 or 130 18 9
Coyly poll 10-12 watts to twitch SUS to 3-6-0 id 130 19 9
104,11 pull HI.84 to 3 or 130 10-12 watt. 18 9
Plush pull Ultra Linear for Mullard 510, rte. 29 6
lqish pull 15-111 watts, ft/Ohm:ally wound 61.6, KT00,

etc., for 3 or 150 29 9
Push pull 20 watt high -quality xectIonally 11.0111211.

ELS., ILO, rte., to 3 or 130 fully ahroudv 1 49,9
MICROPHONE TRANSFORMERS

111A Limped 849
1...M0071115G CH (1K TV

11 9 80 raA., 10 H.. 3300 5'6
'/ 119 60 111A.. 10 II. 4)000 411
II 8 9 I :imp. 0.311 L.T. type et

R.S.C. All 12-14 WATT AMPLIFIER
HIGH FIDELITY PUSH-PULL

ULTRA LINEAR OUTPUT
"BUILT-IN" PRE -AMP STAGES

1. .

. 11.1.11111, 1.4.111.41. I.P
PI 1.1 1.I. OUTPUT.

. Ill .0,1 1, 1.1. Is 0, 104.- ,1.1. Mill 110 very Mud 4. ,

Co, STANDARD or LONG PLAYING RECORDS. E.., MUSICAL INSTRUMENTS moth as STRINtt
BASS, GUITARS. etc. OUTPUT SOCKET id, Otto .' //011 4. //0 to A 4111/1 c 3 I
144 Gippit of .. RADIO FEEDER UNIT. 61, 12 a 01 Foi Au. /11,14.
,1/ . n. 0111fIllt IL. 15 ohs)n, 1.4., 1. t 1...1 oat. c. 1,1'
all 11,tructioun sad poluttoindut 0 tog 11.1,1.14.S11141111.1 1o1 1.14.tor3,01,L,, 8 Gns.210,1946). ,

II required louvred metal covers with 2 carrying handle. ran be supplied for 18;9. TERMS ON
ASSEMBLED UNITS, DEPOSIT 25/- and 9 monthly payments of 257-. 4 Total £12 10.

I: for illustrated leaflet of Cabinet., Speaker.. " Mike.," etc. Caah or Terms.

R.S.C. STEREO/20 HIGH FIDELITY AMPLIFIER

0

ilt)44

I Ilustra1,1 1,41141

-iITABLE for "MIKE." 11R.A11. 0.51110 1)1I TAPE
INTENDED FOR THE HOME OR aTI 1110 III 'I' 12 mmatht guarani., /or 18
.1 'TABLE. FOR LARGE HALLS OR 11F.1.141111T Y Ink,. and 111114

Gionithl, pat melds 111 4116. 1.1.1:11
10.1,1`11 On 3 current Mullard design MINI ettiplo) 1E..c
Et 1'83, FAN't13, P.11.86, ECLati, ECI.801. EZ4i.
Output tra.turrners arc high quality ,...etionaiK wound t., ',Inured specification.
.4111111 iii.ititious for a atcl 13 ohmhpeakeni on each channel.
I 1:1 oi tsoti si 2.111,4141-20,000 1,E5 EL. 05118 down.

SENSITIVITN I 13 milli, ill. mach

Prot Ming 10.14 walls 1 II,
Lint vr Otolot
1. tit, I

1. too, dt11,1/
* Four -position tone comp. -nu -

nun selector switch.
* Stereo Motto switch so that

peak monaural output of 20
watts can be obtained.

* Separate bass "lilt" and "cut"
and treble "1111" and "cut"
controls.

* Aeon panel indicator.* Handsome Perspex Frou101a1e
Garr. 1001141 ..I 4.1

13
p.ot  0011 )0001-

GI/S. :1m " a:j

R.S.C. STEREO 10

HIGH QUALITY

AMPLIFIER
Complete kit td 1,1i

261 . F:1'1'03,Ft 3,43. ELAL E1,4. f1.11.1/.1).
111 .1101" 1.41.01 11..111,11, All,.,',.

w ,t 0,/
t

do , mit on col, ehannt1 I'd, Is 0G .1 a
.I2, _10 It, 0 ,/t 1 1,1111,1n: Stun,. N.01a oral 11114.11

1 56 It.
1,41.ot olio to od.t
Polio toto. It 44 .. I I r I

1100 (1111 ss 10, .1, I, 1 19.
IIr ,t 3 o 4. a 596,0..
It. .40.11,1o/ p to. Id -4424 2 1 212 19 6.

GNS.

LOUDSPEAKERS IN CABINETS. 12in.
10 WATT. 15::666

- IS 111. 1111:11

quality 1201. 10 wat t 12,11410 hoe speak/ r
3 ohm 4t,'. 0h,.£4.18 6. ratr.

p-. n4. Dets.cit 11 3 :111.1 111111. 111"111111

at 111.111N 11 3. (Total £5 12 131.
20 WATT. High Qoilitv 15.0101 lime
1 13 0000. 10 1'11,001 110100,1

17 19 6. l'a0 7 11 II. PI -II 17 9.,...1I', 17 9. Total
58.17.8

AUDIOTRINE HIGH FIDELITY SPEAKER SYSTEMS
li.sigued t., poo Me
111.1111 Intmenev
f. tin 40-214tIon odvs.

111114, 127ti. 12.11110 110,
15 oho. speaker orttGot r
I 'nit awl Tweet,.
recoo ..... doled for use with
ant High Fidvlity
tier. 10 Watt Unit.
FA 19 o
;V11 11 3 :111.1 11111r 1111111.

thlt pat loci, of 113
1141,1 25 12 CO. 20 Watt
Unit 26 19 g 7

14. it, tot 15 9 and nine
15.9. 11411,,1 27 17 8,

)1151:1 1 1'1..2 3 -WATT GRAM. AMPLIFIERS

59 6

111-.1 111111.1/11i, or I'artort atow101,1,41,
it .4.41 ail supplied w Ill our 1100:.1

tIttioNlt 0ircroirgios. 1.01, channel) 0.4..,.
..n

4

"G.

COLUMN SPEAKERS
For Public Address systems. vocalists toe.,
15 ohms. or 330 ohms for 100 v. line.
TYPE CS8
11.11111.1 10.211 11

, 1,,
ih ,.it 29 -

29 Ti).,) f14-10
1110 A /111. ,33 -
TYPE C4I2

12 Gns.

14.it1t,/ 44/ 1.:11 111I,

112.111111 11114,1 1, 1.0.111. I  11111.1011 1,14 -

11. Si, n.., ...Pl.,. 51 14
I at, 1. 19+Gns.

I le 10, p0,11 51 9 movt hit p.o rat.
44 5. CP.iti 21 ans./.

R.S.C. STANDARD BASS REFLEX CABINET
14.11115 14,04 di, 1,1 .1 voti Mo
14in. 13111. 6,111111111 ,.L111111 0-11.

in., 1k At Amlio-
11,0/ 81.4tt, -1/4./ £5 19 8.

1P1.1 ...
pi 111. 1.1..s- 11, 198.

AUDIOTRINE CORNER CONSOLE
CABINETS. stioncl, ioado.
v.,,, I ., odmit v cool. .1 tiniYh.

JUNIOR MODEL. To 4.15 op It,
..04 so, .21,111.

11111. ,111. 11111, 49 9.
STANDARD MODEL. T., 1.11..
op I0 Initi. ..pcslot . v1/ . to

1,04
SENIOR MODELS. T.. 1.,,, op to
12/11. ;,41GT n.l ,111,

Si,. :1154-0 0. :1010. 1:,01.
1.1111. 1 U....011111..1. .1 tor Ii -t with
.tutbooile -poker .4/11,4 8 On.,
W.B. "STENTORIAN - HIGH FIDELITY P.M. SPEAKERS
111-'14/12. lo waits mom. \Chore :1 44 .

-peak, as .1 0,1 ic required, we highly n111111111411.1 II.,
11161 N,1111 :1111:1Zh1,0 perform:km,. 2412.. Please ,Ivt.
Iv hello r oho. or 13 ohm require/I.

R.S.C. JUNIOR SASS REFLEX CABINET. Debig,
l bit suitable for any good quality Sin. ,s 11111.

leer. 101,131111 ported. Polished 'Want "lc 
/, 1`i,,. 1.2.111. 11/111. Strongly made. Ifatidsoh,

12, I -, -,1I 11III "0, 54-10.0
10 0 - 1 0 q 1 55 7 ))

SWW-142 FOR FURTHER DETAILS.
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IMMEDIATE DELIVERY
ALL ITEMS FULLY GUARANTEED

AC DC VALVE VOLTMETER

Price r35 0 0
ONLY

Ild31.21/ no extras.

Latest circuitry provides perfect stability
and sensitivity.
Professionally acknowledged.

Just Look at this specification!
*II megohms per volt.
*5mV-I,500 V. A.C.
*100 mV -1,500 V. D.C.
*0.1 ohm 1,000 Megohms

PLUS
*I Kc Oscillator Test Source
*Complete with Test Probe with BUILT-

IN A.C. D.C. switch, no fumbling or
fiddling with out of reach knobs.

Tnis superbly finished instrument is invaluable
in Production depts. and Labs. and is presented
in an attractive light grey crackle steel case
with satin alloy front.
Mains operated.
Size and weight: x Sin. x Bin. high. 5

CONSTANT VOLTAGE IRANSFORMEU
AUTOMATIC MAINS Modern design in 2 -tone hammer steel

case with handle. Complete with leadSTABILIZER and plug. M
Provides perfectly stabilized constant
voltage for all laboratory equipment.
* No Moving Parts * No Main-

tenance. * No Attention.
SPEC: Input: 240 v. A.C. 20

Complete with lead and plug.
in attractive silver hammer
metal case with handle.

Output: 240 v. A.C.SO cycles.
Capacity: I AMP.
Accuracy: I"
Size: 11 x x

Weight 21 lbs. Fitted signal lamp
and switch

£11.10.0 c."20 Pkg

Model SBl 10 amp.

Inset shows latest type brush
gear providing I volt varia-
tion.

PORTABLE
VARIABLE A.C.
POWER SUPPLY
UNIT DESIGNED FOR

ENGINEERS
WHOSE RE-

QUIREMENTS CALL FOR A
VISUAL INDICATION OF
VOLTS APPLIED.

OUTPUT: 0-260 v. amps.

INPUT: 230 v. A.C. 50.60-. Unit
fitted with fuse, voltmeter, safety
indicator, on -off switch and lead.
Size: 8 x 5 x 5 in. high

MAY, 1965

VARIABLE VOLTAGE TRANSFORMERS
World famous "SLIDUP"

* RA TED CURRENT CONSISTENT
AT ALL POINTS ALONG THE
WINDING.

Output: 0-260 v. Input: 230 v. A.C.
50 60 - .

Shrouded fully variable transfor-
mers for bench or panel mounting.

2.5 Amu. £5.17.6
5 Amu. £9. 0.0
10 Am. £18. 5.0
20 Amp. £32.10.0

Ex. works.
Carr. & Pkg. EXTRA

PRICE £13.10.0 Carr. & Pkg.
10 -

SUPPLIED
COMPLETE
WITH VALVES

CRYSTALS
Details & Prices of
all Accessories
supplied on request.

LATEST 6

miniature Set
WALKIE TALKIE
Producea to exacting specifi,:ations by
leading nianill,,rurers E. K. Cole & Co

Only

£10.0.0
EACH

This Transmitter
;Receiver weighs
only 5'Ib.(appx.)
and measures

x x 9!.in
A crystal CO,

trolled 4 frequency set operate,
from standard dry battery
H.T./L.T. (i.e. Vidor L5537), 11
current sari., 87G val.,. used.

TRANSISTOR
TESTER

AM;11":£10.10.0Carr
&

,47,

FULLY PORTABLE
PRECISION INSTRUMENT

MEASUREMENT RANGES
Ito (lcbo) and the reverse current
of diodes.
PNP & NPN 0--50uA (1,,A per
scale).

POWER 0--mA (20,A per scale).
.15-200 (5 per scale).

Bias Current
(I mA on PNP & NPN)
(5mA on POWER)

a0.9-0.995 (from 0 2
I -a

Terminals: Spring Sockets and
Screw Terminals.
Meter: 4in 50,,A moving coil.
Size and Weight: 7 x 5 X 3in. 2!lb.
Powered by pen cells.

VARIABLE HIGH -VOLTAGE UNIT

it

e

DIELECTRIC BREAKDOWN TESTER
* Range: Infinitely variable up
to 3.000 volts and can be ac-
curately set. 0.1 amp.
* Entirely suitable for con-

tinuous testing.
* Built-in Automatic safety
cut-out.
Input: Mains voltage.
Robustly constructed for
bench use with Cin. x 4m.
modern styled meter. placed
at an easy to read angle.

Complete with input and
test leads with clips.
Model 730, 0-3,000 v. A.C.
C32.

TRANSISTORISED MEDOHNHETEll

* NO WINDING!
* PUSH BUTTON

TO READ
s00v.-1,000
MEGOHMS
Portable, supplied
c w batteries,
probes and carrying
case. Superb in-
strument.

ONLY

£23.10.0
Carr & Pkg. 7 6

Also. SOO v.-500 Megohms mains operated
insulation tester. Designed for contin-

uous use. C26-5-0.

WRITE FOR

(Dept. WW3), 313 Edgware

LATEST DESIGN I

20 AMP. 12/24 Volt D.C. HEAVY

DUTY
SUPPLY UNIT
Spec: Output. Ad-
justable up to 20
amps continuous at
12 24 volts plus
trickle. Input. 220"
230,1240 VAC 50
cycles. Input & Out-
put fully fused, Neon
indicator, 0-20 amp
meter. Size: 16' x
12- x 20' high, in
heavy gauge steel
cabinet, Grey Ham-
mer finish. Height:
50 lbs.

ONLY £29.10.0 Carr :116 .

G B Ilnlanch

ILLUSTRATED BROCHURE

Road, London, W.2. PADdington 223314
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(ELECTRONICS LTD

BLOCK CAPACITORS
NEW AND GUARANTEED

Maker Mfd. DCV wkg. Temp. Price Carr.
T.C.C. 1,500 60 C 17/6 2/6
T.C.C. 1,000 60 C 10/6 2/-
G.E.C. 600 60 C 7/6 2/-
T.C.C. 250 70 C 8/6 1/6
Dubilier 1,000 60 C 9/6 2/-
Dubilier 750 60 C 9/6 2/-
U.S.A. 600 100 C 6/6 1/6
U.S.A. 220 100 C 3/6 1/6
T.C.C. 2,000 60 C 17/6 2/6
T.C.C. 1,000 60 C 3/6 1/-
T.C.C. 400 70 C 3/6 1/ -
BI 800 70 C 5/6 1/6
Dubilier 5,000 70''C 35/- 3/6
Dubilier 2,500 70'C 17/6 2/6
T.C.C. 1,000 60`C 5/- 1/-
T.C.C. 500 60'C 2/6 1/6
T.C.C. .5 4,000 60-C 12/6 2/6
T.C.C. 7.500 70 C 50/- 5/-
T.C.C. 2,500 60'C 17/6 3/6
T.C.C. 1 600 70''C 2/6 1/-
Dubilier 1 5,000 70 C 30/- 3/-
T.C.C. 0.5 500 60 C 2/- 1/-
Dubilier 0.5 5,000 70 C 17/6 2/6
Dubilier 0.5 2,000 70 C 8/6 2/-
Dubilier 0.25 5.000 70 C 12/6 3/-
Dubilier 0.25 7,500 70 C 17/6 3/-
T.C.C. 0.25 5,000 60 C 12/6 3/-
B.I.C. 0.1 5,000 60'C 10/6 3/ -

TWIN TURBO BLOWERS

A.C. 200-240 volts h.p. motor 2,850 r.p.m.
Manufactured by famous manufacturers for com-
puter equipment in perfect condition. Com-
pletely enclosed size 24 x 8 x 8in. C7/19,6. carr.
7/6.

1% RESISTANCE BOXES FOUR DECADES
1.10-10011. 2.100-1,00011. 3.1K-101(12 4.10K -1001d1.
High Stability Resistors arranged as a potentio-
meter, rated at I watt at 70 deg. C. and 14 watts
at 42 deg. C. Tolerance plus or minus I' ,,. Specially
designed for use in technical colleges and schools
where a high -precision instrument is required at
low cost. Supplied brand new and guaranteed.
19119/6. P.P. 3/6.

STC INTER-COM. TELEPHONES. Latest
type. All components, Buzzer and Battery housed
in beautifully made Hand Set. Size 9 a 21 x 21in.
Effective communication up to 60 miles. Supplied
brand new, E9/12/- per pair. P.P. 4/-. Further
particulars sent on request.

G.P.O. HIGH SPEED COUNTERS
Latest Design Type 1000 4.1.12 316 v. D.C. Type
100 a. 5005218 24 v. D.C. either type 15/-. P.P. 1/6.

PHILIPS AUTO TRANSFORMERS. Ideal
for mains boosting. Tapped 220. 230, 240, 250
volts. 600 watts. Terminal block connections.
Brand new, 39/6. Carr. 6/-.

MAGNETIC DEVICES SOLENOIDS. 180 v.
D.C. Overall size 11x11x11 in. Approx. 1 in.
pull. 5/- ea. P.P. 1/6. 48/- doz. P.P. 5/-. Also
available for 50 v. operation. 7/6. P.P. 1/6.

LONDON'S LARGEST SUPPL1E RS OF
ELECTRONIC EQUIPMENT

 9 &10 CHAPEL STREET,
LONDON, N.W.1

Tel. PAD 7851 AMB 5125

REFRIGERATION
SEALED UNITS

AsrFtirlAID NEW

MAN in
1. STERNE
Or GLASGOW

Flutist tOMPARIPIENT

-TECUMSEH"
SEALED UNIT
CONTAINING
1/12 H P.
MOTOR 210/
240v. A.C.
DESIGNED
FOR 4 cu. ft
REFRIGERATORS

Freezer 12 x 64 x Sins. Sealed unit 9 x 9 x Sins.
Condenser 12 x 20ins. Ideal for replacement
units, refrigeration and cold cupboards and
stores. In original packing £8-10-0

P & P 10 -
THERMOSTATIC CONTROL 15-

P.P. 1/6 sold separately.

BRAND NEW 30 AMP.
VENNER TIME SWITCH
Type MD I BP.
Size 54 x 8 a 4/in. deep. 24 hr.
dial. One on, one off. Beauti-
fully finished in black bakelite
case with perspex window.
Packed in original cartons at
fraction of maker's price. f 3_ I 9-6
P.P. 5/ -

Arms for extra switch 6/- per pair

3

ing.
and
case.
L.T.
battery

A.C.
5

Fitted
socket,

L.T. SUPPLY UNIT TYPE

-
Q 4t

I .
-vix,w

Fitted with panel fuse. Mains
D.C. output socket. Built

Size 15 x 6 x 6in. An ideal
supply unit for operating relays.

charging, etc. 19/19/6, carr.
L.T. SUPPLY UNIT TYPE
input 200-240 v. D.C. output

amps. Built-in metal case size
with on/off switch, panel fuse,
19/19/6, carr. 7/6.

S.E.1

A.C. input
200-240 v.
D.C. Out-
put tapped
to give 12 or
24 volts 8
amps. con-
tinuous rat-
on/off switch

in strong metal
general purpose

Contactors,
7/6.

S.E.2
50 volts

15 x 6 x 6in.
and output

SIEMENS MINIATURE SELECTOR
SWITCHES

Latest plug in type. 10 way 3 bank 3 wiper, type
2,200 c. 50 SI Size 31 a 21 x I lin. complete with
base. Fraction of makers Price 69/6, P.P. 2/6.

GRESSALL HEAVY DUTY
RHEOSTATS

26 ohms 4 amps, 6in. dia., carbon track, Panel
mounting. Length of spindle 11in., Fn. dia.
BRAND NEW 45/-. carr. 4/-.

MAGNETIC DEVICES MINIATURE RELAYS
r20 0011 2 C.O. contacts size 1x1xlin. 10 6 P.P. I -

HEAVY DUTY SLIDER RESISTORS Zenith
Double Tube Geared Drive Log Wound. 1.332 15
amps. Continuing to 55,2 2 amps. Overall size:
22 x 91 x 7;in. L3/19/6, carr. 7/6. 41.1 8 amps.,
Single Tube enclosed, 32/6, P.P. 4/-. 3012 1.25
amps. S Tube Gear Drive, 25/-, P.P. 3/-. 111 12
amps., 12/6, P.P. 2/6. Ganged Twin Rheostats,
6in. dia. 200L' 1.2 amps. each. Complete with
Fixing Frame and Control Knob, 75/-, carr.
0.49 25 amps. fixed with adjustable clip 15/- P.P. 2/6

MULTI TAPPED L.T. TRANSFORMERS
All Primaries 220-240 v.

Type Sec. Taps.
A 3. 6. 9, 10, 12, 15, 20, 24.

Amps. Price
30 v.

Carr.

B Ditto 4 39/6 4/6
C Ditto 5 45/- 5/-
D Ditto 8 59/6 7/-
E 6, P. 10, 15, 19, 25. 33, 40, 50 v.

3 45/- 51-
F Ditto 6 87/6 7/6
G 12, IS, 20, 24, 30 v. 10 69/6 7/6
H 6, 9, 15 v. 4 22/6 4/-
1 Ditto 11 15/- 2:6

AUTO TRANSFORMERS
240-110 v. completely shrouded fitted with 2
two pin American sockets or terminal blocks.
Please state which type required. 1,000 watts
E4 IS,., carr. 5/-. 500 watts. carr. 4/-. 300 watts
47.6, carr. 316. ISO watts 37/6, carr. 3/-. 60 watts
29,6, carr. 2'6.
2,000 watts completely enclosed in metal case,
size 10 x 8 x 6in. Fitted with 2 American two -pin
sockets or terminal blocks 19/15/-, carr. 7/6.

A.C. VARIABLE SUPPLY UNITS
Input 230 v. A.C. output variable 0-260 v. A C.
Fitted in steel case, complete with 0:meter.
pilot lamp, fuse, switch, carrying handle.
11 amps. output f-8,10,/-, carr. 7/6.
21 amps. output 19/1716, carr. 7/6.

SPECIAL OFFER OF PARMEKO NEPTUNE
SERIES TRANSFORMERS. Brand new in
makers cartons. All primaries tapped 200-240 v.
No. 1 Sec. 30 v. 2A.. 6.3 v. SA., 6.3 v. 1.1A., 6.3 v.
0.3A. 47/6, carr. 5/-. No. 2 450-400-0-400-450 v
180 /MA, 6.3 v. 3A, 6.3 v. 3A, 6.3 v. 4A, 5 v. 3A.
49/6, carr. 6/-. No. 3 5C0-0-500 v. 120 /MA. 6.3 v.
SA., 6.3 v. 3A,. 5 v. 3A.. 45/-, P.P. 5/-. No. 4
6.3 v. 6A., 6.3 v. 21A., 6.3 v. 1.5A., 6.3 v. 1A. 25/-.
P.P. 4/-. No. 5 Two Sec. Windings of 4-6.3 v.,
2 amps. 6 kv.. D.C. Working, 25/-, P.P. 4/-.

-m.-
GARDNERS FILiMENT TRANSFORMERS
Pri. Tapped 200-220-240 v. Sec. 6.3 v. 15A., 6.3v.
3A., 6.3 v. 3A. 6.3 v. 2A., 6.3 v. 2A., 6.3 v. 0.6A.
37/6, P.P. 4/-.

GARDNERS EHT TRANSFORMERS
Pri. Tapped. 200, 220. 240 v. Sec. 1500 v. 10 /MA,
RMS 19/6, P.P. 2/6. Pri. Tapped 200, 220, 240 v.
Sec. 4000 v. 10 /MA. 2-4 v. 2A. 4 kV Wkg.. 4 v.
1.5A., 4kV Wkg. 65/-, carr. 5/-.

26 KVA AUTO TRANSFORMERS
240/125 volts. Base 14 x 19 ins. H. 23ins. approx
Weight 21 cwt. E35 Ex -Warehouse. Admiralty
Isolation Transformer, 230/230 v. 4.6 kVA Test to
earth 3 kV. Base 17 x 16ins.
H. 18ins. 119/10/- Ex -Warehouse.

HEAVY CURRENT TRANSFORMERS
LIMITED NUMBER ONLY

Pri 230 v. Sec. T 4-6-11 v. 200 a. 110/19/6. Carr.
10/-. Pri. T 200-260 v. and 100-130 v. Sec. T 2
28. 29, 30. 31 v. 25 a. conservatively rated 16/15/-.
Carr. 10/-. Pri. T 210-250 v. and 105-115 v. Sec.
27 v. 60 a. Totally enclosed new in maker's cases,
117.410/-. Carr. 10/.. Pri. 200, 225, 240ov. Sec.
T 12, 18, 20, 24, 30, 36 v. 10 a. 15i5/-. Can
7/6. Pri. T 200-220, 240 v. Sec. T. 50, 70, 73 v. 15 a.
16/19/6. Carr. 10/-. Pri. 200. 220, 240 v. Sec. T.
100, 150, 155 v. 22 a. 19/19/6. Carr. 10/-. Pri. 240 v,
Sec. T 53.5. 55.2 v. 6 a. C core 13/17/6. Carr. 6/-.

.....-

HEAYBERD TRANSFORMERS. Pri. T
200-240 v. Sec. 12 v. 4 a. Brand new. Fraction
of maker's price. 15/.. P.P. 2/6.
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LAFAYETTE HA -63
COMMUNICATION RECEIVER

7 valves + Rectifier. 4 Rands. DLO licis .31 Ile/a.
Meter-BPOANL-Itandapread Tuning 200/250 v.

A.C. Brand New. 24 Gan Can. paid.

PART
EXCHANGE

WELCOMED
STAR SR.40

COMMUNICATION RECEIVER
4 k.. 8-30 M... ' MeterBIP(1- ANL-
Bandsproal Tuning ---Boiltd. speaker. 2001250 v. A.C.
Brand new 18; airs., cart. 101-.

MARTIN FM fuNeR

Sit tionktor printod eircuit soperhet
88-102 M. .. 9 volt operation. Consist.. of 3
sections sold tspatately. Tot11 .00st to build
212,17,6. 2.A.1: f0r I. t

SINCLAIR X10
AMPLIFIERS IN STOCK

Alt 25/1916. POW, Pack £2 -. Also
Mkt, 6 52,2, TR750 0.1111 kit. 39.6.
Amp 28/6, 1111r0 27 6

P.O. MINIATURE HIGH
SPEED COUNTERS

4 digit .0 24 .. or All 7,6

DOUBLE BEAM C.R.T.'s
Cossur 89D £2 19 6
Dumont KI03 III £2 19 6
Brand Sow. Post 3.

MAINS RECORD PLAYERS AND
AUTO -CHANGERS

ALL GUARANTEED WITH ARM AND
CARTRIDGE

GARRARD BR1'-14 1'I,91 1.9 £4 17
GARRARD Al TOSLIM

CHANGER £6 7
GARRARD AUTOSLISI DE

LUKE £6 17
lOARRARD A.T.5 STEREO £9 17
IGAREARD A.T.6 £10 9
10ARRARD DEOCADEC WITH

DERAIL CARTRIDGE £15 15
GARRARD TYPE A CHANGER £17 15
GARRARD 4H.P. £15 15
BAR 0.17.7 PLAYER £4
Balt UA15 CHANGER £6 19
P. a P. 246 ANY OP ABOVE.

MAINS ISOLATING
TRANSFORMERS

230 V. to 230 V. 50 a 16 6 P. P. a-; 100 W.
29/6. P.P. 3/6; 1.000 W. £5. our. 10/..

PLUGS AND SOCKETS
1Painton 15 pin in ilne printed circuit ccomectors
7,6 pr. Large .1 owl t It les as alla bk. Ditta 32 pin
12.6
MESPrON MINIATURE JONES. 4 pIn 3/6 pr.:
6 pin 41- Pr.: el pin 4,6 pr., 12 pin 5.8 pr.; 18
pin TO pr.; 24 pin 1016 pr.; 33 pin 12/6 Pr.
Poet extra.

CHASSIS PUNCH SET
,

lbw T tApi red reatuer. fitted
leather .ste sad instructions. 49115 M.& 0/ -.

G.E.C. BRT.402 RECEIVERS
A high grade 14 valve oommunioation receiver
covering 100-385 kcha and 510 kg, to 30 Mcis.
in six bands. SpeelaJ features include 2 RI,
ddirrs, 'EP meter. Variable selectivity, B.P.O..
ANL. AGC. 600 ko crystal calibrator. elide rule
vernier dial with logging scale. Operation fur
95-130 v. and 195-250 v. A.C. Output for phones
..j...11.1r b., Offorod I. dint faadition.

III. I _1 I 060. corr. 30/-.

ERSKINE TYPE 13 DOUBLE
BEAM OSCILLOSCOPES

Tilt. 1,:,.,. 2 ...v.-750 ke, 2. pant, 1 1 1,
amplifiers. Up to 5.5 Mc/s. wlib. of 100 1

and l Mc/s. 110/230 v. A.C. ,-.1 is I

feet 127/10/-, earn. 20/-.

350 MA R.F. METERS
2in. mond. Plug In type. 6, 6. I.P. 10.

12 VOLT TRANSFORMERS
210/540 volt primaries. IA. 5,9: I 9 10 6IA Mt 3A 1716; 5,1 23,-; 8 29 - ,..
32/6. Post extra.

L.T. TRANSFORMERS
200'250 volt Primaries. 9 or 17 iolt 1

IA 14/31 4A 16/6: 6A ge 1..,
6.8, 10. 12, 15. 18, 20, 24 .1 a 12 6;
4A IrVE; bA 87/6; 50 0..11 1 1 6; 1

154; 2A 29/6.

L.T. METAL RECTIFIERS
SELEN lc 9 1-0 I
P2II2V I A .... 3.9 2414/V
12/18V. 2A.... 6,3 ' 2436V 4

12/181' 4A.... 84 I 24 x,: 6 1.
12116V 11A....12/3 24,36V IRA
1211.8V I5A 57/6
24/36V 1A.... 7/3

13 6
14
22 6
45 -

EMI WM5 CONSUL OSCILLO-
SCOPES

Avail.1.1.,01Iw.1;nor:00,, .1. 4 £65

AUTO TRANSFORMERS
fitip Up or "top down. Taws d n 115 2041
240 v. SOW. 9/-; 04W. 1216; 75W. 15.6:
150W. 11316: 200W. 87/0: :100W. 42 6;
500W. 67/6: 1.000W.90/-: 1911:
11.000W £71101-; 7.600 W. 515.
IsOnly tapped 0/110/230V./ P..4

NATIONAL M.R.O. DIALS
Brarl now 27,6. P P. 1d.

I IFT. COLLAPSIBLE WHIP
AERIALS

Brand 86. P.P.

MINE DETECTOR No. 4A
Will detect all types of metal-. Fulls
Compact, with indruetions 39 6
10/-. Battery 2,6 ..sir...

VARIABLE
VOLTAGE

TRANSFORMERS
Brand New Guaranteed -

Fully shrouded. Input 230 v.
50/60 l.'s. Output 0-560 v.

BEST BUY ! 2.5 amp... 25/17/6
Send 7 - P.O. for Dill Catalogue and Lies. Open !lamp a/10-
11 a.m. to 6 p.m. day Monday to Saturday. 8 114/10I -
Trade supplied. x6:001, £16 10,-

4E -

ALSO

SEE

NEXT

PAGE

12 dn1P. 118 15 -
20 and, .. £3210 -
25 11111'. I1.wluhlo.
metal ea. ulth Dolt r.
19..1, 1. £9 17 6

MARCONI TF 114G/4 STANDARD
SIGNAL GENERATOR

85 ke/..-25 Me/s. t 1%. output variabli ',Ill 1 /IV I.
I volt. Internal sine wave modulation 41111 P. up to

depth. Operation 200;250 volt, A.C. Unified Io
really excellent condition, like Lea. fully tested and
guaranteed. £25, Mr, 30/-.

LAFAYETTE ' PRECOM AMATEUR PRE -
SELECTOR CONVERTOR

Convertor -20.10.10 m 101. I.,
metres. Crp.t..1 I: I it, -a. h :Am olt N. .0

d ion Brand New 19 00S. dr. 71d.

LAFAYETTE 7E-46
RESISTANCE CAPA-
CITY ANALYSER

2 PP -2,000 MVO. 2 oho,.. -eon Uk. .II r,,.. ti o 11. km

pedant, turns ratio, '.. ' Brand New
£15. curt. 7,0.

TE22 SINE
SQUARE WAVE

AUDIO
GENERATORS

It.

LAFAYETTE TE-20A
R.F. SIGNAL GENERATOR

120 k, e....,1 NI IL I \ I / 11.1 A.F.

Brand New 012 19 6. ,dr.

MAIN LONDON AGENTS
CODAR EQUIPMENT

FORT NOMBREX EQUIPMENT
Tra100,.0..i
dine or apiaro ware. 216 15 -.
Transistorised Signal Deno -slid 150 k./a.
550 Mo;s 29/10/-.T. ' lorised resistance capacity bridge 1G.
Om Meat). I pf..100µF. 116/5t-.
'rransiatoriso.1 lislitotiou bridge 1µ11.1.011,
£18. hoot "prated Transistor power aidd I
1..A output 1.15 v. up to 100 nat. B41,10 -.

11 above port paid voth battery.

PI; .,..1...., 1..1. /

1'1: .10 \ a, 11 I...II. I.4i
£4 19 8
£7 4 0

pt; 10  q " 910101,11'.
1:14 lo \ 2.11 pos. n .1

Eli 150
1sT.:, 0/10r0r TA caeca. £16 10 0
0 T.5.M.tille I'.2.1 . £8 0 0
% T 5 12 0 Tr.1.0d, I. 2 I £11 5 0
A T 5 If. lot.....tpd.ol Aerial

bad...lung Lint £2 7 6
Footage extra.

COSSOR 1035 DOUBLE BEAM
OSCILLOSCOPES

Ile 1; T .111., .t, d 9 1 10.0 50111V.

loo k, 110.. 11. ...1110..1..1 \ 0.111 Pn r, n.
tin,111".111re111.11 Pont 15µ.4.0. to 150 milli-.
Supplied in guaranteed perfect working older.
£35. Cart. 20/-.

7E-18 GRID
DIP METER

..11../1. y. .71 .2;

maul new and
guaraideed, with Instruc-

E12,10/... Carr. 0/..

SEMI -AUTOMATIC " BUG "
guper speed
7 spord ado,.

r/140,1,,,111.1.

MODEL DA -I TRANSISTORISED 1,',..°,''',,,,r,nt.1"11thtli,:j3,1::,,d,ti,`:,:,.,,yi,:.";1;;;El..41.7,;1:
FULLY AUTOMATIC ELEC- s 31n. s 2i1n7

TRONIC KEYER P. P. 5/4.

at . 01.1 auto. or
X18 10,-.

TS -76 20,000 O.P.V. PUSH
BUTTON MULTI -TESTER

ARMY FIELD TELEPHONES
TYPE F

(loner:dor B. II
Ringing 2 111'.
connection with
wood .'stint,:
came. Pitted bat-
teries. Supplied
LOS, tested.
S4/.11112 Pair.

VOLTAGE
STABILIZER

TRANSFORMERS

alt .0

O (RADIO) LIMITED
Phone: GERRARD 8204/915.5
Cables SMITHEX LESQUARE

344 LISLE STREET, LONDON, W.C.2



WIRELESS WORLD MAY. 1965

3111 DIOA I NENTFARS I

THE

THE SKYROVER & SKYROVER De Luxe
GENERAL SPECIFICATIONS FOR BOTH MODELS
7 -transistor and 2 -diode 41111 -rh.t wt, hand portable receiver, coveridc th.
tut Neiman Waveband  iso-57i; 9.> and phoit Waveband (32-94 N.) and 4 x. pa t

switched Rand Spread Ranges on IOW IOM, 19M and 2510 Bands -es, i 9
/Mad awned Tuning for accurate Station selection. L.F. frequen ,
Out /rot M.W. Lire r rotli, 1.ffici If st
End \!..I I

Vint.  e i eau 1.0 ). hi hat iel I to

N OW -THE SKYROYER Mk. III
With new tidealgaisil naiad in Meek plastic with chrome trim and new edgewise
controls. Coalman Waveband idelleetor. Volume mi11 ewitch. Contr.-I
with r-n.Y to read Died Scale. Cabinet sire lit 4 6! e 31in.. with carrying handle.
MAT NOW BE BUILT FOR £8.19.6 H.P. BOB- dep. & 11 mths.
All parts sold separately. at 16 IL Total H. 1'.P. £101 6.
THE SKYROVER DE LUXE
Tuner Attired Cirenit iiiiot p.aat , it h P.0.11t,C.,,Itrol In Monty wood callit,et,
w ee II; s 61 s ;on_ covered in washxlle inat.rial with pia,tic trim and carrying
handle. Al., Car Ardal xot-ket.
MAT NOW BE BUILT FOR gin la 6 H.P. Terms: 28:- dep. 11112eits.
All parts mold meparately.    ee at 20,-. -
Circuit diagram mil data for eaeti set 2'0 extra. fri if :ill part, It -night. Yaw t
bat t re t 3/4 extra. Add 5 - P. & P. on each puree!.

I

A Xi n.l.'

COS id the 1.101.1.19.511 NI. hand I n.

ciiiling 1,500 N. Light in .aramuna. All

component,. with contru:tihn data.

Only 10/- extra Port Free

This conversion q suitable for both models
that have already been constructed.

OUTSTANDING TAPE RECORDER BARGAINS
REFLECTOGRAPH MODEL A SEMI-PROFESSIONAL TAPE RECORDER
Thos recorder, so. new I trant. I I it: 13 1 - iunial (maims. They represent an ixei.11ent opportunity rot the protensional
and the quality conscious amateur to acquire the beet at almost half price. 'Brief specill.tiong Frequency response 36 to 15,000 ere
at 7j Los.; (wowed% -.71 oral 3( i.e..: 3 matt.; 81in. reel capacity: record level meter; aeparate record and playback volume control.;
base and treble controls*. fast forward end rewind, built -In 8 x gin. nbeaker with extension L.B. socket; monitoring faoliltite provided
through the batornal speaker, outlet (rota pre -amplifier for extra amplification; for 2001240 v. DO c.p... mains use; tape position indicator
fitted; inputs for microphone and radiolpick-up. 'The recorder is finished In grey and is motmted nn free-standing mahogany plinth -
sire: 20 x IP it 91n. List price of this Recorder is £110'5 -.
WIRECOMP'S PRICE 69 Gns. '4V,-,Ffi'40,2.1'j.-c:,71:11.t.°"es for the it'nect°'
OPTIONAL EXTRA PAMPHONIC VR 53 STUDIO RIBBON MICROPHONE tie use with the Refleolograph Model A Recorder. Low
Inapo..1.1n.,. Listed at £9 19 6.
WIRECOMP'S PRICE £4 19 6. P...., 7 .1 I.. I, r. I ,,th the Reflectograph Recorder.

ELIZABETHAN TYPE LZ 511 STEREO TAPE RECORDER
A lull) Ir101...o.nri I -to, -.in-- I

I airman hall price! 4 track record and replay -Mono or Stereo.
3 spec& --71. 31. 11 last forward and rem Md. Frequency response 40/16,000 c.p.a. at 71 i.p.a. Output S watts per channel to
two elm x DM. speaker. In detachable enclosures which also form lid of the recorder (supplied with Oft. extension leads). 2 Vu record
level meters; tape position indicator and auto. tape stop: input. for 2 microphones and it radio/pick-ups. Control- in..lude: anionic.
treble/monitor, bass ete.-dutdieattal for each channel. Take. 71n. spools. For 200/2/41 v. 50 c.p.s. Maltix opera,' . -
eluding weaken) 26 x 13 `ill. Maker's *Helsel List Price 65 One.

WIRECOMP'S PRICE 39 Gns. l'5',1.'","xgtrIcr"tut tapeand spool' t''555555 '55

PAMPHONIC 3001 INTEGRATED
STEREO
AMPLI-
FIERof
Sew. and fully
ortaranteed.
Spec.: 7 watts.

per &saint freq. response 40 c/a to 20 keiel asp. impute for
crystal and magnetic pick-ups. radio and tape; 14 ohms out.

r  loos tap u.corl,nr volume, bass, treble and balance con
Iva ' mains, 100/21(0 v. In free standing
hoe Maker's list Wee E38'10
WIRECOMP'S PRICE 23 Gns.

PAMPHONIC 732A SWITCHED
RADIO
TUNER

ni.'11,1111 stave
and I Iim state

station Ossify adjustable I.. 1 1.,11 treimeneii xi.o Sidi
powert..1 -3 valves. For 200 21,0

011

A.C. Food with time and
plume controls for -2.. In conjunction with .1 .

trill case. eke 16x7x 31in.
WIRECOMP'S PRICE £5.19.6

PAMPHONIC 1002A CONTROL
UNIT Iripnlr I'

Control.. lor
a .I a Fitted with 2 EEC 60 n
WIRECOMP'S PRICE f4.19.6 1...,t -

PAMPHONIC 2001A PRE AMP

WIRECOMP'S PRICE £5.19.6

PAMPHONIC 1002B PUSH BUTTON
CONTROL
UNIT PRE
AMP
work
ever) ,I' a
cording CILAIrdill.C111111,
with eeparate inputs or radio, tape and min. Max. outwit ix

1 veil. Unpowered. Volume, ba, treble and Miter control.
1-EFfid and 3-60Cal valve. tatted. wire 10 4 511. Nes,
and boxed. Maker's list pries .1254
WIRECOMP'S PRICE £6.19.6

PAMPHONIC S1 SPEAKER
Cabinet type forward facing
system. Fitted with 10 0 din.
elliptical double cone speaker.
Wood cabinet size 16 x 12 x
I lin., finished in 111.1111112
ualnul. New. and an.tr.in-
ter,I. List Price 10 Gus.

W IRECOMP'S
PRICE S4.15.6

Poet 7(0.

........"."...........""...~."......."..
WIRECOMP'S BARGAIN
STORE (1

" TOTTF %1 W1 (NI 'VII HT li ,NI,
I 11CON I

THE I REALISTIC 7 '

ero.fi Ln.-;.

BUILT F
Port 1.ii

Battery 3,9. ;I vsea
De Ion, version with mi.,
cabinet full vial m dial only
21 extra. Au portx available separ.1
instructions 2.5, refunded it you pun .

READY BUILT TRANSISTOR RADIO

and socket. for p
Built-in chrome tele,
torch bat tt. Attra

- I '
WIRECOMP'S PRICE £9.19.6

OFFER

COMMUNICATION
RECEIVERS

MODEL HE 30 -PRICE 33 Gns.
PRICE 25 Gns.

H.P. Terms (Ready Built): 56 13 - dep. and 11 monthly
payments of FLU -. Total H.P.P. £37 9 -

MODEL HE 40 -PRICE 19 Gns.
H.P. Terms, £4 dep. and 11 monthly payments Of 21.1121
Total H.P.T. £21 12 -.

MODEL HE 80 -PRICE 59 Gns.
H.P. Terms: £12 19 - dep. and 11 monthly payments of
£4 18 -. Total H.P.P. £66 17 -.

Xi] a, oiata ire.,. -1.o k I new and hosed with lull
'Marti, '6.5, for full details. Nu kite

h I. Ile: th and an

UNIT
INTERNATIONAL TAPE

LEAK POWER AMPLIFIERS
For 200-260 v. A.C. mains. Fitted with Integrated volume, bass
and treblecontrols. with 100V line source output. New and boxed.
TWA Phis WIreemap's Price 15 en,,
TL60 Pl. Wireeelure Prise 19 Mr.
Carr

PAMPHONIC 100W RACK MOUNTING AMP.

Very limited slots
WIRECOMP'S PRICE 35 etts. Carr. UP, tetra

miree
,n.

Finest Qtiality American brand fully ..:uaranteed
M...De Mee. 14113. 13,6

r Message tape. =ft. 4111
ain. Nonage tape. Watt.
3310. Triple play. OOIIR Mylar bees 15/-
4in. Triple play, 9011111. Mylar base 17/6
ion. Double OM MOM. Mylar base 15/-
6a. Long play. 90411. Acetate base 10! -
Its. Standard play, NS& F.V.C. base
an. Triple play. LNWL *yin base
BOIL Double SKY. Lae& Mylar base
Wu. land pins. 1.20Olt. Ambito beer
efln. Standard play, MISR base
6110- Tel& play. 1.40011. MOM base
nt, Steadied play. tassel. Idyls, base
_W4. MINI Play. MOW. Mylar 1ES

Thimble Say. 2.40011. NW,:
Long play. 1.00001. Aeet, Eff

7in. Triple play. 3.60oft. lc I 58/0
Pat 1/- extra per r

"VIKING" GUITAR P.A. AMPLIFIERS
" Traastekm -ed

with tremolo - .
"Sound SS "-30 watt alt nosh I. o r minute 35 Ons.
Madded Speaker System for the " Viking "

amplifiers 33 Gas'
, '-IF .,...n. - Mach " W.W.' including

323 EDGWARE ROAD, LONDON, W.2. AMBassador 7115 378 HARROW ROAD, LONDON, W.9. CUNningham 953(
All branches open all day Saturday. Early Closing Thursday. Mail Orders to the above address for prompt service.

5WW -143 FOR FURTHER DETAILS,
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VALVES
AC/IIL 4/6
ACP4 6/-
AC6PEN 8I-
AL61 11/-
.4108 .. 81-
A ICP3 2/-
ARP17 2/6
ARP24 3/6
ARP34 4/-
ARTP1 Si-
ATP4 813
ATP? 6/6
dU7 581 -
Bell .. 15/-
BL63 101-
E84 .. 6/-
B85 -20/-
B884 47/6
B2134 16/-
BT19 116/-
273.5 26/-
13745 160/-
BT83 36/-
CC3L 2/-
CL33 .. 9/-
CY71 3/-
0077.. 6/-
CV102 1/-
CW103 4/-
01'4014 7/-
CV4016 5/-
01/4025 10/-
CY4044 40/-
CY31 5/11
Dl .. 1/6
D41 .. 2/11
1961 .. 6/-
1177 .. 3/8
DA80 12/6
DA60 76/-
DAF90 5/-
111341 4/-
DET6 III-
DET20 2/ -
DET2a 15/-
DF73 .. 61-
DP91 8/-
DP92 .. V -
D/96 6/-
DK99 6/6
DE96 5/6
DL92 6/-
DL93 6,-

DI.94 6/9
01.96 6/6
D1.810 81-
DLNI9 16/-
15101,
8.4917 12/-
E1148 2/6
81266 601-
E1415 301-
E1524 18/6
EA00 11-
E2.73 71-
EABc80 6/-
F:AC91 3/6
EAF42 81-
E1334 1;6
EB91 3/-
EBC33 11/-
EBC41 7/-
EBC81 51-
EBF80 51-
EBF83 7/6
KBP89 6/9
11(352 4/-
EC63 12/6
EC70 4/-
EC90 8/-
EC91 3/-
ECC81 4/-
ECC82 6/-
ECC83 6/-
20084 5,6
ECC80 8/6
£174 914/-
EC182 7/-
ECH42
ECH81 5/-
ECH83 7/6
EC/AO 61-
ECL82 7/8
EC1.83 10/-
ECIA6 10i-
EF36 3/6
EF37 7/-
EF39.. 6/-
EP40 .. 61-
E141 6/-
2150 .. 216
EF62 6/-
0166 . 6/-
EF71 7/5
01,72 5/-
£153 .. 4/6

Brand new, indi-
vidually packed
and guaranteed

I27 .. -

 52 5
9 8

III 5 6
I 6 6
I; BEY 11

1I.84 .. 6,6 6 6
7.024.4 5 117,11 ' 6 6

Ucu- 1 6

1.7951 7'6 tiC1,2 8

rrzot 7 6 10
PX4 14 U F41 -
P X25 9.- 1,189 6
PY32 9 6 111.41 6
py33 8 6 U L84 5 6
P980 56 U U6 7

PY8I 56 UU9 .. 80
PY82 5 U921 7 6
P983 - U1(41 4
p5400 6/6 0955 5
p. 12911-- Vvi1501207 54.

QP2 .. V1924 20
QP25 VE141: 12
QP2344 IN- V P23 3
to153)15 1/10'-vPp4m15 691,

(DM,. I n 5 6 V1099 21/-
Q01 VR105/30

5/-
R3 .. 11/- VE150,39

VT4C 2051/--

1104 1250

81:72 6:- 11733A 4/-
8130P 15 - VU39 6/-
0130 ..12 6 VX3266 4/-
812 .. 8'6 W2I 11/-
8P41 .. 1/6 W118 (P-
OPO .. 1/6 W119 .  8/-
81.210 8/6 X66 .. 7/6
899280/40 X118 61-

12/11 X143 . 61-
STY70/80 91 1/-

8/- Y63 .. 5/-
803160A Y66 4/-

16/- 966 .. S/-
941 .. 6/8 021 6/-
TP22 6/- 7.800U 311/-
TP26 -161- MOW 10/-
9911 5/- 1A3 8/-
1918 1.4609 5/ -
rpm. 415/- 1022  .38/-
11.30
Toga 4/- 1CD6u8aTT 561/--

utn 1870 7/6
.U12)14 11/- . 3/-

1416GT 6/-
1L4 .. 2/6

U18 6/- ILA' SI-
U17 .. 5/ -

U25 11/- 1126 .. 7/ -

MANY OTHERS IN STOCK including Cathode Ray Tube and Special Valves.
All U.K. orders below LI P. & P. IF: over LI 2/-: orders over £3 P. & P. free: C.O.D. 3/6 extra. Overseas Postage Extra at Cost.

LII4 4/-
N2111 11/-
N43 . 4/-
N70 .. 4/-
64 . 6/-
95 .. 8/6
44 .. 5/-
83 .. 4/6
T4 ..

.. 6/-20
2628 . 8/-
2016 . 7/ -
.8 964

t .. 2/11
I., 42/6

82/4
46

21:51 -12/-
2021 .. 6/-
2X2 ..

I 4/-
1,,.A

264,7 3,-
2:4117 3;
2827 ki

I:70T
3/-

2s \ DIT
5/9

.28117 6i-
"17 .. 8/-
41.7 .. 7i-

1.2 6/-
.0.2 15

10
9
6
6

5
13
9
5 6

N 6
/I'. 66

ttt 8 8
,,7 1.1 10 8

.101.13 12 -

11111 3,-
361.644T 7/-
369 17/11
36W4 5/-
36= .. 5/-
337.40T 6/-
337.541T 6,-
37 .... 4/ -
so .... 4/
IIIIP 4,-
444/160N

50tAtIT 8
93.4 .. 7 6
87 .... 6
58 ....
59 ....
75 ... 5 8
78 .... 5
77 .... 0 6
78 .... 5
80 .... 5 6
81 ... 9

22500 11/- 1 C.R. Tubes
307A .. 11/4 ' -
313c . ' '1'46
.337A -711/ - '041) 86/-
.1138A it 1:4:'04 111

393A ..15'- 25 -

703A . 80,-
706A
7165 ..66/-
717A .. 3/-
7"4.4..15/-
O/ .

22,6

 I.: . 63,-
, ..36,-
29A .0161-
2911 -601-

.,30B .. 4,0-
s32A ..45/-
432 .. 15. -
833A . 512
N37 .. 9 -

043 . 6 -

.991 . 10
/AGA 14 -

684 . 10 -
954 .. 4/6
906 .. 2/S
966 . If -
967 .. 6/-
9571.4 . 4/-
1612 .. 5/-
1818 .. 8:-
1619 .. 6 -
1625 .. 0 -
1626 . 3

. 4 6
.,I 5 -

4114'0 13 6
b

1..1:9 30 -
..501 . 9

8-
94,4 -

E1,74 .. 41-
E1,80 6/-
EF65 .. 4,6
EF86 6/6
EF89 3/9
EF91 2/11
£1`92.. 2/-
E195.. 15/-
EF183 8/-
EF184 111-
EHTI 300/-
EL32 .. 3/9
81.34 ..10/-
£1.95.. 5/-
EL38 ..17/6
81.41 7/-
E1A2 BI -
ELM).. 81-
E1.81 8/ -
EMS .. 6/3
ELM ..
EL86
EL91 .. 416
EL95 .. 61-
EL360 801-
E1180 41-
E/181 7/5
El(84 5/5
1511185 9/-
EN311 10/-
£81.174 80/-
£811208 61-
E751 6,6
E186 6/6
EY91 3/-
EZ40 5/-
0841 6,6
EZ80 516
EZ61 316
F/6067 6/-
P/8061 5/-
F/6063 4/-
FW4/50011/6
FW4/8008/6
0122300 9/-
01/371K

19/-
050/20 CI -
0144 .. 46/-
0E32 10/-
0Z34 101-
H63 7/-
HK64 22,8
HL2K 2.6

111.23 6/-
11L231)11

5/-
uL4I 4/-
AV It2 91-
K3A 30/-
KT8C 121/-
9232 61-
KT33C 6/-
1[944 5/9
KT63 4/-
KT66 15/11
KT67 HU-
KT76 8/6
KT8,4 20/-
KTW61 4,6
KTW63 8/-
KTZ41 81-
KTZ63 5/-
1.12 ..10/-
1181041 9/-
618142 18/-
B8190

6/-
10HLD610/-
YLB 5/-
N106 .. 8/-
NE17 7/ -
NOT) 10/-
003 7/-
0C9 5/-
01)3 .. 5/-
084A 6/-
PCC84 6/-
PC1216 7/-
PCC89 10/-
PCF80 8/5
PCF82 (1/6
PC184 Ili-
PCL81 9/-
PC102 0/-
PC1.83 8/8
PCL64 71-
PCL95 11/6
PC1.86 11/-
PEN25 4/6
PEN46 Si-
PEN220A

8/-
11.36 .. 7/6
P1.38
P1.81 .. 7/-
11.82 ..
11.83 6/-

DC -
I.1.1 35/-

1,-;
26/-

3117 .. 5/-
3B24 .. 6/-
3098 -16/-
3D6 4/-
3E99 ..641/-
3Q4 11/-
3(1150T 7/6
384 . 4-
304 ... 8//9
41727 -35/-
4191 .. 4/-
5A1730 5/-
5A17441 5/-
511401 91-
6T4 7/-
51140 4/6
6940 5/-
6940 8/6
5130 4/-

Y3C1T 11/-
6Y3W0111

9/-
57.40 6/6
6AB7 4/-
6.4177 8/-
6A06 8/6
6A07 Si-
6AH6 16/-
6.437 3/-
6635 5/-
6606 6/-
8A K7 15/-
6A1.5 .. 31-
681.5W

6A115 2 6 11.1120 6.9
6.1E8 4 657 ..
SAW, 7 65:741.. 69
6AQ.-,11 9 1Q74. g
6.486 4 .11;7 5 6
6A:46s% 9 ':.07 7

6.6674, 20 474 i 6 6
6A71 .. 3 6 4:04 .. 5

6.4170 7,- 6947411
6AX4 81- 168047 .. 6

1/- 69054:T 6.6
6886 216 88117 3
6BA6 .. 4 1: 5
6BA7 .. 5 ...I. 1. 1 5 6
6BE6 .. 43 -1-1 68
6027 X67.. 48
6BR7 9 5 6
004.941 9':-\7 . 36
644 .. 2 4.8175 . 6
6C5G 2 6 2
tiC511T 6 - 4,1 VII.T 9 6
046 .. 4,- ,5 5
608.0 gt. ,;% 64:1' 5 6
6080 5/- ,;li
een 90/-

1

11\4. 38
6CH6.. 4,6 \ 5
6111.6 91- t; .tt .1 5 3
6114 .. 3--
6E5 .. 6 10
6F241 5 3 ,:/.4 5
6060T 5 9 7117 7 6
6F60 .. 4 74.9 .. 10 -

617 .. 6 706 .. -
6180.. 60 7177 SU-
8112 .. 40 7E7 7/3
6F13 .. 5, 7Q7 .. 7/-
8117 .. 51- 797 . 5,-
6139 .. 4/- 7Z4 . 4,6
8033 .. 3,- 81)9 . 2 6
2011(1
6601 5/ - 91)6 . 3 6
611651 1:11 1110:1 37 6
OJ4WA 10- 12.66 .. 2 6
6350 2/- 12411: 5 -
636 .. 1.24110 11 _

626W .. 11:- 1251'7 4 -
WV: 5/- 12.117 51-
8J711 8;- 12A X7 6/-
61C1309 51 12.117 10/-
61170 2,- 1211.46 OS
6K76T 4,9 1211E6 7;-
6100 51- 12BB7 71-
6K809 3/8 12c8 a,-
61:8111 6/6 12H6 .. 2,-
6E26 18/- 12.1509 2/6
61,50 12271ST 04
61.60 41/- 12K714T 2 -

[2E811 10 -61.6(1.117'6 1207411 7a
6L70 4 - 12087 7
61.34 .. 4:6 1201'7 4

95.42 .. 81-
2101' PT

7 -pin 2,5
213841
2201.8 71-2IT -

1.3 .. 1/9
7470
-tt 1.1A 85/-
01,20 . 5/-
9001 .. 3/-
9002 .. 4/6
9003 .. 6/-
9004 .. 816

9096 .. 2/6

1:97 28
0.1:11),

30
VCR138 A

40
9170139.4

35
VC1161711

40
9400171'

40
3E111 .. 40,-
3FP7 46.-
54'11 30,
4FP7A 12'

Photo
Tribes

4'514/0
1:81111 12 6
931A 55
60974' 350

'Pedal
Valves

ACT6 18
K301 24
K RK2A

23 10 -
102,4 25
2222 112,10
2.154 13
417A 80
/2,'92/K

187/10
24

72.9A111 50,-
725A 30/-
726A 111/-

Treselelon
(1C44
0045
0071
0072
131141

01189

5/-
43-
5/-
71-
71-

10 -

MARCONI COMMUNICATION
RECEIVERS
C.R.I50. Frequency coverage 2-60 Mc/s. in 5 bands.
Two I.F.s 1st 1,600 kc/s. 2nd 465 kc/s. Image signal
protecting over 40 dB up to 30 Mc/s. and 20-40 dB
from 30-60 Mcjs. Self -checking calibration (built-in
calibrator). Stabilisation of supply and temperature
compensation. Electrical and mechanical band -
spread. Metering and visual tuning indicator. Band
pass from 100 c/s. to 10 kc/s. in 5 stages. Acoustic
filter associated with 100 c/s. Bandpass position for
CW reception. Facilities for diversity reception.
Excellent checked condition, 549. Mains P.S.U. by
P.C.A. Radio, E4/101-, carriage 30/-.
C.R.150/2. Frequency coverage 1.5-22 Mc's. in
4 bands, all other features as in C.R. 150. Price
E35. Carriage 30/-.

SEALED HIGH SPEED SIEMENS RELAYS.
1700 1700 ohm, 15/.. P. & P. 1,6.

DUMONT MODEL 241 OSCILLOSCOPE
in fully working condition E22/10/.. P. & P. 307..

" CONNECT AND FORGET, CANNOT
OVERCHARGE " " ESSTRON " MARK 1

AUTOMATIC BATTERY CHARGER.
Initial charging rate 6-7 amps. The charging rate
automatically adjusts itself to the charge in the
battery. Automatic current and voltage control.
Patented application of magnetic amplification
to battery charging. Indicator lights show battery
fully charged, receiving charge incorrectly connec-
ted or faulty cells. Mains voltage 200/250 v. Built
for 6 or 12 v. batteries. Measurements 7 x 5 x 51 in.
Weight 811b. Price £7/I9/6. P.P. 3/6.
POWER SUPPLY & L.F. AMPLIFIER UNIT
NO. 3. Input 12 v. 3 amp. Output 145 v. 50 mA.
Synchronised vibrator and extremely efficient
smoothing. Stabilized heaters supply. Valves,
1L4 and 3A4. Many practical possibilities. i.e., car
radio, etc. Diagram supplied. Brand new, 37,6.
P. & P. 8,'-.
H.R.O. SENIOR TABLE MODEL in excellent,
fully checked and tested condition together with
set of 9 general coverage coils and mains P.S.U.
E28. Carriage & Packing 30/-.
NEW DHR. HIGH -RESISTANCE HEAD-
PHONES. 14.-. P. & P. 1'6.

WELL PROVEN RELIABLE COMMUNICA-
TION RECEIVER P.C.R.2.

(Made by Pye). 120 kc.-350 kc. 525 kc.-I,600 kc.
6 Mc. -22 Mc. Overall sensitivity 1-24,V. S/noise
ratio 10 dB at 6µV. Circuit incorporates an R.F.
stage, two I.F. stages, tone control, A.V.C. antenna
trimmer, 6V6 output. Set in fully working condition
together with headphones and speaker plug.
0/12/6, carriage 15 -. Ditto but with built-in power
supply for 210/250 v. A.C. 19/19/6. Carriage 15/,
CARBON INSET MICROPHONE. G.P.O.
types 2/6. P. & P. 1/6.

TELEPHONE HANDSET. Standard G.P.O.
type, new 12/-. P. & P. 2'-.
Large selection of mains and Heavy Duty L.F.
TRANSFORMERS.
EVERSHED MEGGER CIRCUIT TESTER
2 ranges. 0 1,000 ohms. 100-200,000 ohms. with
test leads, leather carrying case. Tested 1.4 19 6.
P. & P. 3,6.

VARIOMETER for No. 19 set, 17/6. P. & P. 3 -;

AR88D RECEIVERS. Fully reconditioned, £55,
rebuilt models £85. Brand new E95. Carriage paid
U.K.

P. C. RADIO LTD.
170, GOLDHAWK RD., W.12

SHEpherd's Bush 4946

ULTRA MODERN POWER SUPPLY UNIT
Supply voltage A.C.: 105, 110, 115, 200. 205. 210.
220, 225, 230, 240, 245, 250v. Available voltages D.C.:

(a) 1700-2050 v. (adjustable) approximately 30.5mA.
(b) 600 v. approximately 60mA.
(c) 260-350 v. (adjustable) approximately 25mA.
(d) 450 v. approximately 30mA.
(e) 100 v. approximately 150mA.
All voltages are stabilised, S valves, 7 silicon recti-
fiers, 4 Solenium NV rectifiers. Brand new 19/10/-.
Carriage 12 -.

VERY HIGH CLASS COMMUNICATION
RECEIVER TYPE BRT 402E. 150 kcs-385 kcs.,
510 kcs.-30 mcs. Fully tested 560. Carriage 30;-.
PANEL METERS (round)

...In 1011." 40 -
Ain. 30 -
211n. 35-
214n. D.C. 30
311n. D.C. 37 6
ttln. D.C.* 19:6

a;in.
D.C. 45-

f In. A.C. 251-
afin. A.C. 22'6
3f in. D.C. 29 -
319n. D.C. 32 6
3}10 A.C. 22.6
211n. A.C. 17.6
2f in. D.C. 28 -
3110. A.C. 24 -
211n. D.C. 63 -

--.1 alto in 11.11.0. 10, . :1 " III, I. r.

STABILISED POWER SUPPLY UNIT TYPE
R 1095 (EDISWAN) with 2 independent outputs.
I. D.C. 120-250 v. 50 mA. metered and regulated.
2. A.C. 6.3 v. C.T. 3 amps.
Stability 0.02' .. Price L113.

STABILISED POWER SUPPLY UNIT TYPE
R 2001. (EDISWAN) with 2 independent outputs.
1.0-100 v. 50 mA metered and regulated by coarse
and fine adjustments. 2. 250 v. Bias at 5 mA.
Stability 0.02%. Price LI8.
WIDE RANGE MULLARD VALVE VOLT
METER TYPE E 7555 2. 100 mV -500 v. D.C. or
A.C. peak from 35 c. to 5 inc. additional range 500 v.
to 15 kc. D.C. or peak A.C. Frequency response
with probe is lever from 35 c. to 100 inc. Power
supply 110,245 v. A.C. Price 05. Carriage LI.

Open 9-5.30 p.m. except Thursday 9-1 p.m. PERSONAL CALLERS WELCOME



II'

KEEPING

IN

THE SWIM

ELECTRONICALLY

Improved accuracy and immediate print-out of results arc
advantages of an electronic swim timing apparatus described
in April Itious-rktm. ELECTRONICS, now on sale-one of many
articles showing how electronics can improve speed and
efficiency in all types of checking, measuring and control
operations. INDUSTRIAL ELECTRONICS is vital to all who must
use electronic methods in industry to meet ever-increasing
competition. Other articles in the current issue are summarised
on right; May issue will include a feature on monitoring car -
ferry loading with closed-circuit TV.

ILIFFE ELECTRICAL PUBLICATIONS LTD..
DORSET HOUSE. STAMFORD STREET, LONDON, S.E.I.
Please supply INDUSTRIAL ELECTRONICS monthly. I enclose 12
months' subscription of f3 t overseas E3 10s. U.S. and Canada $10)

NAME

ADDRESS

COMPANY

DATE

ALSO IN APRIL ISSUE:

Automated Forge Hydraulics
Special equipment which-developed for automatic control
of forging-has led to a great reduction in the number
of times the work has to be reheated.

Weighing in Industrial Processes
Automatic weighing-including automatic control of feed
and discharge with a weighing hopper.

Electronics in Textile Machines
Control system for accurate maintenance of bobbin speed,
essential in the cotton industry.

INDUSTRIAL

ELECTRONICS
SWW-144 FOR FURTHER DETAILS.
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HENRY'S RADIO LTD.
303 EDGWARE RD., LONDON W2

PADthngton 1008 9
Open Mon. to Sat. 9-6. Thurs. I p.m.

Open all day Saturday.

PROVED AND TESTED DESIGNS
FULL AFTER SALES SERVICE AND GUARANTEE

* CALL IN FOR DEMONSTRATIONS *

DETAILED LEAFLETS
AVAILABLE.

FREE ON REQUEST.

 TWO WAVEBAND ALL TRANSISTOR
CAR RADIO TO ASSEMBLE
TOTAL COST

TO BUILD

£8.19.6 PP, 4
7 a 4 inch
baffle 20,- extra.
6 -Transistor push-pull design.
Uses factory assembled panels.
Permeability geared tuning.
Double tuned I.F.T.'s.
Size 7 x 4 a 2in. Fits any car.
Attractive chromed front plate.
Prebuilt units available separately.
Full MW LW tuning, push-button wavecha
Highly sensitive selective superhet.

HIGH PERFORMANCE SUPERHET

nge.

 TWO WAVE BAND PUSH-BUTTON
TRANSISTOR PORTABLE TO BUILD.
TOTAL COST TO

BUILD

£7.19.6
P.P. 3/6.

(Batteries 6.- extra).

* 5 inch speaker
fitted.

* 6 -Transistor push-pull design.
* Double tuned I.F.T.'s. 8in. Ferrite aerial.
* Geared Tuning -full MW LW coverage.
* Robust attractive portable cabinet.
* Push-button wavechange
* Overall size 10in. x Tin. a 31in.
* All parts available separately.
* Easy to follow printed circuit layout.

SENSITIVE SUPERHET RADIO

 VHF FM ALL TRANSISTOR TUNER
TO BUILD.

TOTAL COST
TO BUILD

(Complete with front
plate).

£6.I9.6 P.P. 2(6.

(Gold sprayed metal
cabinet assembly 20 -
eat, a.)
* Printed circuit design.
* 5 -transistor, 4 -diode superhet design.
* Geared tuning 87 to 105 Mc/s, FM.
* R.F. stage and double tuned I.F.T.'s.
* Peak audio output up to I volt.
* 30 mV output for 10 "V input, SIN SO dB.
* Output for 30 to 100 k ohm impedance.
* 9 volt 9 mA. supply.
* Size in cabinet, 4 a 3) x 2fin.
 HIGH FIDELITY SUPERHET TUNER

PREBUILT
UNITS

UNIT 5

:NIT 3

110and 20 WATT HI -F1 AMPLIFIERS

 Power Amplifiers, 10 watts
push-pull RMS music power -6
transistor design. Panel size 4 x 2f x
lie. H/S, 4 x 4 x lin.
100 mV. to 33 k input.
Response 40 c s. to 20 kc s.
* Unit I. 12/15 ohm 0/P.

40 volt supply
PRICE C
BUILT I 1.i o A P.P. 26.

* Unit 2. 3 to 5 ohm output
version. 24 volt supply.

PRICE j`C IA n
BUILT 1".. I V"' P.P. 2/6.

* Mains Units. 59/6 to power one amplifier or
69/6 to power two (state 3/5 or 12/15 ohm
version).

 Preamplifiers. Mono and stereo versions.
8 inputs, sensitivities If mV. to 300 mV. 1k
to 500k. Response 30 c/s. to 20 kc/s. Complete
range of controls, battery operated or from
mains units.

* Mono Full Function(Unit 3). Size 94x24x2in.
PRICE £5.10.0 P.P. 2/6.BUILT

Low noise Hi-Fi Units.
- (Brown and gold front panel plate 13/6.)

* Multi -input (Unit 4). Simplified version of
Unit 3. Size 5 x 21 x tin.
PRICE 65/ 1/6

P.P. Front panel
BUILT plate 6/6.

* Stereo Preamplifier (Unit 5) for use with
two of units I or 2. Size 9 x 31 x llin.
PRICE L10.19 6 P.P. (Front panel
BUILT 316 plate 12/6).

THE FINEST QUALITY HI-FI AT UNBEATABLE PRICES

WE STOCK

TRANSISTORS
RECTIFIERS

VALVES
CRYSTALS

MICROPHONES
TEST GEAR
TAPE DECKS

SPEAKERS
MULTI -METERS
RADIO

CONTROL
AMPLIFIERS
RECORDERS

TUNERS
RECORD DECKS

TWEETERS
RECEIVERS

GENERATORS
COMPONENTS

AND
ACCESSORIES

SEE LATEST
CATALOGUE

for the LARGEST
RANGE IN THE

COUNTRY.

 MW LW POCKET SUPERHET RADIO
TO BUILD

TOTAL 85 P.P.
2COST 1-.

(Battery 2/6.
Phone 5/-).

* 6 -transistor design.
* Printed circuit.
* Push-pull output,
* " Cleartone " 21in. speaker fitted.
* Moulded high impact attractive cabinet.
* Size S x 3 x I slow motion tuning.

* AMAZING SENSITIVITY
AND SELECTIVITY 

COMPONENTS
OF ALL TYPES FOR EVERY PURPOSE

A SPECIALITY
 4 WATT AND I WATT
PACKAGED AMPLIFIERS

* 6 -transistor push-pull prin-
ted circuit designs.

* Four 3 to 5 ohm speakers.
* Size only 2f x 2 x Ifin.
* 4 watt 12/18 volts, If watt,

9/12 volts.
* 7mV. intolk 'ohm sensitivity.
* 40 c/s. to 15 kc/s.

II watt 65/- 4 watt 79/6

 TRANSISTOR
PORTABLE

TEST
EQUIPMENT* RF generator

ISO kc/s. to 350
Mc/s. in 8 ranges.

RF, Mod. RF, AF,
outputs. PRICE

£9.10 0
2P'/6P.'

 VHF FM TUNER TO ASSEMBLE
* Two pre-

built and
aligned
units plus
metal work
and panel.

* 88 to 108
MO tun-

s. ing range.
* Output 100 n1V. to 100 k/ohm.
* 6 -transistor superhet, printed circuit design.
* Size 99 x 34 x

TOTAL COST
TO BUILD L12.17.6 P.P. 2/6.

(All units sold separately.)

 2 AND 4 TRACK RECORDERS
TO
ASSEMBLE /4, )
TOTAL f4

COST
TO BUILD
 2 -Track

£26
P.P. 8/6.

 4 -Track
£30 * Collaro Studio decks.

* 6 -valve record/play
P.P. 8/6. amplifiers.

 Complete * Sturdy portable cab -
range of inets with speaker.
decks. Am- * Printed circuit, pre.
plifiers and built units.
preamps. in * Complete in every
cock. detail.

ORECORD AND PLAYBACK SYSTEM

 MULTI -TEST METERS (Full details in Catalogue .
* PT34
* MI
* THL33
* EPIOK
* EP2OK
* TP5S
* 111-2
* EP3OK
* Model 500

I k/ohm per volt CI 19 6

L2 9 6

L3 IS 0

10 E3 19 6

20 19 6

20 CS 19 6

20 " E4 9 6

30 E6 10 0

30 . C8 17 6

* EPSOK 50
* EPIOOK 100 LIO 10 0

* Model 700. Professional meter, 20 k/ohm
volt with AC/DC volts, resistance DC and
AC current. Size 71- x 51 x 31in.

PRICE L17.10.0 P.P. 5/

All types Brand
New and guaran-
teed. (Post and
packing 1/6 per
meter).

SINCLAIR X10 Kit L5/19/6. P.P. 1/6. Mains unit 54/-.
EQUIPMENT. Micro -6 59/6. TR750 39/6. Microamp. 27/6.

CATALOGUE FULLY DETAILED
AND ILLUSTRATED

OVER 90 BIG PAGES, CONTAINS THE LARGEST RANGE
AVAILABLE IN THE COUNTRY. ALL TYPES OF COM-
PONENTS AND EQUIPMENT PRICE 24,, Post
AT COMPETITIVE PRICES. / Paid.

LET US QUOTE FOR PARTS
FOR YOUR CIRCUIT. SEND
LIST FOR QUICK REPLY.

TRADE AND EXPORT
ENQUIRIES INVITED.

F
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3 -VALVE AUDIO AMPLIFIER MODEL HA34

Designed for lieli reproilintion of
records. Ad . main! operation.
Heady built of plated hoary gauge
metal elmmk. Id, 71in. w. 6
411,. II. 41in. h. Incorporates
1:0043. ELM. EROS ,olVeS. Heavy
duty. double Nolliel ,rains trans-

,. former and output transformer
matched for 3 011U1 speaker. separate
bass, treble mid volume controls.

Negative feedback line.' Output 41 watts. Feint panel eon

t -

STEREO AMPLIFIER

:.....',./446) BARGAIN FRICK ONLY 24121.

Ile ti cding
Ell:6h and 1

EY.80; heavy
duty, double
wound mains
transformer. Out-
put 4 watt. per
channel. Full
tone and volume
eoilleolS. Al,.
wriutely complete.

HIGH GAIN 4 -TRANSISTOR PRINTED
CIRCUIT AMPLIFIER an

Type TAI
1 I.

't co pi it.-
., oit puu I,

 It ,.nter tapped
,IIT 114 or 61

to, -I a, . 6... c pair of ot - p .. 9 volt opera-
 E,1.1-3 thing rupVlicd, wire, battery clip", solder, etc.
oprehensire easy to follow Instructions and circuit dn-

., I ti (Free with Kit). All pirts snla oepamtely. spacial.
raise 45 -. P. 0 P. 3 -. Al..o ready built and 1. tt .1.52 6.

SPECIAL OFFER'
Litultei mutate, of E.M.I. 4 -SPEED SINGLE RECORD

PLAYER DECKS
With unit mounted pick -or. Incorporating the lollowine
special features: Heavy S in. metal turntable, low flutter
performance shaded pole motor for 200 250 v. A.C. with
SO v. lap. Weld ultra lightweight pickup 5 "names tracking
weiabt. High o p mono ceramic cartridge. Autostop.
Overall motorplate sire 12in. 10iu. 2 ,o. below ;did
2,5. above.

UNREPEATABLE OFFER AT
896. Can. 51..

4 -SPEED PLAYER UNIT BARGAINS
All brand new in inalocs .11,111 .1 1,0 kin,.

SINGLE PLAYERS
B.N.R. TU/I3 £3.96. 1'.01. ...t. -.1:1'1.1 £5 9 11.

.610. B.S.R. G17 with mot mounted 10$ I.........£4188,
 4re. 3/0.

AUTO. CHANGERS
Latcst B.B.E. ttA2.5 Ilitt £6 2 6
11.8,11. UAIS 26/126. II I . 26 19 6
Lanett tIARRARD ES 8 0.;ARRARD ATit ...... £10 10 0
i; AR It Alt D Auto -Slim

6,6 on each
26 10 0

All the above nano are eemplete with t;n moon head with kap-
phlt. styli or ..an be ,11nopli..,1 with 4.1... at 12,6 extnt.

BRAND NEW CARTRIDGE BARGAINS!

....pi. 0 1111 .1111011.1 0,111, ountititig
Idd pi,. 0-2 C I OUR PRICE 18 6. c 1,-.

GARRARD 1.'2 1.. H!.. -I I
I Om pries

ROSETTE STEREO 105 CARTRIDGE. - ...topless
with two 46 Lind 11,1 In,.. 67 9 Our Price 24/-.

QUALITY RECORD PLAYER AMPLIFIER
re..cd plat I ,1111.ill, T. 1 w.. otottlitt., elodi

.10p1ele Milli "III IOU 0-
SIM' .

Ilan .41 Al I. It1.1. odd.1.1.1 1,...te.1 with ow pal tt.th4..ttoer
.nd 0Iu. speaker ready to rat igW icaldnet b. loc.. PRICE 89 6.
P. P. big.

QUALITY PORTABLE 11,T. CABINET
Vomit motor board. WW take above amplifier and B.S.R.
or OARRARD Autocharap.r or Slncle Rtort' Player Unit.
Size 18 x 14 x 8/In. PRICE £3 9.6. ,'are. 716.

4 -WAY NON -TANGLE TELEPHONE CABLE, Latest springs
back coil type. cotendx 12in. to Zift. Complete with ritldwr
bushes, 416 each. P. & P. Ict.

p!,.1'1,1111. ti.tuncit, Del. v Clockwork letoitturi
M. d -

OUR PRICE 10 
SIxelai W1,13110110 lot ,in.

10 14 WATT HI-FI AMPLIFIER KIT

p., All ports Nola sepat,delv. 6111 6, P. A I'.
4:. da, n..ly bon .,pi I. c ...ppl, to with elan-

VYNAIR & REFINE SPEAKER & CABINET FABRICS.
33, pint. OUR PRICE 138

1- t A P. -2 ti. 111iu. I yard). 14.4.E. i..r

A NEW HARI/ERNS KIT FOR THE HONE 0018711LICTOR
really excellent, all purpooe

mains 200/.240 v.
AMPLIFIER KIT.

TN PE HAL " YOUR " 3.4' 41,VE,
4 WATT USING FA42S3, EIS&
E/.00 VALVES.
Special features Include: * Heavy
.11.11y dotible.w.1111111 1101101 tronk
rump/ with cleetrostati.: 0 * Separate loan, tr, :111.1

,..I111111. Cttlitrid, LI, II . ,i1'
ri:41de lo 011,1 1

M0111101111 * 11,aa, It.
,au. cumin, .1

'Irt fa,. 01. * San
Or reetked * Pl.' I..
or .1111,ct Olt 011.1,14. * All 1.

71In. wide z 4111..I.-1,. Oi .1 .1 *
and waives nit b Yon l t, w. * 1,1,
enable even Ill' illeIledieltet .1
100% 1000ePS. * Supplied eolitplt
former II ohm, only), wrcetiod lead. c
..10. (No ev trim to buy.) PRICE 79.6. r .0 I.

circuit diagram, practical I.,1001 0101 pal, net
uitl, kill.

HARYERSON'S P.M. TUNER MK. I

I .11 I ,
11,1 l' 1111,

,..100
11 %, I 1,1010,1

1,111  Attr...
10 111 .10011 JII1

If 1
I. .P.ing

,IkT .0. ,r0. lealodorleter and
t.. lot, t 0 I i1,1 Elloce. (110 EPSON, and E'Aitti

I all, II1111 .c.  Mae of COUIpleled tune,m  Ill pc -.11 poctely. Set of paste it pee.
d ,,. f..5 19 6. I'. P. And Ins. ('iron!!

,d I '; c- I 6 Mark II Version as
I. c 0 a 1,1 cod Itraekets,

£8 126. I'. Mark III Version 41 k 161st with
ootiait 1:. 1 ...011..1. £7 ; e. 0 P.
Handsome Metal Cabinets. ter.. ..1 III,, 1. ..1 t.. '1'..
1I.,11. 1.25 -. PAP:: 0.111. II. 17 6. v. A It. a

SPECIAL PURCHASE; TURRETI TUNERS

ile.tli.1 l al 11.00 .1, ,rip!, I.' 01111 1,1,1 :,.,I Perk°
%al% 51. . 111.4,0, 1..i 1 ban..1-. I I., i and W and
9. 11...11,011 -11111111..1. 115 1,1 P. a P. 3itt.

CURLER P.M. TUNER HEAD
04.1011 Me 111.; 11. I.C.15.- 2,-. (1.:(A'83 valve

.,Ira
TAPE DICES

B.S.R. MONARDECK di :III* per ol.
1...I-. £6 15 phi. 7 ti .:ire. w,d in,

COLLARD STUDIO DECK. 3 ta.a...:l sit," dm. pooh hullo.
coot lid. I I to 7.o. f10 10 -. P. A I. 7 6. iTats s

,let, lad/1.l

SPECIAL OFFER:: BRAND NEW HEAVY DOTY 12 INCH
SPEAKERS

Eeeponee 45 e/a.-I3 kris. Ilia cold cull. Available in 3 or
15 ohm. Guaranteed fa 13 watts British lath's. fleas
cast aluminium triune. Thew ore current production by world
Mantua maker awl as they ere iirtered well below lint Klee we
um not. permitted to dloclowe the name.
LIMITED NUMBER ONLY. UNREPEATABLE AT 89/8.

a P. 3...
Also 2.5 w, g.iitar mall a,allalole of V5,51,

MATCHED PAIR OF 2! W ATT TRANSISTOR
DRIVER AND OUTPUT TRANSFORMERS. HARVERSON SURPLUS CO LTD.k 1 IA 0101,1
fur .duti lO toil loll 10 - 170 HIGH ST., MER ION, S.W.19. CHErrywood 3985
BRAND NEW PLESSEY. 1.2 4 pm 1.

T3i. 1'2 1.4.-11. 1151.1 8,6. Open all day Saturday Early closing Wed., I p.m.
. A P. 1,6 r.eti.

CELESTION. 3i.id... o 11111 : A fee., minutes front South Wimbledon Tube Station. 'Please write clearly,
Overseas P. & P. charged curs. S.A.E. nab all enquiries.

11111111111111111111111111111111111111111111111

H 'IF
EQUIPMENT CABINETS

OF DISTINCTION

IMPERIAL

Illustrated in this advertisement arc
too One cabinets from the Lewis
Radio Range,

 These C'abinets are just two of a really
extensive range.

 Each one earefidly made by British
Craftsmen and soundly constructed
from the best materials available.

LOWBOY

l ill in coupon below to obtain FREE
,:atalogue showing this wonderful
ranee of cabinete.

Fea THE NEW LEWIS CATA-
LOGUE Designed to assist your
choice of cabinet. The new
Lewis Radio Cabinet Catalogue

- the must comprehensive ever prepared.
Sent absolutely FREE

Please send your FREE 24 -page cabinet
catalogue:
NAME

ADDRESS

.(Dept W 5/65)
CAPITALS PI.EASE

LEWIS RADIO
100 Chase Side, Southgate, London, N14

Telephone: Palmers Green 3733 9666
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EE
'S TAPE! G.P.O. DESK TELEPHONES

Black, complete with bell,
...--

rillir41/-.--a. ---, -

handset, standard auto dial. .,

Guaranteed sound, ex -office 4.:',..t..

SAVE £Ws AT GEE'S !!!

P.A. EQUIPMENT
We offer a full range id all Amplifiers, Transistor

5in. Std. 600ft. 816
7in. Std. 1,200ft. 1 2/6
5in. L.P. 900ft. 10/-
5; in. L.P. 1 ,200ft. 12/6

TENSILMED
TRIPLE PLAY

31in. 600ft. 15/-
5in. 00ft. 17/6below-may
5in. 1,800ft. 35/-

equipment. Bargain price '''ss.,,,........

35/- P. & P. ffi6.

COLLAR() "STUDIO " TAPE TRANSCRIPTORS.

or Valve, from 2:4) tow to :iii watts output, iii.o
Speakers, limns, Mikes, Eli KW -Stands, Cabinets,
suitable for all sound applications. A small selection

we quote for your requirements.
SUPER POWER LOUD HAILER MODEL 2583

7in. L.P. 1,800ft. 1St-
4in. D.P. 600ft. 9 -

51in. 2,400ft. 45/-
7in. 3,600ft. 58'6

Brand .new in original cartons. 3 speeds, li, 31, n
i.p.s. .3 motors, digital counter, etc. Complete
with 7in. spools, instructions and fixings, A.C.

Hearing range 1,000ft. Lightweight self-contimied
portable,with detachable directional t te

diaphragm. Fullyi
5in. D.P. 1,200ft. 15 - PARE
5:in. D.P. 1,800ft. 22 6 2iin. 16; :Sin. l'-:

nit'. 1/6; 4in. 1/8;7in. D.P. 2,400ft. 25 - 5m. 2/-; 5/in. 2/-;
P. & P. 2:- per order 7in. 2/6; 21in. 4/8;
(Over £3 post free). loin. u./-.
SPECIAL DISCOUNT FOR TAPE QUANTITIES.
Send S.A.E. for Tape list.

200/230 v. operation. SPECIAL PRICE 10 DNS.
Carr. paid.

MICROPHONES
BNI3 Crystal Stick, 89/6. P. & P. 2/-.
PA.46 Dual Imp. Dynamic 84/, P. & P. 2/6.
PA.17 Studio Twin Crystal, 42/-. P. & P. 2/6.
Telescopic Floor Stand, 55/, Carr. 5/-.
Send S.A.E. for Microphone list.

cropli le' with rlica polar
nr'ainsistorrised power amplinera.r. Long battery life.,

Ideal for all outdoor events. Brand new and
guaranteed. PRICE 22 Gns.

JUNIOR MODEL "BULL HORN." Range 200ft.
PRICE £4 15 - . .,uiplete.

RE-ENTRANT LOUD HAILERS (Er. Govt.) Heavy
duty 20 watts, all metal, 15 ohms. Dia. 15in.,

OUTSTANDING BUYS IN QUALITY
MULTIMETERS

100,000 o.p.v. Model 370-N. Price £1414 -.
30,000 o.p.v. Model 500. Price £8.17 6.
20,000 Model C.T.500.

WANTED FOR CASH! !
Good quality modern P.A. Equipment, Test
Equipment, Hi-Fi Equipment. what have you?
Single items or quantities. Offers by return.

length 15in. (approx.). Brand new and boxed, /9
Carr. 10/-. Ditto reconditioned 96'10', Carr. 10/-.
EXPONENTIAL HORNS BY FAMOUS MAKER OF

P.A. SYSTEMS
20 ,vatt, 15 ohm speech coil, 30in. long, 20in. squareo.p.v. Price 15,5-.

4,000 o.p.v. Model H20. Price 79/8.
All complete with test leads, battery, instructions
and fully guaranteed.

AUTO TRANSFORMERS. Step up, step down,
110;115, 220/230 v. Fully shrouded terminal
block connectors. 150 w. 32/6; 300 w. 47/8; 500 w.

'77/6;

flare. Good condition. 57/10/-. Carr. 12/b.

TRUVOX/TANNOY LOUD
HAILERS

EVERSHED & VRINOLEg. Wee Meggrr 103 v.
,itti 1 :idler carrying case, good workin order

£66 -.

67/6; 750 w. Low w. 00/-; 1,200 w. 1.1.7/8:
1,500 w. 139/6; 1.751) w. 1751-; Carriage ;i,. on each
type.

, M'ith 180 ohm line transform-
er and condenser. Impedance

I

f'
I- 7} ohms, handling capacity 8

EVERSHED & VIG-
HOLES Seri,. II,
500 v. Megger in
,..,,I ....rid. 518/18'-.
EVERSHED & VIG-

SOLES HEDGER
TESTER

G.P.O. STANDARD 19in. HEAVY DUTY
EQUIPMENT RACKS

5ft. Bin. Angle Uprights, M. Carr. 15/-.
aft. Channel Uprights, 46/10/-. Carr. 20/-.
7ft. Channel Uprights, M. Carr. 25/-.

All with Heavy Duty Base.

I , watts. Complete in slope -

I front wooden case, soi-.
Carr. 5/, (Spare diaphragms

i 12/6 each.)

VIKING TRANSISTOR " 50." Superb 50 -watt
amplifier for music, P.A., guitars, groups, etc.

CIRCUIT
(low reading ohm
meter). 2 rang.,
0-3, 0-30 ohm.
Complete with

I ather ease and test leads.
As new. 28/61-. Ditto 0-500,

100-5,000 ohms M .
E. & V. BRIDGE MEGOER 500 v., with leather case.
Perfect working order, 440.

15

LONDON
LITTLE

Open

L BROS.
NEWPORT

, W.C.2.
9-6 Mon. to Fri.
Adjoining Leicester

RADII)
GER.

Square
I

Tube

.LTD

STREET,
6794/1453

p.m. Sat.

4 inputs with mixing facilities plus reverberation.
Output for 15 ohm speakers. A.C. 200/250 V.
operation. Size 22in. y loin. x (tin. Brand new and
fully guaranteed. GEE'S PRICE 42 Ow. Carr. 7/6.

VIKING SOUND 30. Valve model similar to above,
but with 8 inputs and 4 separate volume zontro .1s.
A.C. 200/250 v. operation. Size ffilin.,. flits.?"bin
Brand new and fully guaranteed. GEE'S PRICE
32 Gm Carr. 7/6.

5WW-091 FOR FURTHER DETAILS.

STOCKISTS

MODLL 8 YLK III

MULTI MINOR MK. IV

REPAIR SERVICE
7-14 DAYS

We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

Suppliers of Elliott, Cambridge and Pye instruments.

LEDON INSTRUMENTS LTD
76-78 DEPTFORD HIGH STREET, LONDON, S.E.8.

TEL.: TIDeway 2689
E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT.

5WW-I37 FOR FURTHER DETAILS.

BRAND NEW AM/FM (V.H.F.) RADIOGRAM

CHASSIS AT £13.13.0 (CARRIAGE PAID)

a
) V.1711-,L67 AAL

A.C. ONLY. Chasels else lb x 61
x 611n. high. New manufacture.

Dial 141 x 41n. In 2 col-
ours, predominantly
cream. Plek-up,
Extenelon Spea-
ker, Ae., E.,
and Dipole Soc-
k e t s. Five

piano-' posh
buttons - OFF Jr, -_t It4ThiktIt

-.-.1.7i,"7IpEZZ.IESi 
and Oram. Aligned
and tested. With all
valves and O.P. Trans-
former. Tone Control fitted. Covers 1,000.1,900 Mt 20s11
Valves EZ80 reel., ECHill, EF89, EABC80. 1'1.54. I

10 8In. ELLIPTICAL SPEAKER 25/- t t

TRIMS: 53/10)- down and 0 monthly p ' I

ALTERNATIVE DESIGN. LW 1,000,
87.100 me/s., gram position. Others, -
(cart. paid), term. 23110/.. down and o

PUSH-PULL OUTPUT MONO -AURAL AMPLIFIER
Output Transformer for 2.3 ohm speaker. et/tavola are Las, trubl,
8 watt. Input 200-250 v. A.C. Valves EZ80, ECC83 and 2-EL64.
311n. (chassis) phi. knobs 0111 ar es. The front control panel.111 Lip
LO the chase). but may P. ! I as a" flying panel ". Price post

BATTERY ELIMINATOR
For 4 low consumption valves 196 mug., I Jo v. 15 mA. and 1.4 S. 125 mA., 42/6 (4/- pod).
2)10-250 v. A.C. Also for 280 mA. 1.4 v. and 90 v. 15 mA. set iamb price. Two units to
replace existing batteries.

TAPE RECORDER AMPLIFIER
Fully built. Front panel 121in. x 311, din. Valve. EF86,
ECC83 and 2EL84. Controls (I) If IC. 5 L...) I on, t 5 Play back or monitor.
(4) Tone. 2 Jack sockets for Tuner/P.U. and MIC-nwltch be superimpose. Separate
power pack containing transformer and rectifier.
For Collaro Audio deck only. Price 88/14/- (6f- P. a P.).

Send 6d. for 20 -page illustrated catalogue. All New Goods. Delivered by retinas.

(C.O.D. 2/6 earl.
ALL ITEMS OCIARANTERO M MONTHS. VALVES 3 MONTHS

We regret we cannot eveell .1, to.

GLADSTONE RADIO
66 ELMS ROAD, ALDERSHOT. HANTS. Aldershot 22240. (1 min. from elation end

buses.) Closed Wednesdays.
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h
NOT BUILD ONE
OF OUR PORTABLE
TRANSISTOR RADIOS . . .

BACKED BY OUR SUPER AFTER SALES SERVICE

Total co.

NEW TRANSONA FIVE

451 a; I

POCKET FIVE
* 7 Stages -5 transition and 2 diodes. , 11..11,,o, and
long Waves and Tray, 15r It-nnd, a feature tnitally bawd In unla
the most .11011SINI. 13.101.. 0111..4, Horn, Light, Luxembourg
and many Continental ;lotion, wen, tisyncil toml -tar.1
D,.signed 101110 .1111. mensithe F.'nfte Acrial and One t ,,,,, 
2110. miming coil speak, r. built into attraciiie him& Vied. with
rnl Sp0akei grill,. SI, 3!ill, it ten 1,31,..  nra ii'
ablo nh, re.t

42 6

Total cost of all parts NOW ONLY 42 6
ROAMER SIX NEW ! !
* 8 stages 6 transistors and 2 diodes. * 6 waveband.
* Non nab micro -alloy R.F. transistors.

r.

-11 /,4.100. ,11.* Extra band for easier tuning ol LUX et .

Total cost of all parts NOW ONLY £3.19.6

ROAMER SEVEN Mk. III
5 WAVEBAND PORTABLE OR CAR RADIO
AMAZING PERFORMANCE AND SPECIFICATION

,.11 milt /Via '9 oir rn..It.Lnl
* 9 alined-. 7 transistors and 2 diodes.

N. :del L. Woe..., Band and Imo Shot( NAaves
15 melt, s. Push -poll iiittput for 11mm-filling iolnu.e

In.mi iich 1011.1 heart dior 95.1eation' Air spaced
ganged tunitin 0011.1.111.1.. F01Ti110 1'04 aerial fur M. &
{Vita., and telescopic aerial fort ri. Waves. R, -al leather look

gill trim and Mouldcr and ham' straps. Size 9> 7 x
4111. aliplf0S. The it. dial portable anal the ideal cat radio.
(Vs. 1.1'7 halter,. an\
Total coat of all parts NOW ONLY £5.19.6. Poole pie. 1;4 obd

may ?mild pl....

SUPER SEVEN
*9 Stages 7 transistors and 2 diodes.
coacrw M. 011,1 I.. NV,. dcl noon-. The oh -:d tad in
for hours', car 01 pap luta inn strap tor oittilinir
100. Completely portable Imilt .ni nit. nal aerlalfot notolettol
1,1,1111011. Speeial cionit ilicorporation 9 stacca, posh -poll
01111ini. 3111.4100k, ,frill ,Iris,- larvae sisciko-1. wide .o. s
1.iri. - 9i. hale. aaiiaid. win ;

Tend cost of all parts NOW ONLY

NEW ! ! TRANSONA SIX
* 8 stages 6 transistors and 2 diodes.

lop pet fa nada, r; co cr co,. di, , pin AI. a ,,,,, '1',
11...1-. oio 11.1; :eel; ..;

Total coat of all poi, 59 6

£3.19.6

I. r

MELODY SIX NEW! !* 8 stages -6 transiators and 2 diode.. Oar -t rely
irLable trainiator radio covering 111. and 1.. saves. Incorporatem

pre -tagged innant board, 31u. heavy duty speaker, top grade
transistors, volume control, tuning condender, mace change Aide
switch, senalt Iva 001. ferrite rod aerial. Posh -poll output. Won-
dertn1 reeeption of 11.11.1% Home and Light. _Minn and many

Hain 3031 Ilantionne leather look !lock. t size cane.
only 6: x x Woo uppros, aith gilt sp'akes grille and hand
and shonlder strap..

Parts peke list and easy build plans 2i-. Total cost of all parte 23.9.6
P. s P. 3/.,

All comp...nix used ha one re,, may be rurebbeed neptontely if desired. Palls prb, lists
wad easy band plans oranable eepornIrtm al pekes etafrd.

0 I' PBS E.1.0 PO,

RADIO EXCHANGE
61 H IGH ST., BEDFORD. Phone: 2367

Callers side entrance Barratts Shos Shop. Weekdays 9-5 p.m. Sots. 9-12.30.

New 209 Communication Receiver. Latest model 1-20 Mc/s.
Input voltages 12.24 115 and 230. Complete with phones, aerial, etc.
E23.

Earphones for 209 Receiver. 10.-.
Spare Valve Kits for 209 Receiver Mark II, containing 2xDF9I.
E.F.92, 2xDAF9I, C.V.284 and DK91, I x 6 v. bulb, fuse and I2v. 4 pin
Vibrator in useful metal box, LI.
2,000 Loudspeakers. 81n. by leading manufacturers in attractive
cabinets. Useful as extension speakers, 12.6 each. 2 for 22/6.
Logic Units by Mullard, contains 2 transistors, type 0084, ferrite
coils, resistances, condensers. Brand new, I7,6.
Timers by Chamberlain & Hookham 1-30 secs., L4.
2 K.V.A. Variacs. Type 100 by Claude Lyons. Ex equipment, L9.
Coil Winding Machines
Oscilloscopes, by Nagar. Millard, etc.
Vacuum Pumps, by Edwards, type ISSO, L12/10/-. 2S50, L20.

New 200 220v. Crompton Parkinson, A h.p. Motor, 12/10/-.
Oil Diffusion Pumps, by Edwards. Models 203 and 403, L6.
Counter Tubes, type G.S. 10/C/S, new, boxed, IS/-.
Spot Weld Heads, L4110/-. Many types of transformers suitable for
spot welding, also control units. Details on request.
Industrial Spot Welders, I, 2, 4, 50 and 70 KVA. Details on request.
E.C.H. Unit, by Rediyon. 7 kw.
Electric Solder Pots, various sizes.
Stoning Ovens, 24 x 24 x 24in. by Credo & Barlow Whitney, L40 ca
Fan Heater and Cool Air Circulator. Wall mounting 3 kw. Brand
new by famous manufacturer. Usual price £9/9,1-. Our price only
L4 19,6.

M.A.C. LIMITED
s TROY ROAD, MORLEY, NR. LEEDS.

Phone 2334

Shop 126, NORTH ST., LEEDS. Phone: 26026

Telescopic Aerial Masts. TP1.11:ir SP. ..I I 'ppp..t spray finish clog cam looking on each
Malain, providesfor hill or am ti inlit riortiod. nada 1,1. 511 linings and hare 1, -at jun,

itt sect' 11in. 11b3..2110 .1 - I - .0 0, 01, i,111 lin 55 -
:141,. iii Sel.tiOn$0 .10,11 lift. .

Auto Transformers 3 EVA. I ..
r, gulator. A111,10311 .orph0. Brand New £12 10 -. in. -.
ARSSD,,ki,, gt ,ee iv. .-par.' set of a altW ilt.341ph011ea. BM, 1,11, .100

St sie;neinis10Huir Speed10s.Inlays. 50 ohm ohm type 1191111 10;6i,, obit ;

1.70o ohm -; 17110 ohm tsp., Root, 14:6 ..
Siemens Miniature Relays. vi,,. I t > I :in. lees. 700 ohm , ''.2 p..I. t.n.t., ,act ral log pp to 2 amps.. 100 v. 30 wall, ma,. 6

Typc 2.751 ohm- 12.2.1 v. opiant i, PltnA 011 12 v. taint:tete at 10 amps. uni a. 7 6
Headphones Moving Bail. Foost wieldy with Ear Mutts for noise excluding. 12 13

.1 with 111,010, .,.111030
. 17 6'.i Tape 1.1,115 hal. armatnre. 916.

Blower Motors. 1,1.-..1 t Es 11.1.1'. equipment. 12-24 volt, 1./A'., 39 6.
:.1-1 -pail! np. 10,111... .1 0111 001k 1000 O. .uppl . 14.6 ea.
Small Geared Motors. road ii ..Inns.p pa Norkarc c.,li:.e..1.12 v. Overall sine4:.2
15 -.
Pressure Gauge. 1,100 9 6 ea.
Tannoy Loud Hailers. io not. r od"- dr mg wooded caw, with steel prot, -

27 6
Carbon Hand Mike.
Miniature Plugs and Sockets. Jou,- IA 1.. 8 Way g.6 pr.. 12 Way 416 Pr.
Transmitter. T,,.. 62.-, reo TI: 9.1%11. 522 Range 100.168 Mc/n. complet, wilt. ail
val, a. par 4:12. 21 cary
Inverter Type 300. input 2. c, 11.E. Ontput SO v..',1', ICAO eye. Single Ph. £3i101-.

Motor Generator. T3pc 411 Input 28 v. DA'. Ontput MO r. 2000 cycle 2 kw. 1 Ph. 212.

Belling Lee. 25 War I ii...1.1/1011111ing Pings .ind lksekets. 14In. x 11in, a lin.. 8/6 
Aerial Change -Over Relay. I 11,avy salter cootnete. AnnTicen Mont 1213
Post °Moe Relays, 3111111 21'11; 201; Coil !Minded 140 ohm. 21.:0; 2M; 1,000 ohms 2,
'oil shinned 500 oho, all it 6 - ,3. I'. a I'.

Carpenters Type Relay 5113L52. No T. at 1.2 ohm: 3.000 T. at 150 ohm; 3,000 T. at 25o
oh, coniplet, with on sot it,ga and PIM; in 15/- ca. P. & P. 11-. 0.E.C. type
111113) 251; 211, 670 olio 7 6
807 Velvet. 6 6 I'.
Signal Generator. Ti p Ip,i eoi yrs 5.5-55 Mega. complete in carrying cane. Mint. &afoul
lasts. L9 0 0,
Brand New Valve Voltmeters E 7555 2. ring,' 01 to 13,000 D.C. or peak
111 S1,011 ran.- (Pop . 1,000 l'oNec 01111,10, 110 1.0 120 v. and 200 to 24:,

cMpkt, with mn, awl old ma too mooed. 217.00. r. a P. 151-.
bonne: ViVO. SAE eoso,p,

SPECIAL OPFER
FIR F: SALVAGE TRANSISTOR SETS

1,origlinediurn u,,,. 11, 001I. Ie ither earning . :10

B. S. RADIO AND
ELECTRICAL STORE

108 CHESTER STREET, BIRKENHEAD, CHESHIRE.
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and MAIL ORDER SERVICE
52 Tottenham Court Road, London, W.1.  Open 9-6, including Sots., Thurs. 9-I  LANgham 0141

RESISTANCE SUBSTITUTION BOX
32 6

c

CAPACITANCE SUBSTITUTION BOX
25 -

12in. SPEAKER OFFER

39 6

HIGH VALUE RESISTORS 5 for 10i-
1.000 . 10.000 op ,.hr,. 1."A1 hold

100". One of each value Plus any chosen two.

CADMIUM SULPHIDE PHOTO -CELLS

Trix. 1. Mtn. soil., 200 v, Output 0.5 W 10 -
Type 2. Man. voltage 150 v. Output 0.15 W 8 6
Roth types have a resistance range of 5 nu.L.,,m,
ratio. is 400-800 mu. Supplied with sNII

T PE 2

AO ohm s at 1.000 WA Sensitiv
111)011. and tVpiCal

D.C. GYRO AND SERVO MOTOR C1

£10 each unit or £17 10 0 pair

MINIDRILLS Precision tools dor miniature
electronic work

Superb miniature Electric Drill Kits offered at much leas than halt
manufacturer's selling price. Designed to tit requirements of
model and toy making. jewellery. dental. optical and camera
repairing. radio and electronic building. miniature drilling and
polishing. British manufacture but utilising the pick of world
famous German and Japanese motors. Brand newmanular- ,

racer's cartons ands ontrIele with 5 poltstn: rnd moron
tools 01111 InL /ow,
Type ti '

Kit for mains operated power pack 25 - extra.

SEMI -CONDUCTOR MODULES
Ice cube size encapsulated circuits

1'1'11111 SF111t11S AMPI.ItI I:R

METRONOME

barters dciirc .001,1. c0/01.
CODE PRACTICE OSCILLATOR -

I!-', b.d.tcrs. I ;

FIRE ALARM u

HUH Al A. Ill Al

I' A I

0; PAPI

;11 - PAP I-

.10 - PAP I-

DRY REED SWITCHES

Inr ri morel; riot o
-.ion indicator,

r. Reed switches h.o. ;

mcs that of microswItchc.. and lin Ir. 1...i 1/ 111.1 MI 1101 10011..1001) 1.3 to;
Each reliefs is supplied complete with apecifleation. instruction and ideas information.

MINIATURE TYPE

REED SWITCH COILS 4
I. rat hot

,I 11 30.1 located romoi t; o; ti ;Amts.,. Sio °serail: Zill
Two types are available: Type 1 -operates from any D.C. voltage from It to 6 volts: Tyre 2

operates from any D.C. voltage from 6 to IS volts. Please state type molted what orderfilg.

ETCH YOUR OWN PRINTED
CIRCUIT KITS 21 /-

6-12 volt BLOWER UNIT 25 -

FULL 1-H.P. MAINS MOTORSr. vilL Continuously rated, silent running
r -

65 -

1

T '

40 AMP Kroll{

170 HEAVY DUTY LEAD ACID
AMP HOUR

£1 0 0

£4 10 0

BATTERIES

MINIATURE MAINS INDICATOR LIGHTS

4 for 5 -

GUARANTEED TRANSISTORS. os '.44 4., 2 6. 01..71 3 6; II t'...!o; 6 6. Mal. I../ ,:.E.T. ,it,t'oh14 6 1..1 A,1,1 bon; .11,o

SILICON RECTIFIERS. 51'x112 21i 500 mA. 6. 1,00n p.I.v. :411011A. 7 6.
stile rdtdd; . Its'. r, A. full wave g2,
ADJUSTABLE POT CORE. Kollar,' Ankh, Ts pc 1.A43 14 lam. adjustable core, suitable 4;1
num ; r: e. 12 hi' a. 1.2 Mc/a. Erfeet e permeability 25. Turns fur I Tuti. 133. Complete

:;;;1 10..1m1)u. 4 6. P. A P. I,'.
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CYLDON A.M./F.M. PERME-
ABILITY TUNER FOR ALL
TRANSISTOR OPERATION
Size 21in. x 21in. approx. By famous manu-
facturer. A.M.-I.F. 470 Kc/s. F.M.-I.F. 10.7
Mc/s. A.M. coverage from 1,620 Kc/s-525 Kc/s.
F.M. coverage 108 Mc/s.-88 Mc/s. Circuit

diagram 2/6. FREE with Tuner. lst,! 2nd, 3rd A.M.-I.F.'s 1st, 2nd,
3rd and 4th F.M.-I.F.'s V.H.F. Osc. choke A.M.-F. trap. All the above
are the R.F. end of an AM/FM receiver car radio, etc. The above
items.

UM111111=11111

£2. 10.0

MAY, 1965

R & V FIRST QUALITY PVC TAPE
Slin. Scd. 850ft. ... 9/- Sin. D.P. 850ft. ... 10/6
7in. Std. 1200ft. ... 11/6 Sin. T.P. 600ft. ... 8/-
Sin. L.P. 240ft. ... 4/- Sin. T.P. 1800ft. . 20/6
51in. L.P. 1200ft. 11/6 5Iin. T.P. 24001t. 27/6
7in. L.P. 1800ft. ... 18/6 7in. T.P. 3600ft. 37/6

P. & P. on each 1/6, 4 or more post free

BSR MONARCH UAI 4 With FUL-FI HEAD
4 -speed, plays 10 records, 12in., 10in. or 7in. at 16, 33, 45 or 78 r..p.m.
Intermixes 7in., 10in. and 12in. records of the same speed. Has manual
play position: colour, brown. Dimensions: 121 x 10/in. Space required
above baseboard 4f in., below baseboard 21in. Fitted with Ful-Fi-
turnover crystal head, L5/1916. P. & P. 6/6.
B.S.R. UA16, similar to the above. L6/12/6. P. & P. 6/6.
B.S.R. GU7, 4 -speed, single player, complete with pick-up on uni.
plate with automatic switch E3/19/6. P. & P. 5/6.

6 -VALVE 15 WATT
PUSH-PULL AMPLIFIER

15 x 7 x liin. A.C. mains 200-250 volts.
4 inputs with controls for same and
bass and treble lift controls. Tapped for
3 and 15 ohm speakers. Extra H.T.
and L.T. for F.M. Tuner supplies, etc.,
built and tested. 7 gns. plus 12/6 P. & P.

FLUORESCENT LIGHT KIT

TWIN 40 CHOKE instant start with 4
br-pin 200/250 v. holders.

TWIN 20 CHOKE instant start com-
plete with 4 bi-pin 200/250 v. holders.

1 1/6 P. & P. 4/-

17/6 P. & P. 4/-

50 v. D.C. Input. Output 240 v.
A.G. 40 Watts incorporating
transformers, choke, condensers
and 2 Get 573. In solid 16 gauge
Aluminium Case size 15in.
x 6in. x 2fin. by if Oth plus 6/-
famous manufac-  /  P. & P.
curer.

AC MAINS MOTOR
Can be used
for a variety
of purposes,
silent run-
ning. satis-
factory in
every way,
230/250 v.
A.C.9/6 "2/-

FLUORESCENT
LIGHT FITTING

Twin 40 watt 200/ 20/A PAP.
250 v. less cubes. 6/ -

RING BURGLAR ALARM
A.C. Mains 200/240 volt. Fire sal-
vage slightly tarnished.
List price 7 gns. Our price
complete with double gong bell,
five micro
switches
and full
instruc-
tions.

49/6
P. & P. 4/-

11111181011111.11,

POWER SUPPLY KIT
In metal case, size 31in. x 2;in. x 2in.
incorporating mains transformer, rectifier
and condensers. 230/250 A.C. Mains.
Output: 9 v. 100 mA. Price 10/6 plus 2/6
P. & P.

SIGNAL GENERATOR
Covering 100 Kc/s.-100 M/cs. on
fundamental and 100 Mc/s. to 200
Mc/s. on harmonics. Metal case
10in. x Alin. x 5Iin., grey hammer
finish. Incorporating three minia-
ture valves and metal rectifier,
A.C. mains 200/250 v. Internal
modulation of 400 c.o.s. to a depth of

R.F.Modulated or unrnodulated
R.F. output continuously variable,
100 millivolts C.W. and mod. switch,

variable A.F. output. Incorporating magic -eye as output indicator.
Accuracy plus or minus 2% £7/5/0 Post and packing 6/6 extra.

3 to 4 WATT AMPLIFIER KIT comprising chassis Bfin. x 2}in. x 1in.
Double wound mains transformer, output transformer. Volume and
tone controls, resistors, condensers, etc. 6V6 ECC81 and metal rectifier
circuit 1/6 free with kit. 29/6 plus 1/- P. & P.

SILICON RECTIFIERS 250 v. P.I.V. 750 milli -amps. Six for 7/6d.
post paid.

POCKET MULTI -METER. Sizes
3; x 2/ x 1 fin. Meter size 2; x
1 fin. Sensitivity 1,000 OPV on
both A.G. and D.C. A.C. and D.C.
volts 0-15, 0-150, 0-1,000. D.C.
current 0-150 mA. Resistance
0-100Kil. Complete with test
prods, battery and full instructions.
39/6, Plus 1/6 P. & P.

50 MICRO -
AMP. METER
Movement by
world-famous
manufacturer.
Size Sin. x 2fin.

25/.. plus 1/6.
P. & P.

FIXED FREQUENCY
SIGNAL GENERATOR

Crystal control in metal case, size 10in.
x 6in. x 6in. Incorporating 2 FC13 valves,
mains transformer, metal rectifier, choke,
indicator lamp, crystal and numerous
components. Modulated and unmodu-
lated output sockets. Originally used for
I.T.V. frequencies. Brand new. 39/6
plus 6/- P. & P. A.C. Mains 200/250 volts.

SPECIAL OFFER -Power Supply Kit
To purchasers of "Elegant Seven" parts, incorporating mains trans-
former etc. AC mains 200/250 v outpnt 9 v 100 mA 7/6.

THE "Elegant Seven"
Combined Portable and Car Radio The Radio with the "Star" Features

* 7 -transistor superhet. Output
350 mW.

* Two-tone grey wooden cabinet.
fitted handle with silver -coloured
fittings, size 12;in. x 8;in. x 3;in.

* Horizontal tuning scale, size 11;in.
x 2;in. silver with black lettering.

* All stations clearly marked.

* IF 460 kc/s.
* Operated from PP9 battery.
* Fully comprehensive instructions and

point-to-point wiring diagram.
* Printed circuit board, back -printed

with all component values.
* Fully tunable over medium and long

waveband.
* Car aerial socket.

* Ferrite -rod internal aerial. * Full after -sales service.
4in. SPEAKER. Parts list and circuit diagram 2/6. FREE with parts.

RADIO AND T.V. COMPONENTS (ACTON) LTD.
21A, HIGH ST., ACTON, LONDON, W.3.

Goods not despatched outside U.K. All enquiries S.A.E. Terms C.W.O.
SHOP HOURS 9 a.m.--6 p.m. EARLY CLOSING WEDNESDAY PLUS 5/6 POST & PACKING
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CARRIER FREQUENCY SHIFT
ADAPTOR. This modern equipment of
recent manufacture is in excellent con-
dition and suitable for operation with most
Service Receivers. IF frequency adjustable
internally 445-475 kcjs. The adaptor
will operate two independent Teleprinters.
Power supplies A.C. mains 230 v. or 24 v.
D.C. Price £12;101-, Carr. 251-.

RELAY UNIT. G.P.O. 600 types 5 relays 150 ohm 1 set C/0., and 5
relays 400 ohm 2 M., 1 set 00., in metal box 8 ' 6 '5in., £2, post 5,'-.
FACSIMILE KEYER UNIT KY 75 SRT, 115/230 volts, E25 each.
MODULATOR MD 168/UX (for the above keyer), £12/101-.
SIGNAL GENERATOR 1-196A. Freq. range 100-156 mc,S. Power
requirements 115 v. A.C. or batteries. £3 each. Carr. 15/,
METERS. 0-60 amps., centre zero 6in. scale, proj. mic., 17/6 each,
5,- post. 0-150 amps., centre zero 6in. scale, proj. m/c. (requires external
shunt), 17/6 each, 5/- post. 0-100 amps., 6in. scale, A.C./D.C., 30,- each,
6 6 post. 90-180 v., A.C./D.C., 4in. scale, £1 each, 5J- post.
BC -221 or LM 13. Freq. meter complete with original charts in good
working order. Range 125 kc/s.-20 Me/s., £16/10/-, carr. 15,'-.
SIGNAL GENERATORS
TF.144G. 230 v. A.C. 85 kc/s.-25 me's. In excellent condition, £16 10, -
each, 25'- carr.
TS.I2AP. Standing Wave Indicator Equipment. Complete with Amplifier
and waveguide plumbing equipment, £12/101- each, 15 - carr.
TS.36AP Power Meter, with accessories, used for checking radar outputs,
£5 each, 10 - can.
DE-ICER, Controller Mk. 3. Contains 10 relays D.P. changeover
heavy duty contacts, 1 relay 4P, C/O. (235 ohms coil). Stud switch 30 -way
relay operated, one five -way ditto, D.C. timing motor with Chronometric
governor 20-30 volts 12 R.P.M., geared to two 30 -way stud switches and
two Ledex solenoids, 1 delay relay, etc., sealed in steel case, size 4 5 7in.,
£3 each, post 5,'-.
BC640 MODULATOR UNIT. 2 811's, mod, transformer and fil.,
trans. complete mod, unit fits 19in. rack 50 watts, £5, 10 carr. £1.
GEARED MOTORS (Reversible).
20-30 v. D.C. 72 r.p.m., 17/6, post 2/6.
28 v. 150 r.p.m., 25/-, post 2/6.
24 v. Open gears with governor, approx. 10 r.p.m., 25/-, post 2/6.
24 v. D.C., 1.4 r.p.m., reversible with two micro switches in.ade Scar box,
silent operation, £2 each, post 5:-.

MARCONI V. LVE 1
VOLTMETERS TF428-B/1.
Ranges: 0 to 1.5, 5, 15, 50 and
150 volts. Fitted with probe
unit for RF measurements.
230 v. mains input. Brand
new, £12'10 - each, carr. 10/-.

TCS MODULATION TRANSFORMER 20 w. Pri., 6,000 ohm C.T.
Sec., 6,000 ohm. 25,'- each, post 3/6. MICROPHONE TRANS-
FORMER. Pri., 75 ohm. Sec., 125,000 ohm. 10,- each, post 2/6.
OUTPUT TRANSFORMER. Pri., 7,500 ohm. Sec., 500 ohm. C.T.,
2.5 w. 12;'6 each, post 3/-.
POWER SUPPLY unit for SENDER No. 36, 110-240 v. A.C. input,
contains Speech amplifier. Modulator and External power supplies,
3 FW4 500 rectifiers provide H.T. for F.R. unit Speech amplifier 6C5G,
Modulator 2 6C5G and 2 807 output. Size 24 16 14 inches. Housed
in a fine oak case with circuit. Weight 110 lbs. As new, £6/1216, carr. 30/-.
CONVERTERS. Type 8 a., 24 v. D.C., 115 v. A.C. at 1.8 amps. 400
cycles, 3 -phase. £5 each, carr. 7/6.
CONDENSERS. 1 mid., 20 kv., £611216 each, post 12;6 each. 0.25 mfd.,
32,500 volts Wkg. £5 each, post 12/6 each. 150 mfd., 290 volts A.C.
£5 each, post 12/6. 50 mfd., 330 volts A.C. 40/-, post 4/-. 10 mfd., 1,000 v.
12;6, post 2/6. 8 mfd., 1,500 volts, 17/6, post 2/-. 8 mfd., 1,200 volts, 12;6,
post 3,'-. 8 mfd., 600 volts, 8/6, post 2/6. 0.25 mfd., 2 kv. 4.-, post 1/6.
Vacuum condenser 50 pf. 32 kv. 30,'-, post 1/6. 6 pf. 20 kv. 22/6, post 1/6.
All the above are new in cartons.
POWER FACTOR CONDENSERS. 160 mfd., 290 v. A.C. working.

5/10/- each, carr. 10 -.
4 mfd., 12,500 v. D.C. working, £7 10,'- each, carr.
BLOWER MOTORS. 24 v. D.C. (small U.S.A.), 12;6, post 2/-.
TELEPRINTERS. Type 7B, used, good condition. 24 v. D.C. £12110/ -
each, carr. £1.
OSCILLOSCOPES, Cossor 1035 and 1049, used condition, £30 each.
Hartley type 13A, E25 each. Solartron Type CT316, £20 each.
INVERTERS. Type AN3499, 28 v. n C., 9.2 amps. input, 115 v. 400 c/s
3 phase, £5 each, post 5/-.
TX DRIVER UNIT. 100-156 Mc's. Ideal for two meters, Valves 3C24,
in excellent condition, fits l9in. rack, £5 each, carr. 20'-.

CONTROL UNIT. 230 v. A.C., output 24 v. 2 amps.,230 v. A.C.
noid switch, 15 amps., plus relays and switches, etc., 2:101-, can. 12,6
RECEIVERS. HRO. Used condition, less coils, £10 each, carr. £1.
S.36, used condition, freq. 30-143 NIcs. E25, carr. £2. S.27/U, used,
freq. 143-210 Mc/s., £25, £2 carr. C.52, used, freq. 1.75-16 Me/s., £5,
carr. £1. H.63 (similar to 1392), 100-156 Me/s., £5, carr% £1.

MARINE RADAR EQUIPMENT. Complete installation for 110/
220 v., 3 cmm., made by B.T.H. Ltd. The equipment is mounted in
a weatherproof steel van 6 6 6ft., with the scanner on top to rotate
360 deg. The units are available with service manuals and some spares.

£500 each. F.O.B.

UNISELECTORS. 6 hank, 25 way, 20 ohm. coil, £2 each, post 2/6
5 bank, 25 way, 20 ohm, coil, 35,- each, post 2.6. (Ex -new equipment.
BOMB SELECTOR UNIT, complete with uniselector 3B., 25 watt
22 ohms, magnetic counter 0-40, and 1 relay 500 ohm. 2 make, 50'- each;
post 3%6.
HEADPHONES. DI.R5, 10,- pair, 2'6 post. No. 10 headset and micro
phone, 15,'-, post 2,,'6. C phones with chamois ear muffs and jack plug,
17 pair, post 2'6.

Pitragri.""
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POWER AND SMOOTHING
UNITS. 100-250 v., A.C. input
24 v., D.C. at 3 amps. or 12 v.
twice at 3 amps., continuous rating,
switched fused, etc. In metal case
19 7 7in. Smoothing two
large chokes and 0-1 ma., meter
scaled 0-50 volts. £7,10/- (pr.),
15:- care.

APX6 TRANSPONDER. Complete with UHF valves 2C42, 2C46 and
1B40, complete with special holders and condensers. 30 Valves, Blower
Motor, Mechanical Counters, etc. 115 v. 400 c/s. (Suitable conversion
for 1,200 Mc, s.). Price £10 each, carriage 15,'-.
BATTERIES. Portable in metal case with carrying strap. 6 volt, 40 amps.,
new, unused, 20/-, carr. 6/6. Car type, 6 volt, 75 amps., E2, carr. 10,-.
RESISTORS. Variable. 3 ohm. 10 amps., 25/-, post 4/-.
ROTARY TRANSFORMERS. 24 v. input, 175 v. at 40 ma. output,
25,-, plus 2 - post. EICOR type, 12 v. input, 400 v. at 180 ma. output,
30,'-, plus f- post. 12 v. input, 225 v. at 100 ma. output, 25/-, plus 3 -
post. (All the above are D.C. only.)
MICROPHONE Type T50. Fits the palm of hand with on/off switch
and lead (electro dynamic), 35/- each, plus 2,6.
CIRCUIT BREAKER. 150 amps. 600 v. A.C., £3 each, carr. 7/6.
PLUGS. Standard two-way jack plug PL55 with 6ft. lead and trans-
former, low to high impedance, 7,'6 each, plus 1/6 post. PL68 plug and
..witch lead assembly, 5;- each, plus 1;6 post.
DIPOLE AERIAL. Complete set suitable for 60-100 Mc,'s., 27,4, carr. 4/-.
COMPRESSOR cabin pressurisation unit, 28 v. D.C.,
with automatic switches, etc., £3/10/-, post 6/-.

AR88 SPARES. Set of 14 valves and headphones and 3 pilot lamps,
new, original cartons, £31101- each, post 2,6. Set of 14 valves only,
£2/101-, post 21-. Vibrator unit, 6 v., 15/-, post 4/-. Headset only,
12/6, post 2/-. Speaker unit, R.C.A., £3/10,'-, plus 5/- post. Block
condenser unit, 3 x 4 mfd. at 600 v., 25/- each, post 3/-. 0.01 mad.400

v. D.C., 4 for 12j6. Capacitor air trimmer, 2-20 pf., box of 3, 10/-.

1154 TRANSMITTER UNIT less power supplies (used), £4 each, plus 15;-.

TRANSFORMERS. 230 to 115 v., isolation 300 va., £3 each, plus 5/-.
230/115 auto 750 watts, E4, post 10,'-. 230 v. pri., 1,850-0-1,850 at t

500 ma., £5 each, plus 15/- carr. 230/115 auto 300 watts, £2, post 6/,
230 v. pri., 24 v. at 2 amp., 22/6, post 5/-. 230/115 v. pri., 275-0-275 v.
at 120 ma., 6.3 v. at 4 amp., 6.3 v. at I amp., 25/-, post 5/-.

RADAR RECEIVER APG501. Complete Unit with Blower Motor,
40 valves, Relays, Transformers, etc. Condition as new. Price ES each,
carriage 15/-.

WHEATSTONE BRIDGE in a beautiful

oak case, centre zero galvanometer 2.5 mA.,

4 stud switches, 0-10, 0-100 ohms, 0-inf..

size 16 .7; 6in., 45/- each, 5,- post.

RADAR TRANSMITTER APG501. Complete Unit in pressurised c.o..
with Magnetron CBPV6765 and Klystron 6378 and associated crystals and
waveguides, Blower Motor and 12 valves. Power inputs 115 v. 400 c s.
Condition as new, price £10 each, carriage 15/-.

FOR EXPORT ONLY
TRANS./REC. WIRELESS SET No. 31, complete sets with aerials,
headphones and mikes in working order. Freq 30/40 Mc/s. 4 channel
xtal-controlled, £8/10,' -'each. WIRELESS SET No. 88. 4 channel, xtal-
controlled, complete with all valves and xtals and attachments, £10 each.
WIRELESS SET No. C52. 12 v. D.C. 1.7-16 Mc's. on three bands,
110 watts output. CW, MCW, etc. Can be used as Vehicle T,R, or base
station (as new complete set £52).

Complete installations can be
quoted for. Please write further details.
List available bd. S.A.E. for all enquiries. W. MILLS 3-B TRULOCK ROAD, TOTTENHAM, N.17

Phone: Tottenham 9213 & 9330
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7 VALVE AMIFM RADIOGRAM CHASSIS
New 1965 Model now available!

Valves: ECC85, ECH81, EF89,
EABC8O, E184, EMBI, EZ80.

Three Waveband and Switched Gram
positions. Med. 200-551/ Long
1i100.2,000 no. 9..95 Me/s.

pen0 t.abili1 y tuning insert
.41 FM :11111 combined AM: rsi 1F
Sr Lated eiretlitr, inehnl-
is., AC C awl Nee.. Pe,..11)5..k. Three
v t ..otpot 9. -bete it, owl r. pr

.n. f to .51 I el... I 1, szontol
-idiot: tams .. 1,,,1.1 nrovn blo406111.1
14. 2.10/250 v ,.per .11 it 31121, , se {,11'111_. t w

ei 11011 AS Ail WI/.

Aligned and tested ready for use L13 . 19 . 6 Carr. & Ins. 7/6
1 t. with 'I 114 ./1111//11 - Los. Sp. ak, r P , k. t - Indoor I'M iteri .1 4

- ...111/11 or 1,01, to Cll., /.
ohm l' M. enly reg000l (awaits sp...k. 100,. 1:..15 27,6. 121n.

R.A. 30/-. 12in. S.A. with vet.y 42 6. E.M.1. 13: MI,. 37.6. Carr. 2.,8.

We manufacture all types Radio
Mains, Trans,. chokes, Quality
0/P. Trans., etc. Enquiries invi-
ted for specials, prototypes for
small production runs. Quotation
by return.

RECORDING TAPE
Famous American Columbia tCBS)
Premier quality tape at NEW RE-
DUCED PRICES. A 911111. 1..ont-
toefolt,1 00 y51d 'Low - 1'11 IT 111:0111

.01-1 11111V 1:11111:1111e,d.

Fitted v lead r ..1..1 -bp tell..
Standard Double Play

6111111. 13- 1.211110. 3143
"molt 16 - 1.'0011. 37 8

7111 - 2,40011. 47 6
Long Play P.o per

17 8 r. I. I ph], 6.1.
1:2/011 . 10,6 1..1 1.111 WM/1

71. 1.`1081 28 6
SPECIAL OFFER. 3in. 51,,sige tp,.
15o/. 3.9, 304 L.P. 2251t. 4/9; Sin.
P.P. 6 6: P. .1 reel 6.1.
TAPE REELS. Moir,' mrpho 71'I.
23: 2 2 ..5t. 13;

2 23.

SPEAKERS P.M. 3 EMI, 15/6.
in. (100/1t11:111b 16/6. 0iu. Rola 1516.
In. Elite 16,6. 7 x 4in. Goodnians 15/6.

Bin. Rota 19/6. 10in. Eke 25/-. 10 x Bin.
Goodman, 22;6. 200. E.M.I. Tweeter,
22/6 x Sin. E.M.I. (Ceramic
Magnet), 37,6,
ENAMELLED COPPER WIRE -lib. reels

42-202 3'-, 22,2'92. 343; 308.34g. 4/3,
Mg -:39g. 5/-,
TINNED COPPER WIRE 3/ Db.

VALVE HOLDERS lot. Get. Eld. Nylon
or Ceramic, 147G. 119.1 ttnek tried. 9d. 1171:
119A skirted 1-- yob: 11.71: with Cain
111/A with Can, 1.9, ete.
KNON8-.Mislern Continental typew-Drown
or Ivory with Geld !ling. lin. dia. DC ea.

1/- ea. Mout, or Ivory with Gohl
Centre. lin. Ilia. 10d. ',al; IN, 1/3 each.
LARGE 9ELE0'TION AVAILABLE.
JACK PLUGS-21in tape 243; Screened ditto
3/3; Stereo ditto, 3:6: 1!,ift. Screened 213
Transistor type Min. and sub.win.
JACK SOCKETS -Moulded type. open 3/6
ditto, closed 41-. Evil.," 3/6: Pas. typo
oPen 216: ditto, elosed 31-. Transistor tylo

Min. awl Stilyonin. 1/6.
PHONO PLUGS 9d. Mono sockets (opcol
05 Ditto telosed). 1'-. Twin Phew, Sockets
(ois.11). 1/3.

TYOAN FRET ,Centem. pat.( 12 x 12111.

12 x )v04 3 -; 12 x 24in. A, etc.
BONDACOUST Speaker Cabinet Acoustic
Wadding, 6Ign n. lio. 11111.k. 11011. wide, any

1.112111 2 3 ft. 6:- yd. EXPANDED
ANODIZED METAL. Attractive gilt finish,

:it,. 'n., ml 99 ,11 4,6 so. ft. 51110641es
of 6in. end Mn.:00 40. x :1ft. Ins cam

JASON P.A. TONER UNITS
De.ignersipproaell kite available.
Pim. 5 ens. 4 valves 20/-.
FETE. £7. RE,JTV mercury. 10 ens. 3 ,ilsi, 2216.
2Tif2. 213'19 8. 28 6.
NEW JASON P.M. HANDBOOK 2 6.
48 hr. Alignment Services, 7 6 pins 2 6

Silver ma. v nes. p
to 1.000 pt, 191. each. Ditto ceramics Eld.
Tub. 450 v. T.C.C.. etc. .001 mfd., .01 and
.1!350 v. 9d. .02-1 500 v., 1 -. .25 Hunts 1.6.
.5 T.C.C. 1 9 etr.. etc.
CLOSE TOL. S MICAS. 1 o -,, 5 pf..:m 1,1. 8d.
1110.5.o0o pi 1 -. 1". 2 p1.-1911 pl. 9d. 100 pl.

00 pt. 11d. .,7.. 1.1.5,000 pf. 1,6.
RESISTORS- Modern ratings fall range
10 ohms to 10 megohms. 20%
3d. . ditto 1 w. ed. tat., 2 v. Dd. e,
lo.' v. 4d. rt., Iltet51 1-3

a.

6d. t 100 ohnin and oat, 1 :neg.
9d. I " w. 1.6 ca.
thelev 1/551 hl/IS 2,- ea.i.
WIREWOUND. 2:5 ohms to 10K. 5 w.
1'3. 111 11. 1.6. 15 w. 2/-.

flE-SET T V POTS. 11 /W 25 ohms -50K, 3/.
50 K. 2 Mess. Illarltent. 3/-.

EllretrOlytiCS All Types New Stock
TUBULAR CAN TYPES

25 25v. 50 12v. 1 9 8 8 450 v. 4 6
50/50v. 100 25v. 2 - 32 32 275v. 4 6
8,450v. 4 350v. 2 3 50 50 350a. 6 6
16 80 460 v. 5 6 60 250 275v. 17 6
82 32 450 v. 6 6 100 300.275v12,6
Transistor Midget types all values 1 mfd.
to 50 mid. 1 9 ea. 100 mfd. 2/-. 12 v.

VOLUME CONTROLS -3E-2 Meg. ohms,
Sin. SPINDLES, MORGANITE MIDGET
TYPE. I;in. din. Guar. 1 year. LOG
or LIN, ratios, less Sw. D.P. Sw.
41. Twin Stereo boa Sw. 6/6. Some
value. with DP 8w. 8/8.

SOLDERING IRONS. Maine 200/220 v. or
230;250 -.-. Solon 25 watt Inst., 22/6. Spare
Elements. 6,6. Bibs. 1.13. 65 watt, 27 6, rt,
ALUM'. CHASSIS. 18g. Plain Itebilled,
folded 4 sides, 21n. deep, bin. x 4ity, 4.13;
tin. a 61h.. 5/9; 1016. x 71o.. 619; /21a. x
610., 7/8; 121a. x 810., 81-, etc.

SHEET. 182. Mn. x 61n., 1./..;
Ilia. x vn., 1/6: Bin. x 121n., 2/-: 1210. x
12i1' 4 6, ,

6 VALVE AM -FM TUNER UNIT
Med. and VHF 190 ns.-550 m., 85 Mc/s.-103 Mc/s., 6 valves and metal rectifier.
Self-contained power unit, A.C. 200/250 v. operation. Magic -eye indicator,
3 push-button controls, on/off, Med., VHF. Diode and high output sockets
with gain control. Illuminated 2 -col. perspex dial 111 x 4in. Chassis size
111 x 4 x Sj in. A recommended Fidelity Unit for use with Mullard " 3-3 "
or "5-10 " Amplifiers. Available only at present as built-up units, aligned
and tested ready for use. Bargain Price E12,10/-. Carr. 5/.. This popular unit
will be available in kit form within the neat few weeks. Circuit and
Construction details 2 6.

Only a few
items are
listed from
our com-
prehensive
stock.
Write now
for full
bargain
lists, 3d.

Terms: C.W.O. or C.O.D. post and packing /lb. 9d., Ilb. 1/3,
316. 2 3, 51b. 2'9, 10Ib. 3/9, etc.

RADIO COMPONENT

SPECIALISTS Est'bi 1996

70 BRIGSTOCK RD., THORNTON HEATH, SURREY
Tel.: THO 2188. Hours 9 a.m.-6 p.m. I p.m. Wednesday

MAY, 1965

191 ENTLEY ACOUSTIC
CORPORATION LTD.
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS Telehone PRIMROSE 9090

ALL GOODS LISTED BELOW IN STOCK
52 4 6

0112 8
ozawr 4 3
1A5
1A71:T 7 9
105 5 -
115'/ 9 6
111,:i 7 9
11,1 2 3
1LDa 4
ILN5 4,8
1N5GT 8/6
IRS 4/-
184 6/-
185 3/6
1T4 2'3
11 5 6

5 3

211..1 5 6
292 3
311 39
:4 1., 8 9
31:7 5

51e. 3 9
:311 5 3
3g3i. r 7
3194 4 6
35'4 5 3
511.0.V 86
Si li. 46
5% 1,. 8 -
51:1 49
513 6 6

5/.11, 7 6
tiAs 5 9
6AG5 2 6
(IAG7 59
6AK5 49
6415 5 9
tiATS 3 9
611'6 53
6A% 6 5 8
tillso: 2 8
tilt G. 4 8

4 9
/.1111,1 13 8
..11111. 5 3
GRP. 58
61:07 78

83
"III:- 8

IP': 25

7 G ; 5 9 0'97 10/-/11:6
71 1 5 - ,K 4o 16/6

,1.7111

83 1811/1:

,, 99 0170 5:-
01,1, 99 IVs, 6/8um el 1/507 et-
OPI4 11/6 ENOF' 24/-
2A6 1:831, 2411-
2AC6 816 E88CC 10/-
2A116 9/6 RUMP 19/6
2A E6 8/- EAJO 1/6
2A H8 10/9 P.A76 6/9
2AT6 4/6 EABC80 6/9
2A1J6 6/9 EAC91 3/8
2AV6 6/5 EAP42 7/6
2 BA6 5/9 EB34 1/-
211E6 419 EB41 4/9
.111117 el- EB91 8/3

'2.-'1K11'71"1:1.111607//189-
865/1/98-21:707 8/6 E5F80 6/9

K911T EBP83 7/3
ttt.ritT 3/6 EBF89 6/-
.2.SA7 6/9 MIMI 10/6
291'7 4/- EC92 5/5
..1SK7 3'- ECC32 4/-
.2-n157 8 F3.5'73 26/1
111 , 9 6 1:41'34 21/7
''.10 7 3 13 s 35 5/3
9111 6 E1340

2' 1111
y

2101 .21 43;66

.201.2 11 8 1:13'+3 4/5

.2,11,1 128 Ell 6/6
"'1'I 128 D 6/9

I, 12 E. C... 819
....I's 13 8 I:11'10011A

to, 7 6 6/6
12 6 1:1.1,/11.15'-

1.:11'116 11/6
4/12 014 24-EI'8,-

E11135 6/3
Et '1142 IV -

511:11 59t-1: 6/6
I.:Clint 916
ECIA10 11/-
ECL82 6/6
ECI,x3 9/6
Ei '1,6 8/9

201

121`_2 86

\
E1,10

E850
61,54
N573
It/M0
EF83
BEEnpF881150

EF91
B F92

1 It 1

2,111. 7

7,r 238
'51,7 69
.1/1 1 68

1 1 106
110, 8 9 5 9
.1,11; 5 0.1.1 5 6

. 4 - ..1111, 9'3
Dr,. 18 :01'1 12.8
IP, 5- :01'12 78
ss I 24-::"I'1"123

11 9 6 2:'1'1.1 9 6
96 301'1.11 12 6
98 35A, 209

33 9 9 49 9

96 83 3:185z7:41, 164 28

38 357.51. I 59
3 50145 8 6
3 50115 8,8
4 6 50'U, ,40 9

3 50L61:T 6/3

,138 936 773

616
1 4/9

24 80 5/3
10 85A2 6/6

1' 7 I/0 AG 67/6

_85 86 641276 6.

1015. 42 -

1 6 I '.119 16
.17.. 12 6

78
-1.71.1 3 ill 5 9

.\1:.I 86
' 11.1 6 1/11 88

96 th5iI:1:1".:,-, 124 69

10 6

9 t

5 9
1

6 I

14 6
(1

13 6
179
6

12 6
10 8
15-

33

89
89
39
2:6

-

5
4
99
46
86
4
3
26

EF97 10
EF118 10
EF183 7

EF1s4
1:119. 7

:2 5 9
:1.:'." 3 6
:I.43 6 9

1 8 6
89

.1.11 7 3
:1,12 7 6
:1.51 8 3

89
I."I 48

7 6
7,3
216

;Lt., 6/6
£1.1.tt0 13/6
EMI 17/9
EM31 11/8

E11171 15/6
E1190 6.8
31681 71-
E1184 6/9
E8085 8/9
KM87 7/6
EN31 10/-
EY51 519
EY81 7/3
EY83 9/3
EY84 9/9
E1036 9/9
EY88 8/9
EZ40 5/8
E241 6/8
EZ80 3/9
E281 4/6
FC4 8/9
11Z33 17/6
6234 10/-

14/5
HABC809/3
HIA1DD

12/-
HL42DD

12/-
1151309 85/-
HVE2 8/8
HVR2A 8/9
KT33C 4/-
KTS6 29/1
KT41 7/6
KT44 6/-
KT61 6/9
KT63 3/9
KT68 12/3
KT88 KO-
KTW61 4/9
KYW62 5/6
KTW63 6/6
MH L0612/6
MI*14 4/6
937 10/6
97v 20/-

109 26/2
9339 15/_
PA ECHO 6/9
Pesti 10/3
1'1146 9/9
PC95 6)9
Peo7 6/9
ItIve4 516
PCC05 8/9
PC1'88 1018
PMS9 8/6
PCC18910/6
PC F81) 6/6
PCF/12 6/8
P('F94 8)6
N'Esti 7/9

'cr", 6'6
96

'11,1 7.6

I , 7

12'I., 10 3

10
1.1'

le'9 17 6

'1. 16
'1,51 6 9

.1.5: 8
1,1 6 8
'Coe. 15 9
11,1 93
'9I 9

1 -

'V:'-'89
8

l 5 -
1, .12 4'0
1,93 5/9

P5'89 7/3
PY800 61-
PY801
QQV03/10

35/-

O101 7 7
III,' 15 _

I., 29 .

RIN 943
/t19 616
SP41 2/-
6P61 2/-
6E25 27/8
T41 9/-
TDD4 7/6
TH41 10/-
T11223 6/9
TP22 5/-
TP23 5 -
TP2620 7 8
TY86? 11 8
1712/14 7 6
U16 15
U18/20 6 6
1(19 48 8
U22 59
U24 128
025 86
1126 78
1'31
1733 1 6
1,35 1 6
U37 2
U44 1 6
U76
1'101 1 6
1'191
l'29I 9
1'292 1 3
1'301 1 6
U329
1'403 9
1494
1.9101 1 3
1'4020 6

l'AF42 -
11141 1 6
1' 14( '41 3
t BOG 3
11112911 9
U118119 9
13111.21. 1
VE92
1'('1:84
191'95
11.1661
1'1'1121
1('1442
UCHS1
UCLII2
l'('1113
U 41
U1,42
1'5910
U1045
UF88
171089
1'1.41
UL44
UL46
111.84
1614

9

9
6
9

6
79
9
89
49
8.3
6/9
9/-
61-
78

23/8
8/6
6/-

161
UM34 16'10
'51110 83
'RIC 86
'116 11

11 6
IN 103

Y21 7 9
41 5

11-111 12
I' I 146
1' :II 12

58
1:1511 4 9
TOIA

W76 3 6
W81M 5 9
X41 10
X61 6 3
X65 56
X66 73
X7611 9
X78 20 6
X79 27/-
Y63 6/-
Z66 7/8

MIDGET
SILICON
RECT1-
PIERS
Mullsrd
BY100
Output

than a ;hp t
button

7'- each.
TRAN-

SISTORS
AND

DIODES
A 1129 4 6
Ante; 14 6
11.1,7 9 6
51,11'. 25
all."' 27 6

el I t 11

11'1 I.. 10
(PI, 10
A1 11: 5 6
11 II. 20
11 lel 11
11'12e 10

1,. 10
11 P.: 9 6
111 /I.. 11
11.5"I I,.. 7 9

\ I,,! 8 ti
1

I

1 /1-1- 7 9
11111 8

\
II \I,. 8 6

141.

(Ito! 3
0Ax5 3
°Asti 4
04911
0.1111
(1.59:, 3 6
111210 9 6

13 6
\

I" 25
to 4 23
tn. 57
111 12
01'2, 8
01.95 23
oi 16 fi
1,035 911
(11)36 21 8
06141 8
01,42 5
0043 12 6
0(34 4 9
001244P5I

11'-
0C45 4 9
0E4551 11
01,65 22.6
octni 25
0170 86
OC71 8 8
01.12 9
(0773 18
01'74 8
torn, 8
10/76 8 6
(11777 12
01'79 8
ars) 4

111...111
1 of ,151 S

10

tt. S

0. I.. 12

0eI le 19
1 r,I, 88

InIA 9
10 6

1/1.1.2 29
24 6

I 14
111 1.71 17 8

I:1.1,2 12
Ts2 156
T53 1St-
ICAlOS BP -

METAL RECTIFIERS. 101101113 1.3/-; IiRM2 t and DRM3B 15/8; LW7 21/-; LW15 26 -.
10110 7,11; 10011 53; E112 24; RAW 7,9; 1111/ 12/9; EMS 17/6; 14.186 17/6; I I.:
19/6; 1eA1o0 23/-; 14A124 26/6; 14A163 35/6; 1411130 31/-; 141261 11/6; FC101 16 9,
1611C1.1.16.1 Bi-: F031 21,-; 16110 2.2.8.1 11/-; 16 RE 0.1.8.1 8/8; 18RA.1.1.8.1 .4

16RA.1.2.8.1 FC116 6/-; FC124 12/6.
ELECTROLYTICS. Can type.: -32 x 32/450 v. 6/-; 60-60/360 v. 6/-; 64 x 120/350 v. 9 -;
60 .240;273 v. 9(6; 100 x 400/275 v. 12/6; 100/275 v. 3/-4 200/275 v. 41/-; 100 0200;275 V.
8; 5; Wile -ended yprst -8/450 v. 1.19; 16/450 v.2/9; 32/450 v.3/9; 8 x 8/450 v. 3/-; 16 x 16:
450 v. A...; 32 x 311350 v. 4/-; 8 x 16/450 v. 3;9: 3.2:330 r. 3/-.
BRIDGE szertrouts. 12 v./1. amp. 6/6; 12 v.,2 amp. 979: 12 v.14 amp. 14/8' 12 v./6 amp.
21,9;6 v./2 amp. 618; 6 v. 4/aints. 9/9; 6 v./8 atop. 14 6; 6 v./12 amp. 21/9; Poet 1(6 each.
All 6.9),Is are new, first quality brands only, :111.1 subject 10 maker's full guarantee. We do
not handle manufacturers seconds nor reject. which are often described as "new and
test,' " but have a limited and unreliable life.
Terms of -Cash with order or C.O.D. only. Poet/packing 8.1. per item. Order.
over CI p",: packing Iree. ('.0.11.3 6 extra. All enter. eleare.1 en day receipt, and C.O.D.
ord.r, by t. leplente 0....pled ler initnediate Mop:telt until 3.30 p.m. An, pareel insured
againat darns2.. in I mroit ter enly todr.. Collet- 11.o. 91,.
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These features
and 16 pages of interpretative news

PLASMA CONTAINMENT FOR NUCLEAR FUSION J. D. Jukes, U.K. Atomic
Energy Authority. Progress towards reproducing the Sun's source of energy in the laboratory.

THE CHEMICAL ORIGIN OF LIFE Dr. Cyril Ponnamperuma, N.A.S.A. Ames Research
Center, U.S.A. Simulation of primeval Earth environments produces key biological molecules.

SONIC BOOM AND ITS EFFECT Professor E. J. Richards, University of Southampton.

PHOTOGRAPHY FROM SPACE Dr. Paul D. Lowman, N.A.S.A. Goddard Space Flight
Center, U.S.A. Colour photographs from satellites reveal details of the Earth's structure.

THE ORIGINS OF CORONARY DISEASE Dr. G. R. Osborn, Derby Royal Infirmary.
The most common fatal disease of modern civilization starts to develop shortly after birth.

LARGE SCALE STORAGE OF ENERGY
Dr. A. B. Hart, Central Electricity Generating Board.

MAN AND HIS ENVIRONMENT
Sir Dudley Stamp, Emeritus Professor of Geography, University of London.

SCIENTISTS AND THEIR SALARIES A Science Journal special survey.

SCIENCE JOURNAL brings the new answer to the problem of keeping posted across
the whole field of scientific and technological progress. Every month it
interprets the forward thinking of each discipline for those working in others.

superbly produced, profound yet immensely readable

SCIENCE
JOURNAL OUT 28 APRIL 4s

WON 145 FOR FURTHER DETAILS.

FROM ILIFFE-
FOR PROGRESS

IN SCIENCE AND
TECHNOLOGY



LASKY'S
RADIO
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For The Finest Value anl
THE HOME OF HI -FIDELITY
COMPLETE MONO'STEREO SYSTEMS TO YOUR SPEC-
IFICATION AT LASKY'S SUPER PRIVILEGE PARCEL PRICES

DEMONSTRATION STUDIOS
We are pleased to announce the opening of our premises at
42 TOTTENHAM COURT ROAD, LONDON, W.1.

r.rrtn,th,ly to qualify High Fidelity equipment -rape Ite..
, eeeee etc. Custom built installations 0.61 prorid.

romp." IA"11, of the 100 in Fi in ideal vote...ding,. Open oft day llimrsday,
early elorint

0,,ttors of ilia 1.111 ,11i1,e ru.1/111.111,1111.1,r.

I yell ra..1.1 ;ow, wdetails of your ch.ire of t001V.. r1... complete .w./.byre.

HI -F1 FURNITURE by Lly:CORDEMEr
I t I ill 1

111'11%11,1 :1000 10 r

COMPLETE SYSTEMS
s Lasky's Privilege Parcel

il/1.0.11e log. ,r1 1., , 111 1.11,1 l'arr tr I AL/
k.-10011 of rrorintre t,t or port own choice. Send Is &Tula or Iola trquircioents. H.P. Terms

can be arranged on Privilege Parcels.

RECORD PLAYERS
4 -SPEED AUTO -CHANGERS

B S R AUTOCHANGERS AT
LOWEST EVER PRICES!

All Inane new and fully eel...teed complete with
cartridge and 51,101.

I Aid 4 -open..! 111:11118 111046 £4 19 6
A20 4-epeed £5 19 6

Add 0/- P. 5 r '15 each.
GARRARD
Auto -Slim Mono £6 10
Auto -811m Stereo £7 10
Auto -Slim Mono Plog.in head.. £7 7
Auto -Shut De Luxe Moto, ATO £11 9
Auto -Slim De Luxe Stereo ATI1 £12 5
ATOP. Mono 810 8
ATOP. Stereo ill 5 1

Postage on all above 5"..

TRANSCRIPTION MOTORS
illatitRD 4H 1', /11 r. or moo, £16 19
GARRARD 401 £32 10
GARRARD Lb.., Mono £28 17
GARRARD Lob. /41.1. titers £2915
GARRARD 301 Oil robe) . £21 0
GARRARD A with GCS .. £19 14
GARRARD with EN 2/1A £20 10
PHILIPS AG/1016 £12 12
BRAUN PC4L Stereo £12 9
CONNOISSEUR

canfternao II
craftsman III

:1000LM with stereo estrtiidge £11 11 11
01.20 less cartridge £12 11 2
ATIM with 111.01 stereo eart4: £13 14 1
A70 lore earirirlarr 222 11 1
A50 leas cartridge £9 14 6
A1000 with I WS eartrillarr . £819 5
A20101 with (1(7.7 cartridge £9 8 8

LENCO (LSC £17 1

8 Liilsco 1151 £18 18
0 LENt*0 it L70 £27 9

THl)l1E'.4 135 £35 8
THoi: ENS T1/124 £38 7
SINGLE PLAYERS
aui., 1/11I of 1 .10 Willi p11 -op 31101
(.1,01.01 4,11 tr1.1g...
11A I: Ir.11111 T.A. 31k. II Men., £7 17 3
Ir Alf 11 %II I / ,slrl'In 1,1,-I trrodri norgle
1.1.0,4 with (1.1'.0 £5 9 11titt.i.s Itti J1 NIOR 4,apeed motor and

£17 2 11 Pid-nil 69113
£22 19 6 6 ,,,i, ? ttcry N t IMO, 4.,..I 101111 1,0 -11p

Motel B £25 4 0 69 6
All other current models available. Postage on all above 5 - extra.

8
5

0
0
0

0

9
5
4
4
4

FEW ONLY E.M.I. 4 -SPEED SINGLE RECORD PLAYER
1 he

LASKY'S PRICE 79'6

TAPE RECORDERS
REFLECTOGRAPH MODEL A

SEMI-PROFESSIONAL TAPE RECORDER

LASKY'S PRICE 69 Gns.
FEW ONLY
OPTIONALEXTRA

List price 01 this Recorder is £110 3 -.1
. rr ..101 Insuroner 30_ NIL,.

I.AoRYS PRICE 61 Gnu.
PAMPHONIC V R 53 STUDIO RIBBON MICROPHONE

, [(dawn SG o.1.11..te . S.-1/
el £9 19 6.

LASKY'S PRICE £4.19.6
HIGH QUALITY TAPE RECORDERS

reel el roply spool. I

t.,.. tI 10.11r: Radio, i, . r.. I.I.1.1.../.el 1--; his, nick t wllh teo-i r. rrit
Carrying Cam kith ,i lor M o1. . It. 144 . 1 erf4r, f.rr ralels
1 t.11.1 IN 14 . 12.,

MODEL A " h', I, 1r l'rr, dor irr.3 IL arr., rrorf
p rd 71 14, 11,1n/ I,. it :; watt,.

LASKY'S PRICE 27 Gns.
MODEL B
LASKY'S PRICE 25 Gns.
MODEL C I,'

.50 v. 30 0ro

LASKY'S PRICE 18 Gns.
MODEL D
LASKY S PRICE 21 Gns.

orrre, and Insurance 15 - ri

1'1 r., l it, 111,1.-11 hoorr. frrrior.rr t 1

H.P. Terms are rry,ola 1,, 011 the above models.

AMPLIFIERS
PAMPHONIC TYPE 1004 AMPLIFIERS

rr.a d Intrirr.ttrrI
io with 114.ota for Larlir,
/II, and pick-up. 1/ter, rror.ney
r. son.. 20 c s to 30 has. 'I

... 1 1004. Sro
V1.111111.., 1.,01 nd

I I. I.Ir cootrols fltLC11. .11.0 N.,,rahle
rob/ our (elope) r.ondrol. 111

d
111.111.

aorket for tope rr cordrr torc.
1:,tra If T. and O.T. tar, irk,/
for aux diary ertudrodtil rbritr,st
roned:owe 3 oral 13 rrlrr, lr'or
rlrititt linishrrrl in too, rr nr r
List Price 25 Gas.

LASKY'S SPECIAL OFFER PRICE 12 ,
It. err oho purchni,4

,./ pia, rAfise In 11,011 Ofir,.

ARMSTRONG EQUIPMENT We stock all the later' models by ibis
lemma manufacturer.

A.t..20, £21 4 0 h i. £17 19Model 2'27M......£36 15 0 T 4 Ir £20 8Motel 223 228 15 0 12711 £213 10
Stereo 33 £29 18 0 1'7 £37 10
Mock -:! 227 £52 15 0 d'.::.Ilk. 11 £25 12
Model 220 £81 0 0 . £23 12Model 222 Amp. £27 10 0 1'1 1

'1, StrTerr Pre -amp £21. 0
Mod, I 224 222 10 0 1,1.1,-1001 0,0...I. £3 10eller, siu. 14 10 0 H.P. Terms available.

" VIKING " GUITAR/P.A. AMPLIFIERS
"TRANSISTOR 80"-50u-ai Ira/relator/sod with tremolo 45 Gos.
" SOUND SO "--311 watt valve model, S Inputs 35 Gos.
Matching Speaker System Sur the" Viking" amide. 33 Om.

LASKY'S RADIO FOR FINEST VALUE and COURTEOUS SERVICE
5WW-146 FOR FURTHER DETAILS.
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Service in Great Britain
CONSTRUCTORS BARGAINS

THE WIDEST RANGE AVAILABLE TODAY FOR HOME CON-
STRUCTION OR READY BUILT TO HIGHEST STANDARDS

LASKISRADII
We consider our Construction Parcels to be the finest value available on the home construction market. If on receipt you feel

Inot competent to build the set, you may return it as received within 7 days, when the sum paid will be refunded less postage.

TRANSISTOR PORTABLES
THE SKYROVER AND SKYROVER DE LUXE
OEIRRAL SPECIFICATION -RI111111111.11111111111MOM

trAf/PiA..1 !I'm1I .111'. I I ' .1.

s lectern. , .1i pack :11,1
iminpletely Iv. tory 4101.11C1111111,11.

1,111/111,1,

NEW! SKYROVER MK. III '

Now uppeed ith
redesemed puns cabinet. fintshed

in black and grey with chrome trim, edgewise controls.
°myna with oil off switch. Tuning Control. In plutte cabinet. tone 10 61 3/ in. with metal

trim and carrying handle.

Cen user H.P. Terms: 11 deposit and Total H.P.P.
n0' bulb :r £8.19.6 11 monthly payments of 1136 £10 1 8

The SKYROVER De Luxe n-rit -ri""I.

Tone Control In addition to Antoine Control
doing Control and Waveband Selector. In a wood cabinet, am . 61 Sin. rovers.

.5.th 3 ...helde material with Mastic trim and carrying handle. Alm car aerial pocket fitted.

be built £10.19.6 extra.P"5/-
P,i.Tnetroys :p ntioastit2tin.d. Totia1274,.

Data for each receiver: 216 extra. Refunded It you purchase the parcel. F, nr I 2 hatterle
4 extra. All components available separately.

* LONG WAVEBAND COVERAGE IS NOW AVAILABLE FOR THE SKYROVER
&SKYROVER DE LUXE A simple additional circuit provIdee co verage 1,f the 1100/1950 M.

band (including 1500 M. Light programme). TM. la in addition to all existing Medium anti
Short wavebande. All necesury compcnents with construction lftf
111111. Only /.. extra. Post Free.
This conversion is anitable for Skyrover and Skyrover De Luxe receiver. already constructed.

REALISTIC SEVEN
Fully tunable del medians was-eh:0,1.
Mallard T1.11.1`I, t, etas -Dodge °Ain.

STAR features
* 7 Tranekt, saperhet. * allto Millis. at t taupe, 411,. Lath
flax speaker. * All einuponents inounted on a single printi -I
circuit trnabl, size11110. v 0011., in tine complete as., atilt
* Plante' cabinet, with carrying harelle, else Tin. Ifint.. 3!
in blue arcs * Fairy to read Iliac. * External /mart Eir
aerial. * F.-frequeney 470 * Ferrite co.! internal
aerial. * Operates tram PPR iir steal. battery. * Foil eo,-
prehensis t data supplied with reeeiver. * All cells
unit 1, . falls wailed mads for 1111111.',11:1, :1M1111.11

REALISTIC SEVEN De Luxe .1.11`

Wage

I ..iti ts- 1,11111 1,4

£5 .19 . 6

ndw ay .t h ,k111, .1.. tri..,1 ,tedi .I/6 standard nested PIA'S A SCIPERIOlt
SS 01:11.) ('A N IN CONTEMPOItAltY STY LINA. covered in catcalls,. salthable material.
w 11th sup. trim and ear, ing handle. Aliic a full vision dial, externally mounted

' t LEI 0 ONLY £1 EXTRA.'
r. Data and Instruction

2 ti

SINCLAIR SUPER MINIATURES
dcontrnueil pocket radio. eve oat, Iiin. x lin.THE MICRO -6 - lerriviri, VII I, M Arphnne

' ' 1 11
I i, ,E 59 6

THE SLIMLINE

THE NEW X10

AY All 1 1! IF7111, \ 7 1 1 1

It' I 1,6 49 6

hi: !II. £5.19.6

MINIATURE EARPIECES for Transistor Radios. Transparent ear

cit.& high imp 5 0
MR.4. SI

I IIIIP 6 6

CONSTRUCTORS BARGAINS
THE NEW " KUBA " IMPORTED AM FM
STEREO
RADIOGRAM
CHASSIS

Long, medium and shad
waveband coverage. plus
V .H.F.IFJA. Plano key
wavechange. Separate fir.
wh...i tdn.rog W

sl -

Mr 4 I I 1 111111.11.1.1.111.1MUILANLAIIP

LASKY'S PRICE 292 GNS.

BUILD A HIGH QUALITY TAPE RECORDER
Using the Famous Collaro "STUDIO" deck and MARTIN

pre -assembled amplifiers, 1- or 4 -track models.
COLLARO STUDIO TAPE DECK.LabI-. Fitted with halltrack

LAS. K Y S PRICE VI.; 1'; -. Carr.. & Pack. 7/6.
COLLARO STUDIO TAPE DECK. A. above but fitted with the latest

LASKY'S PRICE e 1 19 6. i'arr. A Pack. 716.
MARTIN TAPE RECORDER AMPS. Designed far we with Collar° studio

(lation. 6 -valve circuit. Comprehensive
p1.1111, 1. Eters thing stippled including valves,
etc. M

PRICES. 1 1 1 - (12 12
Yorti.1.1. V II D,, k and the Martin Tape
Amplifier. 1=41' 15,5, Piot 5/,

HI-FI TAPE RECORDER HEADS Imp. Record/
I.,,w era..

Incp, LASKY'S PRICE 296.
StAii Haut LASKY'S PRICE 4 015. nit.
5 -bask le el. . f,.,. LI I I..L. LASKY'S PRICE 59i8 pair.
MP II Iti AS Itr k leeis LASKY'S PRICE 5 SINS. pair.
Ill n, Lx , k LASKY'S PRICE 7 ORS. pair.

TRANSISTORS
ET SI, ti M.,. GET 96 216; s37A. 974P 8.6: OCHS. 0('71, 0('01 D 4'6; 01'44, OC70. 0076.

.1(.05 (match Pa& 1016) 515: A FI17. 04275, 0C200 6'6; 0C42. 0E43. 0(773, 04:82D 7/6;
1 /1'201 0C201 15 -; 00205, 19 6: 0020 24 6.

ALL BRAND NEW AND GUARANTEED

TRANSF I LTE RS By BRUSH CRYSTAL CO. Available Iron, stock.
4,1I1 ..' 4, To -0-21, 470 ki, I 6 6 EACHTF-0113 400 It: s.

11. 1,215 Iv., k, I I, TF- OIU 470 kr Post 6d.

JASON EQUIPMENT
High quality home eonstruction units for the discerning

Hi -Ft enthusiast. We stock the complete range ot

component parts.

FROM PRE -AMP TO 20 WATT

ASSEMBLY
BY
ABLE

BU
FROMILDING STOCKH

WIT MARTIN

kitri an- k. t, r,

KIT 1. -stage Matetetig Input Sid/stet I i.,1

KIT 2. Premtnplaier with volume cunt! 4
KIT 3. 3-4'hazinel Mixer, with ping -In 0.111,1,.. 6,1 11,111

Iniatehing each circlet. Adaptors 8 6

HI -Fl STEREO
AUDIOKITS AVAIL -

1i -these

LASKY'S PRICE £21716
LASKY S PRICE 51/1713

LASKY'S PRICE £3 19 6
KIT 4. Pre-ankplitiet xith tete. s eentriil tages LASKY'S PRICE £3 2 6
KIT 5. ID an.11t Malt Main Ann it I. r LLAAsStyY.'sS PRICE2RICE 2£25 1122 66

PKIT 6. o , ,.w supply 1'nverty r I lilt
KIT LASKY'S PRICE £8 12 67.
KIT 9. LASKY'S PRICE £2.15/-

TAPE DECK MOTORS Motors for the COHAN/ Stl11110
Deck -new awl noltseJ. 200,220

s , I ,  wind. Listed at 22:15/- mut.

LASKY'S PRICE 14/11 each Post 1 .1

State motor required vide, ordains.
High I LA noel
by

'1, ,..pvin motor nl,.
bY H"""nd.ribdtreetbmJ. Sim LASKY'S PRICE 19 11
4in. = 21n. high. lin. x lire.

SEND FOR OUR LATEST BARGAIN BULLETIN 20 tociseal, Ede,. Hundreds ol
Barrains for the " ham " and (era, e man PRICE 60. Et t` 1 I 1

LASKY'S FOR SPEEDY MAIL ORDER SERVICE ;
SWW-147 FOR FURTHER DETAILS.

P.1.0. POE
MORE NEWS
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LASKYS
.RADIO

* LASKY'S PRICE £6.19.6

0"
TRANSISTOR POCKET RADIOS

7"-- 11 Fi

BOY 't 2 TRANSISTOR

WIRELESS WORLD MAY, 1965

Britain's Leading Suppliers of
AUDIO & TEST EQUIPMENT
HUGE STOCKS OF COMPONENTS, TEST GEAR, READY
BUILT BARGAINS, ETC. SPEEDY MAIL ORDER SERVICE

READY BUILT BARGAINS
THE "TRANSISTOGRAM"

Plater Mad
.

7.1 r.p.m.
CM60

magnet

on 1 guar.4,44, t 40. I Ins. 716.

LASKY S PRICE 39,6

BOY'S 4 TRANSISTOR MODEL LASKY S PRICE 49'6
E TRANSISTOR MODEL

! d, /01 M Med.

LASKY'S PRICE 59'6
LASKY'S PRICE £5.9.6

 STAAR KINDER RECORD PLAYER
1., r.p.m. 11 N. Batt. op. tat.41. Coinpl, t. with toeltip totted
lyetal cartridge. NIL. only 7/ x din. Fitted auto. stop and

L'Ai;67,i"'i.lii'at 49/6 2/6'
 NOW IN STOCK 2 spied mothal nn

tor 33' and 45 r.p.m. (As illustrated)krUlt,

 THE HARROW POWER PACK
1,`

LASKY S PRICE 296

 GUITAR PICK-UPS
 1-::::tit'f'letY:trti':11---c!::

41n. Clips to finger boar.' 110 screw.
LASKY'S PRICE 15/11. Poet 1 -.

111 Cttb.125. Magnet i, hiP i /up. Fully adjustable pick -tit, position curler. Simply fixed. Separate
toneIti,.4.51a,I vn.inliiI,110:1,,, t colr1906sine11.,21:,

COMMUNICATION RECEIVERS

LASKY'S PRICE 33 GNS.

MODEL HE30
coven, 540 Ke/s. to 30 McI.. Pacil,, .

N L.. .1.t -.C. and M.V.C. Q Miner .r
.. :19 B.F.O. H.P. stage and two

i I . mums ensure high sensitivity
4. Iii it y. 9 valves. Standby position

f..1 with a transmitter, B meter
I 2,0,250 v. A.C. mains. Brand new

well toll instruction manual, steel cabinet.
I.-4  loin.

KIT PRICE 25 GM.
I

POST
FREE

H.P. Term, Brady Built £613 - dep. Alti 11 months at £216.-, Total R.P.P. £3719/ --

MODEL HE40 ,,. hana and 1.6-4.4 Meis.. 4.4341.0ti 'a tie a in separate switched band spread
r.dmts. Centro], 11.1 .t/ telt° A. I,. 1,, , '0.01.1415 Switch. Tone Switch, S-Met,r.
For 200/230 v. A.4'. 1°1,001 lftop and tele,efpw ..etenute fitted. 4 valve. and metal reetilier.
siz, Int 0; r414, 44,0044-44 .1, la II." ,1[1)11..

LASKY'S PRICE 19 GNS. -

,1 den. and 11 months nt £1 12
II P P t21 12 -. Carr. & Peek. 10 -.

MODEL HE80

LASKY'S PRICE 59 GNS. H.P. Terms £12 19 -dep. and II :nth.. at id 18 -
- Total H.P.P. £88,17 --Carr. & Pack. FREE

TEST EQUIPMENT
TEST METER ADAPTOR
Type PE 220 --this le a fully transisboised device which enable.
any 60 microamp L.C. MultImeter to be used in 151.44 of a valve
volt meter. On the 1 v. range an impednnoe of 1 megohro le offered
which Increases on the 1,000 v. range to 100 mecolumi. 7 ranges:
I to 1,1100 v. De3ened for immediate connection to AN 0 7, X and

size meters hat quite suitable Prose with arty ether 50
miermitop titett r. ° t. New an 11.001. List Price 7 Ont.

LASKY'S PRICE 39/6.,Z7`.,;!";t,_,,.,.7,-,,,,s...

TEST METERS
HAIKI 1110100 Si 11 5 . .

TE-13 1,11011 11.11 V
TMK-600 30,000 O. P.V. .

200-H 20,00(5 O. P. V.
Complete ranee of Avo and
range of all Hombres and Ins

brand new complete with test leads and balls.
£5 19 6 P-1 2.000
El 19 6 P4 4.000 0.1' V£8 17 6
£5 5 0 MT -5S9 -.o.000 P.V.

£2 12 6

£4 2 6

£10 19 6 
Taylor Meters and Test Equipment in Stook, also complete
on Test Equipment. MI

INTERNATIONAL TAPE
 Famous American Brand Fully Guaranteed at record low

prieNd. In sealed cartons. 31n. Message tape, 15015.
.011. Message Lap, '225ft.

In to. Message tape, 300ft.
3 in. Triple play, 600ft. Mylar
Itn. Triple play, 900ft. 313 lar here

Double play. 1,20011. MO:mho,
"i Long play, 2M/11. .tf.etate haw

et. Standard play, °on( t.
wit. Triple pia, 1.1111111. vie Lir
.1555. Double play, 1,.0011. Alylar hare

..,00. Long ploy, 1,2titift. Acetate base
in. Standard play, 'inn. 1'.t' 1'. has,
n. Triple play, 2,400511. Hylar

O 0 Stmplard play, 1...Mfdt. Ms Irdm, dy Long pia,. I ,111111 Motor Ira
110111111. 1.111N. 2,1000 Mt 1.0514ae,

1.50011 5 .1.

 P
TELEPHONE AMPLIFIER

111 ELECTRONICS

a (FLEET ST.) LTD

LASKY'S PRICE 69/6

36
4 11^G
15 -
17 6
15
10
8 6

35 -
22 6
12 6
11 6
45 -
12 6
19 6
25 -
15 -

58 6

BABY ALARM, INTERCOM
Fully transistorised miniature intercom that has all
the features of set many times its else. Battery
eonsumptIon le exceptionally low and makes this
system partieularlyaultable for use an a Baby Alarm.
Specification: 2 tranalstor. Sensitivity; more than
56 dB. Power. one 9 v. halt. or equiv. (approx.
life 50 hours). 8120 of units 4 x 21 x 11in. The stunt v
pinetie VallilirtS are 'Welled In ivory and silver
with chrome stands.

Pont LASKY'S PRICE 59/6

EXPORT MODEL -TV OFFER
'(3011w, 'I'. V. 011.0.1,111 11"Aport Moob il. Pot 24445.42,5 v. A.C.1
D.(1. mains. Fitted with Band 1111 turret tuner. Fully
loaded with 12 sets of coils for all (3.71R channels in thew hand
Pr M eound.Made by famous British manufachirer. lb Mallard
valves. Electrostatic focus and deflection. Will take 17in.,
19in. 211n. or 231n. CRT. All tnnitrols fitted. Supplied new
and unused with all valve,. 710. a 4in. epeaker and 1763.
l'ItT (less cabinet).

LASKY'S PRICE£25
FREE

,Take sent at buyer's risk.) An allowance of Own be made
if ale, 1 '111. 1.01 refluir..1 Circuit data °minded FREE.

152/3 FLEET STREET, E.C.4.
207 EDGWARE ROAD, W.2.

33 TOTTENHAM COURT ROAD, W.I.
PLEASE ADDRESS ALL MAIL ORDERS TO OUR

4111111P.E.O. FOR
MORI NEWS

CRYSTAL PICK-UP CARTRIDGES
LOWEST PRICES EVER!

All Complete with Styli L.P. and Standard, Mal guaranteed.
Standard Fittimr will fit most P.U. Arms and Heads. Posts, 
1 - extra each.
Aotet G.P. 3., 14 -

01AC.41. 16a444 15 -
Aros 0.1..65/1 17 -
Acos 1/.1..67, I 14
STEREO Aroctv,.... 73,1. with 2 .,,,/,phir. 25 II
Act/Mere° 73/2, w it h diamond LP/Eitereo and sapphire

stii. 29 6 
Roos tie Stereo O.C. Turnover with 2 sapphires . 25 -
Knoell, Alen, type 103 and 106 with 2 sapphirm 25.- 
Annette Stereo t> I0' 105 and 106 with diamond

LP Stereo and eapphire Std. 35:- 
AND EVEN LOWER PRICES

Save money! Some of these cartridges are cheaper Mao styli 1111

C.T.1 Mono, '2 ml.Phirea 4111 
Collar° Type C. 2 sapphires, stereo
Collel S.'I Di :11110114 I 1.1', stereo 1716
Monotone `IT. 19/10 

1St-

TAPE POSITION INDICATOR
Open I>1 1,, most makers. With re -set
3 DIGIT 7 6. 4 DIGIT 10/6. Poet 9d. 011

Near " Daily Express " Building. FLEet St. 2833.
Open all day Thursday. Close I p.m. Saturday.

Few yards from Praed Street. PADdington 3271/2
Open all day Saturday. Close I p to. Thursday.

2 mins. Oxford Street. Nearest Station, Goodge Street. MUSeum 2605
Open all day Saturday. Close I p.m. Thursday.

HEAD OFFICE: -207 EDGWARE ROAD, W.2.

'`';-LASKY'S FOR D.I.Y. CONSTRUCTION BARGAINS
5WW-148 FOR FURTHER DETAILS.
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LASKYS
RADIO

Super Spring Bargain for Motorists

CAR RADIO SCOOP!
VERY LIMITED STOCK

BY FAMOUS BRITISH MANUFACTURER - READY TO FIT
Standard Model
A high quality all transistor car radio covering the full Medium waveband. For
use on all 12 v. D.C. systems-positive or negative earth. Very attractively styled in
silver and black to harmonise with all interior styles. Standard dimension steel
case 7 a 7 x 2in. complete with metal fixing brackets. Illuminated dial, " easy hold "
control knobs. Tunable over full medium waveband -200/550 metres. Leads are fitted
for battery, aerial and loudspeaker connections, a fuse is incorporated in the battery lead.
Technical details: 12 v. D.C., positive or negative earth; tuned R.F. stage superhet;
fully transistorised using 7 semi conductors; power transistor with 3 ohm output
sufficient for the largest car; permeability tuning for positive selection and stability.
Instruction book and service manual including circuit diagram supplied. New and
unused in makers original cartons. Fully guaranteed. Today's value almost double.

De Luxe Model
Incorporating Push-pull
pot providing goats output
together ,.if h folly variable
tone C.,11l1..i and live push
button station preseleetors.
Ready to tit. Size -- finish,

toi stvitl iel weld
Itt .tI t. d. I tiro, t

DON'T DELAY

,dd1111111111111111111111

i.s.4 .7 31_,_!il if us_Li

Standard
Model

LASKY'S PRICE £6 .1 9 . 6 Ps-,'

Excluding speaker and aerial - see list below.

De Luxe Model

LASKY'S PRICE .1 9 . 6 5°s6t

Excluding speaker and aerial -see list below.

LOUDSPEAKERS. A SELECTION OF SUITABLE AERIALS & SPEAKERS
5in. round 10'6.7 x 4in. elliptical 11 6.8 x 5in. elliptical 12;6. Post 16. AERIALS. All heavily chrome plated, complete with connecting lead and

plug. Fully retractable. Type A28 open 4lin., closed 9in. 50/-. Type
SPEAKER ESCUTCHEONS. A24 open 6lin., closed 16in. 55/-. Type A20 open 41in., closed 9in. (with
Chrome plated with matching grille, complete with fixing bolts. New and locking device) 52/6. Wing Mounting. Type Al3 opens to 48in. 25/,
boxed. 5 round 12/6. 7' 4' elliptical 15.6. Type A40 opens to 62in. 46 -. Post 2,-.

ADDRESSES SEE PRECEDING PAGE
SHW-149 FOR FURTHER DETAILS.

invaluable up-to-date technical
ILIFFEbooks on radio and electronics

Radio and Electronic Laboratory
Handbook 7th edition

M. G. Scroggie, B.Sc., M.I.I.
55s net, by post 57s 3d. 537pp. illustrated.

Radio Designer's Handbook
Ed. F. Langford -Smith, B.Sc., B.E Sen.Mem I R E.
(U.S.A.), A.M.I.E. (Aus.)
65s net, by post 67s 9d. I,498pp.

Radio Circuits 4th edition
A step-by-step survey
W. E. Miller, M.A. (Cantab.), M.I.E.R.E., revised by
E. A. W. Spreadbury, M.I.E.R.E.

15s net, by post 15s 10d, 172 pp. 84 diagrams 2 fold -outs.

Radio Valve Data 7th edition
Characteristics of 4,800 valves, transistors, rectifiers nd
cathode ray tubes
Compiled by the staff of " Wireless World."

7s 6d net, by post 8s 2d, 156pp.Second Thoughts on Radio Theory
M. G. Scroggie, B.Sc., M.I.E.E.
35s net, by post 36s 4d, 410pp. 266 illustrations. Foundations of Wireless 7th edition

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

from leading booksellers 2Is net, by post 22s 4d, 388pp. 278 diagrams.

Published for Wireless World " by

ILIFFE Books Ltd. DORSET HOUSE STAMFORD STREET LONDON SE I
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LOUDSPEOr:CEI,R,:pl, THE "TRAVLER" Mk. II
complete r.ln
of Good m.::
Wharfed,:
Stentori.,
TSL Speak.
Units and com-
plete systems.
A comprehen-
sive leaflet is
available on
request, this

11, covers specifica-
tions and prices

of nearly 50 types including:-
Cclestion Model CX2012 ,a,
illustrated) £16 10 0
Stentorian HF812 5 watts

£3 16 0
Stentorian HF1012 10 watts

£4 12 0 ONLY
Goodmans Axicttc 8 6 watts

£5 10 11
Goodmans Axiom 10 10 watts

£6 5 11
P. 8.Goodmans Axiom 201 15 watts '

£10 17 4
Wharfedale Super 8 RS.12 DD
6 watts £6 14 2
Wharfedale Golden RSiDD 8
watts £7 17 5
Wharfedale RS 12 DD 15 watts

Ell 10 0
Guitar Speakers include:-
Wharfedale WI2EG 15 watts

£10 10 0
Goodmans Audiom 5IB 15 watts

£9 2 8
Carriage and Insurance extra.

2 GNS.
P 5 -

CAR RADIO
* MEDIUM AND

LONG WAVES
*12 VOLT POSITIVE

EARTH
* PUSH BUTTON WAVE CHANGE
* SIZE 7in. x 2in. x Tin.
* TRANSISTORISED

Ready built complete with
7 , 4m. speaker fitted to JASON

MTI FM Tuner. Kit of partsbaffle, fixing brackets, filter ' ' £6 15 0unit, all nuts and bolts and FMT2 FM Tuner. Kit of Partsfitting instructions. £10 12 6

TUNER UNITS

ARMSTRONG
Mono Tuner Amp

127M £26 10 0
Stereo Tuner Amp

127 £37 10 0
AM FM Tuner 223 £28 15 0
FM Tuner 224 £22 10 0
Carriage and Insurance 7j6.

Optional extras: 3 -section chromium plated weatherproof
telescopic aerials. Type 1, 17in.144in. 19:6. Type 2, 2in.'
43in. 29 6, both plus p. and p. 2;6 if purchased separately.

THE "HIGHWAYMAN" CAR RADIO
TO BUILD YOURSELF

Similar in appearance to above but with on off push button
switch. Complete set of parts only £7.19.6 P.5& P.

Stern Fidelity Mk. II VHF/FM
Built and tested .... £14 5 0

Carr. & Ins. 5/,

FMT3 FM Tuner for fringe
Areas:

Kit of parts £12 5 0
FMT4 Tuner £20 0 4
JTV2'FM,TV Sound. Kit of

parts £15 15 0
Built and tested £21 0 0

TRIPLETONE FM TUNER
Unpowered £13 19 6
Self -powered LIS 14 6
Carriage and Insurance 5/- each.
Descriptive Leaflets free on request.
Please state model required.

STERN
GREAT BRITAIN'S GREATEST

STERN-CLYNE HI-FI EQUIPMENT
Ready built or Kits of Parts

Complete Ready Carr.
Kit built and
of and Ins.

parts tested

Stern Mono -Gram Amplifier, 3 watts £4 10 0 £6 0 0 3'6

Mullard 2 -valve Audio Pre -amplifier £6 6 0 £9 10 0 5 -

Mullard 3 -valve Audio Pre -amplifier £10 0 0 £13 13 0 5 -

Mullard " 3-3 " Amplifier with Passive Con-
trol Unit Model 33!RC, 3 watts £8 8 0 £11 10 0 6 6

Mallard " 5-10 " Main Amplifier, Model
510 M, 10 watts LIO 0 0 LI3 10 0 6.6

Mullard " 5-10 " Amplifier with Passive
Control Unit, 10 watts £12 0 0 £16 0 0 7 6

Stern Twin Three Stereo Amplifier, 3 watts
per channel - £9 0 0 5 -

Stern Twin Three Stereo Amplifier in Portable
Case with Two Speakers and Leads - £16 10 0 10 -

Mullard " 10 10 " Stereo Amplifier, 10 watts
per channel £16 0 0 £20 0 0 5 6

Mullard " 104- 10 " Stereo Amplifier with
Passive Control Unit, 10 watts per channel £20 0 0 £24 0 0 10 -

Mullard Dual Channel Pre -amplifier £12 0 0 £15 0 0 7 6

The above two items purchased together £27 0 0 £34 0 0 15 -

HFITR3 Tape amplifier with Power Unit £13 13 0 £19 0 0 7 6

Type ' C' Tape Pre -amplifier with Power Unit £14 0 0 £19 10 0 7 6

STP-1 Tape Pre -amplifier with Power Unit
Mono and Stereo £22 0 0 £28 0 0 5 6

CR3 S Tape Recorder with Studio Deck £33 8 0 - I5 -

INDIVIDUAL DESCRIPTIVE LEAFLETS GIVING TECHNICAL
DIMENSIONS, PRICES. TERMS, ETC., FREE ON REQUEST.

3 -
3 -

3 -
3 6

Instruction
book

available
separately

26
2 -
3'6

RECORD PLAYERS

Garrard SRPIO Single Player
£5 9 1

LATEST B.S.R. UA25
4 speed changer £5 19 6
Garrard Autoslim Autochanger

£6 10 0
B.S.R. Super Slim Changer

E9 19 6
Garrard AT6 Changer £10 19 6
Garrard AT5 LM Autochanger
(30001.M) £11 11 11
Philips AG1016 Stereo/Mono

3 - Record Player £13 13 0
Garrard 4HF Single Player

£16 17 6
Goldring Lcnco Model 88 Trans-
cription Turntable £18 18 5
Garrard Laboratory Type "A"
Autochanger £19 15 0
Garrard 301 Transcription
Turntable (Strobe) £22 0 5
Carr. and Ins. 51- on above.
Descriptive Leaflet including prices

- with alternative cartridges, dimen-
3 - sion,, terms, etc., free on request.

SPECIFICATIONS, ' MICROPHONES
Extensive range available, send
S.A.E. for illus. brochure.
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ANOTHER STERN-CLYNE BARGAIN OFFER!!

SAVE £10!
STEREO AM FM

RADIOGRAM CHASSIS
BY FAMOUS MAKER
LIST PRICE 00.17.11

OUR Carr.
PRICE GNS. 76

BRAND NEW WITH FULL GUARANTEE
Full Medium, Long and V.H.F. Coverage.
3 watts per channel output. 3 ohm output impe-
dance. Internal aerial for A.M. Provision for
Multiplex adaptor. Pick up and Tape input sockets.
A.C. mains 200'250 volts.

FREE

OFFER I

Two 10in. 6in. matching
speakers supplied free if the following items arc purchased together.
CHASSIS In GNS. and GARRARD Autoslim with stereo plug in

LS 7 - .: .1,1. unit above £81710). Carr. 15 - extra.

Off
(00

Api *10 44,0 '

NEW LOW PRICE COMMUNICATION RECEIVERS
HE -40. 550 Kc,s.-30 Mc,'s. in 4 bands.
£19,19!-. Carr. 10,-.

HE -30. 550 Kc/s.-30 Mc/s. in 4 bands.
£34'13 -. Carr. Paid.

KT -320. As HE -30 but offered as complete
kit of parts. £26/5/.. Carr. Paid.

HA -63. 550 Kc,s.-31 Mc,s. in 4 bands.
£25 4 -. Carr. Paid.
STARFLITE 90 WATT TRANSMITTER
Band coverage 80-40-20-15 and 10 Metres.
£30 9 -. Carr. I5/-.

H.P. Terms available.
Send S.A.E. for fully descriptive brochure.

CLYNE
ELECTRONIC HOBBIES ORGANISATION

DOUBLE FEATURE PRE -AMPLIFIER AND
JLIO POWER AMPLIFIER

DOUBLI naTuRs PlIZ-AMPLIFIZR. Input, for micro-
phone, crystal or magnetic pick-ups, toner unit awl in ad-
dition offers full facilities for tape recording and high fidelity
replay. Tine unique feature meane that should you wish to
include tape in your M-11 system at  later date all that is
'rooked le a utitable tape deck. ?mit-button switching for
3 tape speeds equalised.
BUILT AND TIMED 18 OIrL (C. a I. bid
aLtO POWER ARPLUPIER. Incorporates the latest diode)
pentode ECL1113 valves In push-pull, PARTRIDGE ultra
linear output transformer. PARTRIDGE mains transformer
and smoothing choke. 10 watts power output, surplus power
available for tuner.
BUILT AID TRITID 12 0NL (C. & I. 7191
Prices It both mho ourobased together:
BUILT AND TESTED 29 OAS. (t .t i 10,)

NEWS FOR THE SHEFFIELD CUSTOMERS
Visor I/1 On STAND 48 at VI,

Sheffield Ideal Home Exhibition May 19th -29th

TAPE EQUIPMENT AND ACCESSORIES

AMERICAN RECORDING TAPE
5in. 600ft. Standard Acetate
5in. 900ft. Long Play Acetate
51in. 1,200ft. Long Play Acetate
31in. 600ft. Double Play Polyester
7in. 1,200ft. Standard Play Polyester
5in. 1,200ft. Double Play Polyester
7in. 1,800ft. Long Play Polyester
5}M. 1,800ft. Double Play Polyester
7in. 2,400ft. Double Play Polyester

8 6
10 -

12 6
116
12,6
15/-
20 -
22 6
25 -

P. & P. 11- per Reel extra, 4 or more Reel.
POST FREE.
Fully Automatic Tape Splicer 14'6. P. & P. 1,6.
Plastic Tape Spools 21in. 1/-; 3M. 1/3; 4in.
2/-; 5in. 2/-; 5:in. 2/3; 7in. 2'6.
Plastic Spool Containers, for spool sizes 5in.
1,6; 51in. 2,-; 7in. 2.3.
Any single item plus 6d. P. & P. Orders over £1
POST FREE.

VISIT YOUR NEAREST STERN -
LONDON
.o, Tottenham Ct. Rd., W.I. MUSeum 5929;0095. Half day Sat.
23, Tottenham Ct. Rd., W.I. MUSeum 3451/2. Half Day Thurs.
309, Edgware Rd., W.2. PADdington 6963. Half Day Thurs.
109, Fleet St., E.C.4. FLEet St. 5812/3. Half Day Sat.
162, Holloway Rd., N.7. NORth 7941. Half Day Thurs.

Camberwell Church Cs., S.E.5. RODney 2875. Half Day Thurs.

CROYDON

CLYNE ELECTRONICS CENTRE
LIVERPOOL

52, I.ord Street. Royal 7450. Open 6 Days a week.

MANCHESTER
20,22 Withy Grove, Manchester 4. BLAckfriars 5379 5246. Open

6 Days a week.

SHEFFIELD
12, Suffolk floc- t icorge St. MUNicipal 3250. Half Day Wed. 125, The Moor, Snettield. Sheffield 29993. Half Day Thurs.

RISTOL MAIL ORDERS AND ENQUIRIES TO:
26. Merchant Street, Bristol, I. Bristol 20261. Open 6 Days a week. Deot.W.W. 3-5, Eden Grove, Holloway, London. \ 7 NORth 8161 5
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FLOODLAMP
CONTROL

Suppressor Condensor

FINE TUNERS

, :ti I

rila dr del 1'0
12 -

OVERCURRENT RELAY

Resold idly 1... . American
Wealinghouse ',mat Ilec, at, the surface
snourithig through thikritl type with clear Pyres
all.- ...vet, The, hoes ;6;114 for remote push

Microphone
Inserts

2e.

T, "W

Fishing Rod
from

Dinghy Mast
1111.111111. :1111,1111111111

111., lo.to r.to to

Morganite Protentiometers
Single and 2 -gang t, -
oval labic, eyaodard
with good length
WI new. Haab tying 1 -
each, values available:
5K, 10K, 25K,
10K, 100K, 250K.
1 meg, 2 meg. Gang typo 5-
each, values available 31(
-E 3K. iimK

± no.; I

Poo,

Building a 'Scope

31n. oo t 111, ;too, co i601. 111,
N.; :;I'I'I n., nd; locto I;; ird.t611.-
dr11..,1t..o. 1.11,1 10,1 1111111 1111

Timer Kit

Where postage is net definitely stated add 2 -
to all orders node! fa

AUTO CHANGER BARGAIN
GARRARD AUTO -SLIM RECORD

CHANGER

THIS

One of the nicest record changer., that
this famous company nuke-A.0011.0c
selection of records which may Is. initial
-may al.o be played manually. Finger

1111 adjustment of Stylus pr,011ire.
Filled with mono head --hat pickup
slat for stereo --suitable 2(0'250 A.V.
1111,1i1111 -cabinet pint, required 141 121.

with 411n. above and 2 Do. below. DON'T
MISR THIS SPECIAL SNIP, ONLY
65 15'-. (Past and in 6 lit

MULTI -METER BARGAIN
M.xlel number El'Ittb. I, ra w11c s;

titled corner -wise for compactness, extra
accurate Kit usee In.. component,. Meath ivity
10,000 ohms per volt. A.C. and D.C. range..
D.C. voltage yip to 1.2kt; in 5 ranges. A.C.

voltage up. to I.2kV 5 ranges. 11.C. current

op to 300mA 3 range,. Resistance up to
'2 meg. Capacities 0.05 to .15 tnfil. and .1.6.1tael..

complete with foil Introetion and DS pr. NI/
And battery for ohm, rnire. 1 real hargain
out repeatable once stock. Pri c 69 6.

'arriage and Insurance 5

MONTH'S SNIP

CABINET & PICK-UP
z,kr toy ,1'..11 ic. approt

allows for 7 < 4in. speaker and
amplifier. Steely covere.l. two lone. Iliset
hare cost at leant t2 to make. New and perfect.
Offer...I whilst stock. hid.

ONLY 15/6

TAPE RECORDER that will play in your pocket

r.wletn. MAgo.
121a1 r', within tidlti
Complete ready to work.

one of the ...talk.' for7..bdoll tape
1. made. Entirely controlled by push loitton,

,rot can record and place lock with the instniment
to your pocket. It is a PM tom.11..11 rawillOr Ilona
Ktallolani iin. tape and replace batten.,
Speaking and playing hoit I. front I ho 11:41iir

iVryIt}i1) microphone.
Specitiaralon: Olmettoot.. oi it o c,,itt
14 Itl.; recording time: 12 MO, rga oidiog4.rd in_

;,o.1 ff.r,toeney :041.

PRICE E9 I9s. 6d.

750 mW TRANSISTOR
AMPLIFIER

pulldnput for crystal or inagnetic
phone or pick -up -feel back loop. -

sensitivity 3 ni v. Price 19.6.

Pont and ins. 2.6. 33 ohm -pester
121 extra.

OSCILLATING UNIT I2A
lb, precision lustruntent co, era&

the range 30 to It MC,SEC with tone
switching for 700, 1,150 and 1,700

cycles per set and magic eye tuning
Indicator. Unused In original transit
cases with attentiator bon. Limited

qoantity. Only SI each, carriage paid.

MAINS POWER PACK
MAINS POWER PACK designed to operate transistor sets and amplItlarg. Adjustable
output 6 y. 9 to 12 volts for up to 500 mA. I class B working. Takes pis gime Of any el
the following batteries. PRI. PP3, PP4, PP8. PP7. PP9, and rabon. Lit eompriam:
mains transformer -rectifier, smoothing and load resistor, 5,000 and 500 tab'. condensers,
tenet diode and instructions. Real snip at only 14 6. plc. 2 t. P-;1

SPEAKER BARGAIN
1.1111. MTh ',Clay
loudspeaker. High
Frac permanent
magnet type with
either :tor 15 ohm
speech coll. W1111

handle up to 10
matt.. Brand new,
by Ninon, maker.
Price H7 0, plus 3/6 post .16,1 /11' ir

Hi-Fi Speakers
E. MI cetamic magnet 12,000 linen, size 13in <

"Iti. roughly equivalent 10 121n. round npealerl.
(tote freoneney 40-60 cis. Handles up to 10 0 .o Ls.
IN .. ;11 5/ carriage and ins. Stotc whei her

Brayhead Turret Tuner

Complete with Band 1

and Band 5 coils. Lena
valves, 10'. each. or w.th
valves 171 each. Post 2,6.
Knob, 8,6 et re.

Waterproof Heater Wire
111 length. 70 watts. Sub
rooisa at ;ire rontrot 10 - r.

'Hod robed but lens
ountrol Iowan is arall
alge Una month u a
special snip Price of

plus 3,6 Post and
Matron.. Size is
3iin. fan.
410. and It is
nicely rot ere.,

.,-tone
Its I Wric.

Cabinet snip

SIEMENS HIGH
SPEED RELAY

1..ct.i,),,, coil. Adj.bl-tae
'CA 11

FIVE CORE CABLE
1.1,11 1, itching °benne, biter -on,. l'.A.

etch core Res copper with robber
core,. covered overall it. lough robber

I '. 9d. per yd. or 30 yds. 1..1,1 la 19,- Aloe

MAKING A FAN HEATER
M 1  .1. Urt
noted pole..
20-30 v. D.C.oa 1
cost at least a:teachiDgi .PIPS
phi. 1,6 polite*e and
iiirance. Mahn model
9:9. plug 2/0 portage and lueurance.

THERMOSTATS
Type ' A" 15 amp for controlling room batters,
greenhouse. raring cupboard. HAP spindle for
pointer knob, quickly adjustable from 30-Sti.P.,
915 plra 1,- poet. &Mal* box tot wall mounting,
fir, P. & P. II-.
Type 91. 15 amp. This la  171n. long rod type
made by the famous rhunic Co. gplodie ^Orate
this from 50-550.P. Internal Acrew antra the
vetting so title cooed be adjustable over sr to
10001P. guhobk for controlling furnaell, orMis

kiln, Immersion heater or to make
flame -start nr fire alarm. B'S, plus
2.'6 Mart and insurance

Typed"' Is a small porcelain thermostat ae tit ted
to electric blankets, etc. 11 amp. setting adjust-
able by_wre"w through aide 5/0. P. & P. Id.
Type "W We cull tnie tbe foeratata a. 16 este In
tool out at around treexing point 9/3 amps. Hog
many toes, one of which would be to keep the loft
pipe, from free:log. If a leartb of our blanket
wire 116 yd.. 101-) is wound around the pIpe..
74. P. & P. 1/..
Typo "I" This la a standard ref rigrautor ammo -
Mat. Spindle adjustments over normal refrigerator
temperature, 7.10, plus It- Poet,

ELECTRONICS(CROYDON) LTD
266 LONDON ROAD ' WEST CROYDON SURREY

Post orders to: Dept. W.W. 43 Silverdale Road, Eastbourne, Sussex
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BARGAINS GALORE WAREHOUSE BEING CLEARED
FLEXIBLE COUPLINGS
',nese couplings extend as well

444411s tend for 10g shafts out
of alignment and for slug tuning

conoiols where the core has to come in and
nu Pi cc 10  dot.

COMPRESSORNAC PUMP

0.,
it

,
.

SHEET
PA XOLIN
Ideal for transis-
tor projects. Size
6 x 6in. 1:-. 12 x Bin. 2/-, 12 x I2in. 36.
24 x I2in. 6'., 25".. discount in doz. lots. special
offer 12 panels 5 x Bin.

SELF ENERGISED
_b... TELEPHONES

These require no batteries
in fact they have only to
be connected by a pair of
wires. They can thus be
fitted into existing bell
CirCridt Results are
extremely good and
maintenance costs are
nothing. Handsets only
complete as illustrated.
15/. each. 2/6 post. Two
post free.

Fitted with outlet and inlet valve,
suitable for paint spraying.
refrigerator etc., complete with
V belt drive wheel. Price 27 6.

P P 2.6.

VA RIO M ETER
ASSEMBLY

As illustrated this is
useful for experi-
mental circuits. Cry3-
tal sets, etc. Price
3/9 each.

RELAYS
Totally enclosed in bakelite,
this relay has a 24 volt
coil but can of course be
rewound for mains opera-
tion. Its contacts are suit-
able for breaking 20 amps.
Price 2.6 each, 24,'- doz.

CATHODE RAY TUBES

VCR5I 7 Ain. 9,6 carr. and ins. 8 6
(replaces VCR 97 new and unissued)
VCR I39A 21in. 27.6 care. and ins. 4.6
VCR 138 3;in. 27.6 carr. and ins. 5.6
VCR 4/1 3m. 32,6 carr. and ins. 4/6
VCR 112 Sin. 27,6 carr. and ins. 5/6
CV 996 6in. 22/6 carr. and ins. 5/6
VCR 97 fin. 42.6 carr. and ins. 8/6
CV 1140 I2in. 27;6 carr, and ins. 12/6
CV 1590 I2in. 27/6 carr. and ins. 12/6
10 way Cable, ideal for interconnecting units
and for remote switching circuits -each way
has a flex copper core capable of carrying 5 amps
and insulated to 500 v. The cable is P.V.C.
covered overall. Price 1.6 per yard. 10 yards
post free. otherwise add 3.6 post.
Twin Rubber High C Flex. 110 strand
in each core. 250 volt grade: carry a length of
this in your car -if you are ever stuck with a
flat battery you can join up to another car;
regular price of this cable is 3/- per yd. Our
price 174 for 10 yds. post paid.
Bakelite W11 Switches. Normal household
type for lighting, etc.. 9 - doz. one way or 10/-
2 way -36 or over post free, otherwise add 2 6.
A.C. Meter, Wall or Panel Mounting.
Voltmeter Enn. dia. in metal box for flush
mounting -install one in your workshop and
you will always know how the mains are. 35 -
each, 3.6 post and ins.

SNIPERSCOPE
Famous war -time "cats eye" used for seeing in the
dark. This is an infra -red image converter cell with a
silver caesium screen which lights up (like a cathode
ray tube) when the electrons released by the infra -red
strike it. It follows that as light from an ordinary lamp
is rich in infra -red these cells will work- burglas alarms.
counting circuits, smoke detectors and the hundred
and one other devices as will the simpler type of photo
cell. Here then is a golden opportunity for some
interesting experiments, price 5 each, post 2 -.
Data will be supplied with cells if requested.

L

TELEPHONE REPEATER No. I

MARK I. This equipment is for amplify-
ing telephone signals in both directions
of traffic and also to remedy line distor-
tion of speech. It is intended for use
with two wire or four wire circuits, has
four amplifiers and is in fact two quite
independent repeaters mounted on the
same panel and having a common power
supply. The power supply may be
operated from a 12 -volt car battery or
from standard A.C. Mains. The units are
absolutely new in original packing
complete with spares and instructional

J., manual. 47 10- each and 20, carr. and ins.

CHARGING SWITCHBOARDS
Type A, 550 w. 18 v. -contains three reverse
current relays, one voltmeter rated 25 y. f.s.d.,
one main ammeter rate 40 amps f.s.d., one
secondary ammeter rated 15 amps f.s.d., and
two secondary meters rated 20 amps f.s.d.,
one 2 ohm variable resistor, one I I ohm vac iable
resistor and two 1.2 ohm variable resistors.
Complete in metal case 2ft. 6in. x 2ft. Bin.
approx. Price 12'19-, carriage and ins. 15;-.
Type B, 1260 w. 50 v., 12 amps. -contains one
14 ohm variable resistor and four I ohm variable
resistors, one main ammeter rated at 40 amps
f.s.d., four secondary meters rated at 20 amps
1.s.d., and one voltmeter rated at 50 volts, and
two reverse current relays. Complete in metal
case -size approximately 2ft. 6in. x 2ft. Bin.
Price 84 15 carriage 15.-.

hurry or you may be too late
See last two months adverts for more bargains but please note we are told out
of the following: Ferranti Meters-Klystron Receivers -25 amp. contactors -
Motorised Rotary Switches.

MULTI -SPEED MOTORS
You can adjust this motor to almost any speed you
want, it will work directly off A.C. mains, or if you
require greater power or greater speed, work it
through a metal rectifier. This motor is fitted with
a gear box enabling speeds down as low as I r.p.m
to be obtained. Price 19 6 postage and packing
3 6 extra.

UNITS FOR CONTROLLED AUTOMATIC ROTATION
Two units work together to form a Tower
rotating device, with remote control.
Imam I, known as Tower 24A, is in fact the

1. geared driving motor which rotates the mast.
This is quite a heavy construction and would
rotate a heavy scanner, reflector, Beam
array, etc., etc.
Item 2, known as Indicator I -221-A is the
remote controller which enables the azimuth
position of Tower 24A to be controlled from
a remote point. Conversely, it enables the
azimuth position of the tower to be known
at any time. Both the Tower and the Indicator

contain selsyn transmitter receivers and it is these that provide the impulses
which cause the aerial to rotate backwards or forwards. The equipment intended
for 117 volt. A.C. mains but will operate from our mains if connected through
step down transformer of I K.W. rating.
Prices 1-221-A L25, TR24A L35.
Special discount of LS for cash with order or C.O.D. if both units purchased
together.

THE INSTRUMENT COMPANY
Dept. W.W.

43 SILVERDALE ROAD, EASTBOURNE
Mail Order only from this address -goods may be seen by

appointment in Oxfordshire
If carriage is quoted this must be sent, otherwise if your order
exceeds a no postage will be charged -under a add 2 -

Something for Everybody
Toggle Panel -Switch.., imp. eii.aic p.de .2 6
24 -

Toggle Switch. l0 amp. 'role. 2.-, 16 - do,

Illeetrle Look. 24 v. mill but ren 'ridable to alter
voltage. 46, 48 -

Dyesmotoe. Amerli an make input 27 s
2+413 v. 211 watt. Totally enclosed 16 I.--
2 6.

EHT Rectifier. CV III, 15 Kr. 350 M.A.
23 ibis.

Ceramic Holder, in r III realties 2 6, 24.-doz.

Wafer Switch. P2 asisorted types till vet), usefui
10 -. i..

Headphones, ideal for short ese listening, etc..
low re gdat.. 14,4 141141.111, 6.-. poet 2'6.

Sound Powered Inserts as P.E. Inter
ci Inn, .1. -peat, r or 111141111,1201.1eP114, EC- dsa'

Hot Wire Meters. The.. ',restore 11 -grams A.0
ISlit at 111+41.1,04114.114 y flush mounting

15 - re.h. ri tor ea los.

Iles Potent Melee,. sealed type by Morass,
a/14.44r, the ter,.1 rot, made. standard
1111.1,41g, 6 di
!wok 5 8 d. r., 50 K 5 - doz.

MU Metal Screen inr American 5 f'Pl etc
0 6 raw rid \ 1:97 and other tiro rub,- 7 -
unlit. re

8 Way Connectors. It
r.

3 8 38 - .1.

Sereened Weenie 8 MM, 8 -

Reverse Coirent Relays. I.: 1. s 120.
r, tor 70-.

P.M. Speaker Bargains. P.M. by I1.
eletrron hired with star .!...1 Isenrode

bongo r . 12 6 1411, I tit
11 6 -

,.,12,,9 o.116iibrt3of.!44. ,1.11, tanslorrd for w.. I ...r

SELSYNS
Am e than inaiIi -n r. lair
ratiminti r Rim ner.

215 thr torn

Vibrator lannOr. Ameuean 1111.1e ti.C.
to4 s. 11.1.'. put putt each 16 s. al 100 M.A
iju tr . 15 -.

Vibrator Unit. lif 1,11 trade di.. Input 24 v.
wet 1:.)1.1 V. t1.4 . at 211 51.A. using metal reeti
Ilsr. 25 -.

Vibrator Unit. Canadian made d.c. Input 2 v.
six  5,4,120 v. d.r. at 33 M.A. uses synchronous
vibrator also grset 1.4 dr. for 'dement* 66.-
/ 2 0.

Rotary Transformer he oial.ing 200,240 d.c.
or Al.' Ill' niii.liariees Boni 12 sod. Car battery.
output 200 v. at WO M.A., U, -

Trimmer Sank. 5 54141 entopretslon Ifin,r,..
1114.11144e41 f ood grip 3111r. long, liteni
making present -fail.". receiver - ter/Mlle:Me, lit
1.12440011, 2 - rush, 18 - doe.

Air gpamg Trimmer., 0.30 pf with 14.11g ',regret
TYlle 9 - dor.. spindle t3pe 12 - doz.
Twin type w L111 -Oldie ME- dog.

TonsheoN Glam. Can lie dropped. walked on.
etc.. unlikely to break unless struck otr edge.
Their it turn a into unharnitul cattalo, 5 panels
each 104 r 91, - 3 - putt nod ins.

Ignition Coll, 12 5. Nuns most inns -useful for
E.H.T. experiment, 12.6.

E.H.T. Smoothing Condenser, .1 mid. 10 KV.
-. sa do,

Micro Switch. 1.s. Burgett.. NVill open or close
circuit, 2 8, 24 - dog.

Miniature Relay. American make -630 ohm cod
20ro0 . "iteration -two pole change over
contests. 2 8, 24.- doz.

Electrical Rey. Counter Generator. This Is a
beautifully made generator supplied with flex
drive shaft. sample take output of rrenerator In
voltmeter and .111.:atte this lu I1.E.51., -
 2.6.
E el Switch. Three position 3 eb and 2 r i. 5 -
each, 48 - doz.

0.P.O., plug with lead 211, 24:- do,-

Frau Buttes Ihrlteh. Multiple contacts on and
off sr hen pressed, 2 -, 18'. doz.
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TEXAS INSTRUMENTS

SEMICONDUCTORS
FROM STOCK

QUARNDON
SUPPLY:

I. By Return of Post
2. At Manufacturer's Prices

3. An Extensive Range

Send for a copy of our new
SHORT FORM CATALOGUE

QUARNDON ELECTRONICS LTD.
SLACK LANE. DERBY. 46695

SWW-LSO FOR FURTHER DETAILS.

You are interested
in Radio and

T.V.-Why not-
PUT SOME LETTERS
AFTER YOUR NAME
You can rapidly quality in your spare time
by means of an absorbingly interesting
Chambers Postal Course. We offer expert
and highly personal training backed by a

SATISFACTION -OR -MONEY -BACK "
Guarantee. Over 75 years' experience . . .

thousands of successes.
FREE 100 -PAGE GUIDE

Choose from hundreds of Courses-
Practical Radio (apparatus supplied),
Radio & T.V. Servicing, Applied
Electronics, P.M.G. Cert., City &
Guilds, R.T.E.B., A.M.I.E.R.E.,
Radio Amateurs Exam. etc. Send
today for the informative 100 -Page
Chambers Guide To Success- I

FREE. (Please state Career, Exam. !
or subject of interest).

ChambersCollege
(Dept. 11) 148 Holborn, London, E.C.1.
SWW-I52 FOR FURTHER Di T %MS

MAY, 1965

Elementary Radar
(Notes for Radio Mechanics, Part III)

This book is the third of three volumes which, although
written primarily to assist airmen under training, is well
adapted for civilian needs. It gives a basic outline of the
principles and applications of radar at craftsmen level
and provides an easily understood introduction to the subject.
Great emphasis is placed on the visual approach through
copious and self-explanatory illustrations. As a whole, the
three books should prove useful as textbooks for first -course
training programmes and should also be of value to the
interested layman who wants to absorb the rudiments of these
subjects without prolonged study.

17s. 6d. (by post 18s. 10d.)

Already published: Part I, Basic Electricity, 15s.
(by post 16s. 5d.)

Coming: Part II, Basic Electronics and Radio.

Free lists of titles (state subjects) are available from Her Majesty's
Stationery Office, P6A (WW), Atlantic House, Holborn Viaduct,
London, E.C.1

Government publication.. can be purchased over the counter or by
post from the Government Bookshops in London, Edinburgh, Cardiff,
Belfast, Manchester, Birmingham and Bristol, or through any
bookseller.

SWW-151 FOR FURTHER DETAILS.

WHEATSTONE BRIDGE

I core Zen. Oaleano-
nu-ier. Sealed 20-0-20

ill. movement. '2.5 m A.
1.111 scale deflection. 3
"id ...Itch controls
a-10. 0-100 ohms. 0-101.
'.unplete In carrying
ipe with instructions,

45 Post 7/6.

4 VALVE 4 WATT AMPLIFIER

i j11 1.11

SNPI.1,.

1111:1, 1111, ,

Brand
It. N

hew ii. mil
7945. Carr. 1,, .

I, I

GOSSOR DOUBLE BEAM OSCILLOSCOPES

t' £275 10 -
82

MARCONI TF 987 1 NOISE GENERATOR
I II. sod F.M. te-

ll T. Biand new

TELESCOPIC AERIAL MASTS
,Lola, slt el (41.1. ;sr.]. .-5515 01,1, Lau, king On each
l Ion provides tor full or any height required. &Stable for all
togs and base Bottom section 1 tin. damage, 201C
ection). Cloned Sit. bin., Weight Car. 5

i'leved Olt. tin. Weight 20 Ihs.. lair. 5'..

CREED TELEPRINTERS

B44 MK. II IL III
Dipole and sod n, 'tit Is 30,- P. A P. 5/-: Microphone with
coninaling plug. 15 8. I' ..t. 'Lout and phone plugs

MOVING COIL
BRAN l'i N 1.;%
Post 2,-.

MOVING COIL
As als., 1.,11 , 5.

HEADPHONES
lag. 1541

H EA DPHONES
19 6.

ALL NO. 10 SET PARTS AVAILABLE.
/hop other bargains. S.A.E. ail enquiries.

A. 3. THOMPSON
Eiling Lodge." Codicote. Machin. Herts.

Phone: Codicote 212

5WW-I53 FOR FURTHER DETAILS.

TRICITAIR
COVENTRY AIRPORT

Tel: TOLL BAR 3688

AVIONICS EQUIPMENT

R 1475 RECEIVERS Also known as
Receiver Type 88 these exceedingly versa-
tile ex-R.A.F. 11 valve receivers cover
2-20 Mc s in four bands. Many unusual
features such as 600 KO. Xtal reference
oscillator, Xtal controlled BFO, voltage
stabiliser and variable selectivity are in-
corporated. The dial is exceptionally large
and readable and sensitivity is of the order of
1 microvolt. Complete with power unit (A.C.
and 12 v.) and in working order. £15.
BC 348s, £25. RCA 710 A UHF Signal
Generators, £35. Marconi TF 885 A
Video Oscillators, £38. *Bendix V.O.R.
Receivers R 252C/ARN14 (MN85-DB).
Voltage Regulators 40E23 -1-C. Fuel flow
Amps 16501-1-C, Oxygen Regulators 2880-
5B -D1. Standing Wave Indicators 1M81
UP, 100 microamp. meters 10S,16379.
BC 1333 Marker Receivers. Relays 5909-
84HPX, PEC 6001-9, G.E. C.Z 530010.
Export only: AN, ART 13s, AN,(APX6,
BC 788 AM, ARC2.*
 Prices on application. All items plus carriage.

SWW-154 FOR FURTHER DETAILS.
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THE SOTONIAN TRADING CO.
AMPLIFIERS
TANNOY portable loud speaking ampli-
fiers with power microphone. Four 6L6G's
in output, with sufficient power for 10
speakers. Further details on application.
Price £22, plus carriage.
CABLES
Circular rubber covered twin leads, suit-
able for battery chargers, etc., 30ft. long 8:6
Coaxial cable, .45' diameter, 2/- per yard.
CHOKES
Small L.F. smoothing chokes, 50 m.a. 6 -
Small L.F. smoothing chokes, 60 m.a. 8 -
Cossor miniature, H.F. chokes 1 3
CONDENSERS
TCC "Metalpack" tubular .1 mfd., or .05
mfd., 350 v. D.C. working 9d.
Ditto., 25 mfd., 1;9.
Dubilier metal tubular, I mfd., 350v. D.C.
working 1/9
American '5 mfd, 7500v DC working, 25/ -
Sprague tubular, .1 mfd., 500 v. D.C.
working 9d.
B.I. Cables moulded tubular, .01 mfd.,
5,000 v. D.C. working 2/6
TCC tubular condensers, 75 pf., 5,000 v.
D.C. working 1/9
TCC base mounting condensers, .02 mfd..
11,000 v. D.C. working 25/-
TCC base mounting condensers, 2 mfd.,
10,000 v. D.C. working £12
TCC base mounting condensers, .1 mfd.,
11,000 D.C. working £2
Hunts moulded mica condensers, .002
mfd. 9d.
Laboratory type variable condensers,
dimensions approx. 9 x 5 x 5in., and suit-
able for use on transmitters, etc £3
Jackson Bros., single variable condenser,
132 p.f. 6,-
TCC base mounting electrolytic conden-
sers, 2,000 mfd., 25 v. D.C. working 12:6
INDUCTANCES
Transmitter inductance units by Redifon,
with 10 turns approx. 5in. diameter, and
sliding clip. Very suitable for laboratory
use £3
METERS
moving iron projecting type meters, A.C./
D.C, approx. 4in. dia. 0-150v. £1
POTENTIOMETERS
Miniature potentiometers, 1 meg. 2 -
Reliance 400 ohm wire wound potentio-
meters, 1 fin. diameter, with knob.. 4 3
Colvern 2 ohm wire wound potentio-
meters 2 9
Colvern wire wound potentiometer,,
20,000 ohms, pre-set type 3 -
RECTIFIERS
Westinghouse 12 v., 3 amp. metal recti-
fiers 12,6
SIGNAL GENERATORS
Marconi type TF517F/1, covering 18-58
mc/s., and 150-300 mc/s. These are offered
by us brand new, and as received from
Government sources, at £20 each with in-
struction book. Carr. and packing 35/- extra.
Signal generator, service type, SHF., No. 8,
with equipment, £60
TRANSFORMERS
Heavy duty unit in sealed container.
Nominal input voltages, 117/234 v.
Outputs 330-0-330 v., 200 m.a., 5 v., 2
amps. 6.4 v., 4 amps. Price 35/ -
Heavy duty unit, input 230 v. Outputs
4.5 v. C.T. at 6 amps., 4.5 v. C.T. at 6
amps., 4.5 v. at 20 amps., C.T. Price £3/10
Telephone transformers, type 34 or 35 5/ -
Transformers, fitted with terminals. Input
230 v. outputs 365-0-365 v. at 180 m.a.
0-5.75/6.75 v. at 12 gimps. 0-5.75/6.75 v.
at 12 amps. 0-5.7516.75 v. at 12 amps.,
0-5.75/6.75 v. at 12 amps. Price £3110;-,
Other types available,
Postage or carriage extra. Prompt despatch.

SOTONIAN TRADING CO.,
53, The Avenue, Southampton.

Tel. 56537

GCRE FSIO AUDIO FSK TERMINAL UNITS

Completely self contained, with internal mains supply. input and
output sockets. carpenter relay type 5A6. mark space meters.
etc., in perfect working order. conditions new. Sire 19 K 9 x 5in.
Price £8110

Bus COMMUNICATIONS RECEIVERS
*A1188D, as new tem P.P. 25/.
*Hallieraftere 827 FM/AM 27.8 to 143 Mc/a, from 225. P.P. 23/-
*S.T.C. B46 1.6 to 15 Mc/s. perfect order gm. P.P. 17/6
*Marconi CR 100,'2 60 Kc,61. to 30 Mrs. perfect condition

as. P.P. 19/6
£28. P.P. 30/-
245 P.P. 20l -

*11.308 FM/AM range 27 to 145 Mr/e. eon. per.
*827CA FM/AM range 120 to 220 M is. per con
*RI294 AM range 600 to 3000 Mrs in 3 bands 840. P.P. 25/-
*Rediphon Marine receiver. range 260 lie,

to 3.3 Me/s
*8216 FM/AM range 19 to 137 alcie, with PC

and Cables £45. P.P. 20/ -
All receivers and test equipment offered are in excellent
operating eli till1.111,..,therw l-. ,..t. ,1

£15. P.P. 20/.

AUDIO FREQUENCY METER
Type CT -49

Range 430 eta to 22 Krls in four directly calibrated ranges
Power supplies 1.5 v and 29 v dry batteries, an ideal unit for
teleprinter/P.8K work. New boxed equipment. small else

28/10. P.P. 12/6

GAUSS
METER
TS 15

For accurate
measurement
of above mag-
nets. Range
1,200 - 9,600
Gauss.

Power re -
meets 1.5 v.
dry cell, a lab-
oratory instru-
ment in as new
condition,
complete with
operating in-
struction, only
L6/1916. PP 5/6

S.T.C. BALL MICROPHONES
Complete with desk stand. A must for the ser,

67 10

LEDE X SOLENOID DRIVEN WAFE
SWITCHES

MUIRHEAD KEY SWITCHES
Very latest type twelve C 0 heavy duty silver rod:sets, the..,
cwitches were &signal for 11,t1131 panel mounting, complete with
hrome escutcheon plate - mas. Price 00 each, steal

terms for quantities.

TEST EQUIPMENT
sareoni ti niveraal Impedance Bridge Type 3734

Perfect condition 230. P.P. 15/-
* Marconi Signal Generator Type 1440 Perfect.

213. P.P. 25/.
*Muirhead Valve Maintained Tuning Fork Type D -630-C

incorporate* stabilised power unit. Frequency 1,000 c.a.
These instruments are new and comply to laboratory
standards 125.

Furshill B.F.O. 0.10 kc/a. Perfect condition. As new.
Complete with transit case, etc £12. P.P. 20/-

* O.R. type 583A Power Output Meter., range bniW. to 5 w.,
input impedance 2.5.20k ohms, meter calibration 0-50mW
and 0-17 DB, multiplier .1, 1, 10, 100 sloe 10 x 6 x Sin. In perfect
condition £12'10. P.P. 7/6
Meuweguent Corporation Square Wave Generator type 71.
Frequency range b esp... to 100 Kern, for 250 v. A.C. operation.
size 15 x 8 x 71h., in as new condition 230. P.P. 17/6
* Western Electric Sound Level Meter type RA331 to measure
from .5db to 120db for 2604. A.C. operation £25. P.P. 15/ -
*General Radio Portable Sound Level Meter, Battery operated.
Range 40-120db as new condition £25. I'. P. 12/6
*Furrhill Micro Watt output meter., type 140 input impedance,
150 ohms, range 1 to 20,000 micro watts

.

. 25;10 P.P. 5/6
*Marconi Condtretance Meter. type TF72Ib battery operated
Hewlett Packard Audio Oscillator type 205/ Age perfect con-
dition - 230. P.P. 30/-
We hare In stocks. fairways of teleprinting sstifnnsent instudin.
Audio and I.F.F.S.K. units. Pour Inentiries ore invited.

KEY SWITCHES, PO type. 8 changeover. 6 eio one side, 4 eto
other side. Complete with knob 6/6.

Special quotations for quantities.

TRANSIITITNO SWITCHES. 5 -bank, 1 -pole, 2 -way. Ceramic
%at. rs insulated to In Kv., heavy duty silver contacts, rise
length 10 x 5in., new k 30/.. P.P. 2/6

MINIATURE CIRCUIT BREAKERS, r dine 5 amps. up to 250 v.
A.C. over load oilard. new stock

wwwwwrw 10/6 P.P. 1/6

AVO METER CALIBRATION TE04 I Nir TYPE erne
A modern precision inatrunient. giving 7 standard voltages.
I v. A.C.-2.5 v. A.C.-10 v. A.C.-25 v. A.C.100 v. A.C..and 250
my A.C. Also '230 Inv D.C. from internal standard cell. Internal
power supply 110-250 v. A.,'.. contained In portable carrying case.
Sire II x 0 x 7in. Brand new eutaipment . £12/10 P.P.10/6

ww, www ,www, 1==0 011 MM.=
CLIVE 00112TRNAT ELECTRONIC FLASH DEIT, mina or
cell operated. The Master Illlt is a professional grade Instrument.
for lat., 41.4, I 1,.. ',h light output, with built
In e'. ' -It head are contained in
at t 212/10/ -ea.

RELAYS TYPE 3000
9 C.O. .1 . latching type.

Inge, 6 or 12 v. sl.e. brawl new stock by famous manti
17/8 ea.

oo ohms, nriv 10/- ea.
10/ -

RELAYS TYPE 600
4 CO. boo
4 C.O. 500 r.,--- t

RELAYS, MINIATURE
RELAYS. MINIATURE
B.T.C. 41840D, 24 v. 700 ohms. 2 C.O.
B.T.C. 4I8gb, 6 v. 45 ohms, 2 C.O.
B.T.C. 41840E 48 v. 2,700 ohms 2 C.O.
B.T.C. 4196EA. 1 v. 2 ohms, 2 CO.
All above relays WO each. plus P.P. on all relays 1/-

7/-
7/-
7/6

MINIATURE RELAY BANKS
Six miniature relays 9-12 v., 1 make per relay, contained
in neat aluminium case 6 x 4 x 111n., with six half Inch
spaced crystal holders. designed to switch any desired
1.eystal by remote control. Relays and crystal holders
can be easily removed for other tees if terrific
value, only 15.6. P.P. 1/6,

SOLARTRON OSCILLOSCOPES
Type C.D. 1014 Double Beam portable, late model,
Price £55.

L.T. TRANSFORMER
5 v. C.T. three times, at 5 atop, 230 v. primary. These

transformers a for charging purposes.
New boxed, 224 Carr 3 6.

OSCILLOSCOPES
oars. notable Beam Type 1033, perfect condition, £27 10/-

PP. 20/-.
,wesir Double Beam Type 1052, I.,:t ta1.1. endition It, A, 230.

I alley Enwine Double Be to. "I',/.,. I pert.. t Ilion.
£25. P.1'. 20 -.

SIGNAL GENERATORS VHF/UHF
G.R. type 804 Signal reiterators. Frequency range 8.
330 Mrs directly calibrated M 3 switched bands, mod.
tip to 75°,, at 400 epa., output from luv. to 20mv., easy
read output and mod. per cent meters for 250 v. A.C.
operation size 19 x 12 x 81n. This fine laboratory Metro.
ment at a price you can afford, V perfect condition. 220.

kiev and carriage paid. -

WE HAVE IN STOCK HUNDREDS

OF ELECTRONIC BARGAINS, WHY

NOT PAY US A VISIT?

P. F. RALFE
423, GREEN LANES,

HARRINGAY, LONDON, N.4.
MOUNTVIEW 6939

5WW-I55 FOR FURTHER DETAILS.
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Z. & I. AERO SERVICES LTD.
Head Office: 44a Westbourne Grove, London, W.2

Tel.: PARk 5641 2 3 Cables: ZAERO, LONDON
A.R.B. Approved for inspection and release of electronic valves, tubes, klystrons, etc.

RETAIL BRANCH (personal callers only): 85 TOTTENHAM COURT ROAD, W.2. Tel.: LANgham 8403
Please send all enquiries, correspondence, and Mail orders to Head Office

VHF HETERODYNE PRECISION FREQUENCY METER
TYPE 183

Total Frequency Coverage 20-1,000 Mc a.

1t/ Ititilittlit 4.
11

1111 1,1
.111, 115'230 f .41 t'.

1 4 .1. W , 1

PRICE. new and fully cuarauleed £85 0 0

CONSTANT VOLTAGE TRANSFORMER

Input: 110;'230 v. A.C.
Output: RIO v. ±1.5*..
11, t'orrent 1 A.
til 1 11 -. p.p. 1216.

3 -CENTIMETRE ECHO BOX TYPE 100

rr a 11,14111.11ey range of
v.170 to 9.443 Mei., directly
calibrated In Mq., and a
tialihrated piston anima-
tor ...tooled direct to the
.at it e. I 4.tal let.. -tor

-unectIng to the
t It mal coupler, a hinny
.axial table In piovIded.

haring 3 socket at one
end and a wave dgualeo.

triti.li.roter at the

PRICE. ono -1 tot Italy guaranteed .... £32 0 0
kitig and carriage 15/..

VARIABLE A F. ATTENUATORS
' t. ,

1 0 -

MARCONI TF338B
VARIABLE ATTENUATOR

!motor 0-24 all .nol 1 d 20 .Ili .4-I, I i qn. to y
puma 0 to 100 kris £20 0 0

POWER UNITS
TYPE 234. I.. 11 r.. k I, ulled fully tonixdhed and fused

2:141 S. A.t . input. II.T. output adjustable front 180 V.
to 270 v. at 80 inA. by uuann of primary tape and high -low
itch In the tweondary winding. L.T. output 0.3 1. A.C.

.5 4 amps. Fitted with ILI. meter In rtml A.C. Input and
1,11. output volts. Secondhand, tested. iu good condition.

ES 19 6
DM% model without meter E3 10 0
Packing and carriage 15/,
TYPE LILT. Input 200.250 v. A.C. Output 1.200 v. Doc.
at 200 nrA.. fully smoothed. Rectifies by merino of metal
rectifier. Ofioff relay. Floor mounted. Weight 112 II,.

unarm!. cd £18 0 0

METERS
PHILIPS FIRST-CLASS MIRROR SCALE I rnA.

D.C.MC METERS

65 -

VACUUM (GLASS ENVELOPE) DELAY
(ELAY Type 6.030

oi

r.

TRANSISTOR TESTER MODEL AT -I

tin 1.1,11

VARIABLE AUTO -TRANSFORMERS
Input Voltage 790 v. A.C.; output tar able Irma 0 to 200 v.
Type B2, 2.6 amp, all 6. I. pi 7 51. f32 10 -
Typo 02, unehroutied, 2.5 amp, p p

SO10 will. ptutro Dag
218 5 r.t. 12 '1.

R.F.T. TYPE FZI-2
FREQUENCY INDICATOR

t lodieat, r f

t:20

MULLARD 57555 2 VALVE VOLTMETER
The voltmeter measures
D.C. and peak A.C.
voltages In the following
ranges: .6-1.0-645-60-160-
600-1,500-6,000-16.000
Frequency response with
probe (up to 50 v. peak)
100 mete.; without Probe
top to 600 v. peak). 5 roe,'..
Prom 600 v. to 15 kV.
peak 60 Oa only.
ACCUrIle, up to 50o
D.C. ±2% FAD. f.:-
10 kV. D.C. ±5% -
Up to 500 v. pk. A.1'.
F.O.D. 600 w.-113 k\ ,
A.C. ±7% FAIL

Power 41lpplies 113,230 v. A.C.. 46-60 cycle. PRI( IT,
new nod goarint.....1, ..etoplete with probe. K.H.T. lead end
111.1 in 0 0

1. .ge 16)'.

MARCONI TF901 SERIES
SIGNAL GENERATORS

.. nine...er:.;

toodolftion.
2-oo 4.41.I I Folk
TF801 A I .

44.,4.1,1.14.13,(400 Pr .

Power requirements
rh..11141311,1 guaranteed £85 0 Cl

with fr,..

v 44,41 tteel oars n teed /115 0 0
tlItl 144.41114,

HEADPHONES
.54.1 Impedance. 10 I. ft 2 - .

POST OFFICE TYPE ELECTRO-MAGNETIC
COUNTERS

totted note- at....11.ng t4pe aloodard, 1/ x IS x Sin.
2.3tlog .goillimeidrtO. 8,311able In 110012 a24 2,3000
1.1111/4 See.milhand 6 6

Dim:dote I I 340. . I. I 0 roll. 6 v. opentloo, new 8 8

EX -AIR MINISTRY DIMMER SWITCHES

R.P.M. INDICATOR KIT

tii 1 t 11113111r I.4
rt. 41 isanallatioo 361. P. & I'

TRANSISTOR CIRCUIT COMPONENTS
: F. 14,11w 106

r4.4 Miniature Tuning Cal.
' 4. 4 I.F. 111111 3415 pF.. with 1-0 p1'. trilzio.,

litth Broadeant Band Oselllato1 Coil 6,6
1-1.414.1ornier. impedance ratio 2: 1

t 401 pot Trannforrour for posh -poll output, 260 mW
.0(1.111 IT Ige4.14e volume control with switch 4 9v. king ant I 3 tar tram.

CATHODE RAY TUBES
,(A I 42.2-) tienrral Furpone 11-

4.-..pe Tube 50 -
4011A (1.1A22051; Ilin. Blue Trace (Photographic) 80 -
100C (1'V2211); Il(n. Close Tolerance High Bright:ewe

Ira., ;Photographic) with P.D A 60
I dolt: IC A60271; it-.1,,ugular BM. x 21n. Geocral Purpoar

Tube 160 -
1401A iAtilt111, tin. General Purpose OscUloscop,

80 -
PaTekUlb'ng and postage LI- per tube.
IEPI: Cu. Purp,se Oecillosisope Tube 100 -
DDI3 2. 3at. Deneral Purpose Oscilloscope Tube with

P D.A. 80
Dtt1.134 i6A DPI) similar to D011112 but with higher

temellIrltv 220 -1.,:1 44 I' 1. I:-- Oscilloscope Tube 200 

SWW-156 Felt FURTHER DETAILS.
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TRANSISTORS
25419 86

-1981

JTX411 8- 6 -
231412 36 14/11101 86 8 -
2N697 15,-

10e-
1(41121 8 6 7
11166 6 _ (11.7ol, 7 -

,8004 1 0016 40 - 4" "'I', 7 
28095 0024 22 6 ,,, '11'2 7
24006 0096 8 - .H., 6 -
AF114 9/- 0028 17 6 111'1311 12 -
AFII5 818 OM 17 6 .8 I4" 19 6
AFII6 $1- 0035 8 -11556. ::: I, ,,:
AF117 0036 9 -
AFII8 172111 0042 10 6
081111 5' 0044 S : °'"I 20 -
GET' B- 71- 0044 6 - 15 -
0811111 151- 0070 5 - 14 -
GET573 20- 0071 5- io 1, i 20 -
GET875 9 - 0072 8 - 40. *2".. 22 6
ilETSSO 126 0073 11 - 226
ITX4.4 6- 1.11.75 6- \ :111 :{141. 20 -

0A2
043 11/-

4/11A 10/-
511i20511

6113 7.6
6134

0440 17,6 35/. 6136 3,- 7E7 10 -
0112 bRAGY 9/. 61)K I! 7E8 66
OB3 8/- 514 8/- 61/84 7H7 8 -
003 9/- 51:40 5/ - 686 7/- 7J7 -14
OM 5/. 51:41:13 618 NUS 101- /0/ 9 -
OZ4 51- 5V.1114 8/-
143 31. 5130T 5/-

611V5 -128!-
6F6

7E7 12 -
714 -

1A31:T 5.- 514111 9/. 6F8(1 7Z4 5 -
147117' 8'- ti301.2 10/- 6F7 5/- SD.: 3 6
141)4 7- :43 8/- 6F84: 5i- 98%86
1B3GT 7,- 64' 6F11 7-9117
1824 30,- .. 47 10/- 6913 68 1001 10-
11124A 60,- 6/. 6F17 6- 1001 12 -
1827 40)- 6.4114 gal 431,23 96 10131 -

11159 45/-
ICSOT 7i-

64117
641'7 31-

6E21 11 -
ti 11 -

14
101,3 8 -

11360 P 6,- 6 A1,4 11/- 1;1'17 10 - I0F9 9-
1D6 8/- 64415 8,8 10 - ions 10-
11440 8/. 6A67 6/- liFT2 3 IOLI 7 6
1100T 7;. 6A116 10'- 2 101.01110 -
1; 2- OAJS 9/- 6111 7 - 101.13 12 6
1L6 17, 6AK5 516 18 0P14 13-
11i50T 8.- 641(61V 81- 6.14 01' 15-
1721 120.- 1111(6 71- 48 11D3 7-
1964:11 8,- 6.467 6/- 4 -
164 6._ 00.5 3.- ,.1 38

1111.813.21 157

1115 5- 11.4611( 26 1.17 9 11E3 35 -
184 5.- I1A9.1 4 - 5 - 1246 3 -
185 4 6 tiAs5 10 - 7 6 12A8GT 5 -
114 3- 619 10_ 6- 124(Z 8-
1T5(17 6- 6.405 6- 61,7 5- 12AH7117
104 5.- 6AQ6 - 7' 2 -1U5

8- 6.4113 6- 6K';1.7 5-
5 -

12M18 111-
10 5:- 6.4116 6 - "Ii' 8 - 124L5 7/-

12.41.4., 71-1X2A 7.- 011.1, 17 6 61:`1. 4 -1S2F.

7 - 6463 5 - 64.1.'1' 8 - 121111 5/.
I2AT7 4/.2A35 - 61870 22 6 61:2:4 24 -2A411

30 - Cr.; 4 - o11 10 - 12AT7 WA
2026 3_ 6- 7 6 -

2034 4 - II 6 - 12 6_
2042 25 - "1414-\ 17 6 ;2i 7 5 -
2046 30 - 14 - 6L7 12 )1 o. 6-
2051 12:- 6AX6GT 6L18

82052 121- 12 6 6671,T - \ 6
.2053 60 6B7 5 - 6P1 1 13 A \ 7 10 -
2(13'4 12/- 6680 2 6 6P25 1 d 1.4 9-
21/21 6!- 6646 4 9 6Q71.1 -1.1114, 6 -
2024 401- 81147 15 -1887 121106 5 -
2E26 301- 6804 17 6 68A7 121111: 8 -
2021 12/. 6B86 5 - 68C7 127\. 10-
21,2 3i- 614F11 8,- 6807 128 4 -

,1 6886 71- 68147 12E1 20 -
i41A 6836 8/-

7/-
6827351-

68 87 -
129561 8 -
1286 3.-

3A4 4,- 61364 20/. 88074:1 2.130.1 3,-
345 7,. 691:74 8'- 681470'r 6 12JaWlf
3117 5,- 6BL74iT 9/- 8987
31422 30- BRNO 7 - 6U4tiT 1 6 12J7GT 76/16-

31124 5,- 6111,17A 8/- 6116 12K7OT 7/-
31124W 12:- 88117 11'6 607(1 . 1888 10/-
3045 301- 681I8 5.- 6U8 6 12Q701 5/-
30X108.45

1001-
61487 16-
1111W6

6V6
6260

12847 7/-
128(77 4!-

3116 4 6814'7 - 6260T l'e 128160T
38210 go,.
3Q4 616
3Q54a 6;6
384 5'.
3111( 8/6
4-123A

604 2/6
6USCT 4-

6080 7/-
6021 DA/.
6C21 12/-

6X4
6X5GT
6E3 '4/-
6Z4
736 11/-
707

ti
5/-

9-
12807

4
128114 4 -

128K7 5 -128J7

4 -

128L701
160/..

4-250A
2201-

4035 140/-

6066 5/.
6C/0604

17/-
60116 6i -

768 8/-
705 10/-
706 7/-
7C7 51-

7 6

7 6
12867 5 -

7 -
40X25011 60I.8 9

6CW4 12 -
7D3 8/.
735 IV-

2Y4
1Di 58

410 4'- 601-9 10 - 13113 6-

ZENER DIODES
; not!: OAZ20610/-; 04Z201 9/6: 0AZ202 OAZ203
(1.422046;6; OA Z206 61.: OA 2206 8!-: 0422086/-; 012210
8. -; 0A7.211 5,6; OAZ213 6/6: 88.2 6/6; K8446 (12.091 8'-.
21 raft: VR426. VR475, VR675. V R7B, VR9B-all at 6:6.
31 watt VIOA. VRI14-all at 8/..

SILICON JUNCTION RECTIFIERS
83102A, 100 piv12.4A 7;6118004, 600 piv/.75A.. 7/-
6,(831, 100 piv/.764 41- BY100, 700 pi,./.46A 7/-
141813. 900 pivi6/1 .. 10,-1 04811 800 f.JA.. at)
1)130006. 400 piv,.5A 66 ' ". '

0A210. 400 p' ' 8'8 "0" "0 I 3,) 1216
4X634. 400 pl. 7.-)4 7. 111 Z . 76

SPECIAL OFFER: Unmarked Rectifiers,
metal encapsulated, wire ended, 800 p.i.v.

5- £2 10 -1,, / 1

11/, 10-

.

9171 20 -
'1,I 25 -

-1

o1. 8 -1
1" 10-

a. 1; 12-
!: 1066.

.,,11.1 12 -
-"LI,. 12 

. 13 -
10 

...PI, 19 -
,10111.1 10,8
aorL1311,-
30PLI4

12/6
32 6,-
35A5 11 -
3505 66
351,64iT 7 -
33T 40-
35)4 5 -
33E3 10-

:::,:340287445:0!."71 1.-

38 5
41 5_
42
4311' 9.
30.41. 12 
5085 7 -
30e5 6 6
50011':i.

25
3016,1 6 6
75111 5 6
76 5 -
77 5 -
78 5 -
so 6 -
808 8 -

81 10-
3V 7 6

84 8 -
85A1 25
8542 8 8
851.3 5 6

1cY 15-
11080 20
9001- 17.6
1001)) 60 -
1601/" 12
19063 8_
211 30 -
2.25111 10 -

2301'11 ,,, 500 - "21 10
220 - ,1 SO - 'I,' 45 -

26211 30 - ..,,a1 25 - 7.11 10 -
20- ,2I. 100-

6- 7..,, 30-
7 6 7'''' 228
10-. ._-,:,, 22256-

8811 40- ,,/'2; 10- -."' 128
7702 4A 31 00 f.,,772.0/. 11 - -o, , 100 -
7164 30 - 'a...1 4

60 a761 10 - "".', 56
7174 4- 31,3 (1 G5 6 41i4., 9-
72111 25 - 4.''', 10_ '1°114 2 6
901.1 6 - .1,114 10 - a1.111 2 6
803 30- 45s1'. 17 1

805 30 - ,"I'2 65- i-..:; 226
807 9- row.) 30- \ 1I: I 8 -
809 40 - ..,47 60 - ,\11.', 18 -
811 20 - ;,`;,'' 20 - 12263 15 6
813 70.- ,`, 300- AC/111, 1111

814 20- ;-1 178 8
8631.23 10 - AC/TH1

5- 10-

838 12 -
12 - AC/P4 4 -
15 - AC4/PE'

860 1 - 7 6 7

8888AA 140 - I 12 - AC6/FEN
6

884 15- 10- 126

930 30-
1?..- ACADD/P1.:8929 20 -

9314 60 - ..,.., 6 - AC6/PEN i

954 5 - .0',, , 12 - 6 -
965 3 - 6,..,1 8 - .10Th 170 -
956 2 - aa''; 10 - A Cr?,187 55240 -
91,8 4 - .,... 25 - AE12112440

009/1,462:11.3, 837 --- ,:,',,',,';.,'

i.,,,-,
12.'6 ,11,, 30 - AW6 5/-
12 - .11, 15 - -

10 -
9 _ X/11 9 -

ARP:, 3 .

27 15
I"

6
- a 4 6

117' 45 -

313c 30 -
41611 200 -
4171 85- ..7 I

46071.

-
25 -

1.3.1 15- io,
loin -

1069 go- 6147
1142.1 30 - 6159
4 17,6 1.1;:: 10-
-'a'' 50/ .84 A 30.-

61, 40 -
(Go; 1-11.1400 -
62111 1Ti, 50 
1321, 60 -
011 i t I io 30,-
8263
6280
6293 30 -
6336 80- 111.1 15 -
(3350 4 - 16/-
6412 100 - .1.: 9/.

ot171 7/. 6463 - \ I 6 6

..741 10/- 6550 30 - 3 -

200'-

32 -
300 -
10-
10-
20 -
8-

10-
46

70 -
200 -

11 I., 200 
tT79 30'-

60 -

1)A30 10/-
DA41 40/-
114032 7/-
1)4970 7/-
DAF91 4/6

A F92 6/.
UAY941 8/.
DC70 8/-
DC090 7/.
DET5 10/-
DETIR 40,1-
14:124 70/-
DET23 15/.
111,33
1)166
DF73
DEN
DF92
DF96
D1163
13832
IlK40
DK91
DK96
11.66
11.4.

11.717

OLT.'

111'3
01,4 56
1131., 6 6
,13", 6 6
1,s1', 20

-
:

50.

5-

8/-
6/-

3/-
2113
6t-
61-
/-

118/-
5/-
7/6

12/-
10,-
12 6

12,-

4 -

7,
iN.7 9 -

GERMANIUM POINT CONTACT DIODES
4601 1107' 23 GA^, 36
46 0 a `I 2- 0M81 2 -
2 _ ii,,... 3 0A91 2 3

II k7 o 1 6 0A95 3 -

GERMANIUM JUNCTION RECTIFIERS
GJ3M, 400,890 mA: 0J38. 300piv., 4001800 mA:
1:.178, 80 ply., 600/1000 mA-all at 316.
(Higher rating refer to coding On mountli,g )
Bet of four of one type, 12 -.

PHOTON ULTIPLIERS
EMI 6094B £20 plooro4.1)t .3.20.2 .

EMI 609511 £20 RCA 6320 ....
EMI 6097C £30 RCA 6:142 ....
E1(1 600911 £25 EMI 95148 ..
EMI 626011 £25 EMI 95:1011 .

EMI 6262 £30
Pleare write for NH dtt ;Ili,

,"11 14 -
69884' 12.-
E9III 12,-
Z921.4 7/.
8180"' 8:-
B1801 15'-
8.850 2,-
6.652 80/-
8476 8i6
1411080 71-
EAC91 41-
RAPI9 8/6
61141 15/-
10110,33 7/.
BBC41 7/-
88081 gig
ERF99 8/6
88983 7/6
86E89 6/9
EBL1 14/.

oL21 11/-
64252 12/6
8083 1816
R088 12/ -
Wee 2/6
6061 5/-
1093 6/6
80031 15/-
1CCC39 4/ -
ACM
80036
10040
ECC81
88082
ECC83

8/-
7/-
9/-
4/-
5/-
6/-

82c0CC8584 66 66 FW4/800
84

zECC8cF980 170 6.

610/2418

ISCF82 7 6 HAWS° 8/.
ECFPA 10 - IlL2 a,.
E01121 10 111.2K 3/-
81119.. 13 - 11L23 6/.
801(47 8 - IlL23DD
liClisi 6 - 8!-rcu31.620 76 66 /11.13:i1.11,

10'-
ECL83 9- 1172 15-
ZeL836 6 48

Gino 411
RF 20 -8937A

8- 4, P. X1:, 16
2P30 5 1,1. \ 1 2 -
'MO 9 - ,.,I. 25;-
89411F42 766 1. (:7T1 0-:,, 115

2964 6 1:1;40 25 -
6E56 8 - ' GZ30 8 8
MOO 5 - 0832 10 -
EF83 10 - OZ34 10 -

EF89 4 6 I KIN, 20 -
EF91 4- KT41 7 6

EF85 6 - 1 GZ37 14 -
EF86 7 - HR' 15 .

11993 4 9 ' KT44 5
6 - KT6I 12 6

21058 ..-

6E( F98F951,183 1580 6:

- LiiTp.2n 7 -./

ELM 10 - 2E1403
1:L32 3 - 1(691 7/6

40/-
ALM 9 - MA4 5/.

2138 17 6
61,41 8- 31L6 6,-

121

61.81 8 6 10:-
EL83 7/. MTI7 80 .
8184 5!- 11157 80 -

78 '61 812.1 1 /8 6
8

EL91 28 5110'NN' 1:2: 6:

138:3480 2102 -- 0111'12 12/-
81(31

221524/.-:

EM31 5 - °RIM° 10/-
117134 9 6 P41 8/-
sit/30 6 6 P61 3/.

Pf. op 88A88BC60 8°111

8631 10 - PC 9,

8632 10 -- POC85 7;.
PCC84 6/-

8170 12 6 pc089 Iv.
111/81 8 - PC0I89
1Y83 9 8 10/-
1184 7 8 PCFS0 7/-

22.35 5 PCF8 8/

PCPS.: 7/8.8286 6 6

HMO 6 - PCF86 9/.
8011241 6 6

}88:891.15 120 -
888D17 14556.8-

PC9802
101-

FM4/500 PC98061"
71- 131-

111.821 6 -

mi.vi 9 -
P11.82 7 -
PC1-63 8 3
901.84
PCIA)
PCL94 9!-
PEN4A 7/6
PEN45 7/.
PEN45DD

PEN46
PEN220.4

PEN383
71-

121-
PEN384

121-
PEN463DD

PF86 17/6
P1.34 101-
91.48
PL8I
PL82 6:-
P1.83 6/6
P/.84 8/6
P1.200 14/ -
MAN 10/-
P115 10/-
P1(31 7/.
PY93 et -
PI 81 II -
P182 6/.
P183 13/-
PY1118 8/8
P1800 8/6
P1801 8/8
P14 151.
PX25 10/-
PZ30 101-
)4940 SO/.
QP25 5/-
QQV02-6

QQV03-1045/.
35

QQV03-204/-
100/-

Q8105/46
15/.

QV04-7
10t -

Q23 -125
160/-

R2 8/-
810 18/.-
R17 8/-
R18 7/8
R19 7/-
R63-1260

1164-1000
80/-

RL18 12/8
8130 11/8
8P42 8!-
8P61 4/-
11141 10/-
T11033 8/.
TH2321 7/.
TP22 si.
TP25 5/-
TP2620 7/6
TTI1
1115 35/.
TT21 82j.
TT22 32/.

£17 10
£3 0
£5 0

£30 0
£30 0

0
0
0

rricti 60,-
1"/..40 40/-
12.5114 5/.
1717 51.
U20 6/.
1725 11/-
1126 11%-
060 5/-
076 4/-
0191 11/-
0261 12/6
0281 18/-
0289 14/-
U301 12/-
11403 V-
11801 18,-
114020 7/8
048080

r-
174942 8/-

BC41 7/.
UBC01 7/-
UBFE10 5/6
uBF89 7/-
u81.21 11/-
UCC84 9/-
110086 2/.
UCF89 8/8
UCH21 8/6
UC1142 8/.
11C1181 7/-
001.82 8/.
UOL83 10/-
1,941 7/6
UF42 8/-
11943 8/-
1/980 6/6
UP85 71-
U986 le-

P89 61-
(7141 8/-
U1.144 6,6
U84 10,-
UM80
TJUD 8/-
11117 -
1.11:9
171110
U213 101-
11121 8'-
UY41 6 -
112 85 5 6
VUTI2 I

151-
VGT128

VP23 3
10/6/-

VP41 8/-
1878 8/-
VT4C 80/-
Y261A 7!-
11339 81-

TVINN 68
166 5/6
166 6/-
X713 90/-
179 80/-
X111 12/6
x011 12/6
161.3900

120.'-
Z86 10'-
Z50'28 30
27006 41-
Z7600 4/-
Z759 22/-
20.0011 20

30 -

WHEN ORDERING BY POST PLEASE ADD 26 IN L FOR HANDLING AND POSTAGE. MINIMUM CHARGE I 6

PLEASE OFFER US YOUR SURPLUS STOCK OF VALVES, KLYSTRONS, MAGNETRONS. ETC.

WE PAY £1.0.0 FOR 723A B AND 2I(25 KLYSTRONS, SUBJECT TO TEST

Z. & I. AERO SERVICES LTD.
RETAIL BRANCH: 85 TOTTENHAM COURT ROAD, W.I. Tel: Longhorn 8403

Please send all correspondence and Mail Orders to ADDRESS OF HEAD OFFICE AT

44a WESTBOURNE GROVE, LONDON, W.2. Tel: PARk 5641 2 3

SWW-157 FOR FURTHLIt DI I %MS.
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NEW!
PRINTED CIRCUIT &

TRANSISTOR SOLDER

Designed specifically
for Printed Circuits
and High Temperature
Sensitive Compon-
ents. Plastic re -usable
reel contains 212 feet of
60 40 High Tin Quality
22 s.w.g. ERSIN
MULTICORE SOLDER
with 5 -cores of non-
corrosive flux. Ask for
Size 10.

15/- each (Subject)

For small users, the same specification is
available on a 2 6d. reel (subject).

Bib THE PROFESSIONAL

TAPE SPLICER

All metal-beautifully plated-compact in
size. Easily and permanently attached to a
tape recorder. Clamps hold the magnetic ot
leader tapes in the precision cut channel-
no damage to the edges. Right angle and
oblique cutting slots.
Complete with Razor Cutter 18/6

Bib WIRE STRIPPER

AND CUTTER
This efficient tool strips insu-
lation, cuts wires cleanly and
splits plastic twin flex. It is
adjustable to most wire thick-
nesses.

3/6 each (Subject)

If you have any difficulty in obtaining these
items they will be sent post free, (U.K. only)

MULTICORE SOLDERS LTD.

HEMEL HEMPSTEAD, HERTS.
TEL: BOXMOOR 3636,,

(See also advertisement on back cover)
SWW-158 FOR FURTHER DETAILS.

WIRELESS WORLD

Quartz Crystal Units

For

ACCURACY

RELIABILITY

PRICE ECONOMY
you can
DEPEND
on

THE QUARTZ CRYSTAL CO. LTD.
Q.C.C. Works, Wellington Crescent,

New Malden, Surrey (MALden 0334 & 2988)

Write for
Illustrated
Brochure &
Price List.

SWW-159 FOR FURTHER DETAILS.

BERRY'
CtYi

torrIp.
THE -HOUSE :if:OR

THE BEST & NEWEST
IN HI-FI, TAPE &

ELECTRONIC EQUIPMENT
25 HIGH HOLBORN LONDO ,WC1

5WW-160 FOR ti-Jkt 1HLE

DALY
Electrolytic
Capacitors
* Electronic Flash
* Energy Storage
* Motor Starters
DALY (Condensers) LTD
Ealing Green  Ealing  London - W5
EAL 3127 -Cables: Dalycon-London

ALY
SW Vs -161 FOR FURTHER DETAILS.

MAY, 1965

SOLON
GETS

THINGS

TOGETHER

FOR

GOOD(
J

SOLON ELECTRIC r
SOLDERING IRONS -

are made by AEI in a
range of seven models

rated from 15 to
240 watts. Designed
for continuous duty
and unsurpassed for

industrial use. All parts
are easily replaceable,

spares always -available.
Over 30 years

experience behind
every Solon.

From your radio or
electrical supplier

SOU%
TMO0 MARK

W Vif -162 FOR FURTHER DETAILS. .1 '7S 'C
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CLASSIFIED ADVERTISEMENTS
DISPLAYED: £5 per single col. inch.
LINE advertisements (run-on): 5/6 rer line approx. 7 words). minimum two lines.
Where an advertisement includes a box number ,coun4 as 2 words) there is an additional charge of 1/-.
SERIES DISCOUNT: 15% is allowed on orders [or twelve monthly insertions provided a contract
is placed in advance.
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement. cio
Wireless World, Dorset House, Stamford Street, London, S.E.1.
No responsibility accepted for errors.

Advertisements accepted
up to 9th MAY for the
JUNE issue, Subject to

space being available.

SITUATIONS VACANT
ENGINEER 1.,, 1,1C11,11,

DIPLOMATIC Wireless Service.
THE Diplomatic Wireless Service have vacancies for
about 25 pensionable posts in (a) Grade I, (b) Grade
II, (c) Grade III.
THIS Department operates a world-wide network
Radio Communication Stations which is in the Pen-
gess of being modernised and expanded and the most
up-to-date techniques in radio teleprinter systems are
being employed. The duties of Engineers in this field
involve installation, modification, maintenance and
operation of radio transmitters and receivers of the
most modern types, remotely tuned aerial systems, tele-
printer and voice frequency telegraph equipment. in
addition several high-powered broadcasting stations
relaying programmes in both the H.F. and the M.F.
bands. The Transmitters involved include some of
the highest powers yet produced for this purpose. The
duties in this field include the installation, modifica-
tions. maintenance and operation of these very high -
power transmitters, the most modern receiving equip-
ment, tape recorders, diesel generating plant, etc. The
Department's policy is to encourage versatility and to
carry out as much installation and modification work
as possible with its own staff. The initial appoint-
ments will be either to Crowborough, Sussex, or Hans -
lope, Bucks. Liability for service overseas.
QUALIFICATIONS: O.N.C. in Electrical or Mechanical
Engineering or a City and Guilds Telecommunications,
Electrical, or Mechanical Engineering Technician's
Certificate (Nos. 49, 57 or 293). Equivalent qualifica-
tions may be accepted. Higher qualifications will be
an advantage.
SALARY (national): (a) L1.244 -C1.532; )b) £1,091-
£1,244; (c) £769 (at age 21)-L975 (at 28 or ovei, -
£1,091. Promotion prospects.
WRITE (preferably by postcard) to Civil Setvi,.
Commission. Savile Row, London, W.1, for application
form quoting S,6111/65. Closing date 10th May 1965.

[1199
AN OVERSEAS CAREER WITH
INTERNATIONAL AERADIO, LIMITED
TO meet the requirements of constant growth and ex-
pansion we invite applications from technicians and
engineers for an overseas career in North, West and
East Africa. the Mediterranean area, the Caribbean.
the Arabian Gulf and the Far East. If you have
recently completed service in a trade such as Ground
Wireless Fitter to the R.A.F. or Radio Electrical Artifi-
cer in the Royal Navy or have other experience in the
maintenance of HP and VHF communications, RTT and
navigational aids, we should be interested to hear from
you, Successful Candidates would normally spend six
weeks at our Radio Training School, Southall, Middle-
sex, before proceeding overseas, 1,1) in ,o,ne cases staff

c.1lcrr C. 11. ..,' .!.,!
tax -Tree mar.rie :

appropriate and accommodation. bacI,elor or marriei:,
to provided tree; other benefits include generous U K
leave and membership of an excellent pension and lite
assurance scheme.
WRITTEN applications, please, to Personnel Officer. 4
Park St.. W.I.
ASSISTANT EXECUTIVE ENGINEERS.

POST Office.ABOUT 25 pensionable posts for men or women sc.,
171,6 and under 25 on 1/9/65 (with extension
Forces Service.Service. Overseas Civil Service, and up to
years permanent Civil Service).
DUTIES: technical design and development of if:.
communications equipment.
QUALIFICATIONS:
EITHER (i) G.C.E. (or equivalent) pass,
Language and four other subjects.

A " level obtained at the same exai,
Pure Mathematics, Applied Mathemain
Chemistry.
OR (li) Higher National Diploma in Electrical
Mechanical Engineering or Applied Physics, or a ;.,
In lor exemption from) Parts 1. 2 arid 3 of

E (;
tember 19t._
CANDIDATF.
G.C.E. (or ,..,..1111.11 11, E.111.11,-,.. lice
SALARY (Inner London). £740, at is £1,0e5. a:
or over £1,575. Promotion prospects.
WRITE (preferably by postcard) to Civil Service
mission, Savile Row, London, W.I. for .,;:
form, quoting S 330/65. Closing date 6t:,

TEST engineers.-Applicatnms are invited t.
engineers with previous industrial expert,

testms radio communications. receivers an
mittens: - ,.!
COMITlen.,1',.7t
Apply in Writing. Riving full details, to Personnel
Officer, RedifOn, Ltd.. Bromhill Rd., S.W.18, 1124

YORKSIIIRE
IMPERIAL

YORKSHIRE IMPERIAL METALS LIMITED
have two vacancies in their

ELECTRICAL ENGINEERING DEPARTMENT

1. Electronic Maintenance Supervisor

2. Electronic Maintenance Technician

The work will involve the maintenance, calibration and installation of a wide
variety of industrial electronic equipment.

Applicants must have a knowledge of solid state circuiting for the supervisory
DOSE. Some experience is also desirable in one or more of the following fields:

I. Non destructive testing equipment
2. Machine Control
3. Communications

Consideration will also be given to men with experience of electronics in the
Services.

The Company is the largest of its kind in Europe and offers attractive conditions
of employment which include a Pension and Life Assurance Scheme and Profit
Sharing Scheme.

Applications, giving details of age, experience, qualifications and present salary,
should be marked " Reference 6168-Confidential " and addressed to:

The Personnel Officer (Leeds),
YORKSHIRE IMPERIAL METALS LIMITED,
P.O. BOX 166, LEEDS.

STC

RADIO
TECHNICIANS

We require technicians at our London Airport Service Depot
for work on a wide range of airborne radio equipments.

Applicants should have experience in the maintenance of radio
or electronic apparatus. Experience in the airborne field desirable
but not essential. Familiarity with modem techniques an
advantage. These are staff positions.
Write in confidence to Personnel Manager,

Standard Telephones and Cables Limited
sJAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.
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Could you
trouble shoot a computer?
Keeping a computer working smoothly is only part of a Customer
Engineer's job at IBM. He works with his customers (within
daily reach of his home) in their offices, helping them to use the
equipment more effectively. He meets all levels of customer
management in different branches of commerce and industry. He
should have the ability to produce fresh ideas and have confidence
in his own judgment. He must be able to combine his engineering
skill with an understanding of his customers' needs and business
systems. The job is a challenge, so is any work worth doing. And
it's never dull.

We offer a thorough training. Starting salaries are normally in the
region of £1,000 a year, with special consideration for men with
special aptitude or specific experience. Increases are on individual
merit. As a Customer Engineer you could be earning between
£1,250 and £1,700 in three years. Promotion also is on merit and
from within the company.

Is this the kind of career you're looking for? If you are between 21
and 29 and have a working knowledge of electronics (e.g. through
a Radar/radio Fitters Course, Telecommunications experience or
ONC/HNC Electrical or Electronic) we'd like to discuss your
plans with you and show you how they could be realised in our
rapidly growing organisation.

If you're not quite old enough to have reached the standards we've
indicated, we'd still like to hear from you. If you've just left school
with 'A' level Maths and English or are studying for ONC Electrical
Engineering, we invite you to apply to us. There could be a place
for you.

Please send a summary of your education, experience, interests
and age to Mr. I. F. Bush, IBM United Kingdom Limited, 101
Wigmore Street, London, W.1., quoting
reference CE/WW, 195.

You can grow with
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TESTERS
required for interesting work
on L.F. and H.F. Transmitters.
Previous fault-finding experi-

ence essential.
The positions available would be of
special interest to persons employed
in the fault-finding and repair of
television who ale keen to establish
themselves in a position that offers:

* Satisfactory employment
* Five-day week
* Good prospects of advance-

ment
* Staff status
* Sick pay
* Generous salary

Apply: Personnel Manager

Multitone Electric Co. Ltd.
12-20 Underwood St., London, N.1

RADErt.).Examiners-Ministry of Defence (Air Force
A LARGE number of vacancies exist in the United
Kingdom and abroad (and more will arise front time
to time) in the Air Force Department for Examiners
who are employed on the inspection and calibration of
a wide range of electronic equipment.
QUALIFICATION.-Applicants must be British sub-
jects. Holders of the 0.N.C., City and Guilds or an
equivalent certificate are preferred, but all applicants
who have training and experience on Radio and or
Radar equipments and who are prepared to study for
an appropriate technical certificate will be considered.
Medical fitness tor abroad is essential.
LOCATION of Posts at Henlow (Beds). Sealant!
)Chester). Carlisle (Cumb), Aldergrove (Northern Ire-
land) and various other R.A.F. stations in the United
Kingdom. Alter first appointment all inspection staff
are required to serve at any R.A.F. station at
home or abroad. Housing is usually provided overseas
for rent, and to sometimes available at a small number
of stations in the United Kingdom.
PAY (increases under review): E769 at age 21 increas-
ing by annual increments to maximum of e1,091. Age
28 and over start at £975. Extra pay and attracive
allowances for overseas service.
PROSPECTS for Promotion to senior grades up to
salary maximum of E1,928 (Increases also pending) are
good. Promotion by interview based on experience.
qualifications and merit.
PROSPECTS for Pension also good. Temporary staff
paid gratuic. based on length of service It they retire
or resign atter five years' service. Established appoint-
ment (for pension and gratuity) can be obtained by
passing Civil Service Commission interview once the
O.N.C. or equivalent certificate is held.
STUDIES for 0.N.C., H.N.C., etc., encouraged by
release from work one day a week and by payment of
fees. etc.. by Department.
HOLIDAYS. Sickness, etc.-Five-day week. Annual
holidays three weeks and three days at start in,reasing
gradually to six weeks after 30 years. In addition. 8',
days public holidays a year. Sick leave benefits.
Canteen facilities. Assisted travel at some stations.
APPLICATION for further details and forms should
be addressed to, Ministry of Defence, CE3t(Alr),
Sentinel Hirine, Southampton Row. London. W C.1.

11189

)-ADIO Engineers and Mechanics with specie, (ork ..

shop experience in ADF/RF. VHF or ILS VOR.
-;:our week, salary according to experience and

ability, pension scheme. --Apply: Managing Director, Air
Transport (Charter) (C.I ). Ltd.. Willow Rd.. PovleTra(tlyg Estate. Colebrook. Bucks. Illa2

PROFESSIONAL ENGINEERS
AND TECHNICIANS

vile ..t two years' experience It, Ilinieh
In. ante are Invited to avail then:metres of our

and Free Servier.
E.A.L. offers the most efficient and satiolactory

way of obtaining alternative employment in the
Electronics Industry.

E.A.L. In In c..r.ts.t with all Pri..
England and ' I .

emvey of an.
every engine, a.with to.

For forth, information please phone or write
to:

Electronics
APimintments Ltd..

22 Oloucester
Cambridge Circus.

London. W.C,2
Phone: TEMple Bar

9557.8
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TEST ENGINEERS
U

vAave

detailed `o date
of UP'

cc irca"'
electron'

osin5 eitbet

valves
or

transistors
2 4 ?

Can you apply
your knowledge

logically and
systematically
in diagnosing

faults
in

circuits
? ? ?

If you can confidently answer 'YES' to ail three questions.
whether fully -qualified academically or not

then we can offer you

vacancies occur at both our

Are
to "0 able

lest electisron-eolopmen
todetailed

"sing standPaercus.

tsi Methods
and

techniques

7 ?

1 A permanent position on our weekly staff with a salary
in the range £884 to £1,105 p.a.

/ Non contributory pension, life assurance and sickness cover.

3 Prospects of promotion to more senior positions based
entirely on merit and ability.

CHESSINGTON AND FARNBOROUGH
locations

interested? then write to

Personnel Officer,
THE SOLARTRON ELECTRONIC
GROUP LTD.
Cox Lane, Chessington, Surrey.

I

or
Personnel Officer,
THE SOLARTRON ELECTRONIC
GROUP LTD.
Victoria Road, Farnborough, Hants.

I

I

SOLARTR
N THE SOLARTRON ELECTRONIC GROUP LTD
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COMPUTER ENGINEERS
or

ELECTRONIC ENGINEERS

English Electric Leo Marconi invites applications for the following
new openings:

Design Engineers for Test Equipment. There are several vacancies
for qualified electronic engineers ranging from posts concerned with
the design of printed circuit testing equipment to posts for engineers
who have relevant computer experience.

Systems Test Engineers for the factory commissioning of Computers
and Industrial Data Processing Equipment. Some vacancies are
immediate-others are for a few months ahead. Electronic engineers
who have logical ability or experience would be suitable applicants.

Test Equipment Engineer to organise the maintenance of factory -made
and proprietary Test Equipment, including oscilloscopes and printed
circuit testers. Experience is more important than qualifications and
men in their thirties are invited to apply.

All the above openings are at Kidsgrove, which is well placed
on the border of Cheshire and Staffordshire. Housing is relatively
inexpensive and easy to find in town or country environments nearby.
This is a good time to join the Company and young men with energy
would find plenty of scope for challenging work.

Please write giving age, qualifications and experience to:
The Technical Staff Officer, Dept. WW/P.19, English Electric -Leo -
Marconi Computers Ltd., Kidsgrove, Stoke-on-Trent.

ENGLISH ELECTRIC LEO MARCONI

TELEVISION ENGINEER (TRANSMITTER)
GOVERNMENT OF UGANDA

.\ Transmitter Engineer is required to take charge of the Marconi 5 K.W. vision transmitter and
associated 1 K.W. sound transmitter at Kampala. The selected candidate will be in sole charge of the
transmitting station under the Chief Engineer, will train and control a local staff of six, supervise the day
to day running of the station, and prepare reports for the Chief Engineer. In addition he will maintain
all sound and vision equipment and recommend on the maintenance of aerials tower, etc.

Candidates must have a good educational background with the Higher National City and Guilds full
ethnological Certificate and extensive practical experience in the operation and maintenance of modern

%,,n and associated sound transmitters, and in the use of transmitter test equipment including sideband
analysers, also the ability to test and maintain a modern high power vision transmitter.

Candidates should preferably have practical experience of T.V. aerials filter plexers and associated
equipment.

The appointment will be on contract for one'two tours of 21-27 months with salary in the scale £1,725
to £1,956 per annum plus gratuity of 25" of total emoluments. Free family passages. Free medical
attention and furnished quarters provided at moderate rentals. Generous leave and education allowances.

Applicants who must be nationals of the United Kingdom or the Republic of Ireland should apply
to the

MINISTRY OF OVERSEAS DEVELOPMENT,
Rosin iii.

I

St.r4
Victoria.

London, S.W.I.
giving qualifications, age, nationality and experience and quoting RC /17 182,02.

" WIRELESS WORLD "

An additional member is required for
the editorial team producing Wireless
World.

Applicants with radio or electronic en-
gineering experience and an ability to
write lucidly should send the editor
details of education and experience in
the fields covered by the journal.

Preferred age 25;35.

Wireless World,
Dorset House,
Stamford Street,
London, S.E.1.

RADIO & Television Testers.
FOR City Factory; good rates up to 7/6 per hour;
five-day week.
APPLY to Personnel Manager:-
ALBA (RADIO & TELEVISION). Ltd., Tabernacle St..
London, E.C.2. [105
EXECUTIVE Engineers, Post Office
PENSIONABLE posts in London and Provinces for
mechanical, electrical and electronic engineers to de
velop and design communications systems and postal
,ervice equipment.
QUALIFICATIONS: Degree or Dip. Tech. in engi-
neering or physics or, exceptionally, very high profes-
sional attainment. Final year students may apply.
SALARY (Inner London): E850 -E1,748. Promotion pros-
pects.
AGE: At least 21 and normally under 35 on 31.12.65.
Some extensions for service in H.M. Forces or Over-
seas Civil Service. Write (preferably by postcard) to
Civil Service Commission, Savile Row. London, W.I.
quoting S/322. [1195

EXPERIENCED technical authors and specification
writers required for well paid staff appointments

in Reading and Manchester offices, and various parts
of the country; we are an expanding company operat-
ing good sickness. pension and life assurance schemes.
-Apply to Engineering & Technical Publications. Ltd.,
1-3, Greyfriars Rd.. Reading, or 3, Chepstow St.,
Manchester, 1. [139

ENGINEER
to instal & maintain wired T.V. system
-share given if capital available-
suitable H.N.C., aged 25/35.

Box. No. 5014 c/o "Wireless World"

ELECTRONICS development staff.
IMPERIAL College. London, S. W.7.
WE have technical staff vacancies for interesting and
varied duties in the construction and maintenance of
the most modern electronic equipment used in our
research programmes. It you have a good practical
knowledge of electronics or are a young man working
for ONC or HNC. write to me giving full details of
your education and career to date. Information about
vacant posts in the salary range £630-E1,135 will
then be sent to you.
PROFESSOR G. R. Hall. Department of Chemical
Engineering and Chemical Technology. Imperial Col-
lege. London. S.W.7. 11202
AGRICULTURAL Research Council.
FOOD RESEARCH.
EXPERIENCED Electronics Technician required in Nor-
wich, initially to run an electronic workshop at the
Earlham Food Research Laboratory, then to take charge
of a similar workshop at the new Food Research Insti-
tute which is to be completed in late 1967.
QUALIFICATIONS: HNC or similar qualification in
electronics.
SALARY: According to age and experience either on
Experimental Officer Grade (E1,319 -E1.675) or Techni-
cal and Works Orade I (E1.244 -C1.532).
APPLICATIONS (quoting ref. 65,1) with names and
addresses of 3 referees to.-Secretary. Low Temperature
Research Station. Downing St.. Cambridge. 11197
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SYSTEMS DESIGN ENGINEERS
PYE TELECOMMUNICATIONS

require:

SYSTEMS FAY; IN ERS FOR THE DESIG V
OF CONTROL SYSTEMS FOR USE WIThI
RADIO COM MUNIC_1T IONS NET11.0illiS

Applicants must be experienced in the design and maintenance of
telephone switching equipment or multi -channel telephone systems and
be familiar with the principles involved.
Experience of the application of such systems to radio bearer circuits
is desirable but not essential.
Corporate membership of the I.E.E. or equivalent is desirable but
applicants without such qualifications who can prove wide experience
up to a recent date will be considered.

Apply to: Personnel Manager
Pye Telecommunications Ltd.
Newmarket Road, Cambridge

THE MINISTRY OF DEFENCE
(ARMY DEPARTMENT) invites
applications for interesting Grade V
ENGINEERING appointments in the
BRITISH FORCES BROADCAST-
ING SERVICE overseas in Aden,
Benghazi, Tobruk, Tripoli and Cyprus.

DUTIES & QUALIFICATIONS
Operation and maintenance of MF,
HF, VHF, Transmitters, Studio
equipment and generating equip-
ment. Appropriate ONC, City and
Guilds, or equivalent qualifications
are necessary.

SALARY SCALE (under review) for
Grade V staff is £739 to £1,039 p.a.
In addition generous non-taxable
Foreign Service Allowances are paid
according to location. Candidates
must be at least 21 years of age.
For further details and Applicalion
Form please write to:-
The Director ,EW),
British Forces Broadcasting Service,
Kings Buildings,
Dean Stanley Street,
London, S.W.1.

139

SMITHS AVIATION DIVISION

SENIOR

ELECTRONICS

ENGINEERS FOR

AIRCRAFT AND

INDUSTRIAL

PROJECTS

The work is very interesting and includes: low level
analogue circuits using the latest components and
packaging techniques.
Control systems using miniature electromechanical
components.
Magnetic tape devices.
Automatic programming devices using digital tech-
niques.
Applicants will preferably have a degree or H.N.C.
in electrical/electronics engineering. They will have had
some years' experience of original design work but not
necessarily in the specified subjects.

Apply in writing, giving full particulars of experience, qualifications, age, present
salary and salary envisaged to:
The Personnel Manager,
S. SMITH & SONS (ENGLAND) LTD.,
Aviation Division,
Bishops Cleeve,
Nr. Cheltenham.
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Engineers and Technicians
with a good knowledge of tape -recorders, especially in the mechanical fiela, and
engineers with knowledge of pick-ups and record -works are wanted.
Have you the above qualifications and are you full of ideas and constructive capacity;
are you able to work out a construction thoroughly; are you hard-working so tnat
you can keep to the plans which you yourself have helped to draw up-then you
are the right man for the job.
We can offer you very interesting assignments, gocd working conditions and a
good salary.
Please send a written application with all necessary information to trie electroacoustic
laboratory at

Ingenieure und Techniker mit guten Kenntnissen zu Tonbandgeraten, besonders
auf technischem Gebiet, und Ingenieure mit Erfahrung bei der Behandlung von
Pick-ups und Grammophonwerken werden gesucht!
Wenn Ihre Fahigkeiten diesen Voraussetzungen entsprechen und Sie ausserdem
einen ldeenreichtum und konstruktives Konnen besitzen; wenn Sie dazu imstande
sind, eine Konstruktion grundlich auszuarbeiten und dabei so fleissig, dass Sie die
Plane innehalten konnen, an deren Aufstellung und Ausarbeitung Sie mitbeteiligt
sein werden, dann konnen wir Sie gebrauchen!
Wir bieten Ihnen ausserst interessante Aufgaben, angenehme Arbeitsverhaltnisse
und ein gutes Einkommen.
Bitte, senden Sie Ihre schriftlichen Bewerbungen-unter Hinzufligung der notigen
Auskilinfte-an das elektroakustische Laboratorium von

goy

#1,

PRODUKTIONSSELSKAB
A/s BANG & OLUFSEN

STRUER DENMARK

DO YOU WANT TO WORK ON A
COMPUTER IN THE LONDON AREA?

An increasing number of computers are kept working for customers in the
London area by English Electric -Leo -Marconi. Site Computer Engineers are
needed to provide this service at such installations. Shift work is necessary in
most cases, but there are compensations.

Keenness and a sense of responsibility are the essential qualifications, but
quickness of thought and electronic background are also necessary. Experience
with pulse circuitry and transistors would be an advantage.

As well as openings for engineers there are opportunities for mechanics who
have had experience on teleprinter equipment or similar perhaps in the Armed
Services.

If you think that you match up with these requirements and you want to make
contact with us please ring Mr. C. G. Ashby, on ELGar 2894 any working day
between 2 p.m. and 5 p.m. or write to:
The Technical Staff Officer, Dept. WW/L.41, English Electric -Leo -Marconi
Computers Ltd., Kidsgrove, Stoke-on-Trent.

ENGLISH ELECTRIC LEO MARCONI

MAY, 1965

RADIO TECHNICIAN
A number of suitably qualified candidates
will be required for training, leading to
permanent and pensionable employment.
(Normally at Cheltenham but with oppor-
tunities for service abroad or appointment
to other U.K. stations.)
Applicants must be 19 or over and be
familiar with the use of Test Gear and have
had Radio/Electronic workshop experience.
They must offer at least " 0 " level G.C.E.
passes in English Language, Maths, and/or
Physics, or hold the City and Guilds Tele-
communications Technician Intermediate Cer-
tificate or equivalent technical qualifications.
Pay according to age, e.g., at 19, £722; at 25,
£929 (highest pay on entry) rising by four
increments to £1,067.
Prospects of promotion to grades in salary
range £997- £1,634.
Annual leave allowance of 3 weeks, 3 days,
rising to 4 weeks 2 days.
Normal Civil Service sick leave regulations.

Apply:
Recruitment Officer (RT/3),
Government Communication
Headquarters,
Oakley, Priors Road, Cheltenham.

HYDRAULICS RESEARCH STATION.
WALLINGFORD. Berks.
ASSISTANT Experimental Officer (preferably aged 22-
251 tor design, development and construction of instru-
ments. and control systems for hydraulic models. Work
mainly electronic but partly mechanical. Qualifications:
Degree. Dip. Tech.. H.N.C., or equivalent in appro-
priate subject. Under 22. minimum qualification is 2
G.C.E. A " levels in Science and/or Maths. subjects.
Experience of circuit design and construction of d.c.
and I.F. amplifiers, control and switching circuits
desirable. Salary: A.E.O. E549 (at 181-E776 (at 22)-
E983 (at 26 or oven-E1.201.-Housing available for
married staff. Application forms from the Director at
the above address quoting E'AL 023. (1196
BRADFORD INSTITUTE OF TECHNOLOGY.
(PROPOSED University of Bradford)
DEPARTMENT of Chemical Engineering.
APPLICATIONS are invited [or the post of Senior
Technician to carry out duties in connection uith
instrumentation and electronics: candidates should
have experience in the field of industrial instrumenta-
tion and an appropriate qualification at H.N.C. level;
Salary according to qualification and experience within
range E810 -E1,010 per annum.
APPLICATION forms from Secretary. Bradford Insti-
tute of Technology. Bradford. 7. [1188

THE Diplomatic Wireless Service has vacancies for
experienced Radio Operator Technicians between

the ages of 20-45 v'at's.
QUALIFICATIONS:-
ABILITY to sena and receive morse at 25 w.p.m and
to maintain basic W/T equipment. Touch typing an
advantage. Conditions of service include unreserved
acceptance of overseas service and shift duties. Fami-
lies normally accompany husbands to overseas posts
where accommodation is provided.
STARTING pay at age 25 and over E921 rising to E1.246
I National rate) per annum. Adequate allowances are
Paid whilst overseas.ALL first appointments are on a temporary basis and
candidates must be prepared to undergo a medical
examination.
CANDIDATES and both their parents must have been
British subjects at all times since birth.
WRITE. giving age. qualifications and experience and
quoting O T. 65, to the Personnel Officer. Diplomatic
Wireless Service, Hanslope Park, Wolverton. Bucks.

(1200

TELEMETRY,TELECOMMUNICATIONS
ENGINEER

BP requires an engineer qualified to H.N.C.
standard to operate and maintain a new tele-
communications/telemetry network in the
ARABIAN GULF. Applicants, aged 24-30,
should have experience with modern medium
power MF, HF and VHF single and multi-
channel radio, radar, small auto telephone
exchanges and must have experience of digital
data telemetry and control systems using tran-
sistors and other solid state devices. The
position is " single status " with home leave
every 4 months, and is for an initial contract of
2 years. Conditions of service are excellent.
Please send full details of qualifications and
experience quoting reference F.631, to Box
3599 c/o Hanway House, Clark's Place, London,
E.C.2.
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Engineering Staff
The INDEPENDENT TELEVISION AUTHORITY has vacancies for ENGINEERING STAFF
at its Transmitting Stations.

The work on the Stations consists of the operation and maintenance of television transmitters and ancillary
equipment. This calls for a high degree of skill and knowledge of electronics, television techniques and
high frequency engineering; these vacancies are for young men with good basic knowledge who can be
given appropriate training. A Higher National Certificate in Electrical Engineering or similar qualification
is required.

Conditions of service are excellent and include a contributory pension scheme. Shift working is involved
to cover the period from 8 a.m. to midnight.

Starting salaries, depending on qualifications and experience, will be within the scale £875 to £1,145.
Applications in writing, stating age and details of experience and qualifications and quoting Reference
Number WW 583 should be addressed to the:

PERSONNEL OFFICER
INDEPENDENT TELEVISION AUTHORITY

70 BROMPTON ROAD. LONDON, S.W.3

cKCO ELECTRONICS. Ltd.. Southend-on-Sea. have
vacancies for interestini work on airborne radar

equipment for (a) Defect Investigation Engineer and
,b) Assistant to Training Eng:neer training customers
engineers in maintenance practice).
KNOWLEDGE of radar techniques e,sential. Ex R.A.F.
personnel with technical experience of air radar should
suit these posts. Salary commensurate with experience
and qualifications. Write stating full details to
!'r:.-onnel Manager. !1193

C.0.1.

The CENTRAL OFFICE
OF INFORMATION

requires a qualified and experienced
TELECOMMUNICATIONS OFFICER
tUnestablished) to oversee the world-wide
network of communications used by the
C.O.I. for the purpose of supplying press
material to the Information Officers of
H.M. Embassies and High Commissions,
and to be responsible for planning future
developments. The successful applicant
must be familiar with the latest technical
developments. Experience in running a
communications system overseas and in
dealing with Government Departments will
be an advantage. Salary £1,777 to £1,952
per annum.

Please send postcard for application form
to Manager (PE.2377 EW), Ministry of
Labour, Professional & Executive Register,
Atlantic House, Farringdon St., London,
E.CA. Closing date for completed forms
14th May, 1965.

HOME OFFICE CENTRAL COMMUNICA FIONS ESTABLISHMENT
AT PRESENT AT STANMORE, MIDDLESEX, BUT MOVING TO

HARROW, MIDDLESEX IN AUTUMN 1965.

Wireless Technicians
required for varied and interesting work on all aspects of the provision and
maintenance of a wide range of v.h.f. and u.h.f. communications systems for
Police, Fire, and Civil Defence Services. Some posts involve some travelling
and short periods of field work. A few posts may be available also at Regional
Wireless Depots throughout England and Wales.

Salary £792 at age 21, rising to £929 at age 25 (this being the highest
rate payable on entry) increasing to a maximum of £1,067 by annual increments.
In addition an outer London weighting allowance, at present amounting to £45
to £50 per annum, is payable to Stanmore staff. Annual leave allowance is
18 days rising to 22 days after 10 years service.

Applicants, who must be natural-born British subjects between 21 and 40,
should have a general education to " 0 " level standard and a sound and up to -
date knowledge of radio theory and practice, preferably supported by relevant
City and Guilds Telecommunications Technicians, or Ordinary National,
Certificates.

All appointments will be unestablished in the first instance but there a. -e
good prospects of establishment and promotion.

Opportunities for further technical education will normally be available.

Further particulars and application forms are obtainable from Communi-
cations Branch, Home Office, Whitehall, I.ondon, S.W.I.

Prospective applicants who would like to visit the Central Communications
Establishment for an informal preliminary discussion are invited to telephone
STOnegrove 5691, Extension 20, for an appointment.
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MARINE
SERVICE TECHNICIANS
TO WORK IN

CANADA
Immediate openings are available with the Canadian Marconi Company in Quebec,
Ontario and the Maritime Provinces.

Salaries would range from 350.00 to z-450.00 monthly depending on the qualifica-
tions of the individual candidate.

Applicants must be experienced with marine radio and radar equipment. 2nd PMG
or amateur certificate as well as some sea -going experience could be useful.

Those applying must be capable of working independently with a minimum of
supervision. Candidates familiar with the following types of equipment will be given
first consideration: Radar; H/F, W,..T and R-1-; VHF, FM and R.,T; M.F.D.F. and
Echo Sounders.

Please write with full details, quoting reference WW2990F, to:
Technical Staff Officer, English Electric House, Strand, London, W.C.2

CANADIAN MARCONI

MONTREAL

QUEBEC

PYE CAMBRIDGE WORKS, Ltd., Haig Rd.. Cam-
bridge.

 SINGLE sideband equipment.
 VHF' radiotelephone equipment.
 HI -PI reproduction equipment.
WE require trained personnel for production testing
and fault finding of modern equipment.WE have limited vacancies for more senior and ex-
perienced men wh drive, who can lead small teams
engaged on this

itwork.

WE have also limited vacancies for persons of less
experience who can be trained for such work.
APPLY to: The Personnel Menace,

1131

EXPERIENCED prototype wiremen and testers re -
nutted by fastest -growing, small electronics com-

pany in the country; good rates and excellent prospects
as we expand; variety of products: testers required for
transistorized equipment. -Elect ron ic Laboratories
(Hendon). Ltd.. Spalding Hall. Victoria Rd., London,
N.W.4. Tel. SUNnyhill 4128. [1191

QUEEN MARY COLLEGE (University of London),
xne Mile End Rd., E.1.
SENIOR Technician. Department of Zoology.
AN Electronics Technician is required in the Depart-
ment of Zoology to be responsible for the design, con-
struction and maintenance of electronic apparatus used
in physiological research and teaching.
POSSESSION of the National Certificate in Electrical
Engineering or equivalent would be an advantage.
Pension scheme; five-day week: four/five weeks' annual
leave.
APPOINTMENT according to ability, etc., on scale
£840 to £1,040 p.a., plus London Weighting up to £45
and possible £30 or 650 qualification supplement.
LETTERS only to the Registrar iZST) stating are
and giving full details of experience and present work.

(1198

Tv service enjinferrequid grind papveeksoiida5,7ttpy_,erp,dio
Ltd.. 261. Harrow Rd., London, W.2. Cunningham
0707. (138

AN INVITATION TO ALL QUALIFIED ENGINEERS
Professional Electronic Design Engineers with specialist experience
in any aspect of Electronic Technology are invited to apply for
registration with a New Company of Consultant Engineers.

If you have expert knowledge in your field and can undertake design,
Part Time or in your Spare Time on a Fee basis, please write or phone:

Scientific & Electronics Consultants (London) Ltd.
22 Gloucester Mansions, Cambridge Circus, London, W.C.2.

TEMple Bar 5557.

MAY, 1965

TEST ENGINEER
required for testing and fault finding on
transistor oscillators, amplifiers and volt-
meters.

Permanent appointment in an expanding

company.

40 -hour week.

LEVELL ELECTRONICS LIMITED
PARK ROAD, HIGH BARNET

Telephone Barnet 5028

BOROUGH Polytechnic, Borough Rd., S.E 1.

DEPARTMENT of Electrical and Electronic Engineei -
ins.
ELECTRONIC Technicians.
APPLICATIONS are invited for the following labora-
tory posts:
CHIEF Technician-commencing salary £1,085 per
annum, rising by annual increments to a maximum of
£1.255 per annum.
SENIOR Techniclan-salary scale £835 per annum.
rising by annual increments to a maximum of £1,035
(unqualified) or £1.105 (qualified) per annum. The
commencing salary may be fixed above the minimum
in certain circumstances
JUNIOR Technician-commencing salary on the scale
£300 to £695 according to age and qualifications.
EXPERIENCE of research, development and testing or
servicing of electronic equipment is necessary for the
senior posts.
APPLICATIONS must be made in writing stating
clearly the appointment which is sought. Candidates
should give details of age. experience and qualifications
and address their applications Co.-The Secretary.
Borough Polytechnic. Borough Rd., London, S.E.I.

11196

ELECTRONIC Service Engineers required to service
and install Airborne Navigational Equipment at

London Airport, Home Counties and Overseas.-Apply:
The Decca Navigator Co., Ltd., Spur Rd., Peltham,
Middlesex. Tel. Peltham 4898. (1190

SERVICE engineer required for 16mm sound film
projectors; knowledge of amplifiers essential; must

be driver.-Burgess Lane & Co., Ltd., Thornton Works.
Thornton Ave., Chiswick. Chi. 57s2. [1152

MINISTRY OF DEFENCE
(Air Force Department)

have vacancies for CIVIL-
IAN RADIO TECHNI-
CIANS at RAF Sealand,
Cheshire, and other RAF
Stations throughout the
United Kingdom for the ser-
vicing, repair, modification
and testing of air and ground
radio and radar equipment.
Commencing salary accord-
ing to age is £722 to £929
p.a., max. salary £1067 p.a.
Houses may be available for
renting at West Kirby some
15 miles from Sealand.
Apply to Ministry of Defence
(CE3b(Air)), Sentinel House,
Southampton Row, W.C.1
or to any Employment
Exchange.
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SOLARTRON
PROTOTYPE WIREMEN
At our new Farnborough factory we are selecting Prototype Wiremen for posts in
our Data Handling, Data Logging and Analogue Computer Systems Assemble areas.

Applications arc invited from experienced wiremen able to work from circuit diagrams and
engineers' sketches.

Salaries are progressive and will commence in the range of £15 to £18. I5s. per week according to
experience.

We work a 5 day, 40 hour week. Membership of our non-contributory pension fund and sick pay
scheme is automatic.

Please apply: Lfiss C. J. Read. Personnel Officer,

THE SOLARTRON ELECTRONIC GROUP LTD
Victoria Road, Farnborough. Hants. Telephone: Farnborough 3000.

ELECTRONIC TESTERS and
SERVICE ENGINEERS

REQUIRED
for interesting work on Radio Trans-
mitters, Receivers, Amplifiers, Test
Instruments and General Electronic
Apparatus.

If you have a monotonous job and
want to better yourself, apply for a post
with us which offers:-

Secure Employment.
Scope for Advancement.
Five Day Week.
Staff Status.
Holiday and Sick Pay allowance.
Congenial Working Conditions.

Apply to Personnel Department.
LABGEAR LTD.,

CROMWELL ROAD,
CAMBRIDGE.

Inspector

Telecommunications Electronics

he Burmah 011 Cvmpany Ltd. wit.h to
employ on a temporary basis for a period of
approximately one year, an Inspector with
experience of inspection of radio and
electronic equipment. The first require-
ment is that the candidate should have a
good background of radio electronics and a
thorough knowledge of inspection work.
It would be an advantage if the candidate
also had a knowledge of test techniques and
procedures. We envisage that a retired
man with a suitable background, and
prepared to travel in U.K. might be
suitable. Salary by negotiation. Please
apply giving full details to the Staff
Manager, The Burmah Oil Co. Ltd.,
Britannic House, Finsbury Circus,
London, E.C.2.

COMPUTER
ENGINEERS

OF

CAMBRIDGE
trained men for production

testing, fault finding and inspection of
Modern equipment.

* SINGLE sideband equipment
* VHF radiotelephone equipment
* ELECTRONIC telephone exchanges

We have limitetl vacancies for more
senior and expl.gienced technicians with
drive. who can lead small teams. There
an. also vacancies for men with less
experience who can be trained for such
WI ,rk.

. I //id!, : The Personnel Manager,
Cambridge Works Limited, Haig Road,

Cambridge.

Due to continued expansion NCR require additional ELECTRONIC and
ELECTRO-MECHANICAL ENGINEERS for Computer Maintenance.
Posts are available for men wishing to become Site Engineers.
Training Courses are arranged for suitably qualified men. H.N.C. Electronics,
City & Guilds Final or equivalent standard required. Men from Forces with
radar experience welcome. Knowledge of electronic or electro-mechanical
equipment necessary.

Please write for Application Form to:-
The Personnel Officer,

The National Cash Register Co. Ltd.,
206 216, Marylebone Road, London, N.W.1.
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ELECTRONIC TESTERS

A number of vacancies exist for both trainee and experienced testers at the Test
Division, Chelmsford. These are staff appointments enjoying a 371 -hour five day
week and leading to good careers in the testing of all kinds of modern complex
electronic equipment.
Applicants should have some knowledge of, or should wish to gain experience in.
the fields of Television, Radar, Point to Point Communications or Navigational Aids.

Marconi
Write giving full details of qualifications and experience to The Marconi Company
Limited, Technical Staff Officer, Group Personnel Services, English Electric House.
Strand, London WC2, quoting reference WW/2504 C.

The Marconi Company Limited, Chelmsford, Essex

GRAMPIAN REPRODUCERS. Ltd . require Senior
Test Engineer to lake charge of lest department:

must be fully conversant with sound amplification
systems -Apply Dept. R B.. Hanworth Trading Estate.
Peahens. Middlesex. 11115
RADIO Mechanics required for workshop overhaul of

aircraft radio/electronic equipment, applicants. pre-
ferably with experience of aircraft equipment overhaul
or industrial radio testing and fault finding: generous
rates of pay, pension scheme, sick pay and holidays -
Apply: Canford Engineers, Ltd , Statisted Airport,
&angled. F.-, [1192

VACANCIES IN THE
COMPOSITE SIGNALS

ORGANISATION
A numb,
career prop.

RADIOOPERATORS(Male)
Candidates should have a minis. ..1

two years' practical Radio Op. 1,,ting
experience.

Write, giving details of Education and
Qualifications t,,.
Recruitment Officer (CSO 3),
Government Communications Head-
quarters, A Block,
Priors Road, Cheltenham, Glos.

DINSDALE AMPLIFIER
PRINTED CIRCUITS and porta available for Mono and Stereo
units. Alia, Prints and all parts for llw.w." t.Y. TUIZR
including R.F. Assembly. An alternative variable tuned version
is non available at a total building emit of £15 including ready
sound coils for easy usembly.
S.A.E. for Lista.

HART ELECTRONICS
192 Hart Road. Manchester. 14.

SWW-189 FOR FURTHER

Hydraulic, Electrical, Electronic
Engineer/Writers

Technical Authors
Required for permanent positions in our
branch offices throughout England and

Scotland.

Apply to:
A. W. PUBLICATIONS LTD.,

203, BLACKFRIARS ROAD,
LONDON, S.E.1

Some vacancies suitable for ex -service
personnel with engineering experience and
wishing to take up handbook writing.

Bournemouth Education Committee

BOURNEMOUTH MUNICIPAL COLLEGE
OF TECHNOLOGY AND COMMERCE

FULL-TIME and PART-TIME COURSES
in preparation for the

I.E.E. PART III EXAMINATION
in both Power and Light Current Groups

The next course commences in September, 1965. Details from The Principal.
College of Technology and Commerce, Lansdowne, Bournemouth.
Early application is advisable. W. R. SMEDLEY,

Chief Education Officer.

MAY, 1965

MEASURE HIGH VOLTAGES  3 to
with ES -1 --, I I,

with the  30
Pocket Size KILOVOLTER kV

Ideal for checking TV, Radar, Car Ignit etc.
Only 97/6d. Trade discount 1.5". Or ask for leaflet.

WAVEFORMS LTD.
72 Vauxhall Bridge Road. London, S.W.I.

Phone: VICtoras 3404.9

SWAY -163 FOR FURTHER DETAILS

ENTHUSIASTS
for tape recording
subscribe to the
Magazine with the
ZEBRA stripes

Monthly '" 2S - (U.S.A. $3.75)
I 111 I II I r yrly incl. postage.

FREE SPECIMEN COPY ON REQUEST

7 TUDOR STREET, LONDON, E.C.4. FLE 1455

5WW-164 FOR FURTHER DETAILS.

TECHNICAL TRADING CO.
11,12 NORTH ROAD, BRIGHTON

TEL.: 67999

VALVES- adlverti

ai ns

the May issue still available
Other Retail Shops : 72 East Street,

Southampton & 350 Fratton Road, Portsmouth

CAN WE HELP YOU?
If you require printed circuits planned,

made, drilled, punched, gold or nickel plated,
all at keen prices, then we undoubtedly can.

A range of board thicknesses in standard and
glass fibre board arc in stock.

Bushes and solder tags can be punched
directly into the boards reducing your assembly
cost. Coloured laminates for producing front
panels with lettering in copper or plated
copper are available. We should be pleased
to hear from you if you are interested in this
recent development.

We offer you our services and invite your
enquiry for quotation.

P. & M. SERVICES
126 RAMSAY ST.
ROCHDALE, LANCS

SMALL TRANSFORMERS
Microphone, Pickup, Line input, Output, Com-
puter Rectifier. High Fidelity, Midget, Transistor
Vibration, Seismic. Instrument, Photocell.
Recorder. Bridge and Experimental Trans-
formers of all kinds. Quick delivery. Large
or small quantities.

E. A. SOWTER LTD.,
7 Dedham Place, Fore Street, Ipswich.

Suffolk. Tel.: Ipswich 52794

5WW-165 FOR FURTHER DETAILS.

TO ALL
Manufacturers, Wholesalers, Importers,
etc. of the Radio and Electronic Indus-
tries
We are spot cash purchasers for all types
of redundant and surplus stocks.
Phone or write Hillside 2713

Stonegrove 7624
Broadfields Disposals Ltd.,

8, Broadfields Avenue,
Edgware, Middx
or

Mayco Products Ltd.,
21 Lodge Lane,

N. Finchley, N.12

5WW-166 FOR FURTHER DETAILS.
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SOUTHERN RADIO
SUPPLY LTD.

11, LITTLE NEWPORT STREET,
LONDON, W.C.2. GERrard 6653

GOODS AS PREVIOUSLY
ADVERTISED STILL AVAILABLE

Bombsight Computers; Frequency
Crystals; Test Meters No. 1;

Accessories for Type "38" and
"18" Transreceivers, etc., etc.

ST. Bartholomew's HoSpital, London, E.C.I.
DEPARTMENT of Medical Electronics.
APPLICATIONS are invited for the following posts:-
PHYSICIST or engineer with experience in electronic
circuit design. Experience in clinical application not
necessary. Grading equivalent to that of university
lecturer on scale E1,400XE85-e2.165, subject to re-
view to E2,505 +London Allowance.
TECHNICIAN to help in development and maintenance
of electronic apparatus. Salary scale E668 -E833 per
annum plus London Weighting.
THE work of the department is concerned with the
application of electronic techniques to medical diag-
nosis and therapy. The research programme includes
e.g. EEG data analysis, radio pill telemetry and the
Measurement of blood flow. Apply. naming two referees.
to the Clerk to the Governors within 21 days, quoting
PT/444. [1196
QUEEN MARY COLLEGE (University of London),

Mile End Rd., E.1.
NUCLEAR Engineering Department. Senior Technician.
A SENIOR Technician is required to help in the
development of electronic equipment for a variety of
functions within the Nuclear Engineering Department.
He will also be required to assist in the maintenance
of existing electronic equipment.
THE work of the department includes reactor tech
iiology, precision mechanical engineering and all
aspects of nuclear and health physics instrumentation.
EXPERIENCE in electronics is an essential require-
ment. Pension Scheme; five-day week: four,,five weeks'
annual leave.
APPOINTMENT according to ability, etc.. on scale
E840 to £1,040 up to £45
and possible £30 or E50 qualification supplement.
LETTERS only to the Registrar (N8T) stating age
and giving full details of experience and present work.

[1197

DAMAGED METER?
Have it repaired by Glaser

Reduce overheads by having your damaged Electrical
Measuring Instruments repaired by L. Glaser & Co. Ltd.

We specialise in the repair
of all types and makes of
Voltmeters, Ammeters, Micro -
ammeters. Multirange Test
Meters, Electrical Thermo-
meters, Recording Instruments,
etc.

As contractors to various Government Departments,
we are the leading Electrical Instrument Repairers in
the Industry. For prompt estimate and speedy delivery
send defective instrument by registered post, or write
to Dept. W.W.

L. GLASER & CO. LTD.
1-3 Berry Street. London, E.C.I.

Tel.: Clerkenwell 5481-2

INSTRUMENT

REPAIRS

W-16 FOR AILS

SERVICE ENGINEER
(ELECTRONIC INSTRUMENTS)

A vacancy exists for a Service Engineer to work on a wide
range of high quality electronic instruments.

Candidates should have HNC, C and G, or equivalent qualifications,
or wide experience in similar position.

Good salary and prospects in a rapidly expanding organisation
with an International reputation.

Pension scheme and monthly staff position.

Apply in writing to Personnel Officer:

HEWLETT 1D; PACKARD

HEWLETT PACKARD LIMITED  DALLAS ROAD BEDFORD

BOOKS. INSTRUCTIONS, ETC.
MANUALS. circuits of all British ex-W.D. 1939-45

wireless equipment and instruments. from original
R.E.M.E. instructions: s.a.e. for list. over 70 types.-
W. H. Bailey. 167a. Moffat Rd.. Thornton Heath. Sur-
rey. f143

ARTICLES FOR SALE
ERROGRAPH 5,AN (March 1964. £62, no offersF (London).-Box WW 110. Wireless World.

LAFAYE'ITE International Tape: example: Tin.
2.400ft. polyester. 22 6: P. & P. 2/-: wide range:

s.a.e. list. -Leda Tapes, 27, Baker St., W.I. 172

GOVERNMENT Surplus Electrical and Radio equip-
lJ our new catalogue No. 16 ready now, 2/6
post free, cost refunded on purchase of goods over £2.
--Arthur Stints Radio Control. Ltd.. 93, North Rd.,
Brighton. [200
PLATING units.-New 6v 50amp d.c. output, fitted

meters, fuses, variable control, neat Unit for Lab.
use. 240v a.c. input. E38; Auto -transformers 240/110v
500watt fully shrouded. 45/-: transformers, output
EL34 push-pull to 3 ohms, 37,'6.-Malden Transformer
Su5pplies. 134. London Rd.. Kingston upon Thames. Kin.
731 1

UNIVERSITY OF NOTTINGHAM
Faculty of Applied Science

Department of Electrical and Electronic Engineering

EXPERIMENTAL OFFICER
Applications are invited for the above appointment to commence

on 1st October, 1965. Candidates should have a good knowledg:
and practical experience of basic electronic circuit techiques using
both vacuum -tube and solid-state devices; they will normally be
expected to have H.N.C. or equivalent qualification.

The commencing salary will be within the range £880 £40 to
£1,200.

Applications giving details of experience, present position, qualifi-
cations, and the names and addresses of two referees, should reach
the Registrar, The University, Nottingham not later than 7th Ma% 
1965.

DECADE BOXES

.4)  41 41 411
1111111.111111111111111/
CAPACITY 15pf to lilt&
RESISTANCE 0.112 to 1001(SI
VOLTAGE DIVIDERS and
WHEATSTONE BRIDGES

LIONMOUNT & CO. LTD.
24 LYNTON ROAD, LONDON, N.8

Tel: Fitzroy 4178

SWW-168 FOR FURTHER DETAILS.

The London Borough of
Richmond -upon -Thames Education Committee

Twickenham College of Technology.
Principal: J. P. WOLFENDEN.
Department of Electrical Engineering and Physics.

TRANSISTOR CIRCUIT DESIGN
A one -week, full-time course.

A special one -week, full-time course of lectures and laboratory work,
to be given by specialists from industry, will be held from Monday,
31st May to Friday 4th June 1965. The course is for electrical engineers of
graduate or Higher National Certificate standard with a knowledge of
electronics and fundamentals of semi -conductor devices.
The lectures will give detailed methods of designing a wide range of
transistor applications and arc intended to help engineers choose the best
type of circuit for a given purpose.

FEES Residential 20 gns.
Non-residential 9 gns.

Brochures and enreiment forms may be obtained from;
The Principal, Twickenham College of Technology,

Egerton Road, Twickenham, Middx.
Telephone: POP 6656
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Royal Borough of Kingston-upon-
Thames Education Committee

Kingston College of Further Education

COLOUR TELEVISION
A series of six lectures on Colour Tele-
vision, which will include demonstrations,
will be given at the Cranleigh Gardens
Annexe of this College at 7.00 p.m. on the
following dates: -
WEDNESDAY May 19th, 26th; June 2nd,

16th, 23rd and 30th.
LECTURER: Mr. B. J. Rogers
FEE El Os. Od. (for whole

series).
As only a limited number of places are
available, applications from practising
Radio and Television Engineers should be
sent as soon as possible to: -

The Registrar,
Kingston College of Further
Education,
Kingston Hall Road,
Kingston-upon-Thames.

Cheques and Postal Orders should be inaLic
payable to the College.

1 000 mixed RF/AP transistors for 45/-' (minimum
quantity). untested. unmarked.-G3LMR, 112.

Groby Rd.. GlenneId. Leicester. 193

ELECTRIC razors. new. £2; components, ex TV
sets, satisfaction guaranteed. s a.e. list, example

Sobell 171. 172. TSI7. lot 28/6: tuners. 5/-; mail only.
all p/p 2/-.-S.M.C.0.. 20. Palmerstone Rd., Earley,
Reading. Berks. 11201

ADVANCE. constant voltage transformer. 230v.
11Azkva. 220: another. 150w. f7; another. 3 -phase

415v 35a. Senn) operated for factory. £140: plating
unit. new. 240v a c. to 6v 250amp oil immersion vari-
able control unit. £86; small lab. unit. 12v 50amn.
fitted meter. variable control, fuses. mains lead, brand
Pew. 235. -Malden Transformers. 134. London Rd..
Kingston. Kin. 7534. 192
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DECCA RADAR

ELECTRONIC 111,iPECTORS AND
TEST ENGINEERS required for var-
ied work in Developme.t Laboratories.
Some previous experietice is desirable.
40 hour week. Staff conditions. Apply,
giving brief details and quoting Ref.
INSP/140 to the Personnel Officer, 7
Beverley Way, Shannon Corner, New
Malden, Surrey.

%JOU ought to send for a copy of " Psyci.uloray arid
1 Whisper Teaching ' to 3. York House, Handers-
tield-5/9 post tree. (133

AUNIQUE Buy! Recording tape. ton brand. 7in
2.400ft D.P.. 25/-: 5kin 1.200ft. 19 6: p. & p.

I 6 per spool: bargains in all sizes: sae. for list:
we repair, buy and sell recorders. -...E. C. Kingsley &
Co., Ltd., 132, Tottenham Court Rd.. London, W.I.
Euston 6500. 1113

TAPE/DISC/TAPE transfer editing: duplicating; it
quality and durability matter lesoecialiv with LPs

from your precious tapes) consult Britain's oldest
transfer service. -Fund raising records published for
schools. musical societies (tax free). -Sound News Pro-
ductions. 10. Clifford St.. London. W.I. Reg. 2745.

f 108

NEW GRAM AND SOUND
EQUIPMENT

RETURN of post service; record changers, players
and tape decks, some at special prices; speakers.

Martin tape kits, Mullard amplifier kits. test meters.
all in stock. H.P. available; send for tree illustrated
lists, postal only. -Watts Radio. Ltd., 54, Church St..
Weybridge, Surrey. Tel. 47556. 1114

GLASGOW --Recorders bought, sold, exchanged;
cameras. etc.. exchanged for recorders or vice -versa.

-Victor Morris, 343. Argyle St., Glasgow. C.2 1120

FOR the best In Hi -101 sound and tape recording
equipment. Sound reinforcement systems for

Nchools. churches and professional oritan zations. Rapid
postal service anywhere in the world. Good quality
part exchanges welcome. H.p. (soil:Les. Specialist
Audio Service Dept. Records all labels. Sunallers
to schools universities. atomic energy authority. lead-
ing archiccts and broadcasting organizat.ons -Vis.t us
at No. 70. Lambda Record Company Limited 70.
Liverpool Rd.. Liverpool. 23. Tel.: Great Crosby 1012.

12868

NEW COMPONENTS
ALL radio and audio components at bargain prices,

i.e.. resistors, condensers. transformers, valves, P.U.
cartridges, loudspeakers, recording tape, cable, etc..
etc.: all orders and enquiries promptly attended to -
Audiocraft, 20. Kettering Rd.. Northampton. Tel.
36291. [88

ALL T/V spares. LOPTs our speciality, any make
Alba -Ultra. mostly makers' exact replacements, e.g.,

EKCO T221/231/284/310/311. 69/9; T330/331. 72/3;
Murphy V240,250, 75/-; 270/280,310;070/540, 85/-; p.p.

c.w.o. or c.o.d.: Ekco/Ferranti Shrouds will save
you ELEs. standard 14/9, de luxe 19/6; s.a.e. for en-
quiries or telephone Tici. 5394 (day). Rod. 7917 (night):
orders despatched same day: T.C.S. Mail Order Depart-
ment now at Brockley T/V. 28. Brocklev Cross, S E.4.
Callers welcome. 1144

B.B.C.2. 'PV, RADIO. TAPE REC.. SPARES.
110.B.C.2 625. Complete conversion kits, or tuners
AA' and IF panels separately: send for tree lists. TV
Signal Booster Units. Labgear B1/3. or UHF 75/-,
masthead 105/-. Perdio UHF 70,-. post tree'

,

L.O.P.T.s.,
Philips. Stella 1768. 8617. etc. 98/-. Ekcoi'erranti U25
types 48/6. Ekco/Ferranti U26 and Perspex types 62/6.
Ferguson 306. 308 48/6. 406, etc. 65/6. &bell, '1817
48/6, 171. etc. 67.6. Pye V4 to V700, etc.. 62/6 post
3/-; also Alba, Cossor. Deena. G.E.C., K.B., Invicta.
Pam. Philco. McMichael. R.G.D., Dynatron, Emerson,
Regentone. Ultra. H.M V.. Marconi. etc.: Scan coils.
frame 0/P. Frame osc.. Line osc , mains sound 0/P
transformers width/lin coils mains droppers dual
controls etc.; Tuner Units. Fireball. Incremental. tur-
rets, channel coils: CRTS. Mullerd, Mazda, Brinier,
Emiscope 141n and 17in 85'-. 21in 120.-. etc., carriage
10/-; Tape Recorders. belts, heads. motors. etc.; sal-
vaged components -large selection clean, serviceable tur-
rets, transformers. etc.: enquiries invited. C.O.D. 2/6.
MANOR Supplies. 64. Goicers Manor Drive, London,
N.W.11 Callers. 589b. High Rd. (near Granville Rd.),
N. Finchley. N.12. MI. 9118 (day). Spe. 4032 (e

g.1:open all week Incl. Sat. 1101

Radio pares Ltd.
FOR ELECTRONIC COMPONENTS -BY RETURN

W XI.

EROICA Recordim; 114,11
several Items I rriii

ing order, including
steel case. Perrograp: - M I M.., ,1-
in g Oscilloscope Type WM 4. etc ; stamp for -
" Erolcs " House. 34, Ashley Rd.. Altrincham. Cheshire.
Alt. 6688. 191

ARTICLES WANTED
WANTED. all types of communications receivers

and. test equipment. -Details to R T. & I.
Electronics. Ltd.. Ashville Old Hall. Ashville Rd.. Lon-
don. E.11. Ley. 49136. (190

URGENTLY wanted. new valves. transisters. radios.
cameras, binoculars. tape recorder and tapes.

watches. any quantity. -S. N. Willetts. 43. Soon Lane.
West Bromwich, Staffs. Tel. Wes. 2392. [145

TAPE RECORDING ETC.
SAVE on cost of hi-fi. See Audio Supply notice (advert.

No. III). 1109

HAMMER FINISH PAINT
The modern finish for electronics. Can be BRUSHED
or sprayed. Blue or Silver. 2!, oz. tins 3s. 6d., post
8d. !, pint 7s. 6d., post Is. 9d. I pint 15s.. post
2s. 9d. Orders over 30s. post free. Return of post
service. Retailers supplied. Write for details.
FINNIGAN SPECIALITY PAINTS, (W),
Mickley Square, Stocksfield, Northumberland.

5WW-170 FOR FURTHER DETAILS.

SWW-169 FOR FURTHER DETAILS.

FOR ALL YOUR PANEL WORK
WRITE FOR ILLUSTRATED
BROCHURE OF PARALEX
& LUFBRA ADJUSTABLE

HOLECUTTERS

WITH MORSE
TAPER

SHANK
UP TO NO. 4

OR STRAIGHT
SHANK DIA.

TO 1 DIA.

HOLES ACCURATELY BORED
FROM lin. DIA. TO 121in. DIA.

AKURATE ENGINEERING Co. Ltd.
CROSS LANE, LONDON, N.8

TEL. FITZROY 2670

5WW-171 FOR FURTHER DETAILS.

111.1Es." TRADE
ONLY

VALVES
ylkayEalicamirtroopntsesblzietlfftn-aJt k,.

Godwin St.. Bradford. 1

VALVES WANTED
ALL types of valves British or American. trans-

mitting and receiving keenest cash prices paid,
What have you got to offer? -Write or call Lowe Bros.,
95-97. Redchurch St., London, E.2. Tel. Shoreditch
4415-6 [2882
WE buy valves for cash, large or small quantities,

old types or the latest: send details. quotations
return. IA'altons Wireless Stores. 15, Church St.

Wrilverha in 1134

RECEIVERS AND AMPLIFIERS -
SURPLUS AND SECONDHAND

HRO Rs's AR88. CR100. BRT400. 0209.5640,
etc.. etc.. in stock. -R. T. & I. Electronics, Ltd.,

Ashville Old Hall. Ashville Rd., London, E.11. Ley.
4986. (102

WIRELESS WORLD" TEST INSTRUMENTS
Complete sets of Metalwork, machine engraved Front
Panels, Special Tag Boards and all specified 1st grade
components. For professional appearance and perform
ante.

Send 6d. in stomps for lists.
MALVYN ENGINEERING WORKS

Engineers to the Radio and Electronic Industries
7 CURRIE STREET, HERTFORD, HERTS.

TELEPHONE: HERTFORD 2264
5WW-172 FOR FURTHER DETAILS.,
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To book panel advertisements in this section, apply to Wireless World,
(Dept. P), Dorset House, Stamford St., London, S.E.1 or telephone
WATerloo 3333, Ext. 210

30,000 i2 per v.
MULTI METERS

A.C. volts: 0-2.5-10-25-100-250-
500-1,000.

D.C. Volts: 0-5-1-2.5-10-25-
100-250-500-1,000.

D.C. Current: 0-50pA.-5-50-
500mA.-12 amp.

Resistance: 0 -60K -6M -60M.
What more can you ask for
than all these ranges plus a

specially damped " off " position for transit
protection. Brand new, fully guaranteed, complete
with leads, batteries and instruction e7_19.6
booklet. Inc. P.P. ou- -
DON'T FORGET THAT ELECTROSURE
BRAND RECORDING TAPE AS RECENTLY
REPORTED ON IS AVAILABLE ONLY
DIRECT FROM US.

DUAL
IMPEDANCE

DYNAMIC MIC.
A beautiful unit. Pro-
fessional pattern with
satin chrome finish.
Swivel mount for stan-
dard tin. 26 TPI
stands. Troe Cardioid
pattern with built in
blast filter for close
voice use Low 2
60011. High 2 50K.

t5-17-6 inc. P.P.

0-300v PANEL METERS
Superior quality black
Bakelite flush mount-
ing with silver scale.
Rectifier movement for
A.C. use. Fits in 2lin.
dia. hole.

Inc. P.P. 30/-
ONASSIS PUNISH SETS
High quality tool steel
kit in zip leather case.
Punches fin., lin., fin.,
Ain., 11in. dia. holes in
up to 16 swg. steel.
Amazing value.

471 ir.c. P.P.

ELECTROSURE LTD.
FORE STREET, EXETER. Telephone 56687

PATTRICK & KINNIE
COMPONENTS

SIEMANS MINIATURE RELAYS
(new). 700 ohm coil 24 volt D.C.
(wt. oz.). 2 c/o. 8'- ea., 4 c/o 10/- ea.
LONDEX H.D. RELAY (new). 10
amp. contacts, 2in. 1 iin. x lin. 2 c/o.
51-, 2 make 3.6 ea., 12/24 volt operation.
HIGH SPEED MAGNETIC
COUNTERS. 4in. < lin. x lin., 6/
12/24;48 volt (state which), any type,
6,6 ea., p.p. 1/-.
KEY SWITCHES (ex equip), 6 m./
4 m. and 2 c.o./3 c.o., both types non -
biased, 4/6 ea.
AVO " MINOR " MULTIMETER
(new), £6 ea. Leather case, 10/- ea.,
P.P.
FIELD TELEPHONES TYPE F, -o -
pair. P.P. 7 6.
MINIATURE RELAY (new), Iiin.

Dn., 8,500 ohm coil, 110 volt,
2 make, 51- ea.
UNISELECTORS (ex -equip) 25 way,
4 bank 22l6; 6 bank 25 -; 8 bank 27,6.
P.P. 2.6.
FUSES. Glass and Ceramic. All size.,
stocked.
TELEPHONE DIALS. 0-9. 5,- ea.
P.P. 1 -.

PATTRICK & KINNIE,
81, Park Lane, Hornchurch,
Essex. Romford 44473

771 FONCII
got, need/

HOLE PUNCHES
Instant Type
lin. diameter
Screw -up Type
15/32in. diameter Toggle switch
Sin.
Fn. i76 ..
sin. el BSA, 89A
{tin. ...

iin. ..
in. DE

/in. .. Int. Octal.
lin.
lin.
tin. e46
lin.

2hin. Meter ... ...
Complete Set 69/3/6.

No extra charge for po5tage and packing

in the U.K.

... 6 10 ea

6 ea
.. 8/6 ea.

. 9/6 ea.

... 10/2 ea
. 10/8 ea.
. II/8 ea.
. 13/4 ea.

... 16/2 ea.
111/10 ea.

... 21/8 ea.

... 24/4 ea.

... 33/2 ea.

Oliver & Randall Ltd
Dept. 17

9 KELSEY PARK ROAD
BECKENHAM, KENT

Tel. Beckenham 8262

Bread New GERMAN P.V.C. RECORDING TAPES
Manufactured by. world famous firm and offered at
less than half price,
AU tapes are 100% tested, have fitted leaders, arc
board and fully guaranteed.
(Not to be confused with used or sub -standard
tapes.)Eese

tapes are comparable with any other on the
British market.
S.P. Sin. 600ft. 6'-

51in. 900ft. 7 6
7in. I ,20Oft. 10

L.P. Sin. 900ft. 9 -

51in. 1.200ft. II -

2in. 1,800ft. 14 -
D.P. Sin. 1,200ft. 13-

Stin. 1.800ft. IBI-
7in. 2.400ft. 23/6

Postage and packing I/- per spool 4 or more post free.
STARMAN TAPES LTD.

28, LINKSCROFT AVENUE,
ASHFORD, MIDDX.

PRINTED CIRCUITS
A NEW SERVICE FOR THE

HOME CONSTRUCTOR
INDIVIDUAL BOARDS

Made to your specification:
All in charge 10,- plus 1, - per sq. inch

Enquiries for quantities welcomed

EDEN ELECTRONICS
140 Eyhurst Avenue, Elm Park, Hornchurch
Essex. Phone: 47912

TRANSISTOR INTER

Our   ONLY

S.,1., ooter
,

o d
1'1'tv-l-tee.iv 11'1 e;r el sr tee e I i

Bo, ett,, tee pe vetee. t., ..'1 e . ie le, e. -red. r. len ell ev ee.1
battery. Operates angle 1'1':i9 v. ballvry which lasts month*.
ChhOff switch. Volfame .,,Shod. 211n. d>nernle speaker. Ideally
suitable for Oslo.. Shop, War. he.inve, Workshop and Rome. Hundreds
of uses. Compl,te slth 3 pt., of eord lea. Milt.). 45 staple.. (ape
and a battery. Brady to edeervle. N es P. 4,6.

101,3,0 offki-
3teY In your
0111ce. shalt.
Wa rehoo.. and
Workhop.
Thl ao.3,ine
TELEPOOMR

AMPLIFIER enables your secretary to take down long telephone
message, or to carry on conversation with --art holding the handsel
Alm enables more than one person to Ilet.n or talk. Just Ili the
Adaptor to the silo of the tel.ephseter base by no itenina the males
pick-up. thtfOff switch. VI tame sontrhl. Operates on nor PPM
9 v. battery whl, h hods months. 3 Tranelskr, Slln. Isolates. Sian
31n. 4}M., l'elleplyte aith . R. adv In el'. r.'.
P. .5 P. It&

7i17,i-(.,7tif1HtWet1.41;01/%'1'

This wood -mil
two-way Tran-
sistor Intareons
eonalvta of to,,

and Sal,- at
Ivory ',leerily
cabinets with
ch r 0 m i le ere

.[suds. Both
eeny operate

one 9 v.
Its,- Fall, talk or lirten from Master to Sub and Sub to u

- e.
r. Off a...Rad, Volatile control. fatal as Baby Alarm. .4

,'her uses. Indispensable In hente. shop, offite, hot,' and svar.nse.
1.000.40 with non. I...el end ball r,. R. :My te. tree_
l' 5 I'. 2 6.

Full money back if not satisfied in 7 days.

WEST LONDON DIRECT SUPPLIES (Dept. WW 11)
6 CHIGNELL PLACE, WEST EALING,

LONDON, W.I3

SOUND EFFECTS
FOURTEEN EP's 01- ESSENTIAL FX at 7,6 each 9d p.p.

CONTRAST SOUND PRODUCTIONS (HOLBORN)
19 CHARING CROSS ROAD, LONDON, W.C.2

A 2166

VIBRATOR
G.E.C. VEM 5.2 Complete with 2 IKW
driver unq and aud,o asc,Hators

PATTRICK & KINNIE
81, PARK LANE, HORNCHURCH, ESSEX.

Tel ROMFORD 44473

COPY FOR THIS FEATURE MUST
BE IN BY

MONDAY 10th MAY
FOR THE

JUNE ISSUE
WIRELESS WORLD
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NEW STANDARD CASES FROM OLSON

QU3tI,O. gladlY Riven for customer,' own apecilleations and special requirement.
OLSON ELECTRONIC LIMITED, 54, Myddleton Street,

WRITE FOR FURTHER DETAILS TO:- LONDON, E.C.I.Telephone TERminus 8081

TESTED TRANSISTORS
2 - each, XAI01, XAI II, XA102, XA112
31- each, 0C45, 0071, 0081, 0C200.
4/- each, XBI02, AFII7, 0C170, 0C171.
5:- each, 0C139, 0C140, GET7, XCI41.
10 - each, 0C22, 0C26, 0C28, 0C35.
ZENER DIODES, 3.3 v. to 30 v., w.,
3 6 each; 1.5 w., 5 - each; 7 w., 6 - each.
Over 100 other types in stock. Send 6d.
stamp for ful; list and equivalent chart.

B. W. CURSONS
7E BROAD EIREEI CANTERBURY

cWW-174 FOR FURTHER DETAILS.

SWW-173 FOR FURTHER DETAILS.

TEST EQUIPMENT - SURPLUS
AND SECONDHAND

SIGNAL.voltm:
etc.. etc.. IP stuck.- -K. "C. az 1. Elect 14041,,. Ltd.. Asil-
title Old Hall, Ashville Rd.. London, E.11. Ley. 4986.

(141
EXCHANGES

wE purchase for spot cash, modern used hi -ft equip-
ment. quality tape recorders, communication

RXS. stereo gear, etc., etc.: call, write or telephone,
best prices given. -Miller's Radio, 38a, Newport Court,
:ca turd:: irons Leicester Square Underground station.
rrr 4638. Est. 20 years. Buyer can collect within
It, miles radius. (137

SERVICES OFFERED
J

Audio Stipp:), Service, 7/6 p.a. (60 -page photo-
wra,.ii 0-0 1.0,trated. non -advertising). hi -fl cats-

.. 4 best guide for safe buying. -10.
s: VI/ I 1111

SERVICE & REPAIRS
. guaranteed

Pluckley,
Kent

satisfac-
Ashford.rin DARBY HOUSE, SUNBURY-ON-THAMES, MIDDX

SWW -175 FOR FURTHER DETAILS.

Record
Cleaning &
Maintenance
Equipment

Send stamps value 9d. for post free copy
of /6 page booklet "A Guide to the better
care of your L.P. and Stereo Records''.

CECIL E. WATTS LTD.

RADIO CLEARANCE LTD.

Consultant & Sound Engineer

TRADE ENQUIRIES 27 TOTTENHAM COURT, RD., LONDON, W.I
INVITED The oldest Component Specialists in the Trade

BARGAINS STILL AVAILABLE IN LOUDSPEAKERS
F:uonu. ,,, , , ,., 44,14 .natiie tui 10 00. r the,. mt., of THE LOWEST PRICES EVER
fu.n't nu.. th,. I-1 to c .g I,. I LOUDSPEAKER ,.n o LESS THAN MANUFACTURER'S COST.
11,0 1.111i th, .1i11 tti,Hale 14. Ili, poi "NI l k I:4 II I P I:14 4.0 ANYWHERE.

Diameter
la umbel,

2
29
29
29
3
3

3
3

3
39
31

Elliptical
Sim in ins.

s x :t
1:

IS 011

x
6.3
b

Gauss Impedance Price Diameter Gauss Impedance
ut Wes in Ohms in inches In Lines in Ohms
7.000 80 8 - 3/ 9,00o .i
7,000 35 8 6 3: 0.5041 0
7.000 au 8'6 3: 7,000 35
7,000 80 31 9.000 so
8.004. 3 10- 4 9,500 25
6.000 6 8 6 4 9,000 flu
6.100 014 9 6 4 2,506 IS
7.000 u 9- 4 7,500 5
7,00(1 36 9- 4 7,000 14.1i

0.000 lb 10 - 4 6.000 30
7.00 3 9 6 4 TOO

SCHEDULE OF LOUDSPEAKERS AVAILABLE
Price

10 8
10 6
8 6

10 8
116
11 8
12 -
96

11.6
10.6
111 -

Diameter
winch**

5
5

5

69
69

Gauge
in Lines

7.801,
9.500
9,15tio
8148.
9,1140,
7.000
7,000

Prim Elliptical Oxus -
Ma to lac

12- 8 x2:

e 
10:- 8x21 ,,...,

9 6

Telephone' MUSEUM 9188
EST. 35 YEARS

Impedance Pries
in Ohms

116
8-

88
9 -

10 8
126
10.6
11 6
11,-
11/ -

Impedance Prise
in Ohms

ALLOW 2.- each speaker for P. & P.; handling charges, and please specify the exact requirements -the nearest availablewill be sent.

8 x 2110 6
111- 8 x 5

12.8 8 x 5 15

SELECTED BARGAINS
Beautifully $1.11.,l AM FM 24.,1,,, C.iti.Irei.ita le: AM FM EFT". 463 lie's. awl 107 Mc/a. 4/6 pair: Magna,,, Cryetal Tape 1114.1.0riler Mikes 12 6: :1 watt (Stereo Ampialent complete
ready to switch 044, 79 6; 04,4.4011 r..titti,.. ltd 21.: 31,3.2.1Y, 2,6 each. DIODES - OA70, 0A70. 0A90. U4.4614. t11110. 2.- each. TRANSISTORS: 10 '45 416: PNA 101 331; A1,115 4/6.
fil'ISMIN GERMANIUM DIODES 1 3. M.I. DIODES fid....ii.n. silicon mist, 7404 PIV.2110 mA. 1' -each: 400 1r,' 330 ni A. 2 6 each.
Please send STAMPED AND ADDRESSED envelope with any enquiry. We regret no catalogues -our stocks move too quickly r Kindly make provision
for sufficient postage and packing charges to avoid delay. TERMS: Cash with order or C.O.D on orders over 10/.

Claus Impedance Price Elliptical Impedance
In Linea in Ohms SWIM Ms. teChaaLInes in Ohms
6400 78 b , 4 8,000 3
7.000 8 - 0 , 4 35
0,01111 12 - 7 x 39

79:05:00

3
9.0m1
9.000

8 8
9 -

7 s Iii
7 . 4

9400

MO

3

3
944/41 8 6 7 I !04 .*:45 t: 30
8,500 3 9 6

86
96
10 -
11 -

15:6
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TEST EQUIPMENT
VALVE VOLTMETER
D.C. Input Impedance
11 Megohms. 7 Voltage
ranges, D.C. to 1,50n
A.C. to 1,500 R.M.S.,
4.200 Peak to
Resistance .2 ohm to
1.000 Megohms. Centre
zero setting for receiver
alignment. Complete
with A.C./D.C. probe and
leads. Pelt Illustrated
&toile on request. ONLY
£13/19/6 (Post 3.6).

SPROUL 01713 Or AMERICAN VALVE VOLTMETERS
11 Mega. Input. 6 D.C. Voltage range. to 1,000.6 A.C. voltage
ranges to 1,000. 6 Resistance range. to 1,000 Meghohma. 41n.
200 microamp. meter. For 110/250 volts A.C. operation. With
test prods and operating Instructions. Manufactured by RCA
and Electronic Designs. OILY £711916 (Post etc. 3/6).

20.000 OHMS PER VOLT TISTENTER MODEL 700
Reads) A.t'. and D.C. voltages up to 5,000, Alternating and
Direct Current up to 10 amps., Resistance up to 50 Megohnut,
Decibels from -10 to -42 di,. Internal buzzer for audible
warning of short circuits or continuity. and fitted with auto-
matic overload protection for movement. Meter size 41in.
21in.. overall dimension 741n. 311n. x alin. Has rigid handle
which can be swivelled for one as a tilt ',unreal. ONLY £17/10/-.

30.000 OHMS PER VOLT TESTMETER MODEL 200.
Reads voltages up to 1.000 D.C. at 30,000 ohnis per volt and
.A.C. at 15,000 o.p.v.; D.C. current to 12 amps. Resistance
to60 Megs.; Decibel. from -20 to i-511. Incorporates Internal
buzzer for audible warning of direct shorts and blocking condenser
for A.F. output niemorements. illze 3 kin. x 6 f4 in. x 211n.
ONLY 18/194.

20,000 OHMS PER VOLT TWEETER. MODEL 17-511 Reads,
voltages up to 1,000 D.C. at 20,000 ohms per volt and AC. at
111,000 ss.p.v.; D.C. current to 600mA; Remisdance to 10 Meg,
Capacitance to 0.1µ6'; Decibel, from -20 to +36. Mize Ain

I lin. ONLY £5/19/6.

2.000 OHMS PER VOLT TESTMETER. MODEL 17-10. Reola
AC. and D.C. volts up to 1,000: D.C. current to 800mA.* Re-
sistance to 1 Meg.; Capacitance to 4.17; Decibels from -20 to

36: Output jack for Audio measurements. Size 31In. x bin. x
1:in. ONLY £3'196.

FREQUENCY METERS TYPE LM.
Fropseney range 110-20,000 kc, e. in 2 bands. This is the United
States Navy Model of the well-known BC221 Preqesiey Meter,
but has many mIdlUonal feature', which increase it. usefulness.
Voltage stabilisation °fret...tit and Crystal control enure extreme
accuracy and in addition It is fitted with an Interns, Modulation
switch to allow use ac a Signal 41enerator. Mize only 811o. n 81o.
att,its. ONLY £25.

NOMBRE INSTRUMENTS
TRANSISTORISED AUDIO GENERATOR. 10.100,000 c/a. Sine
or square wave. With battery £18 .15'-
TRANSISTORISED SIGNAL GENERATOR. 100 kola. -300 Me's.
Better than 2%. With battery 1940/,
TRANSISTORISED RESISTANCE CAPACITY BRIDGE. 10.
100 meg.0. 1 pt -100/A. Leakage test and 51811a1 null indicator.
With battery. 1213/5/-.

MAINS OPERATED TRANSISTOR POWER SUPPLY UNIT.
. e,tput 1-16 s. op to Out tit A. Overload protection.

£6 lo
TRANSISTORISED INDUCTION BRIDGE. 1µH to 100H. £18

VARIABLE VOLTAGE TRANSFORMERS. Folly shrouds
. v. .A.C. 50160 cy Outwit 0-200 v. 2.6 amps. type

£,5 17 6.1 3 a6111, tYP1' £9. 10 amps. type 51E16, 20 amps.
le' £32.10,-.

STANDARD TRANSFORMERS
V.U11.111 impregnated. interleaved, R.S. tureen. universal mount
ing. size dill. x :31in. 2; in. ALL BRAND NEW 121/6 each.
Post 2/6.
Type 1,250-0.250 v. 80 mA., 6.3 v. 3 a. tapped at 4 v. 4 a. 6.3 v.
1 a. tapped at 4 v. and 5 v. 2 a.
Type S. As above hut 350-0.360 v. 80 mA.
Type 3. 30 v. 3 a. tapped at 12, 15, 20, and 24 v. to give 3-44S-64-
1-10 v., etc.

HARRIS ELECTRONICS
(LONDON) LTD.
138 GRAY'S INN ROAD,

LONDON, W.C.I.
Telephone: TERminus 7937

Trading hours 9.6 Monday to Friday, closed Saturdays.
S.A.E. brings full details of any of above.

SPECIAL OFFER!

THE AUDIO
CYCLOPEDIA

The most comprehensive reference on audio
and HI Fl ever published covering every
phase of the subject, including latest data
on stereo.

By H. M. Tremaine
Price 42;-- Postage 3 -

THE RADIO AMATEUR'S HANDBOOK
by A.R.R.L. 1965. 40 - Postage 2/3.

NONLINEAR & PARAMETRIC PHENO-
MENA IN RADIO ENGINEERING. 35 -.
Postage 1:-.

CLOSED CIRCUIT TELEVISION HAND-
BOOK by L. Wortrnan. 42:-. Postage I -.

REFERENCE DATA FOR RADIO EN.
GINEERS STC. 42,-. Postage 2'-.
Inter. G.E.C. S.C.R. MANUAL. 3,1 cd 16 6.
Postage 1.6.

Inter. G.E.C. TRANSISTOR MANUAL.
7th Ed. 18,-. Postage I 6.

TRANSISTOR SPECIFICATIONS & SUB-
STITUTION HANDBOOK. Techpress. IS -.
Postage 1,-.

COMPLETE CATALOGUE I. -

THE MODERN BOOK CO.
BRITAIN'S LARGEST STOCKISTS

of British and American Technical Books

19-21 PRAED STREET,
LONDON, W.2

Phone: PADdifigton 4185
Open 6 days 9-6 p.m.

SPEEDY and expert tape recorder aril reteirs
by England's leading hi -ti specialists.

Ltd., 92, Tottenham F. Rd.. London, W.I. NIUs.
8177. I 126

CAPACITY AVAILABLE
RECTIFIERS, Selenium and Silicon units supplied

for all applications, keen prices, good deliveries.
J. R. SERVICES & DEVELOPMENTS, 231, Rivermill
Harlow, Essex. Tel. Harlow 26481. [Ili

AIRTRONICS, Ltd., for coil winding, assembly and
wiring of electronic equipment, transistorised sub-

units, sheet metal work. -4, Aslimeacl Rd., London.
Et.E.8. Tel. Tldewa 2249. 107

MISCELLANEOUS
ATTENTION wholesalers and dealers. obtain your

supply of transistor radios and accessories direct
from empire manufacturer. -For details Box WW94,
Wireless World.

METALWORK, all types cabinets, chassis, racks,
etc., to your own specification. capacity available

for small milling and capstan work up to lin bar.
PHILPOTT13 METAL WORKS, Ltd., Chapman St
Loughborough. I

ENSON'S better bargains. send s.a.e. fit
B Wane of Government and rnanufactui. ,
surplus, to--Superadio (W.). Ltd.. 116.
Liverpool. 1.

ORDER directly from U.S.A., all kinds of elem.,
products, lowest prices even -Write for quotati.

Indicating specific products. to. O'Hara Internation..:.
2051..a, North Inglewood ve., Inglewood, Cal Hot-
U.S.A. 90301. 189

TUITION
E.R.E. City & Guilds and Ft T.E.B. exams sp..I Ised I.C.S. home -tad,

-Por details of said,
courses In radio, TV ,.
courses with kits, ant. t I

Rd , London, S.W.11

240- ELECTRIC POW ER cgrall

=MI from 12 CAR BATTERY

M AMERICAN DYNAMOTOR UNIT
isp.112i nint 211,111, ISO ..:0, -

NOW Ill MIVISION. ?OW 
11.1MIAUDCRICTIIICAL Miran If I

..... 'mils Pin 00018  12. wrap
Seed 1115161 tmlnit In hill ohisliatal Istain
Int OSMIUM r101111r7S, CLIVIUTS,LritS

ls 5% 1-6 FOR FURTHER DETAILS.

EXCLUSIVE
OFFERS

AMERICAN AVIONIC EQUIPMENT
* AN ARC -3 * AN ARC -27
* AN ARC -5 * AN ARC -33
* AN ARC -34 * AN ARC -52
* AN ARN-6 * AN,ARE-7
* AN ARE -14 * AN ARN-21
* AN GRC-27 * AN GRC-32
* AN FRC-27 * AN VAC -13

AMERICAN TEST EQUIPMENT
* ZM-3 Shdiesoss. Capacitance Analysers.
* 2M-4 Sbollcrosa Resistance Bridges.
* BC -376 :5 s Oscillators
* SPERRY T10100; Tachometer -Oscilloscopes
* TS -323 Frequency Meters 211 too
* TS -359 Voltage Dividers.
* BALLENTINE Model 300 VT Vallmeters.
* TACAN Test Sets r ,1..  I
* GENERAL RADIO Strobotacs.
* HEWLETT PACKARD Model 2001 Oscillator&
* AN URM-14 Test Sets.
* OS 3 OSCILLOSCOPES Models A. B. & C.
* AN USM-3 Signal Tracers.
* ME -11 R.F. Wattmeter..
* 1-193 Polar Relay Test Sets.
* TV -4 Tube Testers.
* 1.191 Western Electric Current Flow Meters,
* SIERRA 219B Transistor Testers.
* TS -270B Echo Boxes.
* TDA-2 Distortion Analysers.
* TS -14; Spectrum Analysers .1711
* TS -149 Radar Testers. ',Flo 9301 10,
* IS -107 purt. .
* TS -169 S,nal Generators. - .
* TS -382 A,dlo 0,1113tors zo.aoti

I 40 -page Lint ci over 1.000 nerve in stock available
beer one by you.

* AN UP5133 TS -148 UP Radar :eneral purpose
Test Sets ,.17.. '1,11 -

* WATERMAN 55B portable ,eneral purpose Sin. Oscillo-
scopes.

* TS -362 U Multimeter Teat Set..
* TS -382C Audio Oscillators '2.1 211.000 u

T9-066 AP Potentiometers.
* T-281 ARC -21 Test Seta.
* AN PDR-39 Radian.
* AN UPM-11 Range Calibrators 'f. r-
* AM-URM-36 Signal Generators I
* POLARAD URM-36 Signal Generators..
* RUNSTON 268D Crystal Recliner Test Sets.
* HICKOK TV -I U Mutual Conductance Valve Testers.
* PRESS WIRELESS portable Voltage Dividers ,.:1/11,..!,

- k.- 111.4N., 1,,, 1.5'. I

* SPERRY 1101002 Amplifier Analyser Test Equip-
ments.

* LAVOIE 239A HiAll Speed Oscilloscopes. AN USM-50
* AN UPM-1 Test Sets 150-550 me s.
* TS -497B URR Signal Generators 2 440 me s.
* TS -50513 U V.T.V.91. Multimeters.
* AN ARM -7 R.F. Wattmeters.
* AN URM-64 Sir. Generators 900 2.000 on ,

* TS -297 U Multimeters.
* AN UPM-6B Test Equipmen;s.
* 863A Airport control tower Monitors.
* 44:0 Airport control tower Amplgyme. equipment.

AMERICAN TELETYPE EQUIPMENT
* TT -5 FG
* 11-16 FO reperlorators.
* TD -30 tape readers.
* Teletype Coder -Decoder Privacy Equipment,

re

We have a larva quantity o. " bill and pieces " we
cannot list please send us your requirements as
w can probably help all enquiries answered.

P. HARRIS
ORGANFORD-DORSET

WESTIOURNE 65051.

SWW-177 FOR FURTHER DETAILS.



ARMSTRONG Cask
227 Mono £38 15
227 Stereo £52 15
223 A/CFM Tuner £28 15
224 FM Tuner £22 10
222 Amp £27 10
127 Mono £26 10
127 Stereo £37 10
GARRARD
4HP,EV26A £18 1
301 Strobe £25 6
AT6 de Luze £13 15
Lab. A EV28A £20 15
LEAK
Stereo 30 £49 10
Stereo 20 Vari II £57 10
T1.112 Van £35 15
Troughline 3 £31 14
Sandwich £39 18
LENCO
GUS £17 1
OL70 £29 18
01.88 £18 18
MISCELLANEOUS
Goodmans Maxim £17 10
GoodinansEieramiali £27 10
Celeaton CX1512 £11 10
Decencies £15 15
Eel Celeste - £24 19
Jordan Watts Al2 £22 0
Cacietbereo stk. iii £29 10

150

SPECIAL OFFERS
NO INTEREST ON 12 MONTHLY

PAYMENTS

THE FULL ARMSTRONG RANGE
Monthly
12 pyts.
55 1
79 1
43 2
33 9
41 3
39 9
56 3

27 1
as -
20 9
30 10

74 3
86 3
53 7
47 7
59 10

25 6
44 10
28 4

Dep.
74 -

106 -
57 -
45 
55.-

50 4
36.4

26 5
45 2

99 -
115 -

2 -
63
80.-

35 9
60 8
38 5

18 pyte.
39 5
56 9
30 10
24 3
29 7
28 6
40 4

19 5
27 3
14 11.
22 1

53 3
61 9
38 5
34 1
43 -

18 4
32 2
20 4

35 6 26 3 18 10
0 55 - 41 3 29

2:1- 173 125
32 - 23 7 18 11
50- 37 5 2810
44- 33 - 238
59- 443 319

Doom Dream Afti £11 11 23 - 17 4 12 6
Showroom hours. Monday -Saturday 10 a.m.-5 p.m. Directions:
No. 6 bus Irom Liverpool W. Station to Odeon. Hackney Road,
walk back two turnings.

A. L. STAMFORD Ltd. A.Er. 146 SOO
98 Weymouth Terrace. London. E.2.

FULL-TIME
coin ses for P.M.G. certificates and the

radar maintenance certificate. also in electrical
arid electronic eng.neering.- -Information from Col!eke
of Technology. Kingston upon Hull. 1 1

THE Into: ported Practitionets In HarLo
tronics ILP. H E.). Ltd.. Membership Com! t

booklet. 1/-: sample copy 01 I P.R E. Official Journal.
2/- posttree.-Secretary. Dept. A. 32. Kannure Rd .

Cavershain Rd. . Caver,harn. Reading. Berks
RADIO officers see the world Sea going and slit'or't

appointments. Our many recent successes provide
additional trainee vacancies during 1965. Grants a vad -
able. Day and boarding student,. Stamp for pro.
PectuS.-Wireless College. Colwyn Bay. 112

CABINETS CASES
CHASSIS

Anything in metal. "ONE OFFS' a pi
Send your drawings for quote

Stove enamelled in any professional finish

MOSS, WATSON
40 MOUNT PLEASANT STREET OLDHAM,
LANCS. MAIN 9400
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The RADIO AMATEURS
HANDBOOK 40'-

1965 Ed. by A.R.R.L Postage 2 6
World Radio and T.V. Handbook 1965 ed.
by Johansen. P. & P. I,-. 261-.
How to Listen to the World, new ed. by
Johansen. P. & P. I -. 17 -.

Transistor, Substitution Handbook, Ameri-
can, Japanese. etc. P. & P. I -. 12 6.

101 Ways to use your Oscilloscope by Middle-
ton. P. & P. 1/. 21/,
Computer Circuit Projects you can build,
by Boschen. P. & P. I,-. 21 -.

Practical Oscilloscope Handbook by Rufus
Turner new ed. P. & P. I -. 25 .
Pulse G tors in Industrial Electronics
by Littwin. P. & P. 1,'-. 16 -.

Amateur Radio Circuits Book new ed. by
R.S.G.B. P. & P. 9d. 7/6.
Amateur Radio Call Book, 1965, ed by
R.S.G.B. P. & P. 6d. 5/..

UNIVERSAL BOOK CO.
12 LITTLE NEWPORT STREET

LONDON, W.C.2.
(adjoining Lisle Street)

TANNOY

For sound sense
WEST NORWOOD LONDON SE27

GIPSY HILL 1131
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SOUND ADVICE
for

PUBLIC ADDRESS

EQUIPMENT

consult

SOUND COVERAGE
DECIBEL HOUSE, WELLINGTON TOWN RD.,
EAST GRINSTEAD, SUSSEX. Tel :21332 3
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YOUR CAREER IN RADIO?
Big iii likirtUnitics and big none.
field of Electronics today-both -!

world. We oiler the finest home tum 1,1111111.: III

radio, television, etc., especially for the & GUILDS EXAMS.
(Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the Radio
Amateur's Licence; P.M.G. Certificates; the R.T.E.11. Servicing
Certificates, etc. Also courses in Television; Transistors; Radar.
Computers; Servomechanisms; Mathematics and Practical Transistor
Radio course with equipment. We have OVER 20 YEARS' ex-
perience in teaching radio subjects and an unbroken record of exam.
successes. We are the only privately run British home study Institute
specialising in electronic subjects only. Fullest details will he gladly
sent without any obligation.

SEND FOR FREE BROCHURE 10

BRITISH NATIONAL RADIO SCHOOL
DEPT 1 RADIO HOUSE RUSSELL ST READ1611. BERKSHIRE
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LARGE
STOCKS

P.O.

RELAYS
TYPES

KEEN
* PRICES

3000 & 600
* QUICK

DELIVERIES

SEALED
FROM STOCK OR BUILT
TO SPECIFICATION.
COILS - SINGLE, TWIN,
SLUGGED BUILD - UPS -
MAKE, BREAKS ClO's, etc..
etc. SILVER - PLATINUM -

G.E.C.
SIEMENS

S.T.C.

HIGH SPEED
HEAVY DUTY - COMPONENT
PARTS SOLD SEPARATELY.

- write us your requirements
SIEMENS-

ROTARY TRANSFORMERS
H.T.3I

Input 11.5 v.D.C.
Output 250v. at
125 mA. D.C.

-fly for prices
H.T.32

Input 11.5v. D.C.
Output 490v. at
65 mA. D.C.

Other types in stock-write for lists.

SPECIAL OFFER -TO CLEAR
RELAYS-POST OFFICE 3000 TYPE

Complete tested and guaranteed relays-Ex Unit.
All coil values.
I C/O 7/6 2 C/O 9/-
4 C/O 10/6 6 C/O 12/6

Postage 1/6 each.
Also many other combinations of contacts.
N.B. Special Prices for lots of over 100.

DEPENDABLE RADIO SUPPLIES
12A TOTTENHAM ST., LONDON, W.I

Telephone: LAN 7391 2
WRITE - CALL - PHONE

STUDY
radio. television and electronics with th

world's large -t home study organisation. I.E.R.E
City A: Guilds. R.T.E.13.. etc.: also practical course.

. with equipment. a!: books suppl:ed.-Write for Inci
prospectus. stat.ng subject to I C S. (Dept. 422), In-
tertext House. Parkgate Rd., London. S.W.11. 1102

LOWESTOFT COLLEGE OF FURTHER EDUCATION.
St. Peter's St.. Lowestoft, Suffolk East.

RADIO Officers (M.N.) Courses. Full-time courses for
the P M.G Cert:ttcates of Competence In Radiotele-
graphy and the Board of Trade Certificate in Radar
Maintenance wall began to September. 1965. Apply to
the Principal of the College for full details. 11194

NYLON P.T.F.E.
ROD BAR. SHEET. TUBE. STRIP. WIRE
No quantity too small. List on application.

BRASS . COPPER . BRONZE
ALUMINIUM . LIGHT ALLOYS

STAINLESS STEEL
H. ROLLET & Co. Ltd.

Howie Street, S.W.I I. BATtersea 7872
ALSO AT LIVERPOOL. BIRMINGHAM.

MANCHESTER, LEEDS, GLASGOW

5WW-182 FOR FURTHER DETAILS.

J. T. SUPPLY, 38 Meadow Lane, LEEDS 11.

EXCLUSIVE OFFER V.H.F. RECEIVERS
PYE P.T.C. 114 65-100 Me, s 12 Volt D.C. Supply.

This is an 11 Valve double
superhet Receiver, operating
on one fixed frequency be-
tween 65-100 Mc/s, Crystal
Controlled, speaker output
(housed in control box) using
midget valves throughout.
Supplied in first-class condi-
tion with tuning data, circuit
diagram and completecrystal
formula. Ideal for the 4 meter

band (70.2 Mc/s) offered at only 70/-, post 5/-, or tuned to
any requested frequency in the above band, complete with
crystal, air tested, 45/- extra. Control Box 8/6.

5WW -181 FOR FURTHER DETAILS. SWW-183 FOR FURTHER DETAILS.
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AMERICAN
TEST & COMMUNICATIONS EQUIPMENT* AN ARC -33 (RT-173A) *
Airborne U.H.F. Transceivers. Freq.
225 399.9 Mc ,s in 100 Kc. steps. Guard
channel R.X. Freq. 238 248 Mc s. P.O.
8W. Supplied complete with 20 channel
remote control unit. Fully overhauled and
guaranteed.
BC -640 B V.H.F. Transmitter P.O. 50 w.
AN TRC-34 F.M. Transceivers, 152/174 Mcis

P.O. 50 w. Price L17/101-.
AN, VRC-19 & -19X Mobile F.M. Trans-

ceivers. Freq. as above, P.O.
20/25 w. Supply, v. 24 and 12
respectively. Price L10 & £12.

CU-168/FRR 21 valve Antenna Couplers, to
operate up 5 receivers from
1 aerial. Freq. 2'32 Mc/s,
Price L 10.

CF -2B Telegraph Carrier Terminals.
105 Mod. A4 Northern Rad. F.S. Keyers.
TS-27/TSM Precision R -C. Bridges.
TS-34/AP High Speed Oscilloscopes.
TS -90/U Radar Modulator Dummy

Loads.
TS-140/PCM A.F. Gain Loss Test Sets.
TS -297/U Precision Built Multimeters.
TS-402A/U AF/RF Attenuators, 0,81 dB.
TS -776/U Battery Testers.
TS -917A, GG (Stelma TDA-2) Telegraph Dis-

tortion Analysers.
I-181 (D162269) Teletype Relay

Testers.
AN/PDR-27A Geiger Counters.
DuMont 5in. Oseillographs, 304A, 304H, 2559,
3000.
Minniapolis & Honeywell Pot -Pyrometers.
AN,'FPN-13 X band Radar Beacon. Twin

installations.
Full description of the latest releases in U.S.A.F.
Airborne and Ground -support equipment are
included in our current catalogue, available on
request. Please quote MIL. -Type or Federal
Stock numbers in all correspondence.

SUTTON ELECTRONICS
Salthouse, Nr. Holt, Norfolk. Cley 289.

/1,,NDON EXCHANGE TELEPHONE DIALS tChturne.
o 25 -

TWIN GONG TELEPHONE.
TELEPHONE TYPE HAND GENERATORS. :Al v. hell ringing
96
WIRELESS SET NO. 38 A.F.V. Emu range 7.3 to 9.0, r. 1 11.1/. 01/1- 1011n. .< 411n. x 6Iln. Weight

I - and epee salvo; and sib-
, ,1,1, with base. go per pair or gg Nagle.

ES EQUIPMENT COLLARD. 3-epreil auto amuse. complete
with arm Anil p.u. HiFldelIty Multi Re64 alao Model
R1,331. 101101.1. Approx. else 13in. ,iiiln. Height.
7.. £3. I' 1::

20 -WAY PRESS-PUTToi INTER -00M TILE:PROSES In
TE,,,liztily overhauled.

, dlatlon eass.
10 -WAY PRESS-BUTT1 N INTER-COM TELEPHOESS In

la overhauled.
cc 1.5 ,ddllation f80.

10 -WAY PUSH-HUTTON KEY TYPE STRIP. else approx.
IC -

P M IT IL SPEAKERS.116-105. 1151,11...1 fic 3 :hut. 10/4.
SUPERIOR TYPE. DESK PHONES. I -.... Com-

- 7 6.
G P 0 TELEPHONE TYPE CARBON HANDSETS 108.
ELECTRICITY SLOT METERS , Fixed

QUARTERLY ELECTRIC CHECK METERS. IL ...dill...41 an
42 U. I )2 6. k 57 6. Giber

8 -BANK UNISELECTOR SWITCHES. ,d
82.16 -.  Souk 11 1.6 Lod, 11,11 nip

.23 ouitact. 47 5-
1311111 -SPEED ELECTRO-MAGNETIC COUNTERS. ExIlIcs
0-999. 25 50 SI, 4 I 1/11. Sinai,. ...II 2,30011
Singb. ,,i15001115

All prices include carriage in United Kingdom except
where otherwise stated.

23 LISLE ST. (GER. 2969) LONDON. W.C.2
Closed Thursday I p.m. Open all day Saturday

SELF- Slrill%
YUKAN I - I I , ,

LAWSON IIIIAND NEW
TELEVISION TUBES

12 MONTHS

TWELVE MONTHS

FULL REPLACEMENT

GUARANTEE

The continually increasing demand for tubes of the very highest
performance and reliability is now being met by the new Lawson
" Century 99" range of C.R.T.'s.
" Century 99 " are absolutely brand new tubes throughout,
manufactured by Britain', largest CRT manufacturers. They
are guaranteed to give absolutely superb performance, needle
sharp definition, screens of the very latest types giving maximum
Contrast and Light output; together with high reliability and
very long life.

FULL REPLACEMENT
GUARANTEE

" Century 99 " are a complete range of tubes, in all size,
for all British sets manufactured 1947-1964.
Our stocks are very large and we can supply the EXACT tube
you require by return.

Today's Orders dispatched
Today, and full fitting instruc-
tions are supplied with every
tube.

12' - C4 : 10 : 0 LAWSON
14" - IS : 10 :0 TunEs

Terms: C.O.D. or C.W.O.
17' - CS : 19 : 0 2, PEACHFIELD CLOSE,

MALVERN, WORCS.
Carriage and insurance IA 19 '-21" - E7 : 15 :0 Tel. 2100
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BECORIE " Technically Qualified '' in your si

time, guaranteed diploma and vs.,: h1101....

courses in radio. TV. servicing
H.T.E B , City and Guilds. etc.. h at:
120 -page Guide -(reel -Chambers Coiiege (Dept. -I,'
148. Molboin r!' 1 F I

TECHNICAL TRAINING
DIG and TV exams. andc0dist,, L BillaR miest borne study coaching to I.E R

City & Guilds. Amateurs Licence. R T.E.R.. P.m
I Cert., etc.: free brochure hem --British Natural Rn

1 Russell Et., Readma.

p M.O. Certificates, City & Ou1Rs Examinee:.:
I.E.R.E., also many run- examina t ion ei

radio. TV and electronics; study at home u.
famous I.C.S.--Write for tree prospectus, :Am
rect. to International Correspondence School .

443), Intertext Parkgate Rd . London, s '

R & R RADIO & TV SERVICE
Leil. W W .

MARKET STREET. BACUP. LANES
1.1. photo 41Li

SALVAGE VALVES
61'13
6L18

4,1
4/6

loCl I
2011a

at -
6/4

PL611
1-301 7/0

20114
301.16

EFI8) 1/6 301.4 7/ wig 101 115'04
ECEM2 3/. 01015 Oi. :tart 501
ECL80 3/- EB9I I). :WE'LL P1 
30E5 5/- EF83 PY32
PL38 EF37 0U4liT
PCF80 4/- 20C3 6/. 0FI 1,0 14:0
PL81 30P1.1 11/. ECC8 I 301'12
PESO 0:- l'1.3,1 Si!. 1'182
1'329 :.; 18'1.82 5/.
Speaker.. Ex -TV. a 410., 3 6: `in. lomat L.; pok
Line Output Transformers available. Stan oad Model No.

-p..:,6.1-.
Turret Tuners. 8 poal 2;.
Bean con., et, (p.a. ...1 MI I \ all 11,11111,
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RESISTANCE WIRES
EUREKA-CONSTANTAN

Most Gauges Available

NICKEL -CHROME MANGANIN
NICKEL -SILVER

COPPER WIRE
ENAMELLED, TINNED, LITZ,

COTTON AND SILK COVERED
SMALL ORDERS PROMPTLY DESPATCHED

B.A. SCREWS. NUTS, WASHERS
soldering tags, eyelets, and rivets
EBONITE and BAKELITE PANELS.

TUFNOL ROD, PAXOLIN TYPE COIL
FORMERS AND TUBES, ALL DIAMETERS.
END STAMP /OR LIST. TRADE SUPPLIED'

POST RADIO SUPPLIES
33 Bourne Gardens, London, E.4

Phone: Clissold 4688
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BOOKS

1

. Handbook." Editor. F. Lang -
R 1!',,11 B Sc.. B.E., Senior Member I.R.E.

A I. A M.I.E. Aut.). a cemprehensive reference
the Ic:or k of 10 authors and 23 collaborating en -

r.. conta,cmg amount. of data In a readily
acee,able tarns: the book is intended especially for

:ntrl:nt:- I the anion and application of radio

Get this Air Drying Grey HAMMER FINISH NOW -YU KAW
IT'S SUPERB . . .THE PUSH-BUTTON WAY ..---

..' --16 II. ...iii. 1..,1i ii,r ....-Ii-liiiii,ii -.1,-prior

k, dill& iu ,111 hi 0111111 it14 11 d ,:r r P it r lot

Choice cf 13 self spray plain colours and primer Dept. WW 5
(Motor car quality) also available.

YUKAN 307a Edgware P.d., London, W.2. 4
able. (Clased Thurs. aft., open all day Saw.)

SWW-187 FOR FURTHER DETAILS.
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NOW READY
A modern way of instrument case assembly using our "Die
Strip." The strip has been specially made for us at Bir-
mingham on quantity production, for low price to the
public. It is made of high strength alloy and will enable
anyone to assemble an instrument case or cabinet in
minutes. Full details of these products will be sent free.
Please send envelope self addressed.
Also available Key Switches. 4 -pole 2 -throw, 3/6 each,
or 3 -position D.P plus D.P. centre off, 5/-, or rotary
switch 6 -pole 3 -way, 3/-.

Send for Surplus Lists.
Copper Laminate Board single or double sided, 5j- per
square foot panels, either type, 3ft. by 41t., 33/-.

E. R. NICHOLLS,
Mail Order and Retail Shop,

46 Lowfield Road, off Shaw Heath,
Stockport. Cheshire.

3WW-188 FOR FURTHER DETAILS.

VARIABLE VOLTAGE TRANSFORMERS
World famous "SLIDUP "

* RATED CURRENT CONSISTENT
AT ALL POINTS ALONG THE
WINDING.

Output: 0.260 v. Input: 230 st. A.C.
SO 60 -

Shrouded fully variable transformers
for bench or panel mounting.

2.5 Amp. £5.17.6
5 Amp £9. 0.0
10 Amp. £18. 5.0
20 Amp. £.32.10.0

Ex. works.
Carr. & Pkg. EXTRA

AVAILABLE AT LAST 1 AMP. MODEL £4-10-0
I.M.O. (ELECTRONICS) LTD. (Dept. WW3)
313 Edgware Road, London, W.2. PADdington 2233;4

See also Page 106
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Components A -Z . to locations A -Z
Name any electronic component
you need. Name your location
on the map. Whether you're in
Aberdeen or Zennor, STC
Components Group can put
the finest components service
in the world right on your
doorstep. How? Mobility and
range of products. Nine
successful components
Divisions with a combined field
force mobilized into one Group.

The Group is represented in
practically every country, through
International Telephone and
Telegraph Corporation (ITT).
STC maintains a mobile team
of applications engineers whose
collective skills are more
diverse than you will find in any
other company. Mobility of
organization to lift any
components project off the
ground so much more quickly
than if you were to call in a

number of separate manufacturers.
Mobility of thought in the STC
research laboratories to quicken
new advances.
To obtain your copy of the STC
'Designers Digest' write,
'phone or telex
STC Components Group,
Footscray, Sidcup, Kent.
Telephone: FOOtscray 3333.
Telex: 21836.

RECMF
See us on Stand 162
Grand Hall  Olympia
May 18th - 21st.

high-grade components by
COMPONENTS GROUP

55/1M 5WW-002 FOR FURTHER DETAILS.
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The Solder
of the utmost
reliability
From 10 s.w.g. to 34 s.w.g.

For all soldering processes

For printed circuits

For engineers and electricians

For the handy -man

\11\1\\11111i
1\\\\\\\'\\\\\\\\1

The finest cored solder in the world
Multicore Solders are covered by British Patent Nos. 433194,675954,704763, 721881.

VISIT US AT THE

RADIO & ELECTRONIC COMPONENTS SHOW
OLYMPIA MAY 18th -21st

MULTICORE STAND 168. Ground Floor  Main Hall

MULTICORE SOLDERS LIMITED  MULTICORE WORKS  HEMEL HEMPSTEAD  HERTS  TELEPHONE BOXMOOR 3636

SWW-033 FOR FURTHER DtTAILS. CAMS 33


