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RAMA... THEPIGTURE
WITH LIFE
INIT!

New PANORAMA tubes bring a fresh 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
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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 Exhibitior,
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 Chariered Mechanical Engineer, March 1965, p. 176) it has its roots in
craftsmanship. As such it pre-dates science not by centuries but by aecons. 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 thance
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 LEEE. by its
president, Mr. O. W. Humphreys, namely, that young men should be. allovyed 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 ther¢ should be part-time
exchanges between these professions have frequently been mad?, but have not proved
practicable. At a recent conference of headmasters in Cambr{dge, organized by the
Engineering Institutions Joint Council and the Royal Spc1ety to discuss means of increas-
ing the numbers of aspirants to an engineering career, it was geqerally e}greec_i ghat a firm
grounding in physics and mathematics must be given‘ priority. er. Willis Jackson
expressed himself as against the teaching of engineering in schools b.ut in favourA of the
use of imaginative experiments arid films to show the relevance of physics and mathématics
to engineering. There should then follow a year in industry .befO{e entry to a university
where a first-year course common to both science and engineering students would be
undertaken. i

This seems the best way of scttling the matter, for by the time the student has reached
his second year at university and the real work is about to begln, any earl'y romantic
fantasies will have given place to an appreciation of the deeper satisfaction whjch 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

STUDY 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 E,—~E, and E,—E,, or
two colour-ratio signals, of the form (E./E,)—1 and
(E4/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 information®> on both
colour and monochrome receivers. The second kind of
signal, conveying chromaticity information, overcomes this

SYNCHRONIZING
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Above:—Fig. I. Vectorial representation of the complete SEQUIN
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Right:—Fig. 2. Modulating amplitudes and carrier phase angles

for a colour-bar transmission on SEQUIN (for R—Y, B—Y version).
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yellow, and E,,_,. — 1.8E, .
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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

|E pinion] =[(K—E")*+Ko(Ep—y or KsEpp)Jt
where |E,;,;o.| is the instantaneous carrier amplitude, E’,
is the amplitude of the luminance component, and K, K,
and K, are constants. The carrier wave phase angle is

given by:

LEvl‘sian tan~! [ 2(Ek_y = K',EB_Y)]

where / E,;... i the instantancous phase angle of the
carrier in degrees, and K,, K, and K, are constants as

*Rediffusion Research Ltds
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Right:—Fig. 3. Receiver schematic,
assuming that chrominance informa-
tion 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 E;—E, and E;—E, 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

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.

AFTER transmitting more than 5,800 pictures of the iunar
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
batterics, employed two full-scan and four partial-scan
cameras, The full-scan 1,125-line cameras werg, cxposed
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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 625-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 technigue without recourse
to further transcoding. Finally, selective fading would
not affect the ratio of brightness information and colour
information.
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TELEVISION SYSTEM

and read out sequentially 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 l-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.

WIRELESS WORLD, MAY 1965



DUALITY

DON’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 %c 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 togéther 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

(b)

(2)

Fig: 1. Although *‘Ohm’s law ** is easy to apply to (a) it is slightly
jess convenient for (b).-and .its dual is to be preferred.
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By ‘CATHODE RAY"

statements or equations by substituting the corresponding
words or symbols in the other column.
Current, I Voltage, IV or E
Voltage, VV 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
Admirttance, Y Impedance, Z
Series Parallel

Parallel Series

Mesh Junction (or node)
Junction (or node) Mesh

Short-circuit Opcn-cu'cuxt
Open-circuit Short-circuit
Each item in these lists is the dua] 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=IR .. . .. (1)
Substitute the symbols in the opposite column and we get
= EG . 2)

which is also true and sometimes more uscful, 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=—IR, +R,+ Ry .. 3)

But the first time we are confronted with Flg l(b) we
have to think a bit and finally come up with

1
%, l,l+l 1. &b ol
R, R, R,

which lacks elegance. By applying duahty 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, + G, + Gy)
Conductance, G, is of course the reciprocal of resistance,
i.e. 1/R. 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 are
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 be 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 voltagz 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
cither 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. vr the letter I, Fig. 2(b).

Duality can be applied directly to ‘‘equivalent
generators.”” A practical voltage generator has internal
imoedance, 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.

I used to denote an ideal current gener-
ator, is unsuitable; (b) shows two pos-
sible alternatives.

i
|
&
|
|
(2) (p)

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 v, 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 —puw,/r,. It must be the same in (b), and
as this is equal to the current put into it by the generator
it too is —pwv,fr,. Since pfry = g4 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, especiaily if the load is made
up of items in parallel.

Returning now to the aside about notatjon 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. 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 17, 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 V.

People who use a double-subscript notation for vol-

4
I
: Fig. 2. The symbol (a), though often
|
|
|
|

* The rcasons are more fully given in Essays in Electronics, Chapter 12.

214

tages—zither 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 ‘Joes 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 b.
He would get away with this in circuits like Fig. 1(a),
where the junctions between - the resistors might be
marked a, b, ¢, 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
Iqy, Iy, 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, v,, is positive if b is at a higher (i.e., more
positive) potential than a, I;; 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 clectrons 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 = —oa
: 3l
) é?a
=HVq ‘S’mlg@ |
k —d
(2) (b)

Fig. 3. Dual valve '‘equivalent generators >’:
current.

(o) voltoge; (b)

it, the actual current in any gonductor 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 R, is clearly Iy - I,
which is the meaning we can appropriately give to Iy,
just as V,, = V, — V.

Strictly speaking, V', and V, are meaningless, since the
potential at any point is indeterminate unless given an
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‘Fig. 4. Fig. I(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
Vy — Vg, or Vg, 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 Iy, the actual current through the
generator = I, — I, IK because I; = 0.

The usual convention is for all the mesh currents
(except the peripheral mesh) to flow clockwise. So for
Iy, to be positive, I, must be greater than Ig; in other
words, a positive I, 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-

,
e’ A\~———t T
y = ¢
ap——ANAN——D O
=

K
Above:—Fig. 5. Part of a cir=

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

2V=0
or, in our notation,
ab+bctcd+...... +na=0
where a, b, etc.- are’ consecutive  points-around a niesh.
The precise dual of this would read: Around any

junction the sum of the currents is zero. And corre-.
spondingly
2I=0
or
AB4+BC+CD+...... +NA=0
The above form of the current law, an abbreviated

version of ong suggested by Mr. C. E. Ncwton, may need
a little explanation. Just as in Fig. 5 the voltages ab+bc+
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 providés 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.

1E.M.F.”, Wireless World, July and August 1964.

cuit network for illustrating (2)

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 useful circuit theorem that has its dual is Thévenin’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

'
]
12A
1

0-4A
! l 0-4V
2v s sU Fig. 7. Extremely simple exam-
ple of duals with particular
| values.
|
I
(2) (b)
—

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

T

|~

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,

V, VvV,
k A "

I, L. k

V.

11? £ <V =k11
V, kI

R 2 1 e

s, v, kG,
G, 3y V, R,

v, kI, &

This means that if we want the dual voltage (V,) of a
current (/,) to be numerically equal to k;, every dual vol-
tage must also be % times its corresponding current,
every dual current must be 1/k times its corresponding
voltage, every resistance, impedance, reactance or induc-
tance must be £° times its corresponding conductance,
admittance, susceptance or capacitance, and every con-
ductance, admittance, susceptance or capacitance must be
1/k? 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 Pig. 7 (b) our %
is 1.2/0.4=-3, so besides the voltage being 3x0.4=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 for
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

(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).

& A

(2) (v)

Fig. 10. Another dualless network, again (a) in symmetrical form
and (b) with minimum crossing.
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Fig. Il. (a) Three-phase star-connected system; (b) its dual, delta-
connected; (c) identicol with the foregoing modes of connection
are the T and I1.

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 6f
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 b, and c, without affecting
the circuit. The dual can then be drawn and turns out

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

a| a2

I

..
b
=
~

o e
-
/‘\ /\
® B $oh
A A
(b

| =4

(c)

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 77 (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.LF. SWEEP GENERATOR

TRANSISTOR CIRCUIT FOR 465 KC/S AND 1.6 MC/S

By M. W. RIGNALL*

LIGNMENT of many if. amplifiers may be done
with a signal generator and output meter. If, 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 450kc/s and 1.6 Mc/s if. 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. 1. A grounded
base oscillator employing an OC170 is biased by the nor-
mal potentiometer circuit R,-R;, which establishes the
unswept d.c. condition. The 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
* mcomTompam

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 R,. Over
the small range required the deviation is almost linear,
but since the tuning capacity is greater at the Lf. end
of a range and the swept reactance is constant, the devia-
tion for a fixed setting of RV, will be lower at the 1f.
end than the hf. 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 voliage 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% for a 25°C variation.

The sweep input required is 150V 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.

I 2
£
3 Swia
Vt}
/ Vi
SAWTOOTH Rs’
INPUT L. =
@
b
Swib Rg
g i all
| ke - Cg
»R, RZ ) T
£
Ry
> RY 1

o\ -9V
Sw2
)ﬁ:
Above:—Prototype sweep oscillator,

L

oUTPUT
==

Left:—Fig. I. Circuit diagram of sweep

generator arranged for 150V sawtooth input
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Fig. 2. Deviation plotted against input voltage for both frequency range.

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
759 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.

sawtooth input.

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 440kc/s and 1,550kc/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 if. in the 450kc/s region.
In this case the second harmonic of the generator may
be used, noting however that the deviation must be set
at 50kc/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 100 k(2
and 33 k(2 for the 1.6 Mc/s and 450kc/s ranges respec-
tively of the circuit of Fig. 1, and 39002 and 1k( 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 be stated, however,
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Above:—Sweep oscillator component layout.

Right:—Fig. 4. Input circuit to accept 20V

100

Fig. 3. Reduction of maximum obtainable deviation
with decréasing battery voltage.

SAWTOOTH
INPUT

>
N

that no manufacture for external sale is' contemplated.
_ The author wishes to thank the Director of Engineer-
ing & Research of the Marconi Company for permission
1o publish this article.

Component List

g: See text

Rz 1kQ

R, 4.7kQ

R; 6.8kQ2

Rg 2.2k$2

R, 15k Al 1/8 W-1-109

Rg 3300

Rg 82Q

Ry, 4.7kQ

Rit] Seetext

Ryo ) J

C,, C4, Cj 0.04,F paper 250V

C, 0.02uF paper 250V

C, 470pF polystyrene 250V

Cq 100pF air spaced variable

C, 25uF 12V electrolytic

VT1, VT2 Mullard OC 170

L, 30T Layer wound | On Aladdin

L, 120T in 5 slot bobbin Former No. PP5892
15/48 stranded Core No. PP5804

RV, 25k

RV, 50k(2
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Cathode and Emitter Decoupling

By J. F. YOUNG, c.G.I.A.,, A.M.1.E.E., A.M.|.E.R.E.

OST 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, H-ZL
R 3 NFy " TPt e e e e e aase s e l
i Zy 41+ (e +1)Z,, ()

v
(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)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 R;. by-passed by a capacitor

SYMBOLS
g valve amplification factor.
Z, load impedance.
r, valve anode slope resistance.
Z,. cathode circuit series impedance.
R, cathode circuit resistance.
C,. cathode by-pass capacitor.
o angular frequency 2#f, where f is the operating frequency.
R, load resistance.
g,, - valve mutual conductance.
transistor emitter current.
I, transistor base current.
1, transistor collector current.
o transistor emitter to collector current gain.
Z, base circuit series impedance.
emitter circuit series impedance.
R, transistor emitter resistance.
R, emitter circuit resistance.
C emitter by-pass capacitor,
R, base circuit resistance.

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

Fig. 1. Valve amplifier stage with
cathode impedance Z.

Fig. 2. Valve stage with cathode by-
pass capacitor Cy.

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

v, #R,(14+j0CR;)

v, ®Ry+r) 1 +jeCRY + kDR, @)
Equation (3) can be rewritten as:—
v, uR,
v, R, +r, + (u+DR,
1 GR,
1+je C: (Ry+r1,) (u+1) Rpo oot (4)

k+1" R, +r, + (u+1)R;

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

#RL
R, + 1, + (it DRy
should be compared with equation (1). It is the gain
which would be obtained if the capacitor C; was not
there at all. Since in these circumstances Z, would
simply be equal to R,, the first term is completely inde-

pendent of frequency. The second term on the right of
equation (4) depends on the frequency, however, and
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‘his term determines the frequency response of the

implifier. The second term takes the form :—
_l iw(}fﬁk
1 + joCR
where
B s Ll e s (5)
pt1
and
R — ®Re+ 1) % (x+ DR, b

R,, +r, + (2 4+ DR,
The imaginary resistor R can therefore be thought of as
formed from (R, + r,) in parallel with (px + DR,
while the imaginary capacitor C is (« -+ 1) times smaller
thin C,.

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, whenw is very nearly zero, the
gain becomes:—

v, ,U-RL
= 7
v; R+ 1+ (r+ DR, 0
since the frequency response term equals one whén
« == 0. On the other hand, at very high frequencies,
when o approaches infinity, equation (4) gives a gain of:—
Y #R, B R, +r,+(n+1)R, ®)
v, R, +r14+4+ (+DR, R, +r,

uRy

R, + 1, 9

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

Fig. 3. Voriation with fre-

quency of valve stage gain.

RELATIVE GAIN (dB)

Fig. 4. Transistor amplifier stage.
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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, 4+ 1, + (» + DR,
CR CR,(R; + 1)
Simply in order to make more sense out of equation (10),
let us make the assumptions that (p -~ 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:—

.. (10)

wy = 2af; =

u 1

R - AR 11
! Ckru Ck X l/gm ( )
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 :—

w, = 2af, -

CR: (12)

This frequency is clearly very dependent on the value
of R;. However, we are not normally very interested in
the value of w,, 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 w,.

The argument so far is wide open tc 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 durrent of about
3.7mA. Under these conditions r, is 13.5 k@, g, is
4mA/V and p is 54. Now suppose R, is 39kQ. In
order to. obtain —1 volt of grid bias at 3.7 mA, a 270Q
cathode- resistor R;, is required. With these values :—

cr - SRR ) 13)

R, + 14 + (¢ + DR,
= Ck X ZIIQ

Now g, is 4 mA/V, so 1/g,, is 2500 and the approxima-
tion involved in equation (11) would give in this case a
reasonable answer. However, also in this case R, is
270 Q so that the rule of thumb, which might be expressed
as CR = C,R,, is not toc bad an approximatiop 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 R,
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 kQ, can we
reduce the value of C, 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 R,, 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 C; should be low (say less than ten times)
compared with 1/g,,, rather than compared with R,
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 transistot circuit of Fig. 4, we can say’ without
doubt that I, =1, + 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 I, = al,, where « 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, :—

__B aVl

Zia- 9 +2Z
Now suppose that Z; is a resistor R;, Z, is a resistor
R, and Z, comprises a resistor R, in paralle]l with a

capacitor C, both in series with a resistor R, as shown in
Fig. 5. Thus :—

I = (19)

A ... - ce oo ..o@5)

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

v, LR,
v, v '
= - _EXRL
T RO-x)FR, £R,
1 4 jwCR,
= : (16)
I+ joC R (R, + (1 — )R

R. + R, + (1 — 0R,

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+ j«CR,
1 4+ j«CR
where
r _ Re®, + (1 — 2Ry am

-R2+Ro+(_l'7 “)RI

The imaginary resistor R can be thought of as a resistor
R, shunted by the series combination of R, and (1 — o)R,.
The frequency response obtained with the arrangement

of Fig. 5 can be plotted as shown in Fig. 6. In this
case :—
1
R L s N a0 .. (18)
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so that the critical frequency is determined by :—
R, (R,_ -+ (l_-— chR,)

R.+ R, + (1 — R, '

Usually R, - (1 — «)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(R,+(l —a)R,) .. .. .. (20)

CR =C 19)

Fig. 5. Transistor stage with
emitter by-pass capacitor C.

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

RELATIVE GaIN (dB)

Thus with the transistor circuit, the minimum frequency
at which the emitter capacitor C is effective depends
largely on R,, R; and « rather than on R,. The reactance
of capacitor C should therefore be small compared with
R, + (1 — «)R, at the lowest operating frequency in
order to reduce the amount by which R, 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
R, = 209, R, == 1kQ, R, = 10k and « = 0.99,
1000 < (20 + 10,000 x 0.01)

1000 + 20 + 10,000 x 0.01

This value is much nearer to (R, + (1 — «)R;) = 1200
than it is to R, = 1k, though if instead we happen to be
using a value of R, in the region of 1002 then the old
rule of thumb would give a reasonable answer. Un-
furtunately a value of R, as low as 100Q 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 te say that the by-pass
capacitor reactance at the lowest operating frequency
should be low conipared with 1/g,, in the valve case and
with (R, + (1 — «)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.

then R == - 107Q

REFERENCE
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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
1Ge/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 1Gg/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 210-250V, 50-60c/s
supplies, it provides 1 A at 24V dc.
and 0.5A at —6V d.c. Separate volt-
age controls are provided and allow ad-
justment from 20.6 to 27.6V on the
24V rail and from —5 to —7 V on the
6V rail.

The long and short term stability of
the Type 19G power unit over the
entire load range—and for 209 input
variation—is better than 250 mV on the
24V rail and better than 60 mV on the

-6V rail. The maximum ripple volt-
age is quoted to be 1 mV r.ms. 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.

S5WW 302 for further detaiils

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 30c/s for
10 million operations without failure.

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

The company’s address is 70 Dudden
Hill Lane, Willesden, London, N.W.19.

SWW 303 for further details

1.‘-4

TYPL 157 SAMELING List)

——

Type ISI plug-in sampling unit for
existing Tektronix oscilloscopes

S.T.C. Type 19G 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 cxtremely small
components is announced by the South
London Electrical Egquipment Com-
pany, of Lanier Works, Hither Green
Lane, London, S.E.13. This machine,
known as the Arcotron, uses a dielectric
liquid to reduce the distance between
the cutting electrode and the workpiece.
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 Arcotron is capable of cutting
slots down to approximately 0.00035 in

Small industrial relay, Type CF, from Clare-
Elliott Ltd.

Precision spark eroder for use in the manu-
facture of micro-miniature components and
apparatus.
London Electrical Equipment Company.

It is being made by the South
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wide and alignment is to approximately
0.00002in. 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 refiex klystrons.

SWW 304 for turther details

‘¢ Broadcast’’ Vidicons

THE range of separate mesh ore-inch
vidicons manufactured by the English
Electric Valve Company has been ex-
tendad with the introduction of two
new unifs having high peak response in
the “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. rhe other
tube has a low consumption 6.3V/
0.095 A heater.

SWwW 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 050 up to 500 MQ
(insulation resistance up to 100,000 MQ)
and capacitance from 5 pF to 5,000 uF.
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 500V dc. with an input
impedance of 10 MQ on all ranges. Cur-
rent range, full scale, is from 150nA
to 15mA and the full scale voltage drop
on all ranges is 75 mV.

The price of this instrument in the
United States is $129.95.

SWW 306 for further detalls

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 15xA
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 0d in kit form and £35 10s 0d
assembled and is available from Day-
strom, of Gloucester.

SWW 307 tor 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
Lid., of Hayes, Middx. The camera

enter the number(s) on the card.

advertisement pages.

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 wiil 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 SWW, and it is then necessary only to

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

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 easlly.
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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.

SWW 308 .for further details

Couriter-timers

THE 3 Mc/s universal counter-timers
(Types TMS51B and TMSIC) intro-
duced last vear 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: 35mV up to 300 kc/s,
100mV at 3Mc/s and 300mV 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 107/month for the TM5IC.

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 TMS51B and £295 for the TM51C,
The company’s address is Park Road,
High Barnet, Herts.

SWW 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 500 uA
and 2 A respectively.

The reflector supply can be internally
square wave amplitude modulated at
frequencies between 900 and 4,000c/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.

SWW 310 for further details

Voltage Amplifier & Charge
Amplifier

TWO new signal conditioning devices
for piezoelectric accelerometers, a Tvpe
1-302 voltage amplifier and a Type I-

WIRELESS WORLD, May 1965



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 osciilator 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 (5c¢/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.

SWW 311 for turther details

Push-Button Reed Switches

A NEW push-button reed switch pro-
viding complete scparation between the
mechanical and electrical functions is
being manufactured by Highland Elec-
troni¢cs 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 absorbers 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 s approximately 500 pusec.
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
10°. The approximate dimensions are
2.316in long by }in diameter. Maxi-
mum weight is 2 oz.

SWW 312 for turther 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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EICO Model 956 FaradOhm Bridge Analyser.

Right: Universal counter-timer Type TM51C
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.

A new photo-surface material has been used on two new one-inch
separate-mesh vidicons from the English Electric Valve Company.

Small television camera made by EM
ElectronicsLtd. for closed-circuit applications.
The head amplifier for the camera is haoused
in the rear stainless-steel container.

HIR mecv w0 coutis . fuse lg T

Left: Voltage amplifier and
charge amplifier produced
by Consolidated Electro-
dynamics for use with piezo-
electric accelerometers.
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TVistar series of transistors Mullard’s have introduced especially

for domestic television applications.

Fluke Model 540B thermal trapsfer standard. Thermal
reversal error is less than 0.01%, of input.

series: AF186, an amplifier and self-
.oscillating mixer for u.hf. 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 if.
amplifiers.

The AFI186 is an alloy-diffused tran-
sistor and can be contrclled with for-
ward agc. 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 tranmsistors and a typical
noise figure of 5SdB and a gain figure
of 18 dB is quoted for the AF180 which,
incidentally has a control range with
attenuation of 40dB. The remaining
two transistors, the AF179 and AF181
provide power gains of 75 to 80dB in
typical if. stages. The AFI81 is pri-
marily intended for use in the first stage
of if. amplifiers (or as a second stage
in a three-stage unit) where adequate
gain control is mpecessary if maximum
signal-to-noise ratio is to be achieved.
Hence the AF181 has a large control
rapnge—greater than 50dB. 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
AUI103 and a silicon efficiency diode
BY118—both intended for use in con-
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(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 300V 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 if. stages in am. 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 10V.
Other features of this device include
good a.g.c. performance, high resistance
to voltage surges, a Vi, rating of S0V
and a knee voltage of less than 1V at
10 mA.

S5WW 413 for further delails

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-

Model EMT 125 low-frequency millivoltmeter (Elektromess-
technik Wilhelm Franz KG).

Twenty-four contact printed circuit board edge connector

messtechnik Wilhelm Franz KG, whose
address is 763 Lahr/Schwarzwald,
Kaiserstrasse 80. Designated EMT
125, it covers 1mV to 300V (fs.d.) .in
twelve ranges and has an input imped-
ance of 1 MQ). The output impedance
in the amplifier mode is 4.
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.
SWW 314 for further details

A.C./D.C. Comparator

AN instrument for accurate a.c. voltage
and current measurement using therma!
transfer techniques is being made by the
John Fluke Manufacturing Co. Inc.
Called the Model 540B thermal transier
standard, it has fourteen voltage ranges
covering 0.25 to 1,000V r.m.s., with a
frequency range of 5c/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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Five-watt transistor local oscillator unit designed ta

Low frequency signal generator intro-
duced by Linstead Electronics Ltd.

operate at 2Gcfs. This unit is part of the new G.E.C.
range of transistor microwave communicatians equip-

ment.

meter and

Heathkit reflected power
v.s.w.r. bridge Type HM-11U.

to measure voltages from } 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
1 of range setting.

A series of thirteen shunts are avail-
able for the 540B and allow precision
current measurements from 2.5mA to
10 A ac. The basic accuracy is +£0.03%
and the frequency range is from 5¢/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.1.

SWW 315 for further details

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

450V. 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¢/s
to 100kc/s in four switched ranges is
the Model Gl generator from Linstead
Electronics Ltd., of 35c¢ Newington
Green, London, N.16. This unit,
which operates from the mains, pro-
vides up to 6V rms. sine wave out-
put, up to 9V p-to-p square wave out-
put, and up to one watt at three ohms
over the frequency range 50c¢/s to
20kc/s. The Gl measures 81 X614 X
6in, weighs 74 1b 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
17 to 1.9Gc/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 GeJs. 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 deésign 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.

SWW 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 75Q 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 19 and less than 10% up to
2 metres.

This instrument measures 43 X73 X
47/s and weighs 24 lb. Assembled,
the price of the Model HM-11U is
£10 10s 0d and in kit form it costs
£8 5s 0d.

SWW 320 for further details

High-power S.5.B. Tetrode

ABLE to develop a load power of 1kW,
the new Mullard YL 1230 tetrode utilizes
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Mullard YL1230 metal-ceramic tet-
rode for s.s.b. applications at
frequencies up ta 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 1kW output
level —40dB 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 25kV; Vg, 250V; .V,

-50V; Ia 600mA; and p-e-p output
of 1.2kW.

S5WW 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,
Sunderiand, Co. Durham. The kit is
housed in a cabinet measuring 14 x12 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 5%, 2%
and 1%.

SWW 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 basc-
emitter voltages differ by less than 5mV.
The change in base-emitter voltage
differential with temperature is 10pV
per degree Centigrade from —55 to
+125°C, when the collector voltage is
5V and current is 10 xkA. Connections
to the block, which measures 0.080 X
0.065 X 0.065 in, are by 0.005in 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.

SWW 323 for further details

Millivoltmeter

A NEW general purpose a.c. millivolt-
meter, covering 0-1mV, 0-3mV up to
30V fsd. 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 20c¢/s to 20 Mc/s. In-
put impedance is greater than 100k
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.

SWW 324 for further details

Tunable Magnetrons for

Frequency Diversity Radar

TWO tunable magnetrons 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 G¢/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 usec 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 81b and has
a minimum output power rating of
70 kW, while the other weighs 151b
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-
abley,

SWW 325 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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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, Nigelri Poland, Rumania, Spain, Tunisia, Ukraine,

Upper Volta and U.S.
PAL:—Austria, Denmark. Finland, Iceland, 1Ireland, 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 she 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 [.T.A, and the programme
companies, now appears to be favouring PAL.

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.l. Electronics and
the mast by B.1. Callender’s
Construction Co. A similar
mast, but [,265ft tall, is
being built at Emley Moor,
Yorks.

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 imperts 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.

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 Astronomy: 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 commirtee’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 (Durham University), Dr. W. L. Francis (D.S.LR)),
Dr. J. 8. Hey (RR.E,, Malvern), Prof. F. Hoyle (Cambridge Univer-
sity), 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 ‘che 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 ncar 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 purchase
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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 io be
carried in satellites or rockets, and on the subsequent analysis
of information reccived 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
tonosphere at altitudes between 90 and 170 km.

More BBC-2 Stations:—By the end of this year five more
major BBC-2 stations will be brought into service, making
seven in all. The locations, transmitter characteristics, and
opening dates are: 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, 1.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 theve 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 becn 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-
<liays from 2.30 to 3.0 p.m. and Thursdays from 11.0 to

1.30 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 Senficonductor
Manufacturers’ Association (VASCA). The relative figures
arc:— 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
oBf th‘ej Electrical & Electronic Manufacturers’ Joint Education

oard.

A.LR.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 AI.R.O., 42, Store Strect, Len-
don, W.C.1.
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Amateur Tribute to L. 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.LA.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 entcred 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 cntrants passed. All entrants
had previously taken the written papers.

LE.E. Structure.—A Control & Automation Division is
to be formed by the I.LE.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 cach 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 sclection of the British team which is
picked (one representative for each trade) from about 1,100
nominations by employers,

Electron Beam Machining.—~ At the Mullard Research
Laboratories, at Salfards, Surrey, an experimental unit has been
built far machining all types of materials—even diamonds—to a
very high degree of accuracy, using an electron beam,
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ILLT.U. Centenary:—
One of the two stamps
being issued by the Post
Office on May [7th to
mark the centenary of

THECOMMUNICATION URIN the International Tele-
@

1,6 communication Unlon.

An international Aerospace Instrumentation Symposium
will be held at the College of Aecronautics, Cranfield, Bed:s.,
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.

1865k

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 fune 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 nmow 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 Commitzee),
Electrical Dept., Admiralty Engineering Laboratory, West
Drayton, Middlesex

PERSONALITIES

Sir Lawrence Bragg, O.B.E, M.C,
M.A, D.Sc.,, BR.S,, is retiring from the
directorship of the Royal Institution at
the end of August and will be succeeded
by Professor George Porter, M.A,
Sc.D.,, FRS. = Sir Lawrence, who 1s
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 1s 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.1.

S. R Mullard, MBE, MIEE,
founder in 1920 of the Mullard Radio
Valve Company, has received the
honorary insignia award in technology
of the (!,ity & Guilds of London Inst-
tute (C.G.I.LA). Mr. Mullard, who is
81, retired from the managing director-
ship of the company in 1929 but re-
mained a director of Mullard Ld., and
its associate companies. During the
1914/18 way, he designed and con-
structed radio valves for the Services,
and later, in coilaboration 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.LLEE,, 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. Thomasy 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,, MIEE., 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. Capt. E. Fennessy

Electronics Group of the company.
Group Captain Fennessy, who is 53,
served on the staff of No. 60 (Radar)
Group, RAF, 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, MILER.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 genera]l 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 general
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.,, MI.EE,, who
joined the Post Office in .1935, at the
age of 20, and was cmployed at the
Research Station at Dollis Hill, work-
ing at first on radio-frequency measure-
ments and the development of the
quiartz crystal clock, has been appointed
an assistant ec.~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 sccretary in charge of the
Office Machines Branch of the Treasury
Management Services. He graduated
in logic and mathiematics as an external
student of London University.

J. E. Flood, D.Sc,, Ph.D., MILEE,
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.BE,
M.LE.R.E,, managing director of Intcr-
national Aeradlo Ltd. since 1958, has
also been appointed deputy chairman to
the new chairman, Keith Granville,
C.B.E. Mr. Scott- Farme joined I.AL.
as operations manager in 1947 shortly
after the formation of the company. For

G. R. Scott-Farnie

the major part’ of the war he was on
special signals duties in the R.AF. 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
Itd., of Glasgow, as applications engl-
necr Mr. Ashworth, who is 27, was
previously with ICT Iad, Stevcnage,
working on computer dcvelopments.
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J. H. D. Ridley, M.B.E,, head of the
Engincering 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 1o
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.LEE, 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. i—le 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, AM.1ILER.E,, who had
been with Decca Radar since 1951, has
joined ¢he Plessey Group. For the past
three-and-a-half years he was a group
leader inm the Radar Development
Laboratories, Chessmglon, Surrey, con-
cerned with both marine and special
developments. Before joining Decca he
was in REM.E. as a warrant officer
working on radar, and telecommunica-
tions equipment.

J. Hale, B.Sc. (Eng.), AAM.I.LE.E., pro-
duction manager of Feedback Ltd,
which he joined about a year ago, and
E. G. Bell, AM.ILEE, 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.L, then served as
an electrical officer in the RN.V.R. He
was for four yecars with Production’
Engincering Ltd. before joining Feed-
back. Mr. Bell was a development
engincer 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
he 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 Elliont Bros.

Sydney 8. 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 10 Mr. Bird by the directors and
staff and, on behalf of over 80 friends
in the radio and electronics industry,
H. ]. Barton-Chapple gave him a camera’

E. G. Lennard has resigned from the
position of commercial director of Cos-
mocord which he joined 6} years ago.
Hec has represented the company on the
council of the Radio & Electronic Com-
ponent Manufacturers’ Federation for
scveral years and has served on its
Export-Import Committee.

Eric i Gargini, AMIEE,
A.M.LLER.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 EM.I. and then
Philco, he served in the R.AF. through-
out the war. He rejoined EM.I. in 1945
where he was concerned with wire tele-
vision distribution systems and later
colour television receiver development.
He left EM.I in 1960 -t0 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 RAF.
Wyton, Hunts, which was regarded as a
valuable contribution to flight safety,
Their device enabled aflatter 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 ¢on-
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 Lid. the
whole of the issued capital of the latter’s
subsidiary Stratton & Co. Lid., 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 radio equipment.

WIRELESS WORLD, MAY 1965

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 Engljsh Electric
Groyp. :

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 tite
*“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-
child research 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.l, 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 Adantic 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
£139M. 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 £23M, 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 improvément 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-1ax 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 Lid. have
acquired over 96% of the Preference
Shares and over 849 of the Ordinary
Shares of W. H. Sanders (Electronics)
Lid.

Painton Acquire Electroprints.—A
‘majority shareholding in Electroprints
Lid., 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
£36 M, for the Telegraph Condenser
Company. The offer, which is subject
to 90% 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. apepated in
last month’s issue.

‘Goonhilly-Bristol Microwave Link.—
Standard Telephones and Cables Lid.
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

iin the UK. to operate in the “upper

15,000 Mc/s band,” will join the micro-
wave system S.T.C. are now installing
between Bristol and the London Post
Qffice 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. Imitial 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

BECAUSE 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 syperstructure 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

PLAN FOR TRANSATLANTIC CHAIN

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 959% 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.hf. equipment for air
traffic control purposes, primary and
secondary radar could be provided if ge-
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-
ciated 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 £10M to £15M 1o 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
10 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.AE INTERNATIONAL GOLDEN JUBILEE EXHIBITION

AST vyear’s A.P.AE. 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 Attaché 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 techniqges
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




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 ariother 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, 20-60R; medium,
200-30042; and high, 10kf2 and above), often with bass cut
and on-off. switches. The AKG types D119CS and
DI119ES have both switches and a front-to-back ratio of
15dB at 1kc/s. The CS has an output impedance of
2002 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 lavalliére
(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 ke/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 clliptical 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 MASO (50-watt) transistor amplifier. Their p.a.
series of amplifiers were battery operated whereas this
unit (and the MBI15) 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 100V line outputs), two microphone pre-
amplifiers, a mixer, master gain-control unit and
microphone and loudspeaker switching units. Reverb-
eration units (pre-amplifiers and 20W amplifiers) for
increasing reverberation time at selected frequencies,
form part of the system. The pre-amplifier works from
a 3002 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 10mW 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 be 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 typ¢, 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 an 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 grystal films
of semmtonductor mat-
erials are debosited on
insulating substrawes. The
purpose is to reduce cap-
acitance coupling between
neighbouring circuits.
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PHYSIGS 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.

RESEARCH

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 pon-
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 fluld. (Birmingham University.)

axis from two small barium titanate iransducers 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 biologica] parameter
being measured by Wayne Kerr to aid research into cancer
and into new methods of food production. The effects of
electric and magretic 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 aut9mau'c balanc-

WIRELESS WORLD, MAY 1965

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 0.0lmm and lmm. S.ER.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
CH,CN, and emits at 0.337mm. The acetonitrile vapour
is pumped into a tube (about a metre long) and emission
is triggered by am 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 0.8sec 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 cyocloidal

New microwave vacuum tube, by G.E.C., using cyclotran resonance.
The device is tunable over the whole of Q band by variatian 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 6kV. It is expected that the tube
will operate with up to 10kV anode voltage and provide an
output of 50 watts,

Thermionic generator.—In conjunction with Impenal 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 909 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 0.0lin 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 S0-micron wafer’is about 6 Ge/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 cnergy 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. FEach of the
phototransistors is connected on to a resistor chain forming
a potential divider. On illumination, a transistor conducts
and taps the potentiomecter 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 (pnecumota-
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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 rthythm 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 clectromechanical 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 typc of
measuring element suitable for telemetering in widely spaced
tank f2rms 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 coupied 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 0 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 1o 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 2kc/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
coefficierit, constant over the ‘whole measuring range of the
transducer, is +0.4% r.h. per 1°C rise in temperature.

Semiconductor radiation detectors arc becoming more widely
used ‘and in many cases are replacing conventional methods
of detection. Gamma radiation, y-particles and B-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 I.td. Here
the detector is an ionisation chamber with an cnergy 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 aitimeters. 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 pwatt 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 jrees on experifnental 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 k¢/s a.c. The position
measurement is fed back to ‘the suspension system, giving a
closed-loop servomechanism which maintains the plumimet
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 or 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 j§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 stecl 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'* neutrons cm™? sec™'.
The sensitivity is 2X 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 ecthanol-water

&

Laser rangefinder, with application in low-flying
aircraft, using semiconductor laser.  (Services
Electronics Research Laboratory.)

Top of Sangamo Weston specific gravity meter, with a measuring
cylinder shown on the right.
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mixture. The mixture and a refegence 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 osci-
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
temperaturg 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 be accommodated.

O-level oscilloscope. A low-priced simple oscilloscope, the
Serviscope Minor, developed to meet Nuffield Committee re-
quirements for an instrument for teaching O-level modern
physics, was shown in the educational section by Telequip-
ment. Weighing only 5 Ib and measuring 6in X 6in X 9in, it
has a 23-in crt. and a Y amplifier bandwidth of 30 kc/s.

Telequipment  oscillo-
scope designed for
teaching ** O "'-level
physics.

Sensitivity range is 100 mV to 50V per 0.5 cm graticule divi-
sion. Controls have been reduced to 4 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 speced can be varied from
100 #s to 100 ms per 0.5 cm graticule division.

Automatic recording balance was displayed by U.K.AEA.
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
microminjaturization has brought about the need for new
circuit techniques, one requirement being the elimination of
inductances, since these circuit clements are extremly dith-
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 polc 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 cf
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-linearities
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 Hc and
allows a.c. read-out without wiping out the magnetic biasing
of the coupled storage film. In the 16X 16 X 10 memory stack
on show, cycle time was 30 usec and read cycle time 10 usec.
A 10°-bit store built on these principles would occupy about
3 Zu 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 107. 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 (0.0019% 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, 10 xV to 1.1V, 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
2kV, 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 encrgized 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 gwo 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¢/s
and records displacements, accelerations, etc., associated with
the power supply system.

DISPLAY DEVICES

Linear milliameter.—A low pressure discharge tube may be
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 preverit the anode from glowing.

T

T ——

Muliard’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 10cm. The igniting potential (150 V)
and maintaining potential (115V) 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 50u fibres, and rigid rods from 10u 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 ” berween 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 eclectron multiplication, each comprising a
phosphor and a photocathode deposited on opposite sides of
a 4 om thick mica shcet. Overall resolution is 30 line-pairs

Commercial

“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 signhal 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.
5WW 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.

SWW 327 for further detaills

“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 maké possible a
new “square” form of styling, that is now optionally avail-
able on the majority of the racks in their International Serics
of Imracks. Other new items described in the catalogue
include ventilation fan units, handles and chassis runners.
SWW 328 for further details

Modular Construction System.—Details of the ISEP (In-
ternational Standard Equipment Practice) system of modular
construction for electronic equipment housings are 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.

SWW 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.

S5WW 330 for further details
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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.
Malvern.)

(RRE.,

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.

Literature

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 Lid.,, Mullard House, Torrington Place,
London, W.C.1.

SWW 331 for turther 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, Herts,

SWW 333 for further details

The 2500 series of “Radiation-tolerant Televisign
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. ; !

SWW 334 for further detatls

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 9V 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.

SWW 335 for fturther details
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PARIS
COMPONENTS SHOW

PARIS, PORTE DE VERSAILLES, 8-13 APRIL

IOW 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
PElectroacoustique 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-Falrchild
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, piéce
détachée, 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
I mm external diameter (50Q+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 <2usec 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 (CxL958),
measuring 1.25mm square and containing four binary-

Milliohmmeter, Type ROI, by S.E.N.
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Left: C-band travel-
ling wave tube, type
TWC827, by M-0
Valve Company

Acos model IDI200
1-in oscilloscope

English  Elec-
tric KY366
vapour - cooled
klystron.

Right: Colour display
tube (A63.11X) by
“La Radiotechnique **
has pre-stressed
(auto-protected) 63
cm rectangular screen

triggered flip-flops with feedback. There are 24 tran-
sistors and 30 resistors and it consumes 160 mW at 4V.
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 8kW 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 (SCV250,
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

i £y

Tektronix Type 422 portable oscilloscope
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and “mercury-wetted” by the L T.T. range. These arc
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 439% is claimed.

Among measuring instruments a milliohmmeter (Type
ROI) by Société Electronique et Nucleaire was noted.
It has a range of 10 uQ to 10k{? and uses long thin leads

and crocodile clips for connection to the circuit to bz
measured. Actually the jaws of each clip are insulated
from each other one being used 10 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
16X 84 x 63 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 inclyded a 1l-in
oscilloscope measuring approximately 53 x 44X 3 in.

COLLOQUIUM ON MEMORY TECHNIQUES

N artendance 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 wouid
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 10
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 stcuctures. 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.L.T. on a high-capacity film store giving 3,200
word lines on 350 digit lines (1.1X10° 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 shorted line could 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.
Néel 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
clectric 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 time 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.

LETTERS TO THE

The Editor does not necessarily endorse opinions expressed

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 ever 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 af. 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

— OUTPUT

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.

EDITOR

by his correspondents

R, and R, 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 < 5.

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

ERROR WAVEFORM

X — +h
N
N —] .
N R N,
\
/ _——
IDEAL LINEAR OUTPUT -h
2
Vin R \
- EDGE TIMES OF OUTPUT SQUARE-WAVE
Fig. 2

R,
R,
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 qutput, 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,

which is vin from the actual output square wave that the
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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 759,

Thus this basic system of modulation, involving both the
mark-to-space and the fréquency 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 requizrements
is of considerable value.

But this is not the only advantage of the negative feedback
system. Consider Fig. | 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

WIRELESS WORLD, MAY 1965

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, thefe is a pronounced notch between
audio types having inadequate switching speeds, and h.f.
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 epitaxial 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
casier, Whilst filtering is frequently unnecessary in domestic
installations due to the large hf. 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
super-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 statgment 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
(G, to G,) does affect the intensity of velocity modulation of
the beam (by a gap factor sin%/g where ¢ 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 tha;

the velocity of an emergent clectron is given by #0(1+$)'
0

where v, is the instantaneous potential difference between
G, and G, V, is the steady p.d. between resonator and cathode
and po 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 2L.O,” by
Green, Hewitt and Petersen on page 467. In cach case the
authors give credit to F. M. Colerbook for originating the
method in an article “ The Graphical Analysis of Composite
Impedance,” in EW. & 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 EW. & 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

Scroggie.
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 maqst widely used term for this type of amplifier is
“ pulse-ratio ” modulation?

London, $.W.19. P. F, COOK

I THINK 1 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 atcounts 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:—

(131) éo follow technological courses leading to O.N.C. and

(2) to acquire sufficient G.C.E. passes at O and A level to
qualify for entry to-a degree course, f 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
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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. P. 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 1o 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) 33 od

Part 2 (April ’63) s 6d
Part 3 (May ’63) 2s 6d
Parts 7 & 10 (Feb. & Oct. ’64) 2s 6d
Parts 8 & 9 (Mar. & April ’64) 2s 6d

W.W. Audio Signal Generator (Nov. & Dec. ’63) 3s od
Transistor Audio Power Amplifier & Pre-Amplifier;
Tobey & Dinsdale (Nov. & Dec. ’61) 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

““ 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

AUNCHING of the Early Bird synchronous satellite

3 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

29 ADJUSTABLE
PANELS —

PRIMARY
FEEDS

OLD AERIAL
FEEDS POSITION

BOWL POSITION

Fig. 1.
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battery of rechargeable célls. 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 are 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
4.10Gc/s to the U.S.A. In the reverse direction, signals
are transmitted from Andover on 6.39 Gec/s and received

24 PANELS

GIRDER STRUCTURE
AND MACHINED TRAYS

T.W. MASER CABINS

Main features of the modified aerial, showing the new bowl bullt on top of 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.ERL. This valve, like the maser, is housed within
the aerial structure.

Changes made 1o 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 'thé 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 0.015in 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 +0.1in of

New travelling-wave maser. A second maser will be Installed later
to act as o standby.
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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 estinated as
less than 0.26dB. ' As shown in Fig. 2, these aerial
modifications have-sharpened the radiation pattern and
increased the gain by 6dB to 60.5dB 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 4dB. 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 controlléd 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,* 8., A.M.I.LEEE, A.M.IE.R.E.

5.—MEASUREMENT OF RESISTANCE

INE 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
90% for an examination question like this, you need
notread 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 multiméter 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 13V 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 (2 X 1) measures 0-200kf2, with
2k{2 mid-scale; the high resistance (2 x 100) measures
0-20M 2, with 200k{? mid-scale; the low resistance
(2 = 100) measures 0-20002, with 20£2 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 4
39% 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 } 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 19 tolerance

@
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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 1£2, 1082, 10022, up to IM£Q)
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 t0 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 * wdnder > 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.

(f) Don’t leave a resistor (or short-circuit) across the
terminals except in making measurements, as this
may run the battery down.

(g) After use, always switch away from the resistance
range (preferably to a high voltage one).

(h) Remember that without calibration check against a
standard, errors as high as 4 209, 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 acrcss 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
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left to right, the opposite way to a series chmmeter, 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 R,
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
R,, the greater the deflection. The resistance scales of a
valve voltmeter thus read from lefc (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 0-1000£2 (102 midscale), 0-10,0000
(10052 midscale) etc. up to 0-1,000M£2 (10M£2 midscale).
This contrasts with the three internal ranges of the Avo
with a 20M 2 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 0-1M, 0-10MQ2, 0-100M . (Unlike the
more conventional valve voltmeters, the resistance scale
on this particular instrument reads from right to left
like a multimeter.)

The precautions putlined 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 15kQ, 150kQ, ISMQ
midscale reading (B.P.L. TYM {063, 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

A
R. 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. R, can then be measured accurately even
if it is very low. When the bridge is balanced with b/B -

g .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
M£. 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;, Z; 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

s/S, it can be shown that R,
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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).
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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 4 0.0039%,).

(b) D.C. Kelvin (low resistance) down to 0.001 ohm
with accuracy of the order of 4+ 0.1% except for
very low values of resistance.

(c) Amplified D.C. Wheatstone (high resistance)
up to 10!? ohms with accuracy of -+ 49% up to 10!
ohms.

Fxg 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 0.00152 to IMS.
this bridge has a built-in pointer galvanometer and a
4V internal battery for applications where full portability
is rcquxred 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
+40.029%, accuracy; except the 0.1 ohm coils which are
adjusted to 4-0.29%, accuracy. The two ratio arms are
each switched selections of 1, 10, 100 and 1000 ohms
utilizing manganin coils adjusted to -1-0.01% 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 1ab. you will often find that the Lf. a.c. bridge is
used for rapid resistance measurements when accuracies
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 1kc/s. The TF2700
has cight resistance ranges in decades from 0-1-12 to
0-11MQ2. In all ranges except the bottom one, the
measurement accuracy is better than -}-19%, of the reading
added to +0.19%, of the range maximum. On the bottom
1.12 range, the accuracy is +29%, +0.1% of range
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-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 19
LCR bridge which has been *“ a piece of the furniture >
in so many electronics laboratories over the last decade.
A.C. 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 R, = R,. The
precision of the method depends on the accuracy of R,
and of the meter scale reading, and can be high if R,

DICAOI-NSIHAN“ 30K 1¥95 ga40
4 S

Fig. 34. Typical commercial decade resistance box for use in methods
of Fig. 33. (Levell type R410).

is large compared with contact and lead resistances.
In Fig. 33(a) the « subsmuuon » resistor R, is usually
a “decade resistance box’’. This is a useful picce of general
purpose laboratory equipment, which can vary from ex-
pensive 0.019, accuracy to economical 19, 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 $+1% 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
i1 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.
Rg = A .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 thé 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, 3MQ to 200 million MQ).
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Fig. 36. Basic circuits of miscellaneous resistance measuring

techniques: (a) oscilloscope trace decrement mettod; (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 megohms 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. Itis 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 prevlew of the London Radio and
Electronic Component Show, will be brought forward to
May |7th, the day before the exhibition opens at Olympla.
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 2Ist. 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] V.. It can be shown then that R,

1/2= f, C), where f, 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

meter M. To nrake th¢ 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, 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, y .

(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.

(¢) For accuracies of the order of 0.19%, 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 109, 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,

This Month’'s Conferences & Exhibitions

Further details are obtainable from the addrésses in parentheses,

LONDON
May 17-21 Savoy Place
Components & Materials used in Electronics Engineering
(LEE., Savoy Place, W.C.2)
May 17-21
International Instrument Show
(B. & K. Laboratories, 4 Tilney St., W.1)
May 18-21
Radio & Electronic Component Show
(RE.CM.F,, 6 Hanover St, W.1)
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
Eiectronics in Action Exhibition
(ILE.E. Scotiish Electronics & Measurement *Secgion, 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

R.T.R.A. Annual Conference 3
. (Radio & Television Retailers’ Assoc., 19 Conway St., W.1)

Grosvenor House, W.1

Olympia

Marryat Hotel

Royal Hotel
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OVERSEAS

May 5-7
Microwave Theory & Techniques
(J. E. Pippin, Sperry Microwave Electronics Corp., Box
1828, Clearway, Fla.)

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

Clearway, Fla.

Boston

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

May 19-25 Amsterdam

Electronic Exhibition
(Elvabé, Molenallee 63A, Wilp, Gld., Netherlands)
May 24-28
. Television Symposium
.(R. Jaussi, Postfach 97, Montreux, Switzerland)
May 24-29 New York
Information Processing Conference
(ggtis)h Computer Soc., Finsbury Pavement, London,
.C.2
May 25-27
AF.CE.A. Annual Convention
(Armed Forces Communications & Electronics Assoc.,
1725, Eye St., N.W., Washington, D.C.)

Moeontreux

Washington
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MAY MEETINGS ]

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

LONDON

3rd. LEE. Graduates & Students.
‘“Some aspects of transistor tape recorder
design” by Dr. J. C. Vickery at 6.30 at
Savoy Place, W.C.2.

6th. Royad Society.—* The organization
of a memory system” by J. Z. Young at
4,30 at Burlington House, Piccadilly, W.1

11th. LE.E.—Colloquium on * Semi-
conductor camdtors in varactor and pulse
applications > at_ 2.30 at Savoy Place,
Ww.C.2.

12th. I.B.BE—" Television recording ™ by
12 Leggem at 5.30 at Savoy Place, W.C.2.

12th ILB.E. & IER.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. L.E.E.—*“Effect of weather on per-
formance of 8mm radar ” by O. Nourse and
S. G. Nichofls at 5.30 at Savoy Place, W.C.2,

19th. ILB.R.E—* A groove control
system for phomegraph 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
{*Iva\lral Archuects, 10 Upper Belgrave St,

26th. LE.R.E—*“The impact of elcc-
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 IL.LE.E.~—* Anglo-Canadian trans-
atlantic telephone cable” by F. Scowan at
6.30 at the College of Arts & Technology

MIDDLESBROUGH

5th. [L.E.E.—*Fuel cells, a branch of
electrochemical engineering” by Dr. A. B.
Hart, at 6.39 Cleveland Scientific Instn.

PRESTON
Sth. LE.E.—* Computers” by Dr. R.
Feinberg at 7.38 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.

Heckmoadwike.—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 fectures 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 stadon 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. Mathews
(G3JFF) H.M.S. Mercury, Levdene,
Petersfield, Hants.
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THE HOUSE OF BULGIN

AT YOUR SERVICE

R.E.C.M.F. EXHIBITION

OLYMPIA 18 TO 21 MAY 1965

STAND 755

Our Friends at Home & Abroad

are cordially invited to visit us.

MANUFACTURERS AND “"'“‘LH RS OF RAD)
AND ELECTRONIC COMPONENTS TO
MINISTAY OF WORKS
MINISTAY OF AVIATION
HINISTRY OF SUPPLY
RESEARCH ESTABLISHMENTS
UnALA

A. F. BULGIN & CO. LTD.,
Bye Pass Rd., Barking, Essex.
Tel: RIPpleway 5588 (12 lines) ol CIs
SWW-—113 FOR FURTHER DETAILS.
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AIR MINISTRY
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LOGIC CIRCUITS

THE second I.LE.E. & I.ER.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 1lines,* propagation
delay will be in the order of 2nsec per foot with normal
materials and the characteristic impedance will be about
50-300Q. Thus elements at each end of intercon-
nections must be matched to this impedance if ringing
duc 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 onec 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 [I.R.E. Transactions on Elecironic
Computers, August and October 1963,

H. F. PREDICTIONS — MAY

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-cafrier 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 reslizing a
function involving A, for instance, in AND/OR logic,
any one of the following six functions may be used in
placeof A: AB, AC, A(B 1-C),A(B +-C), A(B +C)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 1iin. 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.
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‘I'ne 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 becn
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, acrials, and the type of modulation. The
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MEDIAN STANDARD MUF
---------- OPTIMUM TRAFFIC FREQUENCY
- LOWEST USABLE HF

LUF curves are those drawn by Cable and Wireless Lid.

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

gigher dgmde of service, a frequency some 159% lower should
e used.
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ANOTHER
S[EP

FORWARD..

Fused ohms circuit provides

An im pro ved AvoMeter increased protection against

inadvertent overload.

Model Mk I11

Improved temperature

coefficient over whole range.
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 400 amps d.c.
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.

Now measures up to

Write for illustrated brochures on AvoMeters

m@ LTD AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1. Victoria 3404 (/2 lines)

SWW-—006 FOR FURTHER DETAILS.
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FOR RAPID
PRECISION

SOLDERING...

Photograph by courtesy of ELLIOTT AUTE)MA TION LIMITED

=l 4

CHOOSE

* PRECISION

@ N TE X 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 109,
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 ecliminates 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
ANTEX 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 *‘  FERRACLAD?”
BITS.

For morve details fill in and post this coupon TODAY!

r-‘——--——-————_-
§

m SPECIALISTS in

Soldering Appliances
I GROSVENOR HOUSE, CROYDON, SURREY

|
I Tel: MUNICIPAL 2774 =
l Please send details and prices of the ANTEX I
l Range of Precision Soldering Irons.
' NAME e g
| ADIVRESSE | rv.. ANV ol A, l
R Bmms e 4i0 s A Bl PO o
ke e |
| status |

A e SRS SR RTRN SR IS SRS SR G SR Ry R

SWW-—007 FOR FURTHER DETAILS.
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/&/@W for a

Proudly
Announce

A\0-BEATTIE-COLEMAN

OSCILLOSCOPE CAMERAS

. . . A range of instruments covering the entire field of Oscilloscope photo-
graphy. Folaroid processing backs are standard on most models and these
give you finished prints literally within ten seconds. No other equipment
arnd 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 KDS5 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.

permanent

Model KS (illustrated) is surprisingly inexpensive although
it hos o fast {/1.9 lens, a muiti-speed shutter, and is suitable for
both repetitive and single shot transient waveforms. An additional
**Lensette ** converts the KS for photographing diagroms, 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
fow cost, ease of use and superior performance.

Check these K5 Features:—

% Adjustable ratio | :0.9, |:0.7.

Y Mulitiple exposures, up to I3 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/4.5.

% Complete cameras from £139.

A.B.C. cameras are joint products of Avo Ltd. and
Beattie-Coleman Incorporated ot California. They
Ask AVO for full details or a demonstration. are fully guaranteed and backed by Avo Service.

Ay‘o) AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, 8.W.1. Victoria 3404 (12 lines) M
' LTIP |\ NORTH AMERICA: BEATTIE-COLEMAN INC.. ANAHEIM, CALIFORNIA. egovr

SWW—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, 81" 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
four channel mixing on mono programme sources - twin recording and twin playback pre-amplifiers . comparison of original and
recorded signal - adjustable biaslevel - 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 tevel and bias level . optional extra:- stereo
power amplifiers and monitoring speakers.

ALTERNATIVE MODEL STB2/510/2 has special deck to accommodate 103" N.A.B. reeis.

Please write for full details to the sole manufacturer :-

BRENELL ENGINEERING COMPANY LIMITED
231-5 LIVERPOOL ROAD, LONDON, N.|

Telephone: NORth 8271 (S lines) GD988
SWW—009 FOR FURTHER DETAILS:

Brenell
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IN CHESS the n"lajor'pieces exercise

REMOTE CONTROL

For the same flexibility of manoeuvre
in design

The knowledge and experience of
our advisory department is always at
your disposal. Ask for an engineer
representative to call.

Werite to
Dept. W. for
technical handbook.

THE S. S. WHITE DENTAL MFG. CO. (G.B.) LTD.
TIODOUSTRIALE DIVISION
Third Avenue, Denbigh Road, Bletchley, Bucks.

R.C. 12
SWW-—010 FOR FURTHER DETAILS,
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ound is the business of
||

MODEL H.F.1012 SPEAKER

___SPEAKERS

101n. die-cast unit, incorporating Type Flux Density Price
12,000 gauss magnet. Fitted with
10in. H.F.1016
cambric cone and universal impedance ' ‘Major’ 16,000 gauss £ 8 6
speech coil providing instantaneous 10in. H.F.1016 16,000 gauss £ 1 0
. H.F. |
matching at 3, 7.5 and (5 ohms. Hand-
ling capacity 10 watts. Frequency 10in. H.F.1012 12,000 gauss £4 12 0
. response 30 c.p.s. to 14,000 c.p.s. 8in. H.F.816 16,000 gauss £6 6 0
t Bass reson 35 c.p.s. :
it A2 | 8in. H.F8I2 12,000 gauss | £3 16 6
i 8in. H.F.810 10,000 gauss | £2 17 0

T.359 CONE TWEETER

Provides a very high standard of

1 reproductl‘on when u'sed in conjunc- Type Flux Density Price
§ tion with ‘Stentorian’ 10in. or 12in.
|yt dReRERoe High Sanskivity T359 tweeter 9,000 gauss | £1 12 3
| 9,000 gauss magnet, special cone and st
< lightweight coil.
Frequency response: 3,000-15,000 ¢.p.s. 4 VaET & a% %
Overall size: 3in. dia. x 2 in. deep.
Votce call Inmpetiunce: (IS ofims oF T12 tweeter | 16,000 gauss | £13 17 9
S5 ohms. Power handling capacity:
I5 watts when used with a 3,000 e.p.s. TI0 tweeter 14,000 gauss £4 12 9
crossover.
. 3 Price Price
Type Height | Width Depth (Mahogany) (Walnut)
Bass Reflex Console Cabinet 3lin. 193in. 18in. £12 17 6 [£13 5§ 0
Hi Fi Equipment Console 3Hin. 193in. ! 18in, £15 0 0 |£I510 0O
Bass Reflex Corner Console 3lin. 193in. 17in. ! £11 17 6 [ £12 2 6
Slim-Line Cabinet 3tin. 20in. 9tin. ‘(IO S 0 |[£I010 O
THORESBY SLIM-LINE CABINETS

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

WHITELEY ELEGTRIGAL RADIO GO. LTD
NOTTS

MANSFIELD -
Telephone: Mansfield 1762/5

SWW—011 FOR FURTHER DETAILS. w8173
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KEYSWITCH BiiaW.\4

why say Keyswitch?
It's a difference of quality, often not
visible until youlook atperformance data.
Keyswitch miniature and sub-miniature
relays are exhaustively tested . .. .each
one individually. All conform pregisely
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. Theyhave all the bene-
fits of Keyswitch delivery — and that's
quick, every time.

TYPE 1051 IHustrated 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 1051P |llustrated 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 ><i always to specification ><| always on time

KEYSWITCH RELAYS LIMITED + CRICKLEWOOD LANE - LONDON - NW2 - TELEPHONE: GLADSTONE 1152 - TELEX: 262754

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

!5 45— ¢ 5

A!;éZ DAYSTROM D

BRITISH HEATHKIT MODELS
USE BRITISH COMPONENTS

O

>

SN

INSTRUMENTS FOR LABORATORY, TEST, SERVICE AND HOME WORKSHOP

-' Transistorised
— REGULATED POWER SUPPLY
Model IP-20VU
Tremendous value! 0.5-50 volts D.C.

output at up to |.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 IS millivoles. Output
impedance less than 0.1 ohm. Compact 94in x 64in. x | tin

_ Weight 111B. net. Full details on request.

g pare— £35.8.0 Assembled £47.8.0.
Sin. Flat-face GENERAL PURPOSE
OSCILLOSCOPE Model 10-12V

An outstonding new ’‘scope

Y '" sensitivity 10 mV. rm.s. per em. at | kefs,
bandwidth 3 cfs.-4.5 Mc/s. Frequency compensated
inpuc attenuator X1, X10, X100. T/B. $0 ¢/s.-500 kefs.
in 5 steps. Two extra switch selected pre-set sweep
frequencies fn T/B. 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 cfs.,
B0 watts. Fused. Front pancl silver and charcoal
grey. Cabinet, charcoal grey, size 8§ x 14 x 17in.
S6-page construction and operation manual.

£32.12.6 Assembled £41.10.0

deep. Net weight 23Ib.
Kit ...

)

R NP AT PGV TV P I PN VTN PV ATV P PPN

o

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 Mc/s: on fundamentals.
Unique non-mechanlical 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 Me/s. crystal supplied).
Power requirements: 110/200-250 v. A.C., 50 watts. Size 13 x 84 x 7in.

.... £34.18.0 Assembled £44.10.0

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

Modern styling.  Extra features. The ideal
VVM for the Electronic Engineer. 6in. Ernest
Turner 200uA. 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, t5, 50, 500, 1,500. Resistance range 0.l to |,000MfQ with int.
battery. Vernier-action zero and ohms adjustmept. Roller-tinned printed circuit.
High input resistance (11M{2). Comprehensive assembly and operation manual.
Size 5 x 1244 x 4}in. Complete with test prod and leads.

Kit .oooeeinnne. £18.18.0 Assembled £26.18.0

H.V. and R.F. Probes available as optional extras.

o N

(I

OUTSTANDING EQUIPMENT FOR AUDIO

ENTHUSIASTS

P.A. AMPLIFIER
Model PA-I|

A multi-purpose. high output, tompact unit, suitable
for vocal and instrumental groups, guitars, clectronic
organs etc. 4 inputs for guitars, mi(rophpncs. rccqrd
players. Has many features found only in expensive
equipment, i.e. 50 watt Amplifier, two heavy duty
speakers, ‘" Magic Eye ' volume indicator, variable
tremolo, modeed elegant cabinet.

Kit .. £54.15.6 Assembled £74.0.0.

(Legs optional extra 17/6 set of 4).

NGNS g

STEREO AMPLIFIER
Mode! S-99

9 watts per channel. Within its power rating
this amplifier is the finest available, regardless
of price. Features include: Inputs for sterco/
mono: Gram, Radio and Tape: sensitivity % .

to meet the requirements of any pick-up: pushzbutton 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 134in. x 4}+iin. x 124in. deep.

£27.19.6 Assembled £37.19.6

TN

MODELS TO ENTERTAIN YOUR FAMILY AND FRIENDS

it Ui NI DRIIRERING

«« 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
carphone, tape recorder, car aerfal. Internal 9.
volt battery (not supplied), lasts for months,
Latest printed clrcuit techniques.

Comprehensive, casy-to-follow, fully illustrated Instruction Manual.

Kit £14.18.0 incl. P. Tax

Assembly can be arranged on your behalf.

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

Tuning range 88-108 Mcjs. Flywheel tuning.
Atgractive Plastic Front Panel in two-tone grey
with golden trim surround and moti{. Thermo-
meter type visual tuning indicator. Pre-
aligned. L.F, transformers. Three LF. 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 stercophonic adaptor (for stereo transmission when
available).

TU NER) UNIT Model FMT-4U with 10.7 Mc/s. L.F. output, £2/15/- {inc. P.T.).
I.F. AMPLIFIER and power supply Model FMA-4U complete with case
and valvas, £13/3/-. Sold separately.

Kei Totall. ... weom . L S, . pe e T mmrms £15.18.0

Assembly can be arranged on your behalf.

[ ]

DEPT. W.W.5. GLOUCESTER, ENGLAND

BRITISH HEATHKIT MODELS USE BRITISH MANUFACTURED COMPONENTS

e o b B SRR SR SRR S AR o o b S P U S b S S A S
SWW-—013 FOR FURTHER DETAILS.
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DAYSTROM

& NEW MODEL
DE-LUXE LABORATORY TRANSISTOR TESTER. MODEL IM-30U

Unmatched for Quality and Performance at the price

% Provides complete d.c. analysis of PNP and NPN % internal batteries for tests up to 9 v.

Transistors. isi i
¢ . ; % Provision for connection to separate power s !
* ?c-.c'.“.xlm (Beta, Alpha) read direct on calibrated for higher voltage and curront.p 3 Bpsy

% Large easy-to-read dial.
% Comprehensive construction and operation manual.

% ISuA basic range for leakage tests.
% Four lever switches for fast, easy, test selection.

6 W STEREO AMPLIFIER KIT
Model S-33

Fy 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: 0.39,
distortion at 2.5 w/channel; 20 d8 N.F.B., inputs
for Radio (or Tape) and Gram, Stereo or Mon-
aural; Ganged controls. Sensitivity 200 mV.

Kie £13.7.6 Assembled £18.18.0

6 W HI-Fl STEREO AMPLIFIER
An  inexpensive
KIiT Model S-33H st o A’
plifier with the high sensitivity necessary for
lightweight miniature ceramic pick-ups (e.g.,
Decea Deram). De luxe version of the $-33 with
attractive two-tone grey Perspex panel.

Kie £15.17.6 Assembled £2(.7.6.

S W HI-FI MONO AMPLIFIER
KIT Model MA-S
A low-priced general purpose
Hi-Fidelicy amplifier based on
the popular $33 for those who
do not require a stereophonic
system. Separate bass and treble controls.
Gram and Radio inputs. Suitable for most crystal
pick-ups. A printed circuit simplifies construction.

Kit  £10.19.6 Assembled £15.10.0

HI-Fl MONO POWER AMPLIFIER

KIT Model MA-i2
A compact high fidelity power

-

- amplifier (including auxiliary
power supply). 12 watces
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, for use with tape recorders, also as a
general purpose laboratory amplifier.

Kic £11.18.0 Assembled £15.18.0

STEREO CONTROL UNIT KIT
Model USC-I
Incorporates all worthwhile
features for high fidelity stereo
and mono. Push-button selec-
accurately matched ganged controls to

tion,
+ 1 dB8. "Negative feedback rumble and variable
low-pass filters. Printed circuit boards. Accepts
inputs from most tape-heads and any stereo or

mono pick-up.

Kie £19.10.0 Assembled £26.10.0

AMERICAN HEATHKIT p
SINGLE SIDE BAND EQUIPMENT
1 For direct delivery from U.S. Plant. Send for ;
! details of models. Fully illustrated American |
| Catalogue of Heathkit range sent for only
E I/- post paid.

o s st s

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 (lceo) 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 FOR FREE
BRITISH CATALOGUE

Full details of any del sent on req

‘“MALVERN " HI-Fl EQUIPMENT
CABINET KIT

AN ATTRACTIVE CABINET in modern
style designed to house all your |'i-Fi
equipment (including 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. Comple.te

MONO CONTROL UNIT KIT
Model UMC.-I| *

Ideal for use with MA-12 Ir."b . T 1

or similar amplifier. Out-

put 0.25 v. Send for full
details.
Kit £8.12.6 Assembled £13.12.6

Hi-FI SPEAKER SYSTEM KIT ¢
Model SSU-|

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 8in.
high flux (12,000 lines) with
hyperbolic cone and 4#in.
wide angle dispersion type
for higher frequencies.
Kit (with legs) £11.12.0 (Less legs) £10.17.6
{inc. P.T.)

‘*COTSWOLD "
SYSTEM KIT

This acoustically designed en-
closure measures 26 x 23 x
144in.,and housesaspecial 12in.
bass speaker with 2in. speech

SPEAKER

with everything you need for Y.
including screws, hinges and even a padsaw! Left *‘in th
white ' for finishing to choice. Size 39} x 32 x 21 }in.

Kit £18.1.0 (inc. P.T)) Assembled £23.6.0
“GLOWUCESTER " HI-FI CABINET KIT

T Will accommodate: Tape Deck andjor
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
8in. 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 46{in., height 30in.,
depth 2lin.

Mk. | for Tape Deck or Record Player

Kit £17.3.6 (inc.P.T.) Assembled £22.8.6
Mk. I¢ for both T/D and R/P

Kit £18.10.0 (inc. P.T.) Assembled £23.15.0

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

i INTERNATIONAL MAIL ORDER SCHEME
g Covering the American Meathkit range
! of 250 models

Direct from U.S.A. to your U.K. address. (lus-
trated American catalogue and full details can be
1 obtained from us for t/- post paid.

i it S0 B e e

(] Dseferred Terms available on orders above £10 o

coil, elliptical middie speaker
together with a pressure unit to
cover the full frequency range
of 30-20,000 c/s. Its polar distribution makes it ideal
for really Hi-Fi Stereo. Delivered complete, wi

speakers, cross-over unit, level control, grifle
cloth, etc. Left *“in the white '’ for ﬁnis’\ to
personal taste, all parts are pre-cut and drilled

for ease of assembly.
Assembled £30.15.0

Kic £23.4.0
““ COTSWOLD M.F.S.”
SPEAKER SYSTEM m
KIT

This model, based on the stand-
ard Cotswold, measures only
36in. high, 16fin. wide by l4in.
deep. Particularly recommended
to those who require the best g

results in small rooms.
Kit £23.4,0 Assembled £30.15.0

How to install hi-fi in 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 or
existing equipment you wish to include, if
possible.

+ses+++++++++DAYSTROM LTD.--+c+vvrvsves.
L ]

A subsidiary of the
Weston Instruments Group

DEPT. W.W.5, GLOUCESTER, ENGLAND

MANUFACTURERS OF THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS

B e ok b T S S S S S Sy

SWW—014 FOR FURTHER DETAILS.
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MM-IU

MULTIMETER KIT Model

Provides wide voltage, current, resistance
and dB ranges to cover hupdreds of
applications, Sensitivity 20,000 ohms/volt
D.C: and 5,000 ohms/volt A.C. Ranges:
0-1.5 v. to 1,500 v. AC. and D.C.;
0-150uA. to IS A. D.C. Measures resis-
tance from 0.2() to 20M(). 44in. SOuA
meter. A polarity reversing switch
eliminates transferring test leads when
alternately measuring and voltages.
Uses standard commercdial batteries.

Kit £12.18.0 Assembled £18.11.6

OSCILLOSCOPE TRACE DOUBLER
e KIT Model S-3U

o This device will extend the use
:.. e L J % of your single-beam oscilloscope
and, at a nominal cost, will give you
the advantages of a double (or
other multiple) beam ‘scope.

PR Y
-,
. 4

Kit £12.18.0 Assembled £18.10.0
R.F. SIGNAL GENERATOR KIT
Model RF-lU

Provides extended frequency cover-
| age on six bands from 100 kefs,
| 103 Mc/s-on fundamentals and up to

200 Me/s on calibrated harmonics.

Kit £13.8.0 Assembled £19.18.0

DECADE RESISTANCE BCX KIT
Model DR-I L. Range 1-99,999¢) in i) steps. Ceramic
switches throughout. Current rating from 500 mA,
to 5 mA. according to decades in circuit. Polished
wooden cabinet supplied complete.

Kit £10.8.0 Assembled £14.8.0

RESISTANCE-CAPACITANCE
BRIDGE KIT Model C-3U

Measures capacitance [0pF. to
1,000:F. Power factor and resistance
1002 to SM ohms. Test voltages
5-450 v. Safety switch provided.

Kit £10.10.0 Assembled £16

AUDIO SIGNAL GENERATOR KiT
Model AG-9U

10 ¢/s. to 100 kefs., switch selected.
Distortion less than 0.17;. 10 v.
sine wave output metered in
volts and dB's.

Kit £22.10.0 Assembled £30.10.0

AUDIO VALVE MILLIVOLTMETER
KIT Model AV-3U

A very sensitive meter with high stabillty. { mV.

to 300 v. AC. The frequency response is virtually

flac up to 100 v. f.s.d. within I dB from 10 ¢fs.

to 400 kefs. 4}in. 200uA. 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 £17.5.0 Assembled £23.18.0

WIRELESS WORLD

A!;é‘:DAYSTROM >

A.M.JE.M. TUNER KIT
Tuning range 88-108 Me/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 LF. transformers.
Switched wide and narrow A.M. bandwidths.
TUNING HEART Model AFM-T) £4/13/6 (inc.
P.T.) 1.LF. AMPLIFIER and Power Unit Model
AFM-Al. Complete with metal cabinet and valves

£21/16/6. Sold separately.
- Kit Total £26.10.0

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

Presented in elezant 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 LF. transformers,
rinted circuit and a 7in. x 4in.
igh flux speaker.

Covers both Long and Medium- waves.

9%in. x 74in. x 33ln
Kit £12.11.0

4-wave TRANSISTORISED PORTABLE
RADIO KIT Model RSW-I

PR

’/7/;'}!1151 |

Dimensions

{inc. P.T.)

Using 7 latest type transistors and
three diodes this-highly sensitive
set is specially designed for Short
and Medium wavebands (200-
550, 90-200, 20-40 and [1-16 m.) .

An  internal. ferrite acrial s P
provided for medium wave and a / g
car aerial socket is also fitted. 1/// r
Housed in an elegant feather case /[l[)
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 . Sy
for use with ‘external aerial and )]
carth. Specially designed as a :
practical introduction to radio and electronics and is
particularly suitable for absolute beginners. Kic
£2.7.6 (inc. P.T.).

Additional Amplifier Scage UJR-IS, 16/6.

ELECTRONIC WORKSHOP KIT
Mode! EW-I
20 exciting experiments can be made with this one kit.
Transistor Radios, Intercom. Secs, Burglar Alarm etc.
A 72 page illuserated manual is included. Ideal for the
junior experimenter. Kit £7.13.6 (inc. P.T.).

TAPE DECKS arc available as * packaged deals '
with other equipment. Details on request.

HEATHKIT THOMAS (Transistorised) ELEC-
TRONIC ORGAN KIT. Model GD-232BE. Can be
built with no knowledge of electronics. Send for
details.

P
-_ties

»

o~~~ Money-back Guarantee -~~~

Daystrom Limited unconditionally
guarantee that each Heathkit model
assembied 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 £10.
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VALVE VOLTMETER
Model V-TA

The world’s most popular valve volt-
meter, with printed circuit and | per cent.
precision resistors to ensure consistent
laboratory performance. It has 7 voltage
ranges measuring respectively D.C. volts
to 1,500 and A.C. to 1,500 r.m.s. and
4,000 peak to peak. Resistance measure-
ments from 0.1 ohm to 1,000 megohms g
with internal battery. D.C. input resistance is 11
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 £13.18.6 Assembled £19.18.6

HIGH VOLTAGE PROBE KIT
Model HV-336

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

Kit £2.19.6

R.F. PROBE KIT Model 309-CU
This complete probe kit will extend the frequency
range of the V-7A Valve Voltmeter to 100 Mcfs. and
willk enable useful voltage indication to be obtained

up to 300 Mcfs.
Kit £1.13.6 Assembled £2.2.0

POWER SUPPLY UNIT KIT
Model MGP-I|

Compact, general purpose -unit
suitable for F.M. Tuners, Tape
Recording Amplifiers and general
laboratory use. Input 100/120 v.,
200/250 v., 40-60 cfs. Output
6.3v., 2.5 A. A.C.; 200, 250, 270 v.,

]
120 mA. max. D.C.

Kit £5.2.6 Assembled £6.12.6

DECADE CAPACITOR KIT
Model DC-I

Capacity values 100uuF to p.llluF, in l(.)O‘uuF. steps.
Precision silver-mica capacitors and minimum loss
ceramic wafer switches ensure high accuracy.

Kit £7.5.0 Assembled £10.8.0

22in. SERVICE OSCILLOSCOPE
KIT Model OS-1 e

Light, compact, portable for service
engineers. Printed circuit board for
easy construction. Time base 15 ¢/s.
to 150kefs. in four ranges and 50c¢/s.
sine wave sweep. Flyback suppres-
sion on all ranges. Internal, external deend
and 50 c/s sync. Size 5 x 8 x [44in. long. Weight 104ib.

Kit £22.18.0 Assembled £30.8.0

CAPACITANCE METER KIT
Model CM-I1U

This Direct-Reading Capacitance Meter is 2 very low
priced, time-saving instrument which is so useful
that it should be part of the general m
equipment of every electronic laboratory ’ 1
and production line. Easily built in a g
0-1,000uuF., ‘ A

4lin.

few hours. 0-100uuF.,
0-0.01uF., 0-0.1uF. The meter has 4}in.
scale and can be used by an unskilled
operator after a few minutes’ instruction.

Kit £15.15.0 Assembled £21.14.0

-t D A Y s T B o M l. T D PEPRS UGS
[ ]

DEPT. W.W.5, GLOUCESTER, ENGLAND
A SUBSIDIARY OF THE WESTON INSTRUMENTS GROUP, MANUFACTURERS OF

L e e R R R e o b I S S SIS A W S S

SWW—_015 FOR FURTHER DETAILS.
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AMATEUR TRANSMITTER KIT
-,-.__,--— Model DX-40U
. Covers all amateur bands from
80 to 10 metres, crystal controlled.
Power input 75 watts C.W. 60 wartes
peak controtled carrier phone. Out-
ut 40 watts to aerial. Provision for VFO. Filters minimise
V. interference. Modulator and power supplies are
buift-in, Single knob band switching is combined with a
pt-network output circuit for complete operating con-
venience. A high-grade moving-coil meter indicates the
finat 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 ... £45.8.0
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 SS8
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.
(averaxe) 30 mA. (standby), 140 mA
(transmit). 6.3 v. A.C.. 3.5 A. Meter: 2fin. Scale edge
reading, 200uA movement, indicates carrier null and
relative power output, Cabinet |lin. high x 8in. wide x
143in. deep.

Kit ... £39.5.0 Assembled ... £54.18.0
AUDIO SINE-SQUARE WAVE
GENERATOR KIT. Model AO-IU
Covers 20 c/s. to 150 kefs. in four ranges with choice
of sine or square waves. The latter up to |10 ke/s. Ourput
10 v. max. and distortion less than 19. Ideal for audio

testing. Size 94 x 64 x Sin.
Kit ... £14.15.0 Assembled ... £21.5.0
GRID-DIP METER KIT. Model GD-IU
Functions as oscillator or absorption
wavemeter. With plug-in coils for
continuous frequency coverage from
1.8Mcfs. to 230 Mc/s.
Kit...£10.19.6 Assembled...£13.19.6
Additional Plug-in Coils Model 341-U extend coverage
down to 350 ke¢fs. With dial correlation curves, 17/6.
TRANSISTOR INTERCOM KITS
Models XI-lU and XIR-1U
Ideal for home or business use. Up to five remote seations
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
rall 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 construalon and hl;h performance,
The maho;any veneered are plied
bled and finished. The Master unit
has a 4-tr:ns|stor amplifier and is operated by an internal
9 v. battery as are the Remote units. Bacteries are not
included with the Kits.
Model XI-1U (Master)

Kit ... £10.19.6 Assembled ... £16.19.6
Model XIR-IU (Remote)
Kit ... £4.7.6. Assembled ... £5.16.0

A WIDE RANGE OF BOOKS ON—™
ELECTRONICS AND RADIO AVAILABLE.
Send for Lists and Prices.

WiIRELESS WORLD

DAYSTROM

“ MOHICAN "
GENERAL COVERAGE
RECEIVER KIT
Model GC-1U

This fully transistor-
ised receiver which in-
cludes 4 piezo-electric
transfilters, is in the
forefront of receiver
design. It is an excel-
lent portable or fixed station receiver. The
R.F. ''front-end '’ is supplied as a pre-
assembled and pre-aligned unit. lts many
features include a 10-transistor circuit,
printed circuit board, telescopic whip antenna,
tuning meeer,and a large slide-rule dial giving
a total tength 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 Mc/s. In five
bands; thus enabling world-wide reception,
Electrical bandspread covers the amateur
bands from 80 to |0 metres—each band
having a scale length of approximately 8
inches. BFO tuning and Zener diode
stabiliser. Size 6} x 12in. x 10in.

Please write for specification leaflet.

. £37.17.6 Asmbld. ...

STABILISED POWER PACK
Models MSP-IM and MSP-1W
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.
200-410 v. D.C.
ranges.
centre-tapped. Two 3in, °‘ easy-to-read ™
meters for reading voltage and current
simultaneously. Separate L.T. and H.T.
supply transformers. Afl output circuits are
isolated. Size 13in. x B§in. x9§in
MSP-IM (with meters
.. £36.12.6 Asmbld. ... £43 12.6
MSP-IW (less meter)
.. £29.17.6 Asmbld. ... £36.17.6

BALUN COIL UNIT KIT

Model B-IU. Will  match unbalanced
co-axial lines to balanced lines of either
75 or 30002 impedance. Frequency range
10-80 m., input up to 200 watts.

Kit ... £4.15.6 Asmbld. ... £5.8.6

TAPE AMPLIFIER KITS
Models TA-IM and TA-IS
Combined Tape .
is available in both m
monophonic and stereo-
phonic models. Model TA-IM can be modified

to the stereo version with modification kit
TA-IC.

TA-IM Kit £19.8.0. Asmbld. £28.18.0
TA-IS Kit £25.10.0 Asmbld. £35.18.0
TA-IC Kit ... £6.15.0

Allprices include free delivery in the U.K.

Deferred Terms
are available on all ordersabove £10

£45.17.6

Outputs: H.T.
at 0-225 mA. in 3 switched
Unstabilised A.C., 6.3 v. at 4.5 A,

This
Record/Replay Amplifier

11
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AMATEUR TRANSMITTER KIT

Model DX-100U

The World's most popular
Amateur TX Kit

§ Completely self-contained, 150 w, D.C. input.

Built-in highly stable VFO and all Power Supplies.
TVI: Careful design has reduced TVl 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 It chokes and pi-network
fileers to all outlets from the cabinet.

@ The KT88 high-level anode and screen modulator
stage gives over 100 watts of audio from less than
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.

[ ] gwers all Amateur bands up to 30 Mc/fs.

Kit ... £79.10.0 Assembled...£104.15.0

‘phone or

REFLECTED POWER METER KIT

Model HM-NIU. tindicates, reliably but inexpensively.
whether the R.F. power output of your transmitter is
being transferred efficiently to the radiating antenna,

Kit...£8.5.0 Assembled...£10.10.0

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,
fundamentats on 160 and 40 m. Ideal for Heathkit DX-40U
and similar transmicters.

Kit ... £10.17.6

Assembled ... £15.19.6

Q MULTIPLIER KIT.

A reasonably priced Q Amplifier
for the amateur and short-wave
enthusiast. This self-powered unit
(200-250 v 50-60 cfs.) may be used
with communications receivers to
provide both additional selectivity
and signal rejection.

Models QPM-| for 470 kc/s. IF. QPM-16 for 1.6 Mc/s. IF.
Kit, either model ....... - £8.10.0
Assembled ............. o0 8000060 veereeenes E12.14.0

8y arrangement with RECORD HOUSING
[we can now supply you with any one of their large

Model Q@PM-I

range of fully finish
May we send you details?

o e e s = —

Iease send me FREE CATALOGUE (Yes/No)......... '
: Full details of Model(s) ....ccoovevieciieriiencncncararesens l
I (BlockCapuals) ................................ l

ADDRESS ...ccceiiiniiiennes 0000000 g 0000000 Cooo-c PO l

4
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DEPT. W.W.5, GLOUCESTER, ENGLAND
THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS
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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 normaily 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.l.D. and A.R.B. Approved

HALL ELECTRIC LTD @

HALTRON HOUSE, ANGLERS LANE, LONDON N.W.5.

Tol =l ] Tele 2573 e Hallectric 10

S5Ww—017 FOR FURTHER DETAILS.
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Have you
seen our
hot stripper?

—E—

miniature heat wire stripper

one of many ORYX products

miniature mains soldering iron

e R —— s et o
- ===

illustrated leaflet from

W.Greenwood Electronic Ltd.

677 FINCHLEY ROAD, LONDON, N.W.2,
telephone: SWliss COTTAGE 3383/4

5WwW—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 chanmgers and {urntables 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 401 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 lo?
GARRARD ENGINEERING LIMITED
Swindon, Wiltshire. Telephone: Swindon 5381 :ﬁ ;

401

AT70

AT60

SP 25

Model 50

3000

2000

1000

LAB 80

Transcription Turntable, with heavy
12”7 turntable, machine-cut strobe,
neon lamp and speed control.

For the critical user. .. ofters automatic
playing, with pusher-platform, and
many other features.

Automatic or manual operation—has
precision arm, bias coinpensator
and heavy turntable.

Single record player, with precision
arm, heavy turntable and cueing device.

Automatic record changer with large
turntable, weight-counterbalanced
arm and plug-in pick-up head.

Designed for use with high-
compliance cartridges; low-mass arm
gives exceptionally low record wear.

Automatic record changer with
large turntable playing up to
8 records.

Compact low-priced record changer,
automatically playing up to
10 records.

An outstanding automatic
transcription turntable for professional
reproduction.

SWW 013 FOR FURTHEK DELALLS.
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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- I h I f
bution and the idea met with success from the e va ue O
start. The company was called Pinnacle
Electronic Products Ltd. and it adopted the o
motto ** Pick of the World’s Valves *’. Each lnnac e
year important additions to the range found
an ever-growing market of enthusiastic users.

Well conceived literature made ordering t 'th
o O tne

To-day, with aslight change of title, Pinnacle EI t -
Electronics Ltd. not only provides a speedy ec roniﬁs
reliable service to manufacturers, wholesalers
and retailers of Radio and Television equip- I d t
ment, but also makes available a comprehen- n us ry
sive range of high quality specialised types
which are now eagerly sought by all facets of to .da
Industry, Education and Research. y

A.RB. and EI.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. |

e ————————— e ——— e
PINNACLE ELECTRONICS LIMITED

ACHILLES STREET -+ NEW CROSS - LONDON, S.E.14 <« Tel. TiDeway 7285

SWW—020 FOR . FURTHER DETAILS.
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THE VARIAC® variable transformer is the most useful and versatile
device ever developed for the contro! 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 Variac 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 resuit
of over 30 years of development and refinement since the introduc-
tion of the first Variac models — the original variable transformers.

* ‘Variac. and "Ouratrak’ sre registered trade marks

Variacs are made in England by The Zenith Electric Co. Ltd. London, and exclus-
ively disteibuted in the U.K., Eire and British Colonies by Claude Lyons Ltd,

Varac

variable transformers

—over 600 models
to suit every possible
requirement

Wirite for comprehensive catalogue to Publicity Depariment. Hoddesdon

CLAUDE LYONS LTD

SWW-—021 FOR FURTHER DETAILS.
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Valley Works, Hoddesdon, Herts  Hoddesdon 4541 Telex 22724
76 Old Hal! Street, Liverpool 3

MARitime 1761 Telex 62181

Cuas



May, 1965

Wireless World

INFORMATION SERVICE FOR
PROFESSIONAL - READERS

To obtain further details of any of the coded items men-
tioned In the Editorial or Advertisement pages of this
issue, please complete one or more of the attached cards
entering the reference number(s). Your enquiries will be
passed on to the manufacturers concerned and you can
expect to hear from them direct in due course. Cards
posted from abroad require a stamp.

PLEASE USE CAPITAL LETTERS

Pour obtenir tout autre renseignement sur tout article
mentionné dans |’Editorial ou dans les pages pub-
licitaires de ce numéro nous vous prions de remplir une ou
plusieurs des cartes ci-jointes en-inscrivant le numéro ou les
numéros de référence. Vos demandes de renseignement
seront transmises aux fabricants intéréssés qui, entamps
voulu, vous feront parvenir une réponse. Il est nécessaire
d'affranchir les cartes postées de I'étranger.

PRIERE D’UTILISER DES CARACTERES D'IMPRIMERIE

WIRELESS WORLD

Weitere Einzelheiten iber irgendwelche Artikel, die
auf redaktionellen oder Anzeigenseiten erscheinena er-
halten Sie, indem Sie eine oder mehrere der beigefilgten
Karten ausfiillen und die Kennummer(n) angeben. |hre
Anfrage wird an den Hersteller weiter geleitet, und Sie
werden dann direkt von ihm héren. Karten, die im Ausland
aufgegeben werden, missen frankiert werden.

BITTE IN BLOCKSCHRIFT AUSFULLEN

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
¢itando il numero o i numeri di riferimento. La Vostra
richiesta sara inoltrata ai fabbricanti interessati che Vi
risponderanno direttamente.  Le schede dall’estero devono
essere regolarmente affrancate.

S| 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—'2 Watts — 5 kVA

DRAKE TRANSFORMERS

Mains Transformers
Chokes

Audio Output Transformers
Audio Input Transformers
Saturable Reactors

Coils

DRAKE

Current Transformers
Transistor Transformers
inverter Transformers

TRANSFORMERS LTD.,

Screened Microphone
Transformers
Wide Band R.F. Transformers

BILLERICAY, ESSEX

Billericay 1155

SWW-—004 FOR FURTHER DETAILS.

A*




18 WIRELESS WORLD

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

May, 1965

STAND Neo-

164

RECMF SHOW
OLYMPIA

most comprehensive in Europe, is now extended to
incorporate those Ignitrons previously available from
TheEnglish Electric Company at Stafford: these will
continue to be available under their original type
numbers. (AR10T, AR14T and AR31).

INTERNATIONAL EEV AMERICANT APPLICATION
SIZE LETTER TYPE NO. EQUIVALENT
A BK66 (AR31) 5550
8 BK42 (AR14T) 5551A A.C. resistance welding
BK442 * 7669
G BK24 (AR10T) 5552A
Bkie8 5822A
BK444* 7671 Three phase welding
BK146 55538
(4 BK44 5554
- - Power rectification
and control
D BK46 5555
A BK416 7703
BK428 =
o BK178 F Capacitor discharge
E BK194 —_ )

1 These equivalent type numbers are usually
prefixed with the identifying code letters of the
manufacturer concerned.

® Co-axial 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

AP239

SWW—00s FOR FURTHER DETAILS.
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THROUGHOUT
THE
WORLD.....

QUAD is used professionally
to ensure the highest quality
of reproduction in music.

Monitoring with QUAD equipment . ..and in your own home, too. QUAD gives
at the Lucerne Music Festival. the closest approach to the original sound.

WL PSRY for the closest approach to the original sound

Send a postcard, quoting ref. W.W. for full details of the QUAD range.

THE ACOUSTICAL MANUFACTURING CO. LTD. HUNTINGDON, HUNTS. TELEPHONE : HUNTINGDON 361.

5WW—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 polycarbonate
for Magnetic Devices Lid.

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.

COMIPRESSION < INJECTION + FIBREGLASS MOULDINGS

Insulators Limited

Leopold Road, Angel Road, Edmonton,. London N.18. (EDMonton 1195-8)
Grams: Mermould Southtot London.

r—-_— —————— T—-—————-—-———————-—————
| Send for FREE 16-page NAME. ... .I

booklet which shows exactly I
’ why so many of Britains COMPANY . l
] leading manufacturers come AODRESS... ..o oo 3 I
I to Insulators for their .

plastic mouldings. _I - e - g |
L W.W.M

SWW—-023 FOR FURTHER DETAILS.

A.E.L Hotpoint Ltd.
Associated Automation Ltd.
Belling & Co. Ltd.
Belling & Lee Ltd.

Champion Sparking
Pilug Co. Lid.

E. K. Cole Ltd.
Electrolux Ltd,
Hoover Ltd.

Magpravox Electronics
Co. Ltd.

M. K. Electric Ltd,

Morphy-Richards
(Astral) Ltd.

Philips Electrical Ltd.
P. 0. Contracts Dept.
Satchwell Controis Ltd,
Simplex Electric Co. Ltd.
Smith Meters Ltd.
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START

Anders transform your

MOVE ON SIX

2

Service, MOVE ON | Tho
J

A friend relays the | /
advice: Anders for —

off-the-shelf mefer ddivery, MOVE ON THREE

Aelivery fimes from weeks Io hours

HERE

You switch fo .
Anders for metering Your metering probiems
requirements resist you~ you Aidnt
MOVE ON FOUR go 10 Anders

MISS < TWo THROWS

GOTO(X)ANDERS  You probe the great
v possibilities
the Andess meter

GO TO ANDERS

Anders recfy W
your nieter

problems —

MOVE ON THREE

GO T0 ANDERS

®

GO TO ANOERS

Anders demonstrate

thelr capacity for G0
meeting unusual and FORWARD
urqen; demands TWo

ONCE YOU'VE GONE TO

ANDERS METER SERVICE
YOUVE WON 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.

B Meters of all kinds from stock B Meter calibration/Meter modification/Anciltary equipment B Custom-designed
meter circuitry and components [1So/e U.K. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD [ 103 HAMPSTEAD ROAD / LONDON Nw1
MINISTRY OF AVIATION APPROVED

5SWW-—024 FOR FURTHER DETAILS.
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¥

K N
HCPS. PH.

Heps.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.

W Meters of all kinds from stock @ Meter calibration/Meter modification/Ancillary equipment B 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

SWW-—026 FOR FURTHER DETAILS.
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KEWMARKET
TRANSISTORS

NEWMARKET
THE MARERS OF

ND PACKAGED
CIRCUITS sy

Write for transistor data and packaged circuit specifications to Pept. 9

NEWMARKET TRANSISTORS LTD, EXNING ROAD, NEWMARKET Telephone: Newmarket 3381/4

DENMARK: Oskar Pade, 4 Ingersvej, Charlottenlund, Copenhagen. SWEDEN: Forslid & Co A-B, Radmansgatan 56, Stockholm. FINLAND: Ingenj8rsbyran
Pluton, Kristinegatan BA, 13 Helsingfors. NORWAY: N, Meltzer & Co, Ridhusgaten 17, Oslo 1. CANADA: Musimart of Canada Ltd, 970 McEachran
Avenue, Montreal 8,

e b

SWW-—027 FOR FURTHER DETAILS.
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THERE IS A SOLUTION
10 ALL SOUND PROBLEMS

SOLUTION:

LSV
- -

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 558 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). Frequencyresponse 50to 15,000 c/s.
With or without on-off switch.

PROBLEM:

FEED(/: 20

A Model 558
w1 Unidyne

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 Il 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
symimetrical about the axis, uniform with frequency.
Dual impedance, 50-15,000 c/s response. With or
without on-off switch.

L Unidyne 1]

Noise-cancelling Controlled-magnetic
Microphone

This is a revolutionary noise cancelling microphone
which has been tested by Shure engineers against
jet aircraft revving-up at top engine power. The
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:

Model 488
'

SOLUTION:

A miniature size dynamic microphone of professional
quality to meet all the precise demands of tele-
vision, night club and concert 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-
mits easy and quick removal. Frequency response

50-12,000 c/s. Non-reflecting grey metal case with
stainless steel grille.

PROBLEM:

The comprehensive Shure range incltides 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
SWwW-—-028 FOR FURTHER DETAILS.
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this storage space
no longer required

either!

this storage space
no longer required

o |

dta

L=t i

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 T@_T

.—— S

_ High stabitity W

General purpose

.- 510- [ 100- [ 100- | 100Q- |
MiC range | 150K | 470K | M | 14m |

Standard Tolerances (All types) 1% 2% 5%

get glass-tin-oxide reliability with (@@ (X34 L 331

LIMITED

ES/AS?

Write today for full details

ELECTROSIL LIMITED

PALLION, SUNDERLAND, CO. DURHAM
Tel:Sunderland 71557.Telex53273

SWW—029 FOR FURTHER DETAILS.
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The International Plastics Exhibition in Europe for 1965
LONDON OLYMPIA 16-26 JUNE

nterblas

Typical of latest machinery—) Many of the most brilliant| Information on all aspects of | Thelatestequipmentforplastics
Prodex sheet plant incorporat- { achievements in plastics design | plastics and plastics trade— | moulding, extrusion, vacuum
ing a 4)” extruder and double|in the International Design | materials, markets, suppliers, | forming, welding and printing—
shell cooting rolls embodying a | Display. customers, new applications. | much of it in full operation.
built-in heat exchanger.

an essential event for all concerned with plastics

- This huge display—biggest ever held in Great Britain materials . : . processing equipment . . . finished and
and unique in Europe in 1965—will present the fatest semi-finished plastics products . . . industrial and
achievements in plastics manufacture, design and consumer goods ranging from boats to paper clips—
technology. More than 500 firms from Great Britain, more than 10,000 exhibits. An incomparable op-
Germany, United States, France, Japan and other portunity to gather ngw ideas for product improvement,
leading countries. Plant and machinery in action . . . cost reduction.
- am [ - - . .. [

To: The Exhibition Manager, INTERPLAS 65, Dorset House, Stamford Street, London SET

SEE THE UNLIMITED Please send ful information and a free season ticket

POTENTIAL OF NAME.
PLASTICS FIRM

TODAY ADDRESS. - z
MAIL THIS NOW DATE s

SWW—030 FOR FURTHER DETAILS.
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busy junction

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.

T E2FR INTERNATIONAL RECTIFIER

Immediate off-the-shelf delivery from IR distributors—phone

COLCHESTER 6173 - CRAWLEY 28700 « GLASGOW DOUGLAS 8671 - (LANCS) TODMORDEN 602 . LEEDS 33i11
LEICESTER 68561 - (LONDON S.E.27.) GYPSY HILL 6166 - (MIDDLESEX) SKYPORT 1314 . .PORTSMOUTH 20463

INTERNATIONAL RECTIFIER CO. (GREAT BRITAIN) LTD - HURST GREEN - OXTED - SURREY - TELEPHONE OXTED 3215 - TELEX RECTIFIER OXTED 8819 55%0?,;,,,'

SWW-—031 FOR FURTHER DETAILS.
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TRANSISTOR

R.C. OSCILLATGRS
TYPES TG150, TG150M
TG1500 & TG1500M

See us on

STAND NO. 454
Grand Hall Gallery

RADIO & ELECTRONIC
COMPONENT SHOW

OLYMPIA
18th — 2Ist MAY

WIRELESS WORLD

Continuous Frequency

Coverage from

1'5 ¢/s to 150 kc/s

in 5 Ranges

at Decade Intervals

SPECIFICATION:

FREQUENGCY

1.5 ¢/s to 150 ke/s
300,15 cfs.

STABILITY

<0.05% drift after 30 seconds.
0.3, drife for 30°

fall of supply volrage.

<0.059; drife per °C at | kefs.

DISTORTION

<0.1%, at 1 kefs;

<0.3% from 50 ¢/s to 15 kefs;
< 1.5% below 50 ¢fs

and above 15 kcfs.

SINE WAVE OUTPUT

Variable up to 2.5V

into 600¢)

< 173, variation with frequency.
< 0.5%, change for

30°, fall of supply voltage.

SQUARE WAVE
OUTPUT
Variable up to 2.5V,

Rise time 1% of period +0.2us

ATTENUATOR
20d8, 40dB and 60dB; 60002

SUPPLY

Self-contained PP9

batterles, life 400 hours,

or, 200/250V A.C. when Power
Supply Unit is fitted.

QSCLATOR TYPE TG i1s0M
2 LI

+75

+0

o .Y

SIZE

10in. high x 6in. wide x 4In. deep.

WEIGHT

6 pounds.

TYPE TGI50 TGI50M TGI56D TGISCOM

Output Waveforms: S}ne only7 Sine only -Sinc and Square -gi_m: and Squarc—-
Output Meger: None 0-2.5V and dB None 0-2.5V and dB
Bituieh beue s €32 (42 35 , fs g |

LEVELL

PORTABLE INSTRUMENTS

Mains Power Supply Unit £7.10.0

Leather carrying case £3.10.0

Fully detailed leaflets available an our complete range of poartable instruments

LEVELL ELECTRONICS LIMITED

Telephone: BARnet 5028

PARK ROAD, HIGH BARNET, HERTS

SWW_—032 FOR FURTHER DETAILS.
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SERIES Y

REGORDERS

Series "Y" instruments are housed in strong

metal cases and, in some instances, can be rack-

YD5 SINGLE CHANNEL RECORDERS
mounted. They are intended for those engaged

|
l— . g iy '_vfm’ie _l F'eque_ncy_ in scientific research and industrial pursuits.
YD5A | 74, 3%and 1Zi.p.s. | 100/250V 50 c.p.s.*
YD5AH 15 and 74 i.p.s. 100/250V 50 c.p.s.*
YDSB | 74,33 and1}lp.s. | 100/250V 50 c.p.s.*
YOSBH | 15and 7}ips. 100/250V | 50c.p.s.* 0y

*60 c.p.s. to order

Y500 DOUBLE CHANNEL RECORDERS

0
Model | Tape Speeds ! Voltage 'Frequenm

Y532V 74,32 and 1§ i.p.s. 200/250V 50 ¢.p.S. P
Y532A | 74,32 and 13 i.p.s. 17V 60 C.p.S. ; :
Y532E 73,32 and 1% i.p.s. 110V 50 c.p.s.
Y522UH 15 and 74 i.p.s. 200/250V 50 c.p.s.
Y522HA 15 and 75 i.p.s. 117V 60 c.p.s.
Y522HE 15 and 73 i.p.s. 110V 50 c.p.s.

Send for details to

THE FERROGRAPH COMPANY LTD

84 BLACKFRIARS ROAD, LONDON, S.E.|
Telephone : WATerloo 1981

SWW—033 FOR FURTHER DETAILS.
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‘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:

other
IRST
or
HUNTS!

RANGE

Better humidity performance than
thermoplastic cased units;

als

L4\

8% Farcheaper than metal cased units,

TYPE W95 STANDARD RANGE

D.C. Working Voltage | Capacitance {pF) ]— Dimensions
250 [ 0004005 |
p _502_ | 0A0_02_ to 0.0!___JI 12 10 15.5mm x 5.5 to 6.5mm
750 |  50pf to 0.004pF {

Temperature Range : —55°C to + 100°C

Capacnt‘::lnt?e folgranc_e? +20% ;_

HUNTS

A. H. HUNT (Capacitors) LTD.
Wandsworth, London, S.W.18.
Factories also in Surrey, and North Wales

Tel?: VANdyke 6454

SWW—034 FOR FURTHER DETAILS.
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2 AR )

These are transistor-stabilised power supplies of outstanding electrical performance coupled with very smai
size (5 x 10 x 7in. high) and rated for d.c. outputs of ;A (TCU-OSSO?. 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 : |
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 cf

Cd resistance on the performance can be neutralised when the unit Is used to supply a remote load. Otj
uni

ts in the TCU range give maximum outputs up to I5A.

Please send me full details of your transistorised cased units. NATE

' COMPANY ................................................... l
Detach and send to:— ADDRESS  .....oviaineiieeeceieeeesaeseeseresaesenseeseserenaes
l A_ P I ELECTRONIC INDUSTRIES _ I

LIMITED

Please send me your full catalogue of stabilised power supplies.

Chertsey Road, Byfleet, Surrey. Phone: BYFLEET 41131/2/3/4. PABX GRAMS: APTRAN, BYFLEET.
\____——___——_—‘

SWW—035 FOR FURTHER DETAILS.
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EDM30

The dip-coated silver-mica construction of the Eria
EDM Series Capacitors provides outstanding stabil-
ity, reliability and close tolerance characteristics

SEI"yLEE EDM15 EDM20 EDM30 coupled with versatility.

P = Operating temperature range:
Volts . -55°C to +125°C
;chg CapacitancepF Capacitance tolerances:

I
I

+10% and #5%
300 | 10-820 | 20-12000 | 510-30000  Q factor:

500 | 10-470 | 20- 8200 | 510-16000 1000 migimum*

| | Temperature Coefficient:
Generally -0 to +70 ppm/°Ct

*except for very low values
texcept for low values

Write for EDM literature

L O
_ERIE,--_I ELECTRONIC COMPONENTS

Trode Mark

ERIERESISTOR LIMITED GREAT YARMOUTH NORFOLK Telephone 4911 Telex 1720

SWW—036 FOR FURTHER DETAILS.
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A versatile Transistorised Pulse Generator with & wide
range of repetition rates, delays and pulse widths.

Rise time is less than 10ns 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.

m Repetition rate fully variable from 2c/s to 3Mc/s

m Delay fully variable 70ns to 0.2s

m Pulse width fully variable 70ns to 0.2s

m Amplitude fully variable positive and negative
0.1V to 2V with additional steps at 5V and |0V

m Rise time less than |0ns up to 2V

@ AC or Battery operation

NETT PRICE EX WORKS IN UK: £190 (excluding battery)

transistorised
pulse generator PG54

ADVANCE ELECTRONICS LIMITED
Roebuck Road, Hainault, liford, Essex
Telephone: Hainault 4444

X X Advance_

Electronic Instruments
Stabilised Power Supplies
Constant Voltage Transformers

SWwW—037 FOR FURTHER DETAILS.
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If you are a

junior or senior
technician, a graduate
or professional
engineer, aiming

to advance to

higher

status. ..

this

WiRELESS WORLD

This new -brochure describes the wide area of study, extending into every application of electronic
engineering, which C.R.E.l. (London) offers for 1964. The revised programmes bring the student right
up to date with modern developments and technlques. The flexibility of the C.R.E.l. 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.l. student is atlotted a highly qualified tutor who
maintains a personal interest in his progress throughout the
entire course.

Speclal programmes for the Clty and Guilds of London

Institute Telecommunication Technicians Sylfabuses Nos.49
and 300 have been prepared by C.R.E.l. (London), who are
members of the City and Gullc_:ls of London Institute.

Some 30,000 students are currently taking C.R.E.l. Courses
throughout the free world.

O.R.E.l. (London) (Dept. WW54), WALPOLE HOUSE, 173/176 SLOANE STREET, LONDON, S.W.1

C.R.E.l. Courses il S T e

“Please send me (for my information and entirely
without obligation) full deeails of the City & Guilds |

are available "‘"—l Programme. (C. & G. SUBJECT 49)

| Ise yr. 2nd yr.

@ Electronic Engineering 'l'ech-l
nology

& Mathematics  for Elec!ronicl
Engineers NAME

Telecommunications

Automation

Radar

Servo Systems

Space Electronics I

Nuclear Engineering Tech-l

nology

® City and Guiids of London | C-R-El (London) (Depe. WW54)
lastitute
Technicians' Syllabuses.

| ADDRESS ,.u.. commvensrmnesscaasessonn

3rd yr. D 4¢h yr. I
D Supplementary Studies (Subject 300).

I Educational and Technical Background

Telecommunication I Walpole House, 173/176 ‘Stoane Street.

Please send me (for my information and entirel” 1
without obligation) full details of the Educationa’ I
Programmes offered by your Institute. I

‘NAME.

ADDRESS

ELECTRONICS™ EXPERIENCE.

C.R.E.I. (London) (Dept. WW54)

Walpole House, 173/176 Sloane Street.
Ind cadbie v e g

SWW—038 FOR FURTHER DETAILS.
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SIVilE=

The best pick-up
arm
in the world

S.M.E. LIMITED - STEYNING - SUSSEX.
5WW-—039 FOR FURTHER DETAILS.
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AIR OPERATED TELESCOPIC MASTS

May, 1965

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 Ib
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.

A. N. CLARK (ENGINEERS) LIMITED
Binstead, Ryde, Isle of Wight
(Formerty of Merion, London, 8.37.19)

TYetephonc: RYDE 3691 Telcgrams: TELEMAST RYDE
SWW—040 FOR FURTHER DETAILS.
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GOODMANS IMPROVE

ON EXCELLENCE

IMPROVED AXIOM HIGH FIDELITY LOUDSPEAKERS

INTRODUCING THE

[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 strengih and excelient 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 4o give.positive
alignment of afl parts and to minimise chassis resonances.

@ Smart new hammered grey finish

The results 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 b
Frequency range: 30-16,000 ¢/s
PRICE: £11.8.9.

' )

AXIOM 301
12 inch-20 watt-15 ohms
frequency range: 30-16,000 c/s

PRICE: £15.18.9.

High:Fidelity Manual. .
Name .

l Address L

GOODMANS INDUSTRIES LIMITED

| AXIOM WORKS - WEMBLEY - MIDDLESEX Tel: WEMbley 1200
I_ _________ —J A Member of the Rentaset Group

SWW—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. x 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.x 12 mm.x20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Double-tuned lst 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

sWW-—042 FOR FURTHER DETAILS.

CHASSIS and CASES

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 requircments

" BLANK CHASSIS

SAME DAY SERVICE

Of over 20 different forms made up to YOUR SIZE.
(Maximum tength 35in., depth 4in.)

SEND FOR ILLUSTRATED LEAFLETS

or order straight away, working out total area of material CASES

required and referring to table below, which is for four-sided ALUMINIUM SILVER HAMMERED FINISH

chassis in 16 s.w.g. aluminium.”

48 sq. in. 4/3 176 sq. in. 9/ 304 sq. in.  13/6 Type Size Price Type Size Price
80 sq. in.  5/6 208 5q. in. 10/~  336sq.in. I4/9 U 4x4x4° 10/- Y 8x 6x6% .

112 sq. in.  &/6 240 sq.in. 11/3  368sq.in. 15/9 %) St x 4 x 4% 1516 Y 2x7x7 .

144 sq.in. 7/9 272 sq. in.  12/6 and pro rata. U xX6x6 . 2/- Y 3x7x9 .

P. & P. 2/6 P. & P. 2/9 P. & P. 3/-. V] I5x9x9 ......... 44/6 Y I5x9x7

Discounts for quantities. More than 20 sizes kepe in stock for W Bx6x6 ... R 1 4 17x 10x9

callers. W ORx7Tx7 ... . 34/ z 19 x 10 x 8§ . 7=
FLANGES (}in., 3in.), 6d. per bend. w 1Sx9x8 ... e A4)- *Heighe.

STRENGTHENED CORNERS I/- cach corner. Plus post and packing (over£2 free).

PANELS: Any size up to e at 5/3 sq. ft. 16 s.w.g.; (18.s.w.g. Type U has removable bottom or back. Type W femovable front, Type Y

4/6). Plus post and-packing (over £2 free). all-screwed construction, Type Z removable back and front.
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for electronic COTﬂpOﬂBﬂ’[S... PALMER DATA REFERENCE SHEET FOR

ASK PALMERS
HAST

A range of paper and plastic film and
electrolytic capacitors. Conforming to
NATO & L.E.C. specifications.

EROFOL II' Type HX
Polyester Capacitors

CAPACITORS

" Range of Values | from 33pF t0 0.47 uF
Tolerance | from 6% to 10% |
Voltage Range | from 100V to 1000V I

EROMAK | (Type Hf)
Polycarbonate Capacitors

Range of Vatues ‘100pF to 1.0 uF ]
Tolerance from 1% to 20%
Voltage Range from 63V to 400V

Paper Capacitors
Tubular & Rectangular Can Styles
Range of Values from 47pF to 10uF
Tolerance 10% & 20%
from 250V to 16KV

i Voltage Range

Multiple types also available

ROE

Electrolytic Capacitors
Subminiature, miniature & standard types

[ Range of Values | from 0.14F to 25000 uF |
| Voltage Range | from 3V to'460V ‘

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. M & P SPE9
SWW-—043 FOR FURTHER DETAILS.
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RADIO
ELECTRONIC

COMPONENT
SHOW
OLYMPIA LONDON 18-21 MAY

Sponsored by the
Radio & Electronlc Component Manufacturers® Federatlon

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-
lals, more sophisticated testinstruments 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 & sclentific electronic equipment
Process control, industrlal electronics & automation
Nucleonlc & atomic power control apparatus
Civil & military ground & air equipment
Medical & biological electronic & allied apparatus
Radar & navigational aids
Gulded missile & spacecraft equipment
Electronlc 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 m Exhlbition

INDUSTRIAL EXHIBITIONS LTD 9 ARGYLL STREET LONDON Wi
SWW-—044 FOR FURTHER DETAILS.
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BA[N
MIDGET
Printed Circuit Relay

Supplied as standard or latching type, single or double
winding. Size in. 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-IN

Size 4in. x 2%in. x
I3in.  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,
sy Spring Set — 6
change overs. Light
duty maximum.
Size: 2 Il/l6in. x
$in. x in.

We are manufacturers of full ranges of 3,000 type,
600 type, and plug in relays, also |12 way mounting
rack 19in. x 3tin. Further details available on request
to Mr. Clemens.

FULLY APPROVED HOUSE
7DAY PROTOTYPE SERVICE

A.DS.RELAYSLTD.

89-97, ST. JOHN STREET, LONDON, E.C.I.
Telephone: CLErkenwell 3393

SWW—045 FOR FURTHER DETAILS.
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THE NEW G As Igng
LASER

Continuous Monochromatic
Light Source

Bradley helium-neon Gas LASERS have a continuous . S A .
high flux output of extreme spectral purity, readily g"i F"T _— B !:'] cnmplete th
appreciated by research groups, for applications such y fl 1 1 dri\le llnlt

as Interferometry (Metrology and fine Measurement). - e 4 i i

Gas LASERS are rapidly replacing conventional light ._ 5 " . !

sources in schools and technical colleges, where thelr
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.

Stocks of Gas Laser Type 602 are available for immediate delivery. G & E B R A D L EY I. I M IT E n

Electral House, Neasden Lane, London, N.W.I0  Telephone: Dollis Hill 781l. Telegrams: Bradelec London N.W.10 Telex: 25583
SWW-—046 FOR FURTHER DETAILS.
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this set
oS
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
Recelver will remain operational - powered by standard
U2 torch batterie's, vehicle batteries, field generator or
mains supplies. Tough assignments require dependable
equipment.

R7020 HF COMMUNICATIONS RECEIVER

FULLY TRANSISTORISED - FREQUENCY RANGE OF 0.6 fo 32 Mc/s.

Any portable Receiver offering the detector outputs which this set has avall- Briet Technical Summary - Crystal calibration 'at 100 Kc/s intervais. Fre-
able, capable of operating uUnder the most adverse environmental can- quency selecticn: 11x 3 Mc/s Bands. Power Supply: Between 12 and 50 V
ditions, and designed particularly with hard usage In mind, has so far been DC at 100 mA (peak). Slgnal Modes: AM, PM, 558, FSK, & CW. Co-axial
cumbersome, unwieldy and unsuitable for prolonged manhandling. This or Wire Aerial connections. Total Weight: 20 Ibs. The Receiver is housed
set marks a major step forward In British communication equipment and in a standard R.A.E. aluminium alloy Equipment Case and has been

was selected for use by the 196465 British Combined Services Expedi- accepted by the British Ministry of Defence.
tion to South Georgia, Antarctica. (See it at the 1965. R.E.C. Show on Stand No. 318):
C & N (ELECTRICAL) LTD, THE GREEN, GOSPORT, HANTS.

Telephone : Gosport 80221/8. Telex : 8621

SWW—047 FOR FURTHER DETAILS.

RECTIFIER SETS

s 100 W 150 kW
il FIXED OR
3 PHASE VARIABLE OUTPUT
1 | PHASE & 3 PHASE
Eil fating, Pi . A
0.5 KVA o gy W
TO Carbon Arc, Battery Charg-
ing and other uses.
250 KVA

Plasma Arc Sets and other
specialized equipment for ¢
gas, vacuum and powder
techniques. Power Control

TRANSFORMERS B e, T Ve

| Low VYoltage High Current Rectifier Sets
vOL TMOBILE 64 STEPONLOAD

r HIGH CURRENTY P e SW;L‘:_:{NG

TRANSFORMERS TRANSFORMERS

| Phase and 3 Phase Output I.6% to 1009,
or 1259% of input volts
in 64 steps or 80 steps.

Output currents of

hundreds or thousands
of amperes for Fur-
naces, Rectifier Sets,
Heat Runs, Short Cir-
cuit Testing and other
uses.

Examples: 5V300A.
10V 1,000A
20V3,000A
5V 6,000 A.

A control device for
many loads — resis-
tance furmaces, rec-
tifier sets, battery
charging, anodising,
heating and other uses
| Phase and 3 Phase.
18 Models.

Output currents from
20 A t0 200 A,

HARMSWORTH, TOWNLEY ‘& CO.
2 Harehill, Todmorden, Lancs.
Teleehone: Todrv!orde- 602
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“Talk-Back", the smallest, lightest V.H.F. Pocket Radio
Transmitter, weighs only 24 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 outs:ide 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.

Hf you would tike further particulars and details of Multitone’s
“Talk-Back" fill in the coupon for your free “Instant Com-
munication’ brochure.

INSTANT GOMMUNIGATION BY

Multitone

SWW—048 FOR FURTHER DETAILS.

P

TALK-BACK.-7;

WIRELESS WORLD

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,

43
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— M. R. SUPPLIES, Ltd.=

A 301

MINIATURES

from

Airmed Lid

Rugged high performance carbcn microphones for com-
munication use. They can be mounted on headset booms
where small size and weight are obvious advantages.
Both types can also 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
tallored frequency response make an important advance
in speech transmission.

SPECIFICATION
Frequency response
Sensitivity

Load Resistanca

Feed Current
Mounting

A 301 A 303
20C-5000 ¢/s 200-4000 ¢/s
—50d8B/V/dynefem* ac 1000 ¢fs
100 to 250 ohms 100 to 250 ohms
Approx. 40 mA 60 to 85 mA s/c current
By two 8 BA screws  Special clip contact for
which also form the mounting on headset
contacts. boom,

Finish High Impact injection moulded case. Her-
mecically sealed except for small equalising leak.
Fully tropicalised

LEAD SWITCH 3
ARB Ref. WR650

A spring

loaded  single

pole double throw

snap-action  positive

contact switch, designed

primarily as a microphone switch for

airborne telecommunication headsets.

RATINGS: D.C. 28 v. D.C. max. at 100 mA.
AC. 240 v, A.C. at 2.A,

EDINBURGH WAY
HARLOW - ESSEX
TEL: HARLOW 24331

One of the
Clement Clarhe
Group

SWW-—049 FOR FURTHER DETAILS.

Established 1335)
Universally recognised.ax suppliers of UP-TO-DATE MATERIAL, which does the
job properly. Instant deiivery. Baflsfaction assured. Prices nétt.

AIR BLOWERS. Highly efitcient units fitted induction totally enclowed motor, 230/
260 v. 50 ¢. 1 ph. Model 8D.28. 80 CEM (frve alr) to 11.5 CFM at .15 W@, size approx.
6x7x7in, Qutlet }In. square £8/10/- (des. 5{-). Model BD27, 120 CFM (free air)
to 40 CFM at 1.2 W@, 8 7 % 9in. outlet 2tin. »1. £11/15/6 (des. b/-). Model BD28,
260 Cll;)l (free air) to 127 CFM at L3 WO, 11x8x9%in. outiet 3in. 5q. £13/17/6
des. UK. 7/6).

COMPLETE SEWING MACHINE MOTOR OUTFITS. No better job.obtainable
any price. 200/250 v. A.C/D.C. Fitted latest radiofT.V. suppressors. Comprising
motor with tixing brackets, foot covtrol and sw itch, needle light with switch, beit. cte.
and {nstructions for casy flxing to ANY muachine. The compiete outfit £6/18/6
(des. 3/6).
SYNCHRONQUS TIME SWITCHES (Our very popular speclality). All for 200/250v
50¢c. for accurate pre-set switching operations. Bangamo B.254, providing up to
3 on-off operations per 24 hours at any chosen time, with day-omitting device (nae
optional). Capacity 20-amps; Compactly housed din. dia. 3§in. deep. With fu
instructions. £5/18/6 (des. 3/-). Also samic make, same duty, Domentic Model
titted with Id.amp plug for vasy installation. same price. Also Paragon, 220/250v.
60¢c. with 7-day dial pmviding for oper:ations on four separate circuits (2 1mnkes 2
breaks) at any required time duaring cach day, capacity 20 amps each circuit, in wet::
housing 7In. 4in. 1. wall mount. £11 (des. 5/-). Also very limlted offer
dangamo £14/10/~ units, brand sew, 200{230v. Stc. with 24-hour spring re: c.
Up o 8 on-off operations per 24 bours. 20-amp switching, £7/10/~ (des. 3/-).
VENNER CLOCKWORK DELAY SWITCHES. Variable ! to 8 houre. Muke, breuk
or C.O. Eanily set ealibrated dinl. 5 amp switehing. Panel mounting. 2in. dia
2in. Long. Idea® for Parkiug lights. 37 6. (des. 2/-).
SMALL GEARED MOTORS. Iu itin to our well-known range (List (3M/361)
we offer smaller open type 8.9 un 0/200 v. A.C.. 1, 6, 12,20 or 60 r.p.m. Bize
approx. 4}in. in. 2in. with . shitfé proj. Sultable for display work and
nmuany industrial wses. Only 8§96 (dex. 2/G).
SYNCHRONOUS ELECTRIC CLOCK MQVEMENTS (2s‘meutioned and recommended
in many national jouruals), 200230 v. Soe. Fltted with spindle for bours, minutes
and central sweep seconids hamis. MBelf-starting, cenfral one-hole fizing. Dia. 2}in.
Depth behind dixl only Lin. With back dust cover 28/8 (des. 1/6). 8¢t of three
handr, briss, in good plia style.  For 5/7in. dial 2/8. For 8/10in. dial 3/6 set.
EXTRACTOR FANS. Final offer of this very pépular and efficient model complet
with outside cowllng wxl ‘fmloor whutter. Civenlar motor housing only 4.in. dia.
Fasily mounted in muall window pave. Slient induction motor. 200/250 v. A.C.
uo interfetence), 3.500 ¢ . Instructions with cach. Only 68/6 each (despitch
'6). We alxo supply our Bin. axndel nt 885/~ nwd 10in. model at £5/18/6 (despateh
3/8). These municls nre not suppliced with outside-conling. Details on reguest.
SYNCHRONOQUS TIMER MOTORS (Rangnino) 200/250 v, 50 efs. Beif starting 2in
dia. X 13in. deep. Cholee of foilowing speeds 1 rp.m., 12 r.p.h, 1 rp.b. 1 rev
12 hra., 1 rev. per day. Ang one 39/8 (dex. 1/5). Also high-lorque model (R.E.C.)
94n. x 2in. % 13, G r.p.m. 57/8 (dea. 1,6),
IMMEDIATE DELIVERY of Stuart Centrifugal Pumps. Inchuding staink
(most models). Phillps Variable Translormers {all models).

M. R. SUPPLIES, Lid,, 68, Naw Oxford Street, London, W.C.1
(Telephone: MUSeurn 2958)

May, 1965

OXLEY

PRINTED CIRCUIT SOCKETS

| 11@@.©

L

Write for tire technical detoils of these cad any other

Oxley Products

ULVERSTON, LANCASHIRE

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 S50P/156,
The mounting Is arranged so
that the plugs may be in-
serted in a plane parallel to
the printed circuit board thus
permitting close stacking of
circuic boards,

ockets can be supplied from
! to 12 ways, colours can be
in black, brown, red, orange,
yellow, green, blue violet,
pink, grey and white,

=

r
-

Tel : Ulverston 2567

OXLEY DEVELOPMENTS CO. LIMITED
SWW—050 FOR FURTHER DETAILS.
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COMPONENTS €
INSTRUMENTS

on
B EVEL

RECMF

EXHIBITION

\ OLYMPIA
MAY 1821

STAND 218

McMURDO INSTRUMENT CO. LTD. roonev ro ., PORTSMOUTH, HANTS . PORTSMOUTH 35565 TELEX 8612
sWW—0351 FOR FURTHER DETAILS.
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‘—AUDIO AMPLIFIER

12 Volt with 15 W. Output

Deslgned specially to give pleasing results on music and speech

May, 1965

up for use.

SOCKETS

inshort supply?

You need a

Lexor

Common emltter, class B output stages, with maximum efficiency choke
coupling t0 15 ohm speaker lines; temperature stabilised and direct coupled
pre-amplifier stages, with liberal feedback.

All output and input terminations are fully floating, thus egabiing layman
or skﬂ_led engineer tc be equally confident in the simple matter of coupiing

FULL DETAILS OF THIS AND OTHER EQUIFMENT BY RETURN OF POST

L___E. K. ELECTRONICS, (LA} LTD: Brotherton, Knottingley, Yorks.

SWW—082

THERE ARE.OVER 1000 COMBINATIONS

IN ALL TYPES OF FAITTINGS

AVAILABLE FROM

STOCK

n I s - B 0 A R D Ful| literature and price list from

DIS-BOARD Is aregistered trade mark.

LEXORDIS-BOARDSLTD
Allesley Old Road, Coventry. Tel.

72614.

SWW-—053 FOR FURTHER DETAILS.
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IMPEX ELECTRICAL LIMITED
! GOWER ST, LONDON, W.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
S3IT p-n-p audio frequency transistor similar co OC81 Veg max.
-9V ; Vpg max. (IC 1.5mA) 200mV; Vpgmax. (Ic 3C0mA)
750mV:icgo{Vee 9V) <25uA; hgg> 100,
SHT silicon junction transistor similar to OC204Vp max.
14V lgmax, 450mA; Ig max. 90mA; Ieo (Vee 6V)
0.3uA; fi (Veg 6v ImA).= 1.5 Mefs.; hpg > 14.
S3R  germanium general purpose point contact diode, P.IV. 22V,

TRADE ONLY

Vcemax.

SWW-—054 FOR FURTHER DETAILS.

= THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

F REE 70 AMBITIOUS ENGINEERS ‘

Have you sent for your copy?

ENGINEERING OPPORTUNITIES
is a highly informative 156-page guide to
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.LE.T. School of Electronics, explains
the benefits of our Employment Dept. and
shows you how to qualify for five years

WHICH IS YOUR
PET SUBJECT ?

Mechanical Eng.,
Electrical Eng.,
Civll Engineering.
Radlo Engineering,
Automoblie Eng.,
Aeronautical Eng.,
Production Eng.,
Bullding, Plastics.
Draughtsmanship,
Television, etc.

GET SOME
LETTERS AFTER
YOUR NAME!

promotion in one year. A'AM#TECE'E'

e A1 Prod E.
We definitely Guarantee AMLML.

A.LO.B.
¢ NO PASS — NO FEE” e
Whatever your age or experience, you cannot afford cliy .&.Gbll'ds'
to xmss reading this famous book. If )ou are Gen. Cert. of Education
carning less than £25. a week, send for Etc.. etc.
copy of “ENGINEERING OPPORTUNITIES"
today—FREE.
BRITISH INSTITUTE

OF ENGINEERING TECHNOLOGY

(Dept. SE/22 ), 29 Wright’s Lane, London, W.8

THE B.I.E.T.

IS THE LEADING ORGANISATION OF ITS KIND IN THE

SWW—05§ FOR FURTHER DETAILS.

TICAL  INCLUDING
EQUIPMENT  To0L

Basic Practical and Theore. '"ovics Division o)

tic Courses for beginners in B.I.E T. NOW

Radlo, J.¥., Electronics, Etc., offers you a rcal lab-

A.:iw'di .:(.l'. City E& Guilds orarory training at
adio Amateurs’ Exam. 5.0 "wpirh pracrical
R.T.E.B. Certificate e

P.M.G. Certificate
Pramia: Radio Ask for details.

Radio & Television Servicing
Practical Electronics B.1.E.T.
Electronics Engineering  SCHOOL OF
Automation
ELECTRONICS

OPPONTUNITIES

POST COUPON NOW 7

B Please send me your FREE 156-page = ]
[ ] “'ENGINEERING OPPORTUNITIES" o 8
B  (Write if you prefer not to cut page) 7 B
T VT g u
B = ]
m ADDRESS . s
| . |
B a
e .. e S S 1 0 g

SUBJECT OR EXAM. a
B THAT INTERESTS ME
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Not very. The
citcuits of
m Marconilnstru-
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:asupply 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.

MARCONIINSTRUMENTS
TYPE TF 1331A

WIRELESS WORLD

Yes, we think so.

®
@ This is a general
HEM @ Purpose oscillo-
: scopewitha3dB
bandwidth of at /east 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 ?
[] Slide-back measurement of time and amplitude by
means of directly-calibrated shift controls, giving
measurement accuracy independent of amplifier gain
and CRT sensitivity [ ] 250 nsec signal delay, enabling
you to view the leading edge of the pulse that triggers
the timebase [ | Provision for use of the full range of
Marconi oscilloscope accessories, including probes,
viewing aids, and camera attachments.

DUAL TRACE OSCILLOSCOPE

MARCONI
INSTRUMENTS

A MRICON ATRUMENTS v |

2~ ]
i

% 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.
Te!: St. Albans 5§9292. Telex 23350

< e

SWW-056 FOR FURTHER DETAILS.
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'POWER AND RELIABILITY
GOODMANS AUDIOM LOUDSPEAKERS

FOR ELECTRICAL INSTRUMENT AMPLIHCATION - 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 ¢f this: unit, due in
large measure fo the use of a 3" voice coil, for increased heat dissipation, a massive magnet system
for high control arid efficiency, and: a very strong cast chassis to stand inevitable severe handling.
The diaphragm- too is particutarly durable, and provides excellent performance_for critical imusical
applications, just as for purposes requiring sheer power.

The Audipm 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.) of power (35 watts when-used
with Bass Guitars).

AUDIOM 91 SPECIFICATION

Maximum Power handling capacity 50watts (100watts U.S.A.)

Fundamental resonance (nominal) Standard 55 c¢/s
Fundamental resonance (nominat) .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 185" (45.89 cm)
Overall depth. 81" (20.6 cm)
A.R.U. 480 enclosure volume (internal). 11,700 cu. ins.
Baffle hole diameter 16" (40.64 cm)
Fixing holes. 8holes 33" (.87 cm) dia. on 174" (43.82 cm) PCD
Net Weight 22 |bs (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 INDUSTRIES LIMITED
AXIOM WORKS, WEMBLEY, MIDDX., ENGLAND
Tel: WEMbley 1200 A Member of the ;?enusel Group

SWW—057 FOR FURTHER DETAILS,
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31.0V
10¢stol Me

Low
Distortion

Marconi Ins‘truments Type TF 137OA ® Sine-waves 10 c¢/s to 10 Mc/s

Square-waves 10 ¢/s to 100 ke/s

WIDE RANGE ;ali)ri]s:;r:tic‘:)r; ::isgzhan 0.5% over

® Dedade frequency bands with
R- OS II I A R dual-ratio slow-motion tuning
1 ® High outputs at 4 impedances

® Price — £275
A new development ® Accessories include a triple impedance
. e . : unbalanced-to-balanced transformer, 1 kc/s
n Versatlle Slne-Wave/ band-pass filter and x 100 attenuator pad
square-wave generators A GOOD NAME FOR GOOD MEASURE

MARCONI

INSTRUMENTS

Please write or telephone for further information. Marconi Instruments Ltd., St. Albans, Herts., England
Also available shortly-Signal Source Calculator (slide rule) Tel: St. Alhans 59292. Telex 23350
SWW-—058 FOR FURTHER DETAILS. —
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The revolutionary Tweeter
—introduced at the Audio
Fair—and. available now!

| Measurement of
Harmonic Distortion

One of the most essential measurements necessary
in a high quality audio system is that of simple harmonic
distortion. [t 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 measyring instruments
of a superior performance than those existing. The
Low Distortion Oscillator and Distortion Measuring

S designed by audi i k i h
THE NEW SUPERB requirements of such apparatus in audio enginedring.

The Low Distortion Oscillator generates sine waves

k of extreme purity from 5 ¢/s to 250 Ke/s. The instru-

ment also contains a valve millivoltmeter, a squareing

l clreuit which will produce a clean 250 Kc/s square

wave, and a switched ‘T " {10 dB 600 ohm attenuator

f with facilities for continuous interpolation. The dis-

lOUDSPEA KER tortion of the oscillator is less than 0.0058%, at mid-
{ band frequencies from its 600 chm output attenuator.

It is also capable of a very low distortion output of
about 0.001%, or below from the 10K ohm output

MODEL 601 The IONOFANE operates on the position at mid-band frequencies.
The basic H.F. unic ready for [NEphEAE |prsi piElinvegEed By { The Distortion Measuring Set is a complementary
::'xl:::rt;fy. o it “han’d’,:“"‘:; Klein. of Paris and is covered by equipment, and is capable of measuring extremely low
treble of 20 watts of music. . distortion content. The most sensitive range on the
28 Gns. British Letters Patent No. 756546. instrument is 0.019, f.s.d. On this range it is possible
MODEL 602 It is a high fi ncy louds to get an accurate measurement of 0. 002% distortion
i*-Miauipimtals e qoksy and an indication of the order of 0.00(%, distortion.

The basic lonofane; H.F. unit, ), A
together with a special 5° having a perfectly uniform re-

mid range unit, cross-over The design of these instruments is described in

and provision for connection sponse from 3 to 30 kilocycles, leaflets which are available upon request.

€0 an existing bass'umt of up

to 20 watts npmqis J quite free from resonances and Prices: Low Distortion Oscillator. £95
ns. . . .

MODEL 603 colourations and with perfect Distortion Measuring Set. £75.

A full range speaker assembly reproduction of transients.

of the highese quality, con-

siss fipLof Sthe donofape bl It is fully guaranteed.

unit, new 5° mid range and
new |57 bass unit. Wil
handlo up to 20 watts. WRITE NOW FOR

75 Gns. g
ILLUSTRATED LEAFLET

acous'ics HICK LANE,

LIMITED BATLEY, YORKSHIRE

Enquiries for these Speakers including the Wholesale and

Retail Trade may -be sent direct to FANE ACOUSTICS RADF()RD ELECTR(}NICS LTD

LTD., BATLEY, YORKSHIRE, or to LINEAR PRODUCTS
LTD., ARMLEY, LEEDS Ashton Vaile Estate, Bristol, 3. 1 662301/2

SWW-—059 FOR FURTHER DETAILS. SWW-—060 FOR FURTHER DETAILS.
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FERRANTI T.R. GELLS

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.

FERRANTILTD - KINGS CROSS ROAD - DUNDEE - Tel: DUNDEE 87141

FERRANTI/

Furst into the Future

SWW—061 FOR FURTHER DETAILS.




May, 1965

52 WIRELESS WORLD

NOW re-designed
and fully
weather protected

PORTABLE
SOUND
SYSTEM

MAmplifier, micro-
phone, 6 speakers,
all contained in
one case

M 30 watts output
M Operated from
batteries or AC
mains 110-250 volts
W6 specially de-
signed Wharfedale
speakers

B Weighsless'than
42 Ib

PRICE

£69.10.0.

WITHOUT BATTERIES

The
MINIMITTER
BIRDCAGE

F.M. AERIAL
Mk. 2

@ Suitable for-88-108 Mdfs.

@ High Gain (+9.5dB) with high Front to Back (—35dB) and
Front to Side (—30dB) ratios.

@ Full wavelength clements reduce interference

@ Elimination of vertically polarised signals gives freedom
fromgaeroplane * flutter.”

@ Tuning facility incorporated to enable the cable to be
accuratcly matched to the aerial.

@ Suiwble for loft or outside erection.

Reeail price £S (4/6 pose & packing)
TRADE ENQUIRIES tNVITED
Order direct from
MINIMITTER (1964) LTD. Aibion Mews, Kiburn
High Road, London, N.W.é (MAIda Vale, 5588)

Manufacturers of Specialist Aerials and Aerial Equipment
for the Entertainment and Communication Industries.

SWW—063 FOR FURTHER DETAILS.

Volnadio

TRANSVERTERS

(TRANSISTORISED D.C. CONVERTERS).
the D.C. conversion

specialists

since 1935

2 KW. Peak Starting.

750 W. Continuous.
50-60-400 ¢fs. or D.C.

from12-24.50 v. Battery. i

Up to 939, Efficiency. Polarity Reversal Pro-

tection. Square or Sinewave. Up to 3009,

Instant Overload Cap‘all_city. Manually Controlled
: Frequency. Reed Type Indicator. Remote

Ideal for schools, churches, social events, . it o ociliee,

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—

UV Sound. Oscilloscopes and Lab. Gear in

Marine and Aircraft (K114).

Range of models available Please write to department

with pricesfrom £11-£94.10.0  C.10 for transverter leaflet.

VALRADIO LIMITED

BROWELLS LANE . FELTHAM . MIDDLESEX

Telephone: FELTHAM 48374242

Yalradic and Stereosondscope are the registered trade
marks of Valradio Led

STAND 113, R.E.C.M.F. SHOW

18ch—2ist MAY

LEATHERETTE COVERED CASE WITH VINYL
GRILLE CLOTH. Size 363 x 73 x 9}

crowd control, yacht clubs, harbours. |
auction sales etc..etc. etc.

LEAFLET FREE ON REQUEST /£

WHARFEDALE
WIRELESS WORKS LTD
ELECTRONICS DIVISION

|IDLE BRADFORD YORKS

Tel : idle 1235/6 |
Grams; *Wharfdel" Bradford

SWW—062 FOR FURTHER DETAILS. SWW—064 FOR FURTHER DETAILS.
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When reliability Is of the first importance—as with ambul-
ance or patrol car work—BCC equipmentis chosentimeand
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 facllity is necessary as
quick heating valves are used in the transmitter.

With six channels in any frequency range between 37 and
174 Mcfs and 6 watt A.M. output, the advanced design of
the BCC 81 makes it quite unbeatable in its class.

BRITISH COMMUNICATIONS CORPORATION LTD.

The vital role of reliable communication

EXHIBITION GROUNDS, WEMBLEY, MIDDLESEX
Telephone: Wembley 1212 Telegrams: BEECEECEE WEMBLEY,

SWW—065 FOR FURTHER DETAILS.

BGC 81

Sl
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Send Coupon, deleting as required.
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To, LINSTEAD ELECTRONICS Ltd., 35c, Newington Green, London, N.16.
Please supply Low Frequency Signal Generator Type G.1. Cheque for £20 enclosed.

Type G.1

Three Outputs:

tion

£20-0-0 Nett

Please send Type G.1. Technical Leaflet.

. Linstead Electronics

LOW FREQUENCY SIGNAL GENERATOR

10c/s to 100kc/s in four decade ranges

1) 0 to 6v. r.m.s. SINE WAVE with low distor-

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

TV transmitters

Closed circuit television

Sound diffusion installations

Radio transmitter/receivers

SWW—066 FOR FURTHER DETAILS.

PRODUCTION

Ancillary navigational equipment

Radar and anciliary equipment

Electronic military equipment.

Antennae and accessories

FABBRICA ITALIANA APPARECCHI RADIO
DIPARTIMENTO ELETTRONICA PROFESSIONALE
MILAN (ltaly) - Via G. B. Grassi, 93 - Telephone: 306241/306841 - Telex: 31295

.talian representative and licensee of TELEFUNKEN AG

for commercial radio equipment

Transistorised television repeater P 3149

Direction unit for large sound diffusion
installations

Transistorised telecamera-P 4814

SWW—067 FOR FURTHER DETAILS.
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TRANSMISSION

_MEASURING
SET—A220

An accurate, portable instrument for
the evaluation of audio and carrier
frequency systems.

e Compact, transistorised and ruggedly
constructed, the instrument is ideal
for field or station use.

e A]l major circuits are plug-in epoxy
glass-fibre printed boards.

e Accuracy and high-stability have been
retained by the use of tantalum
electrolytic capacitators and deposited
metal-film resistors.

e Unit may be operated from A.C. Mains,
external D.C., or internal rechargeable
cells.

For further particulars, please contact Engineering Products Division.

AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED

MELBOURNE ® BRISBANE @ PERTH @ HOBART @ LAUNCESTON ® WELLINGTON, N.Z. @ ADELAIDE
67 9161 41631 28 3426 3 3836 2 1804

WIRELESS WORLD

® Measures signal leve! of transmission equipment,
between 50 ¢/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
ke/s. | Mohm jnput, sensitivity 10 mv, F.S.D.

e A balanced frequency-selective voltmeter to measure
pilot carrier level and “Tone-on-channel” selection, Band-
pass 100 c/s

» Measures individval channel levels (end-to-end) between
200 c/s and 3.4 ke/s.

® Wien-bridge, sine-wave oscillator, frequency continu-
ously variable over range 100 c/s to 630 kc/s. With
assoclated amplifier outputs to +4-13 dbm in 75, 150, 600,
1,200 ohms (balanced).

e Wien-bridge, oscillator amplitude, modulated by in-
ternal oscillator at 820 c/s or by external tones between
200 c/s and 3.4 kc/s.

e High-sensitivity measurements (-80 dbm for trans-
mission level and noise measurement).

e Meter indicates modulation percentage on carrier
channels (8 kc/s to 250 kc/s).

e Weighted noise measurements (with optional external
plug-in unit) to C.C.I.T. Specification or other network if
required.

o Simulates broadband carrier channels with a.m.
modulation.

e Wave analyser measures harmonic distortion and inter-
modulation products down to 0.1%

e Amplitude modulation monitor, 0 to 80%.

e Measures the bandpass characteristics of filters.

e Provides output for Pen recorder (0.1 mA 1,0009) or
head receiver for listening tests.

Dimensions and Weight:

Height: 8 inches 20.3 cm. Width: 14
inches 35.5.¢m. Depth: 125 inches 31.75
cm. Weight: 20 Ibs. 9 kg. (approx.
including power supply).

FUNCTIONS Or "’HE A220(prowsuonal) -

47 YORK STREET, SYDNEY — 2 0233

Newton Mclaren Ltd.
43 191 51 0111

SWW—068 FOR FURTHER DETAILS.
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DCOL

I LMY
(Regd Trede Mern}

SOLDERING
EQUIPMENT

FOR FULL INFORMATION
Apply Dicect to:
ADCOLA PRODUCTS LTD.
ADCOLA HOUSE
GAUDEN ROAD
LONDON S.W.4

Telephones:
MACaulay 4272 & 3101

Telegrams
SOLJOINT LONDON S.W.4

May, 1965

PRECISION '
PRESSINGS

Accurate
components at
competitive

prices

produced

by progressive
tooling and

multiform

methods !

SR :

" JOHN SMITH LTD.

209 SPON LANE - WEST BROMWICH - STAFFS, TELEPHONE WES 2516

“MITRE MILLS*’ RICHARD STREET - BIRMINGHAM 7
TELEPHONE ASTon Cross 2218 (4 lines)

SWW-—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 74* x 44* x 3°.

The other three boxes are cast in 2zinc alloy and have the following

dimensions :— Cat. No. 896, 44" x2{"x |-,
Cat. No.650. 44" x 3{°x 2",
Cat. No. 845. 71" x 4{" x 2°.
All are complete ‘with_ close-fitting flanged lids and are in natural
metal ready 40 take any final finish.
Data Sheets giving detailed information available
on request.
Manufocwrers. 5

STRATTON & CO. LTD.
BIRMINGHAM 31

SWW—070 FOR FURTHER DETAILS.
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Labgear S.S.B.

AN orIGINAL BRIMISH pEesien
ror WORLD markeTsS . ..

IMustrated is the Also available :
LSP 30 Pack Set * LGP 10--2 watt Pack Set

%_sl‘l’vfgspe'p . OUpy! * LS 100--100 watt Fixed Station
L - . + LSM 100P—100 watt Mobile Station
lggga/l]i}él;r:r?csllswnzed % LSM 30-—30 watt Mobile Station

: % LSR 8- -8 channel S.S.B. Receiver

compatible A.M.
complete with unique
continuously tunable
aerial.

Ruggedised and
Tropicalised for use
all over the world.

Plus a rangé 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 1s the heart of every
equipment resulting in lower initial cost and better serviceability

Write for fuil details to the sole designers and manufaeturers:

Labgear Limited

CROMWELL ROAD - CAMBRIDGE - ENGLAND
TELEPHONE CAVBRIDGE 47301 - TELEX 8i105 LAB.- TELEGRAMS LABGEAR CAMBRIDGE ENGLAND

SWW—071 FOR FURTHER DETAILS
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and NOW-

a Fully Transistorised
o Walkie-Talkie!

ned) 1 Bantam

TWO-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,

A Fully transistorised Transmitter.and Receiver
B Long endurance with Rechargeable or Dry Batteries M Crystal Filter selectivity
- Reliability and accessibility of components Il Very high performance Recelver
B Lightwelght 4 Ibs. (1.82 kq.) M Frequency Band 25-174 Mc/s. M Weatherproof
# Approved by G.P.O. to snec. W6345

o
Tel: TEVERSHAM 3131

PYE TELECOMMUNICATIONS LTD. cAMBRIDGE, ENGLAND * Telex No. 81766

SWW—072 FOR FURTHER DETAILS.
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R e |

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

B 125 watts p.e.p. output
B 4 switched channels
B TransistorDC or AC power pack

B Crystal filter selection of side-t
bands

PYE TELECOMMUNICATIONS LTD.

"CAMBRIDGE :r ENGLAND

Telephone: Teversham 3131
SWW—073 FOR FURTHER DETAILS.
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THE LINEAR ‘SUPER 30’ HIGH FIDELITY
PUBLIC ADDRESS AMPLIFIER

TECHNICAL DETAILS:

SENSITIVITY FOR 30 WATTS
Gram.—50 millivolts.

Mic. 1. 5 millivolts.

Mic. 2. 150 Mijcrovolts.

FREQUENCY RESPONSE
+ 2 dB 30 ¢.p.s.—20,000 c.p.s.

BASS CONTROL
<+ 15dB to — 15 dB at 50 c.p.s.

TREBLE CONTROL
+ 12dB to — 12 dB at 10 Kcs.

HUM AND NOISE
— 60 dB

HARMONIC DISTORTION
0.5%, for 30 watts.

VALYES
Mullard ECC83, ECC83, ECCS3,
EL34, EL34, GZ34.

NEGATIVE FEEDBACK
20 dB

DAMPING FACTOR

mains.

e m

RETAIL
PRICE

Trade and export enquiries Invited.

i LINEAR PRODUCTS LTD.

ELECTRON WORKS, ARMLEY, LEEDS.

33 Gns.

Send S.A.E. for leaflet.
For operation on standard 200-250 v. 50 c.p.s. A.C.
110/120 v. models available for export.

A HIGHLY
EFFICIENT 30 WATT
GENERAL PURPOSE

PUBLIC ADDRESS
UNIT

With input mixing facilities and
outputs for 3-75-15 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.

SWW—074 FOR FURTHER DETAILS.

VARIABLE D.C. POWER UNIT WITH
ACCUMULATOR PERFORMANGCE FROM
A.C. MAINS

EFFECTIVE
RESISTANCE
LESS THAN

TYPE
250VRU/30/20
PRICE

‘1 ohm. £131-5-0

Q % =
p o
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 tr ed 12v. Mobile
radioftel. operadon D.C. Motors, relays “industrial power, etc.,
from any point of A.C. 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 : £14-16-0 to £131-5-0.

val"c‘dw STAND 113

R.E.C.M.F.
LIMITED

SHOW
MaY 18-21

Please write to department C 3b.
for current literature. FELTHAM, MIDDX.
Tel.: FEL. 4837-4242
VALRADIO and STEREOSONOSCOPE are the registered trade
marks of YALRADIO LTD.

BROWELLS LANE,

§WW—075 FOR FURTHER DETAILS.

10
PICARDS

specialists in precision hand tools
and small machine tools for
miniature assembly and repair work

HENRI! PICARD & FRERE LTD

€31 0001
MANUFACTURERS IMPORTERS & WORLD WIDE DISTRIBUTORS
34/35 FURNIVAL STREET LONOON E.C.4
BRANCH OFFICES IN-SWITZERLAND FRANCE & GEAMANY

”‘@ I

SWW—076 FOR FURTHER DETAILS.
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$2 MC/A UNIVERSSL COUNTER - TIRER

the 1:2mc/s UNIVERSAL
COUNTER/TIMER '
glvmg the facrlltles

you need..

* [LLUMINATED 6 DIGIT DISPLAY
* TIME, PERIOD AND FREQUENCY MEASUREMENT

* 100mV SENSITIVITY
*. PRINTOUT FACILITIES
* CRYSTAL OSCILLATOR ACCURACY 4 1 PART IN.10¢

* OPERATING TEMPERATURE 0 — 45°C

PACKED AND DELIVERED IN UNITED KINGQOM

For full information write today for-Leaflet 23101

[RIAJC/AJL]

RACAL INSTRUMENTS LIMITED, WESTERN ROAD

INSTRUMENTAT/ ON BRACKNELL, BERKS. TELEPHONE: BRACKNELL 941, TELEX

SWW-—077 FOR FURTHER DETAILS,
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frequency
charactenstms

at your fingertips—each one repeatablie,
quickly, visibly and accurately to within
| dB!?

This wide range of equalisation s available
without insertlon 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. £166 complete,

Write for full information to:

LEEVERS-RICH EQUIPMENT LTD.

3190 Trinity Road, London, SWi8 Vandyke 9054

SWW—078 FOR FURTHER DETAILS.

EDDYSTONE COMMUNICATION RECEIVERS

For the proffessional or Amoateur user who likes the Best.

Communication receiver at a moderate price. MANUFACTURING
STANDARDS OF THE HIGHEST ORDER, 8 B8A valves Superhetero-
dyne circuit. FREQUENCY RANGES:
Range | ... ... 12430 Mcfs. Range4 .. [.12—-2.58Mc/s.
Range 2 . 52—129 Mc/s. Range5 .,, 480—1,150 kefs.
Range 3 2.5—6.1 Mc/s.
Ranges 4 and 5 include the International Distress Frequencies.
Sensitivity better than [0 microvoles. Selectivity 30 db down at
10 kefs. off resonance. A.C./D.C. Internal speaker.

HIRE PURCHASE TERMS

Model No. Cash Price Deposit i2 Mthly. 24 Mthiy.

Payments Payments
870A £34 8 9 £5 0 0 £2 12 6 —_
840C .. £62 0 0 £12 0 0 £i4 8 3 £2 6 6
940 .. £125 0 O £15 0 o 8 16 6 £4 14 6
ECI0 €48 0 © Transistorised Recelver.

CONFIDEN’HAL TERMS. YOU DEAL SOLELY WITH H.P. RADIO.
Carrlage paid per passenger train. SATISFACTION GUARANTEED

The Eddystone
Specialists

SERVICES LTD.

49/51 COUNTY RD.,
LIVERPOOL, 4

Telephone : AINTREE 1445

ESTAB. 1935

SWW—079 FOR FURTHER DETAILS.

MODEL AB/1 ¥
20 DRAWERS
£3.10.0

It's easy to find small components

in an original €EXEXI 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 SMALLITEMS

Write today for free lllustrated leaflet
LTD Bath House, 57/58 Holborn Viaduct
London, E.C.1. Tel: Clty 3410

SWW—080 FOR FURTHER DETAILS.
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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

POSITION IN

SWwW-—081 FOR FURTHER DETAILS.
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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
Noparking problems. Open Saturday until 7p.m.

SWW-—082 FOR FURTHER DETAILS.
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THE =
WHARFEDALE YOUR TAPES ON

SUPER RANGE

-
-_
™

EDIT

Each loudspeaker in

this range is fitted with
roll surround for low p" I LI ps
resonance and double I

diaphragm assembly PRO 50

for extended-

HF response. ' REGORDER

SUPER 8/RS/DD

These are some of the features that make this

Impedance 10/15 ohms new serjes of recorders particularly suitable for
Sfrar;nc Maglv::lsoo i editing—although they are of course completely
ux density 14,500 oers Vi iles
Total flux 60,000 maxwells ersatile
Aluminium voice coil 1. Models for 7}/15 i.p.s. or 15/30 i.p.s.
Max. input 6 watts rms or 2, gne tcvr two tracks on }in. tape, 3 or 4 tracks on
3in. tape.

12 watts peak - e
. CCIR or NARBT tape feed and equalisation.
i * 2
Frequency range 40-20,000 c/s. . Ferrite heads for long life, maintained quality,
Bass resonance 50/60 c/s. precise alignment of multiple gaps, and easy main-

W

Price 134/2 §nc. P.T. tenance,
i 4 5. Electronic tape tension control.

6. Press-button operation.

g. $ingerf§a s In headblock for ease of tape handiing.

. Tape lifted during rewind from all heads or in contact
SUPER |0‘/RS/DD with play-back head only if required.
Tnicdance 1015 Shris 9. ::::‘-bulton cutting or marking of tape on replay ]
Flux density 16,000 oersteds 10. Photo-electric tape stop, operating at end of tape
Max. input 10 watts rms or or on transparent insert,

20 watts peak

Frequency range 30-20,000 ¢/s.
Aluminium voice coil

Bass resonance 38/43 ¢fs.

Price 218/8 inc P.T,

SUPER !2/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 25-20,000 ¢fs. 3 . .
Write for informativ

Bass resonance 26/32 c/s. andfu{l-y l.””f"mg& =

Price 350/- (no tax) 12-page Booklet to

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 wrecording and for
dubbing, post-synchronising and transfer.

PETO SCOTT ELECTRICAL
WHARFEDALE WIRELESS WORKS LTD. INSTRUMENTS LIMITED
IDLE . BRADFORD .- YORKSHIRE SOUND & VISION SYSTEMS

. . 8 ”
Tel: idle 1235/6 Grams: “Wharfdel” Bradford aAddlestone: Rodd pWeybrdganieNrey
Telephone Weybridge 45511. Telex 262319
Philips Professional TV and.Sound Systems.

7%
7%

A
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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 any equipment in which they are used-

For further details write to:

“SCIENTIFICA"”

148 ST DUNSTAN'S AVENUE, ACTON, W.3

5WW-—08§ FOR FURTHER DETAILS.

B TELEPRINTERS-PERFORATORS —
REPERFORATORSTAPEREADERS.

Codes: Int. No. ; Perranti/Pegasus, Elliott 803 eto. - |
2 AND 5 WIRE, S

F.S.K. TERMINALS,
POWER SAMAS,
FLEXO WRITER
AND BURROUGHS

EQUIPMENT
TELEGRAPH AUTOMATION AND COMPUTER ACCESSORIES

Picture Telegraph E(‘uipment, Desk-Fax,
Morse Equipment, Cold Cathode Matrics,
Stroboscope and élccuonic 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-

%rimcr and Relay

esters, Oscillo-

scopes, Valve

Testers, Blectric Meters,. Teleprinter and
Teledeltos Paper, Plugs, Sockets, Key, Push
Miniature and other §witches, 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, Merts.
Tel.: Tring 3476 (3 Lines) Cabies: RANNO TRING

1| S

SWW—086 FOR FURTHER DETAILS.

W2-DOVEDALE

The 12° bass unit with NEOPRENE
SURROUND gives remarkably clcan bass and
will handle a 30 ¢/s. note with 10 watts input.
The cabinet is modern and attractive in
appearance, styled by Design Consultant
Robert Gutmann, F.S.1.A.

Open baffle resonance of 12” unit; 15/18 ¢fs.
Freq.range; 25-17,000¢/s. lmpedance; 12/15 ohms.
Power handling cap. ; 15 watts rms. 30 watts peak.
Size; 24" x 14”7 x 127, Weight: 37 Ib.

Finish; walnut, mahogany, teak or zebrano veneer.
PRICE £31.10.0.

For illustrated leaflet write to Dept. W

WHARFEDALE WIRELESS WORKS LTD.

IDLE - BRADFORD . YORKSHIRE
Tel: idle 1235/6 Grams: "“Wharfdel” Bradford

SWW—087 FOR FURTHER DETAILS.
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FIVE
ACES! This i

instruments.
compact.

hand that can’t be beaten. Five
models from our tremendous range of soldering

Superb performance. Amazingly

Developed to simplify YOUR soldering.

Copper bits for greatest speed.

Brochure W5 pos’ fres on request.

Permatip bits for long life. May we deal you in?
LIGHT SOLDERING DEVELOPMENTS LTD.,

28, Sydenham Road, Croydon, Surrey.
Telephone: CROydon 8589

SWW-—088 FOR FURTHER DETAILS.

TECHNICAL TRAINING by

' c S IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the 1CS
trained man. Let | C S train YOU for a well-paid post in this expanding

field.
1C S courses offer the keen, ambitious man the opportunity to acqulrc,
quickly and easily, the specialized-training so ial to Di

courses in Radio/TV Engmcering 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 porcable, signal generator
and multi-test meter—all under expert tuition.

POST THIS COUPON TODAY and find out how 1 CS can help YOU
In your career. Full details of ICS courses in Radio, Velevision and
Eleccronics will be sent to you by return maif,

MEMBER OF THE ASSOCIATION
OF BRITISH CORRESPONDENCE COLLEGES.

International Correspondence Schools I
'NT!RNA“ONAL I {Dept. 222). Intertexe House, Parkgate Road,
| London, S.W.II. |
CORRESPONDENCE EREANE ... .. e . . |
SCHOOLS e '
Block Capuuls Please l

TR | _
OF KNOWLEDGE | |
AWAITS YOU ! 1 I « o 00 OB SRS (e S s e SR e §-65 |
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a Whole Worild
of users
can’t be
wrong :

One of the really outstanding micropnones in the medium-price
range, the DP/4 is enjoying unparalleled success. Small wonder,
for the DP/4 is wonderfully reliable and sensitive to an extremely
wide range of sounds. Uniform frequency response from 50 c/s
to 156 Ke/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 ampllfylng it
without loss of realism and without unwanted side-noises.

The DP/4 comes in three impedances—Low, medium and high—
andis supplied complete with connector and 18ft. screened lead. The
2ft. dia. Parabotic Reflector is comptete with microphone holder.

Further details frcm your dealer or from :—
GRAMPIAN REPRODUCERS LTD.,
Hanworth Trading Estate Sownd B
4 % quigment—
Feltham, Middx.  FELtham 2657 Integrity that you hear
SWW—090 FOR FURTHER DETAILS.
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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 + 19%, is continuous and automatic from no load to full
load, for supply variations of 4 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 productsa VOLSTAT
is the answer. For further technical details please write to

ADVANCE ELECTRONICS LIMITED

ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. TELEPHONE: HAINAULT 4444

SWW-—092 FOR FURTHER DETAILS. C
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minitest

EVERYWHERE

—
IN THE FIELD /{/%h
= G

Small instrument ... . fits in the pocket

.. fip-top performance. It'sthe Salford
Minitest. a highly sensitive test meter
for the measurement of A.C. and D.C.
volts, currentand resistance. Wherever
there's a measuring job to do — you
can rely on the' Minitest. The clarity of
the scale Is exceptional and the knlfe
edge pointerensures accurate reading.
Housed in a tough Melamine cover,
the movement ig built into a pressed
steel case which effectively screens it

from externa! magnetic fields. .. IN THE TROUBLE

SHOOTER'S HANDS

MINITEST D.C. Amps

0-1 Amp.

Cle 0- 100 mA.

0- 2,000 0. lomA
0- 200,000 0-
0. 20 Megohms

D.C. Volts
0- 1,000 [}
0- 250 0 250
0- 100 0 oo
0. 25 0. 25
0
0

A.C, Volts -
1,000

I mA 0- 10 10

0. 50 uA. 6. 25 25

WIRELESS WORLD
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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 be 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

Wec 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 10 a dozen or so—24 hours. Around, say,
250—7 to 10 days. If you want more—come to us for your
earliest requirements 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

SWW-—094 FOR FURTHER DETAILS.

TRADE PRICE ONLY £7-17-6

{with leather case (8-12-6)

All ranges are selected by a single twelve-position rotary switch, A
separate slide switch is provided to change over from 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 - 24% F.S.D.

* A.C. accuracy - 21% F.S.D.

% -A.C. accuracy maintained up to 20 kc/s
* Additional decibel scale

% Small size 53" x 33" x 23"

> Weight 18 ozs. > 20 ranges.

SEIXY Leaflet on request

SALFORD ELECTRICAL INSTRUMENTS LIMITED

Peel Works Silk Street Salford 3 Tel: BLAckfriars 6688 Telex: 66711
London Sales Office : Brook Green - Hammersmith W6 Teil: Riverside 5245
A Subsidiery of THE GENERAL ELECTRIC COMPANY LTD OF ENGLAND

SWW-—093 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

Enguiries to:

Head Office,

Northgate, GLOUCESTER
Telephone: (OGL2) 22111 (5 lines)

SWW—095 FOR FURTHER DETAILS.
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for the first timel

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 i

of the R.E.C.M.F. EXHIBITION - OLYMPIA
TUESDAY 18th MAY to FRIDAY 21st 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.

VACWELL ENGINEERING COMPANY LIMITED

SHERMAN ROAD, BROMLEY NORTH, KENT
Telephone RAVENSBOURNE 9933 Telegrams EMCO BROMLEY Telex 28566

SWW—096 FOR FURTHER DETAILS.
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its easy to see...
y thm Wonld,

8TS 322
Miravox 11

KST 108
Miraphon 18H

El A[ Cartridges

KIEL-GERMANY

British Agents
HIGH FIDELITY CENTRE

69, WEST STREET, DORKING. Telephone: 4229.

..why Sifam CLARITY e s e
instruments are

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

specified,so often save lime energy money
transparent fronts for maximum readability and providing

’ with
a range which is outstanding in both visual presentation ‘ -y
and. workmanship. Scales and pointers are supplied to strlpplng
| Y

automatic
B.S.3693, Part 1, 1964, or to customers' requirements. I-
pliers

Our Technical Representative will be pleased to call.

Write for Data Sheets 106/C and 106/C1. i '®

Sifam ‘Clarity"” instruments are part of a complete range \_ 3 )

of moving coil instruments. mil“
See the Sifam range on Stand No. 461 ‘ * Strips cables 0.4
R.E.C.M.F. Exhibition, Olympia, 18-21 May Up'to 1. in length= W

-

Strips cables over 1in. m
length in two movements.

in one movement.

*

Y% Automatic release to protect fine
stranded conductors.
*
*

i
l N S T R U M E N T S Spare blades avaﬁlahle. '
Approved for Joint Service use by Ministry of
SIFAM ELECTRICAL INSTRUMENT CO. LTD. <
Fo!
Woodland Road, Torquay, Devon ?ﬁﬁkrvgiz\s'l_nnb. SHEERW ATER, WOKING, SURREY.
Telephone : Torquay 63822/3/4/5 e e e
A PRODUCT OF THE CREATOR GROUY

SWW—097 FOR FURTHER DETAILS. SWW-—099 FOR FURTHER DETAILS.
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SOVIRELhave greatexperience
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

WIRELESS WORLD

=

SOVIREL recommend, from
amorig 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 c6mpatibility 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

Ji

GLASSES F<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>