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All Bradley instruments can be supplied
with a British Calibration Service Certificate.
Ask for details.

Bradley's compact 173 Digital
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And at that price you mightn't expect
any extras.
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Forinstance, there's a scale length
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There's guarded input giving high
common mode rejection > 140 dB at
line frequency.

There's display storage.
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There is a standard ufisaturated cell as
an internal calibration reference. And
the.173 gives you automatic indication
otpolarity.

Ih one small package, the 173 gives
you a lot of DVM tor your money.
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latest Burndept Electronics radiotelephone
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continuing expansion in mobile radio com-
munications, the technical problems of
which are discussed in the report on
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How we made
thyristors

a commercial
proposition
for consumer
products

Three years ago a Mullard design
team was given the problem of
developing thyristors for motor speed
control in washing machines and drills.
Thyristors offered important advantages
over conventional power control
methods, but at that time, production
was confined to relatively expensive
‘industrial devices. The high unit cost
was essentially due to specialist
production techniques.

Two Requirements The Mullard team
set about designing inexpensive
thyristors, together with triggering
devices, for use on domestic mains
supplies. Two current handling
capabilities were identified as
being necessary to meet the range of

applications—6.5A for washing
machines and other heavy current loads,
and 2A for drills and lighter loads.
Within six months two consumer type
thyristors, BT101 and BT102, had been
developed for 6.5A applications, and
they were soon in mass production.
Now these devices, in the TO-64 stud-
mounted metal encapsulation, are well
established.

Low-cost Plastic After further design
work, a new plastic device, the BT100A,
was introduced to meet the lower
current requirements. Plastic power
device technology is highly specialised,
and only intensive effort over many
years has resulted in the highly
automated manufacturing techniques
which ensure extremely good reliability.

Computer Testing To cope with the
necessary high rate of production,
computer techniques were introduced to
record test results and to allow
automatic grading. The testing cycle was
significantly shortened by the use of
high-current pulses for directly heating
the thyristor crystal. This is one of the
best automated methods of testing
breakdown voltages at the highest
junction temperatures.

The result ? A range of thyristors-
capable of meeting all the consumer-
appliance manufacturers’ current needs,
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and of improving both the efficiency

of power-control and the usefulness of
the units controlled. They offer consumer
product manufacturers smooth,
continuous and efficient power control.

Worth it ? Right from the beginning

" we’ve had everything under our control,

so that we can be sure the product will
give consistent service. This also enables
us to relate quality with the best possible
price. Something which applies across
the very wide Mullard component

range. Our components find applications
as unexpected as Astronomy and
Zoology, giving us experience in many
technologies. Experience our customers
now take for granted.

Mullard

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House Torrington Place
London WC1E 7THD

CED73
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Wireless World

The Dehumanization of Broadcasting

Karl Marx, were he alive today, might have written that famous aphorism of his as:
“Television . . . is the opium of the people”. The fact that television is an opiate is
generally blamed on the programme producers: the broadcasting engineers are inclined
to take a superior, professional attitude and disclaim any responsibility for the material
that is passed through their channels. Indeed some engineers, particularly in
America, treat the programmes with open contempt. (The slang word “canned” used
for recorded programmes is an implicit grouping of the creations of art and.intellect
with beer, soup, baby-food and other mass-produced commodities of a sloppy nature.)
But it is too easy for the engineers to shelter in their sectarianism.- They must become
more aware of the effects of their work, their aims and attitudes, on the quality of
what is broadcast. These effects may be indirect but are nonetheless real.

Anyone who has worked -in mass-production industries will know that there is a
strong pressure on designers to fashion their goods not so much for the convenience
of the human customers as for the convenience of the production machinery. This,
of course, increases manufacturing efficiency. If the resulting goods are not exactly
what the customer likes he can always be persuaded to think that they are, by clever
advertising. Equally it is well known that people must be continuously pressurized
into buying goods which they may not really need, in order to keep the manufacturing
plant fully loaded and hence economic—and, incidentally, to avoid unemployment
and loss of consumers. The engineer, of course, has a vested interest in the design,
manufacture and operation of the production machinery.

A similar situation is now developing in broadcasting. The mental and spiritual
“goods” are becoming subservient to the broadcasting machinery, which is designed
and operated by engineers whose main purpose is to achieve the most efficient dis-
tribution of canned, pre-digested, brightly packaged, expertly timed, second-hand
experience to a mass audience.

At all costs the broadcasting machinery must be made efficient—and this seemed
to be the cry at the recent International Broadcasting Convention in London (see
p.484), where one of the main themes was the application of automation to broad-
casting. One American contributor proudly remarked that the on-line computer
programme for his computer-controlled broadcasting system had been “developed
and documented to the point where it can be used as a general purpose program for
any industry such as planning the production of manufactured goods.”

Automation is fine, in so far as it relieves people of monotonous work, reduces
operating costs and improves the technical quality of the broadcast programmes.
But "experience from industry shows that it is also a means by which the human
being is even more completely enmeshed and demoralized by the production mach-
inery. He is not driving but being driven, as Charlie Chaplin showed in “Modern
Times”, and now his brain is involved as well as his reflexes.

Nevertheless, one speaker at the I.B.C., on being asked why he had expressed
disquiet about too much automation in broadcasting, said “because it can be des-
tructive of human initiative and art”. This speaker was an engineer. So there is at least
one man who understands that the true work of engineers is not simply the perpetuation
of engineering.
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Elements of Linear Microcircuits

1. What a linear microcircuit is, how it issmade and packaged

by T. D. Towers*, M.B.E.

What are these microcircuits that have
revolutionized circuit design? In widest
terms, they are a sort of supercomponent
consisting of a number of circuit elements
inseparably associated in a small package.
In the ultimate they reduce the equipment
designer’s job to just fitting together a few
prefabricated circuit blocks instead of
designing a large complex of separate
discrete components. No longer need the
electronics experimenter puzzle out the
design of a two-transistor ‘Ridler’ d.c.
coupled pair for his tape replay amplifier;
he just buys a ready built microcircuit.

Linear and digital: the difference

There are two classes of microcircuits
(often called integrated circuits or just
i.cs): digital and linear. Digitals are
designed for on /off switching applications
and provide the equipment designer with a
range of complete logic elements, such as
AND, OR, NAND, NOR gates, flip-flops
and -some extremely complex computer-
type sub-systems. Linear ics are for
applications where the output is in some
way proportional to the input, and they
provide the designer with ready-made d.c.,
af., r.f. and wideband amplifiers.

‘Digital microcircuits became generally
commercially available in the mid-1960s
and have been exhaustively discussed in
the technical press since then. Linear i.cs
did not become readily available until
much later, and are only now finding wide
use. This series of articles is aimed at the
newcomer to the linear field.

Linear microcircuits can be ‘multiple-
purpose’ or ‘single-purpose’. Multiple-
purpose units are gain-blocks which can
be externally pin-programmed to perform
a large variety of different circuit functions
(usually by fitting different feedback
networks). The archetype of these is the
operational amplifier T or op. amp. . This
is a very high gain d.c.-coupled amplifier
with a response which is completely
defined by feedback. It was the earliest
linear microcircuit to become generally
available and is the best known,

*Newmarket Transistors Ltd.

tOperational amplifiers were dealt with at some
length by G B. Clayton in a series of articles which
appeared in the February to December issues of
Wireless World.

Most circuit designers prefer single-
purpose microcircuits, which are complete
in themselves and do not need additional
circuits designed around before they
can be used (as is the case with
multiple-purpose linear i.cs). Fortunately,
more and more single-purpose linear i.cs
are coming on the market, ranging from a
simple package of a matched pair of
transistors up to a complete 100-W audio
power amplifier.

Early developments

Before we look at current methods of
microcircuit manufacture, it is of interest
to look back over the past three decades
at the landmarks in their evolution.
Up unti World War II, the normal
methods of assembling electronic
equipment was to mount all the heavier
components on some form of chassis, and
then interconnect them with point-to-point
wiring, either directly or via tag boards.

The first major move towards present-
day microcircuits began with the minia-
ture proximity fuses developed for the
nose-caps of artillery shells in World War
II. These radio-controlled fuses were
closely packed assemblies using special
valves, but the technique never spread into
large scale commercial use because of the
bulky valve needed for amplification.

The development of microelectronics
really started with the invention of the
transistor in 1948. This got rid of the large
wasted vacuum space inside the valve, its
inefficient heater and the need for a -high
anode voltage. Assemblies could now be
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Fig. 1. Circuit of 1962 linear silicon
integrated circuit (Texas Instruments
SN521 operational amplifier).

much smaller, but they were still only
scaled-down versions of the old
point-to-point inter-wiring of discrete
components.

In the late 1940s, Sargrove in England
started a move away from point-to-point
wiring. He pioneered a development in
which a radio receiver was built on a
ceramic substratef on which resistors
and intercomponent wirings were printed
and fired rather than separately mounted.
This was one of the earlier experiments in
the integration of circuitry, but in spite of
it, point-to-point  wiring  continued
unopposed. '

Later printed circuit boards (more
correctly printed wiring boards) became a
commercial reality, and this form of
integrated wiring provided another big
step towards commercial microelectronics.

The 1950s also saw many different
approaches to miniaturization, apart from
assembling conventional miniature com-
ponents on a small printed circuit board.
They gave rise to names like ‘Cordwood’,
‘Tinkertoy’, ‘Micromodule’ and ‘2D’
which are now largely of historical interest
only. Details can be found in books such
as ‘Microelectronics’ by E. Keonjian.
(McGraw Hill, 1963.)

All these forms of microminiature
assemblies developed in the 1950s were
more expensive than-the standard printed
circuit board and they were only used in
equipment where cost was not the
governing element, military equipment for
instance.

Today’s microcircuits

In 1958 a development occurred which
changed the whole face of things. Kilby of
Texas Instruments came up with an
interconnected assembly of resistors and
transistors made by diffusion in tiny
silicon chips. The true monolithic silicon,
integrated circuit (s.i.c.) had been born.
The first of these was a mesa-type r.t.l.
(resistor transistor logic)- bistable and it
used only two chips interconnected by
bonding wires in a single package.

In 1960 the celebrated Fairchild planar
process for manufacturing transistors was
developed which gave a strong impetus to

{Some details of this development are given in an
article “Automatic Receiver Production” which
appeared in the April 1947 issue of Wireless World.
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the production of monolithic s.i.cs. Early
units were the easiest-to-make digital types
such as the 1961 Texas Instruments
Series-51 r.tl. But linear s.i.cs were not
long in arriving. By 1962, the Texas
Series-52 linear i.cs were on the market.
Typical of these was the SNS521
general-purpose single-chip 62dB differen-
tial amplifier the circuit of which is given
in Fig. 1. )

In the linear field, however, the general
use of linear s.i.cs can be said to have
started with the now well known Fairchild
#AT09 op. amp. which came on the
market in quantity in 1965. Since then
there has been a proliferation of
multiple-purpose linear amplifiers, parti-
cularly of the operational amplifier type.

But the linear /s.i.cs available by the
mid-1960s did not get the immediate wide
usage that their high technical specifi-
cations invited. This was partly because
production was small and the cost was
much higher than a designer could achieve
by using conventional component
circuitry. Also, run-of-themill circuit
designers were not skilled at using
wideband, high-gain operational amplifier
blocks for general purpose circuitry. They
would rather have had low-cost
single-purpose units.

In this climate, significant developments
began along different lines. Techniques
developed for producing prefabricated
assemblies of resistors, capacitors and
interconnections by printing on ceramics
(thick film) or vacuum evaporation on
glass (thin film) were married to special
miniature semiconductor devices suitable
for attaching to such substrates. Out of
this marriage came the hybrid active linear
microcircuit, which had advantages over
monolithics in some areas. The two main
ones were that the hybrid could be
fabricated economically in small batches
and that single-purpose units could be
made up readily.

By the end of the 1960s, many
semiconductor manufacturers had gone
into monolithic s.i.cs. Cheap standard
multiple-purpose linear i.cs had become
widely available, but there were not many
standard single-purpose units around. You
could get a special s.i.c. custom built, but
you would have to use very large
quantities for it to be economic. As a
result, many custom hybrid houses had
sprung up. using thick and thin
film techniques, to serve the smaller-run
equipment manufacturer who could not
use the existing standard monoliths and
was too small to have a special monolith
built for him. Almost as a by-product,
these hybrid houses also put on the market
standard commercial single-purpose
linears.

It is anybody’s guess how the demand
for linear microcircuits will divide itself up
in the future between standard
single-purpose, standard multiple-purpose,
and custom-built units. One estimate is
that ih the 1970s linear applications will be
met 50% by off-the-shelf single-purpose
standards, 25% by multiple-purpose
standards, and 25% by custom specials.
As to how far the units will be monolithic
and how far hybrid, again there is much

doubt. The chances are that most
multiple-purpose standards will be
monoliths, most custom units hybrid, and
single-purpose units a mixture of
monolithic and hybrid.

No reference has been made so far to
m.o.s.t. (metal oxide semiconductor
techniques ) microcircuits which use
fe.ts (field effect transistors) instead of
bipolar transistors as the basic circuit
elements diffused into silicon chips. They
are cheaper to produce than bipolar
monoliths, and have already found wide
use in low-cost digital applications.
However, they are not as yet well suited
directly to linear applications. and will not
be discussed further here.

As to hybrid technologies, thin film is
gradually being phased out for cost and
technical reasons, and most hybrids are
now thick film.

Monolithic silicon circuit manufacture

Manufacturing monolithic s.i.cs is a highly
complex business and many books have
been produced on the subject. If you are
seeking detailed information, you should
consult one of the standard texts, such as
Motorola’s. ‘Integrated Circuits—Design
Principle and Fabrication’, edited by M.
Warner (McGraw Hill, 1965). In this
article we will give only a sketchy outline
of how s.i.cs are made.

The process starts with an ingot,
usually about 250mm (10in) long and
25mm (lin) diameter, of highly refined
single-crystal silicon, shown in Fig.2(a).
The ingot is sawn up into thin slices of
which one is shown at- Fig.2(b), and the
s.i.cs are made’in these slices.

As shown in the enlarged view of a
single slice in Fig.2(c), a large number of
identical circuits are formed in a regular
pattern. Various techniques are used, such
as high-temperature diffusion of impurity
gases into the slice, selective surface
etching of photoresist masking, formation
of protective ‘glass’ (silicon oxide) surface
layers, and deposition of metallic
interconnections and lead bonding pads on
the surface by vacuum evaporation (thin
film) techniques. Depending on the area of
the individual circuit in the pattern, a
single slice typically produces anything
from 200 and 2000 identical integrated
circuits at the one time.

The slice is next scribed along the
dividing lines between the circuits and
broken up into individual units. A single
circuit then finally appears as at
Fig.2(d)—enlarged—in the shape of a
square chip between 0.5mm (0.020in) and
1.25mm (0.050in) across with visible

_metallization on the surface.

This chip is packaged by bonding it
face-up on a support such as the
multi-lead TO-5 header shown in Fig.2(e),
with the 'metallized bonding pads visible
on the face. Connections are then made
from the header leads to the pads by gold

yWe normally regard m.ost as meaning metal
oxide silicon transistor because this describes the
structure of the device. That is a metal gate (alu-
minium) insulated from the drain/source silicon by a
layer of silicon oxide. Ed.
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Fig. 2. Construction of silicon
integrated circuits: (a) basic silicon
crystal ingot from which process starts;
(B thin slice (wafer) cut from ingot; (c)
enlarged view of slice after processing
produces large number of identical
circuits inside the silicon formed by
repeated diffusion, oxidation, and
selective etching with final evaporation of
surface- metallization for interconnections
and bonding pads; (d) one of many
single-circuit chips obtained by scribing
and cracking the complete slice, and (e)
individual circuit chip mounted on header
with connections to header leads.

or aluminium wire about 0.025mm
{0.001in) diameter. After being tested, the
package is sealed. In the example shown, a
metal top cap is fitted by welding round
the rim.

From this necessarily brief summary, it
should be evident that the basic element in
a monolithic sdi.c. is a very small
processed thin chip of silicon about the
area of a grain of sugar. This makes it
clear why high-power dissipation presents
a major problem in s.i.cs, because of the
difficulty in getting the heat away from the
tiny chip. Normally, temperatures inside
the chip must be kept below about 150
to 180°C and because of its small size it
is hard to dissipate much power without
exceeding this limit. This also explains
why most of the commonly available s.i.cs
have a power rating somewhere round 100
to 500mW (very much the same as a
single transistor), and also why most of
the high power linear microcircuits on the
market tend to use the hybrid fabrication
to be described below.

Thick film hybrid fabrication

The assembly of a thick film hybrid starts
with a smooth ceramic (aluminium oxide)
blank substrate, ‘typically about 25mm
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(lin) square and 0.375 to 0.875mm (0.015
to 0.035in) thick, as shown in Fig.3(a).

On to this ceramic (which is an
insulator) a matrix of passive circuit
elements is screen printed and fired, just
like the decorations on a piece of pottery,
as shown in Fig.3(b). This produces an
identical pattern of resistors, capacitors,
insulating layers and metal interconnection
runs and bonding pads (the last for
attaching discrete components and
external leads) in each cell of the matrix.

The large substrate is then scribed
along the cell dividing lines and cracked
up into individual small Circuit substrates.
One of these is shown enlarged in Fig.3(c).
The next step is to attach any
subminiature discrete components
required, such as the transistor shown in
Fig.3(d), and the final substrate prepara-
tion is the attaching of external leads
shown in Fig.3(e).

After being tested, the hybrid circuit is
encapsulated in some form of protective
package, as shown in Fig. 3(f). It can be
seen that the dissipating semiconductors
can be dispersed over a relatively wider
-area than is possible in an s.i.c. chip so

-1 N —>
x [ x|x]|x
002in - X[ x1x|x
(2) 1in| -00Sin (b)
thick x[xIx]x
x|{x|x|x
1-—025in—
(c) EE (d)

(e) (f)

Fig. 3. Construction of thick-film hybrid
microcircuits: (a) Starting ceramic
substrate; (b) number of identical R,.C
and conductor networks printed and fired
on substrate; (c) single circuit substrate
scribed and cracked from complete
multiple-unit substrate; (d) discrete
components such as transistors attached
to substrate. (e) Leadout wires attached;
() circuit encapsulated in protective
package.

higher power dissipation is possible. .On
the other hand, it must also be clear that
the overall package size will tend to be
larger for hybrids.

The packaging of a microcircuit is of
importance not only because it is all that
the user sees of the device, but also
because it has such an important bearing
on cost and reliability. For this reason, the
rest of this article will be devoted to
packaging aspects.

/

Microcircuit packaging; the problems
Just as with transistors, microcircuit
packages are of two basic types, ‘hermetic’

(metal or ceramic and glass) and
‘non-hermetic’ (plastic). Non-hermetic are
much cheaper than hermetic, but have not
yet reached the stage where they can be
regarded as satisfactory in extremes of
temperature and humidity. Thus in high
reliability applications, hermetic packages
are the rule. Initially only hermetic
packages were accepted for professional
use, but recently plastics have improved so
much that they are creeping in for the less
demanding applications.

In commercial linear microcircuits, you
will therefore find three grades in the
market: (a) Entertainment or Consumer,
suitable for use from O to 7(PC and in low
humidity environments (and almost
always non-hermetic), (b) Industrial,
suitable for use from —20 to + 100°C
and in medium high humidity (mostly
hermetic), and (c) Military for —355 to
+125°C and high humidity environments
(until now always hermetic).

Unfortunately for the user, package
standardization for microcircuits is a long
way off. We are not yet in the comforting
climate of transistors where you can take
the same JEDEC standard TO-5 outline
device from several different manufactur-
ers and find that the case sizes varied by
only a few thousandths of an inch and that
the standard emitter-base-collector num-
bering of leads round the can obtained in
every case.

For linear microcircuits at the time of
writing there are over 700 different shapes,
sizes and lead configurations available. In
this chaos of packages offered, however,
some trends are beginning to make
themselves clear.

Monolithic s.i.c. packages show more
standardization than hybrids because they
have been around longer. But packages
which have reached some acceptance for
monoliths have had to be severely
modified to encompass the generally larger
hybrid element.

With regard to outlines, packages fall
into four main classes: (1) low-power
packages with leads to be inserted through
circuit boards and soldered on the copper
side; (2) low-power packages designed to
be mounted directly on the copper side
with leads attached flat to the

metallization by soldering or welding; (3)

medium-power packages with integral heat
sinks for printed circuit board mounting;
and (4) high-power packages designed for
attachment to substantial metal chassis or
heat sinks.

Low-power through-board-mounting
packages

The most common low-power through-
board-mounting microcircuit package is
the dual-in-line, abbreviated to d.il. for
the hermetic version and d.i.p. for the
non-hermetic or plastic version 5. Fig.4(a)
shows the main dimensions of the most

bAlthough d.i.p. always means a plastic package, we
often find that in the various manufacturer’s data
sheets we receive, d.i.l. is also used to describe plastic
packages. If your application needs a hermetically
sealed microcircuit always check the data sheet for
the type of package material used. Ed.
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Fig. 4. Typical common low-power linear
microcircuit packages for attachment to

n-copperside of printed circuit board:
(@) Dual-in-line; (b) single-in-line; (c)

‘Iultilead TO-5.
mmon package, the 14-lead dual-in-line.
ariants of the package may have
ything from 4 to 24 leads or more. The
interlead spacing of 2.54mm (0. lin) in the
line of leads is standard (to allow
cgnductor runs between the lead lands on
the board). The inter-row spacing of
7.62mm (0.3in) is standard for monolithic
sii.cs, but, for the generally larger hybrid,
other spacings such as 15mm (0.6in) are
common.

Dual-in-lines are not easy to unsolder
from circuit boards for servicing, and
tlgere is growing up another package style
for through-board mounting which is
easier to unsolder. This "is the
sﬁlgle-in-line, of which an example will be
found in Fig.4(b). This s.i.l. can be thought
of as half of a dual-in-line with the leads
straightened into the plane of the device. It
too, like the d.il, tends to use lead
spacings of 2.54mm (0.lin), and is more
common in hybrids than monoliths.

Historically the earliest monoliths were
developed by semiconductor manufactur-
ers and it was natural that they should
package them in modified transistor cases.
Fig.4(c) gives an illustration of the
multilead TO-5 which may have anything

om six to twelve leads. Because of the
close lead spacing and the difficulty - of
removal from a printed circuit board, it is
now not very popular with designers.

LLow-power copper-side mounting
packages

In these days of double-sided printed
circuit boards and the demand for space

(a) (b)

Fig. 5. Typical low-power linear
microcircuit packages for attachment to
copper side of printed circuit board: (a)
Flat pack; (b) ready-to-reflow.dual-in-line
with preformed leads.
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saving, several packages have been
developed for attaching to the copper side
of the board. Two are fairly standard.

The flat pack shown in Fig.5(a) was
developed by Texas Instruments for their
early si.cs. With the 'general adoption of
the dual-in-line package described earlier,
users who wanted to mount them on the
copper side of the board dressed their
leads out flat as shown in Fig.5(b).
This gave rise to the readv-ro-reflow
dual-in-line modification which manufac-
turers are now prepared to supply.

Medium-power microcircuit packages

The packages so far discussed usually
cannot dissipate more than a few hundred
milliwatts. Other packages had to be
developed for higher powers, particularly
in the linear field. These tend to-fall into
two main groups: (a) items designed for
powers up to about 5W without any
special substantial external heat sinking,
and (b) high-power packages capable of
dissipating up to 50 or 100W.

In the first, medium-power, category,
several packages will be met with.
Semiconductor manufacturers, accus-
tomed to standard two-pin TO-3 outline
power transistors, developed a multi-pin
version of this outline, of which Fig.6(a)
shows a typical example. On a printed
circuit board this can dissipate up to about
2W (and on a substantial heatsink 10W).

Another transistor case used for
medium-power microcircuits is the
multilead TO-8 transistor package, of
which Fig.6(b) is an example. This has
twelve pins arranged in a square, but a
sixteen-pin version is also available. This
package can dissipate up to about 1W in
free air and about 2.5W clipped to a
substantial heat sink.

(a) \
-, 7 \\
'/;'25'|n pins on
® i 0O'5in dia.circle
S &€
B N o
e 2 / o :a\.‘;\of

(d)

Fig. 6. Examples of medium-power
linear microcircuit packages; (a)
Modified multilead TO-3 power
transistor package (2-5W); (b) modified
multilead TO-8 intermediate power
transistor package (1-2W); (c) modified
dual-in-line with integral tongued heat
sink (IW); (d) modified dual-in-line with
integral heat sink for bolting to chassis

3BWw).

A different approach to a medium-
power package is the integral heat sink.
Fairly typical of this is the package
sketched in Fig.6(c). This is really a
dual-indine with the leads dressed for
reflow soldering and with a strip of metal
inside extending from one end for
better removal of heat from the chip
Permissible power dissipation can be
increased by soldering the metal tongue to
board metallization or some area of metal.
Packages like these are typically capable
of dissipations up to 1W.

The power dissipation capability of
integral heat sink package can be extended
by making provisions for bolting to a
metal heat sink. One well known example
of this is the chassis-mounting integral
heat sinc given at Fig.6(D). This package
is used for a linear monolithic amplifier
with a power output capability of 3W
audio, which has been widely marketed in
the United Kingdom. 3

High-power microcircuit packages

Package design becomes a critical
problem when we come to linear i.c.s.
capable of handling more than a few watts,
whether they be monolithic or hybrid. At
the time of writing no standard packages
have been evolved, but the main features

to be expected in such packages can be’

seen in the illustrative example of Fig.7.
This is a 50-W high-quality audio
amplifier. In the casing outline at Fig.7(a),
you can see that it is a fairly substantial
package, 100 X 50 X 25mm (4 X 2 X
lin), with flanges for bolting to a chassis
or heat sink. The terminals are stout pins
issuing from one side of the package, to
which connections can be made by
soldering or by crimped-tag flying leads.
The amplifier is of the quasi-
complementary class-B type and the
circuit used is shown in Fig.7(b). The main
power-dissipating elements are the two
output transistors. Some expertise is
required to mount these in the package to
ensure the most efficient removal of the
heat—quite a problem when you realise
that the power transistor chips are asked
to dissipate internally 30W apiece.

Sockets for microcircuits

In the early days of transistors, when
designers were a little uncertain how to
handle them, it was common to fit sockets
for them on printed circuit boards. We see
the same development with microcircuits,
and there is a lot to be said for it.

Sockets for standard dual-in-line,
single-in-line and multilead TO-5 packages
are nowadays fairly readily available from
electronics distributors. Apart from
distributors, some firms specialize in the
supply of microcircuit sockets, such as
Jermyn Industries in the UK. and Augat
or Barnes in the U.S.A. (with agents in the
UK.).

If you are buying microcircuit sockets,
remember that they come in two types:
“test” sockets specially designed for

HPlessey type SL403A.
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Fig. 7.  Typical commercial example of
high-power linear microcircuit (Sanken
Electric SI-10504, 50Watt Hi-fi power
amplifier). (a) Package; (b) hybrid
circuit.

continuous repetitive use, and ‘““‘produc-
tion”? sockets for once (or occasionally
twice) use in equipment. Obviously
production sockets will be cheaper than
the test type.

Availability of Linear Microcircuits

From this preliminary look at the linear
microcircuit field, it should be evident that
nowadays the designer can look to a large.
commercial armoury of such circuits
around which to build his equipment. As
later articles in this series will show, he will
find linear ic.s. for applications in
frequencies from dc. to 1,000MHz,
powers from 0.lmW to 100W and gains
from OdB(Xx 1) to 120dB (X 1,000,000).
The article next month will deal with what
is commercially available in the way of
linear i.c.s. and how to set about finding
them.

Editor’s Note. The arrival of the first
integrated circuit from Texas Instruments
in 1958, referred to by the author on p.
472, was foreshadowed by a report in
Wireless World in 1957 (November issue,
p. 516) dealing with early British work by
the Royal Radar Establishment and
Plessey. The title of our article, “Solid
Circuits”, later involved our reporter in
some legal business with Texas, as this
company subsequently used these words
as a trade name for their devices.
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Circuit Ideas

Loudspeaker transmit/receive

switch

In low-power radio transceivers it is
customary to use the receiver output
stage as the modulator when trans-
mitting, a switch being used to disconnect
the loudspeaker. The following circuitry
allows this switching to be accomplished
remotely without the use of a mechanical
relay, and has been used in a four-metre
portable transceiver in which all send/
receive switching is accomplished elec-
tronically. The basic circuit is shown in
Fig. 1 and has a very much lower insertion
loss than any diode or other system that
was investigated. The power loss is only
slight with a 3Q loudspeaker and is
unnoticeable with a 152 load. Almost any

Fig. 1. Basic electronic switch.

3 To.
modulation transformer
(no switching required)

transistors can be used but silicon planar
devices give the greatest attenuation
when the gate is off. Because of the fairly
low reverse emitter-base breakdown
voltage ratings of such transistors (about
5 to 6 V), some breakthrough occurs if
the input voltage swing is greater than
12 V pk-pk. When one side of the input or
output is referred to one pole of the
supply battery the circuit of Fig. 2 can be
used. If only one switched h.t. supply is
available, for example that for the trans-
mitter, the modification shown in Fig. 3
can be used. The diode ensures that Tr,
does not conduct when any audio peaks
cause reverse breakdown current to flow
into the base of Tv,.

D. A. TONG,
Kirkintiioch,
Dunbartonshire.

High-stability constant-current
source

A convenient two-terminal constant-
current source is a field-effect diode.
Devices may be selected to have a
temperature coefficient of less than
0.0005%/°C. However, the voltage co-
efficient of such diodes is typically
0.05%/V. This means that voltage vari-
ations may lead to larger errors in the con-

+12V

100k
+ 12V

. *

Complementary

100k
To transmitter

switched h.t.

In

output stage

100k

To receiver
switched h.t.

I Out

oV’

Fig.2

ov Flg.3

Fig. 2. Circuit Jor connection to two switched h.t. supplies. Fig. 3. Circuit arrangement

Sfor use with only one switched supply.
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stant current than temperature changes. A
way of isolating the diode from voltage
changes using an f.e.t. with its gate held ata
constant voltage is shown. The f.e.t should
be chosen to have a low V), consistent with
an Ipgg which exceeds the current passed

"'Vc
‘L Constant [
(0-47mA £ 20%)
s fP 2N4341
18V ——AAA
% Clj CL4710
\)
oV

F.e.t. current source.

by the current limiting diode. A 2N4 340 or
2N4 341 is suitable for use with the
CL4 710. The gate source voltage of a 2N4
341 changed less than 10% over a 30V
change in ¥V, giving a current stability of
0.0005%/V and 0.0005%/°C.

J. A. ROBERTS and J. R. JONES,
Swansea.

Cheap voltage reference

The base-emitter diode of most silicon
transistors can be reverse-biased and made
to operate as a zener diode. At currents of
about ImA a positive coefficient of
voltage with temperature is usually found

el

|

Temperature compensated ‘zener’ diode.

which is greater in magnitude than the
negative temperature coefficient of the
same diode when forward-biased. By
operating a transistor in an ‘amplified
diode’ arrangement the temperature
coefficients of this diode and the zener can
be made equal and opposite. With the two
in series a very cheap temperature
compensated zener diode can be produced
which is the equal of most of the reference
diodes available commercially for quite
high prices. Using two 2N2484 transistors
in a common heatsink a temperature
coefficient of less than 10 p.p.m. over a
ten degree temperature. range can be
achieved for 2mA current and 12V output.
Resistors of the order of 10k have been
used.

E. R. RUMBO,
Chippendale,
New.South Wales,
Australia.
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A design with a bridge output stage delivering 100W into 892

by Ian Hardcastle*, M.A., & Basil Lane

Regular readers of Wireless World will
recollect an earlier article of ours describing
a simple 15-W power amplifierf. This
article takes the design several stages
further to provide an output power of 100W.

In attempting to upgrade the original
design (reproduced in Fig. 1) two altern-
atives could be adopted, either to use 82
speakers and raise the supply voltage or
to use 442 speakers and accept a very high
output current.

Table 1 lists the requirements in detail
and from the data sheets of the output
transistor range (TIP29A to TIP36A) it
can be seen that the supply voltage equals
the breakdown voltage in the case of the
40 version,. and for the 802 version the
supply rail is well above breakdown. In
addition if we are to retain the same pre-
driver the supply voltage is also well above
the breakdown of the BC212L used. Any
alternative device used as a pre-driver
would represent a rise in cost as would be
the case for the output transistors in the
40 version. Here the large peak current
demands would necessitate the selection

* Texas Instruments Ltd.
+ “Low-cost 15-W Amplifier”,
October 1969.

Wireless World,

TABLE 1. Voitage and current require-
ments for 100 watt amplifier

load rms. peak pkpk rms. peak  power
impedance vohage voltage voltage current current supply
8¢ 28.3V 40.1V 80.2v 3.53A 65.0A 90V
4 20V 28.3V 56.6V 5A 7.06A 64V

of TIP35A/36A preceded by TIP29A/30A
to give the base drive required by the out-
put pair under peak output-current con-
ditions. In turn, base drive for these devices,
if derived from the existing pre-driver,
would set a collector current requirement
for this stage of around 20mA giving a
power dissipation beyond the capability
of the low cost small signal devices. In
addition the stage gain would be reduced
and by a chain reaction reduce the ratio of
open loop to closed loop gain giving a high
level of distortion. A way round this
problem is to insert another set of drivers
using a further pair of TIP29A/30A as
shown in Fig. 2.

To ensure sufficient overall current gain
around the quiescent point, resistors R,
to R, are added to the configuration to
increase the running current of the output

stage to a point where the devices have
developed useful gain. Since a 40 load
is being employéd the load coupling cap-
acitor must be large and its current rating
must be greater than 5A.

Finally the use of the 64-V rail means
that the transistors are operating at and
beyond the limits of their voltage ratings
making the production of such an ampli-
fier a risky business. Furthermore, the
unregulated - supply previously specified
would be unsuitable since its off-load
voltage could well rise too far. A fresh
look at the design is obviously required.

Argument for the bridge

At the sort of power levels under consider-
ation we are stuck with the output current
and voltage requirement already mentioned
and any attempt at reducing this (with say
an 80 load) will only result in a prohibit-
ively high rail .voltage to provide the large
voltage swings required. The reason for this
is that the use of the capacitor coupling
arrangement to the load limits these volt-
ages to peak values of 4+ or — half the
supply voltage. What is required is an
arrangement that eliminates the coupling

+Vee
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Fig. 1. Circuit of amplifier described in October 1969.
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capacitor without incurring the penalty’
of d.c.flowingintheloads.

Fig. 3 shows such an arrangement,
where four output transistors are arranged
as a bridge with the load connected across
the d.c. null. If an anti-phase signal is
applied to this configuration, on peak
positive signals Tr, and Tr, are turned
hard on, Tr, and Tr, are hard off, causing
the full supply voltage to appear across
R;. With a peak negative input, Tr, and
Tr, are turned hard on, causing the full
supply voltage to again appear across
the load but in the opposite direction.
Taking another look at Table 1, we see
that an r.m.s. voltage of 28.3V is required
to produce 100W in 8Q.

With the arrangement shown in Fig. 3,
each half of the output stage only has to
swing half of the required voltage. In this
instance 14.15V r.m.s., 20.05V peak, or
40.1V peak to peak. This now allows the
rail voltage to be lowered to S0V enabling
the same transistor families to be used in
the output stage as were employed in the
original 15-W design. In addition, if at any
time the power output of the amplifier
needs to be raised, the rail voltage can be
raised to achieve it. For example an 8Q2
load with 60-V supply would provide an
output power of up to 175W. Alternatively
for a 4Q load power in excess of 350W
should be obtained. )

Fig. 4 shows a block schematic of the
arrangement to be used in this instance
together with a full circuit diagram in Fig. 5.

Considering one half

Referring to Fig. 5, the left-hand power
amplifier will now be described, similar
arguments being applicable to the right-
hand amplifier. Readers will recognize the
configuration of the output stage, which
is similar to that of the early 15-W design.
The transistors TIP35A and TIP36A would
be suitable for use in this 100-W version,
but at the moment they are considerably
more expensive than the metal can versions,
the 2N3715 and 2N3791. It is possible
that at some time in the future the plastic
encapsulated versions will become cheaper,

Fig. 3. Bridge output stage with the
load across the d.c. null.

in which case they can be substituted
without any modification. The latter tran-
sistors have a minimum current gain of
20 at SA and hence a peak base current
of 250mA is required. This is above the
power dissipation capabilities of the smaller
plastic encapsulated transistors which
were previously used but the substitution
of a pair of TIP29A and TIP30A will serve
the same purpose without the need for
heat sinks, since the demand is well within
their free-air current and power ratings.
The current gain at their peak collector
current is at least 40, the peak base
current required being about SmA.

This particular type of transistor, when
operated at low quiescent collector cur-
rents has a somewhat low current gain,
and to obviate any difficulties likely to be
encountered by variations in gain in such
a situation, resistors R,, and R,, are used
to shunt the base-emitter diode of the
output transistors. Under quiescent con-
ditions, the collector current of the drivers
is now set at about 4.5mA giving them a
current gain of around 100. A point not
mentioned in the previous article dealing
with the 15-W version, was the necessity
for such resistors to be included to provide
a path for the output transistors’ collector-
to-base leakage current.

Readers who have built the 15-W
version, will find it advantageous to insert
resistors in a similar position, of value
1kQ.

Two additional functions are performed
by these resistors in both designs; they
ensure thermal stability of the output stage
and by providing a path for collector-base

~ +64V
R . : : ;
. Rl = TqurgeA Fig. 2. Possible modification
Y 47k Try of Fig. I'to obtain greater
(selected) TIP30A power.
i
Tr5
TIP29A Ris o
RV, Tra 010 2000p
2:2k BC182L
Riz
: 01Q
R13 Trio Re= a()
47k TIP35A
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Voltage amplifier
& phase splitter
A
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|

Twin voltage &
power amplifiers

Fig. 4. Block diagram of circuit
employed.

leakage, decrease the turn-off time of the
transistors thus reducing high-frequency
cross-over distortion and dissipation.

The familiar transistor-potentiometer
biasing arrangement has been used again
to supply the necessary inter-base voltage
to the drivers, thus causing the output
stage to operate in class AB, giving a
nominal output quiescent current of 20
to 50mA. The pre-driver stage operates
at a quiescent current of 10mA, this
current being well within the current and
power handling capabilities of the devices
specified in the 15-W version. Referring to
Fig. 1, the reader will see that a bootstrap
resistor has been used as a constant-
current sink, this resistor being connected
between C; and Tr,. In this instance, at
the cross-over point, the input impedance
of the resistor tends to fall because the
voltage on the collector of the driver
transistor Tr; changes more than the
output voltage, thus a voltage imbalance
occurs at either end of the resistor and
the bootstrapping fails. An alternative
providing a more satisfactory constant-
current sink, is to replace the resistor by
an additional small signal transistor
suitably biased from a constant-current
source. Such an arrangement is shown in
Fig. 6 where the transistor Tr, has a
constant voltage at its base provided by
a potential divider chain formed by the
resistors R,, and R, with diode D,. The
voltage developed by D, approximately
matches the base-emitter voltage of 7r,
over a range of ambient temperatures gnd
thus ensures that the voltage across re-
sistor R,, and in turn the current sink
provided by transistor Tr,, remains con-
stant with changes in temperature. An
improvement in the cross-over distortion
figures (still present in spite of the output
stage operating in class AB) is obtained,
since the constant-cufrent sink is no longer
dependent upon feédback from the output
mid point.

This arrangement has been used for
the 100-W amplifier for the reasons dis-
cussed above, and also because there is
no output capacitor to transfer the output
voltage from the output mid-point down
to the earth rail. To provide such a point
suitable for the connection of a bootstrap
resistor, an extra capacitor and resistor
would have to be inserted. All in all a
comparison of costs between providing
the additional transistor, or providing the
capacitor-resistor arrangement shows that
they are about equal, but the improvement
in performance from using the transistor
constant-current sink more than sub-
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Fig. 5. Full circuit of 100-W amplifier. Resistors can be 10% types except R,.
stantiates any reason for its selection. is any changes of voltage across the load Vee
Additionally, small signal transistors are creating a d.c. unbalance in the bridge, Ry
far more readily available than the electro- because at all costs large direct currents "
lytic capacitors at the time of writing and must be prevented from flowing in the —
in the foreseeable future. Since our 100-W load. However such currents are unlikely 1Bt h S Trq Outputs
Figuration employs two identical power to occur since any temperature change
amplifiers, the cost of providing the con- affecting the left hand power amplifier ~—
stant potential divider chain for this will similarly affect the right hand power Ro

additional transistor has been reduced
by making use of the same bias chain for
both amplifiers.

Input stage

To complete the power amplifiers, a differ-
ent input stage is used from the ‘version
shown in Fig. 1. The long-tailed pair has
been replaced by a single transistor with
its collector connected directly to the base
of Tr,, the base-emitter junction of which
is partially shunted by R,, to reduce
variation in the collector current of Tr,
due to variations in the current gain of
the driver transistor. Resistors R, and
R, together with capacitor C, provide
an a.c. feedback path to the emitter of T,
and set the somewhat low a.c. closedloop
gain of 11. In our original article several
benefits were claimed for using the long-
tailed pair as an input stage. These included
good stability of d.c. level of output mid-
point, and high input impedance to the
input and feedback circuits.

In the 100-W amplifier, the stability of
the d.c. level of the two output mid-points
is certainly worse than that of the 15-W
amplifier. The reason for thisis that changes
of both the base-emitter voltage to Tr,
and the current gain in Tr, will affect the
d.c. output level. Under normal conditions
the results of these changes due to temper-
ature variations would be expected to be
small, for example, a 20°C change will
cause an output level shift of 40 mV and a
change in gain of Tr, and Tr, from 60 to
300 will cause the output level shift of
400 mV. However, this is not really
important since what we are interested in

amplifier. Such changes in both amplifiers
would simply result in a similar shift of
output mid point voltage at both ends of
the load, resulting in a cancellation of
effect and the preservation of bridge
balance.

The high impedance feature of the feed-
back circuits in the original design has
become unnecessary in the 100-W version,
since the closed loop gain has been made
small.

The advantage of having low value
decoupling capacitors is retained since
resistor R, is relatively large (470€) and
needs only a 32uF decoupling capacitor
to give a.low-frequency —3dB point at
10Hz—once again comparing favourably
with the 15-W version. If this arrangement
were used in a simple amplifier with a gain
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Fig. 6. Replacement of bootstrap
resistor by transistor.

Fig. 7. Single-stage phase splitter.

of, say 100 where the feedback loop en-
compassed the whole amplifier, a capacitor
of ten times this value would be required
to give the same —3dB frequency.
Despite the change of configuration
from long tailed pair to single transistor
the input impedance looking in at the base
of Tr, is still high, due to the presence of
the large in-phase feedback signal at the
emitter. As the entire amplifier is d.c.
coupled, the stability of the output mid-
point voltage needs to be ensured by a
d.c. reference provided at the base of Tr,.
Two alternatives present themselves at
this point. ‘

(a) To provide an independent potential
divider bias chain for Tr, and 77, the
doubling up being necessary to allow
compensation for individual variations
in Vpg of these two transistors together
with the potential drop tolerance in R,
and R,.

(b) To make use of the d.c. level present
at the output of the phase splitter as a
reference.

The latter alternative represents a con-
siderable simplification and has therefore
been chosen.

Phase-splitter stage

Readers will note that the phase splitter
used consists of a long-tailed pair formed
by the transistors Tr, and Tr,. Other
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alternatives could have been used, such
as a single transistor with equal collector
and emitter resistors (see Fig. 7) one phase
being taken from each output electrode.
The preference for the phase splitter was
set by the following considerations:

1. Voltage gain is obtainable from a
long tailed pair allowing a reduced voltage
gain in the power amplifier and making
a simpler design. In addition, a greater
ratio of open to closed loop gain is obtained,
giving lower distortion.

2. In the case of the single transistor,
the impedance seen by each of the identical
power amplifiers would be different since
the collector output impedance of the
phase splitter is higher than that of the
emitter. The long-tailed pair shows no
such disadvantage and provides identical
drive conditions for both power amplifiers.

3. A single transistor phase splitter
presents different d.c. levels at emitter
and collector thus complicating the prob-
lem of direct connection to the input of the
power amplifiers. In the case of the phase
splitter using a long-tailed pair, connection
is made to collectors at the same d.c. level
for both power amplifiers.

An examination of Fig. 5 reveals that
the bias arrangements for the two halves
of the phase splitter are different. Resistors
R; and R, are of an order of ten times the
value of R, and R,. One of the main
reasons for this difference is that the input
to the phase splitter is fed to the base of
Tr, and it is necessary to preserve a high
input impedance (to avoid loading the
output of the pre-amplifier). The source
impedance seen by transistor Tr, when
taking noise into consideration will be
low, since C,, the input coupling capacitor

and the impedance of the source acts as
a de-coupling network across R, and R,,.
Provision of a network of similar imped-
ance at the base of 7r, would mean that
the source impedance seen by Tr, would
be too high for minimum noise output,
and additionally, radiated interference
would be easily picked up by this device.
The values chosen for resistors R, and R,
provide the optimum low-noise condition,
capacitor C; being used to de-couple
the bias chain at high frequencies to
eliminate noise from radiation sources.

In most conventional long-tail pair
arrangements efforts are made to see that
both halves of the pair are balanced in
their current, voltage, and impedance
characteristics. In this way such an
arrangement takes advantage of the in-
herent self-balancing of d.c. conditions
available from such a configuration. Since
in this version of the long-tailed pair we
have ‘an impedance imbalance at the base
of each half of the long-tailed pair, gain
changes in the transistors arising from
temperature shifts is likely to result in a
drift in the relative d.c. voltage levels of
the two bases; this in turn appears at the
output of the long-tailed pair and hence
throws the power amplifiers into a state
of imbalance. In practice, this effect is
very small due to the selected high-gain
characteristics of the transistors specified
for Tr, and Tr,. As an example, if a mini-
mum gain transistor’s gain doubles due
to any changes in temperature, a differential
change in the base voltage of Tr, and Tr,
of about 120uV can be expected. The
resulting differential change in the output
voltage of the whole amplifier is likely to
beabout 1.7mV.

1 Fig. 8. Total harmonic

3 distortion at different

i power levels.

Fig. 9. Regulated power supply for
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As already mentioned, the input
impedance of the power amplifier is high
and thus though it shunts the collector
resistors of each half of the long-tailed
pair this need not be considered when
calculating the gain of the phase-splitter
stage. Gain is calculated by the ratio of
the collector resistors R, and R, to the
emitter resistors R, and R, and produces
a value of 15.3. Resistor R, is used to
connect the complete phase-splitter stage
to the positive rail. Since it is decoupled
by C,, ripple and noise is prevented from
appearing at the inputs of the power ampli-
fiers. Since the power amplifiers themselves
are fully hum-proofed, nois€ appearing
at the output source is extremely low.
One could argue that the de-coupling of
R, is not strictly necessary, since any hum
appearing at R, and R, will be in-phase
and will thus appear at the output of each
power amplifier still in phase, constituting
a null in the load. This condition would
only be true were the voltage gain of each
power amplifier equal. In practice this is
somewhat difficult to ensure, and anyway
the cost of the additional decoupling is
small ensuring low noise as well as inci-
dentally improving the high-frequency
stability of the amplifiers.

A further consideration in the selection
of the value of the collector resistors in
the phase splitter, was the requirement
to provide the appropriate d.c. level to
allow direct coupling into the power
amplifiers. This voltage is 28.5V allowing
the mean d.c. level of the power amplifier
output mid-points to be set at approxi-
mately +26.2V. Since a 50V supply rail
has been specified, one might expect this
output mid-point voltage to be nearer 25V,
however, the output voltage of the power
amplifiers cannot swing as close to earth
as it can to the positive rail because the
emitters of the current-sink transistor 77,
and Tr, are set at 1.5V.

As has already been stated it is un-
desirable for differences in the d.c. mid-point
voltage levels to occur because of the
resultant large direct currents flowing in
the load. Component tolerances tend to
create such a situation which is to a
large extent compensated for by adjust-
ment of the base voltage of transistor 77,
using the potentiometer RV,. This potentio-
meter allows the adjustment of the output
mid-point voltage in the right hand power
amplifier to the same level of the output
mid-point voltage of the left hand power
amplifier.

If low-cost wide-tolerance resistors
are used throughout the system it may
be found that the adjustment of RV, is
insufficient to correct any imbalance in
the output mid-point voltage. In such an
instance resistor R, should be reduced to
10k ¢ and a 4.4k ¢ potentiometer con-
nected in series with it giving an additional
adjustment to the left hand amplifier’s
output mid-point voltage.

High-frequency stability

Due to the high cut-off frequency of the
transistors used throughout this design
the whole amplifier has gain in the mega-
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hertz region and is therefore unstable.
Where straight resistive loads are to be
connected stability may be ensured by
connecting 100 pF capacitors between
the collector and base of Tr;, and Tr.
However, if the load displays parallel
capacitance the amplifier is again unstable
and capacitors C, and C, have to be added
and C,, and C,, increased to 330 pF.
Unfortunately, although this stabilizes
the amplifier, the maximum undistorted
output frequency is limited to about 10kHz.
Naturally this is undesirable and to
alleviate the situation and extend the
frequency response beyond 20kHz,
capacitors Cq, C,, C,, and C,, have to be
added. In addition, a small inductor L,
completes the stabilization arrangement.
This inductor can be made by winding 25
turns of 26 s.w.g. enamelled copper wire
in a single layer on ahigh value 1W resistor.

It may seem that rather a large number
of components have been: used to ensure
the high frequency stability of the amplifier,
but this situation has arisen as a result of
the large open-loop gain of the amplifier
and the large current and voltage swings
involved. Distortion characteristics for
the amplifier are shown as a graph in Fig. 8.
The main performance figures are given in
Table 2 and intermodulation distortion
readings in Table 3.

Construction

As is the case for the 15W amplifier des-
cribed in our previous article the layout
of this amplifier is not very critical. How-
ever, some simple rules should be observed
in the layout of the output stages. Trans-
istors Tr,,, Tr,,, Tr,, and Tr,, sheuld
be mounted as close as possible to one
another on the circuit board.

Short wires should be used to connect
these stages to the output transistors. If
possible separate leads from the emitters
of the n-p-n output transistors should be
taken directly to the reservoir capacitor.
Alternatively if the power supply and
reservoir capacitor are not close to the
power amplifiers these leads could be
connected to the circuit board at one point
close to the driver stages with the negative
lead from the power supply. A similar
arrangement should be made for the
emitters of the p-n-p output transistors.

As one may expect from an amplifier
of such an output there is considerable
heat dissipation in the output transistors.
In fact this amounts to about 25W, so
efficient heat sinking should be employed.
One heat sink should be used for each
output pair.

A method of corhponent layout em-
ployed in the prototype was to make use

TABLE 2. Performance Figures

power output 100W

power output (t.h.d. = 10%) 150W
frequency response ( + 1dB) 10Hz—20kHz
signal-noise ratio (R, .. =600Q) 89dB
signal-noise ratio (Rs,,,.co = 10k2) 84dB

input impedance at 1kHz 56k 2

output impedance at 1kHz 0.089

nominal input voltage (P, =1 00w @ 1kHz) 180mV
power-supply current {at 100W & 1kHz) 3.5Ar.m.s.
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A complete amplifier. The four electrolytic capacitors used in the circuit are small
enough to be wired directly to the Lektrokit board.

of the plain perforated Lektrokit board.

To avoid the inevitable rage and frus-
tration in the event of turning your amplifier
on for the first time and seeing large black
clouds of smoke rising, the following
setting up rules should be closely
observed:—

(1) Terminate the input with a 10k
resistor. Connect a voltmeter across the
open circuit output terminals.

(2) Set RV, and RV3 such that their
wipers are at the end of their tracks
connected to the collectors.of Tr, and Tr,.

(3) Set the wiper of RV, at its mid-
point.

(4) Connect a 3W Sk rheostat and a
250mA meter in series with the positive
supply lead. Set the rheostat to 5k@ and
connect the amplifier to its power supply.

(5) Turn the power supply on, and
slowly reduce the resistance of the rheo-
stat to zero. Should the current drawn
exceed 150mA turn off and check the
wiring.

(6) Connect a voltmeter across the
output points and adjust RV until the
output voltage as read by the meter reads
OV (+50mV).

(7) Switch off. Disconnect the rheostat
and current meter, and connect a suitable
resistive load. Switch on and re-check the
differential output 'voltage. Re-adjust as
necessary and then switch off.

(8) Connect a 100mA current meter in
series with the emitter of 7r,,. Switch on
and adjust RV3 until 50mA is indicated.
Switch off.

(9) Move the meter connections to the
emitter of 774 and switch on. Adjust RV,
until the meter indicates 50mA. Switch
off, and remove the meter.

(10) Switch on and re-check the d.c.
differential output voltage. The amplifier
is now ready to be used.

Overload protection

In an amplifier of this type, some form of
protection is essential and the method
shown in our earlier article is suitable
for use here, though the number of items
is doubled. In addition the fitting of fuse
F, is regarded as imperative in.view of

TABLE 3. Intermodulation Distortion

output freq ies & amplitud ion distortion

Hz v Hz v %)

1100 144 900 144 0.16

11k 14.4 9k 14.4 0.23

10k 24.0 1k 6.0 0.14

10k 6.0 1k 240 0.14

10k 240 120 6.0 0.15

10k 6.0 120 24.0 0.16

1k 240 120 6.0 0.135

1k 6.0 120 240 0.1456

the fact that the output stage can still
overheat under long-term overload con-
ditions. The value of this fuse should be 4A.

Power supply

It is just feasible that an unregulated
power unit could be used to supply this
amplifier, but it is important that under
no-load conditions the voltage does not
rise above 60V and at full power it does
not drop below 50V. Large currents are
drawn from the supply making these re-
quirements difficult to obtain and most
readers may favour a regulated unit. A
suitable design is given in Fig. 9, where
the 50V winding (rated at about 10mA)
provides a supply. which when rectified
and smoothed acts as a constant voltage
source. Resistor R, acts as a constant
current source for the zener diode ZD,
and the parallel arrangement of RV, and
R, in series provide a small measure of
adjustment. Transistors Tr, and Tr, pro-
vide the necessary current gain to minimize
the effect of the base current swing of 77,
on zener diode ZD,. The dissipation in
Tr,, reaches a maximum of about 35W,
and so it should be mounted on a heat sink
having a thermal resistance of less than
3.5°C/W. The leads from C,, to the
emitters of the four output transistors
should be kept as short as possible.

The three electrolytic capacitors used in
this power supply cannot be eliminated or

-safely reduced in size. Separate trans-

formers can of course be used to provide
the 50 and 42 volt secondaries.
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Avionics at Farnborough

Some impressions from the electronics show

Have you ever thought of all the things
that occur when a modern aircraft is
displaced slightly frqm its flight path by an
air disturbance or for some other reason?
As an airline passénger one is inclined to
think only in terms of seating comfort and
cabin service and to hope that the wings
won’t fall off or that engines wont pack
up. It is interesting to look at the aircraft
as a single unit, that is, to roll all the
sub-systems into one.

The small disturbance mentioned above
will cause a host of transducers of many
types to give out a signal or to change
their- existing outputs. Innumerable gyros
will measure the amount, rate and
direction of the disturbance; acceleromet-
ers will measure the size and direction of
the accelerations and decelerations
involved in three dimensions; aneroid and
other capsules will measure change in
height, airspeed and rate of climb or dive;
direction-finding aerials move slightly to
stay aligned on the beacon they are
tracking; doppler beats: are generated
proportional to the rate of the disturbance;
flux valves measure the angle of the earth’s
magnetic field relative to the aircraft, and
SO on.

This flurry of signals is fed to a number
of digital, analogue and hybrid computers.
Trains of pulses are generated during the
computations, analogue signals change in
phase and amplitude in such a way as to
describe the amount and direction of the
displacement, scores of small motors turn
to either drive pointers or to assist in the
calculations by turning a shaft which
mimics the aircraft’s angle in a particular
plane.

As a result of all these actions the gyro
compass now indicates the new heading
(true or magnetic) and updates all the
navigation computers which will provide a
read-out of position; the outputs of the
accelerometers are changed into signals
representing velocity and to distance flown
in a given direction for the navigation
system; the doppler radar will be giving an
indication of ground speed and drift from
which true track can be computed; and
signals will be fed to limited authority
motors in the flying control system to
cause the hydraulics to apply control
surface: movement to limit the size of the
displacement. With automatic control
the automatic pilot will apply control
surface movement, after taking into
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Designed
primarily for air
traffic control use
by Solartron the
interface
equipment shown
allows a standard
television tape
recorder to-be
used to record
radar data for
subsequent
analysis on a
radar display.
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account the flying characteristics of the
particular aircraft, in such a way as to
correct the displacement practically before
it occurs. During even a disturbance these
and many other actions occur. For
instance, signals from different sources, but
describing the same thing, are compared
and an error signal may be generated to
correct one of the sources.

Apart from these systems there is the
radar blind-landing and communication
equipment as well as the electrical,
electronic, hydraulic, pneumatic and
mechanical systems needed to control and
monitor cabin pressurization, fuel
management, undercarriage, flying con-
trols, flaps, dive brakes, engines,
temperatures, etc.: etc.

All these systems have to be powered
and the prime movers for this are of
course the engines. The outputs of the
engine-driven alternators have to be
controlled in frequency and amplitude and
distributed throughout the aircraft so a
great deal of electrical equipment is
required.

The preceding few paragraphs were
presented so that the reader .who is not
familiar with aircraft systems could get
some idea of how complex -a modern
aircraft is. Not all systems were mentioned
and if a military aircraft had been taken as
an example, instead of a civil one, the
various weapon aiming systems would
have increased the complexity by a very
large factor.

. Britain’s avionic industry can design,
develop and build all the systems
necessary including the engines and the
airframe for any aircraft that is technically
feasible by today’s standards if it had the
money to do so. The only other countries
to have such a complete capability are
Russia dand America.

This lead cannot be maintained unless
the industry designs and builds aircraft
and at present its hopes are placed on
perilously few products. Topping the list is
of course the Anglo-French Concorde
which stands to win £4,000M worth of
export orders if it comes up to its design
performance. There is also the
Anglo-French Jaguar and the European
Multi role combat aircraft (MRCA)
controlled by an Anglo, German, Italian
company called Panavia. There is the
successor to the BAC one-eleven, the
three-eleven, which is a short /medium haul
jet airliner capable of carrying about 250
passengers which could be ready by
mid-1975. About £200M is needed by
BAC to get this project off the ground.
Also awaiting money and policy decisions
are two vertical take-off airliner projects
the Westland WE.O1 /02 which employs a
helicopter principle and the Hawker
Siddeley H.S.141, a modified Trident with
jet powered vertical take-off. If the British
aircraft industry is to stay with the leaders
it must have the money even if the costs
are offset to some extent by
Anglo-European co-operation. The bene-
fits for the country in terms of exports
could be enormous.

Not only can the British aircraft
industry build aircraft .but, as was
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exemplified by the static exhibition of
Farnborough, our own electronics
industry is fully capable of meeting all the
demands likely to be made upon it for the
equipment so essential to today’s
aerospace technology.

At the show Marconi introduced a new
computer called Myriad-3 which is
designed around t.t.l. logic and is intended
for handling radar data.

Myriad-3 is a parallel binary fixed-point
machine with single address operation
having a word length of 24 bits with
facilities for double-length working.
Extensive input/output facilities are
available in the form of optional plug-in
modules. Most single-length instructions
take about 3.2ys and the more
complicated instructions, such as multiply,
take around 1las. Storage capacity is up
to 256,000- words and two types of store
are available; a 32k word store with a
650ns cycle time and a 16k word store
with a 1.6us cycle time. Because the store
timing is controlled from within the store
unit, it is possible to have both types of
stere in a system, with the slower (and
cheaper) store carrying less urgent
information.

The basic machine comprises a number
of modular ‘building bricks’. The main
units are the central processing unit, store
units, power units, operators’ control unit,
programmers’ /engineers’ control unit and
a highway extension unit. A master
peripheral unit, designed to accept
standard control modules, accommodates
the input /output control circuits for
peripheral devices.

Among the many demonstrations on
the Min-tech stand was ‘the use of glass
fibre light guides in an experimental
optical communications system employ-
ing a gallium arsenide diode as the light

This floating beacon manufactured by
Burndept, which has already captured
orders worth £50,000 from Norway,
operates on a primary battery and
transmits on both the civil and military
aviation distress frequencies (121.5 and
243MHz) for a minimum of 48hrs at
0°C. It measures 670 X 85mm and
weighs 2.89kg.

A personal survival beacon, Sarbe 5,
introduced by Burndept for military use.
It allows two-way speech and a built-in
test system.

source and an exhibit which showed how a
c.r.t. and associated keyboard could be
used on board an aircraft to communicate
with a navigational digital computer.

Visitors to Farnborough were able to
navigate. their way round the airfield
without moving from the Sperry pavilion.
To do this, they went for a simulated run
in a Land-Rover equipped with the Sperry
Vehicle Navigator and Map Display
which is currently being offered for airfield
navigation duties.

The Land-Rover was driven in the

-normal way; the wheels revolving against

a dynamometer to provide a speed input
for a computer. Turning the steering wheel
produced heading change inputs for the

.computer, in place of the gyro or

flux-valve normally employed. A map
display unit was mounted on the bonnet
for the demonstration and the position of
the vehicle was indicated by hair line
cursors. A digital computer monitored the
process.

The helicopter version of the Solartron
Simfire seen at the exhibition is one of a
family of direct fire weapon effects
simulators developed as aids for combat
training. The system has two basic roles.
As a method of training helicopter pilots
in making the best use of ground and
cover to avoid ground fire; and as a means
of assessing the vulnerability of helicopters
to ground fire, for operational analysis
purposes. A laser-beam projector is aimed
by the operator at a helicopter target.
When the operator ‘fires’, a stream of
pulses is directed towards the target.
Detectors on the helicopter receive the
laser beam impulses and illuminate
indicator lamps which show the pilot that
he is under attack. The direction of the
attack is indicated by a lamp to the pilot
who can then take avoiding action. If the
helicopter target is held in the centre of the
beam for a period exceeding one second,
the helicopter is ‘killed’.

Texas Instruments, as part of their
Klixon range, were showing what they
describe as a solid-state vane switch—a
contradiction of terms if ever there was
one. The device is designed to sense when
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a supply of cooling air is stopped or
reduced in a piece of equipment. The
sensing element is a positive temperature
coeflicient thermistor built into a probe.

Sperry were showing a c.r.t. display
intended to replace a number of
instrument panel dials. The c.r.t displayed
characters and symbols to give aircraft
attitude, flight director information,
altitude, airspeed and weapon aiming
information either individually or as an
integrated display.

Decca Navigator, who were rightly
shouting about the recent order by
America’s Eastern Airlines for the
Omnitrac Area Navigation System, were
also displaying a new back-projection
navigation display.

Elliott Automation Radar Systems
introduced a new nose radar of advanced
design capable of terrain following,
mapping, ranging, and air-to-air operation
in strike aircraft while Elliott Flight
Automation had on display a digital
automatic flight control system for civil
use.

Ultra Electronics were displaying a
personal radio location beacon designed to
replace the larger beacon now in service
with the armed forces. Called Sarah-B the
beacon is capable of twin-frequency
working and it is built using thin film
circuit methods. It measures 110 X 75 X
25mm and weighs less than 20 oz.
Sarah-B transmits a tone on the distress
frequency of 243MHz and can be used for
two-way communication over short ranges
on 243 or 282MHz; battery life is in
excess of 24hr.

That completes our quick glance at a
small percentage of products that were on
show at Britain’s biennial avionics
supermarket at Farnborough.

Among the new items introduced by
E.M.1. was a video map generator (Type
VMI101) which is designed to be an
inexpensive adjunct to radar simulators or
for use with real time radar displays for
simulating stationary or moving clutter.
It will also produce a video map. Patterns
are generated by a flying spot scanner.

Elliott>s stand contained a vast assort-
ment of equipment for both military and
civil applications and the Digital Systems
Department introduced an airborne display
control unit. Facilities provided by this
unit include alphanumerics, lines and
circles with 10-bit angular and positional
accuracy. Individual symbols can be made
to flash or be made brighter, and several
displays, each showing a different picture,
can be driven simultaneously.

Plessey had an engine vibration monitor
on show which was designed for Concorde.
The system consists of eight piezo-electric
transducers, one mounted on both the fore
and aft bearings of each of the four engines.
An eight-channel display of the flight deck
gives immediate indication of increased
vibration, often the first indication of
serious engine trouble. Another item on
the Plessey stand was a stall warning unit
for use on the Hawker Harrier. Intended
for use when the aircraft is hovering, the
unit senses an incipient stall condition and
warns the pilot by shaking the rudder bar.
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London Broadcasting Convention

Some developments in broadcasting seen at the September

convention

With over 80 technical contributions the
biennial International Broadcasting Con-
vention in London in September attracted
1000 delegates. Most of the papers were
about television—the big stride nearly a
year ago when the U.K. passed out of the
405-line monochrome age into the 625-line
colour age overshadowing developments
in sound broadcasting.
Automation in broadcasting was one of
the major themes of the convention and a
good 25% of the papers dealt with some
aspect of automatic control of equipment,
ranging from closed loop servos for
particular operations (e.g. automatic
registration of colour-separation images in
television cameras) to a vast data
processing system using several digital
computers that controls the whole of the
NHK (Japan) broadcasting network and
even encompasses the audience. All this is
becoming necessary, apparently, because
of the increasing scope and complexity of
broadcasting operations and equipment
—human control is béginning to prove
inadequate—and, in turn, because of the
excessive cost of training and using
technicians for these operations. The
subject has become so important, and the
automation techniques are so varied and
complicated, that we intend to make a
special report on this aspect of the I.B.C.,
to be published in the November issue of
Wireless World.
Satellite broadcasting has its problems,
some of which have been discussed before.
One, discussed by P. L. Mothersole,
is that of mains isolation in television
receivers; a problem when thinking
in terms of adding a converter to
receive satellite broadcasts (such an
add-on unit would convert from f.m. to
a.m. as well as frequency). But with a new
receiver design a convenient way around
this is to have an insulated winding on the
line scanning transformer, at earth
potential, providing the low-voltage supply
that would be required for a converter. A
possibility which Mr Mothersole foresaw
is the use of a communal aerial and
converter system. This would avoid
mounting and aligning dish aerials in
domestic installations, and could also help
to keep cost down.

An interesting point touched on by
J. Redmond, director of engineering,
B.B.C., in his address was that ‘of sound

broadcasting from satellites in the h.f.
band. A study has shown this to be
technically feasible in the 21 and 26MHz
bands. The satellite would probably be in
a low-altitude orbit in such a scheme,
because of the high power needed from a
geo-stationary satellite—of the order of
tens of kilowatts. A power in the region of
1kW is thought feasible for a, low-orbiting
satellite, and no doubt folding aerials
would not present undue difficulties. Snag
is the expense of maintaining orbiting
satellites and with the limited number of
sets able to receive 21 and 26MHz
broadcasting authorities might feel there
would not be much return for an outlay
which could be as high as £10M p.a.

Speech clipping is used to increase the
average modulation level in transmitters
without overmodulation by reducing the
peak-to-average energy ratio in speech
waveforms. Normally this is done at
speech = frequency and results in
trapezoidal waveforms. As well as,
imposing a linear phase response on the
modulator this means a- much wider
bandwidth is needed and also power
supply requirements would need to be
increased. To avoid modifying older
modulators to cope with the clipped
speech, frequency translation can be used
to ease filtering. The problem is of course
that some harmonics of low-frequency
speech signals in the clipped waveform are
still within the speech spectrum and cari
not be filtered out. By modulating the
speech signal on to, say, a 20kHz carrier
(suppressed) and then clipping, filtering is
made easy. This is because the highest
upper-sideband frequency will be at, say,
25kHz—well away from the lowest first
harmonic at about 40kHz. The signal is
then demodulated in a product detector.
With this kind of system, Radio Liberty
(Federal Republic of Germany) has
produced a clipper with harmonic
distortion of less than 1%, even with an
overload of 16dBm.

Studio acoustics. The well-known
technique of making models to predict
acoustic properties of concert halls has
been applied to studio design and fault
correction by the B.B.C. Pioneered by
Spandock at the University of Munich,
this is the first time it’s been used with a
good  signal-to-noise ratio—at least

50dB—allowing models to be listened to
seriously. This method imposes severe
constraints on experimental apparatus,
severity depending on the scaling factor.
Not least of these is the problem of air
absorption, and to get the sound
attenuation right a relative humidity of 3%
is needed. The usual way of doing this is
with silica gel but it takes several weeks to
achieve the required dryness. In the B.B.C.
experiments H. D. Harwood and A. N.
Burd have reduced drying time to half a
day for the first drying and to 15 minutes
for subsequent drying by using an artificial
zeolite.

Using a scale model of a studio
reverberation time in the model agreed
with that in the studio to within + 10%
throughout the whole frequency range,
this difference being inaudible. The model
was also a success subjectively in that
addition of an ‘orchestra’, made from
polystyrene backed with felt, to the model
was clearly apparent in recordings made
from the model. An unexpected change in
tonal quality from the model occurred
when this orchestra was added, as well as
the expected change in reverberation time.
On checking against recordings made in
the real studio) this change was also
apparent and although there is no obvious
theoretical explanation for this change the
fact that the model predicted it is a very
satisfying validation of the modelling
technique:

Another interesting development in
studio design is the realisation that
reverberation time need not be
independent of frequency. Absorbers
needed to keep low-frequency reverbera-
tion time low (say 0.35s, the recommended
value for talks studios) are expensive to
make and install, bulky and make
modifications diffichlt. Availability of a
recently constructed studio with remov-
able bass absorbers made experiments on
how much bass r.t. could be increased
possible. As a result of various subjective
tests,f it’s now recommended that r.t. can
rise to 0.4s at 500Hz, 0.47s at 125Hz and
0.74s at 62.5Hz.

A discussion of new developments in
television will be published in the November
issue.

I Spring, N. F. & Randall, K. E. “Permissible bass

rise in talks studios”. B.B.C. Engineering, July 1970,
pp.29-34.




Wireless World, October 1970

Domestic Recelvers
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New techniques seen at the London trade shows.

Television

The design of domestic receivers is a com-
pound of two elements: the available market
and the available technology. To be more
precise, the sales people are not interested
in the electronic contents of the box provided
the complete product is attractive for rent-
ing (and, to a smaller extent, owning);
technical features, whether real or cooked
up, are seen merely as fodder for sales
promotion campaigns. The engineers have
at their disposal new devices and tech-
niques and would like to use them to the
full in elegant, tidy circuits, but, being
restricted by cost, usually end up with a
design which to them is an unsatisfactory
compromise.

What the engineers have in the back of
their minds, as a sort of Volksfernseh-
empfanger, is a flat box producing coloured
pictures and containing nothing more than
a few integrated circuits. We are certainly
on the way towards this ultimate, leaving
behind as we go valves, round tubes, mono-
chrome pictures, hybrid circuitry, dual
standards and discrete components. Mean-
while, in our present confused state of
transition, there exist side by side mono-
chrome and colour, hybrid and semi-
conductor circuitry, dual-standard and
single standard, picture tubes of different
sizes and shapes, single chassis and
modular construction, together with a
variety of “furniture” styles and elec-
tronic circuit techniques which seem like
tricks because they are individual to par-
ticular manufacturers and not yet standard.
In this confused situation it is difficult to
decide what is “typical”.

To begin with the most obvious thing,
the picture tube, the six main sizes available
last year (19in, 20in, 22in, 23in, 24in and
25in) have now been supplemented by two
more, 17in(monochrome)and 26in (colour).
There are in addition the various portable
battery sets with screen sizes of 12in and
smaller. The range, however, is not as
embarrassingly large as it seems, as the
19in and 23in monochrome tubes have
been superseded by the 20in and 24in
sizes respectively, and the 25in colour
tube, though still being used in sets, is due
to be replaced eventually by the 26in type.
The 17in monochrome tube really takes
the place of the 16in type that has been

widely used in transportable and small
“second sets”. Thus one sees a general
up-grading in size all round. Monochrome
tubes have deflection angles of 110°,
colour tubes 90°; but colour tubes with
deflection angles of 110° and, consequently,
a few inches off their length, are available
on the Continent and it is only a matter of
time before they appear in British sets.
The distribution of valves, transistors
and i.cs in receiver circuitry varies con-
siderably from maker to maker. British
Radio Corporation and Rank Bush Murphy
have all-transistor colour sets which are
virtually the same as last year’s designs,
and a new transistor colour receiver has
been introduced by Philips. In the hybrid
receiver circuits, colour and monochrome,
it is common practice to use valves for the
line and field scanning oscillators, for the
associated output stages and for the sound
output, but there is some variability with
other stages. In a Decca single-standard

‘monochrome chassis, for example, valves

are also used for the 1st and 2nd i.f. stages,
video amplifier, sync separator and line
pulse discriminator. This design is, however,
very much up with the times in having an
integrated circuit, the Motorola MC1351P,
for the sound intercarrier i.f. amplifier and
f.am. detector (followed by a transistor a.f.
output stage). Some current monochrome
sets are still all-valve designs except for
the uh.f tuner. Generally speaking the
U.K. manufacturers are not bothering to
put design effort into producing all-
transistor monochrome circuits, which will
only be found in the small imported portable
sets.

Integrated circuits, last year restricted
to the intercarrier sound and colour de-
coding functions* have now blossomed
out somewhat, and in the new Philips colour
receiver mentioned above there are four:
(1) intercarrier sound; (2) stabilization for

the tuner; (3) video pre-amplification, line

gated a.g.c., sync pulse separation, noise
protection for a.g.c. and sync channels; and
(4) PAL switch, identity circuit and colour-
difference demodulators. These devices are
available from Mullard under the general
type-number prefix TAA. But the general

*“Colour Receiver Integrated Circuit” Wireless
World, August 1968, p.263.

run of set makers is still rather wary about
using i.cs, mainly for the reason that, as
distinct from the digital computer field,
there is a lack of standardization and
“second sourcing” in the manufacture and
supply of devices.

Two noticeable trends in circuit design
this year are the use of variable-capacitance
diode tuning and the replacement of wound
components by equivalent circuitry using
transistors, resistors and capacitors. Vari-
able-capacitance diode tuning on both u.h.f.
and v.h.f. has been used fairly extensively
for some time in Continental television
tuners but this is the first time it has
appeared in sets on the British market.
Examples of the technique were seen in
receivers by Philips, Ekco, ITT and Teleton.
The reason why varicap diodes, as they are
called, have not been used here is a techno-
logical one and not, as might be thought,
because U.K. makers were slow to appre-

_ciate the advantage of diode tuning. Itis

to do with the way in which channels are
allocated.

In the UK., uhf. channels are assigned
to transmitters in groups of four. In most
cases the four channels are n,n + 3,n + 6
andn + 10,orn, n+ 4,n + Tand n +
10, n being the lowest channel number for
each station. For example: the channels
assigned to Emley Moor are 41 (n),44 (n+
3), 47 (n+6) and 51 (n+ 10). Those as-
signed to Winter Hill are 55 (n), 59 (n+4),
62 (n+7) and 65 (n+ 10).

It will be seen that in each case the
highest channel is spaced 10 channels from
the lowest, which means that with the
8-MHz channel spacing laid down by the:
European frequency plan the highest
channel is 80MHz away from the lowest.
Now, for a receiver tuned to the lowest
channel, the highest channel becomes
the image frequency. This is because
the agreed vision if. is 39.5 MHz. If the
oscillator is tuned ‘“high” as is usually
the case, the image frequency is 39.5
Hz “on the other side of” (above) the
oscillator or 79 MHz above the wanted
station.

This figure is only 1 MHz short of the 80
MHz separation between n and n + 10 and
a signal radiating at n + 10 if allowed to
enter the pass band of a receiver tuned to
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n channel would beat with the oscillator
and cause severe interference at if., unless
measures were taken to eliminate or greatly
attenuate signals at image frequency. In
the case of an oscillator tuned “low” the
wanted channel and image channel would
be in reverse, i.e. n + 10 and nrespectively.
The presence of interference channéls at
image frequency is unavoidable because
four of the forty-four available channels
have to be allocated to several hundred
stations, which necessitates the same
channels being shared by many stations.
The two stations quoted already share their
channels with up to six others.

It is arranged for stations sharing chan-
nels to be sited geographically remote from
each other, and mutual interference can also
be alleviated by the use of directional aerials.
Despite this, u.h.f. tuners have to be
designed with specially selective r.f. circuits
to reject signals outside the pass band,
particularly those at image frequencies.
By arrangement between BREMA (the
association of set manufacturers) and the
broadcasting authorities the specification
for the magnitude of rejection or attenuation
of image frequency signals is fixed at 53
dB. All makers try to achieve this.

Using valves and three variable tuned
r.f. circuits controlled by a ganged capacitor,

53 dB image rejection is relatively easy to
obtain over the uh.f. bands. However,
because of production spreads it is difficult
to track the capacitance of four varicap
diodes (three r.f. tuning and one oscillator)
over the required frequencies to obtain
the specified selectivity.

On the Continent, in Germany for
instance, transmitter density is much less
and the receiver if. is different (38.9 MHz
vision), therefore the problem doesnotarise.
The German specification for image rejec-
tion is 40 dB. This less stringent require-
ment allows the designer to use one less r.f.
tuned circuit, and the incorporation of three
varicap diodes instead of four, making
tracking relatively easier.

In the varicap-diode tuner designed by
Philips (Fig 1) the basic problem has been
overcome in two ways. First, matched sets
of five diodes with similar voltage/capaci-
tance characteristics are selected for indi-
vidual tuners. The fifth diode is employed to
equalize the oscillator voltage over the
tuning range. Secondly, a special image
frequency rejection tuned circuit is built in.
This is coupled to the aerial input inductor
in the emitter of the r.f. amplifier transistor.
It is automatically tuned to the image
frequency as the aerial input is tuned to the
wanted station.

P I R.F. amp
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Fig. 1. Skeletal
diagram of Philips
u.hf. tuner. L, and AFC.

C, are associated -

with the image
rejection circuit.
Varicap diodes
D,-D, provide tuning
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of the aerial input,
bandpass primary
and secondary, and
oscillator respectively.

Push-button channel selector (left) and pre-set potentiometers (right) of the Philips varicap-
diode tuner (Fig. 1), as used in the Philips G8 colour television receiver.
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The big advantage to be had from using
varicap diodes is, of course, that tuning
is possible by means of a single simple
potentiometer. The Philips receiver uses six
preset potentiometers, each associated
with a press-button switch, and so provides
a six-programme station selector.

Two additional bonuses in the hands of
the set designer are the smaller size of the
tuner unit itself and the realization that the
uiit can be mounted anywhere in the cabi-
net. The press-buttons need be only simple
switches remotely connected to the tuner
via low-voltage wiring. In the Philipsreceiver
the tuner unit is actually mounted on thei.f.
printed panel and it appears in the unusual
position in the centre of the chassis. The
effort required to operate the “programme-
change” buttons, as Philips call them, is
surprisingly light when compared with
mechanical systems.

The varicap diodes, being voltage-
dependent devices, are susceptible to varia-
tions in supply voltage. Since any variation
in supply voltage would have a serious
effect on tuning accuracy it has been found
necessary to stabilize, not only the receiver
power supply, but alsé the voltage line
feeding the tuner itself. The tuner incorpor-
ates a simple i.c. stabilizer (see above).

In order to take station tuning out of the
viewer’s hands and make it into a preset
adjustment, the six tuning potentiometers
are concealed by a plastics cover at the rear
of the receiver. Any tendency for the tuning
to drift during reception is counteracted by
an af.c. circuit which provides the large
pull-in range of 1-2 MHz either side of the
correct tuning point. To prevent the receiver
being “captured” by a strong transmission
during programme changes the af.c. is cut
while a button is pressed.

Avoidance of wound components was
illustrated by a technique used in an ITT
colour receiver, type CVC5, which is based
on a Schaub Lorenz design that has been
available in Germany for about a year.
The circuit has R-Y and B-Y synchronous
demodulators that dispense with the usual
transformers needed to drive the electronic
switching circuits (see for example, W.W.
May 1969, p.223). The arrangement used
is shown in Fig. 2. The demodulators proper
function in the manner of a symmetrical
phase discriminator. To one side of this is
applied the subcarrier reference oscillation
(for R-Y, via the 62pF capacitors; for B-Y,
via the 56042 resistors), while to the other
side is applied the signal voltage to be
demodulated (at the common point of the
33pF capacitor in each case). At the
common point of the 4700 resistors in
each demodulator the demodulated colour
signal appears without the reference oscil-
lation because the reference oscillation is
balanced out in the bridge network. As can
be seen the R-Y demodulator is preceded by
a transformerless PAL reversing switch
which operates on the chrominance signal
from the delay line, not on the reference
oscillation.

It has become customary with transistor
colour receiver circuits to use RGB drive to
the c.r.t. cathodes, as this requires lower
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voltage swings than do colour-difference
signals, which are matrixed with the lumi-
nance signal by the c.r.t. In the new Philips
set referred to above, for example, matrixing
is carried out in the decoder i.c. (4) atlow
level and the RGB outputs receive several
stages of amplification through separate
channels before being applied to the c.r.t.
cathodes. This method relies on accurate
setting of the grey scale for good
monochrome reception and for this reason
the colour drive adjustments are preset at
the factory.

Colour television sets usually include a
circuit for preventing the beam current of
the colour c.r.t. from rising above a certain
upper limit, the purpose being to save the
tube’s shadow mask from becoming over-
heated and consequently distorted in shape.
In any case the ishadow mask carries the
major part of the beam current, and with
certain types of picture content the elec-
trical energy converted into heat could
become excessive. Normally the beam
current limiting is arranged as a form of
automatic brightness control, but during
operation this causes an error in colour:
saturation and also a loss of detail in the
darker parts of the picture. To avoid this
undesirable side effect, Decca, in .their
latest colour receiver chassis, have
designed the beam limiter as a form of
automatic contrast control. Fig. 3 shows
how it is arranged. A potential propor--
tional to beam current is derived from the
cathode of the line output valve and this is
applied through the vision detector and other
circuitry (not shown) to a video emitter
follower and then to the a.g.c..circuit. The
direct voltage from the a.g.c. circuit is fed
back to bias the first vision.if. amplifier
transistor and so control if. gain in the
normal manner, but is further controlled
by the beam limiting circuit. Thus if the
current through the line output valve starts
to become excessive the effect is to.reduce
the amplitude of the if. signal and, conse-
quently, reduce ‘the drive to the c.r.t. and
hence the beam current.

Numerous small u.h.f. televisionreceivers
from Japan were shown at the various
trade shows we visited. Three new models
from Standard included an all-transistor
3in portable, the SRV 307, employing 29

From sub-carrier
oscillator

¥

7 Fig. 2. Transformerless synchronous
demodulators and PAL switch used in
the ITT type CVCS colour television
receiver.
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latest Decca
colour receiver.

transistors and 23 diodes. This works from
an internal supply of nine U11 cells or from
a car battery. A mains adaptor is available.
The weight, with batteries, is 2.4kg and
the price is £77 4s 6d. The other two sets
were the same price and were 7in and 12in
mains/battery portables. Sanyo showed a
5in portable set, the 5TC1 weighing only
4kg with built in cadmium/nickel cells
(12.5V). Using the batteries 16 hours of
reception is possible: charging takes 4
hours. This set uses 25 transistors and 22
diodes, and costs £69 15s including a mains
adaptor. The Toshiba 11 TBB is an 1lin
receiver selling at £79 10s. All these models
gave clear stable pictures in the London
service area with modest loop or telescopic
aerials. The continuous tuning employed
on these sets was easy but,inter-station
noise was considerable.

Teleton (European distributors for the
26-company Mitsubishi combine) still
haven’t produced the 12in colour portable
that was rumoured in last year’s survey.
Other circuit features noted: The B & O
Beovision 3200 colour set has a circuit
which automatically cuts out the colour
sub-carrier notch filter in the luminance
channel when- the set is receiving mono-
chrome transmissions. This colour set also
has the unusual features of a separate high-
frequency loudspeaker, and bass and treble
controls. In the ITT CVCS5 colour receiver
the saturation and contrast controls are

Control voltage to o}
vision i.f.ampifier '

mechanically ganged, and there are separate
diode detectors for vision and intercarrier
sound. The e.h.t. pulse winding on the line
output transformer of the latest Decca
colour chassis is underneath the primary
winding instead of on top—a cost saving
feature. Automatic line hold, dispensing
with the usual manual control, is employed
in the Philips and ITT colour receivers.

Sound receivers and

reproducers

The mere appearance of integrated circuits
in receivers is no longer a matter for surprise,
but as the art of usingi.cs progresses makers
may find alternative or novel uses. A case
in point is the use of the TAD100 circuit in
the new Dynatron amplifier and a.m./f.m.
tuner (HFC91), announced earlier this
year. This ic. is intended as anif. amplifier,
detector, local oscillator and af. pre-
amplifier, but in the Dynatron circuit the
stage normally used for audio amplifica-
tion is used instead as a d.c. amplifier-
feeding an a.m. moving-coil tuning meter.
(Same meter acts as tuning indicator on
f.m. straight from the discriminator.)

This tuner incorporates diode tuning on
v.hi. for four circuits, two back-to-back
diodes each, with three pre-set potentio-
meters and another linked to the tuning
scale. The scale covers 88-100MHz, giving
greater spread than with 108MHz top
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frequency, but the pre-set potentiometers
extend to 108MHz, in anticipation of this
model being sold in the U.S.A. and Canada.
Supply voltage for the tuning circuits is
regulated with a TAAS50 i.c. between
supply rail and ground. The three pre-set
controls together with the displayed range
allows a local station to be pre-set as well
as the three national services, but we have
seen some sets with four pre-set controls.
(Incidentally, some local stations will be
using 45° slant polarization with conse-
quent benefits to car and ‘pienic’ radio
reception—see p. 492.)

Interstation muting is achieved by
switching back-to-back diodes in the
signal path to the decoder from a d.c.
amplifier following the discriminator
(Fig. 4). Other features of this design are
dual-gate f.e.ts in the f.m. tuner, four-i.c.
Gorler fam.-i.f. amplifier, ceramic filter unit
with the TAD100 a.m. i.f. amplifier, twin-T
high- and low-pass filters and negative
feedback tone controls in the pre-
amplifier. Extensive use is made of BC148
transistors (11) with BC149s as low-noise
input transistors. The audio amplifier is a
conventional quasi-complementary circuit
giving 45 + 45 watts into 3 ohms, or reduced
powers into higher impedance loads, at
low distortion (0.2%). It is typical of modern
designs using silicon transistors which allow
a high voltage supply with consequent
high-power output. A thyristor overload
protection switch reduces output to a safe
level when safe operating limits of the tran-
sistors are exceeded, lighting an indicator
lamp and reducing the supply voltage to
the pre-amp emitter follower. Price of this
tuner amplifieris £165.

A notable trend in this kind of quality
tuner is the omission of a ferrite aerial for
a.m. reception—or at least provision of a
separate coil pack for an exterior aerial.
This was also noted on the new B & O
Beomaster 1600 which, apart from the
addition of f.e.ts and an f.m.-if. ceramic
filter, is a re-styled version of the 1400.
This new am./fm. model, with a power
output of 15+ 15 watts, and including two
short-wave bands, costs £122. Another new
a.m./f:m. tuner-amplifier from B & O is the
Beomaster 1200. A new design, but along
fairly conventional lines, it uses a cascode

Bendix is used in new
Kellar amplifiers.

Circuit shown gives
o

o-HH

Wireless World, October 1970

+62V
(e]
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f.e.t. input circuit and diode tuning. Sensi-
tivity is better than that of the 1600(14V for
26dB s/n ratio f.m., 7uV for 3dB s/n ratio
am.) and power output is 15+ 15 watts.
Price £108.

Latest Teleton tuner-amplifiers (made by
Mitsubishi) acknowledge the difficulty in
seeing vertical tuning scales in ‘low-line’
models by using a horizontal scale—in one
case both types are used.

The Dynatron stereo decoder is fairly
typical of current practice. Designers seem
to have settled on the balanced switching
demodulator, this only partially demodu-
lating the L-R signal of course. Correction
to give 40dB separation is made in a
common-mode amplifier (one transistor in
each channel with emitters bridged with a
resistor). The Dynatron circuit has the
added luxury of twin-T filters in each
channel to reduce sub-carrier level.

First commercial amplifiers using. a
hybrid thick-film integrated circuit for the
power amplifier are designed by Stanley
Kelly, joint managing director (with Sidney
Larholt) of Kellar Electronics Ltd
(Maryland Works, 9 Brydges Road,
London, E15 INA). One of the series of
amplifiers is used in the new Kellar cassette
tape recorders using the Dolby ‘B’ system
for noise reduction above 2kHz. The
system gives a signal-to-noise ratioimprove-
ment of 10-15dB (see p. 519). As well as
using this system with the 25425 watt
cassette tape recorder, it will be available
separately for reel-to-reel tape recorders
(to be shown at the Audio Fair). We expect
the Dolby ‘B’ system to appear in equip-
ment from various makers later this year—
Decca, Rank and Metrosound are rumoured
to be working on this.

The hybrid thick-film module used by
Kellar—a Bendix circuit originally designed
for industrial applications—has made
possible a low-cost 15+ 15 watt amplifier.
Marketed under the name Nova by L. L.
Electronics at £33 and with low distortion
(about 0.2%) this could be the best value
for money in terms of watts per £ at this
power level. The circuit uses a conven-
tional quasi-complementary output stage
and complementary driver with discrete
transistors on the thick-film circuit. Module
measures 20 X45X80mm. A slightly

larger 50-watt module is available, circuit
is shown in Fig. 5, and will be used in an
amplifier to be released shortly.

In designing the regulated power supplies
for this amplifier, Stanley Kelly found that
by using two series transistors (OC22s)
each feeding one amplifier, instead of
operating them in parallel, and arranging
feedback from one side of a long-tailed pair
circuit, he obtained a worthwhile increase
in channel separation.

Another Nova Design, the 10+ 10 watt
amplifier, currently using an AD161/2
output pair, is due for re-design around a
Siemens TAA420 integrated circuit.

Another hybrid high-power amplifier is
made by RCA (type TA7625) which
operates from a split power supply and has
a built-in limiting circuit.

Among the new tape recorders there is
a profusion of cassette machines and
medium quality reel-to-reel types. Three
models from Sharp are of particular interest,
having servo control of motor speed: a
cassette recorder with slider controls for
setting the recording level (model RD423,
price £57 10s) and two Sin reel-to-reel
recorders with switched speed change
(model RD513, price £39, and its push-
button-control counterpart, the RD514,
price £42). In each of these recorders the
d.c. drive motor is in the collector circuit
of a control transistor, the base circuit of
which is fed from a generator coupled to
the motor shaft. Speed change from 33 to
11 ip.s. is accomplished by a switched
resistor change in the bias circuit.

Sanyo ‘mow have thirteen cassette
recorder models available ranging in price
from £19 15s to £99 15s—some of these
have an f.m. radio too.

Along with several new tape recorders,
ranging in price from £55 15s 7d to £157
14s, Grundig displayed the TK 3200 three-
speed battery recorder with a stick micro-
phone priced at £178 3s. At 74 i.p.s. the
frequency response is said to be 40Hz to
16kHz and wow and flutter as 0.1%.
Signal-to-noise ratio is claimed to be better
than-48dB at 1} i.p.s. Outputs are 500mV
(into 15k(2) with provision for driving an
external 412 speaker with 2W or the internal
speaker with 0.8W. This is a single channel
recorder.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his-correspondents

Mobile radio and

amateur bands
I refer to the letter under the above heading
which appeared in your September issue.
The second paragraph implies that some
unofficial arrangement exists concerning
the 70-MHz amateur band. The Electronic
Engineering Association seems unaware
that the amateur service has been allocated
frequencies between 70 and 71 MHz since
1956. Indeed, recent issues of your journal
have carried news of propagation experi-
ments by amateurs using these frequencies.
It is implicit by the terms of the Radio
Regulations that where the amateur service
is the secondary user then this is subject to
non-interference with the primary service.
The last’ sentence of the third paragraph
of your correspondent’s letter shows a
lack of knowledge of the occupancy
of the 420-450 MHz band. There are, of
course, a number of amateur television
stations using frequencies in this band, but,

in addition, there are a far greater number’

of stations occupying the band for experi-
mental work in connection with moon-
" bounce, meteor scatter and satellite com-
munication. Stations operating under the
terms of the Amateur (Sound) Licence B
are present in large numbers on both the
2-m and 70-cm bands.

The final sentence of the E.E.A. letter
mentions “amateur associations”. I would
point out that the Radio Society of Great
Britain is the organization recognized by the
Ministry of Posts and Telecommunications
as representing the stations of the amateur
service in the United Kingdom.

There are regular discussions between
the Ministry and the R.S.G.B. concerning
licensing matters and frequency allocations
and we have no doubt that at the correct
time thé Society will be approached by the
licensing authority.

J. A. SAXTON,
President,
Radio Society of Great Britain.

Crisis in

microelectronics

Your September editorial draws attention to
the difficulties of the integrated circuit in-
dustry, but the conclusion one should draw
depends rather on one’s standpoint. The

U.S. microelectronics industry obviously
has-excess production capacity for the fore-
seeable future, and the present marketing
situation cannot be changed rapidly. Dr.
F. E. Jones cites import duties as a reason
for British companies not manufacturing in

the Far East. From a quick enquiry I get the

impression that duty on radio components
entering Britain is at most 17% which is not
decisive in comparison with price differen-
tials quoted in your Editorial, and nil from
Commonwealth territories. So why not use
Hong Kong? In addition, I feel that more
could be done to establish the facts about
American manufacturing costs and selling
prices, unless it is the desire of the British
i.c. industry to befog the issue. If American
i.cs which are packaged in the Far East are
taken back into America on conditions
which assume that the major part of the
manufacture has taken place in America,
then surely there is no doubt about the
country of origin. But even if there is doubt
about the country of origin in the manu-
facturing sense, it must be possible to estab-
lish the country in which the manufacturing
company has its registered office. Before we
worry too much about the difficulty of as-
certaining the true country of origin, let us
knqw at least the selling price in U.S.A.
If there is still a possibility of Britain

-joining the Common Market there might

be a case for a European production facil-
ity. So far as concerns Britain as an isolated
unit, however, the sensible thing might be to
cut one’s losses and abandon the whole of
the British microelectronics industry as now
understood. This sounds a rather stagger-
ing proposition, but surely the financial loss
to be cut would be no greater than losses
which have been cut on unsuccessful mili-
tary development projects. When Isay “the
industry as now understood” I mean an
industry producing logic units and simple
linear amplifiers. These are the type of thing
which can be bought cheaply from U.S.A.,
and so far as military strategy is concerned
there could well be either a factory operat-
ing under licence or an assembly and en-
capsulation plant in Britain. But I doubt
however whether this is a serious concern:
one plane load of integrated circuits could
be enough to last for some time—longer
than a nuclear war!

On the other hand, I think that large scale
integration should be pursued in this coun-
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try because by their nature large-scale-
integrated-circuit chips are usually tailor-
made for a particular purpose. It is no
novelty for an industry to cut down on the
manufacture of a basic product in order to
progress to more advanced products.
Another point is that we must not be
mesmerized by the idea of integrated cir-
cuits using present techniques, which are
essentially collections of junction semi-
conductor devices. There may be a big
future for solid state devices which do not
depend on junctions, and Britain might have
the chance to take the lead in this field. The
Gunn effect has already been put to exten-
sive use. The DOFIC appears to have faded
into obscurity after a brief appearance, but

‘perhaps there may yet be possibilities of

developing it further. There is also the
acousto-electric amplifier based on the
interaction of electrons and phonons in
materials such as cadmium sulphide. These
may well play a large part in the future of
electronics and should not be overlooked
in a moment of panic about the marketing
of devices which although scientific marvels
to the layman can now be manufactured as
a matter of routine.

D. A. BELL,

The University of Hull.

Class AB amplifiers

I am grateful to Mr. Mitchell for his letter in
the September issue concerning my class
AB amplifier, but there are some points
which he makes which, I feel, should not
pass without challenge.

In particular he states that a Darlington
pair output stage has a lower mutual con-
ductance than the output transistor on its
own. While, in theory, this could follow
from the fact that the second transistor
imposes an impedance in the emitter circuit
of the first, this situation does not arise

under any but near zero source impedance

systems, as I have illustrated in the transfer
characteristic graphs on the next page.

Curve A is the transfer characteristic of a
simple (MJ481) transistor with a source
(base input circuit) resistance of 10 ohms.
Curve B shows the performance of the
arrangement but with a source resistance
of 100 ohms. Curve C is that of the same
output transistor, but with an input Darling-
ton configuration using:a BC182 input tran-
sistor. There is no measurable difference in
performance, in this configuratiod, with
source resistances of 10, 100 or 1,000 ohms.

In the event, the slope of the Darlington
pair, at 200 mA, which was my chosen
quiescent current, is 3.6 amps/volt as com-
pared with 2.8 amps/volt for the simple
output transistor.

The presence of as little as 100 ohms
input circuit resistance reduces this to 1
A/V, which confirms the point I made in my
article, which was concerned, implicitly,
with the circumstances which would exist in
a practical design.

The second point on which I differ from
Mr. Mitchell concerns the conditions of
operation of a class A stage. I believe this
classification should be restricted to systems
in which each component of the output
stage operates in its linear region over the
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whole of its effective output swing. The mere
fact that one or other of the output tran-
sistors is not completely cut off is not
enough to satisfy this requirement.

Although I had not mentioned this point
specifically in the article, the use of the
amplifier in true class A does bring about a
reduction in the distortion typically to below
some 0.01%, at power levels below 15 watts,
over the frequency range 100 Hz-5kHz,
and the distortion content then decreases
linearly with reduction in output signal
magnitude.

My decision, in the design of the ampli-
fier, to employ a variable resistor, as a
.source of bias, between the bases of the
output transistors, rather than a more com-
plex temperature compensation network
was based partly on the convenience of
adjustment of such a biasing system, as
compared with, say, a string of diodes (two
forward biased silicon diodes will, in fact,
‘give almost the correct quiescent current,
and this arrangement was used in some of
the prototypes in use by friends) and partly
on its lesser proneness to catastrophic
failure than transistor ‘‘amplified diode”
systems.

My curve B indicates the relative
insensitivity of the single transistor output
stage to vatiations in forward bias
(and the choice of 200 mA quiescent
current very much reduces thermal effects,
even with an 8-ohm load!) as well as the
excellent transfer linearity of such a system
which contributes to the lower harmonic
distortion figures obtainable with such
an output stage in comparison with the
more normal push-pull configurations.

Both Mr. Mitchell and Mr. Gibbs (letters,
Aug. 1970) have taken me to task for my
observation in the article that “the use
of a complementary pair of emitter fol-
lowers ‘driven from a low source imped-
ance’ appeared to offer the best way of
minimizing the several problems” described
in the introduction.

The article in question was in fact
written as one, rather lengthy, article
which was divided in two for convenience

of publication, and this division, coupled
with some editorial deletions, resulted in
the  observation above being given an
unexpected degree of prominence. Since
I was, at this stage, reviewing the thought
processes which had led to the choice of
this output stage configuration, it would
have been better if I had continued “and
this type of stage was therefore chosen as
the starting point for this design”.

In the event, both the preliminary
calculations and the initial experiments
indicated that it was neither practicable
nor desirable, from the point of view of
linearity of operation, that the output stage
should have a low source impedance and
the solution suggested by Mr. Mitchell
in his letter, that of a relatively high driver
impedance with a low inter-base impedance,
was the configuration which had been
adopted in the final design.

In reply to the letter from Messrs Smith
and Walker in the September issue I would
point out that the total harmonic distortion
was quoted at 1000 Hz, because this is
the recommendation of the B.S. and DIN
specifications. The t.hd. figures, at full
output, at 100Hz and 10kHz, are typically
0.04% and 0.06% respectively. At low
frequencies the harmonic distortion is
mainly influenced by the impedances of
the power supply bypass capacitor and
the decoupling and ‘bootstrap’ capacitors,
and an improvement can be made, if
necessary, by increasing the value of these.

At high frequencies, the distortion con-
tent is mainly determined by the deliberate
and necessary reduction in the open-loop
gain, and feedback factor, required to
maintain good reactive load stability,
although the circuit layout and stray
capacitances have some effect.

I apologise for the omission of the band-
width limits for the noise figure measure-
ments. These were effectively those
imposed by the amplifier gain/frequency
characteristics, as would be measured by
a very wide bandwidth millivoltmeter. The
use of a more restricted bandwidth, say
20Hz—20kHz, would allow an apparent
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improvement in the specified noise figure.
(It is, in fact, quite inaudible.) However,
on looking through back numbers of
Wireless World 1 find that other authors
have been equally remiss in omitting
measurement bandwidths when quoting
noise levels. This point will, perhaps, be
noted in the future. i

I regret that the measurement para-
meter “square wave transfer distortion”
was not accompanied by some further
explanation. In practise, transfer distortion
is measured by comparing electrically the
waveforms at the input and output of the
system under test, and then expressing
the error arising in the transfer as a per-
centage of the input waveform, as measured
on an r.n.s. calibrated voltmeter such as
that used for conventional t.h.d. measure-
ments. Any convenient waveform may be
used for this purpose.

Typical values for transfer distortion
with conventional audio amplifier designs
using a 10kHz square wave and a resistive
load range from 0.2% to 10%. Square-
wave transfer errors as high as 30% are
fairly common under reactive load con-
ditions, and this, in conjuction with the
relatively high distortion levels sometimes
found at low volume levels, may account
for much of the so-called ‘transistor sound’.
Unlike harmonic distortion, transfer dis-
tortion with reactive loads may worsen
as the amount of negative feedback is
increased.

J. L. LINSLEY HOOD,
Taunton,
Somerset.

Sine-wave power

oscillator
The basic requirements for any circuit are

_that it should be comprehensible, designable

and as simple as possible. The old rule,
simplificate and add lightness, still applies.
Mr. Armer’s circuit (August p.402) and his
explanation, do not seem to satisfy this.

It is rather easier to examine this circuit
if the earth point is moved: indeed itis prob-
ably easier to use it if a second variation is
adopted. Fig. A shows the circuit rearrang-

—12V
L
Ly
&
L3
TI 4
—l— +12V

(a)

ed for conventional analysis, and Fig. B
shows it with the collector of the transistor
at an a.c. earth. In both circuits the tuning
capacitor has been transferred to be in
parallel with only the larger part-winding,
simply to makethe circuit look conventional.

Before discussing how it works, let us
look at the numbers. L, is tapped to give
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400, H in the one part, 200:/H in the other.
The total inductance is thus 200 X
1+ \/Z)zuH, or 1.16mH. This tunes with
C,=0.05,F to 21kHz. It would seem that
the frequency is not determined, as Mr.
Armer suggests, by L, and L, in parallel.
They are, in fact, in series, to give the
reactance plot shown in Fig. C.

The feedback path when neither the diode
nor the base emitter junction are conducting
very much is a low-pass half-section with
a cut-off frequency of below 1kHz and an
impedance of about 75f2. When either
diode is conducting it reduces to an induc-

-12V

—_——— +12V

(b)

tance of about 180, to give a 90° phase
shift.

The load for 13W must be in the region
of 10¢. The reactance of C, is about 1600,
so that the Q of the circuit is very small
indeed. Furthermore the value of I (L)}
for the 400uH section would seem to require
aferrite core of some 30cm? volume.

In a push-pull circuit L, would be identi-
fied as a constant current supply choke.
Here its value is just low enough to avoid
really awkward high voltages as the tran-
sistor is cut off, provided that the cut-offis

X

0 f

(c)

slow, and thus lossy. What Mr. Armer
means by the statement that the base cur-
rent controls the collector current while the
transistor is saturated I cannot understand.
The only way this can be doneis by limiting

emitter current and drawing much of it off

into the base. But 2A base current?

Mr. Unsworth (<1000:1 Attenuator™—

same page), in offering us an output of
0.768V, appears to neglect the fact that the
8 should be significant. He obtains his 0.7-
0.8V across an R which is loaded by rough-
ly 100R. Thus if we look at the first step,
nominally 0—0.1 we shall have, in fact,
0—0.099. Moreover, V,,, must be loaded
by something like S000R—I have not work-
ed it out—if the system is to be plausible.

T. RODDAM,

London.
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R.S.G.B. Exhibition

Where have all the experimenters gone?

Seduced by sales talk every one!

Not so long ago under the heading of
“Components, < €Bnplaints and Com-
placency” we urged manufacturers to turn
a sympathetic ear to the component needs
of the home constructor. It would seem,
however, that as far as the amateur radio
enthusiast is concerned we should not
have wasted the ink and the paper. There
were only seven entries from the whole
amateur radio fraternity for the home
constructed equipment competition held at
the recent R.S.G.B. Exhibition. A
lamentable turnout.

Is it true that the ham of today does no
more than gossip on the air while
twiddling the spun aluminium knobs and
peering at the gleaming Perspex dials of a
shiny piece of commercially constructed
equipment? If so the frequency bands
allocated to amateurs are being wasted
and should be re-allocated to a more
deserving cause.

Today’s home constructor has never
had it so good. He can obtain at
reasonable prices sophisticated com-
ponents which were not even available to
industry a few years ago. Is it that today’s
amateur does not want to risk his money
on experiment? Or are the days of trial
and error design over?

The winner of the Horace Freeman
award for home constructed equipment
this year was George Goldsmith, from
Jersey, with a finely engineered
communications receiver for the amateur
bands. It employed both valves and
semiconductors and incorporated three
crystal filters. Sensitivity was 0.4,V for a
10dB signal-to-noise ratio. Other
prizewinners were M. F. Taylor, of

The communications
receiver built by George
Goldsmith which this
year won the Horace
Freeman Trophy. It has
a hybrid circuit and
operates on the amateur
bands.

Reading, with a 2-m transceiver and J. R.
Jessop, of Pinner, with a finear amplifier.
This year the John Rouse Trophy was not
awarded as there was not a single entry
from the under-16 age group, a necessary
qualification for this award.

The exhibition itself is still affec-
tionately known as the R.S.G.B:
Exhibition, rather than by its somewhat
pretentious title (International Radio
Engineering and Communications
Exhibition). This year it sprouted the
additional title Radiocom 70 as well.
Attendance was just over 7000; about 800
less than last year. This may have been
due to the show being held in August
instead of later in the year as in the past. We
do not question the value of the exhibition
which, as a meeting place for the electronics-
radio fraternity, is almost second to none. It
is patronized by all types of people from
home constructors and amateurs to
engineers and academics. It is a pity that
working equipment demonstrations were
so thin on the ground this year. There
were many bargains in surplus equipment
to be found even though one exhibitor
admitted that the exhibition gave an
opportunity to get rid of a “pile of junk”.

The Ministry of Posts and
Telecommunications had a display which
illustrated how interference can spread in
large urban areas and the problems
incurred in tracing, measuring and
suppressing it. This year the Radio -and
Space Research Station had a stand which
showed the work they are doing in the
field of propagation of radio waves ovet a
very wide band of frequencies.




News of the Month

Ceramic stores for
information displays

Some interesting work currently being
carried out at Bell Labs in America has
resulted in a sort of re-usable slide for
projection purposes. Images stored on the
slide can be erased and replaced with a
new image at will. At the present stage of
development the device, or ‘ferpic’ as Bell
Labs call it, would only be suitable for use
in displays of written téxt and figures
which do not require to be quickly altered.
Not a great deal of information has been
released but it does not take a great deal
of thought to see that if the speed can be
increased and if the devices can be
manufactured at reasonable cost the ferpic
could have a bright future.

The material used in the construction of
the ferpics was first announced by an
American concern called the Sandia
Corporation. The device is a sandwich. A
very thin plate of fine-grained ferroelectric
ceramic is coated with a photoconductive
film which in turn has a system of
transparent electrodes deposited on it. The
whole is then bonded to a flexible
transparent substrate.

The release from America which
describ& the operation of the device is

rather sketchy and it is not clear exactly
how the device works. Quoting directly
from the American statement; “To change
the stored 'information in this simple
structure, a new technique, called
‘strain-biasing’ was developed by -Bell Lab
scientists. The ferpic sandwich is flexed so
as to stretch or strain the material.

“In an ordinary film slide an image is
stored in the form of wvariations of
transparency across the film. In a ferpic
the image is stored as a variation of the
‘Birefringence’ of the ceramic plate, i.e., as
a variation in the way the plate transmits
polarized light.

“In one mode of operation, a scanned
laser beam records an image on the
photoconductive film—one picture ele-
ment at a time as in a TV picture. A
voltage applied to the transparent
electrodes develops a field across the
ceramic. When the field is removed, the
image remains stored on the ceramic plate.
The image stored in the ferpic device can
be viewed by putting light polarizing
sheets over it, or the image can be
projected on a screen using polarized light
in a conventional projection system.

“To erase the image, the entire structure
is flooded with light in the presence of a

.Representatives of
the Services,
Ministry of
Defence and
industry watching
a demonstration
of the Eidophor
large-screen dis-
play system at the
College of Air
Traffic Control,
Hurn Airport.
This equipment
was used by
N.A.S. A.during
Apollo 11 and 12
missions, and its
pictures were re-
transmitted by
practically every
TV network
throughout the
world.
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reversed electric field; the plate is then
ready to store another image.”

Bell Labs is exploring this device in the
hope of obtaining efficient, low-cost
solid-state information displays with
features that are difficult to obtain in
present display systems. Because the image
store in the ferpic device can be projected,
very large displays can be obtained. Also
ferpic slides can retain images for a long
time without electrical power, fading only
slowly.

Slant polarization

for local radio

Certain B.B.C. local radio stations will
be using slant (45°) polarization instead
of horizontal polarization. This follows
successful tests by B.B.C. research depart-
ment engineers in Kingswood and Notting-
ham areast. Reception in cars and in the
open air with vertical aerials will be
improved through the effective increase in
transmitter power equivalent to about
6—9dB, at least doubling signal strength
on average. Hitherto, satisfactory reception
with vertical aerials has been largely a
matter of luck. As a consequence, hori-
zontal roof aerials will give a reduced
signal—about 70% or — 3dB. If necessary,
this could be recovered by slanting the
aerial (clockwise by 45° when looking at
the transmitter) but the national v.h.f.
services, not using slant polarization,
would suffer a loss.

Stations using slant polarization are:
Manchester—95.1MHz; and early in 1971
Blackburn—96.4MHz; Derby—96.5MHz;
Leicester—95.05—95.2MHz and Not-
tingham—94 .8MHz.

B.B.C. make the point that some roof-
level aerials may not be correctly oriented

‘for the local station and some adjustment

may be needed for best results.

Mullard’s golden jubilee

As part of their Golden Jubilee
celebrations Mullard Ltd. are to stage a
3-week public exhibition in the Electronics
Centre of their London headquarters,
Mullard House, Torrington Place,
London, WC 1E THD.

The exhibition will trace the history of
electronics—linked with the company’s
own history—over the past 50 years.

The exhibition opens on October 5th,
and will run until October 24th, opening
every day (except Sundays) between 10.00
and 18.00 (21.00 on Thursdays).
Admission will be free. Later, the
exhibition, probably in a modified ‘form,
will tour Mullard establishments
throughout the country.

The main window of the Electronics
Centre will coptain examples of vintage
electronic equipment contrasted with their
modern counterparts and supported by
displays of Mullard components used in
their manufacture.

Within the Centre one of the main
attractions will be a radio transmitter built
and operated by Mullard ‘hams’. Some of
the company’s earliest valves will be used

TSpencer, J. G. Tests of mixed polarization for
v.hf. sound broadcasting. B.B.C. Engineering,
July 1970, pp.4-12.
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in its construction. It is also hoped to
show part of the original 2LO transmitter
used by the B.B.C. for its first public
broadcasts.

Another main feature will be entitled
‘Mullard Through the Decades’: This will
show electronic products and their
components of each era, beginning with
the first Mullard high-power transmitting
valve. Displays in the ‘Today’ section will
feature many working exhibits including a
microwave oven. Another section will
provide a glimpse of some of the likely
future applications of electronics. The
exhibition will also include a section
where visitors can test their skill and
reflexes in various electronic games.

L.T.A. completes 405-line
network

The coming into service of a local v.h.f.
relay station at Newhaven, Sussex, on
August 3rd marked the completion of the
I.T.A. network of 405-line v.h.f. television
transmitting stations. No further additions
to this network, which operates solely in
Band III, are currently envisaged. All
LT.A. station building plans are now
concentrated on the rapid expansion of
the new 625-line network of u.h.f.
transmitters.

Since the original opening of the
first L.T.A. Band III station at Croydon,

south-east London, on September 22nd,
1955, the 405-line network has expanded
steadily and now comprises 47
transmitting stations, of which 20 are
manned, and 27 remotely controlled. The
network provides television coverage for
approximately 98.7% of the population of
the United Kingdom.

Want to use a satellite?

The National Aeronautics and Space
Administration is offering the use of six
satellites which have long since fulfilled
their original task but are still operational.

The six spacecraft are: OGO-1
(Orbiting Geophysical Observatory), ten
experiments still operational, highly
elliptical orbit 111,000 by 39,000 miles,
inclination 58; OGO-3 similar orbit to
above, 13 experiments operational;
Explorer-31 (direct measurements expl-
orer) with five operational experiments and
Explorer-33 (Interplanetary monitoring
probe) orbit 410,600 by 109,000 miles,
orbit period 32 days;. finally the orbiting
solar observatory satellites OSO-3 and
OSO-4 are also available.

Interested scientific bodies should
contact Code SG N.A.S.A. Washington
D.C. 20546.

As a matter of interest the oldest
satellite still transmitting useful informa-
tion is the Canadian Alouette-1 which was
launched on September 29th 1962.

Apollo colour TV camera

Under a $196,500 contract R.C.A. will
deliver two colour television cameras to
the National Aeronautics and Space
Administration which can be used under

the extreme lighting conditions found on
the moon. The cameras, which weigh ten
pounds each, not only operate in dim
lighting conditions but they can be pointed
directly at the sun without sustaining any
damage!

The cameras employ silicon intensifier
tubes, the imaging surface being made up
of almost 400,000 silicon diodes. The
colour system (525 lines per frame and 60
fields per second) is as used in earlier
Apollo missions with a colour filter wheel
arranged so that monochrome pictures
corresponding to the red, .blue and green
brightness levels are transmitted
sequentially for recombination at the
ground station.

A lamp, which
simulates the
brightness level of
the sun, being
pointed directly
into the lens of
the new Apollo
TV camera.
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The sketch shows a device called
EROWS (Expendable Remote Operating

Weather Station). The eight-foot
arrow-like structure implants itself in the
ground after being dropped from an
aircraft. The device is turned on remotely
and it begins to transmit information on
wind speed and direction, atmospheric
pressure, temperature, humidity, precipita-
tion and cloud cover. EROWS is being
developed by Honeywell for the U.S.
Air Force.

European component
standardization

A ‘Harmonized System for Electronic
Components’ is being introduced in
Western Europe in which a set of
common specifications and quality
assurances will remove all technical
barriers to inter-country trading. The
system is similar to, and fully compatible
with, our own BS 9000.

Agreement has already been reached
on all the major aspects of the Harmoniz-
ed System and at the invitation of the
Tripartite Committee for Standardizatign,
the Comite Europeen de Coordination
des Normes Electrotechniques (CENEL),
which comprises all E.F.T.A. and E.E.C.
countries, has accepted overall responsibil-
ity for launching the system in these
countries.

The responsibility for the quality
assurance aspects of the Harmonized
System is to be handled by an indepen-
dent committee known as the Electronic
Components Quality Assurance Commit-
tee (ECQAC). It is hoped that the system
can be introduced on a world-wide basis
later.

Radar base at Lahr

On August 18th Marconi handed over
a radar base to Brigadier General R.
E. Mooney who was acting on behalf of
the No. 1 Canadian Air Group. The
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station, at Lahr in West Germany, is
situated on a rather difficult site being
ringed with mountainous country and
suffering a high annual rainfall. The base
will provide air traffic control terminal
services for the Canadian bases at Lahr
and Soellingen. In emergency the base will
provide the German airfield at Bremgarten
with assistance. Air traffic problems in the
area are complicated by the civil airports
at Strasbourg and Basle which are not
very far away.

The radar installation, which cost
£425,000, consists of a type S654
surveillance radar together with a
temporary aerial which will be replaced by
a dual beam aerial next year, a secondary
radar system and a central operations
control room. Under the contract the
Canadian Marconi Company, acting as
sub-contractors, modified the existing
precision approach radar for remote
operation from the central control room.

Announcements

“Compendium of Degree Courses 1970, providing
information about more than 279 sandwich, full-
time and part-time courses, is available from the
Council for National Academic Awards, 3 Devon-
shire Street, London WIN 2BA.

The following courses are to be held at Hendon
College of Technology, London N.W.4, “Thyristor
applications”, six lectures commencing 15th
October; “Electronics for non-electrical engineers”,
fourteen lectures commencing 13th  October;
“Construction and operation of digital computers”,
sixteen lectures commencing 15th October. Fees
are £3, £6 and £8 respectively.

Two-day and three-day colour television training
courses are being conducted at the Thames Hotel,
Bridge Street, East Molesey, Surrey, by Electronic
& Colour Television Training Ltd, of 180 St. Johns
Road, Woking, Surrey. Fees 15gn and 20gn.

Coincident with next year’s Electronic Components
Show at Olympia (May 18-21) an Electronic
Components Conference is to be held at the Royal
Garden Hotel, Kensington, under the auspices of
the Electronic Components Board.

Truvox Ltd, which became part of the Racal group
with the acquisition of Controls & Communications
Ltd, has ceased manufacture and their range of
audio products will not be available in future. The
service department will continue to operate from
Hythe, Southampton, providing an adyisory service,
repairs and a supply of spare parts.

Philips and Brown Boveri—An agreement has
been reached between Philips’ Telecommunicatie
Industrie, of Hilversum, Holland, and Brown,
Boveri & Company Ltd, of Baden, Switzerland,
by which the two companies will co-operate in
the manufacture and development of sound broad-
cast transmitters.

REMO is the brand name of a new company,
Rectifier Modules International Ltd, of Remo
House, Rye Street, Bishops Stortford, Herts. The
range of products will begin with three basic types:
e.ht. rectifiers and modules, encapsulated rectifiers
and rectifiers to meet British Post Office
specifications.
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Mobile Radio Communication

Congestion of bands: Proposals for

improving the service

The number of private mobile radio
licences in the U.K. which at present
stands at about 85,000, is likely to double
every five years according to figures given
at a recent conference on mobile
communications arranged by the Society
of Electronic & Radio Technicians.
Sectors of the frequency spectrum
allocated to this mode of communication
are already saturated and equipment
manufacturers and users are desperately
seeking means whereby they can increase
the number of available channels.

Speaking before 130 delegates at the
conference at Brunel University, Uxbridge,
J. R. Brinkley, of S.T.C. suggested that
one way out of the dilemma would be to
extend the present uh.f. mobile band
(450-470 MHz) to 420-512 MHz. This
would entail, at the top end of the
extended band, sharing television channel
21 in Band IV. Channel 21 has been
assigned to 15 B.B.C. TV transmitters
including three high-power stations at
Rowridge (I.o.W.) Divis (N. Ireland) and
Sandy Heath. D. B. Balchin, from the
Ministry of Posts and Telecommunica-
tions, pointed out that the TV band was
fixed by international agreement. There
would be great difficulty in sharing this
band with mobile radio. Undeterred Mr.
Brinkley asserted that frequency sharing
with TV broadcasts had been success-
fully introduced in America in three
densely populated areas. The situation in
the U.S.A. is somewhat different to the
U.K. in that densely populated areas in
the U.S. are more widespread than in this
country. These areas are each served by a
large number of relatively low-power
transmitters. Therefore there would be
little likelihood of interference from a
mobile operator sharing the frequency of
a TV station located several hundreds of
miles away, but unused in his own area.
In the UK. on the other hand, an
attempt is made to saturate the whole
island with television signals, with most of
the area covered by 8 high-power
transmitters.

Users as a whole, however, cannot be
unaware that v.h.f. television Bands I and
III may be phased out of use for the
existing programmes and the two
broadcasting organizations are expected to
present a convincing case for retention of
the v.hf. bands for broadcasting before
their charters come up for renewal in
1976. Otherwise industry will have its
sights firmly fixed on this substantial
sector of the frequency spectrum. The
threat by mobile radio to amateur
frequencies was pointed out in “World of

conventional receiver.

Amateur Radio”, in the July issue.

The conference posed the question,
whose need is greater, mobile radio or
television? This is a choice which may not
necessarily have to be made because
several delegates spoke of new
technologies, or the updating of old ones,
which can provide a greater number of
effective communicating channels within
the existing frequency allocation. There is,
for example, the possibility of reducing the
w.h.f. channel spacing (currently 25kHz)
to 12.5kHz. This would virtually double
the number of .available channels but an
increase in noise would result from a
reduction in deviation ratio.

Frequency modulation is in general
used on u.hf. but systems might be
improved by changes in the modulation
characteristic. E. W. Crompton of the
Home Office (police and fire services)
described work his department was
currently carrying out on double sideband
diminished carrier amplitude modulation
(d.s.b.dc) which has the desirable
feature of concentrating most of the
transmitted energy in the sidebands and
not in the carrier as with conventional
am. and f.m. A more complex detector
than the simple diode demodulator would
be required' but the post detector circuits
could be relatively simpler than in the
Delegates were
played a tape recording of speech from the
output of a d.s.b.d.c. receiver with a 14V
signal input. Noise was virtually absent
but the intelligibility of the speech left
much to be desired. Mr. Crompton
postulated that more than one information
channel could be accommodated in a
single transmission by quadrature
modulation of a subcarrier, in the same
way that colour TV systems carry
chrominance information, and the use of
synchronous detection.

A system was described for dialling
from a vehicle into a private telephone
exchange and another for using the mobile
radio as a data link. This latter can
provide information on the location of up
to 1000 vehicles by a hyperbolic system
employing four fixed stations disposed
round the vehicle movement area. By
measuring the phase shift of a 2.7kHz
audio tone and collecting 600-2700-band
data in a small computer at the base
terminal, the system is capable of giving
the positions of up to 2000 vehicles per
minute.

! Macario, R.C.V. “How Important is Detection”
Wireless World, April 1968.
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Electronic Building Bricks

5. The electronic circuit

by James Franklin

In order to  transmit and process
information, say in a television set or a
computer, we must provide means for
moving the lectrons which we are using
to represent the information. In Part 3 we
looked at the general nature of this
movement—conduction. The medium
most widely used for electron conduction
is one in which the process can take place
most freely-——a metal—and which is also
reasonably cheap, which means copper. A
path for electron conduction is called a
circuit, and the simplest form of electronic
circuit is a continuous loop of wire as
shown at Fig. 1. Almost all “electronic
building bricks” are elaborations of this.
To cause the free electrons in a
conducting path such as Fig. 1 to move,

Fig. 1. Basic electronic circuit, a
continuous loop of wire or other
conduction path for electrons.

one must apply a force to them. Two
forces which will act on electrons are the
electric field (e.g. the region of “attraction”
surrounding a plastic comb which has
been rubbed to make it pick up pieces of
paper) and the magnetic field (e.g. the
region of “attraction” surrounding a
magnet). For.circuits we use principally
the electric field. In practice this field is
produced by the rotating generator (to
which we make connection through the
electricity mains) and the dry battery.
These, of course, are both devices for
converting some other form of
energy—mechanical in the generator,
chemical in the battery—into electrical
energy. Because the electric field they
produce is a force used for moving
electrons it is known in the context of
circuits as an electro-motive force (e.m.f.).
A strong electro-motive force' will move
more electrons in a given time than a weak
electro-motive force.

The unit by which this force is
measured is the volt® Thus in a given

*Named after Alessandro Volta, (1745-1827), Italian
physicist and inventor of the electric battery, which
was originally known as a Voltaic pile

circuit, 2 volts will move twice as many
electrons in a given time (cause twice the
current to.flow) as 1 volt. There is a very
precise scientific definition of the volt, but
most people know from experience the
relative strengths of different “voltages”
by what can be “driven” by them—4}
volts from a torch battery, 9 volts from a
transistor radio battery, 12 volts from a
car battery, 240 volts from the electricity
supply mains—and these give some
practical idea of the e.m.f. presented by
the volt. (Anything above about 50 volts
will give you a nasty jolt!)

Fig.2(a) shows how a source of e.m.f. is
inserted into the Fig.1 circuit to cause the
free electrons in the metal to move. The
insertion of the e.m.f. source breaks the
loop of wire, but the electrons flow through
the source, as indicated by the dotted
lines. We may also insert some electronic
component or device in the circuit, as
indicated. The flow-rate of electrons
(current) in the whole loop containing the
e.m.f. source and the component can be
measured by inserting a meter as shown at
(b)—and, of course, to allow the current
to continue to flow this meter must not
break the circuit Such a meter for
measuring current will be calibrated in
amperes (Part 3) or, for small currents,
milliamperes (thousandths of an ampere)

Component

Source of e.m.f.
(battery)

()

Meter for electron flow-rate
(millammeter)

Component

Source_of e.m.f.
R

(b) :

Fig.2. The Fig.1 loop with (a) a source of
electro-motive force and an electronic
component inserted; and with (b) a meter
included to measure current.
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or microamperes (millionths of an
ampere).

As will be seen from other articles in
Wireless World, circuits are normally
drawn in a simplified form by the use of
symbols. To draw the physical form of the
wires and components, as was done in the
early days of radio, would be extremely
laborious for the more complex circuits,
and in any case is unnecessary, except
sometimes as an aid to the construction of
equipment. All the essential information
about the functioning of electronic circuits
and systems—and this is what we are
really interested in—can be given in the
simplified, generalized form known as a
theoretical circuit diagram (or just “circuit
diagram™). Thus the simplified form of
Fig.2(b) is shown at Fig.3. It will be seen

Direction of
electron flow

Fig.3. Theoretical circuit diagram, using
graphical symbols, representing the actual
circuit shown in Fig.2(b). (The rectangle
symbolizes a particular type of component,
to be explained later.)

&
Fig.4. Graphical symbol for a source of
electro-motive force giving an alternating
current (a.c.).

that this takes no account of the physical
size or shape of the wire, the source of e.m.f.
or the meter. We have a generalized repre-
sentation that could mean any type of
conductor (e.g. areas of metal film), any
type of em.f. source (battery, rotating

.generator, thermo-electric device, electro-

static machine) and any shape or size of
meter. Thus with the removal of non-
essentials, our attention is concentrated
on the functional aspect. }

It wil be seen that diagram Fig.3
contains some extra information, the +
and — signs on the e.m.f. source. Without
going into the full meaning of electrical
“positive” and “negative”, it is sufficient to
say at this point that these signs on this
particular source indicate (a) the direction
in which the electrons are made to move
round the loop by the e.m.f. and (b) the
fact that this direction is always the same.
A source of em.f. producing such a
uni-directional current is called a
direct-current (d.c.) source—a practical
example is a battery— and the positive side
of this source is identified as that towards
which the electrons travel.

Another type of e.m.f. source used in
electronics causes the electrons to flow
alternately in opposite directions. This
type of flow is called alternating current
(ac.), and the theoretical circuit symbol
used to represent an a.c. source—which
might be.a power-station generator or a
laboratory testing instrument (oscilla-
tor)—is shown in Fig.4.
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Personalities

Professor A. L. Cullen, O.B.E.
Ph.D., D.Sc. (Eng), Pender
professor of electrical engineering,
University College, London, is to
receive from the Paul Instrument
Fund Committee the sum of

£10,717 over three years for the

construction of a wideband
microwave impedance bridge of
high accuracy, using a new and
very precise absolute impedance
standard. Professor Cullen, who
graduated at Imperial College,
London, in 1940 and was for six
years at R.A.E. Farnborough,
occupied the chair of electrical
engineering at Sheffield University
fronr 1955 until his appointment to
University College in 1966.

George Millington, M.A., B.Sc,,
F.LE.E., who recently retired from
the Marconi Company, has been
appointed consultant to the
Directorate "of Radio Technology
of the Ministry of Posts and
Telecommunications. Mr. Milling-
ton is well known for his studies of
radio-wave-propagation  phe-
nomena and was at one time
international vice-chairman of the
C.C.IR. study group investigating
the problems of ground-wave
propagation. A graduate of Clare
College, Cambridge, he joined
Marconi’s in 1931 and headed the
company’s propagation section for
many years. '

W. F. Hawes has been appointed
general manager for marketing by
Pye Telecommunications Ltd. Mr.
Hawes, who is 49, was formerly
overseas marketing manager and
succeeds J. C. Turnbull who has
become managing director of the
recently formed Pye Business
Communications Ltd.

Alec Kravis, O.B.E., who is 51,
has been appointed sales manager
of the Radio Communications Divi-
sion of Marconi Communication
Systems Ltd. He has been with the
Marconi Company since 1950 and
was at one time project co-ordinator
in Research Division for advanced
communication and radar projects.
In 1964 he was appointed project
co-ordinator for space communica-
tion studies, and when Marconi

won the contract for the first
British military satellite communi-
cation stations Mr. Kravis was
made project manager. After the
completion of this project he
became manager of administration
and techmical services in the
Research Division, and since 1967
has been in the Computer
Division, as deputy manager.

Donald W. Morrison, B.A., who
joined the Sprague organization
earlier this year as special assistant
to G. V. Tremblay the’president of
Sprague World Trade Corp., has
been appointed managing director
of Sprague Electric (U.K.) Ltd, of
Yiewsley, Middx. From 1960 to
1967 Mr. Morrison was director of
marketing and general manager for
the Far East of A.M.F.
International after which he spent
two years as regional manager for
Europe with the . American Air
Filter Co.

Alan Hall has joined Marconi
Communication Systems Ltd as
sales manager of the Specialized
Components Division at Billericay,
Essex. After studying at Sheffield
University Mr. Hall, who is 45,
served in the Royal Signals from
1945 to 1948. He worked as a
sales engineer with Solartron
Electronic Group and with
Muirhead, then as assistant to the
technical manager in the Electronic
Component Division of Johnson
Matthey at Burslem, and latterly
as sales manager for Oxley

Alan Hall

Developments Co. Ltd, of
Ulverston, Lancs, Mr. Hall is an
amateur radio trasmitter using
the call G3UWA.

The appointment of John 8.
Walker as managing director is
announced by Cosmocord Ltd, of
Waltham Cross, Herts, manufact-
urers of Acos electro-acoustic
products. Mr. Walker has been
associated with the electronics
industry for nearly 20. years. He
was until recently with De La Rue
Instruments, before which he spent
10 years with Texas Instruments
Ltd, where he was in turn
responsible for the application
laboratories and for research and
development.

Ernest M. Hickin recently joined
Microwave Associates Ltd where
he is now responsible for
co-ordinating all the technical
activities of the Luton-based
subsidiary of Microwave Assoc-
iates Inc., of Burlington, Mass.
Mr. Hickin was previously for six
years with GEC-AEI Telecom-
munications Ltd at Coventry as
chief radio engineer, Transmission
Division, having earlier been
responsible for transmission
research at the GEC Hirst
Research Centre, Wembley. He is
vice-chairman of the I.LE.E. South
Midland Electronics & Control
Section.

J. D. Rhodes, B.Sc., Ph.D., an
authority on microwave selective
linear-phase filters, has been
appointed design consultant to the
Valve & Microwave Group of
Ferranti Ltd at Dundee, Scotland.
Dr. Rhodes, who is 26, is a
lecturer in the Department of
Electrical & Electronic Engineer-
ing at Leeds University, where he
graduated and obtained his
doctorate. He then spent one year
as a post-doctorial fellow before
going to work for Microwave
Development Laboratories Inc.,
Natick, Mass., U.S.A. There he
was engdged upon general research
and development into microwave
techniques with the emphasis on
linear-phase and elliptic function
filters. During 1969, Dr. Rhodes
returned to Leeds to take up his
present post at the University.

J. E. Diggins, M.B.E., who joined
Racal in 1963 as an electronics
engineer at Bracknell, is appointed
deputy managing director of
Racal-BCC Ltd, the largest
company in the Racal group. In

1966 he headed a team of
engineers whose task was to
develop a hew h.f. mobile

radio-telephone. The project was
so successful that a separate
company was formed, named
Racal-Mobilcal Ltd, and produc-
tion transferred to a new factory in
Reading. E. T. Harrison is
managing director of Racal-BCC
Ltd, in addition to being chairman
and managing director of the
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Group. Following Mr Diggins
appointment G. J. Lomer has
become general manager in
addition to being technical director
of Racal-Mobilcal Ltd. D. C.
Elsbury, formerly chief inspector
and quality assurance manager of
Racal-BCC, Bracknell, becomes
production director of Racal-
Mobilcal and E. Phillips, formerly
production manager of Racal-
Mobilcal becomes chief inspector
and quality assurance manager of
Racal-BCC Ltd.

The appointment of J. O. M.
Jenkins, M.Sc., as applications
engineer for digital integrated
circuits is announced by Siliconix
Ltd, of Swansea. After graduating
in electrical engineering at the
University of Swansea, Mr.
Jenkins, who is 30, went to the
Steel Company of Wales in 1961.
In 1966 he relinquished his
appointment to study for his
Master’s degree at Cranfield
Institute of Technology following
which he joined Mullard,
Southampton, to work on the
development of integrated circuits.

James A. Scott, appointed sales
manager of K..W. Electronics
Ltd., Dartford, Kent, was
previously assistant to the sales
manager of the radio navigational
aids division of Standard
Telephones & Cables Ltd. After
studying at Oxford Technical
College Mr. Scoft, who is 41,
joined the Scientific Civil Service
at the Atomic Energy Research
Establishment at Harwell. Follow-
ing transfer to the Overseas Civil
Service he held executive positions
in the security services radio
branch and in the civil aviation
department in Kenya, until the
independence of that country. He
held an amateur radio call sign in
Kenya, and now operates in this
country with the call G3CMIL.

J. R. Tillman, D.Sc., Ph.D,,
M.IEE, deputy director of
research at the Post Office

Telecommunications Headquarters,
London, has been appointed a
visiting professor in the Depart-
ment of Electrical and Electronic
Engineering of the City University,
London. Dr. Tillman joined the
Post Office Research Station in
1936 and was appointed deputy
director of research there in 1965.

B. A. Paine, B.Sc., is appointed
managing director of Booker
Bowmar Ltd and its subsidiaries
Reliance Controls Ltd and
Bowmar Instruments Ltd A
graduate of California State
Polytechnic College, Mr. Paine,
who is 37, was, until his new
appointment, operations manager
with Spectral Electronics Corp., of
Southern California. He succeeds
L. M. Butler who has gone to
California to become president and
general manager of another
Bowmar company.
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Television Wobbulator

3. Construction and operation

by W. T. Cocking, F.1E.E.

The whole equipment has been built into a
standard case (Olson Type 75B) with the
power supply assembled on the back
panel (43in X [1in). This was mounted
at one end on a hinge so that it could be
opened out, but this proved to be quite
unnecessary and would not be done in a
seccond model. It is mentioned merely
because the hinge may be evident in some
photographs.

All other parts are mounted directly or
indirectly on the front panel, which is of
the same size as the back panel.
Connection between the two is made by
an 8-way cable terminated by an 8-way
connector. Another identical connector is
screwed beneath the box which contains
the marker oscillator and the two joined
together by short lengths of No. 16 wire.
The cable is long enough to enable the front
unit to be withdrawn from the case and
turned over, and it can then be
disconnected by slacking off eight screws.

In this way good screwed connections
are obtained and, by using two connectors,
there is no possibility of making wrong
connections on rejoining them as thére
would be if wires were disconnected
independently. _

Components are not critical and an indi-
cation is given of a supplier of certain parts
which have been used in the model
described. Only one component is really
important—the Motorola IN5145—and
this was obtained from Celdis Ltd. (37/39
Loverock Rd., Reading, Berks, RG3
1ED). The photographs show most of the
constructional details. The marker os-
cillator is built on a piece of plain
Veroboard with a 0.l14n matrix of
holes and measuring 24in by 27in. The
variable capacitor used (Home Radio type
VC20, Jackson U101/SS, 25pF) is a split
stator type of 25pF each half; only one
half is used. It is screwed to the
Veroboard, on which the other parts are
mounted in the usual way. A long 6BA
screw for mounting to the box is fixed in
each corner of the board and nuts are run
on, not only to fix the screws to the board
but so that the spacing of the underside of
the board from the case can be adjusted.

The screening case for it is a metal box
measuring 3in X 3in X 2in (Home Radio
Z127). This must have four holes drilled in
its bottom to take the four screws from the
Veroboard. A 3-in hole must be drilled in
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General view of ithe wobbulator showing all the external controls

one side as a clearance hole for the
capacitor shaft extension and in the same
side four 6BA holes for the screws by
which the box is attached to the front
panel. It is mounted with spacers so that
the box lies lin behind the panel. It is
desirable to tap the holes in the side, since
this saves getting nuts on to the screws in
rather awkward positions. An extension
shaft of insulating material is used for the
capacitor with the usual metal coupler
inside the screening can.

A nother hole in the bottom is fitted with
a grommet to take two power-supply leads
and the twisted pair for the r.f. output.
One connector is screwed to that side of
the can which is at the bottom when it is
mounted on the front panel.

The main assembly is on a piece of
plain Veroboard, again with a 0.l-in

‘matrix of holes and measuring 33in X

6Zin. It is held to the panel by brackets.
The layout is not
connections within a tuned circuit should
be kept short.

Printed circuits do not lend themselves
at all well to development work and
instead we used plain Veroboard with
Cir-Kit for “wiring”, for it permits easy
alteration. It proved very successful, and
we retained it in the final model. Cir-Kit
comprises copper strip and is available in
widths of Lin and {in. It is coated on one

critical but all

side with an adhesive and a paper backing
to prevent it from sticking together. A
piece of the required length is cut off the
roll, the backing paper is peeled off and it
is placed on the board in the required
position and pressed firmly down. The 4in
was used only for the earth, 17V and 70V
lines, the in being used for everything
else.

It works very successfully as long as
there is no push or pull on it which tends to
separate it from the board. A component on
the top of the board, therefore, should not
be spaced from the board but should rest
on it and its leads should be bent over
flush with the board on the under side, so
that the component and its leads tend to
clamp the Cir-Kit strips to the board. It is
wise to let a lead cross the copper strip
and project a little on the other side. If it
should be necessary to remove a
component a knife blade can then be
slipped under the projecting wire while the
soldering iron is applied and the lead bent
up without disturbing the copper strip.

The adhesive softens with heat and this
can cause trouble when unsoldering a lead
from a very small piece. It is then
sometimes easiest to pull out the copper
strip while it is hot and replace it with a
new piece.

Connecting leads and any components
on the under side of the boards should be
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attached only at places where the leads
from parts on the top of the board are
providing a firm anchorage for the strip to
the board. In other places, a connecting
lead should be anchored to the board by
enlarging two holes, passing the lead
through one from bottom to top and then
through the other from top to bottom.

It is worth while to check all components
before mounting them, including
semiconductors. Using the Model 8
Avometer on the ohms range most diodes
and base-emitter junctions show from
about 400 Q to 2k Q in the forward
direction and appear to be open-circuit in
the reverse direction. Other ohmmeters
may give very different resistance values,
but as long as the resistance in the forward
direction measures much less than in the
reverse direction there is a presumption
that all is well. This applies to zener diodes
as well as ordinary types, and also to the.
varactor diode.

Setting-up

Until further notice the vision-sound switch
is to be in the vision position. No i.f.

Lower part of -wobbulator.

amplifier need be connected. Connect a

voltmeter across R,; Turn R,, for zero-

a.c. drive to Tr; Check that as R, is
rotated the voltage across R,; can be
varied from almost zero to 70V. Set Ry
for about 20V.

Disconnect the voltmeter and connect
the c.r.o. between earth and the junction of
Ry, R, and D,. Turn up R,, to apply a.c.
drive to Tr;. Use the linear timebase of the
oscilloscope and synchronize it to _the
waveform (50Hz). The waveform should
at first appear sinusoidal but, as the
amplitude increases, it should more and
more tend to very rounded positive half
cycles with peaky negative half cycles. If
the amplitude is too great or the bias on
Tr 3 is wrong, or both, there will be flats on
the bottoms of the negative half cycles.
This occurs when D; conducts it and it
shows that the safety circuit is functioning.
Adjust R,, and R,, for the maximum
possible amplitude of the waveform
without overloading. This will be about
50V p-p.

It is important to realize that the
oscilloscope is connected to a high
impedance, point (about 0.4 MQ ) with the
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result that unless the oscilloscope is of
much higher impedance the voltage
measured by it will be a good deal less
than the true voltage. If R is the input
resistance of the oscilloscope, the voltage
indicated by it should be multiplied by
140.4/R. We used an oscilloscope of IM{2
input resistance and measured on it
a maximum of 38V p-p, making the true
voltage S3V approximately.

Connect the c.r.o. to the “Output to
cro. Y-amp” socket and set ‘its Y
sensitivity to about 1V, or a little less, for
full vertical deflection. Connect its X-input
to “Output to c.ro. X-amp” socket.
Connect the signal generator to “Input
from s.g.”. The signal generator should
have an open-circuit output impedance of
75 Q) and an open-circuit output of at least
200 mV. Set it at full output at 36.5SMHz.
Turn R to maximum. Set the internal
marker oscillator control so that the
variable capacitor vanes are fully
unmeshed. Set the core of L, so that its
top is a little below the top of the former.

There may now be visible on the trace
anything from none to three markers. If
there are three the largest will usually be
from the internal marker oscillator and the
next from the signal generator. This may
be checked by adjusting their controls
independently; the markers will then move
along the trace independently. The third
marker is much smaller in amplitude and
is always about half-way between the
other two. Also it moves when either of
the other markers is moved and in the
same direction, but at half the rate. It
arises because a frequency equal to the
sum of the two marker frequencies is
generated in the D, circuit and it beats
with the second harmonic of the wobbly
oscillator. Its frequency is precisely half
way between the two marker frequencies
and it is useful in adjusting for linearity,
for this third marker should be precisely
haif way between the other two markers
on the trace.

For the moment we are concerned only
with the marker at 36.5MHz provided by
the signal generator. If it is not visibie
adjust R,, to bring it on to the trace, and
in any case adjust this control to bring this
marker as nearly to the centre of the race
as possible.

Unless the phase adjustment is by
chance set correctly, each marker will be
double. Adjust ‘‘Phase” to make the
markers on the forward and return sweeps
coincide.

Check that increasing the marker
frequency makes the marker move along
the trace to the right. If it moves to the
left, reverse the leads to one of the 7-V
transformer secondaries.

Adjust the signal generator towards
30.5MHz while watching the trace. The
marker may disappear from the left-hand
end of the trace before this frequency is
reached or it may not have reached the
end at this frequency. In either case adjust
R, to bring the 30.5-MHz marker
precisely to the end of the trace. This is
when the end of the trace comes to the
middle of the marker, so that only half of
the marker is visible.
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Now turn the s.g. towards 42.5MHz.
There are now several possibilities. The
marker may disappear beyond the
right-hand end of the trace at some
frequency above 42.5MHz. If it does this
readjust R,; and R,, so that when the s.g.
is set in turn to 30.5SMHz and 42.5MHz
the marker is precisely on the ‘left and
right hand ends of the trace respectively.

If the marker stops before 42.5MHz is
reached, it may still be possible to make it
reach the end while still keeping 30.5MHz
at the other end, just by adjustment of R,,
and R,;. More likely, however, the third
‘possibility will arise. This is that the
marker . will stop before 42.5MHz is
reached but, while its left-hand half will be
undistorted, its right-hand half will be
drawn out into an oscillation for the rest
of the trace. If this happens unscrew the
core of L, a little and repeat the process.

Having obtained a sweep covering
30.5MHz to 42.5MHz, calibrate the
internal marker oscillator against the
signal generator. It is sufficient to do this
in 1-MHz steps. It is convenient to use the
blank half of the dial with the slot of an
adjacent screwhead as an indicator, and
place a pencil mark on the dial for each
calibration point.

Set the s.g. to the required frequency
and turn the dial of the marker oscillator to
superimpose its marker on that provided
by the s.g. When the two are nearly equal
in frequency a low-frequency oscillation
will appear right across the trace and it
will disappear at a very critical setting
when the-two are precisely equal. Mark
this point on the dial, move the s.g. by
IMHz and repeat, and so on until the
calibration has been completed.

The calibration is easily checked in this
way at any time, and if the marker is
needed at any frequency in between
calibration points it can be set there by
reference to the s.g. When the marker is
calibrated, the setting up procedure is very
much easier because a marker can be set
at each end of the range, and it is
unnecessary to be continually turning the
signal generator from one end of the range
to the other, possibly by a tedious
slow-motion control.

Set the internal marker oscillator so
that its marker is off the trace. Set the s.g.
to 36.5MHz and adjust the core of L, for
maximum amplitude of the marker.
Check that the amplitude is about the
same at 30.5MHz and 42.5MHz and is
about 70% of that at 36.5MHz. Readjust
the core if the amplitudes at the two
ends are not almost the same. The
adjustment is not critical. ;
~ The next step is to check the linearity.
This is done with the aid of the third
marker. Set the s.g. and the internal
marker to 30.5MHz and 40.5MHz and
see that they lie precisely on the two ends
of the trace; slight readjustment of R,; and
R,, may be needed because of temperature
drift. Measure the distance of the small
centre marker to each of the two end
markers. The two distances should be the
same. If they are not adjust the core of L,
very slightly and readjust R,, and R ,,, and
measure the distances again. If the
distances are more nearly equal continue
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General view of the power supply unit.

adjusting the core in the same direction,
each time readjusting R,, and R,, until
they become equal. Of course, if the first
adjustment to the core makes matters
WwOrse, it needs adjusting the other way.

As an example, it was found in one
instance that the distance of the centre
marker to the left was 35 arbitrary units,
whereas the distance to the right was 32
units. About one turn only of the core was
needed to bring the distances to ‘equality.

The wobbulator is now set up on vision
arid can be used with an if. amplifier to
depict its response curve. Proper
alignment of the vision amplifier with its
trap circuits must be achieved before any
attempt is made to align the inter-carrier
sound channel.

There are certain traps for the unwary
in doing this. The first is a short-circuit on
the mains supply! Never for one moment
forget that the normal television receiver is
live to the mains. To avoid the risk of
shock, damage to equipment and even to
obtain proper operation of equipment,
there is really no alternative but to use a
double-wound 1:1 ratio mains transformer
to feed the television set. It is certainly the
only safe thing to do. Otherwise the if.
strip must be removed from the set and
operated from a separate power unit
containing a transformer.

Most television sets are designed to
operate with the video detector giving an
output of 2V to 4V. Care should be taken
to see that the peak-to-peak output with
the wobbulator is of this order. However,
the input from the wobbulator must never
be so great that overloading occurs.

It is essential that the connection of the
video output to the wobbulator should not
cause feedback in the if. amplifier. A
well-screened lead is necessary and it is
sometimes better to tdke the output from a
video stage than from the detector itself.
In the case of the Wireless World Colour
Television Receiver it was found to be
best, and certainly most convenient, to use
the sync separator feed. This is a long
screened cable which plugs into the sync
separator board, and so it can just be
unplugged and plugged into the
wobbulator.

The rf. output from the wobbulator
must be by coaxial cable and its length

Here the markers are at 34MHz and
40MH: and half way between them there
is a very small marker at 37MH:.

This arises from the sum of the main
markers (74 MHz) beating with the
second harmonic of the wobbly oscillator.

Taking the output from the luminance
delay line of the W.W. Colour
Television Receiver results in an inverted
trace.

The normal input coupling time constant
of the oscilloscope is 0.25 sec. These
photographs show the result of reducing
it, at (a) to 0.04 sec and at (b) to
0.001sec. Notice the double trace in the
vertical direction in (a) and the gross
distortion in (b).
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should be as short as possible. It is not
practicable to match the cable perfectly at
each end. At mid-band only about 4ft. of
cable is needed for a quarter-wave section.
It is well, therefore, to arrange the
apparatus so that the cable is no more
than 2ft. long if possible. It is not often
practicable to feed into the tuner of the
television set, so that the first i.f. circuit,
which is normally in the tuner, can be in
circuit. It is useful, therefore, to have a
dummy tuner built to the circuit of Fig. 1
to connect the wobbulator to the i.f. strip
The cable from the dummy tuner to the if.
strip must, of course, be the same length
as that from the real tuner to the i.f. strip
in the receiver.

Very often additional attenuation to
that provided in the wobbulator will be
needed. This is conveniently obtained from
Belling Lee coaxial attenuators, which are
available with attenuations of 3, 6, 12, 18
dB; they plug into each other and to the
normal cable plugs and sockets. It is
particularly convenient to have three 6-dB
(L729/6) types available. Whenever
possible one should be between the
wobbulator cable and the dummy tuner.
This is the point at which the cable has its
greatest mismatch, because of the tuned
circuit in the dummy tuner, and this
mismatch. is greatly reduced by
introducing an attenuator at this point.
Even when there is sufficient range on the
internal attenuator, it may pay to include a
6-dB attenuator at the cable end, and use
a step or two less internal attenuation.

For the sound channel the overall.

picture including the discriminator is
obtained by feeding the a.f. output of the
sound detector to the “Input from if.
amplifier” socket. For the alignment of the
early circuits, however, it is advisable to
make up an a.m. detector to the circuit
shown in- Fig. 2 and to take the output

The voltage waveform at the collector of
the BF177 wave shaper is shown in these
Dphotographs. At (a) the waveform is
shown with a sinusoidal timebase and the
double trace is due to phase shift caused
by the connection of the oscilloscope.
Adjusting the phase control removes this
(b). The waveform with the more
JSamiliar linear timebase is shown at (c).
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Coil data

Details of windings: L, 10t: L, 10t; L, 1t; L, 14t; L 1t; L, 2t: L, '10: and L 2t.

Formers are Neosid 722/1 with terminal bases 5027 and Neosid long screw cores
4 x 0.5 x 12.7. The former diameter is £ in. with an available winding length of 3 in.
Except L,, all coils are wound with No. 24 enamelled wire ; L, is wound with No. 32.

In every case the start of the main winding is nextto the base of the formerandis the
‘hot’ end of the coil. All coupling coils, except L,, are adjacent to the main winding at
the earthy end. L, and L, are bifilar. Wind L, first, close-wound with the start soldered
to its pin. Leave the other end free. Solder the wire for L, to its start pin and wind it in

f 00000 —00 :

\ éu ;
Ls LB‘B L7
e b e b eO Ob
d [ d C dOo—— ©

‘between the turns of L,. The turns of the latter will spread out to accommodate the

a fC*——j a

wire and it will unwind very slightly. Terminate L, on its earthy pin and then L, on its
earthy pin. Note that the “hot” and earthy pins of the two coils are not adjacent. It is
important that the same ends of the two coils should be earthy. Reversed connections
to one coil will prevent the proper frequency coverage from being obtained.

The pin spacing of the bases does not fit the hole spacing of Veroboard. Itis advisable,
therefore, to make a metal-template so that the Veroboard can be drilled in spite of
the existing holes. The base is fixed to the board by putting small washers or loops of

wire around four of the pins and soldering.

Input from To
wobbulator 10p __l_—_ 2 i.f.strip
a7 s m—
82

Fig. 1. Circuit of dummy tuner. The coil
L can be 15 turns of No. 30 wire wound
on a former like those used for the
wobbulator coils.

from this. It is connected to the collector
of the last sound if. transistor, for
instance.

To operate the wobbulator on sound,
set the vision-sound switch to sound. Set
the s.g. to 39.5MHz, and then set the
marker oscillator to zero beat with it. This
can be done even if there is no visible
marker on the trace, because near the
proper setting the low-frequency beat
between them extends over the whole
trace. It is necessary to do this because the
calibration of the marker oscillator does
not hold when it is switched to sound. It
produces 39.5SMHz when it is set roughly
to the 40.5-MHz calibration point. If one
wishes one can put on a special-39.5-MHz
point for sound, but it is so easy to set the
marker against the s.g. that it seems
unnecessary. The change occurs because
there is a change of loading on the marker
oscillator between the two positions of S,.

Turn the “Mid-band frequency control”
R, fully clockwise (if it is wired so that on
vision a clockwise rotation shifts a
response curve to the right) and then
gradually back until the sound response
curve appears. This is the correct one. If it
is turned further another of less amplitude
will appear, and if .one goes on turning
others will come into view, and there may
even be several overlapping ones. The first
and, usually, largest is the proper 6-MHz

=0 22k
—f—

22k < 39p

-«
%

Fig. 2. Circuit for connection between
earth and the last sound i.f. collector
to view the overall response apart from
the discriminator.

inter-carrier beat between 39.5MHz and
33.5MHz in the vision if. detector. The
second occurs between 39.5MHz and
36.5MHz, when the separation is 3MHz,
and it is the second harmonic of this
produced in the detector which passes
through the sound i.f. amplifier. The others
occur for separations of 2MHz, 1.5MHz,
1.2MHz, IMHz and so on, with the third,
fourth, fifth and sixth harmonics.

By adopting the above procedure the
right setting is easily found and the
spurious responses cause no trouble.
Notice, however, that the proper response
will not always be the largest. If the sound
trap in the vision if. amplifier gives more
attentuation than .usual, the second res-
ponse may be larger than the proper one.

On both vision and sound an increase
of marker frequency moves the marker to
the right. On vision a clockwise rotation of
R,, moves the response curve to the right
on the trace, but on sound it moves it to
the left. This could be avoided by extra
switch contacts to reverse the leads to R,
but did not seem worth while. Temperature
drift is normally to the left on vision and
to the right on sound.

One thing must not be overlooked. It is
usually necessary in some way to put out
of action any a.g.c. system of the amplifier
under test and the way of doing this will
depend on the receiver design.
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A YIG Radiometer and Temperature

Controller

Solid-state device for temperatures of 100-250°C

by I. J. Kampel*

The radiation pyrometer or radiometer
provides a convenient way of measuring
surface temperature where more conven-
tional sensing eclements may not be
employed. The system to be described also
utilizes an experimental solid-state optical
modulator—the /YIG—and in so doing
eliminates the bulky and inconvenient
motorized chopper unit normally associated
with such systems. Use of this new electro-
optical component therefore answers the
need for a sensing head requiring no
maintenance, and provides a rugged,
miniature solid-state construction.

All bodies emit electromagnetic radia-
tion, the amount of radiant energy being
dependent upon their temperature and
emissivity. The maximum theoretical
emission at any temperature is given by
a black-body radiator, and the “emis-
sivity” factor determines the ratio of
emittance by a body to the emittance of
a black-body at the same temperature.

The Stefan-Boltzman law states that the
total spectral emittance of a black-body
is directly proportional to the fourth power
of its absolute temperature. The radio-
meter—or radiation pyrometer—utilizes
this principle. Emitted radiation is
measured, and this is then equated to
source temperature. A control is
normally provided to allow for emissivity
factor corrections.

While the disadvantage of temperature
measurement by radiometer lies in the
need for approximate evaluation of
source emissivity, the system does offer
unique advantages over more conven-
tional techniques. The infrared sensing
element represents the perfect measuring
transducer: it in no way affects the object
being measured since it is non-contacting.
This particular versatility also allows the
remote measurement of moving bodies.
As measurement is by means of a photo-
electric as opposed to the more common
thermoelectric principle, a fast response
may be realized. Many control systems do
not require an absolute temperature
indication, and in such cases the controller
may be used without prior determination
of source emissivity.

For accuracy, and the convenience of
a.c. amplification in radiometer systems,

- it is normal to chop the incoming radiation

*Mullard Ltd.

Yttrium
iron garnet

/ 139CPY

Pot core

Lens

Polarizer

YIG
disc

Fig. 1. Intensity modulation using the YIG.
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Fig. 2. The miniature
Printed-circuit [ 1

ed-ar radiometer sensing
head.

with a rotating segmented chopper-disc.
The size of such a disc with its associated
driving motor has necessarily led to rather
bulky sensing heads in previous equipments,
however the YIG solid-state optical
modulator removes such size restrictions.
The total absence of all moving parts has
also eliminated the need for servicing.

YIG Modulator

Unbalance in electron spin of inner orbital
electrons induces a magnetic moment in a
crystal of yttrium iron garnet (YIG): it is
therefore said to be ferrimagnetic. Magnetic
domains of identically orientated magnetic
dipoles form and take up. 2 natural align-
ment. These domains exhibit Faraday
rotation; in the presence of a magnetic

field the plane of polarization of transmitted
plane-polarized radiation is rotated through
an angle proportional to the magnetic field
strength. Faraday rotation is also propor-
tional to path length through the material,
and is inversely proportional to the wave-
length of radiation.

The high transmission of YIG in the
spectral range 1.1-4.5um is enhanced by
the use of an anti-reflection coating. Its
usefulness is limited by the rapid deteriora-
tion in Faraday rotation with increasing
wavelength. The polarizing material
normally employed in the modulator also
limits the spectral response to about 2.3um.
Lead sulphide is the most suitable detector
material to employ in radiometric applica-
tions due to its similar spectral response
characteristic.
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Current passing through a coil situated
around the material provides the required
magnetic field, with lines of flux lying
parallel to the path of the traversing radia-
tion. A square-wave current drive provides
a suitable modulation of the plane of
transmitted plane-polarized radiation, and
by further passing this radiation through
another polarizer—known as the analyser
—an intensity modulation is derived.
This principle is illustrated by Fig. 1.

A sectional diagram of the sensing head
is shown in Fig. 2. Overall dimensions
are 2cm diameter by 3cm length.

A glass lens is used to focus incident
radiation on to the element of a 139CPY
chemical lead sulphide detector. In the path
of this radiation is situated an experimental
YIG modulator; this was housed within a
modified Ferroxcube transformer pot
core which served to provide a low reluc-
tance path for external flux, so minimizing
direct electromagnetic pick-up at the
detector. Polarizer and analyser are located
on the outer faces of this housing.

The plane of polarization of the
analyser is situated at 45° relative to the
polarizer. This requires a + 45° rotation
of the plane-polarized radiation for full
theoretical modulation, and this is
approached by employing a true a.c. drive
current in the YIG coil, A greater modula-
tion depth for a given drive power may be
achieved with this method than by any
other.

System description

Output from the radiometer takes the form
of a moving coil meter; output from the
controller may either be a simple audible
warning, or a change-over relay, but various
operational modes may be selected to give
this considerable flexibility.

A chemical lead sulphide detector was
employed since this had a suitable spectral
response, and was available in the small
size of a TO-5 encapsulation. The system
to be described is suitable for a black-body
source temperature range of 100-250°C,
covered by two ranges; the addition of
higher temperature ranges would be
straightforward. An emissivity control
covering the range e=0.1 to e=1.0 was
provided.

Two integrated circuits are used to
modulate the YIG coil with a true a.c.
square-wave current at a frequency of
400Hz as shown in Fig. 3. This frequency
is sufficiently high to avoid mains pick-up
problems, -and low enough to allow
optimum performance from a lead sulphide
detector having a somewhat slow response.

A quadruple NAND gate (FJH131) is
interconnected to form a square-wave
generator, where external 1-4F capacitors
set the periods as in a conventional
multivibrator. Since the resistive component
of the time-constant is contained within
the integrated circuit, however, this is liable
to production spreads and will introduce
some spread in frequency.. (See Fig. 3).

A dual buffer gate (FJH141) provides
the required current drive to the YIG coil.
The coil is d.c. coupled and driven'in push-
pull mode. The voltage amplitude from this
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integrated circuit is also dependent upon

production tolerances, and R pis adjusted
on test to give a coil current of approxi-
mately 20m A (33-68 Q2 typical). A capacitor

in parallel with the coil reduces the spike

caused by fast current switching in the
inductive load.

Modulator and detector leads should be
adequately screened from one another in
order to avoid pick-up problems.

Pre-amplifier Circuit

Detector resistance varies with ambient
temperature. Since responsivity is approx-
imately proportional to the square of this
resistance, it is necessary to provide some
correction. By biasing the detector in a
constant voltage mode and -utilizing the

12k 12k

0-47,
i

signal current, the output obtained is
inversely proportional to the square of
detector resistance and a much improved
temperature stability is achieved.

An f.e.t. is used to provide detector bias,
and was found preferable to a transistor,
introducing far less current noise than the
latter. The complete circuit is shown in
Fig. 4. Noise from the zener diode is
eliminated by decoupling the gate of the
f.et. A second f.et. is used in a compound
arrangement with a transistor to provide
initial gain; this is also a low noise con-
figuration. A voltage-dependent resistor
in the transistor emitter allows a greater
drain resistance for improved loop gain. A
further gain of 10 or 100 is provided by the
following virtual-earth amplifier, the gain
being selected by the range switch.
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A simple coherent filter is formed from
two complementary germanium transistors
as shown in Fig. 5. These effectively form a
dynamically synchronized narrow-band-
width filter. A gating waveform is taken
from the YIG drive circuit and applied to
switch these transistors in anti-phase. The
output from the pre-amplifier is fed into the
circuit, and is used to charge the 125-uF
capacitor through one or another of the
10-k Q resistors.

The two transistors are switched in
synchronism with the signal, and earth
alternate sides of the capacitor so that a
d.c. charge builds up which is proportional
to the signal waveform. Any noise or
spurious signals present at frequencies other
than the modulating frequency average to
zero. An output is taken from one side of
the charge capacitor for further a.c.
amplification,

It is important to ensure a true 1:1
mark-space ratio for optimum performance
from the coherent filter. It will be obvious
that drift of the chopping frequency will in
no way affect performance. The transistors
are connected in an inverted manner to
minimize leakage current and breakthrough
of the gating signal. ;

An operational amplifier (TAA811) is
used to provide a further stage of variable
gain' and an emissivity control. The
configuration of Fig. 6 will provide a
linear emissivity scale calibration between
0.1 and 1.0 provided that the potentio-
meter is truly linear (selection normally
required). Voltage gain will be 100 at e
=0.1, and 10 at e=1.0.

The radiometer section of the instru-
ment terminates in a peak detector
circuit and is shown in Fig. 7. The
1-uF capacitor charges to a d.c. potential
proportional to the signal amplitude.
This is fed to a moving-coil meter and
provides the temperature indication. The
zener diode is a protective device for the
meter.

The d.c. level on the charge capacitor
is also monitored by the controller
circuitry. Provision is made to switch
the meter to a variable d.c.. potential
independent of the signal: this greatly

facilitates initial adjustment of the
controller.
Temperature controller

Totally independent adjustable maximum
and minimum limits are provided, and either
or both may be used. In the “basic” mode,
if the meter pointer crosses either limit,
the relay or audible warning switches on;
hence the output does not distinguish
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between maximium and minimum (although
the meter indicator will). In the “cycle”
mode, the relay or audible warning switches
on when the pointer exceeds the maximum
limit, and will remain on until the lower
limit has been crossed.

Thus by using both limits in this mode, a
cycling controller is available between
preset temperatures. By using only one
limit in this mode, a one-shot function is
available provided that the initial state has
been correctly set.

The input to the control circuit is taken
directly from the output of the radiometer
circuit, and responds either to a d.c.
potential set by the signal waveform, or a
potential manually set on the “meter-set”
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The picture shows the temperature of a
silica tube being measured while
undergoing a production process. The
chopper and temperature sensor form
the small unit held in the operator’s
left hand and pointed at the hot part of
the silica tube.

control; the latter considerably eases the
accurate setting of limits.

Two integrated circuits (IC, and IC,,
Fig. 8) monitor the input voltage, and both
their outputs will be at OV until a limit
has been crossed. When S, is closed the
maximum limit is set by adjusting V),
to a suitable level. If V;, exceeds V, then
IC, output rapidly switches to + 30V.

When §, is closed, the minimum limit is _

set by adjusting ¥V, to a suitable level. If
Vi falls below ¥, tﬁen IC, output switches
rapidly to +30 1.

With S, in the “basic” position, the
— input of IC, is referred to + 15V. The
output of IC, is normally at OV. If either
limit is crossed, the anode of either D, or
D, will be taken to + 30V, and the + input
of IC, will follow; thus the output of IC,
will then switch to + 30V.

Hysteresis circuit

With S§3 in the “cycle” position, IC;
forms a hysteresis circuit, and the output
voltage will switch to + 30V if IC, output
goes +ve, and will remain there until the
output of IC, goes + ve, whence it returns
to OV. '

When the output of IC, switches to
+ 30V, the base of the output transistor
rises from OV to a little above + 15V, and
either the audible warning or the control
relay will operate. The choice is selected by

b

A second small centre-zero meter
(£ 1001A) may be used to give a constant
indication of the control state under all
conditions. The pointer will be centred
until a limit is crossed, and will deflect
when a limit is crossed, the direction of
deflection being indicative of maximum or
minimum.
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'Olympia Audio Fair Lectures

The 1970 International Audio and Music
Fair, to be held from 19th to 24th October
at Olympia, London, differs from previous
fairs of this kind (in this country) in that
there willbe a programme of “presentations™
sponsored largely by the-audio press. The
full list is given below.

It will be seen that Wireless World is
sponsoring five . lecture-demonstrations.
Each session will be given by a well-
known Wireless World author, who will
relate engineering principles and procedures
to the performance actually given by items
of audio equipment. The lecturers will be
Arthur Bailey, Peter Baxandall, Jack Dins-
dale, John Linsley Hood and Ted Jordan.
Tickets for each of these sessions will be

available at the Wireless World stand at the.

Fair on the day of the lecture.

Tuesday, 20th
2.0 Types of recorded sound quality
by John Crabbe (Hi-Fi News)
Different musical and acoustical balances to be
found on modern recordings will be discussed
and demonstrated.

4.0 The progression of electronic music
synthesizers
by Dr. Robert A. Moog
The inventor of the Moog Synthesizer will
demonstrate the instrument used for the famous
“Switched on Bach” LP.

6.0 The heart of hi-fi

by J. Dinsdale (Wireless World)
The important features of modern amplifier
circuitry and specifications will be explained and
demonstrated.

8.0 Cassettes and cartridges

by W. Woyda (Precision Tapes)
Cassette and 8-track cartridge formats will be
described in detail and several recently released
recordings will be played in both media.

Wednesday, 21st
2.0 Power levels, distortion and the enjoyment
of music
by P. J. Baxandall (Wireless World)
The inventor of the Baxandall tone control will
discuss the technical requirements of hi-fi
equipment and relate them to musical enjoyment.

4.0 How good is your gramophone?

by John Borwick (The Gramophone)
The lecturer will play a selection of records and
suggest how these can be used to assess the
performance of record reproducing equipment.

6.0 Both sides of the record

by Joan Coulson (EMI Records)
All kinds of music on record with glimpses
behind the scenes.

8.0 The progression of electronic music
synthesizers
by Dr. Robert A. Moog (See Tuesday)

Thursday, 22nd
2.0 From cylinders to 78s to today
by G. Child (formerly of Decca Records)
A short history of the gramophone record with
a display of vintage players and examples of
records old and new.

4.0 Audio facts and fallacies

by A. R. Bailey (Wireless World)
The well-known designer examines hi-fi ideas
and terminology.

6.0 Personal appearance of Sir Arthur Bliss
The Master of the Queen’s Musick will intro-
duce excerpts from the first recording of his
“Pastoral” and “Knot of Riddles” to.be issued
in October by Pye Records.

8.0 Stereo for beginners

by Clement Brown (Hi-Fi Sound)
A simple introduction to the subject of stereo-
phonic recording and reproduction.

Friday, 23rd
2.0 Cassettes and cartridges

by W. Woyda (Precision Tapes)
(see Tuesday)

4.0 How good is your gramophone?
by John Borwick (The Gramophone)
(see Wednesday)

6.0 Little and good

by J. L. Linsley Hood (Wireless World)
An illustrated examination of the related sub-
jects of power and quality in sound reproduction.

8.0 The funny side
by Donald Aldous (Hi-Fi News & Record
Review).
A light-hearted look at the record repertoire—
““in the groove, but out of the rut”.

Saturday, 24th
2.0 Sound sense
by E. J. Jordan (Wireless World)
This well-known loudspeaker designer will talk
about sound reproduction aims and play some
recorded examples.

4.0 The funny side
by Donald Aldous (Hi-Fi News & Record
Review) (see Friday)

6.0 Types of recorded sound quality
by John Crabbe (Hi-Fi News)
(see Tuesday)

8.0 Live pop recital
presented by New Musical Express

Throughout the Exhibition there will also be a
programme of semi-technical films.
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Active Filters
14. Bandpass types

by F. E. J. Girling® and E. F. Good™

It has already been shown that low-pass
filters can be made up from one or more feed-
back loops containing integrators, simple
lags, or a mixture of the two. The band-pass
counterparts of both integrators and simple
lags are tuned circuits tumed to the chosen
centre frequency. Consequently band-pass
filters may be made by substituting such tuned
circuits for the lags and integrators of suit-
able low-pass models, and the method is
described for synthesis by factors and for
active-ladder synthesis. A brief discussion of
stagger tuning is also given.

A symmetrical band-pass characteristic
may be considered as a transform of a low-
pass characteristic, and all the methods of
design used for low-pass filters may be car-
ried over into b-p filter design, the most
important being (a) by factors, (b) as a
ladder structure. The nature of the trans-
formation has been described in Part 2; and
if, for clarity, frequency for the l-p model
.is designated by the upper-case letter 2, and
for the b-p counterpart by the conventional
o, an algebraic statement of the transform-
ation is

Q = o—wy/w
= wo(w/wo—w,/®). - (1)

This produces, Fig. 1, a b-p characteristic
in which the bandwidth, w, —w,, between
any two points of equal amplitude, and of
equal but opposite phase shift, is equal to
Q,, the bandwidth from zero to the corres-
ponding point on the I-p characteristic. The
b-p characteristic is centred on w, in the
sense that w, = /(@10,),i.€. @, = Wo*/w,.

Realisation by factors

Since resolution of a l-p characteristic into
1st- and 2nd-order factors provides a basis
for the design of a 1-p filter as a cascade of
non-interacting simpler (i.e. lower-order)
I-p sections, transformation of the l-p fac-
tors to b-p provides a basis for the design of
the corresponding b-p filter as a cascade of
non-interacting simpler b-p sections.

1. Ist-order
The frequency response function for 1st-
order |-p response (a simple lag)

G = 1/(1+jQfwr) @

* Royal Radar Establishment.

log|G(w)| =

|
|
|
|
|
@

Fig. 1. Corresponding b-p and l-p
responses: for any pair of points on the
b-p curve and the corresponding point on
thel-p curvew, — w, = Q, andw,w, = wy*.

transforms intq
G(@) = 1/{1+ joo(w/w,—wo/w)w}, (3)
which may be simplified to
6(©) = 1/{1+jQ@/wo~wof)} (&)
where

Q = wo/wc (5)
the well known definition.

In transfer-function form the functions
are

1

G(p) = T4pT (-p) ©®
) = ———~ &) O
1+ Q(pTo ar P_To)
which rearranges into
. pTo/Q

the familiar form for ‘‘tuned-circuit” res-
ponse. (T, = 1/w,). The transformation
may be considered, therefore, to consist in
replacing pT, where T = 1/w,, by

0 (pTo+—'—) ©
rT,

Physically this means, for example, that a
differentiator (say the capacitor of a Blum-
lein integrator) has an integrator placed in
parallel with it.

2. 2nd-order
2nd-order l-p response may be defined

G(p) = 1/(1+pT/q+p*T?)  (10)

When g> 4 the response cannot be resolved
into real Ist-order factors, and when
q> l/J 2 the response shows a resonant
hump or peak. The corresponding b-p res-
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ponse is of the type associated with coupled
tuned circuits.

2nd-order I-p response may be obtained
from an integrator-and-lag loop, a two-lag
loop, etc. The b-p transform of a simple lag
is a single tuned circuit of finite Q and tuned
to w, (above), and it is a simple piece of
reasoningt to show that the transform of
an integrator is an infinite-Q tuned circuit,
also tuned to w,. It follows that 2nd-order
b-p responses may be obtained from feed-
back loops containing two tuned circuits
tuned to the required centre frequency.

Tuned circuits of finite Q are matched to
the lags of the I-p model so that the same
bandwidths are obtained, and the gain at
, (the peak) is made equal to the gain of
the |-p simple-lag circuits at zero frequency.
Tuned circuits of infinite Q are matched to
corresponding integrators in the |-p model
by making the unity-gain bandwidth the
same, Fig. 2.

In a b-p filter there is the possibility of a
type of error which has no counterpart in
the 1-p model. There can clearly be no error
in the position of zero frequency, but the
centre frequencies of the constituent tuned
circuits of a b-p filter can be misaligned both
with respect to each other and with respect
to the desired w,. In a loop containing an
infinite-Q tuned circuit and a damped tuned
circuit misalignment causes the loop gains
in the critical regions near the band limits
(where the Nyquist plot comes nearest to the
—1, jO point, Fig. 3) to be different, with
more phase shift on one side than on the
other for points of equal magnitude of loop
gain. This causes the response when the loop
is closed to be unsymmetrical, showing
more peaking on one side of the passband
than on the other (i.e. show different equi-
valent values of q). Two tuned circuits of
equal Q give a symmetrical response even
when misaligned, Fig. 4, and consequently
a symmetrical response with the feedback

1 The integrator has infinite gain at zero frequency and
a constant 90° phase lag: the infinite-Q tuned circuit
has infinite gain at w,, a constant 90° phase lag for
@ > o, and a constant 90° phase lead for @ < w,.

|
|
I
+
Fig. 2. Relationship between (a) a damped
tuned circuit and a simple lag, (b) an
infinite-Q tuned circuit and an integrator.
For each pair v, —w; = I/T.

Fig. 3. Misalignment of tuned circuits of

different Q gives an unsymmetrical loop
response, which shows in the Nyquist plot.
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tog |G (w)| —>

w (log scale) —»

Fig. 4. Misalignment of two tuned circuits
of equal Q gives a still symmetrical loop
response.

loop closed—although bandwidth and
shape factor (g) are affected. In practice
there may be errors in Q as well as in centre
frequency, but the effect of error is still
likely to be more tolerable than in a loop
containing one infinite-Q circuit. It appears,
therefore, that the preferable -p model for
a b-p filter is the loop with two equal lags.

The properties of such a loop have been
considered in Part 4, and the important
result obtained that closing the loop in-
creases both g and bandwidth by the factor
/(4o + 1), where A, is the loop gain at zero
frequency. For two equal lags the open-loop
q is 1. To obtain a closed-loop value of g,
therefore,

\/(Ao+1) =2q
ie. Ay = 4¢*>—1;

(1
(12)

and for a closed-loop bandwidth o, = 1/7,
the open-loop bandwidth, which is also the
bandwidth of the individual lags, must be

®,/2q, i.e. the time constant of the lags must

be 2¢4T. This is shown in Fig. 5(a).

Now the bandwidth of a tuned circuit
= wy/Q. So for the tuned circuits of Fig.
5(b) to have the same bandwidth as the lags
in Fig. 5(a) ‘

Do _ &
0 X
ie. 0 = 2qw,/w,. (13)

It is now convenient to define a measure
of the relative sharpness or selectivity of a
2nd-order band-pass circuit,

05 = wo/w,. 14)

This is comparable with the definition of Q
for a single tuned circuit, although now w,
is the nominal bandwith equal to the corner
frequency of the corresponding 2nd-order
l-p circuit, and the —3dB bandwidth only
for the particular case of ¢ = 1/,/2.

Making this substitution in equn. (14)
gives

Q =290, 15)

and substituting for Q in equn. (7) then
gives for the transfer functions of the ele-
mentary tuned circuits of Fig. 5(b)

1

G(p) = = U8
1+2qQ,,<p20+p—To>

Comparison with the transfer functions of
the simple lags of Fig. 5(a)

1
1+2gpT

shows that the transformation may be con-

G(p) = 7
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Vin P R =N 2 .
1+23gpT 1+2gpT o - Vout
e
( ) Vout - 4q2—1 1
2 Soub s
Vin 4g* 1+apT+pT
" 1 — |
Vin 1 1 4qz_1 -
1+2qQB pTo + pTO 1+2qQB pTo+ pTO VOUt
Vou 2_
(b) \7.Ut -4 21 ' - z

Fig. 5. A wo-lag loop and its band-pass counterpart.

Fig. 6. Scheme for 3rd-order Butterworth

filter.

4QB

sidered to be the replacement of pT, where
T = l/w,, by

1
QB(PTo+pTO)-
Transfer functions for corresponding l-p

and b-p 2nd-order sections may therefore be
written

(18)

o

—L——ap»
l+apT+p2T2

1
1+—Q T+—1—+Q T+l i
s\ Plo 7T, BPOPTO

(b-p) (20)

though the method of synthesis just des-
cribed does not depend on explicit state-
ment of the b-p transfer function.

The rule for l-p to b-p transformation
given above, expression (18), is only ap-
parently different from the tule given for
1st-order sections, expression (9). By divid-
ing by T(= l/w,) both reduce to the basic
rule: i.e. p is replaced by

1 T

Equation (15) and the well known rela-
tionship expressed by equn. (5) provide the
basic theory for the design of any sym-
metrical simple (all-pole) band-pass filter as
a cascade of active 1st-and 2nd-order band-
pass sections.

It is also worth noticing for future refer-
ence that because of the identity

rTy PTz ﬂx 1 xPsz2 22)

D,(» Dip) T, D) Dip)

@n

i 1
Qo= Q;-- 4
| i
I I
in t

(o]

02 = 2Qpg Q= 2Qg

Fig. 7. The band-pass response has twice
as many ripples as the low-pass response
used as model.

where in the present case
D\(p) = 1+pT,/Q, +p’T,? (23)
Dy(p) = 1+pT1/Q,+p*T,*  (24)

two tuned circuits in tandem may be re-
placed by a low-pass circuit and a high-pass
circuit also in tandem.

3. Higher-order filters
The general pattern for a higher-order filter
realized as a cascade of sections designed as
above is n tuned circuits all tuned to @, and
connected in n/2 feedback pairs, or when n
is odd (n—1)/2 feedback pairs with one
single tuned circuit. The feedback pairs
form the 2nd-order sections, and the Q
factors of the constituent tuned circuits and
the degree of back coupling are chosen to
give the required clesed-loop bandwidth
and g (shape factor). Similarly the Qs of any
single tuned circuits (the 1st-order sections)
are chosen to.give the required bandwidth.
Butterworth filters are a special case, as
the nominal bandwidth of each section is
equal to the —3dB bandwidth of the com-
plete filter. So 0p, = Qp, = etc. = wy/w,;
and for n odd the Q factor of the single
tuned circuit is also equal to w,/w,. But the
g of each 2nd-order section is different, and,
using equns (15) and (12), the Q factors of
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the constituent tuned circuits and the loop
gains must be calculated as follows:

Q1 = 24,Qs, loop gain = 4¢,”~1,
0, = 2q,05, loop gain = 4¢,2—1, etc.

Thus the block diagram for a 3rd-order
Butterworth filter, which needs only one
feedback pair (with ¢ = 1), may be drawn
as in Fig. 6. Values of ¢ for up to n = 10
were given in Part 9, Table 6.

In general, however, both g and band-
width will be different for each factor, as
they are for the factors of an I-p filter, e.g.
Table 8 of Part 9. The parameters g pass
straight over into the,band-pass design. The
parameters 7T are inversely proportional to
the nominal bandwidths of the factors (cw, ),
and consequently directly proportional to
the band-pass parameters Qy (or Q for a
Ist-order factor). As a b-p response repeats
itself on the other side of w, it will show
twice as many ripples as the 1-p response,
e.g Fig. 7.

1/nth octave filter

The bandwidth of a b-p filter is often speci-
fied as a fraction of an octave (2 : 1 frequency
ratio), especially when it is one of a bank
of filters required to divide a broad spec-
trum into a number of relatively narrow
contiguous bands.

If the filters all have the same relative
bandwidth, and the first one is centred on
wy = 1, the nth filter will be centred on
w, = 2, Fig. 8. Consequently

ik
59 = (25)
1
1 1 2"—1
— =X = —, 2
QB X Zﬁ ( 6)

from which the figures shown in Table 1
may be calculated. The last row corres-
ponds to one filter for each note of the
equally tempered scale. Sometimes of
course, the relative bandwidth is made
different from the spacing between adjacent
filters. This is so for B.S.ird-octave filters,
which have a band width much less than the
pitch between centre frequencies.

From the first column of Table 1 the Q
factors required of individual tuned circuits
may be calculated via equn. (15). Thus for
3rd-order Butterworth response Q factors

11225 | 1414 | 1778

‘1 1260 15875 2
i i
|
|

e—— 0466 ——> (b)

Fig. 8. (a) nfilters to the octave, each with
abandwidth of 1/nth of an octave. (b)
Frequency relationships for 1/3rd-octave
filters.
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TABLE 1
1/nth-octave filters—Qg against n
n o 2 3 4 5 6 8 10 2
Qp 1-414 2-87 4-32 576 7-21 8-65 11-55 14-47 17-3
Vout
00l 001K
o—/yoc—/\mx— p—0
— 50k 75k ; —
S50k 12M 100k
§100k I 0-02u =
867p
@) 'l' 100k
25k
+9V

+9V
47k

V205

2N2484] cm

4'7k§ | ’

4-7k%
(b) -V

47k
< cm

N |
i
®
N
<

(o}
47k
(c) : -9V

Fig. 10. (a) Schematic for Srd-octave 2nd-order band-pass filter, centre frequency 159 Hz,
peak gain 18 approx. (b) Enhanced emitter follower using three transistors. (c) Simple

high-gain amplifier.

equal to 2Q; are needed. This gives a quide
to the type of circuit needed.

Circuits

The most powerful type of active tuned
circuit is the two-integrator loop, especially
when high Q is needed. In its ordinary form
(Parts 7 and 8) the circuit uses three ampli-
fiers, and two circuits may be put together
as in Fig. 9 to form a feedback 2hd-order
band-pass section. With the usual balance
of component values shown each tuned cir-
cuit gives a peak gain of @, not 1 as assumed
in Fig. 5 for example. So the “gain” of the
feedback path must be divided by Q° to

compensate, and unless Q is very low the
feedback resistor may have an inconveni-
ently high value. This can be avoided by
using a resistor of moderate value fed from
‘a potential divider as shown inset. It may
also be helpful to make the feedback vari-
able over a small range. This will allow some
adjustment of bandwidth, although not
without varying ¢ simultaneously.

The ease with which both tuning and Q
can be adjusted in a two-integrator loop
can also be made use of. Thus each-tuned
circuit can be individually adjusted to the

- centre frequency, allowing components of

relatively broad tolerance to be used, or per-
haps the nearest preferred value. Similarly
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Fig. 11. Building up a 3rd-order b-p

response. On the right, corresponding l-p
responses.

R

Lo Lo
5= 2
R
2C, 2C,
C1.|- .I.C1 R
! o © —
(b) ()

Fig. 12. Bisection of a symmetrical filter.

in a 3rd-order filter tilt in the passband can
be corrected by adjusting the tuning of the
single tuned circuit. If only a single resistor
(or T) is varied, Q is varied with w,, but for
a small range of adjustment this is likely to
be unimportant. In any case it is quite easy
to adjust Q also.

Probably most active band-pass filters at
the present time use a balanced parallel-tee
network (see Parts 10 and 11). Fig. 10 shows
a circuit for a 2nd-order filter which was
designed for ird-octave bandwidth approxi-
mately. The tuned stages use the Sallen-and-
Key type of connection and are arranged as
low-pass x high-pass, which also usefully
multiplies the forward gain by Q2. An un-
tuned input stage puts the necessary sign
reversal into the loop, and allows adjust-
ment of overall gain without affecting the
tuned stages. Adjustment of the feedback
is also provided, but if the required com-
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Fig. 13. As first derived the integrators of the elementary tuned circuits have different
Ts (CR products). This can be corrected by making the changes shown in (b).

bination of bandwidth and ¢ is not obtained
the damping of one or both stages must be
adjusted.

As the bandwidth is over 209, of the
centre frequency, a reasonable tolerance on
the time constant of the tees is +1%. To
ensure that each twin tee is well balanced,
however, so that the expected value of Q is
obtained, it is advisable to make each up
from matched pairs of components as ex-
plained in Part 11 (June). As a b-p system is
not required to pass zero frequency, the
amplifiers do not need to have low zero
drift; and as Q is only moderate, the internal
gain need not be very high. The amplifiers
can, therefore, be quite simple—though
they can be high-gain types provided they
will give the required output at the highest
frequency with low distortion.

The attenuation of a 2nd-order Butter-
worth filter 'is given by (1+x*)*, where
x = actual bandwidth/-3dB bandwidth. So
20 dB is obtained at x = 99% = 3-155;
40 dB at x = 10 approximately.

An advantage of the parallel-tee circuit is
that zeros are easily added. Thus a 3rd-
order b-p filter can be built up as in Fig. 11.
The 2nd-order loop contains a I-p and a
h-p stage, and these are given zeros (a) and
(b) by feeding a fraction of the input to the
other tee (Part 11, Fig. 11) so that an open-
loop response as (c) is obtained. If this is
symmetrical it can be represented by the
transfer function of the corresponding I-p
response (d) of the form

14 k2p?T?
14pT/2+p*T?
and the amount of feedback calculated

which will give a I-p response such as (¢) and
totheb-pcircuitan *“‘over-coupled” response

(f). The hole in the middle can then be
“filled up” with a single tuned circuit (g)
corresponding to a simple lag (h).

A suitable model is a 3rd-order Darling-
ton filter, Fig. 12(a). Being a symmetrical
network it can be divided into two halves
with Z,, 4y = Z,,), and its transfer func-
tion may be written down as 4 the product
of the transfer functions of the subnetworks
so formed, Figs 12(b) and (c). These are:

1
1+pC,R
1+p*L,C,
14 pLy/2R+p*Ly(C,+Co)/2

and can act directly as I-p models for the

‘single tuned circuit and the 2nd-order loop

of the active b-p filter, the required band-
widths and ¢ being obtained by comparing
these transfer functions with transfer func-
tions written in standard form, 1/(1+pT;)
and (1+ap’T,?)/(1 4+ pTo/q+ p*T,?).

Parallel-tee stages can be given variable
tuning (Part 11); but this usually requires
extra amplifiers, and the short-circuited-
output time constants of the two tees must
still be equal. So the practicability of a
parallel-tee filter, or bank of filters, depends
very much on the cost and difficulty of
obtaining accurate components for the
parallel-tee networks. As the price of gain
comes down, therefore, the preference is
likely to go to circuits which, while needing
more amplifiers, have less severe require-
ments for passive components.

Active ladders

The first stage in preparing a design for a
band-pass active ladder filter has already
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been given (Part 13, Fig. 17). But when the
centre frequency is much greater than the
bandwidth (w, » ®,.), L,/R, C,R, Ly/R of
diagram (b), where L, C,, L ,, come from
the l-p filter of equal bandwidth, are much
greater than C,’R, L,'/R, C5'R, where C,’
etc. are the reactances added to transform
the 1-p filter to b-p. Thus, for example, for
Sth-order Butterworth response with
o, =20Hz,0, =225Hz*T, = T, = 492
and Ty =T, = 01017, T, = T, = 12:88
and T,' = T, = 0-03885, T, = 15-92 and
T, = 0-03143.(all in milliseconds). This is
undesirable. As T, = l/w, = 0-707 ms,
the integrators of low T would work with
voltage gains of up to twenty and more. So
they would develop output voltages up to
that number of times greater than the
voltages at the outputs of the integrators
feeding them, which is bad for dynamic
range; and the elementary tuned circuits
which they form with those integrators
would be likely to have a lower Q@ factor
than need be, since if the zero-frequency
gains of the integrators are equal the best
performance is obtained with T's equal.

This condition is obtained by making
the Thof each integrator = T;, and readjust-
ing the linkages between the tuned circuits
so that all loops have the same loop gains as
before. If the T of one of the integrators in
the forward path is changed from T, (say) to
T,, the signal voltage at its output is multi-
plied by T,/T;,. The loop gain of the minor
loop, the elementary tuned circuit, has
simultaneously been restored to its former
value by changing the T of the other
integrator from T}’ to Ty—and T, T;’ = T,?
= l/w,>. Compensation in all other paths
including the 7, integrator is effected by
introducing a multiplying factor Ty/T;,
which may in practice mean multiplying
one or more resistances by 7;/T,, Fig. 13.

The ratios Ty/T;, To/T, etc., although not
in general equal, are all roughly equal to
bandwidth/centre frequency, say 1/Qp; and
the ratios Ty/T;', To/T’ etc., roughly equal
to Qp. And, if more convenient, all the 75
of the first set of integrators may be multi-
plied by 1/Q;, and all of the second set by
Qp, as this will bring them near enough
together for the elementary tuned circuits
to give good performance. The scaling fac-
tors to be introduced ‘into the linkages
between the tuned circuits will now all be
1/Q5. It will still be practicable to use the
same value of C for all the integrators, by
obtaining the required spread of T by
variation of R.

After scaling, a filter with a relatively
narrow pass band (Qy > 1) is seen to con-
sist of n two-integrator loops, where n is
the order of the l-p filter used as model,
loosely coupled together. This points to a
rough analogy between a coupled-tuned-
circuit filter and a ladder b-p filter, in which
the loose coupling needed for a relatively
narrow bandwidth is obtained by making
the reactances of the shunt branches much
smaller than those of the series branches.

The analogy may be put to use in a 3rd-
order b-p filter as shown in Fig. 14. RV, is
placed so that the symmetry of the system is
preserved and allows simultaneous adjust-
ment of the loop gains of the two inter-
* 1 Hz = 2= radians/second.
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meshing feedback loops. As it is increased
from a low value the response changes from
single-peaked, through a maximally flat
response (Butterworth), to the overcoupled
type of response, Fig. 15. Ideally the three
peaks have equal height. This depends on
the central tuned circuit having infinite Q.
If it has appreciable damping the outer
peaks are lower than the middle peak and
may become only shoulders. Compensation
can be made by applying to the central
stage regeneration or positive feedback.

Other types of tuned circuit can be used
in place of the two-integrator loops, pro-
vided the inside ones have high Q (approach-
ing infinity). Thus Fig. 16 shows a 3rd-order
filter using parallel-tee circuits. By making
use of the identity expressed in equn: (22),
and by making the middle stage sign-invert-
ing and the outer stages not, the feedback
loops have been closed in the right sense,
without the use of separate inverting or
adding stages. So the filter is economical in
amplifiers, using only one third as many as
the previous circuit. But although the
equally terminated structure is some help
against the effects of mistuning, the Q factors
of the tuned circuits are still very dependent
on accurate balance in the twin-tee net-
works, and at least twice as many capacitors
are needed.

Electronic tuning

An all-integrator circuit lends itself to elec-
tronic.(voltage-controlled) tuning (Part 8,
Fig. 11). The electronic switches are equi-
valent to accurately ganged potentiometers,
and the effective T of each integrator in
series with a switch varies inversely with the
mark/period ratio.

001u. R =R'- R”= 100k, Rp
Amplifiers type 741

= 16R
Fig. 14. 3rd-order h-p filter with
adjustable coupling.

Fig. 15. Showing effect of increasing
coupling in a 3rd-order b-p ladder filter.

In the passive band-pass model (Fig.
17(a) of Part 13) centre frequency is deter-
mined by the LC product of the elementary
tuned circuits, L,C,’ = C,L," = etc. =
1/@,2. The bandwidth is given by only L, /R,
C,R,L,/R,etc.,L,,C,, Ls,and R, being the
components derived from the l-p counter-
part. If all reactances are multiplied by x,
both 1/w, and 1/bandwidth are multiplied
by x; so the frequency response .curve is
moved down the frequency scale and keeps
the same ratio of bandwidth to centre fre-
quency. By analogy with a single tuned
circuit this may be called constant-Q tuning.
Because of the linear relationship between
x and 1/w,, it is quite easy in the active ladder
to reduce w, say ten times. But the tuning
reduces the effective 4 (zero-frequency gain)
of -each integrator; so as the constant-Q
nature of the tuning means that ideally the
same Q factors are called for, some deterior-
ation of the sharpness of the corners of the
passband may be experienced.

If only the primed reactances are varied
tuning is obtained with constant bandwidth.
The centre frequency, w,ecl//x; and,
because of the constant bandwidth, the O
factors called for are proportional to w, and
therefore fall as @y is reduced. It is likely,
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therefore, that the tuning range found prac- o

ticable will be smaller, and that in compen- pLyx/R

sation deterioration of bandshape at the K

lowest frequency will also be less: bz e = = 2

Once again we are indebted to Dr R. L. ks Ky

Ford for showing that the versatility of the =4 '

active filter does not end here and that it is EC1_R ki

possible to vary bandwidth independently Cy ke | *

of w,. To do this it must be possible to in- k2 kg Y

crease the effective value of Ly, C,, L, etc.,

for transmission round the larger loops,

while leaving the tuning of the minor loops Fig. 17. Electronic tuning -

unchanged. The switches are therefore of b-p active ladder. <

placed as shown in Fig. 17. Operation of

switches k, varies the bandwidth, operation

of switches k, varies the centre frequency,

operation of both sets simultaneously gives _ A

the constant-Q type of tuning. If zeros are If S is defined by 1
introduced by adding linkages as described

in Part 13, these also move under the action x—ljx =18, (0

of the switches, as their positions also de- x+1/x = 2,/(1+1/45%) (31 /-}(031 wp)
pend on the effective Ts of the integrators. L.

So equn. (29) becomes Log = froy)

Stagger tuning G

Consideration of symmetry shows that = ] Lo
when two tuned circuits are staggered to 1+Q?%/S2+520./1+1/48*.Q—Q%Q? <
give a 2nd-order b-p response they must ) (32)

be of equal Q, and that the centre frequency
- of the combined response is the geometric and comparison with

mean of the centre frequencies of the two

factors. Hence the pole positions are as G(Q) = 1 (33)

shown in.Fig. 18, and the normalized re- 1+jQ/q0,~Q% o>

sponses may be written offe o
1 Fig. 18. Pole positions for 2nd-order
G ()= D S— 2 Fa—— s band-pass response.
] 2y 1+1/48? i .
=——— —— _ (28 —==/ 22
Gi(@) 1+jQ(wx— 1 /wx) 28) 1 0’ B 0 1+Q°/8 (3D
w, = o l+§ (35)
The product gives an expression for the e . ! 4 ! (3%)

overall gain, and from this by substituting So, for example, if § = Q, the bandwidth B —Q—2 §*
Q = w—1/w, which is equn. (1) when obtained is ,/2/Q, i.e. \/2 times the band-

w, = 1, the frequency-response function width that the tuned circuits would have if Thus g, the shape factor, and 1/B, the

for the corresponding I-p response is ob- not staggered. relative bandwidth, may be calculated for
tained as For the general case where the overall any combination of Qand S. )
response is centred on w, For relatively narrow bandwidths
G(Q) 1/4S% < 1, so equn. (34) becomes
_ 1 w, = 2 [T+ 08 36 1
e ) (Do =gy as 69 = WO (9
(> X +/Q x+x> Q Now wg/w, is the parameter Q5. For brevity B .
29) let B = Q. Equn. (36) may then be written and substitution in equn. (37) gives
1 0 = 2B (40)
The above results may be used to analyse
(3 @ c C the performance of a h-p filter and a l-p
i |'°° — =7} © filter in tandem, using the identity already
RS . c Bl = 5 given, equn. (22). Thus equn. (34) shows
2 — 2 2 that for very great staggering (452 < 1 and
T §% < 0% q - Q; but that for 0 > 4, as'S
1 ( increases ¢ falls, until for no stagger ¢ = 1.
R, Co —z!é-—' Rs % —Ié—' Stagger tunin_g is not a good practical
AR z Output method of making a filter, as obtaining a
{ R. 2 % R . flat pass band depends so much on balanc-
3= B2l R R R2§ ing one slope against another (e.g. see
st ER —w—NW‘*‘ ER Ref. 1, Fig. 10.16). But the analysis is of
1 1 theoretical interest as it gives the resonant
Ry Rs =2C frequencies and Q factors of a b-p system.
o )
C = 005u. R = 50k, Cp = 1,250p, Ry = 20M, Ry = 27k, Ry = 12k, Ry = 470k REFERENCE
Amplitiers type 741 “Vacuum Tube Amplifiers” ed. by G. E. Valley

and H. Wallman, McGraw-Hill, New York
Fig. 16. 3rd-order b-p active ladder filter using parallel-T circuits. (1948).
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Current Generators
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Some circuit techniques used to design discrete component and
integrated circuit current generators

by B. L. Hart,*B.Sc., M.IE.R.E.

Good approximations to voltage sources
are commonplace in electronic circuits and
are widely used in equipment design.
Familiar examples are the low impedance
d.c. power supply and the “follower” circuit
in all its guises (cathode, emitter, etc.).

Less well known, but often very useful,
are current source circuits or current gene-
rators. These are required in the measure-
ment of semiconductor d.c. characteristics
when a specified current is caused to flow
between the terminals of a device and a
breakdown voltage observed. Also ‘a
current source is required for the linear
charging of a capacitor to produce an accur-
ate linear sawtooth voltage waveform in
timing applications. Such a scheme has the
advantage over a conventional “Miller”
circuit of producing no initial jump and not
requiring a floating clamp.

Review of fundamentals

The first quadrant characteristics of an ideal
controllable current generator are evident
from Fig. 1(a); these are:

(i) Infinite 1.f. incremental resistance for
V=0.

(ii) The d.c. current is dependent on only
one chosen variable A. This parameter could
represent the effect of variation in a circuit
resistance, current, voltage, charge, applied
pressure, or radiation intensity, etc. The
practical situation corresponding to Fig.
1(a) is shown, exaggerated for clarity, in
Fig. 1(b). Curve (1) is now only approxi-
mately straight over a region between two
arbitrarily defined points 4 and B being
limited - beyond these points by physical
mechanisms such as voltage saturation and
breakdown. The incremental output resist-
ance at point P, ro[ = (61/6V)|,] is not
infinite and may be a function of 4 and V,
depending on the precise nature and spacing
of the curves. Furthermore, A may not
represent only the effect of one variable.
It is desirable that the variable at our dis-
posal, e.g. resistance, is dominant, and that
there is a relative insensitivity, calculable
in magnitude, of set current /, and resistance
ro with respect to the other variable para-
meters. In most cases of practical interest
the disturbing functions are temperature
and rail voltage variation.

Before passing to specific circuit realiza-
tions and assessing to what extent they
*West Ham College of Technology.

succeed in satisfying the ideal criteria dis-
cussed above, it is worth noting that current
generators may be simply paralleled. One
easily-met requirement is that the common
load resistance is much less than the r, of
each source.

Basic circuit schemes

One of the simplest and most frequently
encountered current sources is that shown
in Fig. 2(a), in which D, is a zener diode
(preferably temperature-compensated)
operating in the breakdown region.

Normally V;>48,, §,, and 6, ~J,: hence
if « = common-base current gain of Tr,,
then for BV 50>V 2 (V,+46,),

I= aV;/(Rg+Ry) ay

r, = l/hob =f(1) (2)

(3)

(1)

o V—>

(a)

Potentiometer R, is the controlling vari-
able. This may be manually operated or
mechanically driven, or might represent
anf.e.t. operated in the pre-pinch-off region.
The main disturbing influences are vari-
ations of temperature (T), and change in
V,. The latter produces a change in ¥,
because of alteration in zener current; this
may be reduced by replacing Ry by a similar
current source using a p-n-p transistor.
Since « and V, are weak functions of T, /
is not sensibly dependent on this variable.
Sometimes the lower limit of the voltage
range is unacceptably high.

If a negative rail is available then the
simple arrangement of Fig. 2(b) is useful.
The stability of I is directly dependent on
— V, for this configuration.

For the case where a negative rail voltage
is not available the circuit of Fig. 3(a) may
be used. This has been used by the author

(3)

(2)

_./(1)

A

= L

ﬁ
- ———|——=—497

V—>

(b)

Fig. 1. (a) First quadrant characteristics of ideal current source. (b) Characteristics of practical

current source.

ki

(a)

—_—t— - Vy

Fig. 2 (a) Popular current source circuit. (b) Current source using two rail supplies.
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to obtain the maximum input voltage range
in a long-tailed pair differential comparator.
Tr, is a germanium transistor whilst D,
is a silicon diode.
It follows that, for V,>V >4,, where ¥,
in the upper limit of the voltage range,

I=0a(@;-6)/(Re+Ry) . ()
l/hoe<ro< l/hob (4)

V., and the actual value of r, both depend
on (Rg+ Ry) and the incremental resistance
of D;.

Assuming a logarithmic  volt-amp. re-
lationship for D,, a x 4 change in V', causes
a change in I of about 109 for 6, =~ 06 V
and é, = 0-2V.

Rg

:\\lw (a)

Because of the larger value of I-p, for
germanium transistors and the fact that
|dé,/dT| + |ds,/dT| there is an increased
temperature sensitivity for this configur-
ation compared with that of Fig. 2(a).

To obtain the output characteristics,
shown in Fig. 3(b), on a curve tracer
(Tektronix 575) Ry is removed and the rest
of the circuit treated as a transistor—the
emitter of which is the junction of D; and
Ry—subject to base current drive in the
common-emitter configuration. The log-
arithmic relationship between applied cur-
rent and &, causes two effects which are
visible on the photograph.

In the first place the curves become al-

Fig. 3. (a) Useful alternative circuit to Fig. 2(a). (b) Output characteristics for circuit of
Fig. 2(b). Scale: vertical 1 mA/div, horizontal 2 V/div. Steps 0.5 mA.

+V,
R% [

telt.

bre

[ S— Tr‘.l
.
1

szTT Re

o
(a)

Try L——@ Tr,
/ .

e (@

T (b)
Ips (a)
ID———I— ————— : Ve
]
T T —V
6 & Vs (b)

Fig. 5. (a) Integrated transistor pair in “current mirror’ configuration. Emitter area ratio
1:m. (b) Current mirror characteristics using SL303A. Scales: vertical 1 mA/div; horizontal

2 V/div. Steps: I mA.
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most parallel to the voltage axis at points
successively shifted to the right by a small
amount. This occurs because the saturation
condition Vg = 0 is a function of drive
current,

Secondly, the characteristics are un-
equally spaced in the vertical direction.

In a practical circuit a selected value of
Ry corresponds to a particular base cur-
rent step. The vertical spacing thus gives a
measure of the effect of R, tolerance on
circuit performance. For predictable be-
haviour it is arranged that (V,/Rg) = (I/B)
where B = common emitter d.c. current
gain of Tr,. The results were obtained using
an OC139 for Tr, and a low cost 1N4148
for D,. R, was set at a convenient value:
in cases where Ry, is dispensed with, a closer
tolerance on a fixed 7 may be obtained by
using a well-specified diode, such as the
IN3595, for D,.

If the magnitude of the minimum voltage
across the terminals of the current source
is not a problem the output resistance of the
circuits in Figs. 2(a), 2(b) and 3(a) can be
increased! by employing a field-effect oper-
ated in the common gate mode (see Fig.
4(a)). The output resistance is now r, where,

ro,=rds+(“+1)ro (5)
r;s = incremental drain-source resistance
of fe.t.

u = f.e.t. amplification factor.

For this scheme to be successful the fe.t.
must be a “normally-on” type working in
the current saturation region.

A mathematical treatment of the d.c.
circuit conditions is not difficult but a
pictorial representation conveys the infor-
mation most appropriate to a practical
design. Curve (a) represents the base-
emitter characteristic of Tr,. The load line
for Rg intersects this at I, 5,. Curve (b)
shows drain-source current, /g, as a func-
tion of source voltage. Since r, is large
relative to the impedance seen looking in
at the source the actual source voltage, V,,
is found at the point on curve (b) corres-
ponding to Is = I,. Clearly it is required
that V>4, if Tr, is not to saturate.

Exploitation of the matching principle

One result of modern monolithic i.c. tech-
nology is the close parameter matching and
temperature tracking of components of the
same type fabricated on the same semi-
conductor slice. This feature is widely ex-
ploited in circuit design, giving rise to some
arrangements which would not normally
be encountered when using discrete com-
ponents.

In Fig. 5(a), two transistors Tr,, Tr,,
having an emitter area ratio 1:m respect-
ively are made in close proximity on the
same wafer. Tr, is given a collector-base
strap in order to function as a diode. The
circuit has been variously described as a
“compound diode-transistor structure’’?
and “current mirror”.

Ignoring base width modulation effects
in Tr, and the difference in power dissi-
pation in the two devices—both legitimate
assumptions for small values of collector-
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o
Try ?_‘ Tra

e (@

Fig. 6. (a) “Enhanced” current mirror circuit. (b) Characteristics of Fig. 5(a) using

SL303A. Scales as in Fig. 5(b).

emitter voltage— it follows (see Appendix
1) that,

I = mBlyfim+B+1) 6(2)
or I~ mly 6(b)

for the usual case > 1 and m < S.
The effective current gain of the com-
bination is * = I/I; ~ m. Gain precision
has thus been obtained at the expense of
gain magnitude—a familiar feature in feed-
back systems.

Equation 6(a) is true provided Tr, func-
tions as a “well-behaved diode”: in the
present context this means a logarithmic
current-voltage characteristic whatever the
current level. Now the collector-base region
of Tr,, is, in fact, <0 by & IR, where R,
is the collector saturation resistance: it is
thus necessary to use low R, devices,
obtained for example by employing an n*
buried layer technique, in order that
equation 6(a) be valid.

Fig. 5(b) shows curve tracer results ob-
tained using two matched devices of an
SL303A (Plessey): in this case m =~ 1.
Since m is a function of device geometry
I is independent of T to a weak, calculable,
extent. For the same approximations used
in obtaining equation 6(b) from 6(a) it is
simply shown that, at constant /;,

(1/n(dl/dT) = (1/B*)(@B/dT) (D)

In fact the application of local heating to
the TO-S header (via a Thermoprobe) caused
no noticable shift in the characteristics on

=
-4
£
=
B
P
e
=

1

Fig. 7. Characteristics of Fig. 6(a) using
sample X (Plessey). Scales : vertical
0-05 mA/div; horizontal 1 V/div.

Steps: 0-1 A.

the scale used over a 50°C temp. range.
However equation (7) must be used with
caution since in a circuit I is not always
fixed. If it is obtained by taking a resistor,
Rp, from the collector of Tr, to a constant
positive rail voltage, V;, then-Rg and 8, both
vary with 7. This means that, in principle,
by suitable choice of a discrete component
Ry variation of I with T can be made to
almost cancel variation of f with T. One
shortcoming of the current mirror so far
described is the noticeable output resistance
at the collector of Tr,: this is not un-
expected since as far as collector circuit of
Tr, is concerned the transistor is connected
in the.common-emitter configuration with
only a small incremental resistance between
emitter and base.

At low current levels a resistance in the
emitter lead of 7r, gives negative feedback
and a consequent increased output imped-
ance: for this case,’

Rg = (V¢/I) log, (Is/I) ®)
where ¥, = “thermal voltage” = (KT/q).

This approach permits the design .of
current sources in the yA range: this avoids
the necessity of large values of R and the
resulting expensive use of chip area in
monolithic circuits.

The technique is not really suitable at
current levels of a few milliamps because
Ry becomes very small; this means no signi-
ficant output impedance improvement due
to feedback, and a significant lack of preci-
sion in 1.

High output impedances for currents in
the milliamp range can be achieved by
using the circuit of Fig. 6(a). This scheme
—which might be termed the “enhanced
current mirror’”’—is a modification of Fig.
5(a), and appears to have been first used by
Wilson.* Analysis, in Appendix 2, shows
that if all the devices have equal emitter
areas,

I = I/ +{2/BB+2)}] )

Fig. 6(b), which should be compared with
Fig. 5(b), shows the increased output resist-
ance occurring in this circuit.

To obtain the trace an SL303A was used:
this contains two matched transistors (77,
Tr,) suitable for use in a long-tailed pair
and a third transistor (7r,;) suitable for
use in its current tail. Fig. (7) shows results
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for a specially supplied device in which the
area ratio of the matched transistors used
in the circuit of Fig. 6(a) is 1: 3.

Feedback amplifier schemes

Some of the limitations of the simple current
generators so far considered may be over-
come by using circuits having a large
amount of negative feedback. This con-

dition is easily met if plenty of gain is

available. Such gain is readily and cheaply
obtained with i.c. operational amplifiers.
The input stages of these amplifiers will,
incidentally, almost certainly contain a
current-mirror type of current source func-
tioning as an emitter or common-emitter
load.

_Fig. 8(a) shows the arrangement of a class
of precision current generators in which a
discrete active device is combined with an
i.c. amplifier. The device—represented by
the pear shaped symbol®’—may, in prin-
tiple, be any amplifying element with three
electrodes. Terminals X, Y, Z are defined
in Fig. 8(b) for the three types of unit most
likely to be used. Control is effected between
Y and Z and the output current, I,, appears
at terminal X. .

It follows from established operational

b

(a)
Thermionic Bipolar Unipplor
valve transistor | transistor
X Anode Collector Drain
Y Grid Base Gate
Z |} Cathode Emitter Source
(b)

RS (c)

Fig. 8 (a) Current Source using 0 p. amp.
and active device. (b) Terminal identifica-
tion for general active device of 8(a).

(c) Circuit for obtaining precise current
ratio.



514

amplifier theory that if 4> 1 and common-
mode effects are neglected,

I, % AV, = V1)/R (10)

The variables at our disposal for fixing 7,
are thus V,, V.., R. Suppose V, . is con-
sidered as the “input”. Then I, increases
with V,,,. Also, the current supplied by
Vs to the positive input is very low, being
only the amplifier input bias current. The
latter can be reduced to negligible propor-
tions (<1pA) if an f.e.t. input stage is
employed. Fig. 8(c) indicates a method
whereby a current /, may be made strictly
proportional to I;. This follows from Fig.
8(a) by making ¥V; =0 and V,,, = I|R;.
When V; is regarded as the “input”, I,
decreases with ¥; and the current supplied
by V; is the output current (I,).

To reduce the current demanded of V;
while at the same time maintaining the same
I, as before the circuit of Fig. 9 may be used.
V; now exerts control over the current
furnished through additional resistor R,
connected to constant supply V.. R’ (> R)
gives a reduced input current.

It must be noted that 7, is only as constant
as the d.c. source(s) which define it. The
effect of feedback is to increase the output
resistance of the active devicerand to reduce
the sensitivity of 7, to parameter variations
in the active device due to ageing, replace-
ment, etc. This is shown, for ¥; = 0, by a
more accurate expression for I,, viz,

L = XAV, —Vy)/(A+1)R (11)

Vyz is thus effectively reduced by a factor
1/(A+1).

The question arises as to whether it is
better to use a bipolar transistor or an f.e.t.
for the active device. This cannot be
answered directly unless the requirements
of the intended application are more closely
specified. In some cases e.g. ‘high current
levels, a bipolar device is obligatory for
current handling capability.

However, in making a choice the follow-
ing points should be borne in mind. They
apply to Fig. 8(a) for specified V4, V., R,
and 4.

1. It is the current in R that is *“‘sensed”
and kept: constant by the feedback con-
nection. Now with an fiet. 4 = |, so I, is
kept constant also. With a bipolar device
A = a (common-base current gain). Since
o varies with, T keeping the current in R
constant will not ensure I,’s constancy.

2. Errors due to ¥}, uncertainty will be

Vet “Ix

Fig. 9. Variation of Fig. 8(a) for reduced
current from Vy.

slightly greater for an f.e.t. simply because
Vyz is in general much larger.

3. Because of the large impedance mis-
match between the output of the amplifier
and the input of the f.e.t. (operated at zero
gate current) using an f.e.t. is likely to give
marginally more voltage loop gain.

The extent to which the last two factors
are troublesome is obviously dependent on
the magnitude of 4.

Appendix

1. “Current mirror” analysis
If, in Fig. 5(a), Ig, and I, are the emitter

currents of Tr,, Tr, respectively, current,

addition at the commoned base terminal
yields,

Iy = Iy +{I5: /(1 + B)} Al

but, Iy = Igy/m A2
. I [A/m)+1/1+P) =1, A3
now, [ = alg, A4

hence I = alg/[(1/m+1/1+H] A.S.

or, rearranging

I = mflgf(m+B+1) A6
and  (I/Ig) = B* = m, for small “m”
and > 1 AT

2. “Enhanced current-mirror”’ analysis
If, in Fig. 6(a),

I, = collector current of Tr,
I;; = emitter current of Tr,

then from A.6 above, with m = 1,

Ic, = {B/(B+ D)}, A8
summing currents at the base of Tr5,
Iy = Icy+Ig3/(1+P) A9.
or, Iy= I[{B/(B+2)}
+{1/1+H)}] A.10.
now [ = alg, A.ll
I = olp/[{B/(B+2}
+{1/(1+5)}] A2,
rearranging

I=IL/0+{2/8B+2)] A3

This gives (I/Ig) closer to unity than A.6
withm = 1.
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H.F. Predictions—
October

The curves show median standard MUF
(frequency at which high-and low-angle ray
paths coincide), optimum traffic frequency
(MUF exceeded on 90% of days) and
lowest usable frequency (LUF) for
reception in the UK. LUF is the frequency
above which the signal/noise ratio at
receiver input exceeds a required value on
90% of days. The curves were drawn by
Cable and Wireless Ltd for commercial
telegraph operation using high power and
directive aerials. Curves for a S0kW
broadcast service would be very similar and
rough estimates for other services can be
made by increasing LUF 1.5MHz for each
10dB drop in e.r.p.

Day-to-day variations in height and
density of ionospheric layers and hence
deviations from chart values are greatest
durigg equinox months around sunspot
maximum as at present.
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World of Amateur Radio

Amateur radio in Poland

The Polish amateur radio society
Polski Zwianek Krothofalowcow (PZK)
is this year celebrating its 40th anniversary.
A special jubilee meeting is being held
on October 25th. Today there are 6000
members of PZK, about half of them
licensed amateurs. Although the Polish
authorities closed PZK in 1950, and then
advised amateurs to join the official
“League of friendship with the Army”,
the Polish amateurs re-established their
own society in 1957 following internal
changes in Poland in 1956. Current
PZK activities include a journal, contests,
QSL . bureau, maintaining regional

amateur measuring laboratories, running

amateur radio courses and supplying
emergency communications during floods
or forest fires. Over 400 local radio
clubs are in affiliation with PZK which,
in 1963, became the first Iron Curtain
country to re-join the International
Amateur Radio Union. There are now
over 2500 Class I licenses (h.f./v.h.f),
450 Class II (v.h.f. only) and 400 club
stations. Class I permits range from
20 watts (age 15 to 18), 50 watts (over
18), 250 watts (after 6 years) to 750 watts
(on request after 10 years).

Long distances on MHz?

Two recent studies underline dramatically
the potential of frequencies as high
as 70MHz to support long-distance
ionospheric’ propagation at low-power.
The Canadian amateur, Geoff Kennedy
(VE2AIO), of Valois, Province of
Quebec, has successfully received
70.275 MHz signals from the low-power
TF3VHF beacon transmitter on Iceland,
and is now striving to make a 50/70
MHz cross-band contact with the U.K.
or continental Europe (he transmits on
50.055 MHz c.w.). The Canadian,
already well-known for his intensive
work on 50 and 70 MHz, believes. there
may be a conmection between auroral,
sporadic E and transequatorial (t.c.)
modes of propagation.

This theory receives support from the
results of an extended Japanese investiga-

tion into t.e. propagation on 32, 48 and
72 MHz over a 4850-km path from

Darwin, Australia, to Yamagawa,
Japan (K. Tao ‘et al, Journal of the
Radio Researeh Laboratories [Japan]
January 1970). This demonstrates that,
even in years of low sunspot activity,
te. propagation frequently extends,
particularly in the evening-to-midnight
equinoctial periods, to at least 72 MHz.
It is noted that te. conditions appear
to follow “spread F” occurrences and
correlate with local sporadic E conditions.
The Japanese team suggests that around
32 MHz -there are two separate t.e.
modes; one during' daylight subject to a
violent interference-type fading range
of about 25 dB; and the night-time mode
with a fading range of about 10 dB.
The interest of propagation research
workers in t.e. was aroused initially by
long-distance amateur contacts across
the equator in the 50-MHz band during
the period 1947-51; this interesting
“chordal hop” mode has since been
confirmed by many professional and
amateur studies—but there clearly
remains much opportunity for further
study of t.e. in the 28-, 50- (not available
in the U.K.) and 70-MHz amateur bands.

Rise in Morse Test charges

From October 1st, Minpostel is increasing
the fee for the Morse Test needed to
obtain a U.K. Amateur (Sound) Licence A
from ten shillings to £1. The Federal
Communications Commission has recently
raised the fees charged to U.S. amateurs

‘(who for many years paid no licence fees)

though these remain modest by European
standards. The charge is now $9 for
new, -renewed or upgraded operator
licenses, but this covers five years. No
fees are charged for Novice licences.

Trans-arctic expedition lecture

Radio communications played a vital
role in the four-man polar crossing, led
by Wally Herbert, in 1968-69. At an
R.S.G.B. lecture on Monday, September
28th at 18.30 at the I.E.E., Savoy Place,
London W.C.1, Squadron Leader
Freddy Church (the expedition’s base
station operator), Dennis Collins (G2FLG)
and Roly Shears (G8KW)—who
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organized and operated the GT7AE
“weekend” stations—are to describe
the expedition’s communications system.

In Brief: The Mullard Jubilee Exhibition
at Mullard House, Torrington Street,
London W.C.1 (October 5th to 24th,
excluding Sundays) is to feature an
amateur station built and operated by
Mullard radio amateurs and using some
of the firm’s earliest transmitting valves . . . .
The Port Talbot R.S.G.B. group won the
National Field Day shield with a score
of 2386 points; Oxford and District
Amateur Radio Society was the runner-up
with 2174 points. The Bristol Trophy
for the leading one-station entry goes to
Cannock Chase society with 1633
points. . . . An unusal callsign—
HG 100UA/D—has been frequently
heard recently on h.f. bands; this is an ex-
hibition station operating from various
venues in Hungary to mark the centenary
of the birth of Lenin . . . . Membership
of the International Amateur Radio Club,
with headquarters in Geneva,isnow 394....
A Scottish v.hf. convention is being
held at the. Queen’s Hotel, Dundee,
on Sunday, October 11th. An afternoon
programme of technical lectures will be
followed by a dinner. Details from G. C.
Somerville, GM3KYI 73 Balerno Street,
Dundee . . . . A French biological study
balloon, carrying beacon transmitters on
145.22 MHz (tone modulated) and 129.6
MHz (tone one-second pips) is to be
launched in the Nancy area on Sunday,
October 11th at 1400 G.M.T. and should
reach maximum height about one hour
later. Cardiac data on a rat will be tele-
metered on 27.4 MHz (reception reports
to Georges Guinard, 15 Route de Villers,

54.Laxou).
PATHAWKER, G3VA

This 28ft diameter dish was made by the
Australian amateur VK3ATN for his moon-
bounce experiments. The reflector uses
half~inch mesh. Gain is 38dB at 1296 MHz
and 28dB at 432MHz. The photo was taken
by L. A. Moxon (G6XN) during a recent
visit.
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October Meetings

Tickets are required for some meetings : readers are advised, therefore,

to communicate with the society concerned

LONDON

1st. I.LE.R.E—“Some aspects of the design of a
universal radar viewing unit” by R. W. Elbourn at
18.00 at 9 Bedford Sq., W.C.1.

Ist. S.E.R.T.—"Design - and performance of
modern loudspeakers” by R. L. West at 19.00 at the
Royal Commonwealth Society, Craven St., W.C.2.

7th. L.LE.R.E~—*Solid state h.f. communications
receiver” by B. M. Sosin at 18.00 at 9 Bedford Sq.,
w.C.1.

8th. I.E.E—“Communication by glass fibre” by
R. B. Dyott at 17.30 at Savoy Pl.. W.C.2.

14th. LE.R.E—*The logistics of computer aided
circuit design” by C. S. den Brinker at 18.00 at 9
Bedford Sq., W.C.1.

20th. LEE—Colloquium on “Integrated circuits
for consumer products” at Savoy P, W.C.2. ,

20th. LE.E.—“Thyristor-bridge control systems
analysis” by Dr. J. O. Flower and P. A. Hazell at
17.30 at Savoy PL, W.C.2.

21st. R.Aero.Soc./I.LE.E—Discussion on the
“The impact of modern avionics on safety” 18.00
at 4 Hamilton P1,, W.1.

21st. LE.E—*Technology and the Universities”
by Professor John Brown the Electronics Division
chairman at 17.30 at Savoy Pl, W.C.2,

21st. LLE.R.E.—“Continuing education for
electronics engineers” by Dr. K. G. Stephens at
18.00 at 9 Bedford- Sq., W.C.1.

22nd. L.LE.E.—*“A state-space approach to
modular circuit synthesis” by Dr. A. W. Keen at
17.30 at Savoy Pl, W.C.2.

26th. L.LE.E.—*“The training of systems
.engineers—a systems problem” by Dr. I. Cochrane
at 17.30 at Savoy Pl.. W.C.2.

28th. LEEE—*An introduction to image analysis”
by G. Gardner and Dr Gibbard at 18.00 at 9 Bedford
Sq., W.C.1. :

29th. LE.E—“Developments in soft magnetic
materials and their uses” by Prof. J. E. Thompson at
+17.30 at Savoy P, W.C.2.

29th. ILER.E—*Space communications—the
present and the future” by J. M. Brown at 18.00 at 9
Bedford Sq., W.C.1.

ABERDEEN

8th. LER.E—*High fidelity recording and
reproduction at 19.30 at Robert Gordon’s Inst. of
Tech. Schoolhill.

29th. LEEJ/I.E.R.E—*“Medical electronics” by
J. M. Neilson at 19.30 at Robert Gordon’s Inst. of
Technology.

BANGOR

20th. IL.E.E—*“Electrohic measurement in the
automobile industry” by M. H. Westbrook at 19.30
at the School of Eng’g Science, University College.

BATH

14th. LE.E./.LE.R.E—“Review of marine radio
development” by G. J. Macdonald and C. S.
Burnham at 18.00 at the University.

BOLTON

15th. LE.R.E—*Coaxial-line cavity Gunn effect
oscillators” by P. W. Crane at 19.15 at the Institute
of Technology.

BRIGHTON

27th. LE.E—Colloquium on ‘“Advances in
automatic pattern recognition” at 14.30 at the
Polytechnic.

BRISTOL

19th. L.LE.E.—“Telecommunications—past, present
and future” by J. S. Williams at 18.00 at Queen’s
Bldg. the University.

27th. LE.E.T.E—"Zinc-air batteries” by G. W.
Walkiden at 19.30 at Royal Hotel, Coll;ge Green.

CAMBRIDGE

15th. LE.E—*Design techniques for mobile and
personal radio telephones” by P. A. Webster at 18.30
at the Eng’g Labs, Trumpington Street.

20th. I.E.E.—*Current electronic developments in
the deep-sea fishing industry” by R. Bennett at
19.30 at the College of Arts & Technology.

CARDIFF
1st. S.E.R.T~—*The all-transistor colour chassis”

by T. Ayscough' at 19.30 at Llandaff Technical

College, Western Avenue.

21st. LE.ET.E—*“Education and training of
technicians” by Dr. H. L. Hazlegrave at 1930 at the
University of Wales Institute of Science &
Technology, Cathays Park.

28th. S.ER.T—"Test equipment for colour
receiver servicing” at 19.30 at Llandaff Technical
College, Western Avenue.

CATTERICK
13th. L.LE.E—*The teaching of digital techniques”
by D. Brown at 18.30 at the Camp.

CHATHAM

22nd. LE.R.E—“Thick film microelectronics” by
A. F. Dyson at 19.00 at the Medway College of
Technology.

CHELMSFORD )

7th. LE.E./LER.E—“The new Post Office
research station at Martlesham” by C. F. Floyd at
18.30 at the King Edward VI Grammar School,
Broomfield Rd.

DUNDEE
20th. I.LE.E. Grads.—*“Computer memory
systems” by J. Crabb at 19.30 at the University.

ENFIELD
29th. I.E.E.—*“Microelectronics” by E. T. Emms
at 18.30 at the College of Technology.

FARNBOROUGH .
13th. I.E.E—*Electronics character recognition”
by R. H. Britt at 18.30 at the Technical College.

GUILDFORD
6th. LE.RE—“A computer for teaching” by
V. F. Thomas at 19.00 at the Technical College.

HULL
29th. LE.E—*Review of electronics in cars” by
W. F. Hill, at 18.30 at the Y.E.B.

LEICESTER

6th. LE.R.E./C.E.L—“How an engineer can take
part in the total management of a company” by Dr.
F. E. Jones at 19.00 at the University.

14th, LE.E.T.E—*Control systems, computer
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simulation” by P. J. Lawton at 18.45 at the
Hawthorn Bldg, the Polytechnic, The Newarke.

LETCHWORTH

21st. S.ER.T—“Art of computation” by
C. Fleckney at 19.00 at ICL Engineering Training
Centre, Icknield Way West.

LIVERPOOL

14th. LE.R.E.—“Fast switching techniques as
applied to automatic telephone exchange design” by
J. Lewsley at 19.00 at the University, Dep. of Elec.
Eng.

26th. LE.E—"The role of the polytechnics by
G. Bulmer at 18.30 at the Polytechnic.

LOUGHBOROUGH

20th. LLE.E—**Measuring the body’s signals™ by
J. M. Ivison at 18.30 at Ed. Herbert Bldg, the
University.

MALVERN

7th. LE.R.E.—*“Quasars—the most powerful
dransmitters in the Universe” by Dr. P. J. S. Williams -
at 19.00 at the Abbey Hotel.

MANCHESTER

_ 12th. I.E.E—*The polytechnics in perspective” by
Sir Eric Richardson at 18.15 at Renold Bldg,
UM.LS.T.

NEWCASTLE ON TYNE .

7th. S.E.R.T.—* B.R.C. Colour TV 3000 power
supplies” by K. R. Harris at 19.15 at Charles
Trevelyan Technical College. Maple Terrace.

14th. LER E/L.P.P.S/R.T.S—*“Colour television”
D. G. Packham at 18.00 at Tyne Tees Television
Studios, City Road.

NEWPORT, 1.O.W.

16th. LE.R.E—"The future of aircraft. landing
systems” by W. F. Winter at 19.00 at the Technical
College. .

23rd. 1. EEE—“Electronic performance testing of
motor vehicles” by D. C. Freeman at 18.30 at the
Technical College.

POOLE

20th. LEE. Grads—*“Integrated circuits in hi-fi
systems” by B. A. Reed at 18.30 at the Technical
College.

READING

6th. LE.E—“Review of electronic telephone
switching” by D. J. Harding at 19.30 at the J. J.
Thomson Lab., the University.

15th. LE.R.E.—“Computer aided instruction” by
Dr. D. G. Bate at 19.30 at the J. J. Thomson
Laboratory, the University, Whiteknights Park.

ST. AUSTELL

6th. 1.EET.E—“Communications satellite” by
S. Pitham at 19.30 at the English Clays Lovering
Pochin Ltd, Staff Restaurant, John Keay House.

SHEFFIELD

28th. LEE./LE.R.E—“Large scale integrated
circuits” by C. S. den Brinker at 18.30 at the
University.

SOUTHAMPTON

21st. LEEJ/LER.E—*“Digital techniques in
moving target indication” by I. C. Walker at 18.30 at
the University.

SWINDON
6th. I.E.R. E—*“Thyristor engineering ” by D. B.
Corbyn at 18.15 at the College.

TAUNTON
13th. LE.E.—“Television communications” by
A. James at 19.45 at the Castle Hotel.

WEYMOUTH
22nd. I.LE.E—*“Holography” by A. E. Ennos at
18.30 at the South Dorset Technical College.

WHITBY
13th.- LEEE—*Radio astronomy” by I W.
Sheffield at 19.00 at Botham’s Cafe, Skinner St.

WOLVERHAMPTON

6th. LER.E—“What the C.E.I. means to the
professional engineer” by H. F. Schwarz and Sir
Arnold Lindley at 19.15 at the Polytechnic.
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New Products

M.O.S. Multiplex Switches

High-performance m.o.s. multiplex switches
for communications are available in two
ranges from Marconi-Elliott Microelec-
tronics, one with leakage currents of 10nA
and the other with leakages of the order of
0.1nA. Low-leakage types have been speci-
ally selected and are already used in a
military message-switching application.
Range includes single switches, with either
high input or low ‘on’ resistance (M101,
103 and 106), dual switches, with either
high input or low ‘on’ resistance (M203
or 206), dual pair used as multiplex switch
and digital-analogue converter (M406),
common-source sextet (M605), and triple
pair digital-analogue converter (M606).
Devices, all p-enhancement types, are
made by the thick-oxide technique, used in
high-voltage m.o.s. devices. Process allows
increased oxide thickness by vapour deposi-
tion technique underneath non-active areas
of aluminium conductors, thus avoiding
spurious leakage. Marconi-Elliott Micro-
electronics Ltd, Witham, Essex.

WW319 for further details

Stabilized Power Supplies

The Roband ECO range of stabilized power
supplies provides outputs of up to 50V
and 10A. All components are mounted on
a single printed board. Stabilization is about
0.005% with ripple and noise typically
150uV pk-pk. A modified re-entrant current
characteristic maintains protection of loads
and supplies, while preventing lock-out
on linear and non-inear loads. They can
also be externally programmed and used as

constant current supplies. Protection
against overvoltage, without spurious
shut-down, is made possible by an optional
addition. The units range in price from £20

to £49. Roband Electronics Ltd,
Charlwood Works, Charlwood, Horley,
Surrey.

WW312 for further details

Logic-state Indicator
Hewlett-Packard model 10528A Logic

Clip fits on to ttl. or d.tl. integrated-
circuit packages and instantly displays the

logic states of all 14 or 16 pins. The clip
has 16 light-emitting diodes, each of which
follows voltage-level changes on one pin.
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A lighted diode indicates a high logic
state (+5V). The Logic Clip is self-
contained. It requires no power connections
or adjustments, drawing its- power from
the circuit being tested, and contains logic
circuitry for locating the ground and
+ 5V pins even if clipped on unsymmetri-
cally. The buffered inputs put no more than
one t.tl load on the circuit being tested.
Hewlett-Packard Ltd, 224 Bath Road,
Slough, Bucks.

WW 313 for further details

Highly Accurate

Digital Voltmeter

Digital voltmeter DSV4 from International
Electronics has an accuracy of +0.01% + 1
digit. Input resistance is 10MQ on all
ranges. There are 121 readings per second.
Calibration is automatic between each
displayed heading and is effected by
reference to a temperature compensated

Weston standard cell. Zero offset current
and voltage are automatically corrected
between each reading. Series-mode rejection
at mains supply frequency andits harmonics
is greater than 85dB, and common-mode
rejection 100dB at mains frequency and
d.c. with 1k imbalance in the input leads.
The price is £25. International Electronics
Ltd, Ewood Bridge, Haslingden, Lancs.
WW303 for further details

Quarter Squares Multiplier

Quarter squares multiplier type M3-5C
from Computing Techniques obtains the
product of two functions by implementing
the relationship XY=XX+Yy -
(X—Y). Three built-in operational
amplifiers perform the summing and
inverting operations, while two function
generators approximate the required
parabolic  transfer functions. Four-
quadrant operation is provided. Using
D1-2 amplifiers, the phase shift is less
than 1° at 1kHz; this accuracy can be
maintained up to 10kHz, and full power
can be obtained up to 30kHz (with
reduced accuracy) by using type F1-7
amplifiers. The required inputs are variable
A, variable B and reference voltages;
the input impedance is approximately
3kQ. The available outputs, selected by
miniature key switch, are —AB, A*—B?
as a voltage and A? + B? as a current;
multiplication accuracy is 2% f.s.d. The
product output voltageis AB/10and the out-
put current is +S5mA at +10V. The
multiplier is fitted with a standard
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& QUARTER SQUARES PAULTIPLIER

IS.E.P. 33-way plug and is intended
primarily for use with the Comtec
analogue/hybrid computers Vidac 336
and Vidac 169. It may, however, be
built into any analogue system operating
on a machine unit of 10V. Computing
Techniques Ltd, Westminster Bank
Chambers, Bridge Street, Leatherhead,
Surrey.

WW 330 for further details

Opto-electronic Switch for
T.T.L.

Light-activated integrated switches have
been produced with outputs compatible
with both transistor logic and relays.
Devices can be used in many applica-
tions of light beams including punched
card reading and are said to be cheaper
than photocells. Included in the TO-18
can is an m.o.s. Schmitt trigger circuit
integrated into the same silicon chip.
Response can be up to 40kHz and
switching threshold is variable over three
orders of magnitude by an external RC
time constant. Devices are available with
either 12-15V or 24-30V - operating
voltage and logic value of 0 or 1 in the
dark state. Price is £2 8s for 1-50 and
£1 10s for 5000 up. Arrays of 40 and
60 diodes for character recognition, edge
sensing, etc., are also announced by
Integrated Photomatrix Ltd, Grove
Trading Estate, Dorchester, Dorset.

WW 321 for further details

U.H.F. Transistor

The latest addition to the Mullard range of
uw.hf. transistors is intended for use as a
driver in mobile telecommunications
equipment or as an output stage in pocket
transmitters. Type BFW98G, it will deliver
an output of S0O0mW at 470MHz when
operating with a supply voltage of 13.8V

and a drive of 80mW. The transistor is an
n-p-n silicon planar device in a new stripline
package. Mullard Ltd, Mullard House,
Torrington Place, London W.C.1.

WW304 for further details

Cover for Power Transistors

A cover designed for use with the TO-66
packaged devices is available from Jermyn.
Designated the A22/20035, it is moulded in
black Rilsan BMNP40 which is capable of

§

withstanding temperatures up to 113°C
and provides electrical insulation up to
1000V. The cover has a lip to hold it in
place, Jermyn Industries, Vestry Estate,

Sevenoaks, Kent.
WW2308 for further details

Dynamic Shift Register

A 512-bit dynamic shift register, the
MM5016, from National Semiconductor
operates on a standard +5V and —12V
power supply and is compatible with
bipolar transistors. The device has a
600Hz guaranteed minimum operating
frequency at 25°C and an input tap
gives 500 or 512 bits. It is available in
either TO-5 or dual-in-line packages. No
pull-up or pull-down resistors are required
on the input and output. Price is 50s for
the TO-S version in lots of 100 or more.
U.K. distributors: Athena Semiconductor
Marketing Co., Egham, Surrey; Electronic
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Component  Supplids
Thames  Avenue, Windsor, Berks;
Farnell Electronic Components Ltd,
Canal Road, Leeds LS12 2TU; and
ITT Electronic Services, Edinburgh Way,
Harlow, Essex.

WW 332 for further details

(Windsor) Ltd,

M.O.S. Adaptive Logic

for Pattern Recognition

Adaptive logic gate, originally intended
for use in pattern recognition experiments
at Kent University, is now commercially
available from Integrated Photomatrix.
The m.os. gate (MC901) decodes all
possible logic functions of the four binary
inputs and sets one of the 16 internal
bistable stores. Outputs of these stores
are OR-gated to form the output. The
adaptive gates can be connected into an
array that will ‘learn’. If, say, the array is
controlling a system, feedback loops can
be provided from the system to the
array. The output of the array mwill be a
function of the current input and, because
of the memory stores, also a function of
previous inputs and results as defined by
the feedback loops. A particular input
pattern does two things. First, it gates the
output of one of the stores providing an
output if that store contains a ‘1°, second,
it gates the input of the same store allow-
ing it to set or reset depending on which
of two input lines a lus pulse is applied.
Two additional inputs allow all the stores
to be reset. Available in dual in-line
packages, price is £7 for 1-99 and
£4 10s for 1000 up. Supply voltage is
27V. Integrated Photomatrix Ltd,
Grove Trading Estate, Dorchester, Dorset.
WW 323 for further details

300-W Zener Diode

Type BZX86 zener diode from Mullard has
a continuous power rating of 300W at a
mounting base temperature of 65°C; and
at an ambient temperature of 30°C it will
withstand surges of 2kW. It is intended for
use in preventing large electrical transients
causing damage to equipment. It has a
maximum diameter of 27mm and is 84mm
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high. Zeners with voltages between 10 and
75V can be supplied. Mullard Ltd, Mullard
House, Torrington Place, London W.C.1.
WW 305 for further details

Pickup Cartridge

Aluminium stylus mounting is used on a
new Bang & Olufsen medium-compliance
magnetic pickup cartridge (model SP14).

The cartridge is included in a turntable
unit to be released later this year, but is
available separately.

response 15Hz-25kHz + 4dB
20Hz-16kHz + 2.5dB
40Hz-10kHz + 1.5dB

'separation >20dB at 1kHz

channel difference < 2dB

compliance 15 X 10"*cm/dyne

effective stylus

mass Img

stylus pressure  1.5-2.5g

output 1ImV/cm/sec
(typically S5mV)

impedance 47kQ

stylus 15pm radius, spherical

Price £8 10s. Bang & Olufsen U.K. Ltd,
Eastbrook Rd, Gloucester GL4 7DE.
WW 322 for further details

Monolithic Mica Capacitors
Using monolithic construction the MS611
series of capacitors available from WEL
provides high stability over a wide fre-
quency range. The units will operate over a
temperature range —55 to +100°C.
Insulation resistance is about 10° megohms
and tan dis better than 0.001 at 1 kHz and
better than 0.002 at 1 MHz. The upper
frequency limit is about 1 GHz. Voltage
ratings up to 750V are provided and the
standard E12 range of values at' 1%
tolerance is available from stock.
Capacitance range is 10-10,000pF. WEL
Components Ltd, 5, Loverock Road,
Reading, Berks.

WW 327 for further details

Crystal Filters

for Marine Communications

Plessey have introduced a new standard
range of crystal filters for use in marine
communications equipment employing
an i.f. of 1.4MHz. Included in the standard

range are upper and lower sideband
filters, and symmetrical filters for a.m.
and c.w. applications. In each case, the
design meets the selectivity requirements
of the Post Office specifications, TSC105
or MPT1201. Operation is specified over
the temperature range —10 to +40°C,
and each filter is sealed in a metal case
measuring 76 X 27.5 X 26mm. The new
range . is complemented by a 2.182MHz
sideband filter which has been specially
designed for use on emergency marine
equipment, and a broad-band LC filter
giving selectivity from 1.6MHz to
4.2MHz while rejecting 1.4MHz. Filter

Unit, Plessey Components Group,
Titchfield, Hants.
WW 334 for further details

1.5—MHz Recording Head

Gresham . Recording Heads have pro-
duced a  highfrequency analogue
recording head for operation at 1.5MHz.
The 14-channel wideband head-sets are
made with a gap of only 25i-inches.
They are designed for direct analogue
recording at 1.5MHz on 1-in tape. The
normal tape speed is 120 i.p.s. Gresham
Recording Heads Ltd, Feltham Trading
Estate, Feltham, Middx.

WW 328 for further details

Cassette Recorder
with Dolby System

A new cassette tape-recorder unit, the
Kellar DTA 50 available from Kellar
Electronics, incorporates the Dolby ‘B’
noise reduction system, and is claimed to
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give a performance as good as that
obtained from gramophone records. The
unit comprises a high-quality transport
mechanism and a stereo amplifier
capable of a continuous power output of
25W per channel. Ordinary cassette
recordings can be played on the unit,
but the Dolby circuit can be switched in
to allow low-noise recordings to be made.
The frequency response of the recorder is
40Hz to 12kHz + 3dB. The wow and
flutter is given as 0.15% w.f.d. peak
according to C.C.LR. The use of the
noise reduction system results in an
increase of S5dB in the signal-to-noise
ratio. Price £150. Kellar Electronics
Ltd, Maryland Works, 9 Brydges Road,
Stratford, London E.15.

WW 324 for further details

10-turn Precision Pot.

Bourns have introduced a new Jin diameter,
10-turn, wirewound potentiometer with a
glass-filled nylon housing and bushing,
and a polycarbonate shaft with a screw-
driver slot. Rotational life is guaranteed to
1 million shaft revolutions. The resistance
range is 100C to 100k¢ , and tolerance
+ 5%. Deviation from linearity is +0.25%
max. Maximum power dissipation is 2.0W
at 25°C. The operating temper ature range
is —55 to +105°C. Bourns (Trimpot) Ltd,
Hodford House, 17/27 High Street,
Hounslow, Middx.

WW311 for further details

Silicon Infra-red Light Detector
The MSP70 ‘infra-red detector from MCP
Electronics Semiconductor Division has,
like its predecessors the MSP3 and MSP6,a
black tubular housing lin X 0.25in. It
will detect modulated infra-red up to
60kHz. MCP Electronics Ltd, Alperton,
Wembley, Middlesex, HAO 4PE.

WW 335 forfurther details

D.C. Multimeter

Multimeter measuring direct current down
to picoamperes can now be supplied by
Wayne Kerr. Model M300, first seen on the
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Wayne Kerr stand during the I.E.A. exhibi-
tion earlier this year, also measures direct
voltage and resistance. Amplifier uses
photochopper stabilization with 40-Hz
switching to avoid beats with the 50-Hz
supply. Instrument also features a small
reverse scale for null detection, overload
protection, one set-zero control for all
ranges, a recorder output of 0-1mA at 1k€,
and a hum rejection filter which rejects
hum equivalent to 50 X f.s.d.

current ranges 30pA—100mA in 20

ranges
accuracy +1.5%
voltage 30uV—300Vin 15
ranges
accuracy +1%
resistance 10Q2—1GQ
accuracy +2% (£5% 1GQ
range)
input Z 100MQ
common mode rej. 120dB a.c. or d.c.
noise < 1uV or 1pA r.m.s.
stability +3uV, +3pA
response time < 1s (2s with filter)

Available for 110V operation. Price £150.
Wayne Kerr Co. Ltd., New Malden,
Surrey.

WW317 for further details

Miniature Power Supply

The PS5 supply from A.D.M. Electronics
measures 70X 70 X 180mm and provides
up to 0.17A over the voltage range 0— 15V.
The PS5 design has been developed to
eliminate damaging transient overshoot at
turn-on and turn-off. The supply is fully
protected against- short circuits and
overloads. The transient response is less
than 5us for a full load-current change
and the regulation is claimed to be better

than 5000 to 1. On full load the ripple
and noise do not exceed 500uV, reducing
to less than 30uV for load currents below
50mA. A.D.M. Electronics, P.O. Box 3,
Merthyr Tydfil, Glamorgan.

WW310 for further details

Range of Transformers

A series of low-voltage, double-insulated
transformers from Adcola has a primary-
winding range of 110 to 380V and a
secondary range of 6 to 115V. Ratings are
25, 40 or 60W. The casing is secured by

clips so dismantling for access to internal
parts is quick and does not require the use of
a screwdriver. Adcola Products Ltd,
Adcola House, Gauden Road, London
Swd4,

WW307 for futher details

Monolithi¢ Tuning Indicator

An integrated circuit tuning indicator is
available from Motorola. The addition of a
miniature lamp bulb turns the i.c. into an
aid to the fine-tuning of f.m. radio and

.colour' television receivers. In use type

MC1335 tuning indicator is connected
across the f.m. ratio detector. When the
receiver is correctly tuned equal voltages
appear across each half of the ratio
detector centre-tapped coil causing the
lamp to light. Unequal voltages turn the
lamp off. The device is encased in an eight-
lead dual-in-line plastic package and
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requires a power supply of 20V. The price
is 27s each in quantities of 100 or more.
Motorola Semiconductors Ltd, York House,
Empire Way, Wembley, Middx.

WW309 for further details

V.H.F. Personal

Radiotelephone

A vhf. personal radiotelephone con-
sisting of a single lightweight unit
suitable for emergency, public and private
usage is available from Pye Tele-
communications. It is known as the
PF2FMB, and is equipped for three
channel f.m. operation in the 68-88 and
148-174 MHz bands. It meets the Post

Office mobile specification and, with an
adaptor, can be used in a car or other
vehicle. Sockets on the top of the unit
make connection with a small external
loudspeaker/microphone unit, and an
aerial. The unit can be clipped to the
waist belt or carried in a specially designed
case or harness slung from the shoulder
with a flexible wire antenna fitted in the
shoulder strap, its loudspeaker-microphone
being clipped to the lapel. The whole
unit, including battery, weighs only 28 oz.
Power is from a single 15V rechargeable
nickel-cadmium battery with a capacity
of 200mAh, the unit incorporates a
circuit to reduce battery drain when. no
signal is received. Pye Telecommunica-
tions Ltd, Newmarket Road, Cambridge.
WW 331 for further details

Distortion Factor Meter

Push-button controls make this new
distortion factor meter easy to use especi-
ally for measurements on production radio
and TV receivers and audio equipment.




Wireless World, October 1970

Meter, type TF2337, is complementary to
the more elaborate Marconi Insiruments
TF2331 announced in 1964 and intended
for development work. Level is set to give
adequate meter deflection at either 400Hz
or 1kHz and distortion factor read directly
from the other meter. Provision is made for
injection of external fundamental frequency
in the range 30Hz-7kHz.

level ranges 10mV-30V in
8 ranges

accuracy +5% f.s.d.

(10mV range +10%)

distortion ranges 1-30% in 4 ranges

accuracy +5% f.s.d.

input Z 100k plus 50pF

fundamental rejection S6dB

frequencies 400Hz and 1kHz
plus external facility

Available for 110V use. Price £230.
Marconi Instruments Ltd, St. Albans,
Herts.

WW316 for fur{her details

Small Tantalum Capacitors

The Kemet Micron range of small tantalum
capacitors, from Union Carbide UK., are
available in either rectangular or cylindrical
cases with radial or axial leads. The capaci-
tance range is 0.001 to 220 uF, and voltage
range 2 to l00V. Standard capacitance

tolerances are +20%, +10% and +5%
and the operating temperature range is
~55 to +125°C. The capacitors consist
of very small tantalum- anode assemblies
with attached leads enclosed in insulated
cases filled with epoxy resin. Union Carbide
UK. Ltd, 8 Grafton Street, London
WI1A 2LR.

WW302 for futher details

Video Signal Mixer

From Aston Micro-Electronics Ltd we have
received details of a vision mixer TVM2
for cutting, fading and mixing the pictures
from five cameras and one video tape
recorder. Two rows of button switches
allow any two vision sources to be selected
for viewing before transmission. Automatic
interlocks prevent accidental mixing of
the video tape recorder picture with pictures
from the cameras. Although designed for
monochrome systems, the 8MHz response
of the TVM2 is adequate for colour tele-
vision. It is claimed that PAL-encoded
colour pictures can be mixed without
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noticeable degradation of picture quality.
Aston Micro-Electronics Ltd, Vapery Lane,
Pirbright, Woking, Surrey.
WW314 for further details

Wideband Test Oscillator

Model 4200 oscillator, manufactured by
Krohn-hite and available from Omega
Laboratories, provides a sine wave in the
range 10Hz to I0MHz with 0.5W of power
and 0.1% distortion. Frequency tuning is
by means of a dial and six push buttons.
Amplitude calibration of 0.2dB accuracy
is obtained by an eight-position push-
button attenuator calibrated in 10dB
steps. A continuous output control com-
bined with the attenuator provide 90dB of
attenhuation. Frequency accuracy is 2%. A
fixed 1V output independent of the main
output is also available. Price £235. Omega
Laboratories Ltd, 59 Union Street, London
S.E.l.

WW301 for further details

Units Symbol Numicator Tubes
End-viewing indicator tubes are now
made by Hivac which display special
symbols—units in particular. Two tubes

have the following symbols.

GR8M GR8IM
pF,nF,uF,mF nQ, uQ, mQ
uH, mH, H 2,k0Q, M

% D%, %

Both operate with minimum strike voltage
of 170V and maintaining voltage of 140V.
Minimum cathode current needed is 2mA

with mean of SmA and maximum peak
current of 20mA. Because of the smaller
area of the %, 2 and H symbols, current

= <<>>\
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requirement is half of these figures.
Base is B13B and tube height is 26.5mm.
Price is about £2 for 100 up. Hivac Ltd,
Stonefield Way, South Ruislip, Middx.
‘WW318 for further details

Tape-transport Mechanism

Fitch Tape Mechanisms have developed
and are now producing an endless-loop
tape-transport mechanism using a new
system of pinch wheel operation making
tape stiction impossible even if the unit is

not actuated for long periods with the
tape cartridge in the ready position. This
mechanism, adaptable to all sizes of

cartridge, can be battery or mains
powered. It is fully automatic and can be
remotely controlled. Fitch Tape Mechan-
isms, 7a Balham Grove, London S.W.12.
WW 333 for further details

Corrections

“Miniature Tape Recorder” (August p. 413):
The complete address for Hayden Laboratories
Ltd, who market the Nagra SN recorder, is East
House, Chiltern Avenue, Amersham, Bucks.

“Swltcillng Diode” (September p. 463): The
diodes illustrated are not the Mullard BAV 44
type described.
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ACTIVE DEVICES

A range of zener diodes and varistors manufac-
tured by Schauer Semiconductors is described in
literature obtainable from LST Electronic Com-
ponents Ltd, 7 Coptfold Rd, Brentwood, Essex.
The varistors consist of two matched semiconductor
junctions and are suitable for meter protection,
fractional voltage regulators, etc. ......... WW401

From REL Equipment and Components Ltd,
Components Division, Croft House, Bancroft,
Hitchin, Herts, a catalogue devoted to semi-

conductors, pot-cores, transformers, alkaline cells,

capacitors and resistors . ............... WW402

We have received the following data sheets from
Marconi-Elliott Microelectronics, Witham, Essex.
M101, MO3. Single metal oxide silicon
pcnhancement transistor, 3.5 to 6V threshold,
30V breakdown and 2nA max off leakage. WW403
M106. Single m.os.t. with low ‘on’ resistance

(30 ), p-enhancement, Vpg = —30V and P
=350mW ... WwW404
M206. Dual m.ost. on a common substrate,
similar to M106 ................. ... WW405

M203, 406, 605. 30V m.o.s.ts—203 is a pair
without gate protection; 406 consists of two
common-source pairs; and M605 is six common-
source m.o.stsinad.il. package ........ WW406

Integrated Photomatrix Ltd, Grove Trading Estate,
Dorchester, have sent us a number of product
data sheets.
IPL11. Light activated switch in TO-18 case
consists of silicon planar diode and an m.os.t.

i.c. for 28V operation ................ WW407
IPL1100. Similar to above for —12V
operation .................ccceae0nn WW408

IPL13. Light-to-frequency convertor; planar
diode and i.c. in TO-18 case, output 10Hz to
100kHz .......coiiviiiiieiiinienn.. WW409
IPL14. Analogue light level sensor in TO-5
CASE e s e e WW410
HA14. Paper tape reader head. Planar diodes
and i.cs, no interface cu'cuxt required for driving
ttl Or MO, +ouvviitenviiiiiannnnnn WWw4l1
IPL20. 50 X 1 light sensitive array. 50 silicon
planar photodiodes and a 51-bit shift register
onachip ...........c.oiiiiiiiii WWw412
IPL30/D Position-sensitive photocell system.
‘Gives X and Y output voltages proportional to
the distance of a light spot from a central
position. Accurate to better than lum .. WW413

WCM22. Material width monitor ...... WWwWi4l4
IPL20R. 50 X 1 Photodiode array driver. WW415
IPL15. Light activated switch ......... WW416
MR103/4/5/6 A 16-bit shift register; ttl
compatible m0.s. .................... wWw417
MC901. Adaptivelogicgate ........... WWwW418
Pricelist ............cccooin.n 50000 Ww419

We have received a 11l-page brochure from
British Brown-Boveri Ltd, Glen House, Stag
Place, London S.W.1, called “Thyristors-Data
and Diagrams” . ...........cc0iiheien i WWwW420

American Diodes Incorporated have just started
a company in the UK. called Diodes Ltd at
Fairacres Estate, Dedworth Rd, Windsor, Berks.
The following literature is available

Short-form catalogue ..:.............. wWw421
Pricelist ............cocveiiivnnn... WwW422

The 1970 catalogue of Electrovalue, 28 St. Judes
Rd, Englefield Green, Egham, Surrey, lists a
variety of semiconductor devices together with many
other components, Price 2s.

PASSIVE COMPONENTS

We have received the following brochures from
Tygadure, Littlebrough, Lancs.
Tygadure radio-frequency coaxial cables WW423
Tygaflor equipment wires .............. Wwd424
Tygadure pt.fe. equipment wire, cable, sleeving,
lacing cords and tapes and glass braided
47001 600 0B 660606 0F 00 0O0HD 0D Ww425

Engineering Bulletin No.7451 from Sprague is called
“Beryllia-core  silicone-coated Acrasil precision
wirewound resistors”. Sprague Electric (U.K.)
Ltd, Sprague House, 159 High St, Yiewsley, West
Drayton, Middlesex .................... WWwW426

Swift Hardmans Wholesale Supply (S-O-T) Ltd,
P.O. Box 23, Hardale House, Baillie St, Rochdale,
Lancs, have produced a catalogue of Belling-Lee
components (plugs, sockets, fuse holders and the
like) they Stock .. ...vvvvvonrniaiianannn Ww427

Precision miniature wirewound resistors with either
radial or axial leads are the subject of a booklet
available from Electrothermal Engineering Ltd,
270 Neville Rd,LondonE.7 .............. WWwW428

B & R Relays Ltd, Temple Fields, Harlow, Essex,
have produced a leaflet describing their D-range of
relays - which have contacts rated at 6A at 240V
ac.or30Vde. .........iiieal, wWw429

The following data sheets on components manufac-
tured by the American Wilbrecht Company are
available from J. H. Associates Ltd, 1 Church St,
Bishop’s Stortford, Herts.

Model 170-S potentiometer with switch .. WW431
Model 170-R potentiometer ............ Ww432
Model 100 variable resistor (2.54mm diameter)

................................. .. WW433
Model 2000 miniature slide switch ...... WW434

APPLICATION NOTES

From Fairchild Semiconductor Ltd, Kingmaker
House, Station Rd, New Barnet, Herts, a leafiet
(No.6) describing the use of the My L4102 16-bit
associative memory cell and the Mu L9035 64-bit
read/write memory cell in a high-speed buffer
MEMOry SYSteM . .. .o.venerrennrnernanns WW435

Application report B6! from WEL Components
Ltd, 5 Loverock Rd, Reading, Berks, examines the
construction of the triac and looks at its
application in several circuits. The report includes
notes on protection and working. Post and
packing 2s.

Integrated Photomatrix Ltd, Grove Trading Estate,
Dorchester, have produced an application note for
the 50 X 1 light sensitive array mentioned in-the
Active Devices section.
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EQUIPMENT

REL Equipment and Components Ltd, Microwave
and Electronics Division, Croft House, Bancroft,
Hitchin, Herts, have issued a short-form catalogue
which lists a comprehensive range of test
EQUIPMENt ... ...t WWwW436

A logic trainer from Limrose Electronics which
consists of 16-NAND/NOR gates, or five-switch
input register and four ‘indicator lamps is described
in a leaflet CK1/02 from Limrose Electronics,
Lymm, Cheshire ....................... WW437

EMI  Electronics Ltd, Television Equipment
Division, Hayes, Middlesex, have produced a 44-page
booklet on monochrome closed-circuit television
systems for educational purposes ......... WWwW438

A Mullard booklet, ‘Do-it-yourself stereo’, price Ss,
gives constructional (wood-working) details of
several possible stereophonic record reproducing
assemblies using amplifier and power-supply
modules (Mullard ‘Unilex’) that can be wired up
using only a screwdriver.

Conferences
and Exhibitions

Further details are obtainable from the

-addresses in parentheses

LONDON

Oct. 14-16
Earth Station Technology
(L.LE.E., Savoy Place, London WC2R OBL)

Oct. 19-24 Olympia
Audio & Music Fair
(C. Rex-Hassan, 42 Manchester St., London W, 1.)

Savoy Place

BRIGHTON

Oct. 13-15 Hotel Metropole
INTER/NEPCON .
(P. G. Saville, 21 Victoria Rd., Surbiton, Surrey)

MANCHESTER

Sept. 28-Oct. 2 Belle Vue
Electronics, Instru ts and Components Show

(Inst. Electronics, 659 Oldham Road, Balderstone,
Rochdale, Lancs)

OVERSEAS
Oct. 5-7
Pattern Recognition
(Prof. S. S. Yau, Dept. of Electrical Eng., North-
western University, Evanston, Illinois 60201)
Oct. 5-7 Rolla
Communications Conference
(J. R. Bretten, University of Missouri, 123 EE Bidg.,
Rolla, Missouri 65401)
Oct. 6-11
Modern Electronics Exhibition
(Gospodarsko razstavisce, Ljubljana, Titova No.
50, Yugoslavia)
Oct. 79
Circuit & Systems Theory
(G. Metze, University of Illinois, Urbana, Illinois
61801)
Oct. 12-16
British Engineering Week
(London Chamber of Commerce, 69 Cannon
Street, London E.C.4)
Oct. 13-15
Telemetering Conference
(International Foundation for Telemetering, 19730
Ventura Blvd., Woodland Hills, California 91364)
Oct. 14-16 Pittsburgh
Systems Science & Cybernetics
(LLE.E.E,, 345 E. 47th St., New York, N.Y. 10017)
Oct. 26-28 Washington
Electronics and Aerospace Systems
ADr. R. Marsten, NASA Headquarters, Code SC,
Washington D.C. 20546)
Washington

Oct. 28-30
(LEE.E., 345 E. 47th St., New York, N.Y. 10017)

Argonne

Ljubljana

Monticello

Helsinki

Los Angeles

Electron Devices
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Morganite 0.75” Cermet
Trimming Potentiometers
are breakingall our sales
records at the moment.

And we can’tsay we're
surprised.

We designed our models
82.84 and 86 with a power
rating of 0.33W at 70°C. We
manufactured them to give
atolerance of *10% under
rough, tough industrial
conditions. We packed
them into that tight little

Record Trimmer

0.75" construction. And we
trimmed down the price tag
to match.

‘Result, they sell like hot

cakes. Ask us for samples
for evaluation or
development projects, and
you'll see for yourself.

What you won't see, though,

is the work that’s putinto
our record trimmers at our
new, expanded cermet
production set-up. The
examination of components

.

R

at 50-to-500 times life size.
The survival-of-the-fittest
electrical testing. And all the
crucial assembly stages in
between.

All you'll see is the solid,
high reliability that you're
entitled to expect from each
and every Morganite
potentiometer. The
reliability that makes us a
leader in the field of cermet
technology.

Don‘t settle for less.

MORGANITE RESISTORS LIMITED

Bede Industrial Estate, Jarrow, County Durham.
Telephone : Jarrow 897771

Lc‘ Morgan

WW-—006 FOR FURTHER DETAILS

Telex : 53353

al
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SHKINK YOUR
SWITGHING

PROBLEMS...

with4 new improved miniature relays from

Associated Automation

Mercury Wetted Contact Relay Type EBRM :

Height only 10mm for low profile pcb
mounting; 20mW bi-stable, 40mW single-
side-stable; operate time Ims nominal at

max, coil power; life over 25 x 109 operations
at rated load of 100VA; bounce-free for both
Form C or D contact resistance.

Dry Reed Relay Type ERMC/D/E:

Miniature open, shielded and encapsulated
styles with up to 5 poles, offering all the
advantages of reeds at low cost; standard
relays operate from 35mW depending on
contact arrangement; electrostatic shielding,
high voltage insulation and low thermal types
can be specified; life expectancy 10 x 106
operations at full load, contact rating 10VA.

3

Hermetically Sealed Relay Type TF:

All-welded, T.0.5 transistor can envelope
giving high isolation switching with high shock
and vibration characteristics; full CPL approval
for standard versions; switching capability

1 amp at 28V D.C. to low level; single and
double pole; operate powers down to 40mW.

Enclosed industrial Relay Series 5'0:

Wide range of coils, contact arrangements and
mountings; up to 6 poles, up to 5 amp 100W;
life over 10 x 107 operations; single or twin
contacts in wide range of materials; low-priced,
readily,available, easy to apply.

All these illustrations are full size.

WW—007 FOR FURTHER DETAILS

Whatever your switching
problem —we can reduce it to
size. These new additions
increase an already
comprehensive range of
switches and relays for all
communication and control
purposes. All competitively
priced and backed by Britain's
most outstanding applications
engineering service. Try us
... for size.
|—TO: ASSOCIATED AUTOMATION LIMITED,
ELECTROMAGNETICS,

70, DUDDEN HILL LANE,
I LONDON, N.W.10. Tel: 01-459 8070.

Manufacturers of Clare Elliott and Elliott Relays

Please send me your fully illustrated literature
on (tick box applicable)

10203040
NAME..
COMPANY....

ADDRESS.......

A member of the G.E.C. Group of Companies WW 1 0/70
— — e e— — ———— —— —
TA 11088
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Why do so many
iIndustries rely on EEV tubes?

Becausetheyre soreliable.

You can specify each and every EEV tube
with confidence. Whatever yourindustry, when
it involves electronics you can be sure that
EEV’s expertise will provide the performance,
the length of life and, above all, the reliability
you want.

For industrial heating: EEV r.f. power tri-
odes range from 1kW up to 250kW, and mer-
cury vapour rectifiers are available with capa-
bilities up to 30 amps at 21kV. All are
conservatively rated, realistically designed
and economical.

For TV monitoring: EEV vidicons are ideal
for any closed-circuit TV application. They
can be used in any position and are available
with a choice of photosurfaces,

For power supplies: EEV make voltage
stabilisers and voltage reference tubes to fit
more than 80 different sockets.

ENGLISH ELECTRIC VALVE CO LTD

For high-speed switching: EEV glass and
ceramic hydrogen thyratrons provide greater
accuracy and precision.

For motor control: EEV industrial- thyra-
trons provide the degree of precision needed
for motor speed contro! and similar applica-
tions. Both mercury vapour and xenon thyra-
trons are available,

Forindustrial welding: EEV ignitrons have
long-life ignitors, and robustly constructed
envelopes and water jackets of unique design
giving supreme reliability. @

English Electric Valve Co. Ltd. %

Chelmsford ‘- Essex
England

Telephone: 0245 61777
Telex: 99103. Grams:
Enelectico Chelmsford.

WW-—008 FOR FURTHER DETAILS
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C&S Antennas

provide
a complete
aerial service
LF to Microwave

Point to Point
Broadcasting
Radio Relay
Ground to Air
Navigational Aids
Business Radio

Design
Site layouts
Antenna System Design

Antennas

LF, ‘T" and ‘L’ Antennas,
Mast Radiators,

HF Dipoles., Quadrants,
Rhombics, Log Periodics,
Conicals, Biconicals,
Vertical Incidence Arrays,
VHF & UHF Yagis, Helices,
Ground Planes, Colinears,
Whips, Marine Antennas.
TELEVISION Arrays to
100 kW e.r.p.

SHF Passive Reflectors,
Dishes 3in. to 60ft dia.

Supporting Structures
Self-supporting Towers,
Tubular and Lattice Masts,
Telescopic Masts

Accessories

Coaxial and open wire Feeders,
Filters, Antenna Switches,
Lead-in panels, Earth Systems,
Termination Networks,
Air-cooled Transmitter Loads.

Installation
World Wide Service

Shown above are three of the C. & S. range of
telescopic masts which covers; Pull-out types,
Air operated, Hand winch operated and Electric
winch operated, with a height range from

h 4
Ca&aS AntennaslLtd

Wentworth House, Eastern Avenue, liford, Essex, England.
Telephone: 01-5654-0102 Telex: 25850 Cables: Antennas lIford (England)

WW-—009 FOR FURTHER DETAILS CS16A



Wireless World, October 1970

as

EEV flash flash flash tubes
make light of the toughest jobs

For pumping lasers. For strobing. For photography.
For any application in which quality, reliability and
performance are vital, that's where you’ll find EEV
flash tubes.

There’s almost certainly a flash tube in the EEV range
that has the right characteristics for your application —
and if there isn’t we can probably make one!

EEV flash tubes have extra heavy-duty electrodes.
They give you long life, with up to 106 flashes, and they

give you high conversion efficiency. Our air-cooled
xenon flash tubes have a wide range of input energy
levels and can operate at high repetition rates.

Isn’t it time you had the full facts about EEV flash
tubes ? Just post the coupon.

English Electric Valve Co Ltd, Chelmsford, Essex, &
England. Telephone:024561777 Telex:99103
Grams : Enelectico Chelmsford

Typical operating conditions

Energy

inputper Arc Bore Series Trigger

flash max. length diameter Voltage inductance *Flash voltage
Type (J) (in.) (mm) (kv) (uH) rate (kV)

Z

XL615/4/3 400 3 4.0 25 400 1per30sec. 12-16
XL615/7/3 600 3 7.0 25 400 1per1i5sec. 12-16
XL615/9/4 1600 4 9.0 25 400 1 per30sec. 16-20
XL615/10/56.6 3500 . 5.5 10.0 25 400 1 per60sec. 16-20
XL616/10/6.5 5000 6.5 10.0 25 800 1 per2min. 20-25
XL615/10/12 9000 12 10.0 25 800 1per2min. 25
XL615/13/6.5 . 10000 6.5 13.0 25 800 1per2min. 25-
XL616/13/12 18000 12 13.0 25 800 1 per2min. 25

* At maximum input levels (air-cooled)

To : English Electric Valve Co Ltd, Chelmsfgrd, Essex, England
Send for full data on EEV flash tubes.

laminterestedin____ (application)

Position

l

|
Name

I

I

l

Company

éddress

Tel. exchange or code

- Number Ext.

ENGLISH ELECTRICVALVE CO LTD

CRC 6

WW—010 FOR FURTHER DETAILS
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Transformers, Chokes
Saturable Reactors
Voltmohile voltage regulators

Rectifier Sefs

Transformers Voltmobiles

Air cooled power transformers from 0.5 to 300kVA at
voltages up to 2kV. 1 or 3 phase, double orauto wound,
step-up or step-down. We have manufactured
transformers to over 5,000 different designs for many

The most robust and useful control device for loads
such as furnaces, ovens, bar heating and high
temperature research. Our Voltmobiles are inuse in
their thousands to control transformers and rectifier

applications and the experience which has been
accumulated from these designs is builtinto every
Harmsworth, Townley transformer

sets or they can be used directly between supply and
load. 64 stepon load switching. Voltmobiles are
auto-transformers which give control from 1.6% to
100% of input volts. Over-Volts upto 125% of input
s also available. Standard models are made for single
and 3 phase supply and for outputs from 20 Amps to
200 Amps with on-load switching.

High Current Transformers

Years of experience have gone into the design and
production technigues used in the manufacture of our
low voltage, high current transformers for use in
furnaces, high temperature research, heating and
other applications. These technigues enable us to
produce transformers with output currents up to tens
of thousands of amps at economical prices

Rectifiers

Sturdily built air cooled equipment from 50W to 500kW
for plating, plasma arc welding, electrolytic machining
and many other applications. Equipmentincorporates
either silicon or selenium rectifiers and can be built with
fixed orvariable output. Variable outputs are obtained
by the use of continuously variable auto transformers,
saturable reactors or Voltmebile regulator.

Saturable Reactors )
From 5kVA up to 300kVA for controlling the outputs from transformers or rectifier units.
Saturable reactors are infinitely variable reactors which can control outputs from transformers
etc, from 10% to 100% of full output.

Chokes
A.C. and D.C. chokes

Specific enquiries are invited

HARMSWORTH, TOWNLEY & CO. LTD.
2 Hare Hill, Todmorden, Lancs.
Telephone Todmorden 2601 Extension 22

WW-—011 FOR FURTHER DETAILS

Hormsworth,

Townley

Transformers
Rectifiers
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Thisis
what you see.

Thisiswhat you
can see withthe
EEV Image Isocon.

Even individual pn C be detected.

~With an EEV Image Isocon you can achieve
really high-quality TV pictures in the darkest night-
time conditions.

A combination of an EEV Isocon and an image
intensifier fibre optically coupled operates satis-
factorily atlightlevels equivalent to single photons.

The Isocon is reliable and able to stand up to
active-duty conditions. It cannot be put out of
action by bright flares.

The majority of existing orthicon systems can
be easily converted.

For the full facts about the Image Isocon
please post the coupon.

Proved for these important applications

Air: Aircraft navigation without transmission
of detectable pulses. Night photography and
reconnaissance (especially when information is
required at a central control centre from remote
locations such as unmanned outposts, aircraft etc).

Sea. Navigation without lights. Night opera-
tion on aircraft carriers.

Land: Navigation without lights. Target find-
ing in the dark. Border surveillance and perimeter
defence. .
English Electric Valve Co Ltd, Chelmsford,
Essex, England. Telephone: 0245 61 777.&
Telex: 99103. Grams: Enelectico, Chelmsford

To: English Electric Valve Co Ltd, Chelmsford, Essex, England.

Send for full details of EEV' Image Isocon range.

Name & position

Company

Tel: exchange or code

Number Ext.

|
I
} Address
I
I
I
I

| ENGLISH ELECTRIC VALVE COLTD

(B L I e o 0 T 3l

WW—012 FOR FURTHER DETAILS
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Primarily for discrete
components but with IC
capability.

T . :,»\.
.f.‘ 4._{.'\‘
— ,-’:“\ . |
ST NS

® Contacts designed for maximum life.
® Components inserted directly into board.

H-DeC ‘B’

The board to use if bread- e Patch with ordinary wire.
boarding with one package ® Modular, for economy and maximum use.
type. ® Modules link to form any size of bread-

If breadboarding with a

variety of packages use boarding. !
M-DeC'A’ general purpose ® Slotsaccommodate heat sinks and control
breadboards. panels.

® Control panel supplied with every DeC.

® DeC’'s may be temperature cycled.

@ Contacts available in a range of surface
finishes. '

@ All contacts numbered for reference.

® All connection points shown on surface
of DeC.

$.0.C. ELECTRONICS (SALES) LTD.

34 Arkwright, Astmoor Industrial Estate, Runcorn, Cheshire. Tel: Runcorn 5041,

WW-—013 FOR FURTHER DETAILS
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Ourtubes.Yourcameras.
They re made foreach other

Whatever types of camera you are
using, you can be sure that EEV
have a camera tube that's made
forthe job. EEV's range of Vidicons
and Image Orthiconsincludesevery
type you're likely to need, and
new types are always being
added. They incorporate all the
outstanding performance
features that we've pio-

] neered and developed

| over the years. So do your

| cameras a favour — post

| the coupon for the

I latest details.

| To : English Electric Valve Co Ltd, Chelmsford Essex, England, CM1 2.QU
| Telephone : 0245 61777, Telex: 99103.

| Grams : Enelectico Chelmsford,

I Please send the iatest details of EEV Vidicons and Image Orthicons.
I | am interested in a tube for camera type (details)_ S

I Name and Position_

| Company_ =

i Address. _|

I Tel. exchangeorcode . -~ =~

| Number Extension___ -—
L ENGLISH ELECTRIC VALVE COLTD

WW—014 FOR FURTHER DETAILS
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SSB communicating is an art with
TRIO JR-3I0 artistry

FUNETIZ,,
e

$SB COMMUNICATION RECEIVER
JR-310

Communicating with TRIO’s JR-310 is
indeed a pleasure. But with this SSB
receiver, communication.has been ele-
vated to never-before-reached artistic
heights. Amateurs everywhere are
enthusiastic over the suppression of
distortion, to an all-time, low-low
level. Premium tone reception ranks
the JR-310 at the top of the SSB re-
ceiver list.

SPECIAL FEATURES OF JR-310

© High-stability VFO of 2FET’s and 2 transistors and
easily handles QSO’s for houts.

o Precision double gear dial—a TRIO innovation
— with linear frequency variable capacitor. Pos-
sible to get finer reading 1KHz. One dial rotation
covers 25KHz, makes SSB demodulation easier.

® Frequency range covers entire amateur band from
3.5MHz to 29.7 MHz. One-touch selection system
switches bands. WWV reception of 15MHz pos-
sible.

SPECIFICATIONS OF JR-310

® Frequency Range: 3.5+29.7MHz (7 Bands)

® Sensitivity: 14V (at 10dB S/N)

® image Ratio: More than 50dB

® Frequency Stability: £2KHz in 1—60min. after
switching on; subsequently within 100Hz per
30 min.

TRIO KENWOOD ELECTRONICS S.A.
160 Ave., Brugman, 1060 Bruxelles Belgium

Model 9R-59DE

BUILT IN MECHANICAL FILTER 8. TUBES

COMMUNICATION RECEIVER

® 4 Bands Covering 540KHz to 30 MHz.

® Two Mechanical Filters Ensure Maximum Selec-
tivity.

® Product Detector for S.5.B. Reception.

® Automatic Noise Limiter.

® Large Tuning and Bandspread Dials for Accurate
Tunirg.

® Calibrated Electrical Bandspread.

®”S” Meter and B.F.O.

® 2 Microvolts Sensitivity for 10dB S/N Ratio.

the sound approach to quality

TRIO

TRIO ELECTRONICS, INC.

Sole Agent for the U.K.

B.H. MORRIS & CO., (RADIO) LTD.
84/88, Nelson Street, Tower Hamlets, London E. 1.
Phone: 01-790 4824

WW—015 FOR FURTHER DETAILS
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We'reready now for1973.

As you know, in 1973 single side band transistor drive. A rated continuous anode
operation becomes mandatory in marine dissipation of 100W means that two tubes in
communications. 1973 isn’t very faraway. We’re parallel will meet the requirement of 400W
ready now. And so can you be. So we announce Peak Envelope power while the low impedance
the new TT100 beam tetrode. Primarily design means that an anode voltage of
intended for useas a class AB power amplifier ~ 600-800V is adequate for most applications.
for S.S.B. transmitters in shipboard use. Output is fully maintained up to 20MHz and

Technical Data. A low cost power falls only slightly at 30MHz.
tetrode designed specifically for use as a
linear power amplifier and suitable for We're ready now for 1973. How about you?

&G G.C THE M-0 VALVE CO LTD BROSK SREEN WORKS, HAVMERSMITH, LONDON we

WW-—016 FOR FURTHER DETAILS
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for the amplification
of sound or signal

WHITELEY

It makes sound sense to talk to Whiteley.-Not only for audio but all signals from d.c.
to r.f. Firstly we generate or transduce signals as you require. Then we
make them louder, softer, squarer, pulsed, smoother or whatever to send down your
wire or co-ax. We can ease the signals into the line. Boost them when they
are weak,filter or re-shape. |f they get lost we provide equipment to find them.
At the other end we can reproduce them in quantity and quality. From packages that
are attractive or rugged, attractively rugged, or, ruggedly attractive. The facilities and
know-how are at Mansfield — come and sound us out.

See us on Stand 21 at the S.B.A.C. Exhibition

WHITELEY ELECTRICAL RADIO CO. LTD., Mansfield, Notts, England. Tel. Mansfield 24762

London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW—017 FOR FURTHER DETAILS
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Have you had your copy

VALUABLE NEW HANDBOOK

FREE

T0 AMBITIOUS
ENGINEERS

of “Engineering Opportunities”

The new edition of “ENGINEERING OPPOR-
TUNITIES” is now available—without charge—to
all who are anxious for a worthwhile post in Engineer-
ing. Frank, informative and completely up to date,
the new “ENGINEERING OPPORTUNITIES”
should be in the hands of every person engaged in
any branch of the Engineering industry, irrespective
of age, experience or training.

On ‘SATISFACTION OR
REFUND OF FEE’' terms

This remarkable book gives details of examinations,
and courses in every branch of Engineering, Building,
etc., outlines the openings available and describes our
Special Appointments Department.

WHICH OF THESE IS
YOUR PET SUBJECT?

THIS BOOK TELLS YOU

Y HOW to get a better paid, more interesting job.
% HOW to qualify for rapid promotion.

% HOW to put some letters after your name
and become a key man .. . quickly and easily.

% HOW to benefit from our free Advisory and
Appointments Depts.

% HOW you can take advantage of the chances
you are now missing.

* HOW, irrespective of your age, education or |
experience, YOU can succeed in any branch of 1
Engineering.

164 PAGES OF EXPERT

CAREER-GUIDANCE
PRACTICAL INCLUDING
EQUIPMENT TOOLS

. . The specialist Elec-
Basic Practical and Theo- b

retic Courses for begin- ZO;I'EC.ST Division  of
ners in Radio, T.V., Elec- y
tronics, etc. A.M.LE.R.E. NOW  offers you a
Gty & Guilds Radio real laboratory train~
Amateurs’ Exam., R.T.E.B. ing at  home with
Certificate, P.M.G. Cer- practical  equipment.
tificate, Practical Radio, Ask for details.

Radio & Television Ser-
vicing, Practical Elec-
tronics, Electronics
Engineering, Automation. LR L) .

ELECTRONIC ENG. RADIO ENG.
Advanced Electronic Eng. —  Advanced Radio — Gen. Radio
Gen. Electronic Eng. — Applied  Radio & TV Servicing —
Electronics — Practical Elec- TV Eng. — Telecommunica-
tronics — Radar Tech. —  tions — Sound Recording —
Frequency Modulation — Automation — Practical Radio
Transistors. ~—Radio Amateurs’ Exam.

MECHANICAL ENG.
ELECTRICAL ENG. Advanced Mechanical Eng. —
Advanced Electrical Eng. —  Gen. Mechanical Eng. -—
Gen. Electrical Eng. — Instal-  Maintenance Eng. — Diesel
lations — Draughtsmanship  Eng. — Press Tool Desi, Wgn —
— Hluminating Eng. — Refrig- Sheet Metal Work — Iding
eration -— Elem. Electrical — Eng. Pattern Makmg —
Science — Electrical Science —  Inspection—Draugh hip
Electrical Supply — Mining —Metallurgy — Productmn
Electrical Eng. Eng.

AUTOMOBILE ENG.
CIVIL ENG. Advanced Automobile Eng. —
Advanced Civil Eng. — Gen.  Gen, Automobile Eng. ~— Auto-
Civil Eng.~—Municipal Eng.—  mobile Maintenance — Repair
Structural Eng. — Samtary ~—Automobile Diesel Mainten-

Eng. — Road Eng. — Hy- ance — Automobile Electrical
draulics — Mining — Water  Equipment — Garage Manage-
Supply ~— Petrol Tech. ment.

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN-
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU-
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC.

Which qualification would increase your earning power?
A.M.LE.R.E., B.Sc. (Eng.), A.M.S.E., R T.E.B., A.M.ILP.E.,
AM.LM.IL, A.R.LLB.A,, A.l.O.B., P.M.G., A.R.LC.S.,
M.R.S.H., AM.LLE.D., A.M.I.Mun.E., C.ENG,, CITY & GUILDS,
GEN. CERT. OF EDUCATION ETC.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES.” Send for your copy notv—FREE
and without obligation.

POST COUPON NOW!'

TO B.I.E.T., 446A ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE.
Please send me a FREE copy of “ENGINEERING

OPPORTUNITIES.” I am interested in (state subject,
exam., or career).

ENGINEERING OPPORTUNITIES

NAME .. o.o ittt ettt et e e et e e
 ADDRESS........ooiiiisiiiinmrnsiesses .
! """ WRITE IF YOU PREFER NOT TO CUT THIS PAGE

THE B.LLE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
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R.F.Bridge readsRL&C
without frequency-dependence

Versatility is the key-mark of the
B602 —a wide range, 3-terminal,
universal bridge with a number
of unique features.

Direct readout of immittance at
frequencies from 100kHz to
10MHz, with real and quadrature
terms shown simuitaneously. in
equivalent series or parallel form
as appropriate.

Aperiodic measurements of C, R

and L, with facility for measuring
C as equivalent negative L, and L
as—C, if preferred. Also reads
negative R and G.

Stable calibration assured by use
of unique magnetic potentio-
meters, minimising trimming
operations and giving an electri-
cal discrimination of 0.1% f.s.d.

Source/Detector .SR268 is ideal
companion instrument, with

WW-—019 FOR FURTHER DETAILS
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single-knob tuning from 100kHz
to T00MHz (46.5kHzto 46.5MHz
on SR268L). Push-button atten-
uators for output level and input
sensitivity.

WAYNE KERR

THE WAYNE KERR COMPANY LIMITED
Roebuck Road., Chessington, Surrey,
England. Telephone 01-397 1131
Cables Waynkerr,Chessington

Telex 262333




Wholesalers are far-sighted,
aware of seasonal demands
and service conscious

AL
\ A
DET.
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H EATHKIT announce

PROFESSIONAL HI-FI EQUIPMENT
FROM THE KIT PEOPLE

Model AR-19. AM-FM multiplex stereo Tuner/Amplifier.
30 watts (IHF) power output each channel, with less
than 0.25% THD (8 ohm load). Can be used with all types
of pick-ups. Linear motion controls Tuner sensitivity
2.0uV (IHF). FM stereo separation 35dB at mid-
frequencies. New FET front end. Four I/C stages.
Electronically regulated power supplies. Choice of Walnut
or Teak cabinet. KITPRICE£118. 0. 0.

Model AR-29. AM-FM multiplex stereo Tuner/
Amplifier. 50 watts (IHF) power output each channel,
with less than 0.25% THD (8 ohm load). Inputs
adjustable to accommodate all types of pick-up. FET
FM front end plus integrated circuit design give tuner
1.8 uV sensitivity stereo separation 40dB at mid-
frequencies. Special modular plug in units separate
all circuits.

KIT PRICE£168. 0. 0.

Model AJ-15. One of the most advanced Stereo Tuners.
Features an exclusive design FET tuner with two FET

RF amplifiers and an FET mixer for excellent sensitivity
(1.8 uV) and reduced cross modulation. IF stages include
two crystal filters. Two calibrated tuning meters,
individual Squelch, Balance, Phase, and level controls.
FM stereo separation better than 40dB. KIT PRICE
£115.0. 0.

Model AA-15. Truly one of the best Stereo Amplifiers
available. 150 watts total dynamic power. 0.5% dis-
tortion. Outstanding response ( + 1dB 8Hz to 40kHz,
1 watt). Individual input level controls. Massive power
supply, positive circuit protection, all silicon transistor
circuitry. Five individual modules separate all circuits
minimising hum and noise. KIT PRICE £84. 0. 0.

SEE THE COMPLETE RANGE OF HEATHKIT HI-FI
AT THE 1970 AUDIO 'AND MUSIC FAIR
OLYMPIA, LONDON. 19 to 24th OCTOBER.

HEATH (Gloucester) Ltd, GLOUCESTER GL2-6EE

a Schiumberger Company
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Reduced Prices! More New Models

Model AR-15. Superb AM/FM multiplex stereo Tuner/
Amplifier Magnificent 150 watts total output. FM
features:—FET front end tuner with six tuned circuits
two integrated circuits plus two crystal filters in the IF
amplifier. Two calibrated tuning meters. Automatic
stereo indicator and FM squelch circuits. All controls
conveniently sited on the front panel. Many other
advanced features for the finest natural sound.
KITPRICE£192. 0. 0.

M.odel AR-14. Modestly priced FM stereo Tuner/
Amplifier 30 watts total music power output with less
than 0.5% distortion. Power response + 1dB 15Hz to

50kHz. Many features incorporated usually only found in
more expensive receivers, all in a compact size—only 4
inches high by 151 wide. KIT PRICE £59. 0. 0.

Model AD-27. All the features of the AR-14 Stereo
Tuner/Amplifier in the small space of a 'Compact’. The
beautiful Teak or Walnut cabinet houses the high quality
turntable, Tuner/Amplifier and it is only necessary to
attach loudspeakers and you have an excellent stereo
music system. KIT PRICE £88. 0. 0.

Model Ambassador. A speaker system incorporating
three speakers to provide well-balanced sound. Will
handle large scale choral or orchestral music and yet

at the same time will produce excellent results at
lower sound levels. Features 12” Bass 5” mid and 1”
HF unit plus multi-element crossover. Finished in
Teak or Walnut with matching cloth and trim.

KIT PRICE£33. 0. 0.

Model Trent. A new addition to the Heathkit range of
loudspeakers. Moderately priced yet providing excellent
reproduction, this small speaker enclosure (19”7H x 10”"W
x 83”D) will need the minimum room space. 8” Bass
plus 4”7 HF unit, 8 ohms. Finished in Teak or Walnut
veneer. KIT PRICE £14. 0. 0.

PLEASE SEND ME YOUR FREE 1971 HEATHKIT CATALOGUE

NAME (Blockletters) * ............... . N PR ADDRESS ......coiiiiiiiiiiinnnn. o . .

.. R Y B EBREER e o0 o0 o OSSR . . Reece b.... IPOSIT O e ey . .. ... .

l a Schlumberger Company ‘ 29/10
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SINGLE
SOURCE
SENSE

OR
How to get What you Want
without Having. to Try Very Hard

If your parts requirements are small, and your
call-off irregular, you have a problem. If, as often
happens, you want parts quickly, you have
another problem. .

We are in business to help you solve both,
quickly.

As stockholders of an enormous range of

Radio, Electronic and Electrical Components,
Metal Pressings, Clips, Fasteners and
Assemblies t{y Cinch Dotand FT, we are the
"“single source” for pretty well everything of this
kind you want in whatever quantity you want
and at short notice.

Two illustrated catalogues. Thousands

of stock items are detailed in our two fully
illustrated catalogues—Fasteners and
Electronics—either of which will be sent,
post-free, to firms and organisations.

Send for yours now,

stating which catalogue you require.

Make United-Carr Supplies
your -

SINGLE
SOURCE

for Cinch Dot and FT Radio, Electronic and
Electrical Components, Metal Pressings, Clips,
Fasteners and Assemblies.

United-Carr Supplies Ltd.,
‘Frederick Road, Stapleford, Notts.
Sandiacre 2828 STD 060 239 2828

@ STOCKISTS
UNITED-CARR
l SUPPLIES '
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Acoustic Research designed “Big Horn”

to show the size of a horn-type speaker system:
that could match the bass response of the AR-3a.

—_—

a Big Horp; b AR-33; c Acoustics by Beranek; all drawn to the
same scale.

When the AR-3a is placed against a wall, its frequency response is
flat to below 40 Hz, and continues even at lower frequencies with
very low distortion. To design Big Horn, we turned to page 268 of
the standard text, Acoustics by Leo Beranek”, to find the equation
used to calculate the size of a horn with a cutoff frequency of 40 Hz.

As shown in the scale drawing above, Big Horn is 7 feet high and

9 feet wide; its depth would have to be greater than either of these
dimensions. A pair for stereo would take up slightly more spaceina
living room than two VW buses. Yet, played at the same loudness,
the only audible difference between them and a pair of AR-3a
systems would be the slightly rougher response of the Big Horns
due to reflections inside them. Other than that, the Big Horns should
sound excellent; they would simply be not quite as good, and much
more costly than AR-3as.

The AR-3a speaker system is made by Acoustic Research and
distributed in the U.K. by Bell & Howell.

Complete technical specifications of the AR-3a and other AR high
fidelity products are available free on request.

*McGraw-Hill, $14.50.

B ¥ BeieHowew

Bell & Howell Ltd., Audio Products Division, Alperton House, hridgewater Road, Wembley, Middlesex HAQ 1EG  Tel: 01-902 8812
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meetour
new
baby

RM.S. SOURCE VOLTAGE

OuTPyT 20 72
Rsx600n 7, 40 30

P

©

AMPUTUDE s Ve
mMA
DE N ENGLAND v LEve(, ELECTRONICS 11D, l—F'!EQUENCV_]

SERIAL NO, SYNC.

IV r.m.s. Sine or Square from 1Hz to 1MHz

FREQUENCY: 1 Hzto 1MHz in 12 ranges. Accuracy + 2% 4 0:03 Hz.
SINE WAVE OUTPUT: 7Vr.m.s. reducible to << 200uV with Rg= 6002 at all levels.
DISTORTION: < 0-1% up to 5V output, < 0:2% at 7V from 10Hz to 100kHz.
AMPLITUDE STABILITY: < +1% vanatﬂnon with frequency._up t.o 300kHz. Types TG200 and TG200M generate
SQUARE WAVE OUTPUT: 7V peak reducible to << 200uV. Rise time << 150nS. only sine waves. Types TG200M and
SYNC. OUTPUT: >1V r.m.s. sine wave in phase with the main output. TG200DM have a meter calibrated
SYNC. INPUT: + 1% frequency lock range per volt r.m.s. input. 0/2V, 0/7V and —14/+-6dBm.

/ . Types TG200 and TG200D have a
SIZE & WEIGHT: 7” high X 101” wide X 51" deep. 10 Ibs. calibrated control instead of a meter.

20 £42 t250n 45 %5, £52 3850 £55
TG200 TG200D TG200M TG200DM

Prices include batteries with 400 hour life. Mains power-units are £10 extra.

TEVELL| R.C. 0SCILLATORS

PORTABLE |NSTRUMENTS LEVELL Electroniés Ltd - Park Road - High Barnet - Herts. - TleI:01-449 5028

Send for literature covering our full range of portable instruments.
WW—024 FOR FURTHER DETAILS
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Vortexion

This is a high fidelity amplifier (0.3% THE VORTEXION 50/70 WATT ALL SILICON AMPLIFIER

intermodulation distortion) using the
circuit of our 100% reliable—100 Watt WITH BUILT-IN 4-WAY MIXER USING F.E.T.s.

Amplifier (no failures to date) with its
elaborate protection .against short and
overload, etc. To this is allied our
latest development of F.E.T. Mixer e @

amplifier, again fully protected against 3 ) ,

overload and comipletely free from radio c

breakthrough. The mixer is arranged for '
3-30/60¢2 balanced line microphones, » | *
and a high impedance line or gram VORTEXION U¥ 50/70/F € s

input followed by bass and treble con- ~
trols. 100 volt ‘balanced line output _ - TR

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms—15 ohms or 100 volt line output
for A.C. Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4 V on 100K
ohms.

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4 channel F.E.T. mixer,
3 mic. 1 gram with tone controls and mounted in a standard robust stove enamelled steel case. A stabilised voltage supply
feeds the tone controls and pre amps, compensating for a mains voltage drop of over 25% and the output transistor biasing
compensates for a wide range of voltage and temperature. Also available in rack panel form.

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 ¢/s—20 Kc/s + 1 dB.
Less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous
sine wave. Input 1 mW 600 ohms. Output 100120 V or 200240 V. Additional matching transformers for other impedances
are available.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own
battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs
for 8 ohms—15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce intermodulation
distortion to a fraction of normal transistor input circuits. The response is level 20 to 20,000 cps within 2 dB and over 30 times
damping factor. At 20 watts output there is less than 0.2% intermodulation even over the microphone stage at full gain with
the treble and bass controls set level. Standard model 1-low mic. balanced and Hi Z gram.

ELECTRONIC MIXERS. Various types of mixers available. 3-channel with accuracy within 1 dB Peak Programme
Meter. 4-6-8-10 and 12-way mixers. Twin 2, 3, 4 and 5 channel stereo. Built-in screened supplies. Balanced line mic. input.

Outputs: 0.5 V at 20K or alternative 1 mW at 600 ohms, balanced, unbalanced or floating.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19

Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: “Vortexion, London S.W.19”
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In this completely professional area of Magnetic
Recording Equipment engineers set themselves
high standards because they have extremely
high standards to meet and maintain — every
day of the year.

They demand truly dependable equipment for
this tough, exacting work — equipment like
the Plessey range that is technically excellent,
flexible and thoroughly reliable under continu-
ous operating conditions,

Plessey studio equipment includes reel-to-reel,
portable, console and endless-loop cartridge
recorders that have been time proven for twenty-
two years by broadcasters around the world.
This kind of equipment will fit into your system
— and give definite operational and cost ad-
vantages. Keep us in mind when next you are
considering new equipment.

professionals are hard to please...

Wireless World, October 1970

A full range of technical literature is available
on request, or better still, a technical represen-
tative will call if it's convenient.

Contact us now!

PLESSEY
Electronics

Sales and Service — Rola Recording Products Department
Garrard Engineering Limited

Newcastle Street Swindon Wiltshire

Telephone Swindon 5381 Telex 44271

or the manufacturer

Plessey Electronics Pty Limited

Equipment Unit

Westbank Terrace Richmond Australia 3121

Telex 30383 Cables ROLA Melbourne

AV27 —E
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GT.5 is an entirely new comprehensive brochure of
Audio Transformers and contains details of a wider range
of standard types. Recent introductions to Gardners Audio
range described in this brochure include super-fidelity
transformers with exceptionally low phase-distortion and
the ability to handle steep side transient signals without
generation of overshoot. Also listed is a range of high
proof-voltage transformers for Post Office transmission
lines and a new range of ultra miniature transformers with
remarkably good performance. A frequency response linear
from the lower audio frequencies to the supersonic band
is standard to many of the newer types.

Gardners also have six other GT Catalogues.
Whatever your transformer requirement there is more than a
possibility that we can supply something suitable from
stock. We make the largest range of standard transformers
in Europe.

New br‘ochur’e of Audio Transformers completely revised
July, 1970, and incorporating GT.22 (Microphone and

Line Matching Transformers).
Lilliput Series of Microminiature Transformers.

Alpha.Series of Assemblies for filters, delay lines,
modulators, etc.

Manual of Inverter Transformers and Modules.

Power Controlling Saturable Reactors (Up to 1 kvA.).

Low:Voltage, Isolating and Auto Transformers.

Comprehensive catalogue of Transformers for Tube Type

Circuits (including obsolescent types).

Return the coupon to us. And we’ll send you the GTs by return.

o

a23
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I Please indicate your requirement by circling the number/s below I

@rdh@ I NAME

I ADDRESS

GARDNERS TRANSFORMERS LIMITED

Christchurch Hampshire BH23 3PN I =
Tel: Christchurch 2284 (STD 0201 5 2284)
Telex 41276 GARDNERS XCH

==
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_ Farnell

Digital Logic Systems
Simulator for
Education and Industry

A Comprehensive Logic
Instruction System

*FOR STUDENTS AND ENGINEERS to quickly learn
and apply digital logic techniques.

*RUGGED, ROBUST CONSTRUCTION for trouble free
operation-under hard use.

*PROTECTED AGAINST OVERLOAD or short circuit.
*COMPLETE WITH DETAILED INSTRUCTION manual
introducing logic principles, binary arithmetic and
boolean algebra and leading the student through a
number of experiments and problems.

*COMPATIBLE WITH FARNELL INDUSTRIAL LOGIC
HARDWARE. Actual control problems may be simulated
before costly installation.

The system consists of a plinth, power supply, leads,
capacitors, diode and a range of modules that can be
purchased singly or in ‘Logic Instruction Kit" or ‘Nor
Logic Kit: configurations.

For full details, please contact us at the address below.
(Please state if you require literature on. our full range of
power supplies, electronic instruments and digital
logic equipment).

FARNELL
INSTRUMENTS LIMITED
Sandbeck Way,
Wetherby, LS22 4DH,
Yorkshire.

TFelephone: 0937 3541/6
*  London Office: 01 802/5359

WW—028 FOR FURTHER DETAILS
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an exhibition of
electronic components by
leading manufacturers

éauriex7o

US TRADE CENTRE ST JAMES'S
LONDON

OCT.26-30

ELECTRO-MECHANICAL DIVISION
MICROWAVE DIVISION
INDUSTRIAL INSTRUMENT DIVISION
REFRIGERATION DIVISION

SEMICONDUCTOR DIVISION

B AURIEMA LTD
%A§ 23/31King Street, London W3

Telephone: 01-993 1461
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Cosmetic they may not be. But for
sheer volumetric efficiency . . . for
packing more CV's per unit volume . ..
our aluminium electrolytics have a
beauty of their own.

First, the secret of our unique success,
a special high gain etched foil process
that helps us pack each can with more
capacitance. Then a design that re-
cognises|.E.C.and B.S.recommenda-

tions on

logarithmic capacitance
ranges, and standardised voltage
ratings. And now the basic data. 15to
150,000uF, at 6.3 to 160V d.c. Ripple
currents up to 7.5A. Single-ended
cans up to 100V ; double-ended axial
lead types up to 15,000uF. Cans
insulated if you wish.

And if you wish again, a visit from an
Erie engineer. Or Catalogue data

Not designed
to make
your hair curl-

-but to give you high volumetric efficiency

a2s

sheets full of facts on quietly reliable,
m smoothly - performing
aluminium capacitors.

<P

Write to us today.

ERIE ELECTRONICS LTD.,
Gt. Yarmouth, Norfolk,
Telephone : 0493 4911
Telex: 97421

ERIE ELECTROLYTIC CAPACITORS
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ADGOLA siash 7
soldering bit
nnsts ny SOLDERING

INSTRUMENTS

0
“n t“ 5“[] DON'T WASTE MONEY

... on the purchase and
maintenance of unnecessarily
complicated and expensive
soldering irons.

Ansordinary

Copper bit In probably 75% of cases
after the LITESOLD range of
12,500 joints lightweight high performance
instruments provide the
sensible choice. These well-
balanced quality tools reflect
nearly twenty years

| development resulting from
An _ wide use in industry.

ADGOLA
Long-life bit There are 7 models from
10 watts to 60 watts
. covering the whole field of
100,000 joints electronic soldering, listed at
from 32/- with quantity
discounts. They are backed
... and reduced bit maintenance by a fast and inexpensive
increases saving still further. repair service, although

servicing is simplicity itself,

' d using ex-stock spares.
nn gnn Send for free Full details of the

, test sample LITESOLD models free on

n e r“e - NOW! request, together with

introductory details of our
ADAMIN micro-instruments

and LITESTAT Thermostatic
D C O L SOLDERING models—for some of those
EQ“'PMENT other 25% of cases.

Ask for literature L.5.

after

{Regd Trade Mark )

SN 5 55 BN =D 5 55 &5 EF A5 S0 5N N S 5 U 0D D 5 B &5 5 BN R o a

Jo: ADCOLA PRODUCTS LTD. (DeptH ). ADCOLA HOUSE,
GAUDEN ROAD., LONDON, S.W.4. Telephone: 01-622 0291/3
Telegrams: Soljoint London Telex® Telex: Adcofa London 21851

Please send me free Long-life bit.
NAME

POSITION.

NAME OF COMPANY

ADDRESS... ...

LIGHT SOLDERING
DEVELOPMENTS LTD.,

28 Sydenham Road, Croydon, CR9 2LL
Telephone: 01-688 8589 & 4559

TYPE OF SOLDERING INSTRUMENT.. ... ——
5 NS S B N ED Y A SN A D B SN S8 SN SY 5N N SN S 5 B
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Not oclvE a.utiful;/ |

* Lightweight

*Tropicalized

* Practically unbreakable

*High impedence, high level
phones * Carbon microphones
available * Extremely comfortable

* Simple to service.

The new ‘Astrolite’ headset has been adopted

by many of the leading Television, Bréadcasting.
and Programme companies for studioand =

0.B. use, and no wonder. .

It's fully interchangeable with ail known carbon
level systems. No more of the ‘snap, crackle and
pop’, just the message, clear and reliable, using
our new noise-cancelling high quality moving-coil
microphone with integral amplifiers.

A M P L I VO X | For noise-free communications, without ‘carbon’ crackles. Write or telephone for a |
COMMUNICATIONS I free demonstration, at your premises, without any obligation. |
LIMITED

| Name o

AMPLIVOX COMMUNICATIONS LTD. - !
BERESFORD AVENUE - WEMBLEY - MIDDX. | . |
TELEPHONE 01-902 8991 | Address. O
GRAMS AND CABLES - AMPLIVOX - WEMBLEY | |
| I
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The AE PPM3

The Audio Engineering Peak Programme Meter is des-

ned well within the British Standards specification.
19h|s precision instrument is used throughout all major
Broadcasting and Television Studios in the U.K. and
Europe. The PPM 3 is always used where programme

level must be accurately measured.

Printed circuit mounts directly to back of

Ernest Turner 643 or 642 meter.

Three meter scales available: British Standard

—BBC—European.

Nominal 24 Volts DC required.

High stability—all capacitors are Tantalum

electrolytic.

Frequency response: 40 Hz—-20 kHz + 0.2 dB
' 10 Hz—40 Hz+ 2.0dB

20 kHz—60 kHz + 2.0dB

Integration time: 10 m secs.

‘Fall back’ time: 3 secs.

Gold plated 10 way connector.

4 slave meters can be driven from 1 card.

Ferrous or Non-ferrous mounting.

Stereo PPM also available.

Manufactured by: Audio Engineering Ltd.,
33 Endell Street, London, WC2.9BA.

01-836 9373
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ENTHOVEN offersyou Europe’s Widest Range

One good reason for soldering with
Enthoven — whatever your needs — is the
Enthoven range. |t gives you a wide
choice of high quality products developed
for use with modern techniques. It in-
cludes Flux Cored Solder Wires, Solder
Pre-forms, Solid Solders, selective Fluxes,
solder specialities, materials for printed
Circuitry and for soldering Aluminium.
For complete technical details of Europe’s
widest range, ask Enthoven Solders Lim-
ited, Dominion Buildings, South Place,
London EC2. Telephone 01-628
8030; telex 21457; cables:
ENTHOVEN LONDONEC2

o=

1
I
R
]
1
1

IPRINTED CIRCUIT SOLDERS

SPECIAL PRODUCTS

BASE METAL EXTRUSIONS
LEAD POTS, TUBES & BRICKS

LIQUID SOLDERS, PAINTS
AND POWDERS

ALUMINIUM SOLDERS AND FLUXES

AND FLUXES

HIGH AND LOW MELTING POINT
ALLOYS

SOLDERS FOR SPECIAL SERVICE
HIGH PURITY METALS—PRE-FORMS

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
SOLDERING IRONS byl
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_ Ifitsworth
putting across its worth
a Shure Microphone

Do yourself a favour.
And your audience.
Equip yourself with a microphone that lets you be heard
the way you should be heard.
With every word faithfully reproduced.
Every note.
Every subtle shade of sound.
Take your own Shure Microphone with you on every date.
Just as the top stars do.

é SHURE

Model B515SA Unidyne B
This is the lowest-cost
Unidyne, but it has all the
| features that have made Unidyne,
. \ so ‘popular in show business.
You'll delight at the way it
. reduces feed back,’boomy’
reverb and pick-up of audience
noise. You can use it on stand
or in the hand, and there’s a
built-in On-Off switch, 20ft.
cable and a swivel adaptor.
The ideal microphone for high
performance on amodest budget.

Complete in carrying case.

SHURE ——>

Mode! B588SA Unisphere B
Maxi mike at a mini price !
Gives you maximum features

« For full details of Shure .
microphones, themost widely
used in show business, SEND
.« IN THE COUPON TODAY o
To: Shure Electronics Ltd.,

84 Blackfriars Road, London,

« S.E1.Tel:01-928 3424 .
I'd like to know more about
Shure Microphones for the

for your money. Superior ‘pop’ « Professional Entertainer. .
| rejection. Trouble-free Cannon type b Please send me the facts. . J
[ connector (normally found only NAME
| in higher-price models). *  ADDRESS .
' Superb anti-feedback ‘
performance. Shock-mounted y *
cartridge for quiet operation. i wr = Mg

Built-in On-Off switch which

¥/ can be locked at ‘On’. 20ft. I .
; cable. Swivel adaptor, Hear its SHURE . h
i natural, lifelike reproduction 1 - "

.. _thisis Unisphere through and o setting the world’s standard in sound. .
l through ! Complete in carrying case N T[]

WW—036 FOR FURI/HER DETAILS
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Reverberation Unit
Type 636

After the fun of the Audio Fair then whatever amplifier
equipment you have chosen you will no doubt be
interested in the added advantages of incorporating
Reverberation or Ambiophonic units. May we advise
you on this?

Ambiophonic Unit
Type 666

Let GRAMPIAN know your

requirements.

We shall be pleased to supply further details on B ERAMPIAN REPRODUCERS LTD
these two units, and-indeed on any Audio equip- ramplan HANWORTH TRADING ESTATE,

ments, including mixers, microphones and matching

FELTHAM. MIDDLESEX.
TELEPHONE: 01 894 9141

units etc. SOUND EQUIPMENT

AUD1/JACW/X/86.

WW-—037 FOR FURTHER DETAILS
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H,H ELECTRONIC

Industrial Site Milton Cambridge CB4 4AZ Tel. 63070
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AL OE SIGN

MODEL 2000
PLINTH SYSTEM y o

Motor boards in matching
veneers are ready cut and drilled
for screwdriver assembly with

The SME model 2000 PIinth system is more than a the appropriate pick-up arm and
handsome and convenient housing for your turntable turntable. An uncut board is also
available.

and SME precision pick-up arm. it meets the
mechanical requirements under which the best
performance will be obtained. High-quality
workmanship is combined with ease of assembly.

The basic unit is finished in selected veneers of teak,
straight-grained walnut, or rosewood. A one-piece
hinged lid in heavy acrylic is reinforced with-a polished
stainless-steel trim.

Four-point spring suspension

S M E adjfustable for height and
damping protects the motor
) ] board from acoustic feedback
Write for details to: SME LIMITED - STEYNING - SUSSEX - ENGLAND and external vibration.

WW—039 FOR FURTHER DETAILS
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JIACKSONS

Radio and Electronic Components
{(Made in England)

NEW! G6 GEAR BOX
SLOW MOTION DRIVE

* SMALL SIZE 44mm x 54mm x 11mm

deep.
%* In line input-output shafts.
* Dial/Pointer mount rotates 240
degrees while output rotates »—-3
180 degrees.

% Input shaft 8:1 ratio to output.
* Anti-Backlash Gearing.

«% Overtoad slip clutch protects the

driven component.
‘Wavemaster' variable capacitors

have brass vanes and a single
ceramic end plate. All have 0.248”
spindles, extended both ends for
.ganging by means of our Universal
Couplings. All are designed for
S.W. working and for one hole

Type 95 S.L.C. Law fixing. 6mm spindles to order if

Ball bearings, %" dia.

fixing bush. Front area

13" we X 14" h.

Type 87 S.L.C. Law Plain

bearings, §” fixing bush,

Frontarea | H” w.x 1" h.

required. Various capacitances.
Largest vane packs 300 pF 0.017
alr gap, 50 pF 0.64 air gap.
Type 92 Modified S.L.C. Law (S.W.
Tuning) Plain bearings, §* dia. fix-
ing bush.Frontarea 143" w.x 1§ h.

STAND-OFF INSULATORS

Jackson stand-off insulators are de-
signed to perform well in rigorous
environments. Their insulation
resistance exceeds 20 million meg-
h ‘ ohms even when atmospheric
3 humidity is high. (They meet
British Services test specification
DEF5334.) They will withstand
high steady voltages and intense r.f.
fields. Forty different types: ask
for catalogue.

Y Working voltages up to |0kV.

Y Stoved-on silicone treatment: water repellent.
¥ Ceramic bodies.

¥ Silver-plated tags.

Y No solder. No plastic. No adhesives.

¥
P.30 3-GANG and P.30 F.M. 3-GANG
% AM. 8.5 min. 320pF swing Trimmers 25pF swing

% FM. 25F swing

* Gear ratio 3:3 or 7:3 o 1:1

* 1.76in.x18in.x25in.

% Ceramic insulation.

P.20 2-GANG A M.
* AM. 10 min. 510pF swing
* Trimmers 25pF swing 1.75 in. x 1.8 in. x 2.5 in.

P.2 2-GANG A.M. F.M.

% Gear ratio 3:1 or 1:1

# Capacitance AM. 10pF min. 510pF swing

* Capacitance F.M. 4pf min. 10pF swing 1.75 in x
1.8in.x28in.

‘&:\nz,‘
&
\'ﬁ @ /,

)

It’s reliable if it’s =’ made by Jackson!

Write for literature

JACKSON BROS. (London) LTD.

DEPT. W.W. KINGSWAY—-WADDON
CROYDON, CR9 4DG

Phone: Croydon 2754-5 (01-688) 'Grams: Walfilco, Croydon
U.S. office : M. Swedgal, 258 Broadway. N. York, N.Y.10007

WW—040 FOR FURTHER DETAILS
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Telcon

soft magnetic

materials give

today’s circuits |
ro S

performance

Ten Supermumetal

100 cores being

installed in an Induc-

tively Coupled Double

Ratio Bridge manufactured W
by H. Tinsley & Co. Ltd.

Please send
for further
details of
Telcon

soft magnetic
matenials.

TELCON METALS LTD., Manor Royal. Crawley. Sussex.
Tetephone : Crawley 28800 Member of the m Group of Companies.

WW—041 FOR FURTHER DETAILS
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WIRELESS WORLD

ENQUIRY SERVICE FOR
PROFESSIONAL READERS

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

PLEASE USE CAPITAL LETTERS

Pour obtenir tout renseignement complémentaire sur les
produits mentionnés dans les articles ou dans les pages
publicitaires de ce numéros nous vous prions de remplir
une ou plusieurs des cartes ci-jointes en inscrivant le ou les
numeros de référence. Vos demandes de renseignement
seront transmises aux fabricants intéréssés qui, en temps
voulu, vous feront parvenir une réponse. |l est nécessaire
d’affranchir les cartes postées a [‘étranger. Ces cartes de
service sont valides pendant six mois a partir de la date de
publication.
PRIERE D’ECRIRE EN LETTRES MAJUSCULES

A33

Weitere Einzelheiten (iber irgendwelche Artikel, die auf
Redaktion-oder Anzeigenseiten erscheinen, erhalten Sie,
indem Sie eine oder mehrere der beigelegten Karten ausfiillen
und die Kenn-Nummer(n) angeben, |hre Anfrage wird an
den Hersteller weitergeleiter, und Sie werden dann direkt
von ihm horen. Karten die im Ausland aufgegeben werden,
missen frankiert werden. Diese Service-Karten sind sechs
Monate vom Ausgabetag giiltig.

BITTE IN BLOCKSCHRIFT AUSFULLEN

Per ulteriori particolari in merito agli articoli menzionati
nel testo o nelle pagine pubblicitarie di questo numero Vi
preghiamo di completare una o piu delle schede allegate
citando il numero o i numeri di riferimento. La Vostra
richiesta sard inoltrata ai fabbricanti interessati che Vi
risponderanno direttamente. Le schede dall’estero devono
essere regolarmente affrancate. Questo scontrino di servizio
¢ valido per sei mesi dalla data di pubblicazione.

St PREGA Dt COMPILARE LE SCHEDE
STAMPATELLO

Con objeto de obtener mas detalles de cualquiera de los
articulos mencionados en las paginas editoriales o de anun-
cios de este nimero sirvase rellenar una o mas de las unidas
tarjetas citando el nimero o nimeros de referencia. Sus
consultas seran transmitidas a los fabricantes. interesados
de quines tendran noticias directamente a su debido tiempo.
Las tarjetas enviadas desde el extranjero requieren fran-
gueo. Estas tarjetas de servicio son validas durante 6 meses
a parir de la fecha de publicacion.

SIRVASE ESCRIBIR CON LETRAS MAYUSCULAS

ASTRONIC SERIES 1700

For the finest reproduction
invest in Astronic Equipment
built from standard modules
for use in clubs, factories
hospitals, sport centres, hotels,
schools or where only the
best will do

ASSOCIATED ELECTRONIC ENGS LTD.
DALSTON GARDENS, STANMORE, MIDDX.
TEL: 01-204 2125

HA7/1BL
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If you have a meter problem, share it with
Anders. Our customers find the answer to most
of their problems in our vast stock of standard
meters. in fact the Anders range is the largest
and most comprehensive in the country
including, Panel Mounting and Portable . . .
Moving Coil, Moving Iron, Electrostatic, Thermo-
Couple, Moving iron Motammeters, Frequency
Meters, Wattmeters, Contact Meters . . . plus
Current transformers, Shunts and other ancillary
items. We also have the facilities for design

and production of non-standard instruments,
and printing Dial Faces with unusual Scales and
Legends.

Where production deadlines loom large the
need for meters in small or large quantities can
present the kind of problem Anders will be glad
to solve, fast and efficiently.

RNDERS ELECTRONICS LIMITED

48/56 Bayham Place, Bayham Street, London, N.W.1,
Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments
and Electronic Equipment. Sole U.K. distributors of FRAHM
Resonant Reed Frequency meters and Tachometers.

Anders means meters

WW-005 FOR FURTHER DETAILS
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OMRON PRECISION CONTROLS

division of . M.O. precision controls limited

process timers — level controls — Imitswitches
MICTo switches — sensors — proximity switches

LIMIT SWITCHES
SYS PRECISION TIMER

High accuracy timer, with automatic reset, and impulse start
facilities.
® Instantaneous and timed-out contacts rated at 6 amps
® Life in excess of 10 million operations
® Dial ranges from 0—10 seconds, and up to 28 hours
® Repeat accuracy + 3% of full scale
® Delivery from stock
£11 dependent on guantity.

o

TDS TRANSISTORISED TIMER ® Full range

® Roller arms

Fully transistorised timer, with buiit-in output relay and plug- ® Pi
ungers

in base.
® Instantaneous and timed-out contacts ® Coil spring
® Life in excess of 50 million operations ®Rod
® Dial ranges up to 180 seconds, linear time scale i
® On/off signal lamps fitted o J° smp [itiqs .
® Delivery from stock ® 10,000,000 operations
£10 dependent on quantity. ® Delivery from stock

NSY PRECISION TIMER L o el
New, modern timer for panel mounting, high accuracy with set
and moving pointers.
® Synchronous motor and clutch mechanism
® Two output contacts rated at 5 amps
® Life in excess of 5 million operations
@® Dial ranges from 0-10 seconds and up to 28 hours
® Repeat accuracy ++% of full scale
® Delivery from stock
£8 dependent on quantity.

' ® Full range
STP LOW COST TIMER ® Very low cost

Low cost, plug-in timer, with automatic reset, and impulse ® All types of actuators

start facilities. ® Heavy and light duty switches
® Miniature size, plugs in to standard octa} sockets ® Coin-operated switches
@ Synchronous motor and clutch mechanism
@® Dial ranges from 0—6 seconds, and up to 72 minutes

on ® Repeat accuracy +3% of full scale
S?‘EN.! ® Delivery from stock
- £6 dependent on quantity.

® New sub miniature switch
type SS5 breaks price barrier
for large quantity users.

Cunnections of water wupply with PL Connecting Secket.

61 FGP FLOATLESS LEVEL CONTROLLER

Plug-in switch with stainless steel electrodes; senses changes in liquid levels
through variations in resistance between electrodes. Controls pump operation to
empty and fill tanks or other vessels to pre-determined levels.

® Simple to instal and maintain, even in flowing liquids

® No electrolytic action

@®Solid state circuitry

® No immersed moving parts

® Extremely low in price

® Delivery from stock
£3.14s.0d. {price for switch only) dependent on quantity.

EX-STOCK EX-STOCK EX-STOCK EX-STOCK
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TRANSFORMERS

% OUTPUT 0-260V + INPUT 230V 50/60 CPS Y SHROUDED FOR BENCH OR PANEL MOUNTING

1“

1 amp £5.10.0

25amp £6.15.0
S5amp £8.15.0
B8amp £14.10.0

10 amp £18.10.0
12amp £21. 0.0
20 amp £37. 0.0

Inset shows
latest pattern
Brush gear

2] ensuring smooth

continuous
adjustment.

SOLID STATE VARIABLE

VOLTAGE CONTROL

% Output 25-240V

% Input 240V 50 CPS

* 5 amp & 10 amp
model

% Completely sealed

5 amp model £8.7.6
10 amp modet £13.156.1

50 AMP 0-24V
DC LT. SUPPLY UNIT

% Continuously Rated. W Laige Ammeter and
Voltmeter. % ideal for Plating Units. % Fully
protected  with Instantansous cut-out & Fuse.
W Intinitely variable up to 24V DC. Size and weight
18” x 12° x 27" High—70ibs. Rear wheels fitted
for ease of handling.

£85 C & P (inland) £3. 20 AMP 24 & 12V DC
LT. SUPPLY UNIT £35 C & P 40/-.

COMPLETE PHOTO- ELECTRIC
SENSOR in one unit

* Reflective type with built-in
light source

% Wili also operate from remote
light source

* Matchbox size

* Senses any object—colours,
thick smoke

Operates from 12V AC. Output
signal 0.2 amp. 100V.

Approximately £5 il 0 .0

dependent on quantity

|.M.O. PRECISION CONTROLS.
(Dept WWX) 313 EDGWARE ROAD,LONDON W.2.Tel 01-723 2232

WW—043 FOR FURTHER DETAILS

GOLDRING SERIES 800 and 850
STEREO MAGNETIC CARTRIDGES

G.850 Free Field stereo magnetic cartridge, intended

Our famous ‘800 Series’ True Transduction cartridges,
developed on the ‘Free Field’ principle, allow the most
delicate groove-stored signals to be accurately relayed
and re-created with uncompromising precision. And the

800 Super E For those
aiming at perfection—
extra low mechanical
impedance for ultimate
tracking is achieved by a
duo-pivoting arrangement
membrane-controlled to
avoid longitudinal or
torsional modes
blemishing performance.
Each cartridge supplied
with individual curve and
calibration certificate.

800/E Designed for
transcription arms, a
micro-elliptical diamond
is fitted to a fine
cantilever, end-damped
against natural tube
resonances, accurately
terminated in a special
conical hinge to give
pin-point pivoting.

Goldring

e

24 grams.

800 The 800 is designed
for standard arms and
changers where the
requirements for high
fidelity and robustness
usually conflict. Output
is bmV at 5 cm/sec.
R.M.S. Recommended
tracking weight 1} to

primarily for ‘budget’ hi-fi systems, offers all the
advantages of a good quality magnetic cartridge at a

very attractive price.

o l - ! — - —
4 ] !
800/H This Free Field
Cartridge is designed for
inexpensive changers to
track between 24 to 3%

grams and has a high
output of at least 8mV.

G850 This relatively
inexpensive Free Field
stereo magnetic cartridge
is capable of bringing out
the very best performance
that ‘budget’ hi-fi systems
can provide.

Goldring Manufacturing Company (Great Britain) Limited,
10 Bayford Street, Hackney, London E8 3SE.

Phone: 01-985 1152.
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Capacitance boxes availabte from
20pf.-140uf. Accuracies up to 0.05%

Inductance

Air space TmH-1H
Accuracy 5%

Resistance Boxes
from01-10M (L
Average accuracy O.1°/o
Resistance Elements

suitable for use up
to TMiHz.

Jay-Jay Junior Decade Capacitance Boxes

Cat. Ref. Accuracy 1%
JC1 3 Decade 100 pf: to
0.111 mfd. £12 18s. O0Od.
Jc2 3 Decade 30 pf. to
10,140 pf. £13 T4s. 0d.
Jay-Jay Inductance Boxes
Cat. Ref.
L1 3 Decade 1 mH to 1 Henry £37 0s. o0d.
L2 2 Decade 1 mH to 100 mH £26 10s. 0Od.
L3 2 Decade 10 mH to 1 Henry £29 19s. 0d.
Jay-Jay “Point One’’ Resistance Boxes
Cat. Ref. Average Accuracy 0.1%
Four Decade
RS 0 to 111,100 ohms by 10 ohm steps £24 0s. o0d.
Jay-Jay Capacitance Boxes R4 0 to 11,110 ohms by 1 ohm steps £24 10s. 0d.
Cat. Ref. R3 0 to 1,111 ohms by 1/10 ohm steps £25 O0s. 0Od.
Three Decade Model Five Decade
c3 100 pf. to 0.111 mfd. 1% Tolerance £22 0s. 0d. R7 0 to 1,111,100 ohms by 10 ohms steps £29 5s. 0d.
PC3 100 pf. to 0.111 mfd. 4% Tolerance £31 10s. 0d. R9 0to 111.110 ohms by 1 ohm steps £29 15s. 0d.
Four Decade Model R10 0 to 11,111 ohms by 1/10 ohm steps £30 5s. 0d.
c4 100 pf. to 1.111 mfd. 1% Tolerance £32 0s. Od. R11 0 to 10 meg ohms by 100 ohm steps £34 0s. od.
PC4 100 pf. to 1.111 mfd. $% Tolerance £44 0s. Od. High Dissipation Resistance Boxes
Switched Capacitance Boxes Five Decade
c100 1 mfd. to 100 mfd. 5% Tolerance £65 O0s. 0d. HD1 0 to 1,111,100 ohms by 10 ohm steps
C140 1 mfd. to 140 mfd. 5% Tolerance £75 O0s. 0d. 1% Tolerance £43 0s. 0d.
c60 0.1 mfd. to 61 mfd. 5% Tolerance £59 0s. 0Od. HDS 0 to 1,111,100 ohms by 10 ohm steps
Cc60oP 0.1 mfd. to 61 mfd. 1% Tolerance £110 0s. 0Od. 8% Tolerance £35 0s, 0d.
Air Spaced Capacitors HD1/L  01to 111,110 ohms by 0.1 ohm increments
vCi 10 to 160 pf. 1% Tolerance £11 0s. Od. 1% Tolerance £45 0s. 0Od.
Variable Capacitors Jay-Jday Junior Decade Resistance Boxes
vC2 20 to 1130 pf. 1% Tolerance £22 0s. 0d. Cat. Ref. Average Accuracy 0.4%
vC4 50 pf. to 0.1114 mfd. 1% Tolerance £28 15s. Od. Six Decade
VCS 50 pf. 0 1.1114 mfd. 1% Tolerance £43 0s. 0Od. J60 Range O to 1,111,100 ohm by 1 ohm steps £18 18s. 0d.
Precision Air Spaced Capacitors Five Decade
PVC1 5 to 200 pf. 4% Tolerance £33 0s. O0d. N Range O to 1,111,100 by 10 ohm steps £15 12s. 0d.
Precision Variable Capacitor J2 Range Oto 111.110 by 1 ohm steps £15 8s. 0d.
PVC2 15 to 100 pf. +% Tolerance £39 19s. Od. Four Decade
Precision Incremental Capacity J3 Range O to 111,100 by 10 ohm steps £12 8s. 0d.
PVC4 1% Tolerance £33 0s. O0d J4 Range O to 11,110 by 1 ohm steps £12 4s. 0d.
Precision Variable Capacitor Three Decade
Sves 1.1114 mfd. + 0.05% tolerance— J5 Range O to 11,100 by 10 ohm steps £9 19s. oOd.
major decade £21Q Os. 0d. J6 Range 0 to 1.110 by 1 ohm steps £9 18s. 0d.

Alliranges available from stock.
Write for description leaflet or demonstration.

J.b.1Llovd

Instruments Limited

Brook Avenue, Warsash, Southampton SO3 6HP.
Tel: Locks Heath 4221
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Module range includes :

Preamps for any impedance, Mic, Tape, Gram
Radio tuner, AM and FM

Paging tone

Factory timer with tone

Fire Alarm

Priority switching

VU and monitoring module

Automatic voice operated faders

CUE Electronics Ltd.

CUE: A completely new approach to high powered sound systems!

Standard announcement endless loop cartridge deck

Price is very competitive because you buy only what you need!
We operate a 24 hours module replacement by special delivery post.

For illustrated information catalogue write or ring:

145 Oxford Street, London W1RTB, England. Telephone 437 5362

Wireless World, October 1970

ILLUSTRATION SHOWS A COMPLETE 70
WATT RMS AMPLIFIER WITH 5 PLUG IN PRE-
AMPS VU. MOTOR. BASE AND TREBLE
CONTROLS AND MASTER GAIN CONTROL.
£121 TRADE.

Star Features:

Power range 5W to 1000W

Built to Broadcast Standard specification

Fully modular

Plug-in circuitboards with gold plated contacts
Advanced circuitry using latest techniques

Full circuit protection

Built in reliability

Fully tropicalized

Computer quality components used for cool running
Modular construction permits adding functions as
required

%t % % % %% % % % %

Applications :
PA in Factories, Stores, Fairgrounds, Stadiums
Sound reinforcement in Churches and Lawcourts

Paging and Music systems for Hotels, Motels, Restaurants

Mixing consoles for Theatres, Clubs, Discotheques
Language Laboratories
Schools, Universities and Hospitals

WW-—046 FOR FURTHER DETAILS

Read any good
meters lately?

Eagle offer some of the finest panel edgewise and
miniature meters that money can buy. And your money buys
more with Eagle! Panel Meters like the KM series, in a range
of seven sizes from 32 to 152mm, square, are already used by
many of the industries leaders because of their wide angle
shadowless v:ewmg and easy readablhty The entire KM
range is stocked in 10copA and 1mA movements.

As far as edgewise meters are concerned we have the
edge on everyone - in the general purpose and miniature
class a unit can cost you as little as £0.80 and be on your
doorstep within three days. When you receive it you can
subject it to the same test as our more expensive instruments
and you will still come up with the same answers.

For further information and catalogue, ring or write:

Industrial Division :-
Adler Micro Electronics
Coptic Street,

London, WC1A 1NR
Tel: 01-636 0961

LOOK UP TO EAGLE FOR y
VALUE IN ELECTRONICS -

WW—047 FOR FURTHER DETAILS
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ERNEST TURNER

ELECTRICAL INSTRUMENTS LTD.
TOTTERIDGE AVENUE
HIGH WYCOMBE

BUCKS. ENGLAND.
Telephone 30931/4
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MODEL SR1
tant solder remover
l;::l for printed circuit _work

and integrated circuits.
7

MODEL S RAZ
with non recoil
action

82/6

E
SOLDER pot

‘Hot' wire
stripper  for
p.T.F.E.
insulation.
24w operation.

Ovt/,e Smallest
volta
_solden‘ng irogne
udeal‘ for P"'med'
Circuit work.

V:6 watts

hermos(atically !
-f:on(rol\ed. mmuatur:“s
soldering uon; ?0 wl" .
5 bit sizes 7% — ¢
Available for 12v.

24y, V10V and b
210/250v. operatio

A miniatyre

Mains Voitage

1(S)Oldering iron

Full details of sizeq 2118 5 bit
these and other ]
instruments
fromthe Sole
U.K. and Export

K. S
distributors. +\.
W.GREENWOOD ELECTRONIC LTD.

21, GERMAIN STREET, CHESHAM, BUCKS
TELEPHONE: CHESHAM 4808/9.
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Give the stars their freedom!

That’s our motto, this is our method ; with the

Reslo-Audac Radio Microphone, stars such as

Des O'Connor and Peter Gordeno are freed from

trailing cables. Movement is compl/ete/y unhampered
Ideal for clubs, cabaret, theatres and

1 many other applications, Reslo-Audac

\ Radio Microphone has to be heard to

i be believed. Ask for a demonstration.
Transmitting, receiving or
amplifying, Reslo sounds superb . .
with ribbon microphones, boom
arms, floor stands, amplifiers,
loudspeakers, p.a.-systems, many

ISR/10 UNIT TYPE LS100B
Reslo latest ; LOUDSPEAKER
fully transport- Has five 8"
able. Combined | (20.3 cm.) dia.
loudspeaker, P.M. units.
p.a. system Power handling
and radio mike | capacity:
receiver. 10 watts max.
available.
Peter Gordeno
"
TYPE UD1 TYPE 530
Modern-style high- TRANSISTORISED
output microphone. AMPLIFIER
3 low impedance mike
inputs, 1 music input.

RESLO MIKES LTD ‘g
24 UPPER BROOK
ST.. LONDON, W.1

accessories. |llustrated catalogue freely

Des O’Connor

WW-—050 FOR FURTHER DETAILS

FREQUENCY MEIER

wAT. 4996 100-15C VOLTE

380 400 420
W CyCLESH

resonant
reed
LT (A METERS

used as standards in many industries

@ Accurate tq +0.3% or +0.1% as FRAHM Resonant Reed
specified Frequency Meters are available
in plastic and hermetically
sealed cases to Byitish and
U.S. Government approved
specification. Ranges
10-1700 Hz. Literature on
these meters and Frahm
Resonant Reed Tachometers
available on request.
Manufacture and Distribution
of Electrical Measuring
tnstruments and Electronic
Equipment. The largest stocks

@ Not sensitive to voltage or temperature
changes, within wide limits

@ Unaffected by waveform errors, load,
power factor or phase shift

@ Operational on A.C., pulsating or
interrupted D.C., and superimposed
circuits

@ Need only low input power
@ Compact and self-contained
@ Rugged and'dependable

ANDERS ELECTRONICS LIMITED

48/56 Bayham Place, Bayham Street,
Anders means meters  London NW1. Tel: 01-387 9092

WW—051 FOR FURTHER DETAILS

in the U.K. for off-the-shelf delivery.

This is the attractive new space maker, precision-built to get things

organised for you . . . loads of space to keep your hundreds of parts
in perfect safety. This stee)-strong 12-drawer unit comes to you in
a lustrous finish of grey or deep bronze green. Size: 24" wide, 13"
high and 12" deep. (Supplied with 12 special drawer-dividers free)

ORDER DIRECT FROM THE MANUFACTURER - USE THE COUPON BELOW

AEEEERER IIIIIIIIIIII

AV O 21 2{0 AVA\Vl senp ME[_J12A unit(s) =
L"V"TED Cheque enclosed £_____ E
Eagle Steehorks Nt |
- Heywood, Lancs.  [FEETPRRT RO =

Telephone.ﬁS(]]B Send me your free brochure [ ww
lllllllllllllllllllllll

pacesetters in storage equipment

WW-—052 FOR FURTHER DETAILS
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—
VRO SWEEF UNIT TMNS)

With a detected system flatness within '+ 0.05dB over
the full video range, and a battery of features to aid pre-
cise measurement, the new TF 2361 provides a standard
of accuracy not usually associated with general purpose
sweep generators.

This powerful new instrument is designed for use with
video or .v.h.f. sweeper plug-ins to form accurate and
comprehensive measurement systems — particularly in the

TV field.

. A wide range of sweep speeds from 0.01Hz to 100 Hz
make it ideal for use with X-Y plotters, display units or
oscilloscopes.

The TF 2361 main unit, which contains common power
supplies and circuitry for the plug-ins, features readily
removable chassis units for straightforward servicing.
Altogether an extremely comprehensive and well speci-
{fied sweep generator.

.

flatness to within 4- 0.05dB over the full band makee it
ideal for wide range, accurate frequency response checks gn
receivers, amplifiers, filters and attenuators.

% Unique alternate-sweeps-at-different-levels feature com-
plements the advantages of the flat output in making acceurate
frequency response checks.

% Unique TV lock facility locks sweep to a TV syne and
blanking waveform to provide a TV video sweep system.
Price £960 f.0.b.U.K.

V.H.F. 1 MHz to 300 MHz % Comprehensive internal

a4l

VIDEO ﬂ‘! IO 30.MEZek-Lnique d‘.et'ected?ystem

and external markers can be added to the detected output |

or can be used separately: positive or negative pulse or birdie
markers can be selected.

* R.F.attenuator may be used separately.

% Comprehensive range of detectors and probes available.
Price £1128 f.0.b.U.K.

MARCONI INSTRUMENTS LIMITED

A GEC — Marconi Electronics Company

Longacres, St. Albans, Herts. England Tel. St. Albans 59292, Telex 23550
WW—053 FOR FURTHER DETAILS
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ERIE’S DISTRIBUTORS
HAVE YOU COVERED.

off the shelf deliveries of selected Erie Electronic Components

FARNELL ELECTRONIC COMPONENTSLTD .,
Canal Road, Leeds, LS12 2TU.
Tel: Leeds 636311, Telex: 55147

HARPER ROBERTSON ELECTRONICS LTD.,
82 Loanbank Quadrant, Glasgow, S.W.1.
Tel: Dougtas 2711, Telex: 77634

HAWNT & COMPANY LIMITED,
112-114 Pritchet Street, Birmingham, 6.
Tel: 021 359 4301. Telex: 338814

ITT ELECTRONIC SERVICES,

Edinburgh Way,
Harlow, Essex.

Tel: Harlow 26777 Telex: 81146

LUGTON & COMPANY LTD.,

Radio House,
209-212 Tottenham Court Rd.,
London, W.1.

Tel: Museum3261. Telex: 25618

S.A.S.C.0. LIMITED,
P.0. Box 20, Gatwick Road,
Crawley, Sussex. ‘
Tel: 28481. Telex: 87131

WIRELESS-ELECTRIC LTD.,
Wirelect House,

St. Thomas Street,

Bristol, BS1 6JW.
Tel:294313. Telex: 449150

WW—054 FOR FURTHER DETAILS

ELECTRONICS

P

The Erie Distributor
Guide is available
on request from:

ERIE ELECTRONICS LTD.,
Distributor Division,

South Denes,

Gr. Yarmouth, Norfolk.

Tel: 4911 P.B.X.

Telex: 97421
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FF 8  Whatever your language is, we understand that
‘F;FL, you ask for quality. Our SQ-Series of Television
p|L g tubes gives you safety. at no extra cost.
PL ¢ Since 1955 we offer a complete line of European
;L % and American type receiving & industrial tubes for

Tubes

ULTRON

VALVES

10 K

LAIVIPES

worldwide export with off-the-shelf-service.

Name us the sample tube you want together with o

s &

D esC

7§

VALVOLE

Electronic GmbH
Schillerstr. 40
8 Munchen 15

our new price list WER 14 just off the press.

Write to us please, it's worth it!

DAL

~

Phone 555321 o

it
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ULTRON

Telex 0522456

|
}
|

i
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LEVEL §

LEVEL 2

e e — e e

Frequency Response
Phase Response
Power Response
Power at Clip Poing
Total Oulput.(IHF)

L.M. Distortion
(60-7KHz 4:1)

Damping Factor

Hum and Noise
(20-20KHz)

Slewing Rate

Dimensions

+0.1dbZero-20KHz at | watt into8 ohms, +0.6db Zero- 100K Hz.

LLess than 5°, 0-10KHz.

+ 1db Zero-20KHz at 150 watts RMS into 8 ohms.

Typically 190 watts RMS into 8 ohms, 340 watts RMS into 4 ohms per channel.
Typically 420 watts RMS into 8 ohms, 800 watts RMS into 4 ohms.

Less than 0.1% from 0.01 watt to 150 watts RMS into 8 ohms, typically below 0.05%. (max
0.05%.

Greater than 200 (Zero to 1KHz into 8 ohms at 150 watts RMS).
100db below 150 watts RMS output (unweighted, typical 110db).

8 volts per micro-second. S-R is the maximum value of the first derivative of the output signal.

19in. standard rack mount (W.E. hole spacing), 7in. height, 94in. deep (from mounting surface).

DUAL-CHANNEL

POWER AMPLIFIER

% DC-Coupled throughout!

% Short Circuit proof!

* 500 Watts RMS Mono.

% 70 Volt Balanced line out!

% Only £320 inc. duty!

CARSTON ELECTRONICS LTD.

Weight 40 pounds net weight.

Finish
door, and chassis.

Bright-anodized brushed-aluminium front-panel with biack-anodized front extrusion, access

71 OAKLEY ROAD
CHINNOR, OXON,
Telephone: Kingston Blount 8561.

WW-—057 FOR FURTHER DETAILS

TELEPRINTERS - PERFORATORS
REPERFORATORS - TAPEREADERS
DATA PROCESSING EQUIPMENT

SALE OR HIRE

2-5-6-7-8 TRACK AND
MULTIWIRE EQUIPMENT

Special Codes Prepared

TELEGRAPH AUTOMATIONAND COMPUTER PERIPHERALACCESSORIES

DATELMODEM TERMINALS, TELEPRINTER SWITCHBOARDS

Picture Telegraph, Desk-Fax, Morse Equipment: Converters
and Stabilised Rectifiers; Line Transformers and Noise Suppres-
sors; Tape Holders, Pullers and Fast Winders; Governed,
Synchronous and Phonic Motors; Teleprinter Tables and
Cabinets; Silence Covers; Distortion and Relay Testers;
Send/Receive Low and High Pass Filters; Teleprinter, Morse,
Teledeltos  Paper, Tape and
Ribbons; Polarised and special-
ised Relays and Bases;
Terminals V.F. and FM.
Equipment; Telephone Carriers
and Repeaters; Diversity; Fre-
quency Shift, Keying Equipment;
Racks and Consoles; Plugs, Sockets, Key, Push, Miniature and
other Switches; Cords, Connectors, Wires, Cables, Jack and
Lamp strips, and Switchboard Accessories; Teleprinter Tools;
Stroboscopes and Electronic Forks; Cold Cathode Matrics;
Test Equipment; Miscellaneous Accessories, Teleprinter and
Teletype Spares.

W. BATEY & COMPANY

Galety Works, Akeman Street, Tring, Herts
Tel: Tring 3476 (STD 0442 82) Cables: RAHNO TRING
Telex: 82362, A/B BATEY TRING

WW—058 FOR FURTHER DETAILS

N

JT. -

‘POP’ RANGE OF
LOUDSPEAKERS

% Designed for General Purpose
Public Address Systems

* Ideal for Vocal and
Instrumental Groups

% Heavy Cast Chassis

% Latest High Efficiency
Ceramic Magnets

49{!’ POP'15' 99/

Fitted Tweeter Cone

12" FULL FREQUENCY RANGE

Rating 15 Watts R.M.S. Imp. 15 ohms.

POP ‘30C° ;. ... £5.19.

12" FULL FREQUENCY RANGE

Rating 26 watts R.M.S. Impedance 16 ohms.

Recommended
Retail Price

Recommended
Retesil Price

_Above types not intended for use with Electronic Organ or Bass Guitar _

ULTRA HIGH POWER TYPES

Impedance 8-156 ohms. For general use
Inc. Bass Quitar and Electronic Organ.

POP ‘50’
POP '60' 15in 60 Watts " —

Recommended
Retall Price

92in 50 Watts R.M.S. Gauss 14,000 lines 10 Gns.

12 Gns.
POP ‘100' 18in 100 Watts ,, . 14,500

21 Gns.
Sole Distributors to Wholesale and Retail Trades

I.IN EAR PRODUCTS LTD., eLecTRON WORKS, ARMLEY, LEEDS 12

WW—059 FOR FURTHER DETAILS
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Now hear this!

Goldring and Toa
ave a lot of valuable
ings to tell youon A

Welcome the news that Goldring and Toa can
offer you the most advanced range of P.A. systems.
Nothing but the best—in high performance products ..
P.A. Amplifiers-microphones—horn speakers—
megaphones—power intercoms—meeting :

i

amplifiers—background music players, etc.

Goldring @

Sole UK distributors of modern P.A. systems by Toa Electric Co., Ltd, -
Goldring Manufacturing Co. Ltd. (Great Bntaln)

10 Bayford St, Hackney, London E8 3SE.

Werite or Telephone 01-985 1152 For Full Details

WW-—060 FOR FURTHER DETAILS
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. ] - Forms channels and angles
o down to 45 degrees which
' 4 can be flattened to givesafe
edge. Depth of fold accor-
ding to height of bench.
1 48~ 13 2P €40 0 0 | One year's guarantee.
36 16 auge capacity. 11111110 £30 0 o | Moncy back'if not sacisfed.
24" X |6 gauge Capacity. ..o.ovuuennn. £29 0 O | Send for details:
Carriage Free
A. B. PARKER
Also the well-known vice models of i e ot
36" % 18 gauge capacity. ... .ccverve.- £15 0 © :
24”% 18 gauge capacity.....ceccveave £l0 0 O UEEE(RMgEJ%'\‘IsliESTYROEEES
18” % 16 gauge capacity.......cccenn. £l0 0 O H v » 2
Carriage Free Telephone 3997

WW--061 FOR FURTHER DETAILS
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Your choice of
Live Sockets-
Instantly!

A Lexor DIS-BOARD gives you up to 6

sockets from one power outlet. Portable
or permanent fixing, compact unlts, with
safety neon. Over 1,000 socket
combinations available from stock. All
types of fittings and finishes.

brochure from

LEXOR DIS-BOARDS LIMITED,
Allesley Old Road, Coventry.
Telephone 72614 or 72207

Current Integrators

The whole range of Elapsed Time Indicators {E.T.l.) consists of —

CHRONISTOR ® —Electro-chemical E.T.l. based on copper for. 100, 1,000 and 10.000 hours,
This one is expendable after use.

MERCRON —Electro-chemical E.T.1. based on mercury for 100, 1,000 and 10,000 hours.
Exists in six different models.

HOROCONTROL@ —=Electro-mechanical E T.1. for A.C., or D.C. for 9999.9, or 999.99 hours,

iiI INOUSTRIRAL

INSTRUMENTS
LIMITED

ELAPSED TIME INDICATORS

SALES AND LABS: STANLEY ROAD, BROMLEY, KENT. TEL: 01-460 9212/3 AND 01-464 5812
FACTORY: PONSWOOD INDUSTRIAL ESTATE, HASTINGS, SUSSEX. TEL: HASTINGS 7344/5/6

MERCAON MERCRON

MANUFACTURERS OF — QTR
® T¥PE 201 [T

TRANSIPACK

STATIC POWER meacron chronsisToR

e O Sl SI=T =

EQUIPMENT

MK X Y]
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Nombrex accuracy!

e —— T ———

-

R.F. SIGNAL GENERATOR MODEL 31
Price £12. 10. 0d

We consider tr_nis instrument to be the best R.F. Signal
Generator on the market today at its price. No amateur radio
enthusiast or educational establishment should be without one.

Note a few of the specification details below:—
Wide range 150 KHz-350 MHz.

Accuracy better than 2%.

R.F. Output, or modulated 400 Hz.

A.F. Signal available externally.

Output average 100 mV overall.
Continuously variable attenuator.

Fully transistorised circuitry.

Provision for external supply.

All Nombrex instruments are guaranteed against defective
parts or faulty manufacture for 12 months.

\

Trade & Export enquiries welcome. Send for full
technical leaflets. Post and Packing 6/6d. extra.

NOMBREX (1969) LTD. EXMOUTH DEVON

Tel: 03-952 3515

CALIBRATION PROBLEMS?

We specialise

in the repair

and calibration of
all proprietary
and commercial
test equipment

We can provide the following services

@® FULLY GUARANTEED REPAIR OF
INSTRUMENTS

@® CALIBRATION CARRIED OUT TO
MANUFACTURERS’ SPECIFICATION

@® ALL TYPES OF MULTI-METERS, INC.
AVOMETERS, REPAIRED

@ REPAIR SERVICE 7 DAYS
® WIRING AND SHEET METAL FACILITIES

Write or ‘phone

FIRNOR-MISILON LIMITED

MARSHGATE TRADING ESTATE,
MARSHGATE DRIVE, HERTFORD.

WW—064 FOR FURTHER DETAILS
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Take a QUAD 50E
Amplifier (a good start for any installation)

plug it into your monitor system and it bridges 600Q
lines to drive your speakers.

Take that same amplifier and, without changing it in any
way, plug it into another installation to deliver 50 watts
into 100 volt line * from a 0.5 volt unbalanced source.
This versatility and its attendant easing of stocking and
maintenance problems is one reason why large organis-
ations use the Quad 50E.

*or indeed any other impedance from 5 to 250 ohms.

Other advanta ges appropriate to users of all )

sizes include: 3 ' A D
Excellent power and frequency response QU

Low distortion (0.1% at 1kHz at all power levels).

Low background (better than 83 dB referred to for the CIosest

full output).

Pre-set level control adjustable from front panel. approach to

Unconditionally stable with any load.

Proof against misuse including open or short =

circuited output. . the Ol‘lglna| sound
Small size (42" x6%" x123")—

(120 mm x 159 mm x 324 mm).

Send for details to Dept. W.W., ACOUSTICAL MANUFACTURING CO. LTD., Huntingdon, Hunts. Tel: (0480) 2561

WW-—-066 FOR FURTHER DETAILS
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Dinkicases are one of the most popu-
lar series of cases from the extensive
Imhof-Bedco range. Each size being
availableforeitherverticalor horizontal
use, they are suitable for a multitude
of purposes. Supplied complete with
- front and rear panels and finished in
'~ attractive two-tone colour scheme. A
' fold-under leg (as illustrated) may be
.. fitted as an optional extra

Full information on Dinkicases and ,~7~
over 200 other standard Imhof-Bedco

Y . Vi,
Imnnf- nenc“ cases are contained in our catalogues N 72/
—send today for your free copies
w29

Imhof-Bedco Limited dept WW10 Ashley Works Cowley Mill Road Uxbridge Middlesex
telephone Uxbridge 37123 telex 24177 telegrams Imcase-Uxbridge-Telex
WW-—067 FOR FURTHER DETAILS

Just what s this ABR,that makes such
a vital difference to the ‘DITTON 15°?

The “DITTON 15"
Now firmly established as a superb high-fidelity loudspeaker. Design features
include the exclusive CELESTION ABR (auxiliary bass radiator), HF1300 treble
unit—as used in B.B.C. Monitor Loudspeakers —and specially developed mid/bass
unit. Low loss L/C crossover.

Power handling: 15 watts r.m.s.; 30 watts peak. Impedance 4—8 ohms.
Dimensions: 21 in. X 9%in. X 93 in.
Choice of finish: Teak or walnut.

Recommended Retail Price £29

. Studio quality high frequency
unit (HF1300 Mk. 2).

As used in B.B.C. Monitors.

. Anechoic cellular foam wedge
and lining eliminates standing
waves.

. High hysteresis pane] loading
material to eliminate structural
resonances.

. Auxiliary Bass Radiator (ABR)
—plastic foam diaphragm of high
rigidity and low mass having a
free air resonance of only 8Hz,
double roll suspension allowing

excursions up to 3” with virtual
absence of distortion.

5. 8” bass unit, with free air reson-
ance of 25 Hz, and massive
Ferroba |l magnet structure for
optimum magnetic damping and
cone treated with viscous damp-
inglayerto suppress resonances.

. Units mounted flush to elimin-
ate diffraction effects and tunnel
resonances; covered by acous-
tically transparent grille cloth for
maximum presence.

7. Full L-C Crossover network.

It's an interesting story—and worth enquiring about. Send for
details of the three Celestion "Ditton’ Hi-Fi Speaker Systems.

. Loudspeakers for
Celestion the Perfectionist

ROLA CELESTION LIMITED. FOXHALL ROAD, IPSWICH, SUFFOLK. 1P38JP, ENGLAND
Telephone: Ipswich 73131. Cables: Voicecoil Ipswich. Telex: 98365

Studio
Series

WW-—068 FOR FURTHER DETAILS
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The Power People

WELWYN ELECTRIC LIMITED

(Founded 33 years ago)

Experience counts - and greater experience
counts more. In this exciting Electronics
Industry where a time span of over three
decades stretches back almost to the begin-
ning...Welwyn Electric was there even then,
pioneeiing the way ahead in the component
sector of the market with thelr Vitreous
Enamelled Power Resistors.

Today, Welwyn’'s ranges of Power Resistors
L= have been improved and extended, and are
b Can ey accepted as the standard which others strive
LAy to achieve. But by the time they do, it will be
tomorrow and Welwyn will have moved
further ahead by thenl

" i

Tl ) b W
JAMEgs ALDER

Sparrow Hawk (Accipiter nisus)

! J\ o

ur wing span - a third of a century

WW—069 FOR FURTHER DETAILS
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Twonew models

from Garrard

The SP 25 Mkl a single play unit cleanly styled

in black and silver with performance to DIN 45-500
will be even more popular than its predecessor
the SP 25 Mkll which dominates this market.

Single record play with fully automatic

facility; three-speed with aluminium turntable;
calibrated bias compensator; viscous-damped
cue and pause system; a slide-in cartridge
carrier; dynamically balanced , low-
resonance tubular pick-up arm; and
calibrated fine stylus force adjustment.

Recommended retail price-£12.12.6. plus £3.1. 8. P.T.

The AP 76 is designed for the discerning customer.

Its elegant styling matches its superb performance.

Only Garrard offer such a fine transcription

turntable with as many features in

this price range. A three-speed fully

automatic or manual play unit styled in
satin black and silver. Finger-light tab
controls; low resonance tubular pick-up
arm dynamically counterbalanced by a
decoupled weight; gimballed rear

arm pivotry. Slide-in cartridge carrier;

bias compensator calibrated for spherical and

elliptical styli; a calibrated fine stylus force adjustment;

large diameter aluminium turntable and a viscous

damped cue and pause system. All units individually tested

to DIN 45-500 standards.

Recommended retail price-£21.1.11. plus £5.3.2. P.T.

& &
@ a PLESSEY quality product %% Garrard Engineering Limited, Newcastle St., Swindon, Wiltshire. Tel: Swindon (0793) 5381

WW-—070 FOR FURTHER DETAILS



: Sound sense
thats a Garrard turntable

Sound engineering-as you'd expect from the pioneers who grew up with
the gramophone. No chances taken. No corners cut. No concessions made.
That's why you can be sure of top quality and real value for money
from every Garrard model. :
They give you a lot of choice too.
You'll find Garrard have something to suit every taste and every pocket.
In fact Garrard is the only manufacturer that makes a complete range.
And now it's even better with the introduction of two superb new
Hi Fi models - the SP 25 MkIll and AP 76.

Just look at these new Garrard models on the page opposite and see
what they offer. . ..

To: Garrard Engineering Limi_ed, Dept. W10

Newcastle Street, Swindon, Wiltshire, England. _
Please send me, without obligation, free copies of the Garrard Guides.
Name

Address
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And how tostopiit

First, measure it — on the Raunk Studio Flutter Meter.
The Type 1740 measures accurately the degree
of Wow and Flutter on sound recorders
and reproducers.
For more information write to:

Wireless World, October 1970

AMPLIFIERS OF QUALITY
AND RELIABILITY
at the right price!

‘PHASE 12

An extremely attractive all
silicon stereo amplifier, ideal
for unit audio use. Facilities
include MAGNETIC  and
CERAMIC P.U. RADIO,
TAPE etc. Output 6 watts
per channel Freq. Response ONLY
40-40,000 c.p.s.—3 dB. Hum Level—74

dB. Controls include Input Selector, Volume, 24 G ns -
Balance, Bass, Treble and Stereo/Mono Recommended

Switch. Black and silver facia panel with Retail Price

satin silver control knobs. Slimline finish enhanced by good quality
Teak cabinet housing.

‘PHASE 50’

P.A. AMPLIFIER

A solid state A.C. mains unit
for Vocal and Instrumental
Groups and General Public

Address use.

xS RANK

3 separately controlled inputs

FILM % 50 watts output (Peak)
% High sensitivity
EQUIPMENT 2Re9comr§n5!ds = % 3-30 ohms matching
Rank Audio Retail Price w
*

Visual Limited
P.O.Box 70
Great West Road
Brentford, Middx.
Tel 01-568 9222

Freq. Response 22 c.p.s—30 Kcs

For leaflets on the above and other models
in the FAL range please send SAE to—

FUTURISTIC AIDS LTD. 104 He/ncnnner Lane, Leeds 13.

WW—074 FOR FURTHER DETAILS

TIES

PRONOUNCED R-TEZ

WW—071 FOR FURTHER DETAILS

J E S AUDIO INSTRUMENTATION

Wustrated the Si 451
Millivoltmeter — pk-pk
or RMS calibration with
variable control for rela-
tive measurements. 40
calibratedranges £32.0.0

SEMICONDUCTORS

Sid452 ............ £27.00 Si4b3 ............ £37.0.0
Distortion Measuring Unit. Low distortion Oscillator.
15¢c/s — 20 Ke/s— .01%  Sine — Square — RIAA

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (OWR62) 2501
BRADFORD ROAD, CLECKHEATON, YORKSHIRE

WW-—072 FOR FURTHER DETAILS

Write now for catalogue
ATES ELECTRONICS LTD., MERCURY HOUSE,

PARK ROYAL, LONDON W5
TEL:01-998 6171 TELEX:ATES LONDON 262401

WW—075 FOR FURTHER DETAILS

HATFIELD SIGNAL DIViBEne

These VHF Signal Dividers offer an efficient and inexpensive method of dividing a signal
between two outputs while maintaining optimum VSWR and insertion loss characteristics.
Frequency range is d.c. to 1 GHz, through power 1W maximum. Two impedances are available: Type
765/A 60 ohms: 765/B 75 ohms. The Dividers are fitted with BNC connectors, and a four port model
with a similar specification will be available shortly.

A range of low-loss passive couplers in both bridge and transformer types
is also avallable. Both three and five port versions are available for use in
the frequency range 10 KHz—200 MHz and these units may be used as
couplers or splitters. Insertion loss of each channel is very small {in the
region of 1 dB) and inter-channel isolation very large (typically greater than
20 dB). Ask for Leaflet B10/10/69. Enquiries welcomed for multi-couplers.

For fast deliveries and full specifications, please contact:

HATFIELD INSTRUMENTS LTD. Dept. WW, BURRINGTON WAY. PLYMDUTH. DEVON PL5 3LZ,
u N Telephone: Plymouth (0752) 72773/5 Telex: 45692
Cables: Sigjen Plymouth.

WW—073 FOR FURTHER DETAILS
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2 into 1 can co

Direct
Radiator
Low-frequency
Unit

Integrated
Full
Range
System

Horn Loaded

I':::) High-
frequency

Unit

GOLDJ
DUAL CONCENTRIC

... provides the perfect integrated source
needed for stereo. The Monitor Gold is
two separate transducers in a single
assembly fed by a sophisticated cross-over
and treble control network.

TECHNICAL SPECIFICATION The majority of
Frequency Response: 30-20,000 Hz. Power Handling . : .
Capacity: 15" 50 watts, 12" 30 watts. [[ILZ 15 watts. Recordlng and TV Studios
Impedance: 8Q nominal, 5 minimum. use TANNOY monitors

\ TANNOY /‘/® NORWOOD ROAD, WEST NORWOOD, LONDON, S.E.27 01-670 1131

WW—076 FOR FURTHER DETAILS
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Contil cases are mass-produced to give lowest
prices yet. In 2l-gauge steel. Finished hammer
blue, with 18-gauge front panel supplied with easy-to-strip protective covering for easy marking out.
For ease of ordering Contil cases are described by their dimensions, i.e. 755is7 X 5 X 5. Individually

packed, including feet and screws.

panels and Con-

1277 unpainted

CASE PRICES (Al subplied with protective coated steel panels)

Contil cases are Nos. denote size in inches 1 5 10

also available 755/ 48/- 46/- 45/-

. fa *867/975 50/- 49/- 48/-
m

Eich almmipt 1277 white or black panel 55/- 52/- 51/-

45/-  44/- 43/

ing and cutting.

Youn thind liand

The ONTOS UNIVERSAL VICE is a new type of multi-purpose, multi,—po.sitio.n
light engineering vice and stand, fully adjustable for any angle ar)c_i Ioatlor\. in
any desired plane. Applications are virtually limitless within its size capacity;
i.e. holding P.C. boards for assembly or testing, building up modules, s a
mlcrometer or gauge stand, as a light general purpose vice, in the chemical
laboratory, or in fact for all those occasions when you could use a third.hmd!
The ONTOS TWIN TWO-IN-ONE UNIVERSAL VICE is a unique two-in-one
version of the Ontos vice, with two sets of jaws, each capable of rotation
through 360 deg. of every plane Independently of each other. Positive Io:k,ng
enables any such setting to be maintained for repetition work. Ideal for.copymg
P.C. boards, assembly, soldering, bonding, welding, laboratory testing, etc.

ONTOS: 68/- plus P&P 4/6.
ONTOS TWIN: £5 18 O plus P&P 6/-.

ﬁ.

3 NIBBLING

- L
=

ADEL

CUTS, NOTCHES
AND TRIMS

The Adel cuts holes to virtually any
shape and size. Starting with a 7/16” hole
it then ‘nibbles’ to the size required,
cutting cleanly like a punch and die. The
cutter is so designed that it causes little ‘ACCESSORIES
strain or distortion to the edges or to the
original form. With the Adel any shape or black, at 13/- each with

tilcote, which is 16127 106/- 104/- 102/-
appliedafterdrill- 191010 143/- 140/- 137/-
191010D 199/- 197/- 196/-

WEST HYDE DEVELOPMENTS LTD.
RYEFIELD CRESCENT, NORTHWOOD HILLS,

25 50 100 P&P
44/- 43/- 41/ g/-
46/- 45/-+ 43/- /-
50/- 49/- 48/- 8/
40/- 39/- 37/- 8/-
101/- 99/ 97/ 9/6
135/- 134/- 133/- 10/6
194/- 192/- 190/- 18/-

%

Flexible fInsulated test
prods, colour red or

fine steel clips at the tip,

size hole over 7/16” can be cut whether it opened by button on top.
be round, square or irregular. It is ideal
for notching clearances on flanges of 2nd socket with speed of

High speed resetting
counter including bezel

over 40 operations per

cabinets or chassis, or for trimming second 165/-. Plug in oc-
undersized holes to fit parts.

tal relay, 24 volts, with
two changeovers 17/6.

NORTHWOOD, MIDDX.

Telephone: Northwood 24941/26732

Telex:923231

WW—077 FOR FURTHER DETAILS

ideal for development

cheaper for production

PVC COATED MATERIALS. No _outside paint t0o be
scratched, PVC easy to clean. surface is scuff resistant.
PVCJALUMINIUM FOR FRONT & BACK PANELS gives
‘easy cutting with rigidity PVC/STEEL FOR SIDES, TOP &
BOTTOM gives rigidity, low cost, ease of assembly,
3 HEIGHTS OF CASE. 4 WIDTHS, 2 DEPTHS, make 24
cases with screws on top and 24 cases with screws on
side, that's 48 different cases. LOW COST. Prices include
chassis. MODERN DESIGN. Metal work on front and
back and chassis is made easier by aluminium with PVC
cladding. PVC/steel on sides and bottom for strength.
GOOD DELIVERY. Off the

shelf range of all PV(L.{ -
\f

coated cases.

i

NOTETHE -
LOW COST 3
X Y 2 1 off P. & P.
Al as 3165 34/- 3/~
B| 45 716.5 40/- 4/6
C|las| 10|65 50/- 4/6
D| 9 3|65 | 50/- 4/6
E 9 7]6.5 55/- 4/6
F 9| 10165 65/- 4/6
G| 13 3]|6.5 55/- 4/6
H| 13 7 |6.5 65/- 4/6
| 13 10 | 6.5 73/- 6/—
J| 18 3|65 65/- 4/6
K| 18 7-16.5 .89/- 6/—
L] 18 10 |6.5 | 107/- 6/~
M|4.5 3|13 40/- 4/6
N145 7113 55/- 4/6
045 10 | 13 73/- 6/-
P 9 3113 55/- 4/6
Q 9 7113 73/- 6/—
R 9 10{13 | 89- 6/—
S|13 3113 73/- 6/~
Tt 13 i s 89/- 6/—
ujl13 10 | 13 109/- 7/6
{v] 18 &) 19 89/- 6/—
W] 18 7113 107/- 7/6
X1 18] 10 |13 138/- 7/6
Sizes in inches
PLEASE
NOTE
All products ex-
stock for normal
quantities. Re-
turn of post ser-
vice. Minimum
order £1. Fully
detailed leaflets
available.
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Wonders of the modern world

electronic valves, semi-conductors, neons & indicators for export

Teonex products, of course! Over 3,000 of
them, electronic valves, semi-conductors, and
now —neons and indicators too... all performing
superbly in many climates . . . all at prices that
are very competitive.

How do Teonex do it?2 Specialisation in one
field. Concentration on export only. Very strict
quality control.

Sold in sixty countries, on Government or
private contract, Teonex offers you a com-
prehensive range, with most items immediately
available.

For technical speciftcations and prices, please
write to Teonex Limited, 2a Westbourne Grove
Mews, London W.11, England. Cables: Tosuply

" TEONER

WW—078 FOR FURTHER DETAILS
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Oxley Snales

The extensive range of Oxley Snales now
include an Eyelet version (which is ideally
suited for mounting |.C. Packs and other
components for experimental work). They
augment the well known standard range of
Oxley ‘‘Snales” suitable for mounting in
0.040inches, 0.050 inches diameter holes.

Send for technical details and samples.

OXLEY DEVELOPMENTS CO.LTD.
Priory Park, Ulverston, North Lancs, England OX L E Y @
Tel: Ulverston 2621 Telex: 6541 Cables: Oxley

Ulverston

WW-—079 FOR FURTHER DETAILS

CHIL."T'TCIINX

Send for informative brachure fully explaining:
1. Why a single motor. 2. Electrical performance. 3. Wow and flutter.

MAGNETIC TAPES LTD.
CHILTON WORKS, GARDEN ROAD, RICHMOND, SURREY
Tel: 01-876 7957

Wireless World, October 1970

! TRANSICLEAN ©

I uLTRASONIC CLEANER I
[ TYPE 66 [

I — £140.0.0 I“

I“ 25m X 25m X 15cm NETT EX-WORKS I
[ LID £3.0.0 EXTRA

IlI iINDusTRIAL I

INSTRUMENTS [
LIMITED 1

I“ STANLEY ROAD, BROMLEY, KENT, ENGLAND. l“

. Tel: (01) 460-9212:)

I" Telegraphic Address: TRANSIPACK, BROMLEY. I
8

USED THROUGHOUT THE WORLD, SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY.
RELIABILITY. VERSATILITY. UNSURPASSED TESTER
PERFORMANCE COMES WITH EVERY SANWA,

6 Months' Guarantee. Exceflent Repair Service

Model P-I8 €3 7 6 | Modelk-30THO 12 0 0
Madel JP 50 €510 0 yo4er.80TRD 1315 0
Model U-500N €710 0 [ e A6 0 G
Model 360-YTR €717 6

Model A-303TRD £10 10 o | Model430-£S @ 0 0
Model AT-t £11 1 B Model EM-700 £5t 0 0

Cases available with most meters
PLEASE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA

MODEL K30THD METERS
SOLE IMPORTERS IN UK;

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. Tel:01-546 4585

WW—082 FOR FURTHER DETAILS

ENCAPSULATION -

low tool cost method for cylindrical
coils and potting. Enquiries
also for—

REED RELAYS
SOLENOIDS
COIL WINDING
TRANSFORMERS
to 8 K.V.A.

Solenoid SBM.
33Ibsto161lbs at1”

R.A. WEBBER LTD,

Knapps Lane, Bristol 5. 0272 657228

WW—081 FOR FURTHER DETAILS
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Things

are looking up

as7

Some stereo sophisticates have fong looked
down their noses at combination components and
at slimline speaker systems. With reason.

But those same people had better start looking
up. Now. Because that’s where it's happening.

The most up-to-date compact stereo center you
can find, for example, is the new three-in-one
MC-50, from Sansui, a combination stefeo tuner/
amplifier/turntable built with all the engineering
know-how that has made Sansui components the
most sought-after in the world.

Designed to influence a room without
dominating it, the MC-50 incorporates a 30 watt
high performance amplifier, sensitive FET-equipped

such sophisticated devices as Sansui’s exclusive
Acoustic Control for superior performance
regardless of the listening environment.

Things are looking up in speakers too. The
newly-developed Sansui SL-7 system offers true
high-fidelity sound for the first time ever in a
slimline system, comes in lustrous pearl or natural
wood and is suitable for wall mounting.

And for a peerless tape component, move up to
the new Sansui 3-motor 4-head SD-7000, a 4-track
2-channel deck with advanced relay/solenoid
controlled tape transport system.

Things are looking up in stereo. And to get the
complete picture, look up your nearest authorized

tuner, and advanced turntable with Automatic
Return and Cut systems.
Plus it’s got a concealed control box housing

Sansui dealer. He'll be glad to tell you more.

000000000
POCOONNNENN

England: VERNITRON (UK) LTD. Thornhlill, Southampton 509 1QX Tel: Southampton 45166 / ireland: RADIO CENTRE 122A, St. Stephen’s Green,Dublin 2 / West
Germany: COMPO HI-FI G.M.B.H. 6 Frankfurt am Main, Reuterweg 65/ Switzeriand & Liechtenstein: EGLI, FISCHER & CO. LTD. ZURICH 8022 Zurich, Gotthardstr.
6, Claridenhof / France: HENRI COTTE & CIE 77, Rue ).-R. Thorelle, 77, 92-Bourg-la-Reine / Luxembourg: LUX Hi-Fi 3, rue Glesener, Luxembourg / Austria: THE
VIENNA HIGH FIDELITY & STEREO CO. A 1070 Wien 7, Burggasse 114 / Belgium: MATELECTRIC S.P.R.L. Boulevard-Léopold II, 199, 1080 Brussels / Netherlands:
TEMPOFOON N.V. Tilburg, Kapitein Hatterasstraat 8, Postbus 540 / Greece: ELINA LTD. 59 & 59A Tritis Septemvriou Street, Athens 1037/ Italy: GILBERTO GAUDI s.a.s.
Piazza Mirabello 1, 20121 Milano / South Africa: GLENS (PTY) LTD. P.O. Box 6406 Johannesburg / Cyprus: ELECTROACOUSTIC SUPPLY CO., LTD., P.O. Box 625,
Limassol / Portugal: CENTELEC Avenida Fontes Pereira de Melo, 47, 4d., Lisboa-1 / SANSUI ELECTRIC CO., LTD. FRANKFURT OFFICE 6 Frankfurt am Main,
Reuterweg 93, West Germany / SANSUI ELECTRIC CO., LTD. 14-1, 2-chome, lzumi, Suginami-ku, Tokyo, Japan

WW—084 FOR FURTHER DETAILS
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TDON'T KNOW WHAT WED DOWITHOUT IT"

MrsT speaking. Maybe she got IT from So we take a lot of trouble to help you

you. Where other people have built TV keep them happy, by going to extremes
into their lives, the T's have built their lives to make our components as reliable
around TV. as they possibly can be.
To theTs the telly is law, opinion, reality, For example, our integrated circuits gc
conversation, home—life itself. through 24 stages of quality control.
They can get by without a cooker. But This involves some 25 million device ho
when the TV is out of action their world of testing a year. As a result the failure ra
collapses. The adults quarrel, the children has been cut to a twentieth of what it wa
run wild and the teenagers leave home. three years ago.
We know the trouble you have with the TheTs don’t thank us for it.

Ts. The rude words sometimes reach us. They’re too busy watching IT.
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WELWYN TOOLS

167 - KIT =CN

Welwyn Tool Co. Ltd. .

STONEHILLS HOUSE

For Inner Core
Ejection and Heated
Wirestripping
Miniature Soldering
and Electronic
Instrument Work

USE W.T.C. Wire Ejectors,
LUCO Electrically Heated
Wire Strippers (see illustra-
tion), Finest Soldering Needles,
Box Joint Miniature Cutters
and Pliers including Tip Cutting
Pliers, Printed Circuit Crfimping
and Cutting Pliers, Torque
Wrenchesand Piercing Punches.
If you require quality tools
ask for Catalogue WW/70

WELWYN GARDEN CITY

WELWYN GARDEN 25403

WW—085 FOR FURTHER DETAILS
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ENAMELLED
COPPER WIRE

S.W.G. 1lb. Reel 11b. Reel
18-22 11s. 3d. 16s. 6d.
23-30 11s. 9d. 17s. 6d.
31-35 12s. 3d. 18s. 6d.
36-40 15s. 24s.

41-44 17s. 9d. 29s. 6d.

Orders despatched by return of post.
Please add 1/- per item P. and P.

Supplied by :

BANNER TRANSFORMERS

(Dept. WW), 84 Old Lansdowne Rd.
West Didsbury, Manchester M20 8WX

CALA

SPEED
CHECK

TECHNICAL DETAILS
Input sensitivity 100MV MAX. INPUT 50 Volts Input
fmpedence 10K. Zero Frequancy 3KHZ + or ~0.1 percent.

Renges 1 per cent 3 per cent, 10 per cent deviation.
Supply 200-250 50/60HZ.

CALAN ELECTRONICS LTD.,
Crossroads by Ormiston

East Lothian.

Telephone Humbie 242 & 258

A Service
Aid

The Calan Speed-Check monitors the
running of tape transport mechanisms
or record players by detecting the
frequency of a signal played from
special test tape or disc. Any deviation
from the nominal 3kHz frequency
indicates a deviation in running speed
from the correct condition.

The Speed-Check is simpie to operate.
Two controls are provided. A function
switch connects power to the equip-
ment and selects three ranges of
deviation sensitivity. The second
control is a set zero control: which
enables examination of the speed
performance of mechanisms whose
nominal running speed is fast or slow
by up to 4 per cent. on the 1 per cent
range so that such measurements as
capstan slip and speed constancy can
be examined at maximum sensitivity,
A switch position on the set zero
control cancels this facility to enable
calibrated measurements to take place.
Two Test Tapes Provided. 1. Standard
1" Tape 5" spool. Side A 7% ips. side
B8 3% ips. 2. C60 cassette records at
1} ips.

Calan

WW—087 FOR FURTHER DETAILS

WW—086 FOR FURTHER DETAILS

TRANSFORMERS
COILS
CHOKES

SPECIALISTS IN
FINE WIRE WINDINGS

MINIATURE TRANSFORMERS
RELAY AND INSTRUMENT COILS
VACUUM IMPREGNATION TO APPROVED STANDARDS

ELECTRO-WINDS LTD.

CONTRACTORS TO G.P.O., L.E.B., B.B.C.

123 PARCHMORE ROAD, THORNTON HEATH, SURREY
0]-653 2261 CR48LZ EST. 1933

TRADE ENQUIRIES WELCOMED

WW-—088 FOR FURTHER DETAILS

electronic

components

. P.0. Box 427, 13-17 Epworth St.,
Radlﬂsﬂar @8 | ;ndon E.C.2. Tel: 01-253 7501,

Telex: 262341,

WW—089 FOR FURTHER DETAILS
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WITH SIGNETICS MSI

THE VERSATILE 8200 MSI SERIES IS FULLY COMPATIBLE WITH
THE 7400 SERIES AND INCLUDES:— MULTIPLEXERS, SHIFT
REGISTERS, DECODERS, ADDERS, and COUNTERS.

NOW AVAILABLE FROM
teLerione QUARNDON ELECTRONICS

(0332) (SEMICONDUCTORS) LIMITED TELEX
32651 SLACK LANE DERBY 3730

WW-—090 FOR FURTHER DETAILS
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IF you

need a

VERY HIGH
PRECISION
A.C.
STABILISER. ..

This instrument has been designed to fill the need for a very stable supply
with a high.purity of waveform for precision A.C. measurements.

The uhit is extremely simple in operation and is fitted with protective
devices and alarms which automatically prevent any possibility of damage;
it does not require any adjustments in setting up other than the output
voltage selection. Output current:

1 ampere maximum for stabilisation range of + 7% change of input voltage
2 amperes maximum for a stabilisation range of + 3.5% change of input
voltage.

THE TINSLEY Patchett @® Type 51058
ia available from stock NOW—at a special price of £250 while stocks last
Send for List 215

H. TINSLEY & CO LTD - WERNDEE HALL
SOUTH NORWOOD - LONDON SE25 - 01-654 6046

WW—091 FOR FURTHER DETAILS
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g SMOOTHED HIGH CURRENT POWER UNITS

For operating and servicing battery equipment from AC Mains.

| Regulation and impedance comparable with that of fully charged accumula- lé

silicon transistor regulator.

tors. Where better regulation is required, unit can be supplied incorporating
Type I Input | Output Price

]
A Regulated Unregulated
£42.0.0 £34 6.0
£44.12.0
£40.18.0
£61. 4.0

250RU/12/5
250RU/12/14
250RU/24/5
250RU/24/14

100/250 12 5
12 14 £60.0.0
5 £48.0.0
14 £73.0.0

100/250
100/250
100/250

..._
)
RR5e<

Other types available with outputs of up to 100 amps and DC voltages of
up to 250V.
Send for leaflet WPUII.

VALRADIO LTD.

BROWELLS LANE . FELTHAM - MIDDLESEX -
Telephone : 01-890 4242 or 4837

VW

ENGLAND

NWW"VWW TV

WW—092 FOR FURTHER DETAILS

METER PROBLEMS?

A very wide rangé of modern design
instruments is available for 10/14
days’ delivery.

Full_Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW—093 FOR FURTHER DETAILS
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BIGITAL VOLTME TER 9075
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Well how much noise can a digital voltmeter make?

Some of them quite a lot.

Spillback from the input terminals of a digital voltmeter can result in errors- errors
often attributed to external noise — particularly in systems measuring low level inputs.

So down with spillback and welcome to the quiet one - the Racal 9075.
Still need convincing? Take a look.

[ 250 500kHz Fy 250 S00kHz

“Spillback’ from input terminals of a chopper “Spillback” from Racal 9075 digital voltmeter.
stabilised digital voltmeter.

And that's not all !

Full programmability. Accuracy 0.01%,. Resolution 1 partin 30,000.
10 microvolt sensitivity. Scale length 29999 (over-range to 39999).
Totally passive input. Auto-range versions available.

p.s. If thisisn't the DVM for you, Racal have six others you can choose from.

Write or phone today for a demonstration

RACAL INSTRUMENTS LIMITED
Duke Street, Windsor, Berkshire.
Tel: Windsor 69811. Telex: 847013
Cables|Grams: Racal Windsor

WW—094 FOR FURTHER DETAILS
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FOR ALL TEMPERATURE MEASUREMENTS,
PORTABLE THERMOCOUPLE POTENTIOMETER

A Thermocouple
Potentiometer to
satisfy the demand
for a really
lightweight
measuring
instrument. With
eight quickly
interchangeable
scales. Reads
directly either in
millivolts or degrees
centigrade with
cold junction
compensation on
all ranges.
Size: 73" X 53"
x 3
Weight: 3 Ib.
Price: £38.0.0
Ex-stock

RANGES: 0t 30mv
25 to 50mv
0 10'1760°C Platinum/10% Rhodium v. Platinum
0 to 1760°C Platinum/13% Rhodium v. Platinum
0to 540°C Copper v. Constantan
Oto 726°C Chromel v. Alumel
600 to 1370°C Chromel v. Alumel
0 to 550°C lron v. Constantan
460 to 950°C iron v. Constantan

e

e

-

Request full details from

CROYDON PRECISION INSTRUMENT COMPANY

Hampton Road, CROYDON (Postal Code: CR9 2RU)
Telephone 01-684 4025 and 4094
WW—096 FOR FURTHER DETAILS

S -

PROTON

MAGNETOMETER |
Ferrous Metal || =
Iocator

Based upon nuclear magnetic resonance
principles, the proton magnetometer is a
sensitive instrument capable of locating
ferrous objects at depth. This is made
possible by observing the variation in beat
frequency produced by different rate
precession in hydrogen atoms when the
earth’s local field intensity is upset by the

presence of ferrous materials. Suppliers of Elliott, Cambridge and Pye instruments
All solid state, portable and ruggedly

designed, the proton magnetometer will LEDON INSTRUMENTS LTD

prove invaluable for in the field* searches

MULTIMINOR MK. IV

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration 'and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

MODEL 8 MK. IIl

PRACTICAL

e ELECTRONIC

m} and exploration. 76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
See the Octoberissue of PRACTICAL Tel.: 01-692 2689
["" Nuw ELECTRQNICS forfull theoretical and
3’3 constructional details. E.L.D. & G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.

.WW-—095 FOR FURTHER DETAILS . WW—097 FOR FURTHER DETAILS
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PULSE-.:s SSB

Take the Model 4311:

Apply It. The THRULINE® 4311 Wattmeter, developed for air naviga-
tional aids such as DME, ATC, and other pulsed RF systems, will also
measure and monitor almost any type of 50-ohm RF transmission.

Carry It. Direct reading and self-contained, -the *“4311" needs no
additional instrumentation nor 60 or 400 Hz line power. Just pick
it up, carry it to your equipment, connect and use.

Read It. The “4311" indicates CW or FM power up to 10,000 watts
accurately, forward or reflected. Push the button and the “4311"
scales the peak of pulsed or envelope power to 10,000 watts.

Compare It. There is no other like it. Scan the basic specs below
hen, put a BIRD in your hand. Send for bulletin 4311-67.

SPECIFICATIONS

AVERAGE (CW) POWER MODE
Frequency Ranges: 0.45 - 2300 MHz
Power Ranges: 1W to 10kw.
Accuracy: £5% of full scale.

PEAK PULSE or ENVELOPE POWER MODE
Frequency Ranges: 0.45 - 2300 MHz-

Power Ranges: 1W to 10kw.

Accuracy: * 8% of full scale.

Minimum Pulse Parameters: From a duty
factor of 1x10.4, a pulse width of 0.4
microseconds, and a rate of 30 pps or
higher, depending on the Element selected.

PRICE

Model 4311 THRULINE®

Directional RF Wattmeter £335 Duty Paid
Piug-in Elements from £17.10 Duty Paid

BIR ELECTRONIC LIMITED
33A HIGH STREET RUISLIP, MIDDX.
PHONE: RUISLIP 74133

WW—098 FOR FURTHER DETAILS
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Fit a Helashrink Sleeve, Marker, Tube or
End Cap, apply heat and in seconds you
have a cost-saving encapsulation. Hundreds
of our customers use these to ‘shrink the cost’
of cable termination; terminal insulation;
connector shrouding; identification and
insulation of condenser and transistor cans;
general electrical insulation; mechanical and
environmental protection; neat covering of
wire harnesses and busbars.

Wireless World, October 1970

With a choice of matenials varying in
shrinkage temperature, heat resistance and
flexibility, it is possible to provide shock and
vibration protection plus resistance to
contaminates over a range of operating
temperatures from —55°C to 300°C, offering
wide scope for application engineers.

Have you any ideas up your sleeve? To
trigger you off, why not post the coupon for
the free Helashrink demonstration kit.

—plus full details of the complete Helashrink range.
Name

Company
Address

Ly

727

WW—066 FOR FURTHER DETAILS

% Mnemopolymerics—
the science of heat-
shrinkable polymers with
a built-in memory—
perfected after many
years of intensive research
and development by
Hellermann-Electric.

[

(Play shrink-a-sleeve...free

(all you need is a match 1)
Please send me your free Mnemopolymerics Demonstration Kit

N
HELLERMANN ELECTRIC
A division of Bowthorpe-Hellermann Ltd.
Gatwick Road, Crawiey, Sussex. Tel: Crawley 28888
A member of the Bowthorpe Holdings Group of Companies_-l

TA1203
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TEKTRONIX

TYPE 547
VERSATILITY
WITH AUTOMATIC
DISPLAY
SWITCHING

TYPE 547 OSCHLOSCOPE TIME BASE A

g 10 . - s -0 ®-

IIGGERNG ~

P | Horizontal
! |k Display Switching

o views_

N

6 x 10 cm High- @

resolution Display,
Bright Uniform

two time scales

Trace, /simultaneously
Illuminated
Parallax-free ]
Graticule . = B
SSFSANS TS S DC—50 MHz
Full Bandwidth
Triggering

)

\LJ

7
e Ty ocws Am@um» eaie WM s

‘ . ‘ » - ! Calibrated

TYPE 1A1 DUALTRACE PLUG-IN UNIT L : ; / Sweep Delay

o

0-2 mV to 100 V
Square Wave

/ Amplitude Calibrator

25 Plug-in Units
Vertical Display
Switching up to

4 channels and
Special Purpose,
Differential,
Spectrum Analyzers
and Sampling

Current Probe
— Calibrator

CHANNEL 2

CHANNEL T e
NPT ILECTOR
e e

eyt sasrcton
o swo

Price:
£873 delivered U.K.
(without plug-in unit)

For detailed information on any of our products, please fill in reader reply card or write, telephone or telex.

T kt o U K L t d Beaverton House, P.0. Box 69, Harpenden, Herts.
eKtronix U.. . Telephone Harpenden 61251. Telex 25559

For overseas enquiries: Australia: Tektronix Australia Pty. Ltd., 80, Waterloo Rd., North Ryde, N.S.W. 2113 Canada:

Tektronix Canada Ltd., Montreal, Toronto & Vancouver. France: Relations Techniques Intercontinentales, S.A.

91, Orsay, Z.I1. Courtaboeuf, Route de Villejust (Boite Postale 13) Switzerland; Tektronix International A.G., P.O.

Box 57, Zug, Switzerland. Africa, rest of Europe, and the Middle East: Tektronix Ltd., P.O. Box 36, St. Peter
Port, Guernsey, C.I. A// other territories: Tektronix Inc., P.O. Box 500, Beaverton, Oregon, U.S.A.
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TRANSFORMERS

Over 200 types of standard
transformers are stocked,
some of which are shown
below.

In addition, a fast prototype
and production winding
service Is offered.

Please send for full list of
ex-stock transformers.

12 AND/OR 24 YOLT RANGE

PRIMARY 200-250V SECONDARY 12V AND/OR 24V

Ref, Current Secondary Windings Dimensions Weight Price
Na, 12V ' 24V inches b, oz. 1-24 -99
(X1} 0.5A 0.25A 0-12V @ 0.25A x 2 3 x 2% x 11 12 14/10 13/9
213 I.OA 0.5A 0-12V @ 0.5A x 2 33 x2 x2 I 0 17/6 16/2
71 20A 10A O0-12v@ JAmp x2 28 x2px2f8 | 0 231 2I/4
68  3.0A — 0-12Vv @ 3 Amp — 3t x 2¢ x 3% 2 0 28/8 126/6
18 40A 20A 0-12v@ 2Amp X 2 31 x 23 x 23 2 4 /4 294
85 S.0A = 0-12Vv @ 5 Amp — 3 x 23 x 3 32 36/11 341
70 6.0A 30A 012V @ 6 Amp — 4 x3 x 31 3 12 39/~ 36/l
108 L0A 40A 0-12v@ 4Amp x 2 4 x 3t x 3} 4 6 44/l 40/
72 10.0A 5.0A 0-12v@ 5Amp X 2 34 x 43 x 4 6 3 51/3 475
17 16.0A 80A 0-12Vv@ 8 Amp x 2 41 x 31 x 4 7 8 79- 731
115 20.0A 100A 0-12V @ 10 Amp x 2. 4] X 4} x4 1l 13 100/6 92/11
187 30.0A 150A 0-12V @ 5 Amp X 2 5t x 43 x 4% 16 12 185/6 171/7
30 VOLT RANGE PRIMARY 200-250Y—SECONDARY 30V
Ref, Current  Secondary Taps Dimensions Weight Price
No, inches ibs. ozs. 1-24 25-99
112 0.5A 0-12-15-24-30V 3t x 2 143 ] 4 17/6 16/2
79 1.0A © 2} x 2§ x 2| 2 0 23/7 2110
3 2.0A @ 3 x 23 x3 3 2 3i/10 29/4
20 3.0A o 4 x 3t x 3 4 6 431 39
21 4.0A 0 4 .x 31 x 3% 6 0 51/3 47/5
5 5.0A a 41 x 31 x 4 6 8 3/1 58/
17 6.0A o 43 x 31 x 4 7 8 75/10 70/1
a8 8.0A o 5% x 31 x 4} 6 100/6 92/11
89 10.0A 5¢ x4 x 4 I2 2 124/1 148
50 VOLT RANGE PRIMARY 200-250V—SECONDARY 50V
Ref. Current  Secondary Taps Dimensions Weight Price
No. inches Ibs, ozs. 1-24  25-99
102 0.5A 0-19-25-33-40-50v 2% x 23 x 2% [y 23/1  21/4
103 1.0A o 3% x 2§ x 2% 2,10 33/I0 3Il4
104 2.0A o 4 % 3t x 3 5 0 46/8
105 3.0A o 4 x4 x3} 6 0 63/7 58/!
106 4.0A 0 4] X 4 x 4 9 4 84/
107 6.0A 0 4} x 43 x 5% 12 4 124/1 114/8
(1] 8,0A ® 5% x 54 x 43 18 9 162/- 149/10
9 10.0A 6f x 4 x 6% 19 2 203/~ 187/8
60 VOLT RANGE PRIMARY 200-250V—SECONDARY 60V
Ref. Current  Secondary Taps Dimensions Weight Price
No, inches 1bs. ozs, 1-24 25-99
124 0.5A 0-24-30-40-48-60V 31 x 3% x 2¢ 2 4 2377  21/i0
126 1.0A » 3¢ x3 x3 30 32/10 230/4
127 2.0A " 4 x 3t x 3% 5 6 S1/3  47/5
125 3.0A W 4! x 3t x 4 7 0 75/10 70/1
123 4.0A -+ 4% x 3% x 44 10 6 100/6 92/11
40 5.0A @ 5t x 5 x 51 13 4 120/~ 10N
120 6,0A " 5% x 41 x 41 16 12 145/7 13477
121 8.0A 0 51 x 5% x 4% 20 3 192/8 1778
122 10.0A " 6f x5 x 64 23 2 240/~ 223/-
189 12.0A 5f x 6§ x 6t 31 0 289/6 267/6
MAINS ISOLATING RANGE PRIMARY 200-250V—~SECONDARY 2490V
CENTRE TAPPED AND EARTH SHIEL
Ref Rating For alternative 115 Volt Dimensions Welght Price
No, V.A. Secondaries quote Ref. No. inches 1bs. ozs. 1-24 25-99
100 60 191 4 x 31 x 3% 4 10 37/5 3477
6 100 192 4 x 3t x 3} 5 12 45/7 41/6
30 200 193 4% x4 x 4 9 12 82/6 T6/4
62 250 194 31 x5 x 4; 12 4 111 93/3
55 350 195 5% x 5¢ x 4 17 6 4 127/
63 500 196 6% x 4 x 6% 27 0 194/8 180/l
96 750 197 5f Xx 6F x 6} 3 0 277/8 256/9
92 1000 198 7 x 6% x 8% 40 0 358/8 331/8
1250 199 7 X7 x 8} 47 0 /8 407/7
128 2000 200 9% X 8F x 6 63 0 59312 48[7
129 3000 201 8 x 8¢ x 8 84 0 27/7 857/11
1%0 6000 202 123 x 14 x 62 178 01,524/2 1,409/7
AUTO WOUND TRANSFORMERS
Ref. Current Auto Taps Dimensions Weight Price
No. Inches b, oz, 1-24 2499
13 20 0-115-2)0- 240V 2F x Ix 13 I 14/10 13/9
64 75 0-115-210-240 2% x 2} x 2} 1 4 /8 26/6
4 150 0-115-200-; 220 240V 3t x 23 x 3 3 34/10 1312/3
65 200 e 31 x4i x 4 4 49/3  45/6
66 300 . 4 x4 x 31 6 7 67/7 62/6
o 400 & 41 x 44 x 4 I B84/6 78/1
67 500 o 4 5¢ x 4 x 44 12 8 100/6  92/11
83 750 " 4% X 54 x 5% 13 4 142/5 1318
84 1000 % 41 x 5t x S5¢ 16 182/5 168/8
93 1500 o 544 % 5¢ x 6} 28 9 264/5
94 1750 o S x 68 x 64 3 297/3 174/|I
95 2000 o 7 x 6% x 8¢ 40 345/2 31972
99 2500 " 6% x 63 x 8i 44 407/11 377/3
73 3000 6% x 7t x 8} 45 8 4695 434/7

Please add 1/ 6 per Ib. for Carriage and Packing.
@ STOCKISTS OF ELECTROSIL GLASS TIN OXIDE RESISTORS
® COMPREHENSIVE RANGE, OF INDUSTRIAL VALVES AND

SEMICONDUCTOR DEVICES ALWAYS IN-STOCK

LIND-AIR OPTRONICS
(INDUSTRIAL) LTD.

ELECTRONIC COMPONENT DISTRIBUTORS
6-12 TUDOR PLACE, LONDON, W.1

{otf Tottenham Court Road—rear of Woolworths)
Telex 27931

Telephone: 01-637 1601 (10 lines)
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TEST
ASSEMBLY
FOR
RADIOTELEPHONE
SYSTEMS

aveley electric LTD are sole U.K. distributors for the

complete range of Rohde & Schwarz instrumentation

The new Rohde & Schwarz Test Assembly consists
of a Signal Generator, Frequency Controller and
Power Test Adapter, and is intended for use on
land mobile Transceivers using the Signal Generator
SMDF. The Signal Generator delivers RF signals (CVV,
AM/FM) of high frequency stability and high signal-to-
noise ratio, both these features being essential for testing
sensitive receivers with narrow channel spacings. The
Frequency Controller, in addition to improving frequency
stability, functions as a counter and discriminator for
frequency deviation measurement on externally applied
signals. The Power Measuring Adapter includes a 20
watt attenuator, power meter and RF monitoring circuit
allowing measurements to be performed using one
connecting cable

aveley electric LTD
ARISDALE AVENUE, SOUTH OCKENDON,
ESSEX RM 15 5SR

Tel: South Ockendon 3444
Telex: 24120 Avel Ockendon
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SSB IS OUR DAILY BREAD AND OUR PRICES
ALMOST COMPARABLE TO THOSE OF THE BAKER.

THUS IT IS UNDERSTANDABLE THAT SOMMERKAMP COMMUNICATIONS EQUIPMENT FINDS
WORLD WIDE APPLICATION NOTONLY FORAMATEUR RADIOENTHUSIASTS BUT:—

IN INDUSTRY—PETROL CHEMICAL & GEOLOGICAL EXPLORATION—WATER—
GAS—ELECTRICITY—TRAFFIC CONTROL—ROAD BUILDING—THE RAILWAYS—
FIRE SERVICES—HOSPITALS—CONSTRUCTION COMPANIES—CONSULTANTS—
LONG DISTANCE OVERLAND BUSES & TRUCKING SERVICES—BORDER PATROLS—
YACHTING AND QUITE NATURALLY YOUR APPLICATION,

TRANSCEIVER FT-260 TRANSCEIVER FT-150 TRANSCEIVER FT-500 TRANSMITTER FL-500 RECEIVER FR-500DX
FOB USS 226 FOB USS 356 FOB USS 376 FOB USS$ 260 FOB USS$ 226
{£94.10) (£150) (£167) {£105) {£94,10)

VALID FOR ALL ABOVE MODELS

FREQUENCY RANGES 3.5 ... 40MHz, 70 ... 7.5MHz, 140 . . .14.5MHz, 28 . . . 30MHz
OPERATION MODES—SSB, CW & AM. Built-in Power Supply for 110/240V AC. Linear V.F.O.

FT-250 ADDITIONAL —TRANSMITTING POWER; SSB/Cw=200W PEP INPUT, AM=BOW INPUT, SENSITIVITY 0.3uV FOR 10db/SN
DATA TO ABOVE STABILITY 100Hz, VOX, CRYSTAL FILTER 2.1KHz/6db, 3.4H2/60db. ANTENNA & FILTER MATCHING 50 1200
WEIGHT 8kg. LENGTH 335 x HEIGHT 140 x DEPTH 2B0 mm.. delivered with power supply extra price FOB US$ 60 (£25.4)
FT-150 ADDITIONAL —TRANSMITTING POWER: 150W PEP INPUT. SENSITIVITY BETTER THAN 1¢V FOR 10db/SN STABILITY 500Hz, VOX
DATA TO ABOVE CRYSTAL FILTER 3.1BKHz, ANTENNA T FILTER MATCHING 50 . .. 75¢
WEIGHT 14kg. LENGTH 340 x HEIGHT 155 x DEPTH 260 mm, 12VDC OPERATION, 26.9 . 27.5MHz.
FT-500 ADDITIONAL —TRANSMITTING POWER: SSB/CW= 500W PEP INPUT, AM= 200W INPUT, SENSITIVITY. 0.5 V FOR 6db/SN STABILITY
DATA TO ABOVE 100Hz, CRYSTAL FILTER 3.1BKHz, ANTENNA 7 FILTER MATCHING 50 ... 100Q.
WEIGHT 18kg. LENGTH 400 x HEIGHT 160 x DEPTH 350 mm.
FL-500 ADDITIONAL —TRANSMITTING POWER: SSB/CW= 240W PEP INPUT, AM= 100W INPUT, STABILITY 100Hz, VOX RTTY BY EXTRA
DATA TO ABOVE EXTENSION, TELEGRAPHIC bk CIRCUIT. ANTENNA MATCHING 50 . . . 1009
WEIGHT 15kg. LENGTH 370 x HEIGHT 160 x DEPTH 290 mm.
FR-500 ADDITIONAL —-SENSIVITY 0.54V FOR 10db/SN ADDITIONAL FREQUENCIES TO ABOVE 1.7 .. 2.3, 919 . . 10.5WWV 2689
DATA TO ABOVE 27.5MHz FM WITH OPTIONAL EXTRA DEM ODULATOR.
WEIGHT 15kg. LENGTH 370 x HEIGHT 160 x DEPTH 290 mm.
FL dx 2000B —1kW LINEAR AMPLIFIER MATCHING ALL TRANSCEIVERS AND TRANSMITTERS ABOVE.
FOB US$ 200 —WEIGHT 20kg. LENGTH 370 x HEIGHT 160 x DEPTH 290 mm.
(E£84)

2M FM HAND & AUTO/TRUCK TRANSCEIVERS

2 CHANNEL VHF/FM 132 . . . 174 MHz
CRYSTAL CONTROLLED TOLERANCE +
0.002% 2W POWER, 45cm BUILT-IN ANTENNA
(EXTERNAL CONNECTION FOR 502 ANTENNA),
CHANNEL SEPARATION MAX. 500kHz, SENSI-
TIVITY 0.54V/20db/0.3uV/12db. INCL. ACCES-
SORIES 1 EXTRA QUARTZ CRYSTAL, LEATHER
CASE., EARPHONE RECHARGEABLE BATTERY,
WIDTH BO x HEIGHT 220 x DEPTH 50mm.
WEIGHT 1kg. 145.0MHz. 145.15MHz.

MODEL TA-101FG
FOB US$ 240 (£101)

6-CHANNEL VHF/FM-20wW, SENSIVITY 0.4uV/
20db. FET's CERAMIC FILTER, FINAL END
AMPLIFIER PROTECTION BUILT-IN DISCRIMI-
NATOR METER. SUPPLY 12V D.C.

MODEL IC-2F
FOB US$ 240 (£101)

11M AM HAND TRANSCEIVERS 2-CHANNEL AM 26.965 . . . 27.265 & 2B.500

23-CHANNEL AM 27 OR 2B MHz QUARTZ
CRYSTAL CONTROLLED, TOLERANCE +
0.005% 5W INPUT POWER INCORPORATING
SUPERHETERODYNE RECEIVER R.F. AMPLI-
FIER SQUELCH., NOISE LIMITER, CENTRE

LOADING TELESCOPIC ANTENNA.

MODEL TC-760
FOB US$ 66 (£27.17)

MHz CRYSTAL CONTROLLED, TOLERANCE +
0.005% 1.6W INPUT POWER, HIGHLY SENSI-
TIVE RECEIVER, NOISE LIMITER, 137cm
BUILT-IN ROD ANTENNA INCLUSIVE OF
ACCESSORIES DIMENSIONS. WIDTH 90 x
HEIGHT 210 x DEPTH 40mm. WEIGHT 1.2kg.

MODEL TS.510
FOB US$ 50 (£21)

THE ABOVE UNIT PRICES ARE ALL TO BE UNDERSTOOD AS F.0.B. CADENAZZO-LUGANO, SWITZERLAND FOR
DELIVERY WITHIN 24 HOURS FROM QUR CUSTOMS BONDED WAREHOUSE FROM FINANCIALLY FINALISED ORDER.

SOKA SRL

SOMMERKAMP ELECTRONICS FEEREEE (SRR
P.O. BOX 176 TELEX 79 314
CH-6903 LUGANO, SWITZERLAND
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16 Ibs of high qualit
performance

for only £69

The S51B is the answer for a
low cost, easy to use
single-beam oscilloscope.

Here are some of the reasons why:

Small size—light weight
8" x 7”x 15”. 16 Ib.

5” flat-faced P.D.A. tube.

Bandwidth DC-3MHz.

Auto sync and trigger level control.

Proven performance of over 20,000
S51's in use throughout the world.

Send for full specification now !!!

Wireless World, October 1970
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TELEQUIPMENT BC: )

TELEQUIPMENT,

313 Chase Road, Southgate, London, N.14 6JJ.
Telephone: 01-882 1166

A Division of Tektronix U.K. Ltd.
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Sixtieth year of publication

Dcleber 1870 3¢ 6o

This month’s cover picture, showing the
latest Burndept Electronics radiotelephone
in use at an airport, draws attention to the
continuing expansion in mobile radio com-
munications, the technical problems of
which are discussed in the report on
page 494.

IN OUR NEXT ISSUE

Loudspeaker driver units. The fundamental
parameters of moving<coil speakers will be
examined and some new thinking introduced by
Ted Jordan.

The first of a series of three articles on the design
and construction of a high-quality tape recorder.

Details of an extra-versatile tone control.

Internanonal Business
Press Associates

LP.C. Electrical-Electronic Press Ltd
Managing Director: George Fowkes
Publishing & Development Director:

George H. Mansell
Advertisement Director: Roy N. Gibb
Dorset House, Stamford Street, London, SE1

© L.P.C. Business Press Ltd, 1970

Brief extracts or comments are allowed provided
acknowledgement to the journal is given.
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How we made
thyristors

a commercial
proposition
for consumer
products

Three years ago a Mullard design
team was given the problem of
developing thyristors for motor speed
control in washing machines and drills.
Thyristors offered important advantages
over conventional power control
methods, but at that time, production
was confined to relatively expensive
‘industrial devices. The high unit cost
was essentially due to specialist
production techniques.

Two Requirements The Mullard team
set about designing inexpensive
thyristors, together with triggering
devices, for use on domestic mains
supplies. Two current handling
capabilities were identified as
being necessary to meet the range of

applications—6.5A for washing
machines and other heavy current loads,
and 2A for drills and lighter loads.
Within six months two consumer type
thyristors, BT101 and BT102, had been
developed for 6.5A applications, and
they were soon in mass production.
Now these devices, in the TO-64 stud-
mounted metal encapsulation, are well
established.

Low-cost Plastic After further design
work, a new plastic device, the BT100A,
was introduced to meet the lower
current requirements. Plastic power
device technology is highly specialised,
and only intensive effort over many
years has resulted in the highly
automated manufacturing techniques
which ensure extremely good reliability.

Computer Testing To cope with the
necessary high rate of production,
computer techniques were introduced to
record test results and to allow
automatic grading. The testing cycle was
significantly shortened by the use of
high-current pulses for directly heating
the thyristor crystal. This is one of the
best automated methods of testing
breakdown voltages at the highest
junction temperatures.

The result ? A range of thyristors-
capable of meeting all the consumer-
appliance manufacturers’ current needs,
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and of improving both the efficiency

of power-control and the usefulness of
the units controlled. They offer consumer
product manufacturers smooth,
continuous and efficient power control.

Worth it ? Right from the beginning

" we’ve had everything under our control,

so that we can be sure the product will
give consistent service. This also enables
us to relate quality with the best possible
price. Something which applies across
the very wide Mullard component

range. Our components find applications
as unexpected as Astronomy and
Zoology, giving us experience in many
technologies. Experience our customers
now take for granted.

Mullard

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House Torrington Place
London WC1E 7THD

CED73



At Electrosil we’re so used to making
electronic components to above-
average specification that we some-
timesforget toshoutitoutloudenough.
So memorise this and act upon it:

‘MECPOT ®type MP32X wirewound
trimming potentiometers from
Electrosil are manufactured to
military standards but sold at
industrial prices.

So you get more for the same money.
then there’s the assurance you get
from knowing ‘MECPOT’® won’t - be
the cause of costly computer down-
time. Because at Electrosil we stake

our all on reliability. The
‘MECPOT’®is just one
of Electrosil’s
w. high reliability
range of
trimming
potentiometers
for military and
industrial applications.

‘MECPOT ®Type No. MP32X

@ Copper cored element giving 1W at 70°C
@ Precious metal wiper and separate gold
plated wiper-return trackforlowelectrical
noise ® PTFE leadscrew bearing ensuring
stability under mechanical shock

® Welded internal connections unaffected
by your soldering process ® Diallyl
phthalate case with excellent solvent
resistance and dimensional stability
@®Entirely Britishdesignand manufacture

ELECTROSIL LIMITED, P.O. Box 37, Pallion,
Sunderland, Co. Durham.
Telephone Sunderland 71481. Telex 53273.

®us have the experience
WW—106 FOR FURTHER DETAILS
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This bigger than average contact area, spring
formed for extra low smooth insertion forces,

is one of the major factors that gives the Cinch
0.1” Modular Edge Connector its reputation for
optimum reliability. in addition, available platihgs
include 5 microns of goid on the mating surfaces
with 2 microns of gold overall.

Any number of ways, from 5 to 65, can be
supplied in the basic 0.1" module. High precision
mouldings are in glass filled diallyl phthalate,
and contact termination options are mini-wire
wrap, solder slot, vee-form, or flow solder.

the firm with the best connections

1S WHERE GINGH
HAS THE EDGE

Polarising keys can be supplied to ensure instant
correct positioning. End fixes are also available,
in metal with open or closed end, and in plastic
with closed end.

Rapid reliable deliveries in bulk quantities are
assured. We'll gladly submit quotations for your
requirements or send fuily detailed data sheets.
Cinch 0.1 pitch ‘Greenline’ Modular Edge Connector
No. of ways. 5 to 65 max.

Current Rating. 5 amps (d.c. or a.c. RMS) per contact
at 25°C. Working Voltage: 700 V. d.c. or a.c. peak.
Insertion Force: 8 oz. max. per way on nominal board.
Contacts. Phosphor bronze.

CINCH 0.1"

MODULAR EDGE CONNECTOR

l CARR FASTENER ' CARR FASTENER CO.LTD.STAPLEFORD NOTTINGHAM Telephone 0602-39-2661 Telex 37637

Cs2
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CN 15 Watts. Ideal for miniature and micro f m
miniature soldering. 18 interchangeable spare

bits available from .040” {1mm) up to 3/16"° 34 '_
For 240, 220, 110, 50 or 24 volts.

Complete precision
—C=RF=

soldering kit

G 18 watts. Fitted 3/32” bit for miniature
work on production lines. Interchangeable
spare bits, 1/8”, 3/16"" and 1/4'’ available.
For 240, 220 or 110 volts. 36/-

(& -
e
E 20 watts. Fitted with 1/4” bit.
Interchangeable spare bits 3/32”, 1/8”,

3/16" available. For 240, 220, 110
volts. 36/-

This kit—in a rigid plastic

“tool-box" — ¢ontains

B Model CN 15 watts
miniature iron, fitted
v " bit. Interchangeable
spare bits. f&". +&".

@ Reel of resin-cored
solder

B Feit cleaning pad

B Stand for soldering iran

PLUS 36-page bookiet on From Electrical and Radio
“How-t0-Solder“—a mine Shops or
of information for amateur send cash o

and professional. to Antex.

o e —

ES 25 watts. Fitted with 1/8°° bit.
Interchangeable bits 3/32", 3/16" and 1/4"
available. ldeal for high speed production
lines. For 240, 220, 110, 24 or 12 volts.
36/-

i &

F 40 watts. Fitted 5/16" bit.

Model CN 240/2

a7s

for your
miniature
soldering
iron.

XA

PRECISION MINIATURE SOLDERING IRONS

Antex, Mayfliower House, Plymouth, Dcvt’;n.
Telephone: Plymouth 67377/8.
Telex: 45296. Giro No. 2581000. .

Pleasg send me the Antex colour l

\ catalogue
O !

Please send me the following irons
Quantity Model. Bit Size Volts Price l

interchangeable bits 1/4°°, 3/16"*, 1/8’*, 3/32"*
available. Very high temperature iron. For
240, 220, 110, 24 or 20 voits. 47/0.

Spare bits and elements for all modeis

and voltages immediately availablie from stock.

15 watts - 240 volts

Fitted with nickel plated bit (3/32"') and in

handy transparent pack. From Electriwl34'_
and Radio Shops or send cash to Antex.
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Fifty years’ experience of the
design and manufacture of
wound components at the
disposal of the Electronics
Industry.

- Power transformers in simple and
_ ; bi-limboid (hum cancelling) form
Inter-stage and head matching
transformers. Where the very
lowest hum levels must be
achieved, bi-limboid
construction and/or heavy
Mumetal cans may be specified

Gas-tight versions available

with ceramic seals. Line transformers,

balanced and unbalanced

Magnetic recording and reproducing heads for
both direct recording and instrumentation purposes

THE FERROGRAPH COMPANY LIMITED

(Incorporating Wright & Weaire Ltd.)
London Sales Office: The Hyde, Edgware Road, Colindale, London N.W.9. Tel: 01-205 2241 Telex: 27774

Special purpose inductors
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Thereis an M
In Decca

It stands for Motorola and you'll see
it in the Decca single standard TV chassis. It’s the
mark of the Motorola quality and reliability that got
radio on the road and helped to put men on the moon.

Motorola is one of the largest semiconductor manufac- That too is why there is an M in Decga - it stands for
turers in the world. Its U.K. plantis at East Kilbride. Also  reljability.
in Europe there is a factory in France and another to be  Motorola Semiconductors Limited
established in Germany, whilst the Company's European  York House, Empire Way, Wembley, Middx.

headquarters are in Geneva. Tel:01-903 0944, Telex: 21740 Motorola makes
It's because Motorola understands quality and reliabi- Motsem Wembley. semiconductors

lity that their equipment has provided the essential
communication links (radio and TV) between the moon MOT_OROLA
surface and earth. Semiconductors.

a77
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an associate of

ITT

STC is proud to announce that its
entire range of Star equipment has
received the award of the British
Council of Industrial Design.

Elegant and functional in design the
Star Mobile Radiotelephone and
Starphone Pocket Radiotelephone are
milestones in the design of
Radiotelephone products.

% Star products-Star award

The rapid acceptance of Star Mobile
Radiotelephones in the UK and in
over 30 countries throughout the
world is a forceful reminder of the
importance of design in worldwide
marketing success.

For further information :

STC Mobile Radiotelephones Limited,
New Southgate, London N.11.
Telephone : 01-368 1200.
Telex:261912.

Mobile Radiotelephones S I c
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Here it is, Solartron's outstand-
ing 1240.

The multimeter that's not just a
toy but a real step forward in instru-
ment technology.

Now everyone can go digital !

You get Amps, Volts, Ohms -
a.c. and d.c. - down to 100 micro-

SOLARTRON

volts and dual slope integration for
noise rejection.

Technology apart, the 1240 has
automatic polarity indication and
a straightforward control layout
including a single range selector
and fingertip function switches. It's
the easy-to-handle go-anywhere

portable multimeter.

Go digital with the new 1240,
From Solartron, European leaders in
digital instrumentation.

Post the magazine's reply-paid
card and we'll send you our data
sheet of full details.

+199

SOLARTRON
| Schlumberger |

The Solartron Electronic Group Ltd Farnborough Hampshire England Telephone 44433
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Chances are youll find precisely
the industrial tube you want in the BriMAR standard range
without the expense of a special. EM

Troan  Thom Radio Valves and Tubes Limited 7 Soho Square, London, W1V 6DN. Telephone: 01-437 5233
‘'WW—113 FOR FURTHER DETAILS 16




snap,
andwe're
quick
ofind
fault...

- youll
' loveus!

|

Electrosil’s new Pick-a-Back
connector, with the snap action, is
the most advanced concept yet in
D.I.P.testing. You can say goodbye
to tedious test probes. Electrosil
Pick-a-Backs are designed for
D.LL.packages mounted onto a P.C.
board. Made specifically for testing
and fault location, the connector
will snap on to a D.I.L. package,
obviating the need for test probes.
There is quick release action.
You have no more costly “write-offs”
due to accidental shorting between
adjacent pins. Pick-a-back’s
integrally moulded contact comb
prevents shorting and also serves
as 'im att%chmegt gui]de. in
BOAbS RIS U Y IL LIMITED, P.O. Box 37,
I T Paliion, Sunderland, Go. Durham.
boggilsbelsfe Coyissl To, Tel: Sunderland 71481. Telex 53273.
@ Gold plated beryllium copper

contacts with wiping action for
reliable contact. @ Four versions Electro
available to mate with all standard LMITED /

14 pin and 16 pin D.I.P.s. i
(Patent and Registered Designs applied for). have the experience @
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P BULGIN
RE(;ISTERED TRADE MARK

Precision Electronic Components
el SIGNAL LAMPS

GENERAL PURPOSE MINIATURE AND NEON TYPES .

List Number List Numbar List Number List Number

List Number List Number
D.805/NS/Col. D.736/Col D.674/1/Col. D.799/Coi.

D.805/Col. D.738/Col.

&= o a2
..
List Number List Number List Number List Number List Number List Number
D.22/Col. D.965/Col. D.926/Col. D.795/Col. D.925/Volts/Col. D.927Notts/Col.

This fine selection of Miniature Signal Fittings includes models accepting LES., 5.6/8, and T.1. bulbs, together with types supplied complete with in-built neon lamps, the majority of which are fitted with the
appropriate resistor for use on 110 or 250V supply. The plastic lenses on filament lamp models are available in five brilliant transparent or translucent colours, whilst the neon types are available with
Red. Amber or Clear lenses and the normal ‘pink’ glow neon or with a clear lens and a green glow neon. The various lens and body styles give a wide choice to the designer engineer. Most models are panel mounting,
fixing by rear nuts, spring washer or inbuilt spring clips, but D.965-966 is a NEW model developed for direct connection to a printed circuit assembly.

SMALL AND MEDIUM TYPES

P €Cub A

List Number List Number List Number
D.656/Col. D.430/Col. D.9/1/M/Col.

List Number List Number
D.682/Col. 0.590/M/Col.

List Number List Number

List Number List Number
0.866/6/BLH/SBC/Col 0.686/6/MBC/Col.

D.280/M/Col 0.230/Col.

Small and medium models accept filament lamps with MES., MB.C., C.ES. SES. and SB.C, caps and are suitable for a wide variety of use in all types of equipment. In most cases, there is a choice of plastic or glass lenses,
each type being available in five transparent or five translucent colours. fled, Amber, Biue, Green and Clear or White. Many models can also be supplied with a choice of a black moulded or chrome plated metal bezel,
and/or a choice of lampholder. Fixing is normally by a rear nut to a single panel hole, with cable connection to screw terminals or solder tags. Bulb replacement is normally from both the front and rear.

HEAVY DUTY TYPES

BULGIN
ANS SieMaLLawe
VS WATTY

List Number List Number List Number

List Number
D.830/6/Col. 0.650/G/Col 0.845/G/Col

0.828/Cot

Heavy duty models accept ES.. or B.C.. capped lamps and are of extremely robust construction for use on machine tools and heavy plant. Lenses are normally glass but are still available in the usual five transparent and
translucent colours. The badies are produced from heavy gauge metal or heavy duty plastics and fixing is normally by bolts rather than our usual rear-body-nut. In addition to our standard heavy duty models, we can also supply
special services grades of signal fitting, all with J.S. numbering and approval and D.E.F. 5,000 etc. finishes. A full fist of all Bulgin Signal Lamps is available on request—see below for the appropriate brochure number,

FOR DETAILS OF OUR COMPLETE RANGE OF SIGNAL LAMPS REQUEST BROCHURE 1502/C

OVER

A. F. BULGIN & CO., LTD, BYE PASS ROAD, BARKING, ESSEX 4,000
MANUFACTURERS OF ELECTRICAL & ELECTRONIC COMPONENTS VARIETIES
TELEPHONE—01-594 5588 (12 LINES PRIVATE BRANCH EXCHANGE)
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New for Project 60

88 90 9 a4 85 98 102 6 MHz
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STEREO
PM TUNER

the world’s first high fidelity phase lock loop FM tuner

It has always been our policy at Sinclair Radionics to employ new and
highly advanced circuitry in our products so that we can offer better
performance at competitive prices. Our new F.M. tuner is the first in
the World to use the phase lock loop principle. We have also incorpor-
ated such advanced features as varicap diodes for the tuning, printed
circuit coils for the tuner and I.F. strip, A.G.C., A.F.C., an excellent
squelch circuit to silence the tuner between stations, an Integrated
Circuit stereo decoder and the option of remote control and push
button switching.

The phase lock foop principle was first applied to receivers for reception
from satellites because of the important improvements. in signal to
noise ratio that could be obtained by this technique. In addition there
were the "benefits of greatly improved selectivity and sensitivity. The
Project 60 tuner, as the specifications show, is unsurpassed by any
tuner now available yet we are able. because of the new circuitry,
to sell the product at a fraction of the price.

From the high fidelity point of view this new circuit has the very im-
portant advantage of very much lower distortion than any other tuner
known to us.

A voltage controlled oscillator (V.C.0.) in a phase lock loop tuner is
kept in phase with the incoming signal by a phase comparator or
detector which compares the two and feeds a control voltage to the
oscillator. This contro! voltage is the audio output in the case of an
F.M. signal. Since it is possible to design a V.C.O. which has an ex-
tremely linear voltage to frequency transfer characteristic excellent
audio fidelity can be readily achieved. Furthermore, the oscillator can
track a signal whilst completely rejecting a nearby stronger signal
which would cause interference in a conventional receiver.

In use the tuner is especially attractivé because the squelch circuit
gives complete silence between stations and because fine tuning is
accomplished automatically by the tuner. Accurate tuning is therefore
ensured.

The use of an integrated circuit for the stereo decoder part of the
circuit helps to give improved performance as it enables us to use a far
more sophisticated circuit than would otherwise be -possible. In
particular stereo separation is excsllent. Switching from mono to
stereo is automatic and is indicated by a bulb.

The Project 60 tuner is supplied completely built and tested and ready

to be mounted into any cabinet you choose. It may be used with any
high fidelity amplifier including of course the Project 60 amplifier
systems. The remarkable selectivity and sensitivity will make it possible
to receive stereo transmissions in many more areas and foreign broad-
casts will also be received far more readily. It is worth remembering
that the Project 60 tuner will operaté well on only a few inches of
wire in most areas should this be necessary.

Project 60 F.M. tuner specifications

Number of transistors
Tuning range
Capture ratio
Sensitivity

Squelch level

A.F.C. range

Signal to noise ratio
Total harmonic distortion
Stereo decoder operating level
Pilot tone suppression
Cross talk

|.F; frequency

Output voltage

Aerial Impedance
Indicators

t —1 Varicap frontend >

] .
Phase o | Stereo
Detector [ D (| Outouts

16 plus 20 in I.C.

87.5 to 108 MHz.

1.5dB

2uV for 30dB quieting
7wV for full limiting

20pV

4+ 200 KHz

>65dB

0.15% for 30% modulatio
2uV.

30dB

40dB

10.7 MHz

2 x 150mV R.M .S,

75 Ohms

Mains on; Stereo on; tuning
indicator

Squeich amp.
and detector

——p

Block Diagram

| R

Voltage
controlied
oscillator

Price: £25 built and tested. Post free.

a . I [ ]
Ell I= EII Sinclair Radionics Ltd.
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Project 60

[ahoratory standard n;odular higﬁ ﬁelify

Sinclair Project 60 comprises a range of modules which connect together simply to form a compact stereo amplifier
with really excellent performance. So good, in fact, that only 2 or 3 amplifiers in the world can compare in overall
performance and now the constructor has choice of assemblies with either 20 or 40 watts output per channel, with or

without filter facilities.
Themodules are: 1. The Z.30 and Z.50 high

gain power amplifiers. 2. The Stereq 60 System The Units to use  In conjuncti .. Your Project 60
N R . ) junction with \
preamplifier and control unit. 3. The Active — oy Ui will cost
Filter Unit. 4. 4 supply units-PZ.5; PZ.6; A Car Radio \ 2.30 E"'s""gr\:_a' radio, Sinclair 89/6
Pz.7 and PZ.8. in a normal domestic = 'f’:”‘a":z y
application, there will be no significant | B Simple battery powered 2.30 mzzfm‘t’tgry";g'ppw Y 896
difference between PZ.5 or PZ.6 unless record player , ‘ 3 ol c 5
loudspeakers of very low efficiency are C  Mains powered record Crva
i ) 4 rystal or ceramic P.U.

being used, in.which case the PZ.6 will be player Z2.30and P2.6 Vol. control etc. £9.9.0
required. For assemblies using two Z2.50's D 20420 watts RMS Two Z.30s,  Crystal, ceramic or magnetic
there is the PZ.8 supply unit to ensure stereo amplifier for Stereo 60and  P.U., mostdynamic speakers, £23.18.0
maximum performance from these ampli- [pestogeds Pz.5 FM tuner, etc.
fiers. No skill or experience are needed to ¥ stﬁ&tgg;’{;}g m”fse Two 2.30s, ':n'gg °P”fJ'"VF°&'a{“‘j'§e‘:'
build your system and the Project 60 with low efficiency (high ~Stere9 60 and Tape Deck, etc. =~ £2618.0
manual gives all the instructions you can performance) speakers : All dynanic spkrs.
possibly want, clearly and concisely. Per- F 40440 watts RMS de. 1W0Z2.60s, Stereo
haps the greatest beauty of the system is luxe stereo amplifier °0 rz-ﬂ :nd mains As for E £32.17.6
that it is not only flexible now but will REOETOUMEE —— —

¥ . o one, up to 4 P.A,
remain soin the future as new additions are G Outdoor public L& speakers, 12V car battery
made to the range. A stereo F.M. tuner is address system - with converter' or46vd.a,  £6:9.6
next to come. These.and all other modules N controls
introduced will be compatible with those - One 2.50, PZ.8 :

. Mic., guitar, heavy dut
already available and may be added to | H Indoor P.A and mains g lom Mo cdiols. | £17:84
. transformer i

your system at any time. And because ] T e L ;
Sinclair are the largest producers of con- gp:::fs”‘::rs i AFU D, E or F as above £6.19.6
St(UCtor modules in EurODd' Project 60 K Stereo F.M. tuner To be released shortly
prices are remarkably low. = :

How to assemble and use Project 60 modules to best advantage in the above and other appli-
cations will be found in the fully descriptive Project 60 manual included with Project 60 systems.
This 48 page manual is available separately, price 2/6d including postage.

] L . .
EI”:'EIPSINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD,TBCI::‘:\::)Q:?Saf
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Z.30 & 2.50 POWER AMPLIFIERS

The Z.30 together with the Z.50 are both of SPECIFICATIONS (Z.50 units are inter-

advanced design using silicon epitaxial planar changeable with 2.30s in all applications.
transistors to achieve unsurpassed standards Power Outputs

of performance. Total harmonic distortion is Z.30 15 watts R.M.S. into 8 ohms, using 35V: 20
an incredibly low 0.02% at full output and all watts R.M.S. into 3 ohms using 30 volts.

Z.50 40 watts R.M.S. into 3 ohms from 40 volts:
30 watts R.M.S. into 8 ohms, using 50 voits.
Frequency response 30to 300,000 Hz + 1dB

lower outputs, Whether you use the Z.30 or
2,50 power amplifiers in your Project 60

system will depend on personal preference, Distortion 0.02% into 8 ohms

but they are the same physical size and may Signal to noise ratio better than 70 dB unweighted
be used with other units in the Project 60 Input sensitivity 250mV into 100 Kohms.

range equally well. For operating from mains, For speakers from 3 to 15 ohms impedance

for the 2.30 use PZ.5 for most domestic. Size33x 25 x }ins.

requirements, or PZ.6 if you have very low -
efficiency loudspeakers. For Z.50, use the PZ.8
described below.

Curve shows power versus distortion for 2.30 and

2.50.

Z.30
Built, tested and guaranteed with circuits
and instructions manual 8 9 / 6 v t
Z2.50
Byilt, tested and guaranteed with circuits 01y
and instructions manual 1 O 9 6 .o

/ Wmw 100mw et 10 waits

STEREO 60 Pre amp/Control Unit

Designed for the Project 60 range but suitable for use with any high
quality power amplifier. Again silicon epitaxial planar transistors are used
throughout, achieving a really high signal-to-noise ratio and excellent
tracking between channels. Input selection is by means of push buttons
and accurate equalisation is provided for all the usual inputs.
SPECIFICATIONS

® Input sensitivities'— Radio — up to 3mV. Mag. p.u. — 3mV: correct to
R.I.LA.A. curve = 1dB: 20 to 25,000Hz. Ceramic p.u. — up to 3mV: Aux. —
upto3mV.

o Output—250mV.

o Signal-to-noiseratio — better than 70 dB.

® Channel matching — within 1 dB.

o Tone controls — TREBLE +15 to —15dB at 10kHz: BASS +15 to

—15dB at 100Hz.
o Frontpanel —brgshed aluminium with black knobs and controls. g:;:;;z;:;;w W ) el
e Size8ix1ix4ins. ‘Built, tested £9 1 9 6 .

and guaranteed a =

ACTIVE FILTER UNIT b

For use between Stereo 60 unit and two Z.30s or Z.50s, the Active o 3
Filter Unit matches the Stereo 60 in styling and is as easily mounted. o4~

It is unique in that the cut-off frequencies are continuously varlable, I 5

and as attenuation in the rejected band is rapid (12dB/octave), o L/ - X4
there is less loss of the wanted signal than has previously been ’m’:m E

possible. Amplitude and phase distortion are negligible. The Sinclair

A.F.U. is suitable also for use with any other amplifier sysiem.

Two stages of filtering are incorporated—rumble (high pass) and

scratch (low pass). Supply voltage—15 to 35V. Current—3mA. .

H.F cut-off (—3dB) variable from 28kHzto 5kHz. LF cut-off (—3dB)  snd sumameey £ 0.19.6
variable from 25Hz to 100Hz. Filter slope, koth sections 12dB per

octave. Distortion at 1kHz (35V supply) 0.02% at rated output.

POWER SUPPLY UNITS

The units below are designed specially for use with the Project 60 system of your choice.

lllustration shows PZ.5 power supply unit to left and PZ.8 (for use with Z.50s) to the tight. Use PZ.5 for
normal Z.30 assemblies and PZ.6 where a stabilised supply is essential.

PZ-5 30 volts unstabilised £6.19.6  PZ-8 45 volts stabilised (less mains transformers) £5.19.6
] PZ-6 35 volts stabilised £7.19.6 PZ-8 mains transformer £6.19.6

ithin 3 hs of hasing Project 60 modules directly from -
T N o, o o1l o To: SINCLAIR RADIONICS LTD., 22 NEWMARKET RD., CAMBRIDGE |

us: you are dissatisfied with them, we will refund your money at once. Each module

is guaranteed to work perfectly and should any defect arise in normal use we will |
service it at once and without any cost to you whatsoever provided that it is returned I
to us within 2 years of the purchase date. There will be a small charge for service i

" ADDRESS.

Please send NAME ... - S

thereafter, No charge for postage by surface mail Air-mail charged at cost |

|

|

1

|

- I - at the International I for which | enclose cashfcheque| I
l_| r_ Audio and Music Fair 4 4 money order ! .

EI : El olympla Stand L__________________.._______-VLW._‘?_l

WW—118 FOR FURTHER DETAILS



ag86

Wireless World, October 1970

Sinclair 1C-10

=R irvce=lsRir—

INTRGRATED CMCIT "0
e s

the world’s most advanced high fidelity amplifier

Specifications
Output: 10 Watts peak, 5 Watts R.M.S. con-
tinuous
Frequency response: 5 Hz to 100 KHz4+-1dB
Total harmonic distortion: Less than 1% at full
output.
Load impedance: 3 to 15 ohms.
Power gain: 110dB (100.000.000.000 times)

total.

Supply voltage: 8 to 18 volts.
Size: 1 x 0.4 x 0.2 inches.
Sensitivity: 5mV.
Input impedance: Adjustable externally up to
2.5 M ohms.

Circuit Description

The first three transistors are used in the pre-amp
and the remaining 10 in the power amplifier.
Class AB output is used with closely controlled
quiescent current which is independent of tem-
perature. Generous negative feedback is used
round both sections and the amplifier is com-
pletely free from crossover distortion at all supply
voltages. making battery operation eminently
satisfactory.

Applications

Each I1C-10 is sold with a very comprehensive
manual giving circuit and wiring diagrams for a
large number of applications in addition to high
fidelity. These include stabilised power supplies,
oscillators, etc. The pre-amp section can be
used as an R.F.,or LF. amplifier without any
additional transistors.

The Sinclair IC-10 is the world’'s first monolithic integrated circuit high
fidelity power amplifier and pre-amplifier. The circuit itself, a chip of silicon
only a twentieth of an inch square by one hundredth of an inch thick, has
5 watts R.M.S. output (10w. peak). It contains 13 transistors (including two
power types), 2 diodes, 1 zener diode and 18 resistors, formed simultaneously
in the silicon by a series of diffusions. The chip is encapsulated in a solid
plastic package which holds the metal heat sink and connecting pins. This
exciting device is not only more rugged and reliable than any previous
amplifier, it also has considerable performance advantages. The most important
are complete freedom from thermal runaway due to the close thermal coupling
between the output transistors and the bias diodes and very low level of
distortion.

The IC-10 is primarily intended as a full performance high fidelity power and
pre-amplifier, for which application it only requires the addition of such com-
ponents as tone and volume controls and a battery or mains power supply.
However, itis so designed that it may be used simply in many other applications
including car radios, electronic organs, servo amplifiers (it is d.c. coupled
throughout), etc. Once proven, the circuits can be produced with complete
unifermity which enables us to give a full guarantee on every 1C-10, knowing
that every unit will work as perfectly as the original and do so-for a lifetime.

59/6

SINCLAIR
C 1 0 with IC-10 manual
- Post free.

Please send NAME.

 To: SINCLAIR RADIONICS LTD., 22 NEWMARKET:D—.. CAMBRIDGE

ADDRESS.

Sirci=ir-

At the International Audio

for which I enclose cash/chequé
money order

S

INI—————

2ol

and Music Fair, Olympia, Stand

WwWi10
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Q.16 High fidelity loudspeaker

Developed out of the revolutionary and much praised design of
the original Sinclair Q.14 comes this more advanced version to
meet the requirements of even greater numbers of high fidelity
enthusiasts. The Q.16 employs:the same well proven acoustic
principles in which a special driver assembly is meticulously
matched to the physical characteristics of the uniquely designed
housing. In reviewing this exclusive Sinclair design, technical
journals have been loud in their praise for it and it comfortably
stands comparison with very much more expensive loudspeakers.
The shape of the Q.16 enables it to be positioned and matched
to its environment to much better effect than is the case with
conventionally styled enclosures, and with its improved styling,
the Q.16 presents an entirely new and attractive appearance. A
solid teak surround is used with a special all-over cellular black
foam front chosen as much for its appearance as for its ability to
pass all audio frequencies unimpaired.

The Q.16 is compact and slim and is the ideal shelf-mounted
speaker, and brings genuine high fidelity within reach of every
music lover.

Specifications

Construction: A sealed seamless sound or pressure
chamber is used with internal baffle, all of
materials carefully chosen to ensure freedom
from spurious tone coloration.

‘Loading: Up to 14 watts R.M.S.

Input impedance: 8 ohms.

Frequency response: From 60 to 16,000Hz, as confirmed.
by independently plotted B & K curve.

Driver unit: Specially designed high compliance unit
having massive ceramic magnet of 11,000
gauss. aluminium speech coil and special
cone suspension. Excellent transient res-
ponse is achieved.

Size and styling: 93" square on face x 43" deep with neat
pedestal base. Black all-over cellular foam
front with natural solid teak surround.

Price: £8 19 6.

Micromatic Britain’'s smallest radio

Considerably smaller than'an ordinary box of matches, this is a
multi-stage A.M. receiver meticulously designed to provide re-
markable standards of selectivity, power and quality. Powerful
A.G.C. is incorporated to counteract fading from distant stations;
bandspread at higher frequencies makes reception of Radio 1
easy at all times. Vernier type tuning plus the directional pro-
perties of the self-contained special ferrite rod aerial makes
station separation very much easier than with many larger sets.
The plug-in high fidelity type magnetic earpiece which matches
exactly with the output of the Micromatic provides wonderful
standards of reproduction both for speech and for music. Every-
thing including the batteries is contained within the attractively
designed case. Whether you build your Micromatic or buy it ready
built and tested. you will find it as easy to take with you as your
wristwatch, and depenidable under thé severest listening con-
ditions.

Specifications

Size: 187 x 1%&” x 17 (46 x 33 x 13mm).

Weight including 1 0z.(28.35gm) approx.

batteries:

Tuning: Medium wave band with bandspread at
higher frequency end.

Earpiece: High-fidelity magnetic type.

Battery Two Mallory Mercury Cells, type R.M. 675,

requirements: for long working life.

Case: Black plastic with anodised aluminium
front panel, spun aluminium dial.

Controls: Tuning dial, and on/off switching by means
of earpiece plug.

Price: Available in kit form complete with earpiece,

case, instructions and supply of,solder in
fitted pack. 49/6.
Ready built, tested and guaranteed. 59/6.

a [ ]
Sinclair Radionics Ltd, 22 Newmarket Road, Cambridge Telephone 0223 52731 e I:IE“
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R.S.T. VALVE MAIL ORDER CO.
BLACKWOOD HALL, 16 A WELLFIELD ROAD
STREATHAM, S.W.16
A6l 9/8 | ECL82 7/- | PL82 8/8 | XH8/100 7¥4 88 | 26401 &/~
ACT® 500/~ | ECLSS 10/3 | PL84 7- 300/~ | 10F1 14/9 | 26402 6/-
ARP38 16/- | ®BOL®s 9/~ | PLs08 29/- | XR13/200 11E3 70/~ | 2G414 6/-
AZ31 10/~ | KCLLS0O PL509 29/ 120/~ | 124C8 10/~ | 26416 6/-
BT19 60/- 30/~ | PL802 18/8 | 266 15/~ | 12AD6 11/~ | 2G416 6/6
BT 57/~ | EF9 20/~ | PT15 15/~ | 2319 25/~ | 12AE6 9/6 | 26417 6/~
BISy 61/- | EF3A 7i- | PX4 B4l | 769 30 | 13AT6 @19 | aN%41 9/
C10 .20/~ F39 8- | PX25 27/6 | zsoo 2o/~ | 12AT7 6/~ | 2N566 1%/6
CBL31 18/~ Erat 10/- | PY32 10/9 | zso1 30/~ | 12aU7 5/9 | ACI07 5/8
CCH35 15/- EF60 5/= PY33 10/8 Z803U 15{- 12AX7 6/3 AC127  5/-
CVs 95/ EF53 25/ PY81 5/9 OA2 8/3 | 12BA8 6/- ACi28 4/8
Ov74 80/- | EFS0 4/ | PYs2 6/3 | oB2 8/~ | 12BE6 6/3 | ACY10 5/-
Ccvea 50/- | EFse 6/86 | PYsS 7/~ | oz4 4/8 | 12E1 20/~ | ACY20 /-
Cvsls 80/~ | EFss 5/8 | PY500 18/8 | 1BSGT 7/3 | 12K7aT 7/- | ACY2l 4/8
cvasddo/- | EF91  3/8 | PYS0O 9/8 | 123 25/~ | 13R8GT 8/~ | AD140 8/—
Ov370300/- | EF92 2/8 | PY801 9/8 | 2C39A140/- | 13Q7GT 6/~ | AFii4 5
Cv372 §7/- EF98 15/0 Pz30 10/- 2C43  70/- 13E1 190/ AF115  §/-
Cvi04 8 EF183 6/8 QF41 400/~ | oD21 6/8 | 20P4 20/- AF118 4/6
CV408 60/ EF184 7/- | QQVO02/6 2E26 20/~ | 24B1 110/- | AF117 7/-
Cv428 45/~ | EF804 21/- 45/~ | ggos 160/~ | 2524 /3 ) (o
Cv429350/- | EFP60 10/~ | QQV03/10 3A/167M 26Z5GT 8/- | GET571 B/-
OV450 25/-- | EHS0 7/6 27/8 80/~ | 2526GT 8/6 GBTar 6/~
OV1144 60/~ | EL33 12/8 | QQV03/20 3A5 20l | 27an 79/6 | NETall 68
GV1385 EL34 10/8 105/~ | 3834 20/~ | sec1s i1 | NKT2144/4
140/~ | EL36 93 | QQvod/1s 3B240M - | NKT2166/4
: EL38 2806 105/ 10~ | S0CMT 18- | NKT217 8/
T | B MG | el | ) | by S| e
- 3 110/~ | 30L15 17/-
T | B g | oovosle | g | RLY 7 | vyt
3024 -
CV2306 ELSs 7/9 | QQVs/g Scanlagz RS0 el 12/6
350/- EL88 8/3 70/~ | 3p21a 35/~ | 30PL1 16/- NKT675 6/~
OV231235/- | EL0 6/3 | Q870/20 5/8 | 3pag 70/ NKT677 5/~
CV400310/- | ELO5 7/- | QS75/20 6/8 | yous g | SOELA3IB | NkT7137/6
Gvioos o | Erasm e | ST ioxasoB | Sore gl | gcie 18k
= - .20/~ - | ocis 88
Cv400618/~ | ELs31 7/6 | Qusys 7/3 240/~ | 35LAGT - o0 20
CV4007 7/- | ELS22 16/~ | Q892/10 4/- | 4X150A W4 0C24 9/
OV4014 7/~ | ELLSO 20/~ | Q895/10 5/6 /= | 3574GT "“ 0oc2s 78
CV401510/~ | EM34 18/- | QB108/45 4X150D 50C6  8/3 | o026 6/
CV4024 6/- EMS0 7/6 = /- | 50CD8G 0C28  12/8
Ov4026 7/- | EMsL 12/8 | Q8150113 4X2508 81/~ | oca9 1a/8
CV4031 7/~ | EMS4 /8 8/~ IS0 RA0) 28 | ocx 83
CV4083 7/~ ENS2 o5~ | Q8150/30 6B/254M 86A1 25/~ | ooqq 4.
CV404412/~ | EY5L 7/6 8/~ 37/- | 88A2 73 | oCes 33
CV4045610/~- | EY81 7/~ | Q8160/36 8B/255M 88L 160/~ | oc71 3/
CV404690/- | EYs3 8/8 - S0AG 45~ | ocr2 4/~
Cv404818/8 | Eyss g9/- | Q8150/45 5C22 320/~ | 90AV 451~ | G074 48
CV406217/8 | EYe8 7/ - | sRaGY 10/6 | 90Ct 121~ | oc7s 46
CV406430/- | Ezs0 9/~ | QB150/80 504G /6 | 90CG 25/~ | o076 3
Ov30 12/86 | Ez41 9/8 20/ sveg 8/~ | 90CV 25 | ocv7 8-
DAF91 4/8 | Ezso b5/8 | Q81209 7/3 SYI6T 61 15082 116 | ocr8  3/-
DAF96 7/8 | Ez81 & QV03-12 7/- | l50B3 8/8 | ocs1l /-
DOCYo 20/~ | GTELTS 12/~ alsom 15/~ | 705A 10/~ | oCRID 3/-
DET3 QV04-712/8 s | 723A/B OC8IM B/~
1,000~ | GTIC 67/6 | QV05-25 89/~ uxe LT - gg/' ocsuma/—
DET19 6/8 GU20 100/~ | QVo08-20 6ALS  3/= | goy 9’3 3/-
DET20 2/8 | GU21 100/- 278 | gAM6 3/6 / 6o 3/-
ET22 GY501 16/~ | QY¥3-135° BANS 10/~ | 893 38~ | ocss 48
110/ GZ30 10/- 180/~ | gaQ4 4/- | 297 9- | ociey 6/-
DET23 G232 10/~ | R10 18/~ | gaqs /3 | 811 35~ | o0 /e
110/ azss 13- | R17  8/= | gagg - | 813 _ - | ocim1 &/-
DET24 Gz37 15/- | R18  7/8 | gag7 13- | 818USA 00200 5/8
50/~ | mes 18~ | R1® 78 | gamg 4jp 180~ | 8Xe43 38
DET25 15/~ '110811250 820B 860/ XAL01 3/6
DEL HIAlDl;aIG looi- | GAUSST | ssaa a0l | XAl s/e
DFSS 76 | grs aso | BGS/00 g -] 837, 18 | XA112 448
DH63 6/~ ’ o/~ | 6B4G 20/~ | 868A 16/~ | X125 5/-
DH77 49 | Sier 220 | sima see | 6BA6 5= | s7on 576 | XAl -
DKs? 709 | Bweo 30~ | suiki270/- | 6BES 8/~ | 931A 72/8 | XA142 B
DK91 8- | ST0T 3%~ | s1s0 40/~ | OBHS 9 | 954  5/3 | xXAl4s B/
DKoz 9. | ETOIACH | sis0p 40/= | ©BJS O | g5 3
DK%  7/9 = SPU e | CBE4 214 | 200 1 TUBES
DL66 25/~ y 8P6l  8/8 5644 40~ | o -
Dios o3 | nomo g sTvasojdo | £207A 3o | st o e
DL - 6/9 25/~ | 6BRT 17/~ | 5654 8= 1
L6 ETWOL12/6 | gyvosojso | 6BR8 126 | sg7a 7/~ | SDFL 40/-
DISI10 12/8 Zve 95— | 6BST 28/~ | gegp g .
DLSIS 30/ 126 | suowolsie | 6BWS e | 2031 J0= [ SEPT 20/
DLS19 30~ | Moty goo- | SU3loa 6BWT 13/~ | 5694 30/- Pl 8o/
DYss 6= | els 600i- 128 | 6804 8- | grn 3 | B fa
Dys7 66 | MEL0095- |y 17;¢ | 6CB6 &/ | grgo  jor- | SORL S8/-
DYs02 12/6 | Meic01SSl | TDO3-s 8CDBG 24/~ | ;768  1p/- Bor-
Eseco 1z~ | St 1i/8 110/~ | 6CHE 718 | 75 gg) e
E180F 17/ | N3¢ 17/8 | Tposao 8CL8  8/8 | 5347 g/~ 5 om0/
N78  19/- 110/~ | 60W4 13/6 - | ACR22 80/-
E182CC 22/8 PC86  11/6 5878 80/ C27A 160/-
ESL0F 50/- PCss 11 TZ40 0/~ | 6D4 18/~ [+5p79 22/6 | QOV960 76/-
EABC80 I8 | Ulo 86— | 6DE6 9/~ | gagq 150) | Cvegs a9/
&8 | ECOT 89 | yos 24 | 6F23 16/- / i
EAP42 10/- | FC00 818 | yos  i5g | eraz gjg | 5899 10/ | CV1626 86/
BoCes 88 | u2s 156 | eF3s 19/8 8963 {3;: mmgggggt
176 | Pocas 19 | U8 80/~ | 6356 4 | go57 10/~ | Dusjer £7
EBO1  3/- Soig/8 | Ust 2ol | 838 38 | gozg 30/ E450/4IB/18
EBC33 88 | poweo?10/8 | vior 139 | 6378 € | gdio  1g H
EBCAL 89 | Torey o0 | U404 78 | 6K6GT 8/ | 4os0 g | mcRao doi-
EBCO0 4/p ll;gl';gﬂ 9/- U801 23/8 6K7 1/9 11 ECR35 50/~
EBF80 7/6 0016/~ | gyaBCs06/8 | 6K7G 2/~ | 606 A Lo s
‘EBFes g | PCFINISK | yhpgoge | oks g | 083 M) | 1CFSL - <7
EBFs9 6/¢ | ECF80018/- | UBO41 9/3 | 6K8G g~ | 063 7/~ | WA 01—
EBL21 12/- PCF801 9/9 UCH42 10/8 sLsG 7/9 | 6084 - 09G 80
EBL31 ¢7/6 | ECF802 8/9 | yCHS1 7/~ | 6L6WGB 60656 9/~ I
ECCS3 15/— PCF80813/- | UCLs2 7/6 17/¢ | 6067 20/~ | OSL  80/—
ECCi0 1758 | PCEH200 UCLSS 10/~ | ep2s 2a/e | 6073 12/~ | VCRT7 45/~
ECC70 15— 12/ UL4l 12/~ | 8Q7a 6/~ | 6080 25/~ | VCR13860/-
ECCsl ¢~ | PCL83 7/ | uLss 7/~ | esqrm /6 | G111 128 | yopigen
ECCs2 sjp | FCL83 10/8 | wwe 21/~ | esg7 e~ | 6146 2708 80/~
ECCS3 638 | PCL84 86 | UU7 21/~ | 68J7M 7/~ | 7470 M- | oopiaon
ECCss b/- | PCL85 8/3 | UUS 21/~ | 6sL7GT 6/~ | 9003  9/- 45/~
ECCss  7/8 PCL88 8/3 UY4sl /6 68N7GT /6 | 8004  2/8
ECFso 6/6 | PD500 29/~ | UY85 68 | gvea 4/8 Diodes VCE516
ECF82 6/8 PENB4 20/- 31 30/— 8X4 4/6 Transistors 80/~
ECH22 25/- | PEN46DD VP4B 25/~ | gxsG 4f¢ | 18113 g- | VCRSITA
ECHS5 11/8 | . 12/~ | VR105/30 787 76 | 18116 4/8 46/
ECH43 13/~ PFL200 C8 22/6 18131 - 2/8 VCRS517B
ECHS1 b5/9 14/~ | VR150/30 7C8  15/- | 2G210 12/8 46/—
ECHSS 8/8 | PL36 10/9 6~ | 7HT "8/8 | 26881 B/~ | VCR5LIO
ECL80 7/~ | PL81 9/¢ | wsiM 12/86 | 787 45/~ | 26382 6/- 46/
3
Valves teated and released to A.R.B. specification If required.
Express postage 9d. per valve. Monday to Saturday
rdinary postage . per valve, a.m.—a. .M.
Ordi t 6d {] 9 5.30 p.
Over £5 postage free. Closed Sat 1-30—2-30 p.m
Tel. 05-769 0199/1649 Complete range of TV Tubes
available from £4.5.0.
SEND S.A.E. FOR LIST of 6,000 TYPES
VALVES, TUBES AND TRANSISTORS
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Brand New Fully Guaranteed Quantity

TRANSISTORS

& DEVICES

HENRY'S RADIO

SEMICONDUCTOR DEPT

Tl Al et R
9 & = 111 12+ T 1-11 12+
I1N4008 2/- | ACI27 /- | BSX78 3/~ [Giveia 8/6 7/9 CA3014 29/6 27/
1N4004 2/- | AC127Z 10/- | BSY27 4/- |CA3048 45/- 42/~ CA30I8 22/6 20/
1N4005 2/6 | AC128 5/- | BSY28 5/- |1 403A 42/6 41/- CA3020 27/6 25/
1N4006 3/- | ACl54 3/- | B8Y29 5/- IMCI303 52/6 48/- CA3028 24/6 22/
1N4007 4/-(AC169 3/- | BSY50 5/- [MCI304 55/- 50/~ CA3036 18/6 16/6
1N4009 1/6 | AC153 4/- | BSY53 5/- |pA246 52/6 48/~ MFC4000P
e 17 ag o B o i
i oA o e e | IN0SS 15]-1 23819 T]-
2G308 &/~ | ACY18 4/- | BY100 3/6 { Muliard 115 watt Texas F.E.T.
s {|Acre 4\ Bam 46| smenpomc |26 100500
M fAGn ge R ) | Sl
3. c
2G381 5/- | ACY28 3/6 | BYZ11 7/-
S |ARR ye|myn U- | 2N2926 2/6|2N2646 !0/6
2G383 5/- | ACY38 5/- [ BYZ13 4/ NPN Planar Motorola
2N404  4/6 | ACY39 11/- | BYZ16 20/~ All colours Unijunction
e volAcne o | me, e AT
Bk (i | o g | b ol LTl
aN708a 2/6 | aD163 776 f Mpr03 7- | AF139  6/- |AF186 8-
IN707  9/6 [AF102 12/6 | MPF104 7/6 | "o oo o
2N708 3/- | AF1l4 6/6 | MPF105 8/— emens V.H.F. | Mullard V.H.F.
2NO14 4/6 | AF115 &/-{ QA5 3/~ | 25+5/3 |oo+4IG 254+7]- loo.sl-
2N916 4/6 | AF116 4/6 | OA7 4/- 500+3/9 50045/-
nas T AmN gloh,
T Lafem tlme o | D00 R[S S
Noss o |AF1s6 4~ |Oart 2 | 25+4/3 100+3/6]  wyitara sooy.
N g Am 4o B0 ) OCIT1 6o fae vas
S QR e LRI S LB
2N1305 ' 5/~ | AF186 8/- | OA85  2/6 - ol
9N1308 5/- | AF239 8/- | OAS8  4/- BY127 4/ BYZ13 4I
2N1307 5/- | AFY19 22/6 | 0A90 2/~ | Mullard 1000v. |Mullard 8A. 200v.
%g%ggg g;— u%g :g;s ggg% ”2 1 amp. plastic | 25+3/6 100+3/2
b A R TR
2N2160 12/6 | ASY28 5/- | 0A210 5/- 0028 12/6 |BCI07/8/92/6 ea.
2N2287 25/- | ASY29 6/- | 0A211 7/6 ullard Power 1T.T. Planars
2N2646 10/6 | ASY67 9/6 | OAZ225 7/6 25,“/- mu.m/- 25¢2]3 10042~
2N2004 &/ | ASZ21 8/6 | OAZ228 7/6 00+1/9
a6 | agnio o Qazme g | _sonedlE oo
2N2026 2/6 | BAllo 5/~ | 0AZ234 7/6 | 0A200/0A2021/3 |OCPT1 19/6
2N3011 5/- | BAY31 2/- | OAZ238 9/6 A
R Al I Wt I )
n 25¢ 100+ 254 100+
2N3055 I5/— [ BC109 2/6 | 0C20  19/6
R T
2N3704 3/6 [ BC118 7/6 | OC2¢ 10/~ = o
2N37056 3/6 | BC134 7/6|0C26 /6 0C42 6/ 0c44 4/
%gg;gg %52 gggg #- 800223 |§5Z 5;\;“““‘1 4/9 3,%unmd 2,9
= 25+ 100+ 25+ 100+
2N3710 2/6 | BC137 8/-|0C28 12/6 | *
R A e T
2Ns730 10/~ | Boyal é-|oca 5- | 0C45  3/6|0CT1  3/-
2N3731 12/6 [ BCY32 10/- | OC42.  &/-
2N3810 7/- | BOY38 4/-| OC43 B/~ Mullard Mullard
e A R A e
R R R
2N4z86 3~ |BCys2 §-(oci  3- |0CT5  §/- BCY34 5/-
2N4288 3/~ [ BCY43 5/-|0C72  5/- e Enn
2N4280 3/6 | BCY?70 4/-(OC73 4/ il 2
R O R R T
P S Blea b e T
domer 13- | Rz &|OCTe s 0C20 19/6 |IN4001/2/3 1/6
A i Muljard 100v. 1 amp. 100-300v.
23002 10/6 [ BF1956 3/~ | OC81D 4/-
59005 '9/6 | Bbiza 128 | 0Caz" /- | 25+15/9 100+14/6 | 2541/4 10041]2
28004  9/6 | BEN30005/- | OC83 5/- 5oo+|3[3 5ou,1l-
Beet Lm0, (o
Zhi B iR bicam i) WIS 2I5) TENER DIODES
E - - ] A
23034 12/6 | BF16 8/~ | 0C1 76 400-600v. 1 amp., 400MW 5%
23036 25/~ [ BF167 5/-|OCl41 15/= | 25+2/- 100+1/9| BZYB8 RANGE
28320 9/- | BF173 &/ | OCl60  4/-
28321  é/- [ BF180 7/6 | OC170° 5/- 500+ 1/6 All voltages
B e Bne, D6l0an st s
25324 12/6 | BFX88 5/~ | OC201 9/6 |N4|]|]ﬁ/7‘ 3/-| 2219 10042/
Bewt Fé|me 4ol ogm | wotmnu | sorls
23702 I/~ | BEYs2 4/-|0C204 g/~ | 25¢2/10 10042/6]  1000+f/7
ggg; g;z BFY52 4/- 8%05 12/6 500+2/3 Any one type
BFY53 3/6 08 15/—
AAize e |BFYss s/ |ocoo7 15 | QG139 §/- 00140 7/6
AAY12 5/ | BLY10 20/- | OCP7L 19/6 S e -
AAZ12 4/- | BLYI11 22/6 | ORP12 lo/- 25¢4/- 100433 1545I I0005I
AAZ13 2/6 | BPX10 19/6 | ORP60 8/- ' - :
50043/~ 500+4/-
PLEASE NOTE MINIMUM ORDER 10/-
MULLARD INTEGRATED CIRCUITS | NEW AUTUMN 1970 LIST. NEW|
| T 1o 1024 | DEVICES NEW PRICES. ASK FO
FIHI0l 14/- 12/=- FJHI51 14/= 12/=| LIST 36. SEND FOR YOUR FRE
mEH Ml el go) oY YobAv:
FIHI3L 14/— 19/~ FJHISL 14/~ 18/ | Piscounts 10% on é§+ any one type.
FJH141 14/=- 12/= FJHZ1 14/~ 12/= % on 25+ any one typed
FJH23l 14/= 12/= FJJ111 19/= 18- QUANTITY PRICES PHONE
FJJ121 32/= 27/6 FiI191 32/= 27/8 (01) 723 0401 Ex, 4
FJJ131 28/9 25/= FJJ251  56/8 48/
FJJ141 58/6 48/8 FJLIOL 56/8 48/8
Fl2ll 56/ 48/8 FIYIOl 77/8 87/6
pplied with data. Q prices on applicati YOUR ORDER

303 EDGWARE ROAD
LONDON, W.2
01-723 1008-9 Ext 4

Open Mon-Sat 9am-6pm Thurs 9am - ipm
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HENRY'S

raoio Lo FOUR ELEGTRONIGS GENTRE

a89

ALL WITHIN
100 YARDS

303-309-354-356 EDGWARE ROAD LONDON W.2

SLIM MODERN DESIGNS USING THE LATEST

SILICON TRANSISTORS, FET's and IC's. DIN SOCKETS, ETC. fitted.
PUSH-BUTTON SELECTION, +20d8.

Bass and treble boost and cut. All inputs provided plus TAPE RECORD
and REPLAY. Specifically designed for use with PA25 and PAS0 Amplifiers
GOLD AND SILVER FINISH, Mains operated. Supplied with all plugs etc,
AJDUSTABLE OUTPUT UP TO | VOLT. Slmprc mounting.

NEW RANGE SELF-POWERED PRE-AMPLIFIERS

Y% FET9/4. Mono with built-in mic. mixer. Accepts any ceramic or
crystal cartridge. Pius tuner, tape, etc. Price £12.10.0 p.p. 4/-.

% FETI54 STEREO.
Magnetic cart., input, tuner, tape, etc. Beautiful stereo sound.
Price £16.10.0 p.p. 4/6.

% L.C. STEREO

All facilities plus headphone socket without amplifiers. Uses IC’s,
FET's etc. Price £24.0.0 p.p. 5/6

SIMPLICITY TO MOUNT—EASY TO USE-DESIGNED
=y FOR QUALITY, PERFORMANCE AND PRICE

LOOK AT THE
SPECIFICATIONS!

25 WATT & 50 WATT

RMS SILICON
AMPLIFIERS

@ At full power 0,3% distortion, @ Rise time 24 sec.
@ Ac full power—IdB Iic/s to 40 kejs. @ Short clrcult proof
@Response—IdB 11 c/s to 100 ke/s. plus limiting cct.

PA 25 10 transistor all silicon differential input 400 mV sensitivity.
25 watts Rms into 8 ohms. Supplied with edge connector harness
size 57 X 3* x 2"

PA 50 2 transistor version 50 watts Rms into 3 to 4 ohms. Size
5% % 3" x 4",

MU 442, Power supply for one or two PA 25 or one PA 50,

PA 25 £7.10.0. PA 50 £9.10.0. MU 442 £6

All units, No soldering—just edge connectors and plugs.

BUILD THIS YHF FM TUNER

5 MULLARD TRANSISTORS 300 kc/s BAND- H
WIOTH,  CPRINTED | CIRCUIT.” PhraH When inLondon
FIDELITY REPRODUCTION. MONO AND
STEREO. A popular VHF FM Tuner for Call In and see
uality and reception of mono and stareo.

here is no doubt about it—VHF FM gives the new

the REAL sound, All parts sold separately.

PARTS TOTAL COST €6.19.6 "pop. 3/
ASK FOR BROCHURE No. 3,

DECODER £5.19.6 (FOR STEREQ) p.p. 3/6

Component Store

TEST EQUIPMENT
For Educational, Professional
and Home Constructors
SPECIAL PRICES FOR QUANTITIES

AFI105 50k‘volt multi-
meter (illus.).

Price £8.10.0 p.p. 3/6.
Leather case 28/6.

200H 20k/volt.
Price £3.17.6 p.p. 3/6.
Case 12/6,

500 30k/voit multi-meter
Price £8.17.6 p.p. 3/6.
Leather case 38’-.

THL 33 2k/volt.
Price £4.2.6 p.p. 3/-.
Leather case 22/6.

TEé65 Valve voltmeter
(illus.). €17.10.0 p.p. 7/6.

YMS1 Transistorised
AF/RF millivoltmeter.
Price £32,

TE20D RF generator
(illus.). Price £15 p.p. 7/6

TE22D Matching audio
generator.,
Price £17 p.p. 7/6.

TEI5 Grid dip meter.
Price £12.10.0 p.p. 3/6.

TO3 Scop (illus.).
3" tub

tube.
Price £37.10.0
p.p. 10/

ORC2TA. WEIN
BRIDGE RC AUDIO
OSCILLATOR,
Price £30.

PANEL METERS

Complete range in stock. FREE
List on request

CATALOGUE CONTAINS
OVER 30 PAGES OF TEST EQUIPMENT

HENRY'S RADIOQ LTI ® VAl ORDER AND INDUSTRIAL SALES DEPT 303, EDGWARE ROAD LONDON W.2 01723 1008/8
@ ELECTRONIC COMPONENTS AND EQUIPMENT

AUDIO AND TEST GEAR

356 EDGWARE ROAD LONDON W.2
TEL.01-402 4736

HENRY'S STOCK EVERY TYPE
OF COMPONENT YOU NEED
A CATALOGUE IS A MUST!
STOCKS CONTINUOUSLY
ADDED TO—YOQUR ENQUIRIES
INVITED FOR ALL QUANTITIES

HENRY’S LATEST
CATALOGUE oW

350 pages fully detailed and lliustrated. All sudio and electronics
complete with 10/- value discount voucher for use with purchases.
Price 7/6 p.p. 2/-.

A must for the home constructor snd professionai engineer,

FREE to schools, colleges and companies on written request.

PORTABLE £9.10.0.
GEIGER COUNTERS Carriage i5/-

FOR MEASUREMENT
OF RADIO ACTIVITY
Supplied complete
with Instructions,
haversack, cables and
probe, List price £70.
Our price, new,
tested, complete
with 4 cell H.T.
Eliminator,

Plug In malns unlts 75/«
Dosimeters 0-50r 12/6, 0-150r 10/~

4

SINCLAIR
EQUIPMENT Pz8 £5.19.6.

Y Two Z30, P25 and 60 pre-amp (usually £23.10.0) (or with Pz6 in place of

P25 €21)

230 75/, project 60 amp £8.10.0, Px5 79/6, Pz6 £6.19.6, 150 £5.9.6,

HIGH CAPACITY

ELECTROLYTICS

40,000 mfd 10 volt .. 10/0
35,000 mfd IS volt .. 12/6
25,000 mfd 25 vole .. 13/=
46,000 mfd 25 yolt .. 19,6

At a fraction of normal price,
MADE BY MALLORY, USA,

YOU CAN SAVE 25%

BRAND NEW AND FULLY GUARANTEED

SP25 mkll £11.9.6. AP75 £16.19.6. SL65 B £14.19.6.
SL72 B £25, SL75 B £31, SL95 B £39. P.p. 7/6.
SPECIAL OFFER. Above supplied with cartridge

9TAH/C diam. add £2, magnetic 940 add £3, with G800 sdd FREE COMPLETE LIST
£7.10.0. De-luxe plinths and covers for above. Price ON REQUEST no. 16/17.

£8.10.0 p.p. 65-.
Goldring GL69 deck only. £22 p.p. 2/6. With GBOO £29 p.p. 7/6.
Mk. 11 GL69 add 30/-

Garrard Modei 50 and 3000im £9.15.0 (fitted 9TAHC diam. carts.) p.p. 7/6. Plinths/

covers 99/6 t.p. 6/-. Also for SP25 and SL65B as above.
Goldring GLé

9 ed GBOO with plinth/cover and cables (usually £51). Price £39.

E.A.C. IGIVISOR mk. I}

Ata fraction of normal price,
Moving Coil 0 to 9 Display.
One inch character size.
Light beam lens operated
meter. Movement 500uA,
Character lamp 6.3 volts,
Also lamp for decimal
point. Overall size: 4} X
t x2). Brand new.
Price 79/6.

STC TIME DELAY MODULE

Ideal for experimenters,
educational projects as well
as for practical uses. Delay
adjustable 3-15 secs. Oper=
ates 9-12 volts, Heavy Duty
Relay Contacts. Complete
with suggested applications
;'('!7“‘ Price 35/-, or 3 for

HI-Fl equipment to suit EVERY POCKET

% PA AND DISCOTHEQUE EQUIPMENT

Complete range now In stock ready to use and
modular equipment

*Complete systems and individual units at special
low prices—choose from 100 selected stereo systems.
Call in for a demonstration when in London.

*Freel2-page stock/systems List No. 16/17.
LOW CASH AND CREDIT/HP PRICES

(Credit terms for purchases from £30-—callers only.)

GRAVINER FIRE
DETECTOR UNIT

Fire Detector Unit
containing 931A
photo multiplier and
cold cathode tube.
Shock and fire proof.
Originally made for

4, Price complete
with data sheet £6
Brand new,

@ ELECTRDNIC DRGANS, PUBLIC ADDRESS

DISCOTHEQUE EQUIPMENT
309 EDGWARE ROAD LONDON W.2
TEL. 01-723 6963

ELECTRONIC ORGANS

MODERN ALL BRITISH TRANSISTORISED

DE?IGNS AVAILABLE AS KITS OR READY VISIT THE
BUILT
+ VENEERED CABINETS FOR ALL MODELS NEW
49 NOTE, 61 NOTE SINGLE MANUAL DESIGNS
ALSO TWO MANUAL 49 NOTE
% KITS AVAILABLE IN SECTIONS AS REQUIRED ROOMS

YHP and CREDIT SALE FACILITIES
When in London call in and try for yourself.

DEMONSTRATION

(see below)

wLET US quote for all your organ component
requirements.

@ HIGH FIDELITY SALES
AND DEMDNSTRATIDNS

TEL. 01-402 5854

OPEN MONDAY TO SATURDAY 9AM TD 6 PM. THURS 9AM TD 1PM. OPEN ALL DAY SATURDAY

354, EDGWARE ROAD LONDON W.2
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NEW HYSTERESIS MOTORS BY WALTER
JONES. Type I4g50/|/2. 240v. 50 ¢/s 1500 RPM cont.
rating, output 2.0 oz.fin. 5

Size: Length (less spmdle) r

31, Width 24" x24”

Spindle 17X 3/16”. Wel;ht

3'Ib. Maker’s price in region

of £22.10.0. Our price

£6.10.0. each. Carr. Paid.

“Parvalux’” Reversible
100 RPM Geared Motor,
Type S.D.l14, 230/250v. A.C.
2

Ib.fin. Standard foot
mounted, variable angle
final drive. Removable 9-

tooth chain spiggot on 3/16”
dl Ist class

£7.10.0 each. P. & P. 10/-.

Also limited number only as above, Without spiggot.

Brand New. £12.10,0 each. P. & P. |0/-.

NEW  “CARTER ELECTRIC”
12 r.p.m. MOTOR.—Non-reversible,
1* spindle. 240v. A.C. Open frame with
cast aluminium cased gearbox. Stoutly
constructed. Approx. 25 Ibs.fin. Over--
all  size §approx) 3"x3"x4" plus
spindle. 45/-. P. & P. §/-.

MINIATURE ‘“LATCH-
MASTER" RELAY 6, 12, or 24v.
D.C. operation. One make one
break, contacts rated 5 amps. at
30v. Once current is applled
relay remains latched until input
polarity is reversed. Manufac-
tured for high acceleration re-
uirements by Sperry Gyroscope Co. Size: Length 7,
3|a 9/16” (including mount). Please state vertical or
horizontal mount and voltage. £2.5.0 each. Carr. Paid.

SPECIAL OFFER. En-

closed Relay, complete with

base. Brand New. Type

MQ308 600 (2 24v. 4 c/o. Size

13" % 13" x 2", £5 per dozen.
12/- each.

Type MQ508 10,0002 100v.
4 c/o. £5 per dozen. 12/- each.
Type MQ!'08 40Q2 6v. 4 cfo.
£6 per dozen, 13/6 each.
Type MQ208 1502 |2v. 4 c/o.
£6 per dozen. 13/6 each.
Carr. Paid.

NEW *“F.I.R.E.”” PLUG-IN
RELAY.—I!I5v. Coil 50/60 c.p.s.
3 heavy duty silver change-over con-
tacts, Very robust. 17/6, Carr. Paid.

NEW DIAMOND “H"” 240v. A.C.
RELAY.—3 heavy duty silver change-
over contacts. §7/6. Carr. Paid.

DIAMOND "“'H”
SEALED RELAY
Type. BR 11§ C.L.T.—
1C 26v. 1502 4 P.D.T.
Completely encapsu-
lated in heavy gauge
brass case, glass sealed
terminals, very robust.
17/6 each. Carr. Paid.

SEIMENS HIGH SPEED RELAY, Type 89L.
1,700Q + 1,700Q coil. New 15/« each. Carr. Paid,

G.E.C. SEALED RELAY, Type MI492, 67002 24v.
Contacts: 4 c/o. Ex-chassis, but unused. 20/-, Carr. Paid.

BERCO. Rotary rheostat. Type L25. 100 0. 25 watt. |} in.
dia. 4 in. spindle, 12/6 each. P.P. 2/6.

TIME ELAPSED REGISTER.
This robust and accurate instrument
functions on 24v. D.C. Has a
5 digit readout plus dial reading
1 hour (60 | min. div.) metering.
Total of 99,999 hrs. Non-reset
sealed unit, chrome bezel, through
panel mounting. Size 2 in. dia. X
3f in. overall. 65/-. Carr. Paid.

ATLAS MIDGET PANEL LAMPS un-
rivalled for indication purposes requiring a
brilliant but tiny light source. Available with
or wire ended in the following
ratings: Capped: 6v. .| A and 12-14v. .0BA
Uncapped: 4v. .25A., 6v. .lA,, 6v. .2A,
24/- per dozen or boxes of 50 at £4 per box.
INDICATOR LAMP HOLDERS AND CAPS for
MIDGET PANEL LAMPS (as above) available red, green,
blue, 2/6 each {complete) minimum order 4 units.

flange ca

PERSONAL CALLERS WELCOME.

THORN DIGITAL INDICA-
TOR. A modular unit easily
read through a wide angle of view
-even under bright lighting.
12 characters, 0 to 9, decimal
point and minus sign. Characters
13/16” high on acrylic, edge-lit by
1 watt midget lamp. Front panel
43" x 1§", depth overall |”, mate
‘black finish. Supplied with
12 lamps. Choice of the following
ratings—6v. .lA. or [2-14v.
L08A, £4.0.0 each, spare lamps
24/- per dozen. Carr. Paid.

SPECIAL OFFER.—BRAND NEW ENGLISH
ELECTRIC MAGNETRONS, TYPE 2J55. NEW
IN FACTORY SEALED TRANSIT PACKING.
RECENT MANUFACTURE. 50 ONLY AVAIL-
ABLE. £27.10.0. CARRIAGE PAID U.X.

VACTRIC. Precision D.C. motor and gear head.
Motor type {IPI0) (size 11) 2B volts operation.
5000 RPM Torque $20G.CM. 0.54 amp. Coupled to
gear head, type I5HI02 (size 15). Ratio 300-).
Max torque [Olbs/ins. Original makers packing.
£20. Carr, Paid. Quangity discounts on application.

SYNCHROS—in original makers packing.
Muirhead receiver 23/TR4b 400 i{HZ 115/90v. £8.10.0

Muirhead control transformer. [8CT4b. 400HZ. 9%0/IV

per degree £8.10.0.

Sperry AC tachogenerator. Type |IMGGSL 400 HZ 1 [5v.
0.5v/1000RPM. Lin. Range 0-600 RMP. £15.10.0.

Moore Reed synchro control differential
VCDX|8/27-4a. 400HZ 90/90 volts. £8.10.0

Moore Reed synchro control transmitter. VCX 23-36-46.
400HZ, 115/90 volts. £8.10.0

Quantity discounts on application.

transmitter

“TEDDINGTON" CONTROLS
STAT TYPE TBB.—Adjustable
between 75° and 100°C. A further
internal adjuster takes the maximum
“f to 120°C. Circuit cuts in again at
3° below cut-out setting. 427 capillary
and sensor probe. The thermostat
actuates a |5 amp. 250v. c/o switch,
A second single pole on/off switch is
incorporated in the adjustment
mechanism. 17/6. Carr. Paid.

OMRON MICROSWITCH. Type VV—I5—IA.
émglepc/o 10 amp. at 250v. 13" x §” x4". 30/- per dozen.
arr d.

“HONEYWELL” MICROSWITCH.
~—Single and double bank, manual-
push. |deal for vending machines,etc.
Each bank comprises a change-over
rated 15 amps. 240v. A.C. The
through-panel mounting assembly is
in heavy polythene surmounted by
black knob. Neck dia. §”. Single 10/- <%
each. Double 15/~ each. Also few

only 3 bank 20/- each. Carr. Paid.

“GOYEN" PRESSURE SWITCH.
—Incorporating differential adjustment
between 2" and 12" water gauge (a max.
of approx. i p.s.i.). A single pole
change-over switch rated 15 amps.
250v. is actuated. Air inlet tube -.’;'
dia. Pro;ecuon +#". Overall size:
dia. 337, depth 2” plus H~ (air tube).
25/-. Carr. Paid.

THERMO-

“HONEYWELL” V3 SERIES.—
Flush microswitch 10 amp. c/o. The
side panel is insulated. End-plate size:
2"x §”. 30/- per doz. Carr. Paid.

“HONEYWELL"” TYPE 23AC-NE
—I15 amp. change-over switch is fitted
on angled metal mount with spring
loaded plastic rod operating cam.
10/ each. Carr. Paid.

Muirhead—3 in. Synchro Magslip. Type E-19-E/1 110/50v.
5((:6HZ'. Recent manufacture in original makers packing.
pair.

PULLIN MOTOR. Type PMIC. 28 Volts D.C. Original
makers packing. £4.5.0. Carr. Paid,

SERVO POTENTIOMETERS
Precision Line (USA), Size 15. 30008 + 5% + 5% LIN.
Continuous track plat. Wipers set at | 80°, 75/~ each. Carr. Paid.

Penny & Giles. Size 15, 5000 Type Q26201-72/1. Continuous
track. 75/~ each, Carr. Paid.

PRECISION POTENTIOMETER
Beckman. Type AS.506, 10 turn. Tol + | %. LIN Tol + .07%.
40K. Long Spindle. 60/~ each. Carr, Paid.

S.T.C. Servo Potcntlometor. Type B330 CT' 25000,
24* dia. X 14" dee ly copper . 45/- each,

PRECISION RESISTORS
Electro-Thermal Precistor 2,4K :}; 0.1% 10/~ each.
Shallcross 3400 {3 + 0.5% /- each
Alma [41.46K + 0.1% 10/- each
Alma 50K 4 0.05% I5/- each.

RIL Type 2. 6.666K + 0.01Y, 20-/ each.
RIL Type 9. 560 0} + Y% 2/6 each.

Painton Rotary Switch. Type 72 (to P.O. spec. RCi416).
3 pole, 3 position, 2 bank. &ﬁ’ered at less than half makers
price at 32/6, Carr. paid.

New 75-0-75 Micro-
ammeter by Sifam. 750
ohm movement, clear read-
ing, Spa divisions X §";
lastic front, projection 1"
rapermg forward).Size: 43*
X 33", 57/6 each, Carr. Paid.

ERIE. Ceramicon capacitor. Type CHV4|IP. 500 P,F, 30KV,
Size 1.5 in. dia. X |.44 in. long 15/ each, Carr, Paid.

SYLVANIA CIRCUIT BREAKERS gas filled
providing a fast thermal response between 80°
and 180°C. Will withstand pressures up to
2,000 Ib. sq./in. rated 10 amp. at 240v. continu-
ous. Fault currents of 28 amps. at (20v. or
13 amp. at 240v. silver contacts. Supplied in
any of the following opening temperatures
(degs. cent.) 80, 85, 95, 100, 105, 10, 120, 125,
130, 135, 140, 145, 150, 155, 160, 170, 175.
10/- each or 80/- per dozen. Carr. Paid.

CENTRIFUGAL BLOWER BY AIR CONTROL
LTD. 240v. AC. 9" dia. 2,850 RPM. 1/10th HP. Ideal for
organ blowing, powerful, low noise level. Ist class
condition. Photo on request. £12.10.0. Carriage £I.

WE WELCOME OFFICIAL ORDERS
FROM ESTABLISHED COMPANIES,
EDUCATIONAL DEPTS., ETC,

T.C. Midget Sealed Relay. Type 4190EC.
|7on Single H.D. make. 10/6 each. Carriage 2/-.
GARDNERS AUTO-TRANSFORMERS. [10/115/

12v.-40 MA

200/250v. 1500 watts. Welght 231b. Few only. £10.10.0.
P. & P. 25/-.

GARDNERS CASTLE SERIES. Isolation trans-
former type CAS 934. 240v. fused. Primary 24v. 44 amps.
out. These units are constructed for outside use with
fitted 5° mains lead and 3 socket outlet with plug
supplied. Brand New. Makers price £7.18.6. Our
price £4.15.0. P. & P. I5/-.

ARDN ERS CHOKES

G
Type C237 20H I80MA 30/- 5/- P.P,
Type C570 0.05H 3.5A &% .. 35/~ 5l PP
Type C549 0.1H 2.5A .. .. 20/ 5/- P.P.
Type C271 5H 500MA ., .. 37/6 7/6 PP,
Type C576 0.05H 7.5A .. 50/~ 10/- P.P.
Type C527 0.5H 4A .. 50/~ 10/-P.P,
Type SK7486 35MH 3A D.C. . 30/4 5/ PP.
Type F9719 25H 60MA ., 8/6 3/6 PP,

PRECISION TRIMMER POTENTIOMETERS

Painton Bourns Type 200S-1-502 5k @ 12/-
Painton Bourns Type 2005-1-03 IOK 12/-
Painton Bourns Type 200S-1-501 500!( a 12/=
Painton Bourns Type 200-S1-503 50K g 12/«
Painton Bourns Type 224P-1-202 ZK a 12/-
Painton Bourns Type 2245-1-102 (K Q 12/-
Painton Bourns Type 200S-1-203 20K 0 12/~
Painton Bourns Type 275-1 -252 2, SKO 12/«
Ril Type 321 10K o 12/
Morganite Type 80 IK 00 12/-
Mec Type 025 (Tubular) 2000 00 12/~

Type T20P 500 04 12/

Mec
All Carr, Paid.

Ernest Turner 5"x4" 0-1 Ma. meter j§
calibrated 0-10 in 50 divisions mirrored
scale, handsome chrome escutcheon for
flush mounting. A quality instrument.
£4.5.0. Carr. paid.

“DECCO” MAINS SOLENOID.—
Compact and very powerful. 16 Ib. pull.
4" travel which can be increased to |* by
removing captive-end-plate. Overall size
2"x 2} x 23" high, 27/6. P. & P. 5/-.

New “Magnetic Devices”
solenoid 240v. A.C. Type 42117,
| to 3 Ib. pull, frame size 13" %
117 % 1", 20/« each. Carr. Paid.

K.L.G. Sealed Terminals. Type TLSI AA, overall
lengeh 11/16”, box of 100, 25s. -

Type TLSI BB overall Iength
1”. box of 100, 35s.Carr. Paid.

Welwyn high value Resistors Type GA 36501,
Values between 9.4 and 10.9 kilo-meg + 1%, glass
encapsulated 15/-. Carr. Paid.

WELWYN RESISTORS.—Type HI2. One value only.
I kilo-meg +20%. 5/-each. (Min. order 2.) Carr, Paid.

ALL ITEMS NEW AND UNUSED UNLESS
OTHERWISE STATED

ELECTRO-TECH SALES

BUSINESS HOURS:
9.30-6 (1p.m. Sats.)

264 PENTONVILLE ROAD, LONDON, N.1

(ONE MIN. FROM KINGS X STATION)

Tel. 01-837 7401




Wireless World,

October 1970

a9l

Dual in-line plastic

74N  Beries fully coded, brand
14 and 16 pin packages.

BI-PAK Bemiconductors now offer you the largest and most
popular range of 1.C’s available at these EXCLUSIVE LOW
PRICES. TTL Digital

new.

Bi-PAK=LOW COST I.C’s

BI-PAK Sim. Description Price and qty. prices
Crder No. Type 1-24 —-99 100 up
BPOO 7400N  Quad 2-Input NAND GATE o 8/6 5/0 4/8
BPOL 7401N  Quad 2-Input NAND Gate—OPEN

COLLECTOR 6/8 5/8 4/8
BP04 7404N HEX INVEBTEB oo 6/8 5/8 4/8
BP10 7410N  Triple 3-Input NAND GATE 6/6 5/6 4/6
BP20 7420N  Dual 4-Input NAND GATE 6/6 5/6 4/6
BP30 7430N  Bingle 8-Input NAND GATE 6/6 b5/8 4/6
BP0 7440N Dual 4-Input BUFFER GATE 8/6 5/8 4/8
BP41 7441AN BCD to decimal deooder and NIT

river oo 22/6 20/~ 176

BP42 7442N BCD to decimal deeodo (TTL OIP) 22/6 20/= 17/6
BP50 7450N  Dual Q-Inpu'. NAN. D/OB/NOT GATE

—expandable . 8/6 5/8 4/6
BP33 7453N Expandable 4-Wide 2- I.nput NAND/

OR/NOT GATE .. 8/6 5/6 4/8
BP60 7460N  Dual 4-Input—expandable . . .. 6/6 5/8 4/6
BP70 7470N / Single JK Flip-Flop—edge triggered 9/~  8/= 7=
BP72 74798 Bingle Master 8lave JK Flip-Flop .. B/~ 8/= 7=
BP73 7473N  Dual Master 8lave JK Flip-Flop 10/= 9= 8/6
BP74 7474N  Dual D Flip-Flop . 10/=- /= 8/8
BP75 7475N  Quad Bistable Latch . 11/= 10/- 9/6
BP76 7476N  Dual Master Blave Fllp-l"lop \\ith

preset and clear .. 11/=- 10/- 8/8
‘BP83 7483N  Four Blt Binary Adder 26/= 2216 20/-
BP9 7490N BCD Decade Counter . . 22/8 20/= 17/8
BP2 7492N  Divide by 12 4 Bit binary oounter 22/6 20/~ 17/8
BP93 7493N  Divide by 16 4 Bit binary counter.. 22/4 20/= 17/6
BPY4 7494N Dual Entry 4 Bit 8hift Register .. 22/6 20/- 17/6
BP95 7495N 4 Bit Up-Down 8hift Register 22/8 20/= 176
BP9% 7496N 5 Bit shift register 24/~ 21/~ 18/8

Data are available for the above Series of Integrated Circaits in booklet f6Fm.
’ Price 2/6

TTL INTEGRATED CIRCUITS

Manufacturers® *“Fall outs”—out of spec. devices including functional upits and
part fnnctionnl but classed as out of spec. from the manufacturers’ very rigid
i about I.C's and experimental work, on testing

321 Ideal for

some will be found perfect.

0.
UIC00 = § X 7400N
UIC01 = 5 X 7401N
UICO2 = 5 x 7402N
UIC03 = 5 X 7408N
UIC04 = 5 x 7404N
VICO6 = 5 x 7405N
UIC10 = 5 x 7410N
VIC20 = 5 x 7420N
UIC40 = 5 x 7440N 10/
UIC4l = 5 x 7441AN 1(})‘/—
0,

PAK No.

UIC42 = 5 x 7442N 10/=
UIC50 = 5 % 7450N 10/~
UICS1 = 5 x 7451N 10/=
UIC60 = 5 x 7460N 10/=
UIC70 = 5 x 7470N 10/=
UIC72 = 5 x 7472N 10/=
UIC73 = 5 X.7473N 10/~
UIC74 = 5 X 7474N 10/~
UIC?5 = 6 x 7475N 10/=
UIC76 = 5 x 7476N 10/=
UICX1 = 20 x Assorted 7

PAK No.
UIC80 = 5 x 7480N 10/~
UICH2 == 5 % 7482N 10/-
UIC83 — 5 x 7483N 10/=
UIC86 = 5 x 7486N 10/~
UICH0 = 5 x 7490N 10/-
UICH2 = 5 x 7492N 10/=
UIC93 = 5 x 7493N 10/=
UICH4 = 5 x 7494N 10/=
UICSS = 5 x 7495N 10/=
VICH6 = 5 x 7T496N 10/=
4's  30/=

Packs cannot be upln but 20 assorted pleces (our mix) is available as PAK UICX 14|
Every PAK carries our BE-PAK BSatisfaction or money back GUARANTEE.

VALUE ALL THE WAY

SIL. RECTS.TESTED

KING OF

QUALITY-TESTED PAKS KING OF THE PAKS  Unequalled Value and Quality
6 Matched Trans. OC4¥45/81/81D .10/~ NEW BI-PAK UNTESTED
20 Red Spot AF Trans. PNP Qi— | -
16 White 8pot RF Trans. PN. (1 sUPER PAK U
5 Bilicon Rects. 3A 100-400 PIV S 10/- SEMICONDUCTORS
2 10 A 8ilicon Rects. 100 PIV. .. .. 10/-|
2 0C1 1403Tmnsl;INPN 8witching. .
112 A8CRIOOPIV......
3 8il. Trans, 28303 PNP. | - 8atisfaction GUARANTEED in Every Pak, or money back.
3 200 Mc/s 8il. Trans. NPN B8Y26/27..10/= Pak No.
Z ﬁxczﬁrcgmﬁi ,{.X::%g:/% é:lv" s 0/= Ul 120 Glase Sub-min. General Purpose Gef jum Diodes 0/~
2 Power Transistors 1 0C26 1 0C358 U2 €0 Mixed Ger i T 8 AF/RF. ............. 0/~
5 gléicon Rects. 400 PIV 250mA. .. U3 76 Germanium Gold Bonded Diodes sim. OA5, OA47.... 0/~
4 OC75 Transistors ....... TUs 400G Transistors like OC81, ACI28 0/~
1 Power Trans. 0C20 100V. > - =
10 0A202 Bil. Diodes Sub-min, . . . U5 60 200mA Sub-min. 8il. Diodes....................... 0=
2 Low Noise Trans. NPN 2N928/30 U6 ° 30 Silicon Planar Transistors NPN sim. B8Y95A, 2N706. . 0/=
1 8il. Trans. NPN VOB 100 ZT86. U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000V... ... /=
IR DIod80) - oo - e U8 50 8il. Planar Diodes 260mA OA/200/202...... =
4 OC77 Transistors .. U9 20 Mixed Volts 1 watt Zener Diodes . /=
4 8il. Rects. 400 PIV Ull 25 PNP 8ilicon Planar T st TO-5 sim. 2N1132... =
: gg}ggg Lgane. Byt ggj Ulz 12 Silicon Rectifiers EPOXY BY126/127 =
2 9N708 Bil. Trans. 300Mc/s N Uls__ 350 PNP-NPN Bil, Transistors 0C200 & 28104 0/~
3 GT31 LF Low Noise Germ Trans. Ul4 150 Mixed 8ilicon and G Diodes. . . 10/-
g}’NA%l; wg&?:%:m%éé Ul5 25 NPN Bilicon Planar Trausistors TO-5 sim. 2N697.... 10/-
1} -] e n T
3 NPN Germ. Trans. NKT773 Eqvt. Ul8 10 3-Amp 8ilicon Rectifiers suﬁl Type up'w 1000 PIV.. 0/~
2 0022 Power Trans. Germ.. . . Ul7 30 Ger PNP AF Transi TO-5 like ACY 17-23. /-
2 0C25 Power Trang. Germ. . Ul8 8 6-Amp Bilicon R BYZ13 Type up to 600 PIV.. 10/-
LAk If;‘&;ﬁ";ﬁ",ﬁ; e 1025 silicon NPN Transistors like BOI108. .. ............. B
3 9N1307 PNP Bwitching Trans. . . U20 12 1.3-amp 8ilicon Rectifiers Top-Hat up to 1,000 PIV.. 10/-
7 A GennT Diodes Eqvt. OA71 U21 30 AP.G i ailoy Transistors 2G300 Serles & 0C71 /-
3 AF116 Type Trans. .......... U23 50 Madt's like MAT Beries PNP Transistors. . .......... /-
Oy ront e 7 Diodealarked T24 30 Germanium 1-amp Rectifiers GIM up to 300 PIV. ... 10/-
TU25 25 300Mc/s NPN 8ilicon Transistors 2N708, B8Y27.... /=
U26 30 Fast 8witching Silicon Diodes like IN914 Micro-min. . /-
U28 Experimenters’ Assortment of Integrated Circuits, untested
Gates, Flip-Flops, Registers, etc., 8 Assorted Pleces. ... 0/~
U298 101 amp 8CR's TO-5 can up to 600 PIV CR8K/25-800. .. 0/-
T30 15 Plastic 8ilicon Planar trans. NPN 2N2924-2N2926. .. . 0/=
U31 20 8il. Planar NPN trans. low noise Amp 2N3707.. 0/~
U32 25 Zener dlodes 400mW D07 case mixed Volts, 3-18.... 0/~
U33 15 Plastic case 1 amp Silicon rectifiers IN4000 series. ... 10/~
-3 BBY95A 8il. Trans. NPN 200Mc/s U84 30 8il. PNP alloy trans. TO-5 BCY26, 28302/4. O/~
e s B oy 703 26 8iL, Planar trans. PNP TO-18 2N2006. ... 0/-
1 AF130 PNP High Freq. Trans... T36 25 8il. Planar NPN trans. TO-5 BFY50/51/52 0/~
8 NPN Trans. 1 8T141 and 2 8T140 U87 30 8il. alloy trans. 80-2 PNP, 0C200 28322. ... 0/
. Mot gwﬁ%’{)‘lm and i%gw US8 20 Fast Bwitching Bil, trans. NPN, 400Mc/s 2N3011..... 10/-
Ol Gens: Trane AR e e - 3930 RF Germ. PNP trans. 2N1303/6 TO-5. 10~
3 AC127 NPN Germ. Trans U40 10 Dual trans. 6 lead TO-5 2N2060. . 0/~
éggsg‘)ﬁ Bllnl’a:’ gr";rzw Motorola 5 T4l 25 RF Germ. trans. TO-1 OC45 NETT2. .. 10/~
'ower Recls. BY&LIS., . ...co0vnen ot
180 Power Trans, NPN  100Mc/s T2 10 VAF Germ. PNF traus. TOT NKTG07 AFITT...... o
JRKIOIAT. by, . Do 15/=
2 2N1132 PNP Epitaxial Planar 8il, =
3 2N697 Epitaxial Planar Trans. Bil. =
4 Germ. Power Trans. Eqvt. OC16 = Code Nos. mentioned above are given aa a guide to the type of device in
1 Unijunction Trana. 2N2646. . = the Pak. The devices themselres are nonnally unmarked.
2 8il. Trans. 200Mc/s 60Vch ZT /=)
20 NKT Trans. AF, RF,
NEqvt TUE G0 o8 00 00 oo S -
2 2N2712 8il. Epoxy Planar HFE22. 15/=|
- One 10/= Pack of your
S B0 Trme Bl Recte PO FREE oun mie et ws  FREE| ADI6] ey
marked, New .......ccceuuanaoans /= orders valued £4 of over. AD | 62 PNP

MATCHED COMPLE-

THE PAKS

) 9,
DTL DIGITAL 1.C’s NEW LOW PRICE TESTED §.C.R's D . s 104 30 [y (D IFFUSED|or GERM. POWER
MDTL dual In-ine package. Brice Les, 504 | So1/= 2/9 413 918lpyo 2o | ;‘P]; OUR LOWBAT PRICE
Type MC844P expandable dual 4-input NAND Power Gate 10/ each (T0~5 (TO -66 (TO -48 (TO-48 1001/3 3/3 4/815/— 3 e OF 12/ PER PAIR
Type MC845P Clocked Flip-Flop . 15/= each case) cage) case) case) 2001/9 4/= 4/9 20/=|18701 (2N2175) for Tape
FULL DATA S8UPPLIED WITH UNITS IV each each each each PIV cach 3008/3 4/6 6/622/—]| Readout, high switching
50 4/ - 9/6 10/8 - 25 20/~ ] 4002/8 5/8 7/825/~land measurement indi- HIGH POWER B8ILI-
100 5/= 8/ 10/8 12/68 50 23/= 1500 3/= @/~ 8/6 30/~ CON PLANAR TRAN-
BRAND NEW, FULL TO MANUFACTURERS’ Price each 200 7/ 7/8 11/8 15/= 100 28/— | 6003/3 6/9 9/-37/=|cators. 50V, 250mW.I8ISTORS. TO-3.
8P| CATION 1-24  25-99 100 upf400 8/6 9/6 13/8 18/6 200 32/= | 800 3/6 9/811/=40/-0ur Price 10/= each;JFERRANTI mw7
BP709 Operational Amplifier, dual-in-ifne 14 pin_pack- 600 10/6 11/6 15/6 25/— 400 35/= 110005/~ 9/312/850/=]50 or over 8/8 each.
age — 8N72709 and eimilar to MIC709 and ZLD705C 10/6 9/~ 8/= {800 12/6 14/~ 18/- 30/ 600 80/= [1200 6/6 11/8 15/~ e VCB60 lcﬁA
Thie is a high with high imped i ial ) D ],f"l;,tl;%/‘g;
input d low impedance output. (] o
LS an e e gA  POTTED BRIDGE RECTIFIEES|VBOM 24 " 6A 1 il e
2 200V..10/~ 6 1B/= 0o - (TO- (TO- (TO- o - .,
) 1 66) 48 EX-EQUIPMENT .
FAIRCHILD (U.S.A.) 1.C’s RTL TRANSISTOR EQVT. BOOK, & competelbey  1fg 13/ 32/8| MULLARD AFI |, oceiier waT s
A 3 complete, 20/= Al 3
RTL Micrologic Circuitd’ Qty. prices each oross reference and equlvalent book forf400 ézl 0; 28/. RG0S OUR PRII:JOEWJ],E:/.SNPE)X.
Epoxy case To-5 temp. range 15°C to 55°C. 1-11 12-24  25-99 100 Uplgyropean, American and Japanese Transis-| VBOM Blocking volt-[|Large can 4 lead Type.,
o m guufle:,wo-inpnt BATERE . gc'_' ;{: g;g g;g tors. Exclusive to BI-PAK...... 15/= eachflage in either direction. JLeads cut short but atili
.- ———
L 928 1K Flip-Flop, . 106 10~ 858 9 STLIooN Diac  |noble: Beal value atf™"Conpn Bi0bag O
data and circuite for 1.C's in Booklet form 1/6 each. PRINTED CIRCUITS For nse with Triacs |15 for 10/=. VOLTAGE RANGE
uA 708E Linear RF-IF LIFIER . 10/~ 8/~  8/3 [EX-COMPUTER BR10O ...... 718 each 2-16V. 400mV_ (DO-7
PLASTIO CASE To-5 6 lead up to 100 m/cs. Packed with icond and Case) 2/@ ea. 1{W (Top-
Full Data and Circuits available. lponents. 10 boards give a guarantcedJ LUCAS 35A SIL RECTS. 3/8 ea. I -
—_— 30 trans. and 30 diodea. Branded. PIV. |Silicon MICROWAVE(]10 Stud) 5/ ea. All fully
INTEGRATED IC AMPL'F' ER MULLARD 1.C. Our price 10 boards 10/=, plus 2/— P. & P. ‘B‘;:::énl]e:;we, gf.z;;‘lﬁteyp;, DIODES SYLVANIA s#;idd 5;(,“”{01 olf:m:
AMPLIFI A (U.S.A) marse voltag:
o - required.
CIRCUITS wl{ N {“’i‘ﬁ%‘%&’“ﬁ, LOW PROFILE SOCKETS| =~ UNUUNCTION =~ |mvoim and INoiBR
"""" 14 ets for use wi b qvt. 2 3
BI-PAK _MONOLITHIC v TAA?}*?. Linear A A | Dual-in-Line Integrated Gircoits. Eqvt. TIS43, BEN300G|MATCHED PAIR 8.[BRAXD NEW TEXAS
AMPLIFIERS |Identical encapsulation and |14 5293, General purpose Price each 5/8 each; 26-99 B/~;BAND MIXER. Mu Coded and Guaranteed
(TO-5 8 lead) pin configuration to_the | “gmplifier 1 Order No. 1-24  25-99 100 up|100 up 4/=-. overall nolse faction]p., N
BP709C, Operational am-following: 8L402-3, IC10 lraaze0 ..., " gfT2014 14 pin type  7/6  B/=  B/3 [=————mmmmm—l1, , gp 44 3000 m/ce. T1 82GITIA 0871
nmuaeé"b"“'m nln-l'e:c and IC403. Each circuit '0A3021.).RCA o, THO016 16 pin type 10/~ 8/6 /9 gléll‘o%ml'zl?l‘u? BEAND NEW AND|T2 826374 o0C78
PETA! T0* fincorporates a pre-amp and -8.A.) , = each;
pilfir’ (with Zezer outeloiae TUB. Power amp stage | LINEAR INTEGRATED . 50-99, 1/10; 100 up,|BOXED. CLEARANCE|TS § 2037444 OCBID
........ 2/8 eachfcipable of delivering up to . CIRCUITS CADMIUM CELLS {FET’S 1/8 each; 1000 o lpRICE.... @/~ PAIR|Ts 82G382T OCS2
BP7020 Operauomtl an:; 3 watts RM8. Fully tested | Audio Power Amplifier. 9N 3819 I/g_ e:cdhd g\“ﬂy tested T6 82G344A OC44
plifler (with direct out-land guaranteed. Bupplied 30/~ each ORP12 8/6 2N 3820 ....9Q/-|30d" coded TO-18 case. T7 82G345A OC45
BESDY Wile! beril e il it e it dcha s BI-PAK ORP60, ORPS1 /- ea.JMPF105 ... 8/~fgyjcoN HIGH VOL- E 8|
fler.......... 18/~ each|QUR " LOWEST PRICE MONOLITHIC TAGE BECTIFIERS | % GIRO No, [T9 #263994 2N1302
BPo2i, Logarithmic wide : DIGITAL CIRCUITS | pHQTO TRANS. 10-Amp S-K.V. 3000 o Qeeay Ay
e Tt [ oS e (10 load TO-5) HOT > |By130 4-|PIV.) stud Type with] 388-7006 J Al 10/~ each pack.
BP20IC, Geneaal gurpose ommwnsclmé)smmc Bl;igfm 6- Inpu; ¢ ANDJ  0CP71 Type 8/6 Flying Leads. .16/ each -
amplifier (TO-5 8 lead)]  DEVICES ] ga&te........ 2N2060 NPN SIL. DUAL
(voltage or current amp.)| PL8D1 Siticon Unflateral IBPSL4A, 7-Input NoR - TRANS. CODE D1699
218 each A “Bv;]lcon. . ‘l;ljn;m]}(’/';lz:co' BPSI{)A... . Dlml .Bg-lnput Please send all orders direct to our warehouse and despatch department. TEXAS. Qur price 5/=
l'%tgp;;:?ng:tp:?plmerIEMo lntegrm.ed,l clr;uj'l. BNOB gate......! 9/6 each} Postage and packing add 1/, Overscas add extra for Airn!mﬂ. Minimum order 10/-. Cash Crk
- aving thyristor electrical P316A, Dual 2-Imput] with order please. BY RETURN PQSTAL SERVICE
gg)’ecz,gl% l::dw'}‘é?; Ea,:e; ch:riacuﬂ::ics, but with l‘: NOR gate (expar;%lble). '}%)AVCB NIOXBIE DBWE‘:
: “Janode gate and a built- each
L G 2/6 ‘“Zener* ‘diode between | BP320A, J-E-Binary ele- Bi-PAK SEMICONDUCTORS BSX21 & C407, ZN1893
Our price | / each foate and cathode. Fuli| ment........11/8 each ggﬁLYD TS%T%) AND
5 off 11/= each. Largeldata and application cir- §BP332A, Dual _S-Input P.0O. BOX 6, WARE, HERTS. E. 120, 1-24
Quantity Prices quoted for.Jcuits available on request. OR gate..,...9/8 each 3/8 each. To-5 NPN.,

BI-PAK GUARANTEE SATISFACTION 0R MONEY

25 up 3/= each.

BACK
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P.V.C. coverad 80/ per {000

EQUIPMENT WIRE
ds, 7{.0076, 1/.024, 14/.0048 type | and 2, all colours.
4/.0076 type () Red and Natural €10 per 1,000 yds.

SUB-MINIATURE LAMPS, Flying leads 0.75 v., 50/- 100,
LEDEX ROTARY SOLENOIDS AND CIRCUIT
SELECTORS, SIZE Ss, 4 pols, || way and off 110/-, 4 pole,
|2 way [10/-, 24 pole, || way and off 210/-, 54 gnle On/
JO SOLENOIDS type JE jn stock at |7/ Geach.
CERAMIC AND PAXOLIN WAPER SWITCHES
available from stock at keen prices, send for list. 24 way
Double Pole Pax Wafer Switches 12/6 each, post 2/6.
P.O. STANDARD EQUIPMENT RACKS 6fc. U channel
sides driiled for 19in. panels haavy angle base, 130/-, cge 20/-.

ONE HOLE FIXING SWITCHES
DOUBLE POLE ON/OFF sgisis'

Offer
3 amp 250 volt A.C. I}in. X }in, X
30/- per dozen 200/- por 100.
3/- per dozen, &/- per 100,

n.
ost

AIR BLOWERS. 200/250v. A.C. eylindrical
7in, suitable for intake or extraction. [/50th h.p. <io.
1i5th hp. £11. 1/10th h.p. €14, Seockists of “Susrt
urner Cencrifugal Pumm Nm 9. IOmd l2 Datalls available.
GEARED MOTORS. | r 4 watts very
powerful, reversible 24v Ac J!/ pol: 2/6, can be e/plr-
ated from 230v. with our 20/e Transformer. Post 5
STANDARD LEVIR
K&8YS, 3 _POSIT
4C m&uc O 17/ axch.
p{ 6C 18/6 each,
2C

2C 2M non-lock
lg‘ each,
4C non-lock/6C lock

fe each.

ONE HOLE FIXING. S:oEIA C.0. nen-locking 2 pesition
10/6. 6 C.O. lock/2 C.O. lock 3 position 17/6.

ROBUST AIRCRAPFT PUSH 5C/898 of bako"n
barrel type construction, with 1%in. square 4 hole
fixing top with actual push below the level of a lin,
bakelice circle to prevent it baing used accidentally.
Samples 3/6 ecach, large quantities available,

WILKINSCN (CROYDON) L
lONGLEY HOUSE LONGLEY RD. (ROYDON SURREY

Wi/kinsons FOR RELAYS

P.O. TYPE 3000 AND 600

BUILT TO YOUR REQUIREMENTS — QUICK DELIVERY
COMPETITIVE PRICES—VARIOUS CONTACTS
DUST COVERS—QUOTATIONS BY RETURN

ERICSSON CYLINDRICAL G.E.C. & S.T.C. SEALED
:BEENSEAL!D RELAYS IN STOCK, LIST AVAIL-
IN-LINE DIGITAL DISPLAY UNIT. 28 volts
S5x4xI§in. five single Unita each displaying || messages
in letters, symbols and numbers, £23 complete.
CLOCKWORK MECHANISM. Precision made. Con-
tacts making and breaking twice per second in sound-
proof case with thermostat controlied heating. (2 or 24v,
18/6, post 6/-.

VACUUM GAUGES, 2In. scaled. 0/30 inches of mercury,
20/~ each, post 2/6.

PRESSURE GAUGES, zgln, 60, 400 or 600 p.s.i., 28/s
each, 4in, flange 30, 60 p.s.l., 37/6, 100 p.s.i. with
0/30ins. vac., 37/8, post 2, /6

AMAZING VALUE.|/6th hp G.E.C. Fractionalhp MOTOR
230/250v A.C,, fitead with thermal protector with push
butten reset, ansures complete protection against overheating
or burn-out, 1440 r.p.m, $in. shafe | }ins, long. Fully guaranteed
97/6, carriage |5/-

HIGH SPEED
COUNTERS
3t x U, 0
counts per
u:ond with 4
nuru Thc
owing
volng :n
available, 6v.,
2v.,

3ov."be 00w, 35,- ea.

SUB- MlNlATURE Microswitch  Honeywasll S.P.D.T.
type 11 SMI TN 3 size §in. X #in, X }in. 8/6 each, or
mountad in threes 13/6, fours §8/-, and fives 22/6.

JACK PLUGS. 2 Point wl:h

O 20l on hea;phone cord ll-. post llﬁ*

urnw-on cover, 1/6, post
'LUG IN RELAYS, Londex 4 change-ovar HD contacts
28v, D.C. with base and cover, 38/= each.

MAGNETIC COUNTERS. Yeader Root with nro reset.
800 counts per minute, counting to 999,999, 110 voles A.C.
or 110 voits D.C. 65/= each, pose 3/-.

rams: Wi

MINIATURE BUZZERS. |2 volts with tone
adjuster, 7/6 each as lllustrated. Quantity Rates.
RECTIFIER UNITS/BATTERY CHARGES—WESTA-
LITE TYPE BC 3-3/18. input 200/250 volts A.C,, output up
to 6 voles {5 amps D.C, Heavily d d 0/20
coil 2§in. reads true charging current, which is reguiated by
a four position rotary switeh and sliding resiscance. A ballast
is ficted to smooth out mains varistions. A,C, and D.C. fuses
fitead. Size 173 x 13} x 12in., designed to stand on bench or
fit to & wall, £8.10,0. Carriage 20/-,
VARIABLE AUTO TRANSFORMER. Input 230 V.
2l am u ut 57.5 to 230 V. in (6 switch steps. £28.
SINGLE $E HOLDERS. Bllllnl Lee L3S6 one hole
fixing. 3/6 el:h
METERS GUARANTEED. Complete llst avallable.
Mlicroamps 0/100 2¢in. MC. .. .70/
Microamps 0/150 2}in. MC. .. .70/
Microamps 0/200 23in, MCR. .BO/e
Milllamps 0/50 2¢in. MC...,. .”I-
Milliamps 0/500 3¢in, MC..
Amps 50-0-50 2in, MC
Amps0/52In.MC............
Volts 0/202in.MC......, .o
Volts 0/402In.MC. ......... b
Voles 0/10 A.C. 3tin. MCR. .
YISCONOL-CATHODRAY” CONDENSERS.
mfd. IS kV. 9/=; .02 mfd. 10 kV, 10/=; .025 mfd..2.5 kY, 5‘
.05 mfd, 9/a: 0.1 mfd kY, ,f 6 kY, I7/6|05 mid.
25 - i716, " nkd, v 17160
PORTABLE YOLTMETERS 30v moving colt DC precision
sub seandard |r|d. Sin. mirror scale, In polished wood case
£8.17.6, post 8/6.; 160v moving Iron AC/DC 8in. mlrror
scale in p. wood case £4.19.6, post 7/6.
CELL TESTING VOLTMETERS 3-0-3v moving coll D.C,
with leads and prods, in leather case 3in. scale 33/- ea,, post 46
CAMBRIDGE PORTABLE MILLIAMMETER prechjon
grade AC moving iron 7in. scale ranges—50, 100, 200,
and 1,000 mA, enclosed case (23, carriage I5/-.
IRIDGE MEGGER |. With resistance box and leads
1,000v., 0-100 megohms. Brand new and boxed. Usual
prlu tl89 Qur price £60.
TRANSlSzTORS DIODES‘/SCI'SZZTENNERS VALVES

2 42 \/
I HX32 10KV 350mA 60)-

4/
/ ECCBI 3/6
VJO-JOP 14/=
12BH7 &

70/-

AZ242 5.6v regulator., .IJG
§X645 400 PIV 190 mA., 19/=
G4ECV44880PIV30mA /e
CG50H (00 PIV 30 mA..... 6

VRS25 A-B 5.25v 0 4 Amps...........

G. F. MILWARD I Mail Orders: DRAYTON BASSETT, TAMWORTH, STAFFS

ELECTRONIC COMPONENTS |

Wholesale/Retail :

RESISTORS:
Carbon §/3W
3/3W Y
Wirewound, Multitapped
1-3w .
5-7W
1ow

PAPER CONDENSERS:
TV types, 500V .
Miniature. .

ELECTROLYTIC CONDENSERS:

Transistor types . .
Mixed high/low voltage -
POLYSTYRENE CONDENSERS

SILVER MICA ..
WIRE-WOUND PRE- SET SLIDERS
VOLUME CONTROLS: Double, Mixed

8BA. ..
SBA
4 B.A.
2 B.A.

V.H.F./F.M. TUNERS: Need ECC85
VEROBOARD: Cutter +5 2}in. x1in. Bds.

Mains radio/TV types .. B .

MULLARD POLYESTER couoeu'éens'
NUTS AND BOLTS: Mixed 1engths/types

METAL SPEAkER GRILLES: 7i|n X3}|n..

I 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

TRANSISTORS:
100 10/- P.N.P. Untested. . 50 10/-
100 10/- N.P.N. .. 50 10/-
10 10/- Light sensitive (OCP71) 5 10/-
20 10/- Light sensitive diodes . 10 10/-
15 10/- 0C44 Mullard. 1st grade 4 10/-
10 10/- 0C45 Mullard. 1st grade 4 10/-
0C22 Mullard. 1st grade 2 10/-
0C25 Mullard. 1st grade 2 10/-
50 10/- 2N378 . e 4 10/-
100 -"10/- ASY22 . 5 10/-
BY127 Rectifiers 4 10/-
1N4007 Rectifiers 4 10/-
10 10/- STC3/4 200V 6 10/-
20 10/- Unmarked 200V 10 10/-
15 10/- Diodes. 0OA81 . 40 10/-
100 10/- WIRE:
60 10/- Solid core, insulated yards 100 10/-
1?2 :g/' Stranded core, insulated yards 50 10/-
. R SOLAR CELLS:
Selenium, large . . 2 10/-
small .. 3 10/-
COAX
}88 :85: Semi air spaced 15 yards . .. 10/-
100 10/~ CRYSTAL TAPE RECORDER MIKES .. .. 1 10/-
100 10/- EARPIECES
6 10/~ No plug . - 1. .. N N 6 10/-
2 10/- With 2.6mm plug .. L v . 4 10/-
10/- With 3.6mm plug .. e .. .. - 4 10/-

FREE! FREE! FREE! ONE PACK EXTRA INCLUDING FREE WITH ORDERS VALUE £5. THREE PACKS EXTRA FOR £10 ORDERS.
G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 2/-.
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COMPUTER MULTI-CORE CABLES
12, 14/0076 copper cores, each one insulated by coloured
P.V.C. then separately screened, the 12 metal braided cores
Jald together and P.V.C. covered overall making a cable juat
under § in. dia. but quite pllable. Price 7/@ per ft. Any
length cut. Other sizes available 7 core §/- ft., 6 core 4/-ft.,
4 oore 3/8 ft.

AC FAN

#imall bot very powerful mains
motor with 5 in. blades. Ideal
for cooling equipment or as
extractor. Silent but very effi-
clent. 17/@, post 4/6. Mounts
from back or front with 4BA

screws.

Double Leaf Contact

Very slight pressure closes both
contacts. 1/3 each. 12/- doz.

DISTRIBUTION PANELS

Just what you need for work bench or lab. 4 X 13 amp

sockets in metal box to take standard 13 amp fuved

plugs and on/off switch with neon warning light. B8upplied complete with 7 feet of heavy
cable. Wired up ready to work, 39/ less plug; 45/« with Atted 13 amp plug; 47/8 with fitted
18 amp plug, plus 4/6 P. & L.

STANDARD WAFER SWITCHES

a93

MAINS TRANSFORMERS

Note all these are first grade Transformers and all have-
normal 200/240 volt 50 cycle primary.

Mains Transformer Type No. 56786

Upright mounting, size 3 x 2} X 2in. approximately.
2 secondaries one 28 volt 1 amp and the other 5.5 volt
1. 5 amp Earth screen between primary and secondaries—
thi: will power a 5-8 watt stereo amplifier

oo at. e 1} ilver-plated 5-amp contact,
‘P standlrd }' spindle 2" long—wmx lockmg washer and nut.

| = /
No.ofPoles2 way 3 way 4 way 5way 6way 8way 9way 10 way 12 way
1 pole (1] []] 8/8 8/6 6/8 6/8 6/8 8/8 6/8
2 poles 8/8 8/8 8/6 6/8 6/8 6/8 8/6 10/6 10/8
3 poles 6/8 8/8 8/8 86 10/6 10/6 10/6 14/6 14/8
4 poles 6/8 6/8 6/6 10/6 1068 10/6 10/6 18/¢ 18/8
8 poles é/8 66 10/6 10/8 14/6 14/6 14/6 22/6 22/6
6 poles 66 10/6 10/6 10/6 14/6 14/6 14/6 28/6 26/6
7 poles 68 10/6 10/6 14/6 18/6 18/6 18/68 30/8 30/6
8poles 10/6 10/6 10/6 14/6 186 18/6 18/6 34/6 34/8
9poles 10/ 10/6 14/6 14/6 22/6 22/86 22/ 38/8 38/8
i0poles  10/6 10/6 14/6 18/6 22/6 22/6 22/6 42/84 42/6
lpoles 10/6 14/6 14/6 18/6@ 28/6 26/6 26/6 46/6 46/6
12poles  10/6 14/6 14/6 18/6 28/6 26/6 26/8 50/6 50/6

(cu'cult diagram avalla.ble, price 2/8). Suitable output trans-
former la type 56787 described below. Our price 17/8.
Plus 4/6 post.
Mains Transtormer Type No. 56733
Chaseis mounting type, size approximately 3 X 2§ x 8in.,
2 secondaries one 230 volt at 60 mA andother 6.3 volts
1.5 amp. Earth screen between primary and asecondaries.
This will power a 5 watt amplifier (circuit available 2/6).
Matching-OPT. is 56734 described below. Price 16/8 plus
416  post.
ains Tnnsform.r Type No. 56695
pright it 4 x 8 X 2}in.
2 secondaries 275-0- 2’15 at 90 mA and 6.4 volts at 3.1 mA.
There 18 a screen between primary and secondaries. This
is a partner to output transformer 56694 described below.
Price 19/8 plus 4/6 post.

OUTPUT TRANSFORMERS
OPT. ref. 56694

s 90 Plastic push-rod suitable for ti
1/~ each, 9/- doz.

PAPST MOTORS

Eat. 1/20th h.p. Made for 110-120 volt
working, but two of these work ideally
together off our standard 240 volt
mains, A really ' beautifal motor,
extremely quiet running and reversible.
30/- each. Postage one 4/6, two 6/6.

2 SPEED REVERSIBLE TAPE MOTOR
230v. 50Hz. Capacitor start. Reversible. Normal construe
tlon. Bize: 3%in. dia. X 2in. deep. Approx. 1/40th h.p,
39/6 with Condenser, plus 4/6 post and insurance.

INSTRUMENT KNOBS
%in, dia. head with 8in. shank for flatted
$in. spindle, 9d. each, 8/~ dozen. Ditto but
with metal diac, 1/- each, 11/~ dozen
MIDGET OUTPUT
TRANSFORMER
Ratio 140 : 1. 8ize approx. lin. x }in. x
$in., primary impedance 4500, Connec-
tion by flying leads, 4/8 each. 48/~ doz.

MIDGET OUTPUT
TRANSFORMER
Ratio 80 : 1. 8ize approx. 1}in. x 1lin, x
§in. Primary impedance 132(. Printed
circuit board connection. 5/ each. £3 doz.
CHART RECORDER MOTOR
8mail (2in. diameter approx.) instrument motor with fixing
flange and aplndie (#1n. long, }in. diameter); integral gear-
box gives 1 rev.'per 24 hours. 19/8.

IGNITION (E.H.T.) TRANSFORMER
Made by Parmeko Ltd. 240v, 50 ¢.p.s. Secondary
8Kv at 23mA. Size approx. 4}ln. x 3{in. x 2{in. thick.
Price 29/8 + 4/6.

IZ-VOLT EXTRACTOR FAN BY DELCO
Ideal for ventilation in caravan. car or
boat. 6-bladed 5in. diameter fan inside
heavy duty cylinder with 3-point fixing
flange. b63in, diameter fixing hole.
Length approx. 8}in. Exceptional bar-
gain. 27/8 plus 5/6 post and insurance.

4-PUSH SWITCH
Ideal to control fan heater, etc. 3 on switches and 1 off.
Contacts rated at 15 amp on all switches. Price 4/6 each.
48/- dozen.

MAINS TRANSISTOR POWER PACK
Designed to operate transistor sets and amplifiers. Adjust-
able output 6v., 9v., 12 volts for up to 500mA (clase B
working). Takes the place of any of the following batteries:
PP1, PP3, PP4 PP, Pl’7 PP9, and others Kit comprises:
wmains and load resistor,
condensers and instructions, Real snip at onily 16/8,
plue 3/6 postage.

3 DIGIT COUNTER

For Tape Recorder or other lcati
re-settable by depressing button. Price 5/6.

ISOLATION SWITCH
20 Amp D.P, 250 Volts. Ideal to control
‘Water Heater or any other appliance.
Neon indicator shows when current is
on. 4/8; 48/~ per dozen,
LIGHT CELL

@ Almost zero resistant In sunlight

increases to 10 K. 1Ohmu in bga*r‘kn o{ h?‘i:l
ht, epoxy resin sealed, Size approx. lin. dia. c!
l}lfmh Tt 500 MW. wire ended. 8/6. Sult moat circuite.

5A 3-PIN SWITCHED

SOCKETS An excellent opportunity to
make that bench dis board you have
needed or to stock up for future jobs. This
month we offer 6 British made (Hierait)
bakelite flush mounting shuttered switch
sockets for only 10/- plus 3/6 post and
insurance. (20 boxes post free.)

@ 230 YOLT
TRANSDUCER
price £5. Our price 49/8. Brand new and
# 15 amp 250 volt switch is opened and

19/8 each.

VARIAC CONTROLLERS

With these you can vary the voltage applied to your citcuit from
zero to full malns without generating undue heat. One obvlous
application therefore is to dim lighting. We offer a range of these,
ex-equipment bul. little used and in every way as good as new,
Any not so, will be exchanged or cash refunded. 2 amp £4.19.8.
4amp £6.19.6. 8 amp £9.10.0. Carriage extra

Chassis 2 X 2 x 2in. approximately 7 watts.
A push pull transformer for matching 2/EL84 or similar
valves to 15 ohm Loud Speaker. 14/8 no extra for post If
ordered with Transformer 56695. Circuit diagram of amplifier
available, price 2/6.

OPT. r-f. 56787

Upright mounting, size approximately 23 x 2 x 2in,
Matching impedance 60 ohms to 15 ohma. 5 watts output
using transistor type AD140 (Circuit diagram available
price 2/6). Price 8/@ each, no extra for postage if ordered
with mains transformer type 56786.

OPT. ref. 525004

Upright ti aize approximately 2 x 23 x 2in.

THIS MONTH'’S SNIP

MOTORISED SWITCH
For Animated Signa etc.
Thisis motorised switch, mal d
with six18 amp “cha t ted by

triggers on a rotating drum. Six triggera will put
switches up and another six triggers will put switches
down. Also simple on/ofl operatior: or changeoversare
possible. The triggers are exactly set to any position
around the drum which is rotated by a one rev. per
hour motor. (Motors with other speeds available.)
A beautitully made precislon switch which probably cost in exceas of £20. Limited
quantity only £9.15. each, post free.

TANGENTIAL HEATER UNIT
'l'hls heater unit is the very latest type, most
ient, and quiet running. Is as Atted in Hoover
and blower heaters costing £15 and more. We have
a few only. Comprises motor, impeller, 2kW.
element and 1kW. element allowing switching 1,
2 and 3kW. and with thermal safety cut-out. Can
be fitted Into any metal line case or cabinet, Only
need control switch. 78/8. 2kW. Model as above
except 2 kllowatts 39/6. Postage and insurance
6/6. Don’t miss this.

25 Amp Electrical Programmer

Learn in your sleep] Have Radio playing and kettle boiling as
you awake—switch-on lights to ward off Intruders—have warm
house to come home to. All these and many other things you
can do if you Invest in an Electrical Programmer. Made by the
famous Smiths Instrument Company. This is essentlally a
230/240 volt mains operated Clock and a 20 amp 8witch, the
switch-off time of which can be delayed up to 12 hours (continuously variable not stepped).
Bimilarly the switch-on time can be delayed. This is a beautiful unit, size 53 x 33 x 2}in.
deep. Metal encased, glass fronted with chrome surround. Offered at 47/8 plus 3/6 postage

and insurance.

. INTEGRATED CIRCUITS
A pareel of Integrated circuits made by the famous Piessey Company. A once in a lifetime
offer of Micro-electronic devices well below cost of manufacture, The parcel contains § ICs
all new and perfect, first grade devire deﬂnitely not sub-standard or seconds. The ICs are
all single gilicon chip Purpose A price of which is well over £1
each. Full circuit deulls of the ICs are included and in addition yon will receive a list of
50 different ICs available at bargain pricea §s, upwards with circuits and technical data
of each. Complete parcel onty £1 post paid or List and all technical data.

RE-CHARGEABLE TORCH

Neat fiat torch, fits unobtrusively in your pocket, contains
2 Nicad cells and built-in charger. Plugs into shaver adaptor
and charges from our standard 200/240 volt mains. American
made, sold originally at over 4 dollars. Our price only

BARGAIN OF THE YEAR

MICROSONIC RADIOS

7 transistor Key chain Radio ip very pretty case, size
2% x 2¢ x 1 in.—complete with soft lea'.her zipped
bag. :Circult: 7t
Frequency range: 530 to 1600 Kcfs. Bensitivity: 5
mv/m. Intermediate frequency: 465 Ke/s, or 455 Kc/s.
Power output: 40mW. Antenna: ferrite rod. Loud-
speaker: Permanent magnet type. In transit from the
East, theae sets suffered alight corrosion as the batteriea
were jeft In, but when this corrosion is cleared away
they should work pertectly—oﬂered without guarantee
except that they are new. 24/@ plus 2/6 post and In-
surance. Less batteries. 8ix for £7, post free.

“ia

HI1 FI BARGAIN
FULL F1 12-INCH LOUDSPEAKER. This is undoubtediy one of the finest
loudspeakers that we have ever offered, produced by one of the country’s
most famous makers. It has a die-cast metal frame and is strongly recom-
mended for Hi-Fi load and Rhythm Guitar and public address,
Flux Density 11,000 gauss—Total Flax 44,000 Maxwells—Power Handling
15 watts R.M.8.—Cone moulded fibre—Freq. response 30-10,000 ¢.p.s.—
specify 3 or 15 ohms—Main resonance 60 c.p.s.—Chassis Diam. 12n.—
12! over mounting lugs—Baffte hole 11lin. Diam.—Mounting holes 4, holes
diam. on pitch ecircle, 113in. diam.—Overall height G}In. A £6
speaker oftered for only £3.19.8 plus 7/6 p. & p.12° 40w £8.19.8. Carr.
8/6. 15in. 25 watt £7.19.8 Carr. 10/6, 18in. 100 wxn "£19.10.0.
Carriage, etc., 30/-.

PRINCESS AUTO CHANGER

The most amazing bargaln ever! A brand new Auto
change record player for less than the price of a single
player . . . due to a frustrated export order we are able
to offer the Balfour Princess 4 speed Autochanger—a
really fine machine at about ome-third of its regular
Tice.
L The Balfour has two unique features (1) A patented
brush system which automatically cleans atylus after
each record playing and (2) at shut off the pick-up locks
itselt into its recess—other featuree include pick-up
height and stylus pressure adjustments, and motor
auitable for our 230/240 or for 115v. continental mains.
Beautifully styled—this is a high class expensive instrument but you can purchase one
this month for only 59/8 plus 10/6 post and packing. One poimt, these changers have been
to France and back and the vibrations of the journey, etc., may have loosened screwas or
otherwise gnt them out of adjustment. However, with each we supply a 16 page service
manual and fault inding chart which is so detailed that if 'y you cou
re-build the changer. 8o this is truly & bargain that you wiil not want to miss,

Primary impedance 60 ohm, secondary impedance 8 ohm,
otherwise this is as 56787, Price 8/8.

OPT, ref, 56734

Chassis mounting, size approximately 2§ x 2 x 1}in.
Primary 500 ohm centre tapped. Ratio 27/1. 5 watts output
using twin ELL80 or similar. Price 12/8. No extra for
postage If ordered with 56733.

HEAVY DUTY MAINS TRANSFORMER.
30V. 37A. Prinnry Lapped 200/240 in 10v. steps. A really
beautiful “'C” core t Made by Parmeko, impreg-
nated and varnished. Weight a.ppmx 50 1b., size approx.
8in, wide 6}in, deep and 84in. high. Metal framed for free
standing and fitted with E.8. screen. Probably priced
£40-£50 from Parmeko. Ex equlpment, but perfect, £17.10
each, plus carriage at cost

50 CYCLE TO 60 CYCLE INVERTERS
For operating American instruments and other eguipment
made for 60 cycles 115 v. from 230/240 50 cycle mains.
These units have an output of 116 volts A.C. and will handle
a load of up to 100 watta. These are precision made and
have a reed type frequency meter which vibrates when the
lrequency is exactly 60 c.p.s Adjustment of the frequency
is by a knob on control panel. Input by 3 core output from
3 pin socket., Original cosat of this in excess of £60: A limited
quantity available £17/10. each.

MAINS OPERATED

CONTACTOR
220/240v. 50 cycle solenoid
with laminated core so very .
silent in operation. Closes 4

circaits each rated at 10 amps.

Extremely well made by a

Germsan Electrical Company.

Overall size 2 x 2 x 2 in.

19/6 each.

SIMMERSTAT CONTROL SWITCH
Combined on-oft switch and "‘heat on” regulator intended
for of electric hot plates
up to SkW. Official rating 15A 200-250v A.C. size 2 X 1} X
2in. deep. Single hole fixing 12/8. Knob 4/6 extra.
AUTO—ELECTRIC CAR AERIAL
with dashboard control awitch—tully extend-
able to 40in. orfullyreh'actable th-sble for 12v
positive or tive earth.
with fitting instructions and ready wired dash-
board switch. £5.18.6 plue 5/- post and ins.

TOGGLE SWITCH
3 amp 250v. with fixing
ring. 1/8 each 15/= doz.

MICRO SWITCH
& amp. changeover contacts. 1/ each
18/=doz. 15 amp model 2/~ ea. or 21/~doz.
MINIATURE EAR PIECE
As used with imported pocket radios. 1/8 each 15/- doz.

15/20 AMP CONNECTORS
) Polythene insulated 12.way strip.
2/68 each 24/= doz.

13 AMP FUSED SWITCH
Made by G.E.C. For connecting water
heater ete., Into 13 amp ring main. Flush
type 3/ each 30/= doa. Metal boxes for
surface mounting 1/@ each 15/= doz.

13 AMP SPUR UNIT
By G.E.C. for connecting clock, etc., to ring main, Pulle
out fuse. Flush mounting. Cream. 2/@ each; 24/= doa.

MAINS MOTOR

Precision made—as used In record
decks and tape recorders—ideal also
for extractor fans, blower, heater, ete.
New and perfect. Bnip at 9/8. Postage
3/- for firet one then 1/- for each one
ordered. 12 and over post free.

MINIATURE WAFER
SWITCHES

2 pole, 2 way—4 pole, 2 way—3 pole, 3 way—
4 pole, 3 way—2 pole, 4 way—3 pole, 4 way—
2 pole, 6 way—1 pole, 12 way. All at 3/6
each, 3@/- dozen, your assortment.
MINIATURE SLIDE SWITCH

3 pole change-over. 3/—= each 30/= doz.

MOTOR WITH GEARBOX
Very powerful 7 r.p.m., operates from
standard A.C. maine. 29/8, plus 3/6 P, & P.
SOLENOID
$in. stroke. Size 2§in, x 2in,
X 13in., 14/6, postage 2/9.
Made by Acos, reference No, 1.D.1001. For
measuring vibration, etc., to be used In
conjunction with “G”™ Meter, Regular
unused.
THERMOSTAT
Continuously variable 30°-90°C. Has sensor bulb
connected by 33in. of flexible tubing. On operatlon
in
a plunger moves through approx. §in.
‘This be used to open valve on
ventilator etc. 28/ plus 4/ p. & ina.

‘Where postage is not stated then orders
over £5 are post free. Below £5 add 2/9,

Semi-conductors add |/- post. Over £l
post free. S.A.E. with enquiries please,

ELECTRONICS (CROYDON) LTD

Dept. WW, 266 London Road, Croydon CRO-2TH
Also 102/3 Tamworth Road, Croydon
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HIGH STABILITY DC LABORATORY
POWER SUPPLY UNIT

Type NOBATRON by Sorensen of U.S.A.

‘MODELS:

QRC—40—8A i/p 110-120V 50 Hz o/p 0-40V
at 8 amps. £125.

DCR—40—10A i/p 200-240V 50 Hz o/p 0-40V
at 10 amps. £160.

DCR—150—5A I/p 200-240V 50 Hz
0-150V at 5 amps. £190.

o/p

These are modern slim line rack mounting units
incorporating many desirable features such as
overload protection etc. Carriage extra.

HIGH GRADE COMPONENTS

OSCILLOSCOPE CAMERAS
Cossor. Model 1431. Complete with
motor, auto transformer and capacitor
untt. Price..... . £49.10.0 pluscarriage
Langham Thompson 200 Type B.
3B e o e £55. 0.0 plus carrmge
New Telford Polaroid. Type

As iNustrated.

Price £689.10.0 plus carriage
Viewing head to suit Type “A’ camera.
rice £25.10.0 plue carriage

MUTUAL
INDUCTANCE BOX
TYPE R.7005

Specification Range: 0-11.100 mH in 0.002
mH divisions. Accuracy: +(0.3 x 0.0&2)%

where M = value of mutual inductance in mH
set on the box. Frequency range: 0-2.5 Kcfs
for all decades except X1 = 0-15 Kcfs.
Maximum current: 0.5A for decades 1A for
variometer (both primary and secondary
wingings). Case: Polished teak. List price £65.
Qur price £17-10-0.

27,000

,000
P& P Bfe on single lt.em

DELAY LINE
Type MON 2484 D 2 micro second 4K obm. Length: 24 in. X } in.
X i in. £1.10.0. P. & P. 3/-.
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ELECTRONIC BROKERS LTD

8 DIGIT UNIVERSAL COUNTER
TIMER MODEL 1037-5

By welt known American maker in excellent
condition. Scale 99,999,999 with illuminated
units annunciator and auto-positioned decimal
point indication. Display width 7 in. Range:
0-50 MHz (D.C. Input); 10Hz-50 MHz (A.C.
Input). Gate Time: 1 micro sec. to 10 sec. in
decade steps. Accuracy: 41 count -i-time base
accuracy. Sensitivity : 100mV, RMS. Attenuator:
Stepped factors of 1, 10 and 100. Impedance :
100 K ohm per volt with overload protection.
Dimensions: Height 5% in.,, Width 17% in,
Depth 172 In. Weight: 42 Ibs. Power Supply:
200-240V 50 Hz 125W. Price £450. Carriage
extra.

HYSTERESIS REVERSIBLE MOTOR

Incorporating two cofls. Each coll when energised will produce
opposite mta.tlon of output shaft. 120V 60 Hz, 1/10 r.p.m. 30/=
each. P. & P. 3/-.

HIGH PRECISION MAINS
MOTOR 3 Phase—| Phase
230V 50 Hz 1/8 h.p. continuously rated.
3000 r.p.m. Made by Croydon Engineer-
ing. Model KA 60 JFB. Bultable for
capﬂtan mowr Blze S ln. long, 4% in.

ACTUATOR
By English Electrle. Type 4519 Mk. 1. D.C. Motor AE 1560 Mk. 1
28V 8A, 500 r.p.m. Intermittent rating. £16.P. & P. £1.

NEW MINIATURE RELAYS
Alma Read type N8C 32/R/1A, 650 ohm coll, P. & P. 3/-.
Bmiths Micro-Relay type 14 PCR/7/R 26.5 m/A. £3 P. & 3f-.

INDUSTRIAL LIGHT SWITCH
Model BE 290. Transistorised unit Relay ofp

VOLSTATS

Type e Freq. O/P Load Price
CV 25E 190/260 50 6 25 W, £3.10.0
MT 161E 180/260 50 6 50 W. 0.0
MT 181F 190/260 50 12 50 W. £6.10.0
MTZ 161A 190/260 50 30 50 W. 7.10.0
CV 500/27 95/130 50 88 4 Amp X
CV 500 1907260 60 . 230 50 W.
CV 150/98 110/220 50 230 150 W.
MT 267A 190/260 50 ' 230 250 W.
MT 161ADA  190/260 40 230 50 W.
MT 140A 190/260 60 230 160 W.
MT 262XA 1907260 50 230 500 W.
MT 140 190/260 50 230 150 wW.
MT 262A 190/260 50 230 500 W.
30MB790 210/250 50 230 2.61 Amps
CVH 60A 180/260 50 240 60 W,
CV 50D 856/130 50 240 50 W.
CV 1000A 190/260 50 240 1000 W.
CVN 500H 190/260 50 220 500 W.

GALVANOMETERS (PENCIL TYPE)

Low Frequency Types

SPECI-
FICATIONS Adaptors available to suit ali types of recorders,

BRIDGE TYPE TF936

Measures L & Qat 80 Hz, 1KHz or 10
KHz, Measures R at DC, AC Bridge
volts monitored and variables. Auto-
matle detector sensitivity control
Bugged pan-climatic construction.
Measures L from 1 microH to 100H.
QO from 1 pP to 100 microF and re-
sistance from 0.1 obm to 100M ohm.
IETiCE T £95 carriage extra.

Type No ‘Natural Nominal Galvanometer

Frequency Terminal sensitivity for

Response Resistance a 35em optical

+x 59 ¢ls in ohme path MAfem Price
EB/20 20 86 0.4 Micro Afcm £33
EB/40 40 95 0.43 Micro Ajem £33
EB/60 90 0.7 Micro Afcm £33
EB/100 100 7% 2.7 Micro A/cm £33
EB/160 160 70 5 Micro Afem £33
EB/200 200 70 2] Micro A/cm £33
EB/300 300 120 25 Micro A/cm £33
EB/450 450 120 50 Micro A/cm £33
High Frequency Types
EB/1,000 1,000 90 0.46 MA/cm £33
EB/1,400 1,400 85 0.8 MA/cm £33
EB/1,600° 1,600 85 0.9 MAfcm £33
EB/{2,200 2,200 85 1.9 MA/cm £33
EB/2,500 2,500 42 4.8 MAjem £33
EB/3,300 2,300 45 6.3 MA/em £33
EB/4,000 4.000 45 7.2 MAjem 3
EB/5,000 5,000 45 13.3 MA/em £33
EB/8,000 8,000 45 22 MA/em £33
EB/10,000 10,000 45 26 MA/cm £33
EB/20,000 20,000 90 MAjom £50
{No. 5) IMPEDANCE

prices by MALLORY or SPRAGUE
Oapacity Working Burge

In Microfarads Voltage
3,500

5, 000

BRAND NEW HIGH CAPACITY ELECTRO-
LYTIC CAPACITORS at a fraction of original

Senslng head uses Muliard DCP 71. Mains input. Dimenesions 7j in.
X 4} in. x 2§ in. Weight: 4} 1bs. £7.10.0. P. & P, 7/6.

PROGRAMME SWITCH
By Graseby Instruments. Model G1 408/5 consists of 4 Banks X 48
Way 1 Revolution in 239 sec. Bupply 115V 400Hz £10. P. & P. 7/6.

TRANSISTOR AMPLIFIER
Type TA—1G by R. B. PULLIN. £5. P. & P. 5/-.

CODER SHAFT POSITION

By Datex Corporation. Type 4166-7003 **V*" 8can Code National
Binary Diode Pos. Diameter: 11 in. X 2} in. long. Bervo Mounting.
£15. P. & P. B/-.

MULTILINE COMPARATOR
By Venner Type T8 39. Transistorised unit. As new condition. £5.
-P. & P, Bf-.

ANALOGUE—DIGITAL CONVERTER
By United Aircraft. Type 6-8PT-C. Model 13-BNRY-B.
13 Digit encoder Grays code. Length 3 in., diameter 1§ in. Bervo
Type mounting. £15. P. & P. 7/6.

ACCELEROMETERS

Model LA 2 3C P +or—-10G ting Voltage 30V.
Nominal resistance 17.0K and Model LA 2 3C + or — 100G 34V,
Rel 20 K. Price £26. P. & P. 0/0
TYPE SE 55/A Range + or — 1G £26. P. & P. 0/0.
TYPE F by G.E.C. Up to 1,000 G. Ceramic type giving o/p of 23 mV.
Supplied ¢fw technical leaflet. ‘Weight 14.8 grammes. 2BA stud
mounting. £3.15.0. P. & P. 5/-.
Many other types in stock

MAGNETIC AMPLIFIER
By Pullinkearfott. Type R603—1A and R60I—1A—B. £8.10.0.
P. & P. 6/-.

MOTORS

LOW TORQUE HYSTERESIS MOTOR MA23.

Idesl for instrument chart drives. Extremely quiet, useful in areas
where ambient noise levels are low. High starting torque enable
relative high inertia loads to be driven up to 6-oz/in. Available in
the following speeds and ranges: 240V 50 Hz, 15 r.p.m. 1} r.p.m.,
1/6 r.p.m., 1/12 r.p.m., 1;20 r.p.m., 1/60 r.p.m.. 1/45 r.p.m.; 120V
50 Hz 116 r.p.m., 1/15 r.p.m.. 1f16 r.p.m., 1/20 r.p.m., 1/24 r.p.m.,
1/30 r.p.m., 1160 F.p.., 1120 r.p.m., 1/240 r.p.m., 1/300 r.p.m.,
1/720 r.p.m., 25/- each, P. & P. 3/-. :

SYNCHRONOUS MOTORS

Model S 71 r.p.h. and 1/60 r.p.h. Self starting complete with gearing
shaft § in. dia. § In. long. 200/250V 50 Hi. New coundltion Ex-
Equipment. 40/-. P. 3/-.

DATA TRANSMISSION—SYNCHROS
A selection from our wide range

Type Maker Voltage Hz Price

£ s d

Torque Recelver 11TR4a Bperry 90/115v 400 7 10 O
Torque Receiver ACN 15650C Smith 26,12.3 400 7100
Torque Recetver 1TR4a Pullin 90/115v 400 7 10 0
Control Transformer 11CT4A Muirhead 90v 400 9100
Contro] Transformer 08CT4 Muirhead 26v 400 9100
Control Transformer 110T4a 8perry 90v 400 9100
Contro] Tranaformer 110X 43 Pullin 26v 400 686100
Contro] Transformer 11CX 4 Ketay 115/90v 400 9 10 O
Torque Transmitter ACS/AR 8mith 115/90v 400 6 10 O
Torque Transmitter 11MD3 Muirhead 26v 400 9100
Torque Transmitter 156M1B1 Muirhead 115/%0v 400 9 10 0
OARRIAGE EXTRA

flange and /
Aﬂxlngholes M/lOIOencLP & P 25[-.

GENERATORS

L.F. SIGNAL GENERATOR 8G66

Frequency range 5 cfs to 125 ke/s In five bands. Accuracy
+(1%+1 c/s). 8ine wave distortion leas than 1% at 1W. Output
8ine wave continuously variable, 0 to 30V r.m.s. into 600Q.
Bine wave 0 to 1W into 5. Bquare wave 0 to 30V pk.pk. Qutput
impedance varies up to 5k(3 depending on output level setting.
Rise and fall times 0 to 0.75u8 maximum. Power requirements
100 to 130V and 200 to 260V, 40 to 60 ¢/s, 100W. Dimensions
19in. wide X 104in. high X 8fin. deep. Weight 32}Ib. Rack mount~
ing. Price £75 carriage extra.

D.C. TACHOGENERATOR
Type 9¢/106 16v. at 1000 r.p.m. Drive
shaft dia. 3/16 ln., 3/8 in. long. Price
£16/10/0.

OSCILLATORS & SIGNAL GENERATORS

Il) CBYSTAL CONTROLLED OSCILLATOR STC. 16-LXU-52A

0-20 MHz. Bweep facilities. O/p attenuation 0-70 dB.
Colnpleta with power supply unit 14-LXU-52B........ Price £85
;noq) NEW AUTOMATIC CYCLING OSCILLATOR. ACOS 1.
YE, Range 5 H3-5 KHz. 8weep mode 1 Cir/min. O/p. 0-10V,
Maing supPly.. ... .cvie it Price £99.10.0
(I108) LOW FREQUENCY 'DECADE OSCILLATOR D-638-A
MUIRHEAD. Range 0.1 Hz-2.12 KHz. Ofp 0-50V. Mains supply.
Max. O/p 1W in 6003 above 30 Hz.. ... ........0u0nns Price £45

(I109) DECADE OSCILLATOR D-6850-B. Range 1 Hz-111 KHz,
Max. O/p 2W into 8K Q above 20 Hz. O/p 0-150V.. .. .Price £45

(1110) L.F. OSCILLATOR G 420 FURZEHILL. Range 1.4 Hz-
15 KHz. Viewing CRT .. .......couiiiiiniinnarans an Price £15

(I13) R.C. OSCILLATOR AND AUTOMATIC FREQUENCY
MONITOR—SMITHS, Oscillator range 10 Hz-100 KHz. Price £75

{I1130) AUDIO FREQUENCY OSCILLATOR—FPYE. Range 20Hz.
O/p. 0-20V. Mains operated............0convevann.. Price £15

(149) GAUGE OSCILLATOR M 700L SOUTHERK INSTRUMENTS,

Price £15
(118 SIGNAL GENERATOER CT218. Range 85-30 MHz. O/p.
Facilities include crystal c«llbmwr, modulation. . ..Price £85

(I15) AUDIO FBEQUENCY GENERATOR. ‘l'ype I2. ADVANCE
Range 16 Hz-50 KHz. Ofp. 0-40V........c.0vuununs. Price £25

(183) SIGNAL GENERATOR CT 480 SANDERS. Range 7 KHs-
12 KHz. Ofp. 0-1+50V. Attenuation range —10 to +100 dB.

Price £85
(I78) WOBULATOR GM 2877/02 PHILLIPS....... -. .. Price £85

(I42) NOISE GENERATOR CT 410 WAYNE KERR. Frequency
e: 16 Hz2-160 MHz. Timer 0-8 mins. Diode current 0. dB. at
SmA to +13 dB at 100mA. .. ..eoovevvennnnrannnn. Price £50

FM/AM SIGNAL GENERATOR. Type SG. 63D. ADVANCE. Range
4 MHz-100 MHz. Ofp. 1 microV-; lOOmV Bweep Iacuit.y and line
FM deviation = 100 KBHz....... .. oeeieneronoens Price £55

(1105) SIGNAL GENERATOR Mod. 68A TAYLOR. Range 100
40 MHz. O/p. 0-10V R.F., O/p. and attenuation 0 to —80
dB In 4 steps. . Price £15

A.C. MOTOR GENERATOR

Type G1005 Motor 8pec. 6000 r.pan. Torque 28gm/em., Control
winding 20v., 400Hz. Ref. Winding 26v., 400Hs. Generator 8pec.
Ref. Wlndlng?ﬁv 400Hz. O/PO 47/1000!’]) m. Length 2 In., dia. 1 in.
Price £7/10/0 p- & p. 5/-.
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MEASURING INSTRUMENTS
AND RECORDERS

oo

(38) SINGLE PEN. DC MILLIAMMETER. 0-lmA. Chart width
Si . Bpeed 1 in. and 6 in./hr. Alarm contacts, Mains power

....................................... Price £52.10.0
(34) SINGLE PEN, DC MILLIAMMETER. 0-lmA or 0-300 mlcro
amp. Chart width 3 in. Speed 1 in. and 6 in./hr. Fitted alarm
contacts, Terminal Resistance 400 ohms (O-Im_\) 1.5K ohias
{0-500 micro A). Maine power Supply.. ..ot nn Price £49.10.0
(R24) SINGLE PEN. DC MILLIAMMETER. 0-2mA, Chart width
4} in. 8peed 1 in. and 6 in./hr, and 1 in, and 8 in./min. Clockwork
drive 8-day movement. Terminal Resistance 2, 900 ohms 5 7

(R8) 2 PEN. DC MILLIAMMETER. 0-15mA. Chart Wldﬂl 8 in,
Speed 6 in, and 12 in./hr. Mainssapply................. Price £75
(R9) UNIVERSAL MULTIPOINT. 1-24 point suitable quantities
with slow rate of change. Chart width 12 in, 8peed: 3 ranges, 61
ratio. Bensmﬂty 0-100°C based on 0-75mV F8D using Thermo-
couple plek u Price £80
(R10) NEW MULTIPOINT RECORDER. 100-0-
width 64 in., Speed: 20 and 720 min./hr. Also available 0- 100,
0-400°C using Thermocouple pick ups........... Price £79.10.0
(R11) CAMBRIDGE TEMPERATURE RECORDER SINGLE
PEN. Circular 8cale. Uses ether bulb and capillary tube. Range:
50-300°C. Chart dia. 102 in, (24-hr. markings). Mains supply.. . £45
(R12) MERSTED TEMPERATURE RECORDER. Two Pen 0-
200°C, clw bulbs and capillary tubing. Mains supply. 24?1-1 Cléﬂerst
digt, 108 IDB, . 0uioitarann v iri s iiiaiiiaaararans iec
(R13) FIDDEN Mk. IT SERVOGRAPH. 8ingle point fitted with
turret head to enable conversion to 4 point. Uses cpacl'.we aensing
nput. Chart dia. 11 in. 8peed: 1 rev./hr. Sensitivity 50 micro Amp.
Beslsu\nce 1,950 chms. Mains supply........couevue s Price £05
(R14) KENT Mk, II SINGLE POINT. Chart width 9} in. Speeds:
1 in., 2 in., 3 in./hr. Sensitivity approx. 10mV F8D. Various scales,
k.e. 0~600°C 0-1,000°C, —50 to —200°C, 0-100°C. Also available:
multipoint. General purpose slow response suttable Temperature,
Humidity, etc. Response 33 secs. for F8D. Supply: 115V 50 Hz.
230\' Autotransformer available.. .. ............. Price £49.10.0
R25) SINGLE PEN. DC MILLIAMMETER. 0-lmA. Chart width
4} in. 8peed 3 in./hr. Mains supply.. .. ........... Price £28.10.0
(R27) SINGLE PEN DC MILLIAMMETER. 15-0-5mA. Oil damped
movement. Chart width 7 in. 8peed: 1 In./hr. Clockwork drive
8-day. Terminal Resistance 100 ohme.. ............... Price £29
(R39) SINGLE POINT. DC MILLIAMMETER. }-0-imA. Chart
width 2 in. 8peed: 8 in./hr. Uses typewriter ribbon mnker Mains
supply. Terminal Resistance 240 ohms.. rice £25
(EEZ) PHILLIPS 0-10mA O-CHANNEL
eed model. Mains supply..........
(Bﬂlf?) TWO PEN. DC MILLIAMMETER
8 In. Speed: 1 in./hr, Clockwork drive. Terminal Resistance 1,687
OIINB. . o v o v oeay v e e e s v aansanasea s assaseinasasaas Price £25
(R5) SINGLE PEN.
11 in. elow speed. Response time 24 secs. for FSD. ‘Suitable Tem-
perature, Humidity, etc.... .. ... oooiiii i Price £75
(R7) PORTABLE SINGLE AND FOUR PEN. Suitable recording
quantities with high rate of change. 8peeds: Single pen 60 in./min.
and 240 in./min.; Four pen §, 1, 2, 4 and 16 cms./sec. Electric
pens. Mains supply amplifiers to sn!

Price....8ingle pen ¢/w Amp. £99; Four pen c¢/w Amp. £149
(R56) HINGLE PEN DC MILLIAMMETEB. 0-5mA, Chart width
8 in. 8peed: 1 in./hr. Mains supply.........cocoviaennn Price £30

(R57) SINGLE PEN. DC MILLIAMMETER, 0-0.5mA. Chart width
8 in. Bpeed: 1 in. and 6 in./hr. Terminal Resistance 4500 OEE
(58) SINGLE PEN. DC MILLIAMMETER. 0-2mA. Chnrt wid'.h
5 in. Speed: 1 in./hr, Mains supply................... e £30
(R60/1) AC RECORDING WATTMETER MURDAY SYS’I‘EM
0-7kW. Chart vudth 4 m. Clockwork drive. 8-day movement.
Maximum current: 38 AaMPS.. ... ..o anoiy s e £28
(R34) CAMBRIDGE SINGLE PEN BTRIP CHART BECORDER
COMPLETE WITH CONTROL UNIT. A genenl purpose potentlo-
metric recorder for such as t ture, moisture, etc.
Specifications: Chart width 8 ins. Chart speed {, 4, §, 11, 3, 6 in, /
min, Power supply ‘200/‘250\' 50 Hz. Dimensions: Width 16} in.,
height 81’ in., depth 10} in Price

(R35) ARKON PRESSURE BECOBDEB—SINGLE PEN TYPE

-Fitted with clock 1-12 hra. Freq.

METERS

(I1517) VIBRON ELECTROMETER. Mod. 33B. Electronic Inst.
Range 0-10V. O/p. + lmA into 1.5 KQ. Price £85

(I514) pH METER, CAMBRIDGE. . ....Price £12.10.0
(1508) AC/DC VOLTMETER. WINSTON ELECTEONIC Voltage

range —7.5 L7 o o i . . o Price £12.10.0
(1508) FLUX METER Type 15A/AP. T.L.G ELECTRIC. Range
96-12 gauge. In wooden case................... +....Price £10

(1504) VERNIER POTENTIOMETER. Type 4363. A. msLEY
Accuracy X 00001...................0.00iiaaaann. rice £75
(I513) WATTMETER. S 67. SANGAMO WESTON, Range 0-15W;
150-300V; 0.25-0.5A. ... ... 0.iuuiiaruanrannnn Price £28.10.0
any WmEBAND MILLIVOL’I‘METER TF 1371 MAECON]
Range 3mV-300mV: —10 to +3 dB, complete with probe. Flat
esponse 30 Hz-30 MHz. Reading nmVs. dB.......... Price £20
(1121) PORTABLE POTENTIOMETER. Type L192826 CAM-
BLIDGE. Fitted with standard cell and thermometer. . Price £45
1122) POTENTIOMETEE AND GALVO. Type P.3—CROYDON
ECISION. Accuracy .0001V. Price £35
(3123) SLIDE WIRE POTENTIOMETER. CAMBRIDGE. Voltage
range 0.01 : 0.1 : 1.0. Fitted with Galvo. Key. Absolute voltage
0-1.7V in 18 sleps................
(1132) DECADE INDUCTOMETER. ’I‘ype 230A. DAWE. Range
1 microH at 100 mH. in 40 steps........... Price £25
(1114) MILLIVOLTMETER. Type 264. AIRME(Q. Range 0-300
mwV. Complete with amplifiers and 750 probe. . ...Price £20
{l111) VALVE VOLTMETER. Type 712. AIRMEC. Range AC
0-150V; DC 0-500V Price £25
(I119) ABSORPTION WATTMETER AF No. 1 MR 4. Power
Ranges. 200 microW-6W. Hcaled in watts and dB. Impedance
PR E T2 ) - 4 o S «..Price £1B
{I112) STANDARD FREQUENCY CHANGER. Type 203. AIRMEC,
Range Volts 0-2.0V. Filters 100 KHz: 500 KHz: 1.1 MHz. Freq.
1 MH2-30MHz. . -Price £25
-(I94) DYNOMETER. Type 3206. TINSLEY.. ..Price £45
{195} AC/DC VOLTME’I‘ER Mod. 32. TURNER. R&nge Voitage
0-300V, 22002/Voit. 5 in. moving coll with mirror scales, in
FOOAeN CATTYINE CABE. ... . W.uiv'rraarasnaanenanas Price £15
(I198) PHASE METER. Type K158, SOUTBEBN INST. 0-100°
with invert and direct switching. . Price £35
(I92) PHASE METER. Type IT. 1-3 E RADIO 0-80°
withreverse Ofp. switching. ............c..ovennn.., Price £20
(166) MICROAMMETER. CA 138. Range 0-60 microA. .Price £10
(131) FREQUENCY METER 1176-A. GENERAL CAMBRIDGE
DIO. Range 200 Hz-60 KHz. Input 25-150V...... Price £30
(180) AC/DC VOLTMETER. $72.16. SANGAMO WESTON. Range
Voltage 0-300V. Price £28.10.0
(189) FREQUENCY METER. ENGLISH ELECTRIC. Range 380~
410 Hz. Input Voltage: 115 and 208V................ Price £5
(I72) TUNING FORK FREQ. METER. 4 volts. 2TS. 3877. SMI’I‘HS
50 cycles.......... Price £25
(I51) MILLIAMMETER. OAMBRIDGE Range 0-200mA. Freq.
error less than 0.5%. 6} mirror scale................ Price £10
(I519) PRECISION PHASEMETER. Model 901—MAXSON.
Facilitles include: phase lag, phase lead; fine, medlum and coarse
reference; balance and multiplier; meteru. P ....Price £85
(18) DYNAMOMETER. M.IP. Voltage range 0-44V; 0-200 V.
+ mirror scale. FSD 220V at 400 Hz in wooden case with carry-
mg NADdleEERERE e . L e Price £35

CLOSED CIRCUIT TELEVISION SYSTEM

Consisting of a FARVISOR Compact Camera fully transistorised
printed circuitry. 625 lines. Dimenslons: 11 X2} X7 ins. Weight
7 Ib. AMPEX Video Monitor Type VM-9A. All solid state. Dimen-
sions: Height llﬁ in., width 9v% in., depth 6— in. Weight 14 Ib
SIEMENS Monitor Type 1F BUOBH two tripods and ail inter-
connecting cables, ¢/w handbooks. This equipment is offered in
excellent condition at & bargain price of. . ... Rt ... £120
We can also offer a TV pattern generator by Video Circuits Model
PG162 for checking out the above system, ¢/w handbook. Very
good condition...................... PO eraraas Price £45

MICOVAC ELECTRONIC TEST METER

By E.I. Ltd. Model 22B this is a precision portable Instrument
with a wide range of facilities. D.C. volta. 0-2.4, 4.8, 24, 48, 240, 480,
volts F8D with facility for centre zero measurement. A.C. volis,
similar range to D.C. with frequency coverage from 20 Hz-20 M Hax.
Probe increases range from 10K Hz-200 M Hz. Resistance Ranges
0-1 K, 10 K, 100 K, 1 M obm and 10 M ohms. Fitted with mains
P.8.U. adaptor. Metal cage. Price £40. Carriage extra.

SPECTRUM ANALYSERS
Marconi. OA. 109A. 8pectrum Analysers.
3 to 30 M Hz. optional low frequency
extension unit 100 Hz-3 M Hz. Display
continuously variable up to 30 K Hz.
Bpectram scan time variable from 0.1 to
30 secs. Long persistence CR tube.
Complete with trolley and power
supplies. Price £750.

PLATINUM RESISTANCE THERMOMETER
PROBES

SOLARTRON Type NT 1198/c and NT 1687. Accuracy +1°C. Probes
in stainlessateel case. § In. diameter. Temp. range NT 1198/C-50°C to
+ 250° Q. Price £12.10each. p. & p. 3/6.

SET OF MEASURING INSTRUMENTS
Brand new high grade moving coil
meters. Ideal auto-electrice and other
general D.C. applications. Supplied
with 3 shunts In neat attache type
metal carrying cage. Sepcifications:
Voltmeter 0-15V, 0-160V, 0-450V.
D.C. Linear mirror scale 3mA FSD.
Ammeter unshunted 7.5mA F8D.
Used with 3 shunts to give ranges of
0-0.3A, 0-0.75A, 0-1.5A, 0-7.54,
0-15A, 0-30A. The ammeter can also
be used as & 0-75mV Voltmeter.
Bcale jength 83 mm. Accuracy 1%.
Cage moulded plastic. Metersize 4§ in.
X 1% in. List price £30. Our price
£5.19.68. P. & P. 30/-.

FENLOW LOW FREQUENCY ANALYSER
0.3 Hz to 1 K Hz. Power denslty 0-10. Bandwidth switchlng range.
.06: 0.3: 1.5: 7.5: 37.5 Hz. Price £275.

SYNCHRONOUS
CHOPPERS

Base B-9. Coil 6.3 v., 56-60 Hz. Propor-
tion of time cont.acts are closed 459,.
Also available 100 Hz and 400 Hz. Price
£8/10/0. P. & P. 5/-.

(I12) R & Q METER. Type 208 XTE. SMITH. R and
quadrature reading, aiso readings In radians: 0-360° he&d/lag
phase readings I/p 0-15V. . Price 2115
(I80) VALVE VOLTMETER. Type 6 MARCONI Range 0-150V.
Mains operated Price £5.10.0
(150) AC/DC METER. Model 44. E.LL Range Voltagea: 0-200V.

/DC. Beslmncedg-l,ooﬂhln Current 1mA-10A. Power 1mW-

i —10to +19dB................ ...l 5o .Price 215
(143) VERNIER POTEN‘HOMETER.——CAMBRIDOE Accuracy
0.00001V. Standard Cell voluge aelection .Price £55

INKWELL OPERATION

20 and 40 channel Multipen (Projecting
Pattern) Recorder. Driven from a 24V
supply. Chart width 9 in, Electro-
magnet pens. Voltage range 6-125V,
Price £65.

AVO TRANSISTOR
ANALYSER CT 446
A portable direct-reading instrument
capable, of givmg accurate transistor
the g ded emitter
conﬂgunmon Rattery power unit 1.5V
t010.5V in 5 stcps. Base current 0-1 mA,
1-40 mA. Collector current 250 mA.
8ize: 153X 9} x5 ins. Weight with
batteriea: 15 Ibs. Price £42.10.0.
Carriage extra.

1600. Manufactured by Walker C 1k
tions: Range —0 to +6 in. wg,Chxrtw:dth’llns,Chart speed
} in./hr.; Chart drive, synchronous motor, 200/250V 50 Hs,
Dimensions. ‘Width 18 in., height 21 in., depth 17} in. Weég’;xs',
........................................... Price
(RSG) FOXBORO FLOW INDICATOR TYPE ECC IND . MAG
FLOW DYNALOG MODEL M9660B. 8pecifications: Range 0-40
litres/min. Curve uniform. Power supply 240V 50 Hz. Weight
52 1b. Dimensions: Width 14} in., height 17 in., depth 13 in. 5

Price £3,
{R37) FOSTER STRIP CHART RECORDER TYPE 3490Y, Unea

MINIRACK MULTICHANNEL
OSCILLOGRAPH. MUR 12
The multichannel oscillograph 18 a 12
crt, oscllloscope with recording facilities.
The instrument consists of two units.
The troliley mounted recording unit
comprising 12 crts. with their respective
controls and a 120 mm. continuoue feed
camera. The electronic console containe

a six-colour half-inch ribbon and
to record data on fo a § in. chart. Specmcatlons Chart width 6 in.; H
Chart speed 1§ cm./hr. Dimensiona: Width 15¢ in., Height 22 in.,
depth 13 in. Weight 60 1b....... .Price £80

ALL TYPES OF PRECISION
POTENTIOMETERS IN STOCK

TRANSITROL 2 POSITION INDICATING
TEMPERATURE CONTROLLER BY ETHER

TYPE 990

Completely transistorised self-con-
talned direct deflecting wunits for
indicating and controlling tempera-
ture accurately over a wide range.
SBultable where a signal can be con-
verted into D.C. 8ensitivity 10 ochms
per M.V. Minimum F.8.D. 8 M.V.
Cold junction compensation, thermo-
couple break protection. Coppe com-
pensation. Calibrated scale length, 6.5 in., 0-800 degrees centigrade
accuracy +1%. Front panel size 10 x 5§ In., welght 11 Ib, Mains
supply 100-260V. Control switching and Thermocouple connectiona
all at back of case. Our price £22.10.0. List price £49. New
condition.

the app: iate time marker,
time base, and associated power supplies.
Price and full details on application.

MINIATURE PRECISION
POTENTIOMETERS BY BOURNS
New 10-turn precision potentiometers
consisting of potentiometer, knob and
readout dial kn one extremely compact
assembly. A very attractive unit
finished in black plastic with white dial.
Avsilable in 100K, 20K, 5K, 1K. 1}W.
Resist. tol 5 A

%- 7
correlation of dial reading to O/P 0.5%.
‘Weight 0.6 oz., overall length 1 11/16 in.,
diameter ¢ in. New price £7.15.0 each.
Cur price £4/10/0. P. & P. 2/6.

VIBRATION EQUIPMENT

trol A E501..
Goodmans Vlbrahon Phnse Shifter. E 5686.
Goodmans Power Oscillator 5V.A.. ...
Savage ‘G’ Amplifiers
Savage Accslemﬁon Contm] Unit. BGCI lﬂEz-lOK lb Inpu'.
impedance 1M (). Output impedance 8000 a
Pye Ling. Power Amplifier. 50V.A,

PHOTOMULTIPLIER VMPI I/44 (CV 23!1)

by 20th Century Electronics

Cathode sensitivity 40uA/L. Operating voits for 10 A{L 1100 volts.
DARK current 0.004uA. £8/10/0.

E.M.I 6097 and 20th Century CV 2317 £0/10/0. P. & P. 5/-.

LINEAR THYRISTER CON-
TROLLED LIGHT DIMMER
600w. moduls Ideally suitable for

d or speed etc. Will
mount into standard socket boxes.
Our price 58/8. P. & P. 3/-.

AUTOMATIC CRYSTAL
THICKNESS SORTING
MACHINE Fully automatic dice
gauging and sorting system, eliminates all
manual operations. This instrument is of

interest to factul of semi-
conductors. It is offered in good condition
at & quarter of its original list price. It is
suitable for the sorting of germanium and
silicon dices. The unit can sort up to 2,400
pieces an hour. Our price £450. Further
information available on request. Com-
plete with manual and spares.

Amplifier X 0.1 to X 1000. Module A3 LF Amplifier X 0.1 to X 100.
2140/A1-B1 1000 V True RM8 Converter. Price £175.
2140/A3-B3 200 V Mean (RMS CALIBRATED) Converter. Price

NUMICATORS

Cold cathode gas-filled, in-line 0-9 digital display tubes. Long life
expectancy. Minimum striking voltage 180v. 8ide reading type
XN 13 and X N3 amber filter, Price 18/6 each, P. & P, 2/6.

WW—121 FOR FURTHER DETAILS

All orders accepted subject to
our trading conditions a copy
of which may be inspected at
our premises during trading
hours or will be sent on applica-
tion through the post.
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TEGHNIGAL
TRAINING

| i

/n radio television
and electronics

—

Whether you are a newcomer to radio and electronics,
or are engaged in the industry and wish to prepare for
a recognized examination, ICS can further your tech-
nical knowledge and provide the specialized training
so essential to success. ICS have helped thousands of
ambitious men to move up into higher paid jobs—they
can help you too! Why not fill in the coupon below and
find out how?

Many diploma and examination courses available, in-
cluding. expert coaching for:

C. & G. Telecommunication Techns’. Certs.
C. & G. Electronic Serviclng

R.T.E.B. Radio/T.V. Servicing Certificate
Radio Amateurs’ Examination

P.M.G. Certs. in Radiotelegraphy

General Certificate of Education, etc.

Now available—Colour T.V. Servicing

Examination Students coached until successful

NEW SELF-BUILD RADIO COURSES

Learn as you build. You can learn both the theory and practice
of valve and transistor circuits, and servicing work while building
your own 5-valve receiver, transistor portable, and high-grade
test instruments. All under expert tuition. Transistor Portable
available as separate course. ,

POST THIS COUPON TODAY

for full details of ICS courses in Radio, T.V. and Electronics.

I s L S
1 |
' INTERNATIONAL 1
: CORRESPONDENCE SCHOOLS |

EST. 1891 :
1 1
1 Dept. 222, Intertext House, Stewarts Road, London, S.W.8 |
: Please send me the ICS prospectus—free and without obligation. :
I (state Subject or Exam.} ............ .. ... .. .. ... ... 1
1 !
l .......................................................... I
1 1
1 NAME o it ittt e e e e e s i
' ZOBRESE) . m......con.. M. ... ol it s !
g ADDRESS ............... 1
T T — T o—— 10/70 :

INTERNATIONA[ CORRESPONDENCE SCHOOL
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EXCLUSIVE

DIGITAL CLOCK
'MECHANISM

@ Made especially for Lasky’s by famous
maker

® Mains operation

@ 12 hour alarm

@® Auto “sleep’’ switch

® Hours, minutes and seconds read-off

® Forward and backward time adjustment

@ Silent operation synchronous motor

® Shock and vibration proof

® Built in alarm buzzer

ko This unique DIGITAL CLOCK is now available EXCLUSIVELY FROM LASKY'S
in chassis form for you to mount In any housing that you choose. All settings
are achieved by two dual-concentric controls at the front including: ON-OFF-
AUTO and AUTO ALARM, “sleep™ switch, 10 minute division “click” set alarm {up to 12 hour delay).
time adjustment. Ultra simple mechanism and high quality manufacture guarantee reliable operation and
long life.
The sleep switch will automatically turn off-any appliance—radio. TV. light. etc.. at any pre-set
time up to 60 min. and in conjunction with the AUTO Setting will switch on the appliance again next
morning.
The clock measures 43W x 13H x 33D {overall from front of drum to back of switch). SPEC: 210/240V AC.
60Hz operation; switch rating 250V, 3A. Complete with instructions. HUNDREDS OF APPLICATIONS.
COMPLETE WITH KNOBS

LASKY'S PRICE £6.19.6 r:-us

SPECIAL QUOTATIONS
FOR QUANTITIES

LASKY’'S TM5

Another new look pocket muitimeter from Lasky's providing top
quality and value. The “slimline™ impact resistant case—size 4§in. x
24in. x 1lin., fitted with extra large 2{in. square meter. Readability
is superior on all low ranges making thls an excellent instrument for
servicing transistorised R d click stop

switch, Ohms zero adjustment. Buff finish with crystal clear meter
cover.

DC/V:3-15-150-300-1,200 at BK ohms/V
AC/V:6-30-300-600 at 25K ohms/V ~

DC Currant 0-3004A 0-300mA

Resistance: 0-10K ohms, 0-1M ochms

Decibels: ~10dB to 16dP

® Complete with test leads, battery and instructions

/’7 LASKY’S PRICE 49/6 : . ...
LASKY'S TM1

The first of Lasky's new-look top value meters. the TM- 1 is a really tiny

pocket multimeter providing “'big* meter accuracy and performance.

Precision movement calibraled to +3% of full scale. Click stop range
leeti switch. B i i d and made impact resistant black

case—with white and metallic red/green figuring. Ohms zero.

® DC/V: 0-10-50-250-1000 at 1K chms/V

® AC/V: 0-10-50-250-1000 at 1K ohms/V

® DC CURRENT: 0-1mA, 100mA

@ Resistance: 0-150K ohms

® Decihols: —10+22dB

@ Complets with test leads, battery and instructions

Size only 3%in. x 23in. x 1%in.

LASKY'S PRICE 39/6 - :-

oevoooo

TMK 200 METER KIT

This meter kit by TMK offers the unique opportunity of building a really first-class
precision multimeter at a worthwhile saving in cost. The cabinet is supplied with the
meter scale and mo d in ion: the Model 200 also has the range
selector in posmon The h|ghest quality components and 1% tolerance resistors are
used through pp with full ional, circuit and operating {fms
instructions. o
20.000 O.P.V. Multimeter. Features 24 measurement ranges with mirror scale.
Large 3 x 2in. meter. Full scale accuracy. OCV and current: +2% ACV: + 3%, resist-
ance: +3%. Special 0.6V OC range for transistor circuit measurements.
SPECIFICATION

@®0CV: 0-0.6-6-30-120-600-1.200V at 20K/OPV. ®ACV: 0-6-30-120-600-1.200V
at 10K/OPV. ®DC current: 0-0.6-6-600mA. ®Resistance: 0-10K-100K-1M-10M/
ohms (58-580-5.8K-58K at mid-scale). ®Capacitance: 0.002-0.2uF {AC BV range).
®Decibels: =20 to +63dB. ®0utput: 0.05uF blocking capacitor. Uses two 1.5V
{U7 type) batteries. Black bakelite cabinet—Size 5} x 3} x 1}in. Complete with
test leads.

KIT PRICE ONLY 92/- ccrse
Audio-Tronics 71

Send your name and address now to receive immediately the new 1871 edition of LASKY'S famous
Audio-Tronics pictorial catalogue. Larger and more comprehensive than ever before. Packed with 1000's
of items for the Radio and Hi-Fi enthusiast, Electronics Hobbyist, Servi and Cor i Ham.
Covers every aspect of Hi-Fi {including Lasky's budget Stereo Systems and Package Deals). plus Lasky's
amazing money saving vouchers worth over £32. Send your name and address and 2/- for post and
inclusion on our regular mailing list.

207 EDGWARE ROAD, LONDON, W.2,

33 TOTTENHAM CT.RD, LONDON, WIP 9RB.
109 FLEET STREET, LONDON, E.C.4.

152/3 FLEET STREET, LONDON, E.C.4.

HIGH FIDELITY AUDIO CENTRES

42-45 TOTTENHAM CT. RD, LONDON, W1P 9RD.
118 EDGWARE ROAD, LONDON, W.2.

MAIL ORDERS AND CORRESPONDENCE TO
3-15 CAVELL STREET. LONDON. E1 2BN
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TELEPHONES. Two-tone grey. Brand new boxed.
Current type. £5.5.0 each. P, & P. 5/-.

Standard GPO Dial Telephones (black) with internal
bell. 17/6 each. P. & P, 5/-. Two for 30/-. P, & P, 7/6.

MULLARD MX 11S GM TUBE with holder.
Plat app 300 volts. 30/- ea. P. & P. 8/6.

PHOTOMULTIPLIERS. EMI 6007X at £8/10/- ea.
TRANSISTOR OSCILLATOR. Variable frequency
40 o/8 to 5 ko/s, b5 volt square wave o/p, for 6 to 12v
DC Input. 8ize 1# x14 x 1}in. Not encapsulated. Brand
new, Boxed. 11/6 ea.

| RACAL Diverstty unit. £10 each. Carriage £1. |

PYE RADIO TELEPHONES. Rangers 3/10 and

8/20A finals, Prloes less valves from £8. Complete, tested
and working from £8, Callers please !

CRAMER TIMER 28V DC 8weep 1/100th sec & swee)

80 secs. 4 . Remote control stop/start reset £6.10.0.

RELAYS
Omron/Schrack octal based plug-in relays 2 pole o/o
5A, 8v only. Brand new, Boxed. 7/6 each
G.E.C, 4 pole c/o 8/12y opemt.lon 180 ohms, Platinum
contacts. Brand new. Boxed. 10/- each

Minlature STC Plug in relays Plastio dust cover,
4 pole ¢/0 7.5-18 v, operation. 185 Ohms 8/~ each.
6/- each per 100.

%21‘.0.17ea1ed 2 pole /0, 2,500 ohma, (okay 24v) 2/6 ea.;
v—T7/- ea

CARPENTERS polarised 8ingle pole ¢/o 20 and 85 ohm
coll as new, complete with base 7/6 ea. Slngle pole
/0 680.:1,110 and 1,570 ohm coll. As new 6/6 e
81?18};7 pole c/o 14 ohm cofl 6/6 ea.; Single pole c/o 45 ohm
cof

ngnd New. 8ingle Pole ¢fo {type 5A2), 2 %1200 ohms.

6
é.M.I. PhotoChopper type ACPCl. Size 1§x1x3%°,
£l each. P, & P. 2/8.

OTENTIOMETERS
coLVERN and new. 5; 10; 50;

100; 250 500

ohms :10: 263 50k all at 2/6 ea. Special Brand
o MORGANITE 2.5K; 250K; 500K 2.5 meg. 1°
sealed. 3/6 ea.

INSTRUMENT 8” Colvern. 5; 26; 100 ohms. 7/- ea.
BOURNE TRIM POTS. Solder lugs 5, 10 & 25K at
3/= each: Pins 10; 20; 50; 100; 200; 250; 500 ohms;
2.5 and 25K at 7/ each,

ALMA precision resistors 100K; 400K; 497K; 908K;
1 meg—0.1% 5/6 each; 8.26K—0.1% 4/- each; 1 meg—
0.05% 7/- each.

DALE heat sink resistors, non-inductive 50 watt, Brand
m. 15 ohms—#6/6 ea.; 8.2K 4/6 ea. Excellent dummy

K.L.G Sealed terminals. Biand new boxed. Type
TLBI AA £] per 100: type TLSI BB 30/- per 100.

| Wheatstone Bridge by TINSLEY type 1138 £60. |

CAPACITORS
ERIE feed throuigh ceramicons 2200 pf—9d. ea.
Sub-min. TRIMMER 1 square, 8, 5pf, Brand new 2/6 ea.
Concentric TRIMMER 8/30 pf. Brand new 1/6 es.
ELECTROLYTICS. Brand new, 260 mfd 70V 4/6 ea.;
2000 mfd 18V 7/-
EHT 2 mfd 56 KV, Brand new £2 each.
VISCONOL EHT. Brand new 0.0005 256 kV, 16/- ea.
E.H.T. 0.02mfd 8KV- é/- ea.; 0.56mfd 5KV—II/= ea.;
0.56mfd 2.6KV 7/- ea.

DECADE DIAL UP SWITCH. Finger-tip.
Engraved 0/9. Gold plated contacts. S8ize 2¢4“ hig.

Zf; p $° wide. 30/- ea. Bank of 4 with escutchin
tes etc. 2¢” high 2&" deep. 2%° wide. £5.

PHOTOCELL equivalent OCP 71 2/6

Photo-resist type Clare 703. (TO6 Ca,se) i0/- each.
BURGESS Micro Switches V3 5030, Brand new 2/6 ea.
HO NEYWELL. Sub-min. Microswitches type 118M3-T.
Brand new. 3/6 ea.

IPI?N EL mounting lamp holders. Red. Brand new

TRANSISTORS BC 114—NPN Low noise high gain
audlo, ete.; 86—PNP General purpose 200 mc/e.
Ex brand new equipment. Guaranteed perfect. Good
lead length. 2/- ea.

MINIATURE SPEAKERS 15 ohm 2° diameter.
Brand new. 7/- each. P. & P. 2/8 each.

NUCLEONIC INSTRUMENTS
SCALER type 1009 by Dy'natron S\dtable Beta/
gamma counts. Built in test signal. Calibrated adjust-
ahle discriminator. Read out 2 decade neons and
4 diglt counter. Supplied in as new condition at £5 ea.
Carr, 80/-.

As above but with resettable counter £8 ea. Carr. 30/-.
Few only RATEMETER type 1161B Complete with
bullt in EHT supply. Separate metering EHT and
Count. EHT ayailable for external equipment 0 to
8 kv. As new £35. Carr. 30/-.
Portahle GEIGER COUNTER {n haversack, late
model, complete with vibrator, P.U. and batteries
£6/5/=, P. & P, 10/-.
100 CHANNEL PULSE HEIGHT analyser type
1368B. As new £75. As above but type 1868C. £120,
ECKC?; PU&.ISE HEIGHT ANALYSER type N101

1. 30/-.

CINTEL Transistorised Nucleomic Scaler with
adjustable discriminator. 8 meter display 0-8 giving
count 1of/lo to the 5. New Condition. Now ONLY £18.
Carr, 15/~

PULSE Generator type 11474, £6. Carr. 80/-.

SPECIAL. BGS Fairchlld Bilicon Epitaxial Tran-
slswr. NPN. 80 V; 300 MW. Complementary to
C116, Guaranbeed ‘Brand New. Full Length leads.

NOT rejects. Perfect Spec Sheet, supplled 1/- each,
minimum order £1. P,

Also 8GS Fairchild Sﬂlcon Epiwxlal mmmwr.
type BCll4, NPN low nolse high gain. 3/6 ea.
£15 per 100.

AMPEX VR7000. New heads, drum, ceramic tips,
rotary transformer. In superb condition. £700.

AMPEX TV CAMERA CC3324. As new £200.
5?;13/5!\(: 217 video monitor £35. Or complete system

TEST GEAR

OSCILLOSCOPES
TEKTRONIX 524AD Colour scope, £110.
M.l ‘WM16 DB—24 megs each chane

nel £I15 onl

E.M.l. DO—ls mo/s £30

E.M.I. WM 8—£50.

SOLARTRON 7118.2 D.B. DC—9 mo/s. In fine
condition £50.

SOLARTRON 8438 DC—15 mo/s NOW only £65.

SOLARTRON DC—10 mo/s. CD513—£35, 518.2
—£40, CD5238—£45,

COSSOR 1085 DB. £20

COSSOR 1049; 1049 Mk. 8. DB. £22/10 '2'53

HARTLEY 18A DB. £2

0.
All carefully ohecked and tested, Carriage 80/- extra.

MARCONI
TF 956 (CT44) Audio Freq. Wattmeter £l5 Carr. 10/.
TF 8886 Mu‘n fication Meter £45 Carr. £

TF 369 N, 5 Impedance Brldge (55 Carr. C{

TF 144G 8ignal Genera; rviceable, Clean £15
In exceptional condition £25. (‘a.rr. 80/-

TF 885 Video Oscillatol Blne/Squn.re (35 Carr. 80/-
TF 1348/2 ‘X’ Band gen £35 Carr, 80/-

TF 428B/1 Valve voltmeter £4 Carr, 10/-

TF 428B/2 Valve voltmeter £8 Carr, 10/-

TF 934/2 FM Deviation Mewr £25 Carr. 80/-

SOLART
Pulse generator POS 100C 50 o/s—l mo/e £18 Carr, £
Laboratory amplifier AWBB1A. 15c/s—350ko/s (35

Carr. £1
Stabilised P.U. SRS 151A £20 Carr. 30/-
St,ahmeed P.U. SRS 152 £15 Carr. 80/-
Stabilised P.U, AB 516 & AS 517 £3, and (6 Carr 10/-
Calibration Unlt type * AT203. £25. sj
Process Response Analyser, Fine Condmcm £250
Osclllator type 08 101. £30. Carr. 30/-.
D.C. Amplifier type AA900. £30, Carr, £1.

P AVO
AVO TRANSISTOR ANALYSER—£40 only,
Testmeter No. 1 £14 Carr
Electronio Testmeter OT 38. Gomplew £18 Carr, £1

CINTEL
Wide Range Capacitor Bridge £25 Carr, 16/«
8ine and Pulse Generator type 1873 €25 Carr. 15/«

AIRMEC
Valve Millivoltmeter type 264. 3MV-1V £20 Carr. £1
Counter type 865. 8 decades. Bright Vertical displa;
gate facllities. Very good condition £25, Carr. 80/
Klystron Power Supply 698B £25 Carr, £1
Signal Generator type 701, £35. Carr, 80/-

OSCILLOSCOPE CAMERA. Shackman 25ft. Exp 270
frames., Times from 1/250 to 1 secs, auto. Dalmere Fl. 9
Focal 1#in. with standard 4in, to Mn fitting, £30.
BRADLEY ATTENUATORS 0/500 meg eycles.
0/12 db and 0/120 db—£25 per pair.

HEWLETT PACKARD. Atwnuators 0/500 meg
oycles. 0-182 db. 1 db steps. £

BECKMAN MODEL A Ten turn pot eomplew
wlth dial, 100k 8% Tol 0.1 %—only 52/

E.H.T. Base BOA {n Polystyrene holder with cover,
Brand new, 2/6 ea.

ZENITH E.H.T. Tester, with Probes, Metered 0-3.5 kv.
£25 Carr. 80/-.

DVM type BIE 21186. £50.
DENCO S band low noise travelilng Wave amplifier
£25, Carr. 80/,
FREQUENCY Meter LM 14. Modulated version of
BC 221 with charts and covers. Brand new £30. Carr. 30/-.
SWEEP OSCILLATOR CT202. 7 to 70 mc/s. 0 to
10 mc/s sweep. Standard mains input. Can be used with
any scope for TV, FM, ent In fine condition with
lead, instructions etc., €25, Carr. £

millivolt

SPECIAL. FURZEHILL V200A Valve
meter, 10 mv, to 1 kv. £2
FURZEHILL Valve Voltmewr tme 3878B/2. Range

0-80 dbs & 10 mllllvolta to 100 Volts in 5 ranges. Size
11 %81 x7° (IO '15/-.

Low Ohm S ETY 'METER 12 ma 5 ohms. £€7.10.0
each, P. & P. 10/-.

MIC-O-VAC type 22 (CT64) Volts; Ohms. DC to 200
mcln wit.h robe, leads, circuits etc. As new £8.10.0,
HEWI.ETT PACKARD 5 oscilloscope tube with
built-in mtlcule 10x10 cm. Length 164", Brand new,
boxed. £12 each, Carr. 80/-.

DISTRIBUTED AMPLIFIER type 20/8 50 ¢/s 100 mo/s
Gain 800, £30 each,

Type 2C 50 c/s to 100 mc/fs £16 each,

DAWE Wide Range oscillator type 400A. 20 ca to 20 ke/s
8ine wa.;e. 500, 600 and 2000 ohm, Fine condition. £20.
Carr. 80/-

PAIGNTON ATTENUATORS 0.1 db, to 100 db, in

8 decades, 800 ohm, 19" rack mounting, £20 ea. Carr, 15/-
PISTON ATTENUATOR in carrying case, 30-140
mo/s calibrated 0/70 db. £10 ea. Carr, £1 .
Precision THERMISTOR by YSL 100 k. at 25°C.
Range: 40°C. to 150°C. Bupplied with charta giving ohms
for each degree over entire range. Brand new. 30/- emh
CLAUDE LYONS Main Stabilizer. Type 700
Input 212-252 volts 47/66 cfs. Output 238 volts 0. 6%
58 amps. €40, Carriage at cost,
ROBAND. P.U, Type M39A.
2 amps. £22 ino. carriage,
HOLGATE 6 channel Event recorder, 1in, or 10in.
iaches per second, Bize 4§ X5 X 8in. Excellent condition.

Stabilized 300 volts

HEWLETT PACKARD Digital printer complete with
decoder. £50,

KELVIN & HUGHES 4 channel recorder with
amplifiers. £110.

SMITHS twin ohannel recorder, Transistorised, £65.
Varjous other single and twin track recorders from £20.
10in: Rack Mounting CABINETS 6ft. high 10in. deep.
8ide and rear doors, tapped, complete with base
and wheels. £12/10/0 Cams.we at coat.

Double Bay complete with doors. Fine condition. £25.
Carrlage at cost, !

MULLARD Transistorised Analogue to Digital Con-
vertor Model L 281, As new, £20 Carr, 15/-

SUNVIC DC Amplifier type DCAl, Thermo-couple,
etc. £22.10.0. Carr. 20/-.

CINTEL Universal Counter £€30. Carr. 80/-,

One only MARCONI TF867 Standard Signal
Generator. In.flne condition. £120. Carr, st cost.
One only MARCONI TF|44H/4S. Bignal Generator,
10 ke/s to 72MO/s. S8uperb condition. £165 only.

ISOLATING TRANSFORMERS 240V in 240V 7
KVA out. As new, £25 ea, Carr. £2/10/-

DIECAST ALLOY boxes. Slze 4 x 2% x 1§ In. Drilled
ends for Belling Coax 8 compartments link holes
between. §/6 each, P, & P

BENSON-LAYNER XY Plotwr. 8ft. x 8ft. vacuum-

table auto paper feed. 5SMV each direction. £500.

4 DIGIT RESETTABLE COUNTERS. 1000 ohm.
cofl, 8ize 1} X § x 4iin. As new, by Sodeco of
Geneva. £2/10/0 each.

As above but 850 ohm. £3/10/0 ea.

METERS-—Model 3705, 25-0-25 microamp. Bc&led.

-+100-0- 4100, 5§ x 4°, £4 el

SANGO 50 micro amp 3' round meters. Ex brand
new radiation equip. £1 ea. P, & P. 8/6.

TRANSFORMERS, All standard inputs.

STEP DOWN ISOLATING trans. Standard 240v
AC to 120v tapped 60-0-80 700w, Brand new. £6 ea.
75 WATT Constant voltage transformer. 195 to 255
volta—240v out, 30/ each. P. &. P. b/-.
AMERICAN Auto step-down transformer 2 kW,
Built-in IL.ead and Bocket. ‘Brand new. Boxed. £20.
Transformer 0-215-260 120 MA; 6.8V 4A OT x2; 2 X 6.3v
0.5A and separate 90v 100 MA 25/- each P. & P. 4/-.
Matehing contact cooled bridge rectifier 7/6 each.
Gardners 8+ 8v2A 6:9v1:6A;6:8v 0-1A.Bize 8 X 11 x 43in,
Asnew.9/6ea. P. & P. 8/- en.
Parmeko/Gardners, Potted. 475-60-0-60-475 at 160 mA;
separate 215-0215 at 45mA; 8:8v 5A; 6-3v
075A: 5v 3A. As new, £) ea.
Ga,rdners/Gresham Potted 450-400-0-400-450 180 ma;
0-4-8.3 8A x 2; 0-4-6.8 4A; 0-4-5V 8A. In original boxes

£4 ea. lncl postage.
Parmeko 6.8v 2 ampx 4—22/6 each,
Ga.rlea.ml/Pnrt 450-400-0-400-450, 180 MA, 2x 6.8v,

ADVANCE Constant Voltue Trans. 1 kW, €20,
CHOKES, 5H: 103 15H; up to 120mA, 8/6 ea. Up
to 250mA [2/6 ea

Large quantity LT. HT, EHT transformers. Your
requirements, please.

TRANSISTOR EHT INVERTORS. 12 volt in, o/p
+ or —) 1.5 KV 2 MA and 8 KV +100 micro amp.
deal CRT supply, photomultipliers etc. Full information
supplied. Brand new at £6/10/- ea. P. & P, 5/-.

Panel switches DPDT ex eq, 2/6 ea.; DPST Brand new
3/6 ea.; DPST twice, brand new 5/- ea.

SPECIAL. 813 valves. Brand new, boxed £2/10/0.
ALBRIGHT Heavy Duty  Contactor. Single make.
200 amp. 24V coil, Brand new, boxed. £1 es. incl. P. & P.
MOTOR DRIVEN SWITCHES. 4 to 24 volt, 8 pole,
24 way. Brand new. £3 ea. P, & P, 5/-.

PRECISION continually rotarable stud switches.
Single pole. 80 way, can be stacked if required. £3 ea.
PRECISION rota.ry stud switches 2 pole 12W size 2'
8Q.s i' shaft, £2/10/0 ea.

Min. SEALED 4 pole a way and 8 pole 4 way rotary
swlwhes 4" shaft §” dia. x 3 10/- ea.

Official Orders Wolcomed' Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

FOR CALLERS. Always a large quantity of components, transformers, chokes, valves, capacitors, odd units,
ete., at ‘Chiltmead’ prices. Callers welcome 9 a.m. to 10 p.m. any day.

CHILTMEAD LTD.

7-9-11 Arthur Road

. Reading - Berks

Tel. No. 582605

(rear Tech. College) 300 yds. east of 22 Sun Street - Reading 65916
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‘FULLY TESTED AND MARKED
AC107 3/- j0c170
ACt26 2/6 0C171
AC127 3/6 0C200
ACi28 2/6 0C201
AC176 5/- 2G301
ACY17 3/- 2G303
8C154 5/- 2N711
BC171=BC107 2/6 2N1302-3
BC172=BC108 2/6 2N1304-86
BF194 3/- 2N13086-7
BF274 3/- 2N1308-9
AF239 4 2N3819F.E.T.
AF186 10/- Power .
AF139 7/8 | Transistors
BFY50 /&/- | oc20
BSY25 7/6 | OC23
BSY26 3/- | ocas
BSY27 3/. | ocze
BSY28 3/- |oc2s
BSY29 3/- OC386
BSY95A 3/- | oc3s
0Cca1 2/6 AD149
OCca4 2/6 25034
0OC4as 2/6 2N2287
OC71 2/6 2N3065
oc72 2/6 | Diodes
oc73 3/6 | AAYa2
ocs1 2/6 | 0A95
oce1D 2/6 | oa79
0C139 2/6 0A81
0C140 3/6 INQ14

PACKS OF YOUR OWN CHOICE UPTO
THE VALUE OF 10/- WITH ORDERS
OVER £4

LIMITED

ANOTHER SCOOP FOR BI-PRE-PAK
JUST RELEASED FROM STOCK,
A.E.l. INTEGRATED CIRCUITS
These are brand new genuine surplus stocks. marked and
guaranteed to full makers specification and not remarked
rejects.

Single 8 I/P Nand Gate TTL 7/-
Duat 4 |/P Nand Gate TTL 7/~
D.C. Clocked J-K Filp-Flop TTL t7/8
NEB4OA Dual 4 /P Exclusive OR Gate TTL 7/~
NEBSSA Dusl 4 Power Gate TTL 1/~
NEB70A Triple 3 I/P Nand TTL /-
SN7430 7/-
SP616A Dua! 4 Nand Gate DTL 1/~
SP831A Quad 2 /P Gate Expander DTL. 7/-
SP6T0A Triple 3 Nand Gate DTL 7/~
SP8OBA Dual I/P Expander TTL /-
SPB0BA  Single 8 I/P Nand Gate TTL /-
SP816A Dual 4 I/P Nand Gate TTL 7/~
SP825A D.C. Clocked J-K Fiip-Flop TTL 17/6
SPB40A Dual 4 I/P Exclusive OR Gate TTL /-
SP8SSA  Dual 4 Power Gate TTL 7/-
SP870A Triple 3 I/P Nand TTL 7/~
SPBBOA Quad 2 I/P Nand TTL
NESOOK  Video Amplifier .
NESO1K Video Amplifier 40 MHz
NEB0Q6J Dusl 4 1/P Expander TTL
NEBOBJ Single 8 I/P Nand Gate TTL
NE816J Dual I/P Nand Gate TTL
NE825J D.C. Ciocked J-K Flip-Flop TTL
NE840J Dual 4 I/P Exclusive OR Gate TTL
NE865) Dual 4 Power Driver TTL
ST620A  J-K Flip-Fiop DTL
ST659A  Duai 4 Buffer/Driver DTL

Suffix: A= DIP 14 tead K =10 lead TO.5
J = Flat Pack

NEBOSBA
NE8168A
NEB25A

B79 4 1 amp Plastic.

NEW TESTED & GUARANTEED PAKS

1N4007 Sil. Rec. Diodes. 1,000 PIV.

REED SWITCHES MIXED

B81 TYPES LARGE & SMALL

5 SP5 LIGHT SENSITIVE CELLS
LIGHT RES. 400 QDARK 1 M O

NPN SIL. TRANS. AO6=BS5X20,
2N2369. 500MHz, 360mW

GET113 TRANS. EQUIV. TO
ACY17-21 PNP GERM.

'2ZN3136 PNP SIL. TRANS. TO—18
HPE100-300 IC, 600mA. 200MHz

XB112 & XB102 EQUIV. TO AC126
AC156, OC81/2, OC71/2, NKT271,
ETC.

CAPACITORS, ELECTROLYIUS,
PAPER, SILVER MICA, ETC.
POSTAGE ON THIS PAK 2/6.

MIXED RESISTORS
POST & PACKING 2/-

WIREWOUND RESISTORS MIXED
TYPES & VALUES. POSTAGE 1/6

10/-

BY127 Silicon Recs. 1000 P.1.V. 1 amp
Plastic. Replaces tha BY100

QOCP71 LIGHT SENSITIVE
PHOTOTRANSISTORS

Return of the unbeatable P.1 Pak.
‘Now greater value than ever

LOOK! TRANSISTORS ONLY 6d EACH

TYPE A

PNP SILICON ALLOY
TO-5 CAN
Spec:—
ICER AT VCE = 20v
1mA MAX.
HFE, 15-100
These are of the 2S3Q0. type which
is a direct equivalent to thg
0C200/205 ‘range.

TYPE B

PNP SILICON
PLASTICENCAPSULATION
Speci—

ICER AT VCE = 10v

1mA MAX.
HFE, 10-200
These are of the 2N3702/3 and
2N4059/62 range.

TYPEE
PNP GERMANIUM

FULLY MARKED
AND TESTED.
STATE R.F. OR A.F.
WHEN ORDERING.

NEW UNMARKED UNTESTED PAKS

880
8

Dual Trans. Matched O/P
palrs NPN. Sit. in TO-6 can

10/-

Trans. manufacturer's rejects al
types NPN, PNP, Sil. and Germ.

10/

Silicon Diodes DO-7 glass .
equiv. to 0A200, 0A202

10/-

Sil. Diodes sub. min.
IN914 and INS18 types

10/-

Sit, Trans. NPN, PNP, equiv. to
0C200/1, 2N708A. BSY95A, ete.

10/-

7 watt Xener Diodes
Mixed Voltages

250mW., Zener Diodes
DO-7 Min. Glass Type

Mixed volts, 14 watt Zeners.
Top hat type

MAT Serles “‘alloy” pnp
Transistors

Top Hat Silicon Rectifiers.
750mA. Mixed volts

Experimenters’ Pak of Integrated
Circuits. Data supplied

8Y126/7 Type Silicon Rectifiers,
1 amp plastic. Mixed volts

Full of Short Lead Semiconductors & Electronic
Components, approx. 170. We guarantee at least
30 really high quality factory marked Transistors
PNP & NPN, and a host of Diodes & Rectifiers
mounted on Printed Circuit Panels. Identification
Chart supplied to give some information on the

Transistors.

Please ask for Pak P.1. Only 10/'
2/- P & P on this Pak.

Make a Rev. Counter for your Car. The
‘'TACHO BLOCK'. This encapsulated block
will turn any 0-1mA meter into a perfectly

linear and accurate rev.
counter for any car. -each

;"REE CATALOGUE AND LISTS
or: —

MINIMUM ORDER 10/-

ZENER DIODES

TRANSISTORS, RECTIFIERS

FULL PRE-PAK LISTS
& SUBSTITUTION CHART

CASH WITH

ORDER PLEASE. Add 1/- post and packing
per order. OVERSEAS ADD EXTRA FOR
AIRMAIL.

VARIOUS CONTACTS AND
COIL RESISTANCES.
NO INDIVIDUAL SELECTION.

P.O. RELAYS 8 for

20/-

POST & PACKING 5/-

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS

BI-PRE-PAK LT

| DEPT.B,222-224 WEST ROAD, WESTCLIFF-ON-SEA,ESSEX
TELEPHONE: SOUTHEND (0702) 46344
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OB2 6/
PABCS80 7/8
PCO7 8/«
PCS00 /6
PCC84 6/6
PCC89  9/-
cYst - PCC189 11/~
DAF98 7/9 ECLSS 10/6 PCE800
DF96  17/8 ECL86 8/= 15{-
DK% 7/8 EF36  3/8 PCF80  6/8
DL92 6/8 EFS7A 7/- PCF32 6/9
DL94 8/ EF39  6/- PCF84 9/3
DL 78 EF40 10/ PCF86 11/~
DM70 8- EF4l 12/6 PCF200
DMt 7/ EF80  5/- 15/6
DY86 8)- EF83  9(7 PCF201
DY8? 68 EF85  6/8
DYS02 9/ 'EF86  8/3 PCF801 8/9
E88CC/01 EF89  5/3 PCF802 9/9
27/- EF9l  3/-
EABCS0 6/6 EF92  7/8 14/6
EAF42 10/~ EF95  5/- PCF806
EB91 - 2/- EF183 §/6
EBC33 8/- EF184 7/- PCF808 '
EBC41 10/8 EFL2 14/6
ECC81 4/~ 15/8 PCH200
EBF80 17/6 EL34 10/6 14/
EBF83 7/8 EL41 118 PCL81 9/6
EBF89 8/- EL42 10/8 PCL82 7/
ECC81 4/ EL84 4/9 PCL83 13/—
EOC82 6/8 EL85 7/3 PCL84 8(6
ECC83 5/8 EL36  8/- PCL85 8/8
EOC84 6/ EL%0  6/- PCL86  8/6
ECC86 7/8 EL9S 7/ PFL20011/8
ECC88  7/- EL500 17/- PL36 10/9 -
ECC189 9/9 EM31 5/ PL8Y 8/
ECF80 6/6 EM80 7/8 PLS2  8/-
ECF82 6/8 EM84 7/ PL82  7/3
ECF83 15/8 EM87 11/~ PL84 6/8
ECF801 EYSl  8/- PL500 14/9
12/8 EYS6 7/ PL504 13/8
ECF802 EY81I 7/- PL509 30/
12/6 EYS88 §/- PX4  14/-
ECH35 12/- EZ41  §/8 PX25  30/-
ECH42 13/- EZ80 B/ PY33 18/-
ECHS1 5/9 EZ81  §/- PYS0  6(6
ECHS83 8/8 GZ34 10/8 PYS1 5/6
ECH84 7/6 KT66 27/8 PYE2 b8
ECH200 KT88 83/~ PY83 7/-
N8 25/- PYS8  7/6
ECL80 §/- 0A2 6/~ PY800 9/6

INTEGRATED CIRCUITS
MANY OTHERS IN STOCK

RCA
CA 3005 wide band R.F. Ampl.
300mW diss . 27/-
CA 3012 wide band’ ampl. 150mwW =
................ o bano /=
ower ampl. . 304~
CA 3036 Audio pre-ampl. cevneans 19
MIC 9301B Digital dual 4 imput gates 86/«
MIC 709-1C Linear operationalampl. 190/~
MIC 9005D Mighspeed flip-flop.... 54/=

Plessey. SL402A 2-5W 42/6 SL403A 3-5 52/6

VALVE VOLTMETER
TYPE TF 958
Measures AC IOOmV 20 ¢/s to 100 mc/s,
C 50mV to 100V, multipli.r extends ac
range to |.5kV, Balanced input and centre-
x:)ro scale for DC. AC up to [00MMz.

ISPECTRUM ANALYZER TYPE OA
Frequency range 3-30MMz, Band width

6, 30 or 150MMz, Spectrum wndth 0-30kMz.
Price on request.

SIGNAL GENERATOR TF 801D
10-485MMz, sine and pulse modulation
0.1 microvolt to 600mV output, price
on application.

BVGIDEIO OSCILLATOR TF B85A &
25Hz to 5MHz and 25Mz-12MMz respec-
tively, fine and square wave output up to
3lv £55 and £85 resp. Carriage 30/-.

PYS01 9/8 | UAF42 10/6 | Z759 35/~ | 5U4G 5/6 | 6AX4 8/~ | 6F33 20/~
QQV03-10 UBC4l 9/8 | Z80o0U 20)- | 3V4G 7/6 | 6AX5GT 6HEM 3/~
25/~ | UBF80 7/- | Z801U 25/~ | 5Y4G T~ 18/~ 6J4WA 14/~
QQV06-40 UBF89 7/~ | Z900T 12/- | 6Y3GT 7/- | 6B7 5/8 U~
85/~ | UCFS80 10/~ | IL4 2/6 | 5Z4 14/~ | 6BK7 8/ 6J50T 5/~
QQV06-40A | UCH42 12/6 | IRS 6/- | BZ4GT 12/~ | 6BA6 4/8 | 6J8 /68
100/~ | UCHS1 6/- | 184 5/~ | 6AB7 4/~ | 6BE6 5§/~ | 6J7G /-
R17 8/- | UCL82 7/- | 185 4/8 | 6AC7 8/~ | 6BG6G 11/- | 6JIM 8/
R19 7/6 | UCLSS 12/- | IT4 3;- | 6AH6 118 | 6BJ6 8/8 | 6K6GT 8/-
STV280/40 UF41 10/~ | 1X2A 7/6 | 6AKS b/- GBQ7A 89 | 6K7 8/
[ UF80 7/3 | 1X2B 7/6 | 6AKS 6/- 16/~ | AK7G 2/-
8TV280/80 UFSY  6/8 | 3A4 4- | eaLs 3/~ snws 16/~ | 6K8G  4/-
180/~ | UL4l1 12/- | 3D6  3/- | 6ALSW 7/~ | 6BW7 13/~ | 6K8GT 7/3
TT21 81/~ | UL84 6/~ | 3Q4 716 | 6AM6 3- | 6C4 5/9 | 6K25 14/-
U2 146 [ UUS 7~ | 3s4 6/9 | 6ANS 10/~ | 6C6 4/- | eLeGT 9/-
U226 14/6 | UY4 8/8 | 3V4 8/- | 6AQs 8/- | ecH6 1- [ eres 11/-
U27 8~ | UY85 5/9 | 8B2s4M 6AQsW 9/~ | '6CL6 9/9 | 63A7 17—
V19l 14/~ | VR105/30 36/- 6A86 6/~ | 6D6  §3/- | 6SATGT 8/6
U301  6/6 8/- | 5B/255M 6AB7G 16/~ | 6EAR 11/- | 68C7 13/
UB0O1  20/- | VRI150/30 35/- | BAT6 4/6 | GEU7 7/~ | 68CIGT §/-
UABC80 7/~ 8/~ | 5R4GY 10/6 | GAUé b6/~ | 6F23 18/~ | 68GT7  6/-
SPECIAL OFFER
St i TRANSISTORS,ZENERDIODES
OA5  2/6 | OC38 8/6 | IN43 4/- [ 3F100 126 | AFY10 22/6 | CR81/40
OA10 6/- | OC44 4/- | IN70 4/- | 3FR5 6/6 | ASY26 5/6 12,
OA70 2/~ | OC45  2/8 | IN702.725 3N128 17/8 | ABY28 5/8 | CR83/05 6/-
OA71 2/- | oCc70 8- 7 3N139 35/~ | ASY67 22/~ | CRS3/20
0A73 1/6 { OC71  2/6 | IN746A 3N140 19/86 | BAWIY b/6 10/~
OA74 2/- | oc72 _4/- series 5/3 | 3N1s4 19/- | BClo? 8/6 | CRS3/30
0A79 1/8 { 0C73 11/~ | IN821A21/- 3N159 29/- BC108 4/~
OA81 16 | OC76  4/6 | IN823A26/- | 6F BCl13 6/- | CR825/025
0ADL 18 | OCTG 5l | I844 3/6 mmzsou/s BO118  7/6 15/-
0A200 1/9 1 1ZMT5 7/- | 10D1 BCY10 /- | CRS3/40
0A202 2/- 1D IZMTIO0 6/9 | 40594 27[8 BCY?2 7/9
04210 7/6 ocsums/- 1ZT5 13/6 | 40395 27/6 | BF116 6/~ | GETI103 4/-
0A211 978 5/~ | IZTi0 12/8 40636 29/— BF173  6/- GET115 9/-
0AZ20011/- ocamm 8/- | 2G385 10/8 | 40868 27/- | BFY51 4/6 | GETI1I6 8/-
0AZ20110/- | OC83  4/6 | 2G403 10/8 | 40669 29/~ | BFYS2 4/8 | GEXE6 15/
0AZ202 to 0C8SB /- | IN607 20/~ | ACI26 4/6 | Bsos5 7/8 | NET2224/-
0AZ206 8/6 | OC84  5/- | IN478511/- | ACI27 4/6 | B8 91 | NKT3047/-
0AZ207 8/6 | 0C122 10/- | 2N1304 6/- | ACl28 4/- | Jg, g/3 | SD9IB 53
OAZ208 to OC139 6/6 | 2N1306 6/6 | ACL78 7/8 | Rgysg gjg | SD928 6/3
OAZ213 6/6 | OC140 8/- | 2N1307 6/ [ ACY1? 5/~ | Liooo oo 8D93S  6/8
0AZ223 to 0C170 5/- | 2N214717/8 | ACY28 4/- | poooo 5/- 8Do4  4/4
0AZ22510/- | OC171 6/- | 2N2904 7/6 | AD149 11/- /-~ | 8D9e8 73
oClé 18/- | 0C172 7/6 | 2N3053 6/6 | AD16t 7/- | BYZ18 15- | sD9ss 9/3
0C22 8/6 | 0C200 6/- | 2N3054 12/6 AD162 7/- | CRS1105/- V4084 7/9
0C25 7/8 | 0C201 7/6 | 2N305518/- | AF117 4/9 | CRS1/20 9/6 | Z Range
0028  5/- | 0C206 10/- | 2N8780 25/~ | AF118 10/~ | CRS1/30 Zener diodes
0C28 12/6 | IN21  38/6 | 2N3781 25/~ | AF139 10/- 10/~ 3/6 eah
0C29 15/- | IN2IB 5/- | 2N5109 81/~ | AF178 12/8 | CRS1/35 All preferred
0c3s  8/6 | IN25 12/~ | 82303 10/~ | AF186 /- 11/8 vomge“
W
MANY OTHERS IN STOCK includs Oathode Ray Tubes and {w 710
Special Valves. U.K. P. & P. up to 10/~ 1j=; to £1 2/~; over 16W 5/~
£] 2/- in €, over £3 post free. C.0.D. 4/~ . ™ 716

68J7 U8
68J7GT 6/6
68K7 7/~
68L7GT 6/8
68N7GT 6/~
68Q7 79
68Q7GT 7/9
6V6G  3/6 THE VALVE WITH A
o GUARANTEE
6X5G 5/~
e§sgr s‘e
6 3 30P12 16/- 9002 4/
S 2 I | 0p19 14~ | w00 10/-
87 - 30PL1 13/- 9004  2/8
7C6  14/8 30PL13 18/~ 8006  2/8
7C6 8/- 30PL14 17/- OR. Tub
518 . nbes

T 2% | ®ueT 8 | yopg; aee
9D6 78 g;":ﬂ :{‘ VCR51750/-
11E2  30/- 397 -
1“{-, :m 55 - VCR517?5’_
24" = 3005 7~
12AU7 810 | soopsGag- | ' ORSITO
12AV6 5/6 45/-
124X7 5/6 | OOEES 12/~ | spp; ogm
12BA6 8- | 73 516 | 88D 180/~
12BE6  6/- 76 6/ 883, 80)-
12BH? 3/8 78 5/~

12c8 506 - o 88L 90/
II;IE}S %zl— 808 80/— Photo Tubes
12K7GT 655 805 180/~ t,’;{ﬁ” 3‘;
12K8GT 7/6 807 9~ a
12Q7GT 5/8 | g3 75 | 6097C 350/
12867 7/~ 8324 55/ Special Vivs.
1487 18/~ 866A  15/- cv1031
19AQ5 7/9 854 4/6 100/-
19G3 70/~ 955 4/- CV2339 £20
19G8  20/- 956 2/- JPYTD
19H4  85/- 957 8- 750/
20P4 178 291 8/~ K301 £4
25L6GT 7/3 1622 - 17/~ K308 £12
30C15 15/ 2051  10/- K308 £12
30017 16/~ 5933 228 K337  £12
30C18 15/~ 8057  10/- KBRN2A70/-
30F5  18/9 6060  7/8 WL417A
30FL1 15/- 8064 /- 30/-
30FL12 18/6 6065  13/- 2J/92/E
30FLI} 9/3 8080  27/6 £37/10/—
30FL14 15/8 8146 28/~ sce2  £15
301156 17/~ 8020  35/- 714AY £4
30L17 16/~ 9001 3/ 7254 210

PLEASE NOTE

as “asseen

voltage

D.C.
ohms to 500

KHz=72

Hz internal
Limited qty.
only avail-
able. Full spec
and price on
request,

TF {44G SIGNAL GENERATOR. To
clear, In very good “as seen” condition.
Comzlles:e with mains and battery cables,
ete. 5

Price £62.10.0.

output 2uV to 2V at
50 ohms 400 and 1000

U"'““"‘”“’ALL EQUIPMENT
MARCONI TEST EQUIPMENT

TFI041C VTVM AC.
voltage range 300 MV
to 300V in 7 ranges.
20 Hz-1500 MHz. D.C.
ranges
MV-1000V in B ranges.
resistance 50

300

Mohms.

mod.

SIGNAL GENERATOR TF 80!/A.
10-300 Mc/fs. in 4 bands. Internal at 400
c/s. | kefs. External 50 c/s to 10 ke/s.
OQutput 0-100 db below 200 mV from

75 ohms source. £85. DITTO but
801/A/l with additional high level
output. £89. Both P. P. 20/-, in-

cluding necessary connectors, plugs,

and instruction manual.

ordered from us is
hauled mechanically
in our own

completely over-
and electrically
laboratories

IMPEDANCE BRIDGE TYPE TF
936 (No. 5). Measures L & C at 80Hz,
lkHz, 10kHz. Ranges:i—L: |uH-100H.
C: ImF-100uF. R: 0.lohms-100mohms.
AC Bridge volts monitored and vari-
able. Automatic detector sensitivity
control. £105. Carriage 30/-.

F.M. DEVIATION METER TYPE
TF934. Freguency range 2.5-100MHz.
Can be used up to S00MHz. Deviation
range 0-75kHz £67/10/0. Carriage 30/-

AVO VALVE CHARACTERISTIC
METER
! complete
with
manual,
€45

AVO SIGNAL GENERATOR CT
378, 2-450MHz. £38.10.0. Carriage 18/-.
AVO’S METERS
Model 48A complete with multiplier
shunts, etc., in special fitted wooden
case, £14.10.0. °
Model 47A £12,
Carriage for each of above 7/6.
REDIFON
Twinplex combiner type AFS i3 £65
Twinplex converter type AFS 12 with
P.S.W. £85

185A £58/10/0

£8
F.S.K. unit type GK

Carriage.
3

SOLARTRON EQUIPMENT

Regulated and stabilised P.S.U. SRS
_I51A, 20 to 500V positive at 300mA in
two ranges. Variable and fixed 70V
negative output, £35. Carriage 20/-.
€D 711S.2. Double beam, DC to
7MHz ’scope, £8S. Carriage 30/-.

CD 643.2, Single beam Laboratory
Model, DC to 14MHz price upon
application.

QD 910. Storage Oscilloscope, as new.
Price on request.

P. C. RADIO LTD.
170 GOLDHAWK RD., W.12

01-743 4946

SIGNAL GENERATOR TYPE CT
480. 7-12kMHz in one range, square and
pulse modulation and C.W. £65.

SIGNAL GENERATOR TYPE CT
478. As above but 1.3-4.2kMHz in two
ranges £55.

1lin. DIA. PANEL METERS. 74- ISv
“ideal for ‘“Battery Condmon
indicators for cars 15/6.

BOONTON @ METER TYPE 160A.
Freg. range 50kMz to 75MMz, main capaci-
tor 30 to 500pF. Vernier capacitor &+ 3pF;
q range. 0-250 with 2.5X multiplier.
£85 plus carriage.

NOISE GENERATOR CT 207. 100-
600' M/c with built-in B-minute timer
Complete with cables. £57.10.0,

TS 418 B/USIGNAL GENERATOR,
400-1000MHz. £105. Carr. 30/-.

Open 9-12.30, 1.30-5.30 p.m.

BRADLEY PORTABLEELECTRONIC
MULTIMETER TYPE CT47IB. This
instrument operates from three 13V cells,
|s fuliy transistorised and measures A.C.
d D.C. current, A.C. and D.C. voltage
and D.C. resistance. Built-in battery check
and calibration check. Full spec. and price
on request,
As above but MODEL CT 471A manu-
factured by AVO, full spec and price on
request.
4, 5 and 8 bank 25 way uniselectors,
24V, guaranteed perfect, £3.15.6;
£4.10.0; £6.17.8 respectively.
ARB8 SPARES. We hold the largest stock
in U.K. Write for lise.
WEE MEGGERS. 250v  £12.0.0.
GENERAL DIO AMPLITUDE
MODULAT|°N MONITOR TYPE
1931 A. £45 plus carriage.

230v, 3 pole, 10 amp plug in change
over relays. 11 pin base, perspex cover.
25/-- P. & P 1;-

PHASE MONITOR ME-63/U. Manu-
factured recently by Control Electronics

29/41FT. AERIALS each consisting of
ten 3fc., fin. dia. tubular screwain
sections. |lfe. (6-section) whip aerial
with adaptor to fit the 7in. rod, insu-
lated base, stay plate and stay assemblies,
pegs, reamer, hammer, etc. Absolutely
brand new and’complete ready to erect,
in canvas bag, £4/0/0. P. & P. 10/-.

FIELD TELEPHONE TYPE “F".
Housed in portable wooden cases.
Excellent for communication in and out-
doors for up to 10 miles. Pair including
batteries, fully tested. £6.10.0, or with
220 yds field cable in drum £7.10.0.

FOR EXPORT ONLY

53 TRANSMITTERS, All  spares
available. COLLINS TCS. Complete
installations and spare parts. R.C.A,
TRANSMITTERS ET 4336. Complete
installations and all spares. BC 6|0E
& | TRANSMITTERS.

COLLINS TYPE 23ID 5SKW
TRANSMITTERS. 10 channel, auto=
tune and manual tuning. Complete
wnth very comprehenswe spares. Full

Inc. Measures directly and displays on a
panel meter the phase ang|e between
two applied audio frequency signals
within the range from 20-20,000 c.p.s.
to an accuracy of £ 1.0° Input slgnals
can be idal or nol idal
between 2 and 30 v. peak. In excellen:
condition. £75. Carriage 30/-.
HARNESS “A" & “B” control units,
junction boxes, headphones, micro-
phones, etc.

v and price on application.

installations and _all
spares. No. 19 WIRELESS SETS.
H.P. SETS and all spares R.21Q -
RECEIVERS with all necessary
accessories..

PYE PTC 2002N A.M. Ranger
Mobile Radio Telephone, brand
new and complete, £45.

Complete

except Thursday 9-1 p.m.

TELEPHONE ENQUIRIES

relating to TEST EQUIPMENT should
be made to 01-748 8006 Extension 23.
To view TEST EQUIPMENT please phone for appointment

All overseas enquiries & orders please address to:

COLOMOR (%Toncs)
170 Goldhawk Rd., London, W.I12

Tel. 0l -743 0899
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LIQUID LEVEL DETECTOR. Detects aven mlidly con-
ductive liquids, L.e. ether, stc. N.O./N.C. contacts. Falis
to safe. £10 ea. S.a.e, literature.

MODULAR POWER SUPPLIES. Fully stabliised 8.5
to 9.6 volt. 10 amp. (12 x 6 x 4 In.) Brand new.
Indlvidual spec. with each unit. £10 ea.

HIGH SPEED MAGNETIC
COUNTERS (4x1x1 In.) 4 digit.
2/4/48v. (state which), 6/8 ea. P.P.
1/-.

COPPER LAMINATE PRINTED CIRCUIT BOARD
(8% x5% % ¢ In.), 2/8 sheet, 5 for 10/=,
Also 11 x 8% In,, 3/- ea., 4 for 10/-.

RADIATION MONITORING EQUIPMENT. Port-
able and bench models (brand new) S.a.e literature.

KLYSTRON POWER SUPPLY (Solsrtron ASB62).
£€40. Carr. 50/-.

r KLYSTRON POWER SUPPLY (Elliott PXU1). £100

120 AMP. AUTO TRANSFORMERS. 190-270v.
60 c/s’ (tapped every 5 volts). £50 ea, (Carr. by
arrangement.)

801A SIGNAL GENERATOR.
4 bands. Ext. 50 c/s-10 Kc/s.
£80 ea. P.P, 26/-.

10-300 mce/s in
Output 200 m/v

SPEAKERS

“°E.M.1.” 19x14 In. 50 watis, 8 ohm (14A/600A.) Four
tweeters mounted across main axls. Separate “X-over”
unit balances both bass and h f. saections. 20 Hz. to 20,000
Hz. Bass unit flux 18,600 gss. A truly magnlificent system
£28. P.P. 50/-.

E.M.I. 13x8 In. with two tweeters and c¢ross-over. 8 or

48 ohm. 78/-. P.P. B/-.

"E,M.L"” 6} In. Rd. 10 watt woofers.-8 ohm. 30/- ea.

P.P. 2/8.

“FANE’ 12 in. 20 watt. 16 ohm. (122/10A.) With Integral
tweoter, £6 ea, P.P,:7/6.

SPEAKER SYSTEM (20x10x10 In) Made to Spec.
from # in, board. Finished In black leathercloth. 13x8 In.
speaker with twin tweeters complete with “X-over”.
50 Hz. to 20,000 Hz. £7 10s. P.P. 10/-,

SPEAKER CABINET KIT. Above mentioned cabinet only.
In kit form which you may assemble and cover to your own
cholce. 40/-, P.P, B/-.

EXTRACTOR FANS/BLOWEIS

“AIRMAX* 7% In. FAN. In sluminlum dlecast housing
(8in.). 240v, Brand new. £410s. P.P. 10/-.

“PLANNAIR® B} In. FAN. (Type B PL 121 -122) Dlecast
housing. 240v. Brand new. £8. P.P, 10/-.

“*SOLARTRON"” TANGENTIAL BLOWERS. Overall size
168x 653 x 3% In. Alr outlet 12x14 in. 240v. Brand new.
80/- ea, P.P.7/6. .

BULK COMPONENT OFFER. Resistors/capacitors. Al
types and values. All new modetn components. Over 500
places, £2. (Trlal order 100 pleces 10/-.) We are confident
you will re-order.

LEVEL METERS (1 x ¢ In.). 200 micro-amp. Made In
Germany. 18/- each.

SILICON PHOTOVOLTIC CELLS (MS2BE) 550m.V.
35 m.a. 30/- ea.

RELAYS H.D. 2 pole 3 way 10 amp. contacts. 12v.w. 7/8 ea.

LIGHTWEIGHT RELAYS (with dust-proof covers)
4 c/o contacts. 24v. 600 ohm 7/8 ea.

PRECISION CAPACITANCE JIGS. Beautlfully made
with Moore & Wilght Micrometer Gauge, Type 1. 18.5 pf-
1,220 pf. £10 ea. Type 2 9.5 pf-11,6 pf. £6 ea.

-POT CORES LA1/LA2/LA3. 10/ ea.

71 WAY PLUG & SOCKET (Painton' Serles 169). Gold

plated contacts with hood & retalning clips. 30/- pair.

B0 WAY PLUG & SOCKET (U.C.L. miniature). Gold plated

contacts 20/- palr. 34 way version 18/« pair.

CO-AX RELAYS ( lc devices) 1 ch

20/- ea.

COMPUTER BOARDS
4-0C23; 4-2N1091; 4-2G302; 4-0A10. 20/- ea.
8-0C42 (long leads) ; 16-0A47. 7/8 ea.
8-DA11A; 14-0A47. B/- ea.
Bargaln pack of 8§ boards.
enumerate, At least 100 transistors and dlodes.

over12 v.w

Components too varled to
£2 lot.

ELECTRIC SLOTMETERS (1/-) 25 amp. L.R. 240v. A.C
85/= ea. P.P, 6/-,
QUARTERLY ELECTRIC CHECK METERS, 40 amp
240v. A.C., 20/- ea. P.P. 5/-.
“LONG LIFE” ELECTROLYTICS (screw terminal).
26,000 u.f. 40v. (44 x 2§ In.). 20/- ea. P.P, 2/86.
10,000 w.f. 78v. (4% x2% In.). 17/6 ea. P.P. 2/8.
3,180 w.f, 40v. (43 x 1% In.). 18/- ea. P.P. 2/6,
EXECUTIVE “S8IXTY’ AMPLIFIER. (60 w. r.m.s. into
8 ohm.) British designed and bullt. True hi-fl pelformanco.
Bullt-In fliters to protect speak Three |
mixed inputs. High-Low Impedance. Mic. Crystai- Ceramic-
Magnetic Cartrldgs, or aux. equlpment. £88. P.P. 50/-,
S.a.e. literature.

TELEPHONE DIALS (New) 20/- ea.

RELAYS (G.P.0. ‘3000'). All types. Brand
new from 7/6 each. 10 up quotations only.

EXTENSION TELEPHONE (Type 708)
Black or 2 tone Gtey. 66/=, P.P, 5/-,

UNISELECTORS (Brand new) 2B-way
76 ohm. 8 bank § wipe 68/-. 10 bank
+ wipe 78/-, Other types from 48/..

REED RELAYS 4 make 8/12v. (1,000 ohm.) 12/6 ea.
2 make 7/8 63, 1 make 8/- ea. Reed Switches (14 In.) 2/e
ea, £1 per doz.

TRANSFORMERS

L.T. TRANSFORMERS (shrouded). Prim. 200/250v-
Sac. 20/40/60v. 2 amp. 42/8. P.P. 7/6.

L.T. TRANSFORMERS. Prim. 200/260v. Sec. 20/40v.
1.5 amp. 30/-, P.P. B/-.

“ADVANCE” CONSTANT VOLTAGE. Prim, 180/250v,
+16%. Sec. 118v. 2,260 watts. £18 ea, P.P, 50/-.

H.T. TRANSFORMERS. Prim. 200/240v, Sec. 300-0-300v,
80 m/a. 6.3v. C.T. 2a. 30/- ea. P.P. 7/6.

350-0-380v, 80 M.A, 8.3v. C.T. 20. 20/- ea. P.P. §/-.

L.T. TRANSFORMER. Prim. 240v. Sec, 33-0-33v,
5 amp. 48/, P.P.10/-.

STEP DOWN TRANSFORMER. Prim, 200/240v. Sec.
116v. 100 watts, 20/- ea. P.P, 8/-,

L.T. TRANSFORMERS Prim. 240v. Sec. 8/12/20/25v.
3.8 amp models 20/-; 5 amp model 28/-. P.P. B/6.

L.T. TRANSFORMERS Prim. 240v. Sec 14v. 1 amp 10/.
ea. P.P, 2/6.

SUB-MINIATURE REED RELAYS (1in.x{in.). Weight
¥ oz. Type 1. 960 ohm, 3/9v. 1 make. 12/8 ea. Type 2
1800 ohm, 3/12v, 1 make. 18/« ea.

SILICON BRIDGES. 100 P.LV 1 amp. ($x4xg ).
8/8 ea

PLUG-IN RELAYS. (Slemam -Varley) 4 cfo. 700 ohm.
10/- es. complete with base. (Other make-ups and eolis
available.)

PATTRICK & KINNIE

191 LONDON ROAD * ROMFORD * ESSEX

ROMFORD 44473 RM79DD

e

Imhoff dle-cast tnstrument cases; finlshed stove enamel
cream. 2 for 10/- (less lids), p.p. 2/6.

Minjature solenoid driven wafer awitches, type-Ledex

switching In Radio-Telephones. Wafers may
stituted for any type. Solenoid voltage, 12 or "24V.
Brand new. 30/- each, p.p. 2/6.

8.T.C. Crystal filters. Frequency 10.7 MHz., type 445/
LQU. Price 85/- each.

Epicyelic slow-motion drives. 8}-1 ratio. Brand new,
2 for 10/-, inc. p.p.

U.G. panel mounting VHF sockets type 80239 amphenol.
Brand new, sealed, 2 for 10/-, inc. p.p.

Burndept RF Plugs still available. These hard to find
plugs are used on a multitude of equipment, especlally
Londex aerial c/o relays. Offered new ex. equipment,
2 for 10/-, inc. p.p. Y

Nife traction Batteries Nickel Iron. 1.2V, per cell rated
at 180 A.H. Bold in crates of three cells or crates of five
cells. £4 per cell. Guaranteed best buy.

ins. dia., matching pair—0-300V ., and Ampn
scaled 0-10' Amps, 35/ the patr, plus 5/ carriage.

Meters, new U.8,A. type, high qua.llty panel miounting
2% . DC. eter -

Coasor Double Beam Type 1049, ideal chea Dg scope for
Audio Work, ete., DC coupled bandwldth 450 Khe.,
ready to work in good condition, £25, p.p. 30/-.

Cossor _type 1076 complete with 3 plug in units no-less
than 38 controls, 60 B7G valves 50MHz bandwidth.
For the man who has everything you can still impress
your friends with this plece of electronic wizardry,
coat_over ' £1,000 complete, yours for £100, In good
condition and working order, p.p. 40/-.

Solartron CD7118.2. Double Beam DC to 9§ MHz band-
width recallbrated and offered in first class working
order. Price £75.

Solartron CD1012. DC to 25 MHz bandwidth recali-
brated and serviced in good working order, £85.

We have many other types of oscilloscopes in stock,
including Tektronix, Cossor, Telequipment etc.

Precision Multi Turn Indicating Dials suitable for
10 turn Hellcal Pots, machined from solid dural with
the skirt engraved 0 to 100 and inner dial engraved
0 to 10 suitable for standard } inch spindles. these
small dials are as easy to fix as screwing on an
instrument knob, size 1} in. for skirt, 1} in. dia.
for counter knob depth % in, Brand new, only 15/6.
A General Controls Manufacture.

Auto electrical test seta. All you want for a complete
check out on car electrical systems ete, Sold ¢/w all
leads ete., housed in polished wooden case. ONLY £5
plus 10/- postage and packing, *

Lucas car relays, 12V., one heavy duty make contact,

rated at 5A. Terminated for push-fit connectors. Has

many uses for auto-electrics such as spot-lights, horns,

tl)nver-drlves. head-lamp flash, ete., ete., ete. 10/- each,
C. P.P.

Voltage and Current regulators—heavy duty rheostata—
1 ohm rated at 10A. Brand new by famous manufacturer,
12/6 each. Also 1.5 ohm at 7A., 12/6, p.p. 1/6.

Lucas diode rectiflers—full wave bridge rectifler mounted
on special heat-sink. 50V.-60V, operation rated at 60A.
Has many uses for heavy duty charging plants, plating
rectifiers, etc., etc. Per pair £8 (two complete bridge
rectiflers), p.p. 7/6.

OSCILLOSCOPES
13A Hartley Double Beam as featured in last month's
W/W complete with instructions, leads, ete., ready to
work and g00d condition, price £22/10/-, D.p. 30/-.

OSCILLATORS
Alrmec Type 858. Frequency range 80kHz to 30MHz,
*Stability better than 0.05%. Constant output level
+1db. *Output variable 0.56mV to 0.5v meter indication,
ideal unit for calibration work. 8mall size for rack or
bench mounting. Price £35.

Solartron Constant output Oscillator type DO905.
Frequency range 50kHz 50MHz, output metered
0 to 5v in 1db steps, exeeuent order. Price £50.

Marconi TF 995/1/8s AM/FM RF signal generator.
*Frequency range 1.5 to 220 MHz with bulilt in crystal
calibrator. *Output range 200mV to 0.1 mlcro V. Offered
in perfect condition ready to work. Price £175

Airmec portable RF signal generator. AM/FM Type CT212,
Bpecially designed for field use for mains or 12v operation.
Frequency range 85kHz to 30MHz. Accurate scale

bration. *Variable output from 1 micro V 100mV
0 to 80db. Offered in excellent condition. Only £45,

Marconi TF 144H. Range 10kHz to 72MHz, a precision
instrument at § of lst price, £195.

" Marcont TF867 8tandard RF Bignal Generator, range
15kHz to 30MHz. Variable output from 4 micro V to
4 Volts. Extremely accurate attenuator, high output
stability and discrimination make the generator very
suitable for uﬂreclslon measurements on networks and
filters. tion up 100% may be applied at
400 or 1000 Hz. Built I.n crystal calibrator. Offered in
first class condition, Price £175.

Marconi Video Osclllators TF 885A. 25Hz to 12MHz
sine wave. 50Hz to 150kHz square wave. OP 31v to
micro v. Price £35.

Hilger & Watts Microspin X Band Bridge. Type W057.

Microspin Proton Head Frequency Meter. Type FAZO0S.
Microspin Modulator. Type FA 210.

Microspin 1 cm Wave gulde directional couplers, asso-
clated measuring equipment.

High Voltage Klystron Power Supply Units, Type FA 80.
Hilger & Watta Absorbance Convertor, and many other
ltems of interest offered. Brand new equipment.

High Voltage Generator, 0 to 10kV at 2mA, both current
and voltage indicated fully variable and offered brand
new. Price £35.

Resolved Components Indicator VP 253/1a, Solartron
Low Frequency Decade Oscillators, 8olartron OS 103 and
associated equipment. 2 Phase Low Frequency Oscillator,
. type Bo 667, Solartron. Solartron Synchro test set,
type CT 4528. Solartron AC Millivolt meter. Precision.

CHRONOTRON TIME INTERVAL METER
MODEL 258

Sultable for setting up relays and other applcations
where a precise time measurements are required, simple
to use time interval indicated on large meter scaled in
milliseconds. Range 0.1 millisecond to 10 seconds.
Mains operated. Price £30, p.p. 10/6.

MUIRHEAD D 5|4-A TRANSMISSION
MEASURING SET
Designed for the and adjust t _of
carrier telephone equipment portable for use on 12v DC
%d mg.suas voltages, Perfect condition. C/W power supply.
ce £50.

ELECTRONIC MULTIMETER TYPE CT47IC
We have a quantity of these very popular instruments
for sale at the very low price of £12/10/- in mint
condition minus outside cases and probes these fully
transistorised meters were bullt to very high standards
and measure AC current and volts, DC current and
volts plus DC resistance etc. Offered complete
electrically but may need some setting up procedures,
p.p. 10/-. Try not to miss this month’s best buy.

P.F. RALFE

Phone: 01-723 8753

10 Chapel Street, London, N.W.I
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SENSITIVE DC AMPLIFIERS TGA2
Modular construction all solld state, gains
up to 1,000 may be obtained impedance
in the order of 10 M ohms 5 voltage gain
ranges and variable control provides con-
tinuous adjustment over each range make
these units very sultable for increasing
the sensitivity of chart and pen recorders,
offered brand new at only £15. P. & P. 4/6.

ADVANCE VOLT STAT CV500/31
Input 162-276 v. A.C., 50 c/s. | phase out-
put 115 v. constant at 410 watt, Offered
BRAND NEW at only £8. P, & P, [5/-.
These items are double wound.

OSCILLOSCOPE PROBE TM8I|19
High impedance 100/1 resistive attenuated
probe foraccurate display of HF waveforms
or short rise time pulse signals, offered
brand new with all accessories and
instruction manual. List price £I17.
Our price £7.10 including earth bayonet
TM8194. A MARCONI PRODUCT

HIGH VOLTAGE TRANSFORMERS
Input 240 v., output 2560 v. and 2820 v.
at | amp. Weight 75 Ib. Price £15,

SPECIAL OFFER

“INSULATION TESTERS” TYPE No. || METROHM by
famous British manufacturer. All solid state. No handles to crank.
Runs off 9 volt transistor battery. Simply press button for function.
Range 01 to 25M ohms for insulation testing. Also 0-1 to 100
ohms for resistance and continuity checking. Clear, conclse scale,
Small size modern instrument, complete with carrying strap and
protecting cover. Offered in good used condition with battery
ready to work. For 250 volt pressure only. List Price £19.10.0.
Our Price £5.19.6 plus 4/6 post/packing.

Rhode & Schwarz ESM300
Rhode & Schwarz BNI1503

Rhode&SchwarzBN4151/2"60 Noise generator
standard Attenuator 0-100db 50 ohm

Rhode & Schwarz BNI8042  Unbalanced

UHF Receiver AM/FM  85MHz—300 MHz.
Field strength test receiver AM/FM 90 MHz—470 MHz.

3 MHz—I1000 MHz.

. 0 MHz—600 MHz.
Rhode & Schwarz BN33664/50 UHF Load resistor 100 watt 50 chm 0 MHz—600 MHz.

Rhode & Schwarz BN4521
Rhode & Schwarz

Vibration Meter 30Hz—12 KHz.
ZD Diagraph.
Advance Q meter type T.l.
Mareoni Q meter type 329G
Marconi Q meter type 886A.

100 kHz—100 MHz.
50 kHz— 50 MHz.
15 MHz—{70 MHz.

Farnell Stabilised P.S.U. Model MSB 24/2
Modular unit for incorporating into your

TELEMAX HIGH VOLTAGE IN-
SULATION TEST SET. Model E.Ii5.
fkv. to I15kv. Used for the detection and
measurement of leakage current and the
operation of high voltage apparatus, the
output voltage used is measured on a large
3} in. meter, any leakage which flows in
the test circuit is indicated on the same
calibarted meter. The instrument is non-
lethal and may be short circuited without
damage, small portable mains operated
supplied in first class condition. Price £30.

MARCONI TF 1073A RF
ATTENUATOR
Range 0-100 in 1dB steps. Frequency
range d.c. to 100 MHz. Input 0.25 watts,
accuracy each I|dB step 0.2dB. Offered
perfect condition 75 ohm version £35
each.

MATRIX SWITCH ASSEMBLEY
Five rows of |7 contacts (gold plated).
Working voltage 250v between adjacent
contacts current rating max in any one
row | amp. Applications are many in
Process Control data handling .and card
reading. Offered brand new at only 50/-
each, P. & P. 3/6. Diode Pins 3/6 each.

SPECIAL OFFER
Temperature Compensated
RF Power Meter, Model
BB3IB, for the accurate
measurement of CW or
Pulsed RF power in six full

** scale ranges from .0l to
3.0 milliwatts. These measurements can
be made over the frequency range from
0.01 to 4C¢ GHz using a series 218 Ther-
mistor Head. All measurements are read
directly in milliwatts or DBM on the
meter which has a mirror backed scale.
These units are offered in as new condi-
tion, some of which have been used as
demonstration models only. Price only
£75, complete with wave guide type
thermistor head and fully detailed manual.

VSWR INDICATOR MODEL 8I12A
Precision equipment used to measure
VSWR and -relative power, over the
frequency range of | GHz to 220 GHz.
The unit consists of three fundamental
electrical .parts, a high gain, tuned
amplifier, a precision, attenuator and a
precision meter, the tuned audio ampli-
fier is tuned to a centre frequency of
1 kHz adjustable between 950-1050 cps.
Band Width 20, 40 and 400 cps selectable.
Sensitivity 0.1 micro volt for full scale
deﬂ:ction. Offered as new at only £45
each.

A.E.l, MINIATURE UNISELECTOR
SWITCHES

—

No waiting, straight off the shelf and
into your equipment the Catalogue Nos.
are 2202A, 4/33A63/]; coil resistance is
250 ohms. Complete with base, and the
price is £4,19.6. Limited quantity only
available.

Also: 2203A, 2200A, 2202A.

FOSTER YOLTAGE REGULATING
'  EQUIPMENT TYPE (2A80

Input 250 A.C. max., input variation
£5-15% output 250 v. A.C. constant.
Load 80A max. As new £65, Carr. £4.

equipment. Variable between 3-24 v. @ 2

amps. Supplied New. Price....£17.10.0

RHODE & SCHWARZ POLYSKOP
SWOB 2

With accessories for sale or hire.

Marconi Standard Signal generator TF867

RF GENERATORS

Marconi UHF signal generator TF762C 300—600 MHz

Mareoni FM/AM Signal Generator 2-216 MHz TF995A/3
Services type CT212 AM/FM signal generator 85 kHz—32 MHz
Services type CT211 AM/FM signal generator 20-80 MHz
Avo Signal generator portable 50 kHz—80 MHz
Hewlett Packard 616B 1-8 GHx—4 GHz, zlso special generators up to X band

15 kHz—30 MHz

Marconi signal generator TFI44H/4, Range 10 kHzto 72 MHz  ...... P.U.R.
Advance Model SLI. Range 300-1000MHz  .........c.c..civiiennnnnnnn, £150
D.C./A.C. ELECTRONIC VOLTMETERS o |

rice

Philips GM6010 Sensitive D.C. Millivolt Meter IMV/FSD to 300 volts in twelve

ranges .. op oo o o0 o0 od o8 0o A 00 £45
Philips GM6505 Transistor measuring test unit designed for labs’ test departments s

etc. oo .. - .. L oo Q0 06 bo
Advance VM77 wide range A.C. Valve Voltmeter | mv-300v. .. 80 .. £25
Philips GM6016 3 mv-1000 v. | kHz- 30 mHz. . 00 .. 0o oo .. £30
Philips GM6014 | mv-300 v. | kHz-30 mHz .. Q0 o .. ob .. £25
Rohde & Schwarz UHF Millivoltmeter type URY with insertlon unit for measure-

ments up to 2400 mHz od . .. 3 .. .. .. £95
Hatfield Millivoltmeter LE48C 0-3 MV- 30 volts, Large eight inch scale indication

balance and unbalanced inputs 35 - B .. o0 .. £30
CAMBRIDGE INSTRUMENT Co. Ltd. Precision test meters. Electrodynamic

A.C. Ammeter 0 to |5 amps with test certificate R o 2o 1N | £35
Dy eter A.C. Ammeter range O to 15 amps .. op " £45
Cambridge Dynamometer A.C. test set 0-225 Watts/0-330 v./0-30 v. £55
Tinsley Universal Shunt type 4309C .. .. od 00 b o £5
Tinsley Vernier Potentiometer type 4363E Auto .. .. .. £95
Foster Thermocouple potentiometer type DX 5 5 A £75
Digital Voltmeter Solartron LM902-2 four digit readout .. £85
Solartron A.C. Convertor LM 903 matching unit for LM902 £75
Hewlett Packard DVM 405CR four digit readout auto polarity . £75
Glouster DVM.BIE 2123 A.C./D.C. transistor portable 0-1000 v. .. £75
Frequency Counters Analogue/Digital X
Marconi TF1345/2 digital 10 Hz to 220 mHz C/W full complement plug in’s £300
Racal Digital frequency meter type older valve model 10 Hz-300 kHz .. £25
Rank Cintel Counter/timer transistorised model 10 Hz-1 mHz £45

Venner Counter/timer type TS a3 Mains or portable Digital metér. readb.ut .. £25
U.S.A. BC221 Heterodyne frequency meter 125 kHz-20
U.S.A. TS175/U 85-1000 mHz Modulated, reception/emission CW, MCW, as new

£18
£85

mHz new or used from

U.S.A. TS186/D Heterodyne frequency meter 100-10,000 mHz CW, MCW, pulse ézz

Marconi TF 1417/2 counter/timer 10 mHz transistorised

SOLARTRON VF252/NSL
PRECISION ACMILLIVOLT METER
Range 1.5 milli volt (for full scale deflec-
tion) to 15 volts in eight ranges input
impedance 30 M ohms. The meters
offered are of the very latest type not to
be confused with the older models.
Price only £75.

A.T.E. 12KHz QUARTZ CRYSTAL
—B7G envelope, with flying lead connec-
tions—easily removed. BRAND NEW.
Price 10/= each.

BARGAIN OFFER
200-yard reels equipment wire, size |/024,
STC quality, various colours. Brand new
reels only I5/-. P. & P. 2/6.

ELECTRONIC VOLTMETERS RF AND DC

Price

Marconi TF 1041C 25 mV. to 300 v. 20Hz to 1,550 mHz. measures DC 10 mV.'
to 1,000 v. Measures ohms 0.02 to 500 M ohms. High input resistance. A smalil

compact instrument for mains operation,
working order. Price

Philips GM6014 | mV. to 300 v. between | kHz to 30 MHz for mains operation
Philips GM6010 DC Voltmeter | mV, to 300 v. in 12 ranges BATTERY

OPERATED PORTABLE o0 o

Hatfield LE48C p.3 mV. to 30 v. 600 ohms. La.r'ge scale lndiéa.tion mains o';;erate'd..
Marconi TF 1100 100 micro-volt to 300 v, 10 Hz. to 10 MHz.
resistance can also be used as wide band amplifier with gain up to 400 o

supplied in exccllent condition and
' .. £45
£30

£45
£30

£30

10 m-ohm input

MUIRHEAD DECADE
OSCILLATOR MODEL 6508
This Precision Instrument has an accuracy
of 0.2 per cent with a frequency coverage
of | ¢ps to [11.100 KHz continuous.
Max output 2 watts into 8k ohms har-
monic content less than | per cent.
Hourly stability 0.02 per cent. Offered in
as new condition, list price £350, Qur

price £95.

BRUEL & KJOER AUTOMATIC
SWEEP FREQUENCY
OSCILLATOR MODEL 1016
Frequency 5 cps to 10 KHz. Offered in
good used condition. Price £65; carriage

at cost.

GEC UNISELECTOR. GPO pattern.
5 bank full wipe 5 bridging contacts.
25 position. 75 ohm. Coil 28-36 v. Brand
new 50/-. P. & P. 4/6.

R.D.O. UHF. RECEIVER. 38-1000 mHz
offered with 3 tuning units to cover full
frequency range. ldeal communications
receiverfor can be supplied with Pan-
adaptor for laboratory work. £95.

WATSON MARLOW ORBITAL
LOBE PUMPS
Specially designed for corrosive liquids
etc. Rated output against 10 ft. head—
110 G.P.H. direction of flow reversible.
Supfly 240 v. A.C. mains. Nett weight
14 Ib. Supplied as new. Price £12.10.0
P. & P. 10/-. List £22.10.0.

DOUGLAS No. 6 COIL WINDER
With motor tailstock and special Swedish
reel carrier, plus gears. Offered in good
operative condition. Price £85,

CAMBRIDGE SPOT GALVANO-
METER. Type 41153/1-3. Offered brand
new with hand book. Price £22.

CROYDON INSTRUMENTS
Precision Kelvin Wheatstone Bridge,
type KWI. Measurements can be made
from 0.0001 of an ohm. 100,000 ohms
contains insitu Sullivan Galvo, four,
decade ranges, four standards and six
Kelvin divide/multiply ratio’s offered in

excellent condition ready for use;
Price £95.
MARCONI 100 KHz QUARTZ

CRYSTAL Type QmI20/F contained in
B7G envelope with flying lead eonnections.
Brand new only 20/- each.

MORGANITE GLASS ENCLOSED
RESISTORS Value 25k. meg ohms,
tolerance 10%. 25/- per carton of four.

STABILISED VARIABLE VOLTAGE
P.S.U. Model 700 series. Excellent
Stability 1,000—I. Low ripple content

- better than |MV., Smallsize only 444413

in. deep. Fully variable throughout range.
Protected and fused. Intended for bench
use in the following voltages:

0-20 v..at |.5 amps price £15
£14

0-16 v. at 1.5 amps . L. ©

0-24 v. at 1.0 amp L. » £14
0-16 v. at 2.0 amps .. . » £15
0-18 v. at 2.0 amps .. .. » £E16

P. & P. on any unit 10/-

PAXOLIN PC BOARDS contains five
Mullard OC36 power transistors—made
up as solenoid drive unit. Guaranteed.
Brand new, only 30/- inc.

PAXOLIN PC BOARD contains ten
GETI I3 transistors with polythene hold-
ers, ten miniature glass diodes and- 25
3W. resistors. BRAND NEW 19/6.
P, & P. 6d.

SOLARTRON OSCILLOSCOPE
5235.2

The best of the surplus scopes for £52,
fully serviced and calibrated, compare the
specification with others. Bandwidth
DC-10MHz at 3 dB. Sensitivity is } MV/cm.
Tifne Base 0.| usec-lcm/sec in 7 decades
with fine control on each range. Uses
C Core mains transformers/4 in. High
resolution flat face PDA CRT and many
other features make this scope very
suitable for colour television servicing
and many other applications. Price £52
P. & P. 25/-.

INSTRUMENT CASES IMHOFF
Manufacture, Brand new cases finished
in pale Blue/Green rivelled stove enamel,
with anodised front trim and recessed
side handles, the case front has been
angled downwards 2 inches to prevent
light reflection on instruments housed on
the front panel, which is finished in light
grey stove enamel Iv_:vithl pair of chrom

P. F. RALFE

10 Chapel St London N.W.I
Phone 01 -723 8753

angled instr Overall siz
of case depth 14} angled to 12} height
12 in. width 19} in. Front panel 19 x 10}
in. These cases were obviously built.to
house very expensive equipment price

£7.10.0, P. & P. 10/.

SCHOMANDL FREQUENCY
METER TYPE FD.| AND
CONVERTER UNIT TYPE FDM.I
Range | KHz to 900 MHz an approved
standard for telecommunications equip-
ment. Offered calibrated to manu-

facturers specifications.

»



al02

who wants a££2,000+p.a.
opportunity in t dynamuc
new computer |ndustry

In only 4 weeks you're in — and only
the incredible Eduputer can make it
possible.

Now for the first time anybody can train outside the computer
industry for a lucrative career as a computer operator, with
actual experience on an Eduputer.

Who created Eduputer? The internationally famous company
Programming Science International. They developed it to the
specific requirements of the massive New York C|ty training
board and its practical resuits have been one amazing success
story.

We are proud to have been selected as the only commercial
training organisation permitted to use the Eduputer in the U.K.
Thanks to Eduputer, nine out of every ten can learn to
operate the most advanced computers in only four
weeks. Unlike Computer Programming, no special
educational qualifications and no maths required. Just
you and the incredible Eduputer!

Jobs galore! The moment you qualify, our exclusive-computer
appointments bureau introduces you to computer users every-
wheré with good jobs to offer (up to £40 a week full-time, £50
a week-as a temporary). More than enough to go round, too—
because 144,000 new operators will be needed over the next
five years alone.

This is your big opportunity to get out of a rut and into the
world's fastest-growing industry. And remember—LCOT is the
only commercial computer school to have Eduputer. It means a
lot to employers.

Telephone: (01) 437 9906 NOW!

Or post the coupon today for full details FREE and without
obligation.

London Computer Operators Training Centre,
B11 Oxford House, 9/15 Oxford Street, London W.1.
Telephone: (01) 437 9906.
127/131 The Piazza, Dept. B11,
Telephone: (061) 236 2935.
Please send me your free illustrated brochure on exclusive
Eduputer “hands on” training for computer operating.

Piccadilly Plaza, Manchester 1.

Name_

Address_
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Send an S.A.E. for New Comprehensive 1.C. am_i Semiconductor price lists.

INTEGRATED CIRCUITS

NEW LOW PRICES -

FULLY GUARANTEED

RCA MOTOROLA 1-9 104+ 26+ MULLARD LINEAR
CA3000 36/- MC724P 13/3 12/6 111 | TAA241 32/6
05 24/- | mC780P a5 48 4 243 o
4 s3- | ucysse 16/6 158 139 T e
12 18/- MC790P 24,8 23/- 20/8 293 19/6
13 21/- MC792P 13/3 12/6 1171 300 35/-
14 25/= MC799P 13/3 2/6 1171 310 25/~
18 17/- | MC1303L 54/~ = a5/- a0 },g’,“
La 8- | meisor 22- - 80/- 435 29/6
20 on | wmcisose 772 — 843 521 266
Sin 39, | MCsssP 108/9 - 81/6 822 72/-
2 32/ MC1435P 69/- — 57/6 530 98/~
22 g6/ | MCl362G o - /L PR Yole
5 26/- MC1709L 18/9 — 1508 | 1an100 308
2% 20/~ TAD110 39/8
28A 15/ | FAIRCHILD i MULLARD DTL
e /- 15 611 124 504 | peprjol 1716
Lsoo o9 9 & — | mcHI 21/8
o 18- | Lou w8 e~ 8- — | pcHll 21/-
294 33/= 1.923 12/6  11/8 11/~ - FOH161 21/
30 28/~ L702C 36/6  32/6  29/6 - FOH201 26/6
35 25/~ L709C 21/~ 196 18- 17~ | peman 26/6
o 15)- L710C 21~ 196 18- 17~ | poham 30/
L7110 2l- 189/6 18- 17 | perior 396
39 17~ | L7ec 56/ 50} @ — — | mermn 31
41 22/~
FCJ14} 105/-
42 22/~ MULLARD TTL FCJI201 36/~
43 28/~ FJB101 12/6 FJJ101 27/6 FCJ211 55/-
44 A/ FJHI11 17/86  FJJlil 24/- FCK101 87/6
o 25/- ll:mlzl }7/0 FJJ121 3173 FCL101 57/8
n JH131 7/6  FIJ131 32
:'; ;g;_ FIH141 17/8 -FIJ141 g2/s M} (PLEASEY e
FJH151 18/3 FJJ181 46/« SIt 0
48 4= | pyHI6L 17/6 FJJ191 37/6 L4034 /
49 82/~ | FIHITI 18/3  FJJ211 i [ 1 £l
2@ DRl (e R e
51 27/~ FIH221 o /8 | GENERAL
s 33/ FJH231 17/6  FIY101 16/- ELECTRIC
53 10/ PA222 87/8
54 29/e Data Bheeta all 1/ per type except L8900/ PA230 20/~
913/923 and Plessey 2/6. PA234 20/~
33 48/- 8 Pin To-5 1.C. Holders, 10/6 PA237 32/8
59 33/~ 14 Pin Dual-in-Line 1.C. Holders, 6/6 PA246 52/6
64 24/~ 16 Pin Dual-io-Line L.C. Holders, 8/~ PA424 47/-

Post and Packing 1/6d. per order. Data sheet free if ordered with 1CS, Send 2{6d. for calalogue

s A, MARSHALL & SONS LTD. i

28 CRICKLEWOOD BROADWAY, LONDON, N.w.2

CALLERS WELCOME 9-5.30
SEE DUR MAIN ADVERTISEMENT ON

TELEX

SATURDAY 9.5
PAGE 110. FOR SEMICONDUCTORS

EX COMPUTER PRINTED CIRCUIT
PANELS 2° X 4° packed with semi-
conductors and top quality resistors,
capacitors, diodes, etc. Our price, [0
boards 10/, P. & P. 1/6. With a guaranteed
minimum of 35 transistors. Transistor
Data included.

SPECIAL BARGAIN PACK. 25 boards
I’or £1. P. & 3/6. W|th a guaranteed

BUMPER BARGAIN PARCEL

We guarantee that this parcel contains at
least 1,750 components. Short-leaded on
panels, including a minimum of 350 tran-
sistors (mainly NPN and PNP germanium,
audio and switching types—-d:ta supplued)
The rest of the parcel is made up wi

Resistors 5% or better (including some
| %) mainly metal oxide, carbon film, and

minimum of 85 tr s, Tr
Data included,

PANELS with 2 power transistors sim. to
©C28 on each board plus components. 2
boards (4 x OC28) 10/~ P, & P, 1/6.

9 OAS, 3 OAIO, 3 Pot Cores, 26 Resistors,
14 Capacitors, 3 GET872, 3 GET872B, |
GETO?PS All Iong feaded on panels 13 X ‘4=,
4 for 20/-. P. P. 5/-.

p ion types. Mainly } and § watt .
diodes, miniature silicon types OA9O
OA9I, OA95, IS130, etc. . . . capacitors
includml tan:alum. ele:trolytucs, ceramics
and polyesters . ., . inductors, a selection of
values . .. also the odd transformer, trim-
pot, etc., etc. These are all miniature,
up to da(e. pro‘ess-onal top quality com-
ponents. Don't miss ;hns one of our best
offers yet! Price, 65/- & P. 6/6—U.K.
New Zealand 20/- P. & P. Limited stocks
only.

EX COMPUTER ‘ MEMORY "

CORE STORE PLANES
140 BITS £1 P. & P.2/-

250 MIXED RESISTORS
} and } Watt 12/6

DIODES EXEQPT.

EX-COMPUTER
POWER SUPPLIES

Reconditioned, fully tested and guaranteed.
These very compact unitsare fully smoothed
with a ripple better than |0mv. and regula-
tion better than |%. Over voltage {ol;o-
tection on all except 24v. unlts.

130v. a.c. 50¢/s input, Mains transformer to
suit £3 extra if required.

We offer the followmg types

6v. 8a, 15a, £15
6v. 15a, £I4 30v Ta. £12
12v, 20a. £16 24v. 4a. £14

Carriage 15/- per unit.

o High Stabs 3, { and | Wate,
1 5 5% and Better 12/6

SILICON
10 Amp 150 PIV 4 for 10/-
20 Amp 150 PIV 4 for £1 -
35 Amp 450 PIV 4 for 45/
P.&P. IJ-

EXTRACTOR/BLOWER

FANS (Papst)
100 efom. 41° x 43° X
2°, 2800 r.p.m.
50/- each. P.& P, 5/-,

RELAY OFFER

Smglo Pola Chan;eover Silver Contacts
2.5K Coll operates on
25 to SoV. B for I0/-. 5 6.

LARGE CAPACITY
ELECTROLYTICS
RIPPLE CURRENT 6A

1,500 mfd 150V
7/6 each

4, 1000 mfd 72V
P.& P, 1/6

5,000 mfd 36V
£3.10.0 doz. P. & P. 10/~

16,000 mfd.12V

EXTENSION

TELEPHONES
19/6 ca. *3F
35/~ for 2 ra"

These phones are extensions and do not
contain bells,

MAILING ADDRESS

44 URT R
WAREHOUSE AND DI
Ol 478 8499

EARLS COUR! OAIS) ?NDON w.s

, L
PATCH

WW-—122 FOR FURTHER DETAILS
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HEAYY DUTY L.T. TRANSFORMERS
Twickenham PRI 220, 235, 255v, Secs 55v 24a, [4v. 10a, 22v. 2a,
25v. la. Panel terminal block connections,

Conservatively rated, £15.0.0. Carr, 17/6.

PRI 220-240v. Sec tapped 7, 8 9v., 45a. Open Frame Type.
Heavy terminal connections £8.10.0. Carr, 12/6.

Parmeko Neptune Series. PR| 200, 220, 240v, Sec. tapped 3, 8,
12, 18v. 5a. Potted C core type, Comervatlvely rated, 59/6

Carr. 8/6.

PRI 230v. Sec. 20v, 4a. Open Frame T pe. 45/, & P. 5/-.

S, ec:al Clearance Offer. 95, 110, 120v. Primary only Sec 46v,
ré :onservatlvlly rated. Size 104 x X 8 inches.

(BIOO. arr. 15/-.

E.H.T. TRANSFORMERS

Parmeko Neptune. Pri. 115-230v. Sec. 2000v. 5 m/a,
4v. la. 47/6. P. & P. 5/-. Gardners Pri, 200-240v
Sec. 2250v. 22 m/a. 75/-, P. & P. 7/6. Pri, 200-240v.
Sec. 1650v. 25 mfa. 75/-. P, & P. 7/6. Pri. 200-240v.
Sec. tapped 3000- 3300v. 10 mja. 4-6-3v. )-5a. 3kv.
whkg. 2-4v, 2a. 3kv. wkg. £4.1 6. Carr. 10/-.

PARMEKO C CORE TRANSFORMERS
Pri. tapped 110-200-240v. Sec. . Seec. 2
16)v. 110 mja. Sec. 3 I152v. 76 m/a
Sec, 528v. 0-4a. Sec. 6 6'4v. 6-2a. 6-3v. 3-25a. 6-3v.
Table top connections. Size S X 4 X 4 ins. Brand new
boxed. 35/-. P. & P, 7/6. Special prices for qtys.

SPECIAL OFFER OF GRESHAM CHOKES
I15H 300m/a 50 ohm, **C’ Core Potted Type. 62/6. Carr. 10/,
Core Potted Type. 55/-. Carr, 10/-.
b Core Potted Type. 45/-. P, & P. 8/6.
“C"” Core Potted Type. 69/6. Carr. 12/6,

/-
Swinging Chokes. 20H IOOmla -10OH 450mfa. 55/-.
Al Chokes supplied new and guaranteed.

-Carr, 10/-.

PARMEKO CHOKES—NEPTUNE SERIES
10H. 180M /A, 25/-. P. & P. 5/-. 10H. 120M/A., 12/6, P, & P, 4/-.
10H. 7SM/A., I5H. 75M/A., l5H.‘50M/A.. 5H. 120M/.
OM/A., 50H. 25M/A., all types, 8/6 each, P. & P. 3/6. 0-7H.
450M/A, I2/6 P, & P 4w, [H. 300M/A. I016 P. & P. 4/6. 5H.
I50M/A, 1

PITER SERIES SWINGING CHOK

34H, 60MIA -70H. 35M/A., 2-8kv,, D.C. Wkg. 15/-.? & P. 6/~

LOW TENSION SMOOTHING CHOKES
By Redcliffe. I00MH. 2 amps. 49/6. P. & P. 7/6. Swinging Type.
IOMH. 6.5 amp—50 MH. 2 amps. 45/-. P, & P, 7/6. Both types
less than § ohm res. Hermetically sealed. Oil filled. Brand new.
In makers cartons,

OIL FILLED BLOCK CAPACITORS

All by famous makers, New and guaranteed., DC working
voltage shown are at 60 degs C. 24 mfd. 350v. 15/-. P. & P, 3/6.
12 mfd. 600 v. 12/6. P, & P, 3/6. 8 mfd. 2500v, 37/6. P, & P. 8/6.
8 mfd. 1500v. 17/6. P. & P. 6/6. 8 mfd. 500v. 7/6. P, & P, 2/6.
8 mfd 350v. 5/-. P. & P, 2/-, 8 mfd. 200v. 3/6. P. & P.2/-. 443 mfd.
5/-. & P. 2/-, 4 mfd. 600v. 5/-. P. & P, 2/-. 4 m{d, 500v. 3/6.

& P, 2/-, 2 mfd. 2000v. 7/6, P. & P, 2j6. 2 mfd. 1500v. 6/-.
I mfd. 600v, six for 9/-. P. & P. 5/-, 0.5 mfd. 2000v, 5/-.
(7 0.25 mfd. 7000v. 17/6. P, & P, 5/-. 0,25 mfd, 5000v,
IZI‘. P. & P. 3/6.

AC WKG CAPACITORS
65 mfd. 550v. 48/-. P. & P 8/6. 60 mfd. 275v. 29,
18 mfd. 300v. P. 3/6 5 mfd. = P. &
60 mid. 275v. 30/-. P. P -. 2+4+6 mid. 400 v. I1/6

(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.I
01-723-7851 01-262-512

Jamwon s

CURRENT RANGE OF BRAND NEW L.T. TRANS.
FORMERS. FULLY SHRO UDED (®excepted) TERMINAL
BLOCK CONNECTIONS. ALL PRIMARIES 220/240v

No. Sec. Taps Amps Price Carr.
1A 25-33-40-50 .. 15 olo o 12/6
1:] 25-33-40-50 .. o 143 £7 12 6 9/6
1C 25-33-40-50 .. . (3 £6 15 0 946
iD 25-33-40-50 . 8 €4 0 0 7/6
2A 4-16-24-32 12 £7 2 6 8/6
2B 4-16-24-32 . 3 8 a5 .7 6 8/6
2C 4-16-24-32 .. . 4 £1 12 6 716
2D 4-|6-24-32 . 2 £2 7 6 5/-
3A®*  25-30-35 . 40 £16 10 0 12/6
3B* 25-30-35 . .20 £10 5 0 10/6
3C 25-30-35 . 10 £ 5 0 8/6
3D 30—, 5 £4 2 6 7/6
3E 25-30-35 2 £ 2 6 7/6
4A°* 12-20-24 30 £13 0 ¢ 12/6
4B 12-20-24 20 £8 5 0 9/6
4C 12-20-24 . 1o £4 S 0 8/6
4D 12-20-24 0 5 £3 12 6 7/6
SA 3-12-18., o . 30 £9 12 6 9/6
58 3-12-18.. 20 £7 2 6 8/6
5C 3-12-18.. . 10 £4 5 0 7/6
5D 3-12-18. . £217 6 716
6A 48-56-60" . 2 £ 12 6 6/6
6B 48-56—60 | £2 12 6 6/6
7A* 612 .. 50 £107 6 10/6
78 612 20 £6 2 6 8/6
7C 612 B 10 £ 17 6 716
7D 6-12 .. 5 £2 15 0 6/6
8A 12-24 .. 1 £) 12 6 6/6
9A 17-32 . s 8 6 5 0 8/6
10A® 9-I15 .. . 2 £l 9 6 6/6
1A 63 or o5 B 15 £ 10 0 716
12A 30-25-0-25-30. . oc 2 12 6 6/6
Note: By using the intermediate taps many other

voltages can be obtained.
Example: No. | ..
No.2 ..
MNo.5 .,

7-8-10-15-17-25-33-40-50v.
4-8-12-16-20-24-32v.
3-6-9-12-15-18v,

AUTO TRANSFORMERS K
240v.-110v. or [100v. Completely Shrouded fitted with

Two-pin American Sackets or términal blocks. Please
state which type required. .

Type Watts Approx. Weight Price Carr,
] 80 24 b £1 19 6 5/6
2 150 4 1b £ 12 6 6/6
3 300 6t Ib £3 12 6 6/6
4 500 8¢ Ib £5 2 6 8/6
5 1000 15 b £7 2 6 9/6
] 1500 25 1b £9 15 0 10/6
7/ 1750 28 b £14 15 0 12/6
g 1250 30 Ib £17 17 6 15/=
* Completely osed in b ifully finished metal case fitted

with two 2-p|n American sockets, neon indicator, onfoff switch,
and carrying handle.

DOUBLE WOUND ISOLATION TRANSFORMERS
240—240v. 240—1 10v. Up to 23kva. Let us know your require-
ments.

ISOLATION TRANSFORMERS
By Magestic Winding Co, Pri 240v. Sec. 240v. Centre tapped.

2kva. Mounted in strong metal case. Size Il X 9 X 8 ins.
P, & P, 2/6. 0.125 mfd. 850v S/- P. 116. Conservatively rated. £27.10.0. Carr. 30/-.
Ee—

A.E.l. LIGHTING CAPACITOR
12 mfd. 250v, A.C. wkg. 5/=. P. & P, 2/6 13 mfd. 250v A.C. wkg.
2.85 mfd. 440v. wkg., tubular, 8/-. P. & P, 2/-,

SPECIAL OFFER OF OIL FILLED CAPACITORS
GEC, 8mfd, 600v. D.C. wkg, Six for 29/6, Carr. 7/6. Dubilier
Nitrogol, 8 mfd. 350, D.C. wkg. Six for 28/-. Carr. 7/6.
T.C.C. Visconol, 2 mfd. 200v. D.C. wkg. Six for 12/6. P, & P. 3/6.
T.C.C Tubular. 200 mfd. electrolytic 200v, D.C. wkg. Size
4} in. by 24 in. dia. 7/6. P. & P, 2/6. 25000 mfd, 12v. D.C, wkg.
tubular, IIOI6. P. & P. 2/-, 1250 mfd, 180v. D.C. wkg. 8/6.

AIR MINISTRY SLIDING RESISTORS

Wire Wound single tube. 1 @ 12a. I15/-, P, & P. 3/-, 140 |—4a.
I7/6. P 3/- Zn 2.8a. Adjustable metal clip type. 27/6.
P. 5/- 50 2. b(ed type, 17/6, P, & P, 3/6. 1 O |2a.
Fxxed x;pe. 7/6 P. & P 2/6 10040 la. Single tube sllder 47/6.
P, & P, 7/6.30 g ).5a. Right angle geared drive. 9/6 &P. 4/6
Colvern ceramic rheostats. 15000 0.18a. 7/6. P & P.

5500(] 0.la. 5/-. P. & P. 2/-. 20K inst. pots 3 ins. dia. 6/6. P. & P

GPO 3000 TYPE RELAYS
1K@ | CO 3M, 2Kq. | B. 2 heavy makes. SKQ | CO IM.
2P°° n{ 2M. 2 beavy makes. 750 3M. IB. | CO. All at 6/ each.
ost free.

WESTERSTRAND
CLOCKWORK TIMERS

Switch contacts, 15 amps., 250 volts
"A.C. Control knob can be set
between 30 secs. and 6 mins.
Brand new

17/6 P. & P. 2/6.°

AMERICAN WILLARD
Miniature accumulators 6v. 1.2 A.H. Size § x 11 x 4 ins. Wt,
5§ oz. These batteries were designed for meteorolo[-cal balloon
transmitters. Easnly filled with a hypodermic syringe. Self
sealing, 7/6. P. 16.

MINIATURE 14v. D.C. GEARED MOTORS
500 rpm. Size 2 X I§ X | in. Length of spindle | in., dia. § in.
15/-. P, & P, 2/-.

VARIABLE D.C. SUPPLY UNITS TYPE S.E4

0-48 volt
10 amps,
continu-
2us from

bridge
rectifica-
tion, iso-
lated
transformer with Variac controlled primary. 3 in. scale
voltmeter and ammeter, Neon Indicator, Housed in strong
metal case. Size 17 X 17 x 63 in. £32.10.0, Carr, 15/-.

L.T. SUPPLY UNITS TYPE S.E.5

continu-
ous rating.
Selenium
full wave
bridge
rectification. 3 in. scale ammeter, neon indicator. Housed
in strong metal case. £17.10.0, Carr, |5/-.

SPECIAL OFFER OF PARMEKO
NEPTUNE SERIES TRANSFORMERS
ALL PRIMARIES TAPPED 115-230v.

Sec. 6-3v. CT Sa, 6-3v. CT 2a, 37/6. P, & P. 5/-.
Sec. 9-10v, 0-5a. 6-3v. |-2a. 19/6. P, & P. 4/-.
Sec. 400-0-400v. 150 m/a. 50, 16.
€3.19.6. P, & P, 8/6.
5/

& P 7
Sec. 350-0-350v, 100 m/a, 3-8-12-18v. 5:
Sec. 6-3v. CT 5a. 6-3v. | 2a, 17/6 P. & P.
Sec. 6-:3v, |-8a. 6-3v, 1a. 17/6- P. & P, 3/6
Sec. 29-5-32-5v. 32/6. P, & P, 5‘-.

Sec. 4v, 0-5a. four tmies. 15/~ 3/6

Sec. 6-3v. CT 0-6a. 6-3v. 0-6a. 12/6. P, & P, 3/6.

Sec. 250-0-250v. 50 m/a. 6:3v. la. n/6 P. & P, 4/6,

Pri. 200-240v, Sec. 250-0-250v. 60 m/a. 6-3v, 2a]63v, 3a. 5v.2-5a.

.2

30/-. P, & P. 7/6,

Type MTI6).
4 7/6.

al03

VARIABLE TRANSFORMERS

input 240v. output 0-260v. Large seiection of new and recon-
“ditioned transformers available.

GARDNERS HT TRANSFORMERS
ALL PRIMARIES TAPPED 200-250v.

Sec. 450-0-450v. 180 m/a. 6-:3v. CT 4a. 6-3v. la. 5v, 3a. £4.15.0,
Carr, 10/-.

Sec. tapped 350-360-370-380-390-400v. 350 m/a. 5y, 2a.
6C’3v, glé X 3. 6:3v. 22. 63v, la. Fully shrouded. £4.19.8
arr,

Sec. 350-0-350v. 60 m/a. 4-6-3v, 4a. 4-5v, 2:5a. Fully shrouded.
27/6. P. & P. 5/-,

Sec. 500-0-500v, 80 mja. 6-3v, 2a. 6-3v, 2a. 5v 2a. Fully
shrouded. 47/6. P, & P, 5/-,

Sec. 63v, 1-62. 24v. 0-8a, 6-3v. la. Open type. Table top
connections, 65/=, P. & P, 7/6:

Sec. 12v, la. Twice open type T.T. connections. 17/6.P, & P, 316,
Sec. 3-75v, 9a. 6:3v, 0-Sa. Fully shrouded. 17/6. P. & P. 3/6.
Sec. 7v. 5a. 6-4v. 4a. 6-4v. 2-2a. 6-4v. 2:2a. Sv 2-8a. 4v. la,
Oll-filled potted type. 50/-. Carr, 8/6.

Sec. 370-390-410v. 6 m/fa. Open ‘C’ core type. 12/6. P. & P.2/6,
Sec. 12v. 6a. and 15-6v. |-5a. Fully shrouded. 57/6. P. & P, 7/6.
Sec. tapped 20-40-700-760v. 50 m/fa. 6-3v, |-5a. Fully shrouded.

17/6. P. & P, 4/6.
600 watts auto tapped ZOO 2I0—220-2]0—240 250v, Open
type. T.T. connections, 45/-. 5/-.
GRESHAM HT TRANSFORMERS
Oil filled gotted pe. Pri 240v. 220 m/a-

sec. 475-0-475v.

+3v. 2a. 6-3v, 0-3a. 3 times. Sv. .50 Carr. 10/-, Pri 240v-

o 2-5a. 6:3v, 2a. 6-3v-

1-52. 6-3v. 0-5a, 6-3v, 0-3a. I5v, 0- I: 5v 22 £3.15.0. Carr. 10/-.

Pri 240v. sec. 800v. 120 m/a 45/-. P. & P. 7/6. Pri 200-240v,

sec. 15v, 2:5a, and I3v. 6a. Very conservatively rated. Open
frame type. 50/-. P. & P, 8/6.

REDCLIFFE HEAVY DUTY HT TRANSFORMERS

Pri 220-220-240v. see. 635v. | amp twice. Suitable for high power
audio equipment. Oil filled potted type, ete. £8.15.0, Carr, 15/-.

SPECIAL OFFER A.E.R.E. TRANSFORMERS

. Pri 205, 225, 245v. sec 300v l37 5 m/a. twice. 4kv. D.C. wkg.

4v. la. 4v 0-3a. I15/-. P

Pri 200 220 240v. sec. lapped 370, 390, 410v. 6 m/c. C. core.
10/=, P. P. 3/6.

Pri 200, 220 240v. Sec. 350-0-350v, 25m/a. 6:3v. la, 6-3v. 0 6a.
Sealed potted type. 15/=, P. & P, 4/6.

ADVANCE C(V TRANSFORMERS

Type CV 15/95, Input 95-130v., 190-260v, Output 4v. rms +
or —1%. 3 watts. Open frame type 25/, P, & P. 5/,

Type MTI40. Input 190-260v, Qutput 230v.

150w,
Carr, 10/-. v

£5.15.0.

Input 190-260v. Output 230v, rms, 60w, £3.15.0¢
arr,

BURGESS MICRO SWITCHES

Type MK 3BR/74. Norm closed or Noerm open. § in, raisea
Press Button, 8/6 for three. P, & P, 2/6.

HONEYWELL 250v. 10A. A.C. Lever
operated, Make or break (3 tags). Three
for 12/6. P. & P. 2/-. Many other types
available,

NEWMARK SYNCHRONOUS
MOTORS
220-240v. 50 cycles, 3 watts 8 r.p
Overall snle2 X2 X 2ins. 10/6.P. & P, I/S
LONDEX 120-240v. A.C. RELAYSJ

Open frame type 12 heavy make con-
tacts. 27/6. P, l P. 5/-.

VENNER SYNCHRONOUS BIO-DIRECTIONAL
MOTORS
220-240v. SO cycles 40 r.p.m, automatically reverses wherever
spindle stop is placed overall size 2§ x 2 X lins. Spindle
length jin. dia, 1/16th. An ideal motor for display, giving a
forward and reverse motion. 12/6. P\ & P, 2/6.

A.C. 220-240v. Shaded Pole Motors. 1,500 r.p.m., double
spindle, 0-9 in. and 0 -6 in, overall, Size 3 X ji X 2in. As used in
hot air blowers, new and boxed, 10/6. P, & P, 3/6,

A.E.l. Adjustable Thermostats. Type TS2, stem 6 in.
60 deg. C. conncu N.O., new and boxed, 27/6. P, & P, 3/6.
12 in. stem, 32/6. P. & P. 4/6,

RANCO REFRIGERATION THERMOSTATS

Type A.10. 100-250v. A.C. ) h.p. ISI- P & P, 2/-, Teddington
type QJ. 100-150v. A.C. } h ISI- " f=.
2% in. N.A.B. spools for ¢ |r|. :ape. I0/6 each P & P, 4/6,

SCOTCH MAGNETIC TAPE

Type JM 459 ¢ in, 3600 feet. Su fphed new in maker's cartons.
List price £18.10.0. Our price £3.19.6. P, & P, §/-.

LONDEX PLUG-IN RELAYS

Sealed type. 28v. D.C. Three heavy dut; s:lver contacts Size
2 x 2 x | in. Complete with base, 8/6

SUNYVYIC TANK THERMOSTATS

Type TQP. 250v, [5 amps NC. S amps. NO. 190—70 deg. F’
Length of stem 10} ins. 28/-. P, & P, 5/-,
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Wireless World, October 1970

v EZ80  4/3|PCF86 10/~iR1l  10/8US7 34/11) 2N3983 10/~ BA130 2/-) GET1IS 4/~ OC23  7/8
BEN I ﬂ E ﬂ AL@ I S I ][C FW4/500 |PCF87 16/-|R16 84/11|U45  15/8| 28323 10/~| BOY10 5/-| GET116 8/6 OC24  7/8
15/~| POF20013/8 | R17  17/6|U47  13/-| AAll9 3/-!| BCY12 5/-| GET1IR 4/-| OC25 /8
FW4/800 | PCF800 13/-|R18  10/-|U49  11/9| AA120 38/-[ BCY$3 5/~ GETL19 4/~ 0C28 /-
- LRl LT e A ol
GZ30 7/-|PCF802 8/-iR20 u78 /91 AAZ 33 Bi- 5 -
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.4 |38 G| roram: o o B e \va kelor §i-| BOYs5 /0| GETSTISL-| ocas  7/e
722 GZ33 12/8 PCF80611/8 RG1/240A (U107 18/3| AC113 5/-| BC1O7 4/~ -10C36  17/8
g TN A AL B Telephone 01.722-9090  |G03% 10080 p08 14/5 39/6/Ulol 12/6| AC114 8/—| BCI08 8/6| GETS8210)-| 0C38  8/6
GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Littlehampton 6743 GZ37 14/6| PCH20012/3| RK84 7/6 (U193  6/9| AC127 4/3| BOl18 5/-| GETS87 4/8( 0C41 10/~
Please forward all mail orders to Littichampton gﬁ!%ﬂ 2;6 %% 13;3 g;gc g% g’ggi 1:16 Ag{2§ é;— ggﬁg g‘— gg"f’ggg :;g 0C42 1%/8
- - | AC15: - - 0C44 —
Save postal costs! , Cash and carty by callers welcome. ________|HL23DDS5/-|PCL84 7/6|SP61  6/6|U283  8/-| AC156 4/-| BC118 4/6| GET896 4/6] 0C45 s;_
OA2  5/9|6BS7  25/~[6X4 4/3/20P1 17/6/807  1L)9|DM70 6/-|ECL80 7/-|HI4IDD |PCL86 8/6| TH4B 10/~\U301 11/—| AC157 5/-| BCZ11 3/6| GETS897 4/8| OC46 8/~
O0B2  6/-|6BW6 14/3(6X5GT §/-| 20P3 18/- 956 2/-1DM71  7/6{ECL82 6/8 9/6| PCL88 16/~ TH223 19/6( U329 14/6( AC185 6/~ BD119 9/~ GEX13 8/8| 0C65 22/6
0zZ4 4/8(6BW7 13/-|6Y6G 8/~ 20P4 18/611821 10/6|DW4/350 (ECL83 9/-|HL42DD9/-|PCL800 15/6| TP2620 19/6{ U403  6/8| AC166 5|-| BF154 B/-| GEX35 4/8| 0C70 13
1A3 4/8!6C4 5/-|6Y7G 12/6| 20P5  20/- (6763 10/- 8/6 'ECL84 12/-| HN309 27/4| PCL80113/9| UABCS0 6/6| U404  7/6| AC167 18/-| BF159 6/-| GEX36 10/~' OC71  2/-
1Ab 5/=|8C6 3/9|7B6  10/9) 26A6G 5/9(6060  5/6/DY86/7 5/9| ECL85 11/~ HVR2 10/6 | PCL80S/ UAF42 10/3|Us01 19/6| AC168 7/8| BF168 4/-| GEX45 6/6| 0C72  g/—
1ATGT 7/8|6CO  14/8(7B7 7/-| 25L6G  5/8(7193  10/6|DY802 9/6(ECL86 8/ 0/6| PCL85 9/- UB41  6/6|U4020 7/68| AC169 6/8| BF173 7/6| GEX655 15/~| 0OC73 16/~
5 4/9|6C17 12/6(7C8 8i~1 265  6/-(7475  14/-|ESOF 84/- BCLL800 (Tw3 5/6 PEN4SDD |UBC4l 9/-|VP2  10/6| AC176 11/~| BF180 6/-| GT3 5/-| 0C74 g6
1D§ 7/6|6CD6G 23/—|7TF8 12/68 ; 265YBG 8/6(A1834 20/-| ESSF 24/- 30/=| TW4/350 5/6 /-|UBCS1 7/-|VP2B 9/6{ AC177 5/6| BF181 8/-| M1 2/10! oC75 2/—
1D8 8/6|6CH6  7/-|TH7 5/6|25Z4Q 6/-|A2134 18/6| E88CC 12/-| EF22 12/611wW4/500 6/-| PEN46 4/~!UBF80 5/9(|VP13C 7/-| ACY17? 8/-| BFI85 8§/-| M3 £/10/ OC768  2/6
1FD1. 6/6/60L8  8/6|7R7  13/- 2825  8/-|A3042 1B/- E180F 19/~ EF36  38/8 KT2 6/ PEN453DD | UBF89 6/9| VP23 5/-| AOY18 3/8| BFY50 4/-| MAT1007/9| 0C78  §/=
1FD9  4/3(86CW4 12/-(7V7 5/-| 20Z6G  8/6|ACO44 23/6| E1820C22/6| EF37A 7/~|KT8  34/6 19/8 | UBL21 9/-|VP41  7/6| ACY19 3/9| BFYSl 4/-| MAT1018/8| OC78D 3/~
ae —|6D3 7/8/9BWe  7/-30C1  6/6/ACIPEN  |E1148 10/6|EF30 5/~|KT41 19/6(PENA419/8 UC92 8/6|VR76 24/-| ACY20 8/6| BFY52 4/6| MAT120 7/9| 0C79 8/~
1H5GT 7/-(8D§ 3/-(9D7  15/6| 30C15 13/- 19/6 EASO  1/6 | EF40 10/- KT44 20/-|PEN/DD  [UCC84 8/- VR0 6/-| ACY21l 3/9' BTX34/400 | MAT121 8/6| 0C81 8-
1L4 /6(6F1  12/6(10C1  25/-|30C17 16/-|AC2PEN/ (EA76 13/-|EF4l 10/-|KT63 5/-| 4020 17/8{UCCS5 7/3|VR150 6/-| ACY22 8/8 40/-| OA6  5/8| 0C81D 2/~
1LD5  6/-(6F6  12/6/1002 10/-| 30C18 12/9] DD 19/8 EABCS0 8/6| EF42  3/6 KT66 17/3/PF120011/9|UCFS0 8/3|VT6lA 7/-| ACY28 4/~| BY100 3/6| 09 £/6| OCSIM 5/~
1LNG 8/~ |6F6G  5/-|10D1 8/ S0F5 16/~ AC6 PEN |EAC1 3/-|EF54 12/6/KT74 12/6/PLS3  7/6 |UCH321 9/-{VT501 3/-| AD140 7/6| BY101. 3/~| OA10 8/6/ 0CS3 £/3
INGGT 7/9|6F12  3/3|10D3 14/7| 30FL1 13/9 7/6| EAF42 10/~|EF73  6/6| KT76 12/6:PL36  9/6 UCH43 12/—|VUILl 7/3| AD149 8/~  BYl05 3/6| OA47 8/—| 0Cs3D /3
1BG b/6|6F13  3/8/10F1 15/-| 30FL2 15~/ AC/PEN (7)| EB34 3/~|EF80  4/6|KTs8 B4/~ /PLS1  9/6|UCHS1 6/6/VU120 12/~ AD161 9/-| BY1l4 3/8| OA70 3/~ 0C83  4/-
184 4/9/6F14  18/-110F9  9/-| 30FLI12 16/~ 19/6 | EB41  4/6 EF83  90/6| RTW6l 12/6| PLS1A 10/8 UCL8&2 7/-|VUI20A18/-| AD182 0/-| BY126 8/-| OA78 8/- OC84 3/-
185 4/3|6F15  10/—110F18 = 7/-| 30FL1414/6| AC/TH110/-|EBO1 /3 [EF85  5/3) KTW6212/6|PL82  6/6| UCLS3 10/-| VU133 7/-| ADT14012/6| BY127 8/6| OA79 1/9| 0C123 4/8
104 5/9|6F18  7/6|10LD1110/-| 30L1  6/3| AC/TP 16/6 EBCi1 9/8|EF86  8/3| KTW63 6/— PL83  6/6/UF4l 10/-|W76  6/9] AF106 10/-| BYY23 20/-| 0A81 1/9| 0C139 4/
2D21  6/6(6F23 14/3/10P13 13/-| 30L15 13/9|AL60 15/6|EBC81l 6/8 EF88  &/-|Léa 3/9|PL84  6/6|UF42 9/~ WSIM 13/6| AF1l4 4/~| BYZI0 6/-| OASS  1/8| 0C140 19/
4 4/~|6F24  13/6|10P14 20/-|30L17 15/ ARP3 7/- EBC90 4/- BF91  8/3|LN319 13/9|PL303 12/-|UF80 6/9|W107 8/-| AF1l5 4/3| BYZ1l b-| OA88 4/-| OCle9 8/8
8A5.  10/-(6F20  13/-112A6 12/6| 3UP4 12/-|ATP4  2/3| EBCO1 0/6|EF92 2/6|LN339 13/9|PL500 13/~|UF85 6/9|W7290 18/-| AF117 4/6| BYZ12 B/-| 0A%0 £/8| 0C172 4/-
B7 /-(6F26  5/3|124C6 7/6| 30PAMR  |AZl  8/-|EBFS0 /9| EF97 10/-)mMB162 12/8| PL801 13/0|UF86 9/~ XES 25| AF119 8/~| BYZ13 b5/~ 0A91  1/9| 0C200 4/4
3Dé 8/9|6F28  14/-{12AD6 7/6 17/6|AZ31  9/6 EBF88 8/- EF98 10/6| ME140014/9|PL504 13/8|UF89 6/9|XFY12 9/6] AF121 6/ BYZ15 35/-| 0A95 1/9| 0C201 5/6
Q4 7/616G6G  15/-|12AE6 12/6| 50P12 13/p|AZ41 10/6[EBFS9 6/3 EF183 6/-|MHI4 12/6{PL506 28/9 |UL41 10/8|XH1.5 9/6| AF124 7/6| CGI12E 4/-| 0A200 1/8] 0C202 4/8
SQ5GT 6/-|6H6GT 3/-12AT6 4/6|30P19 12/~ BL63 10/-|EBL21 12/-/EF184 6/-|MHLD612/8! PL50S 27/10/ UL48 12/6 X 41 — 26 b/~ CGB4H 4/~| 0A202 2/~ 0C203 4/8
4 5/9|8J6G  8/9!12AT7 3/9| SOPL1 13/9|CL33 18/6| EC53 18/8| EFP60 10/~|MU12/147/6|PL509 28/9|UL84  6/8 | X61 5/9| AF189 13/-| FBY11A 4/8/ 0A210 9/6| 0C204 5/8
3V4 8/3|8J6 8/- 12AU6 4/9| 30PL13 18/6 /OVA  10/6 EC64 10/~ EH90 7/6/|MX40 12/6|PL802 15/~|UMS0 6/6/X65 10/ AFi78 13/8| F8Y284 4/6| 0A211 13/6| 0C205 776
6R4GY 10,6/6J7G ~ 4/9|12AU7 4/8| S0PL14 16/~ CVO88 £/-|EC70 4/0|EK90 4/9|N78  40/3(PM84 7/8|URIC 10/6/X66  10/—| AF180 9/6| GD4  6/6| 0AZ20012/~| OC206 10/~
5U4G  5/6|6J7GT 6/6/13AV6 5/6| 30PL15 15/-\CY1C 10/6/EC86 12/6| EL32 3/ N108 27/10|PX4 23/8|UU5  7/6| X101 80/6| AF18l 14/~ GD6  5/6| 0AZ20110/8| OC812 8/
5V4G  7/8|6K7G  B/-|12AX7 4/6| 35A8 10/-|CYS1  7/6/EC88 —|(EL34 10/6 ' N119. 6/8|PX25 23/6,UUS 21/— X109 28/-| AF186 11/-| GD6  5/8| OAZ202 9/~ OCP71 33/~
SY3GT j5/6 6K7GT 4/6{12AY7 9/9|35A6 1§/ D63 6/-EC92  6/6 EL37 17/3|N152 9/6 PY32/8 10/-|UUS  7/8|Z329 16/~] AF239 7/6| GD8 4/~ 0AZ208 9/8| ORP12 10/
5Z3 j~|6K8G  4/-/12BA8 6/—( 36D5 12/6 | D77 2/3|ECC31 15/8 EL41 11/~|N154 8/6(PY80 6/-|UU12 4/9|Z749 14/3] ASY27 8/8| GD9 4/-| 0AZ204 9/~ B6M1 /-
5z4@  7/-|6L1 19/ 12BE6 b/9| 35LEGT 8/8 DAC32 7/-|ECC32 4/6 EL42 10/6 N308 17/6/PYB1  5/3| UYIN 9/-|2759 50/-| ABY28 6/68] GD10  4/-| OAZ2056 9/-| SM1036 10/~
6/30L2 12/-(6L6GT 7/9|12BH7 6/-|35W4 4/6/DAF9l 4/3 ECC33 31/6/ELSL 10/~(N329  6/6|PY¥82  5/3|UY21 9/6 | Pransistors | ABY29 10/~ GD11  4/-| 0AZ206 9/-| BT1276 10/-
6A8G  6/6/6L7GT 12/6(12E1 17/-| 3823 10/~|DAFOG 8/6|ECC40 11/-|ELS83 7,6/ N339 25/ |PY83 5/9/UY41 7/8|anddiodss | AY100 26/-| GD12 4/~ 0AZ20710/6| 8X1/6 98/6
6ACT  3/-|6L18  8/-|12J7GT 6/6| 36Z4GT 4/9|DCC0 10/-|ECC81 3/9| BL84  4/9|N359  0/6|PYS8  6/0/U¥8S5 5/9|1N1124 10/6| B1181 10/—| GD14 10/-| OAZ210 7/-| UT4706 6/
6AGS5  4/-(6L19 27/8|12K5 10/-| 35%5GT 68/-|DD4 10/8 ECC82 4/8|EL85 8/-|N379  6/6|PY301 12/8|Ulo 9/-|2N404 6/—| BAY02 9/-| GD15  8/~| OAZ218 7/-| X730 6/
6AKS  b/~(6LD20 9/8 12K7GT 6/8) 50B5  7/-|DF33 7/9/ECC83 4/6/EL86 8/~ N709  4/0 PY500 21/6/U12/14 7/6|2N9o68 10/6) BAI1S 2/8| GD16 4/~| OAZ32416/8| Y543 3/6
6AK6 6/-|6N7GT 6/8|12Q7GT §/-|50C5  6/3DF91  2/9/ECC84 /3| ELO1  4/8|P61  10/6/pysoo 7/6|U18  15/-|2N1756 10/-| BA1lg 5/~ GET111 0Cl19 25/-| Y728  8/8
8AL5S  2/8(6P28 25/~ 128A7GT | 50CD6G43/3|DF96 6/8| ECC85 6/6/EL95  6/3 PABCS0 7/3|Pysol 6/9|U17 /- |3N2147 17/-| BA129 2/6 15/8| 0C22  7/8:'ZE12V7 1/9
6AM4 16/8/6Q7G  6/— 8/-| 50L6GT 9/ | DF97 10/-|ECC86 8/ EMBO  7/8/PC86  10/3(pz30  9/6|UL8/20 15/~ |2N2297 4/6
6AMS  3/3/6Q7GT 8/6(128C7 §/-| 72 6/6 DH63 @/~ |ECC88 7/- |EMSL 7/ PC88 10/3(QQV03/10 |ULS  34/6 |3N2369A 4/3| MATCHED TRANSISTOR SETS:—
64Q5 5/6(6R7G  7/-(123G7 4/6|85A2  8/¢/ DH76 5/~ ECCL89 9/6| EM34 6/6|PC95  8/3 24/—| U22 7/9|2N2613 7/9| LP15 (AC118, ACL54, AC157, AA120). 10/6.
6AR6 20/-[6R?  11/~|128 3/-|85A3  8/-|DH7?7 _4/-|ECC80412/- EM87 7/8|PC97 Q875/2012/6/ U35  13/-|2N3063 6/6; 1—OCS1D and 2—0C81,  7/6.
6AT6  4/-(6SA7GT 7/-|128J7 . 4/6| 90AG 87/6 DHS1 10/9|ECC80727/- EYSl 7/6(PCo00 7/6 Q8150/15 U26  11/9|2N3121 50/-| 1—0C44 and 2—OC45, 8/6.
6AUS  8/-(6SC7GT 6/6|12SK7 4/9| 90AV 687/6 DHI101 25/— ECF80 6/6| EY81 7/-|PCC84 6/8 U8l 8/-|2N3708 3/8| 1—OC82D and 2—OCS2, 8/6. Set of 3—-0C83 8/6.
6AV8  5/8/68G7  6/-/128Q7GTS/~| 90CG 34/-|DK33 7/3{ECF82 6/6| EYSS 11/-| PCC85 8/6/QV04/712/6/U33  29/8|2N3709 4/-(B.T.C. 1 watt Zener Diodes. 3dv., 2.7v., 3.0v.,
6B8G  2/6 6SH7 3/-14H7  9/6| 90CV 33/6|DK40 10/~|ECF86 /- [EY84 10/-|PCC88 9/9|R10 = 18/-|U35  18/6|2N3866 20/-| 8.6v., 4.3v., 13v., 15v., 16v., 20v.s 3/6 each.
6BA6  4/8 68]77%'!!]: g/lg 1357 11}5/- goc]ln }g/; gggﬂ} g;e ECF804 ™ g;ggn gla PC(1899 19 8
SEESSAAIONES l [ / ¥ 3 /8| POCL8Y 10/6| 4y) gooda are new and subject to the manufacturers’ guarantee, We do not handle manufacturers®
6BHG  7/6|6SN7GT 4/6/19AQ5 4/9| 150C2 5/9/DK96 17/-| ECHOL 18/8| EYO1 B/~ | POCBO5 1318 |seoamds norrelects, which are often decribed aa “mew and tested™ bat bave a limited and unreliablo
6BJ6  8/6]6307  7/8/10H1 4o/~ 301 20/ |DLS3 /- ECESS §9|EZ35 B/ POCSIG18/8 | lite, Business hours Mon.-Fri, 9-5.30 p.m. Sats. 0-1 p.m. Littiehampton olosed Sate. .
6BQs  4/9 6U4GT18/-120D1 13/-| 302  16/6|DL35  4/9| ECH42 12/9|E240  7/8| PCEB0013/9 mermy of business. Cash with order only. Post/packing 6d. per ltem. Orders over £5 post/
6BQ7A 7/-|6U7G 10/6/20D4 20/5) 303 18/~|DL92  §/9| ECHS1 51’9 EZ41  8/8(PCF80 6/6 packing free. All.orders cleared same day by first-class mail. Any parcel insured against damage in
6BR? 15/9/6V6G  8/8|20F2  14/-i 305 16/6/DL94 /3| ECHS3 8/-|EZ80  4/6 POF82  6/8 |y uit foronly 64, extra. Complete catalogue of valves, transi and ditd
6BR8 12/616V6GT 6/6/20L1 20/-1 308 13/-IDL96  7-IECHB84 7/61EZ81  4/9|PCF84 8/-!y; sale, price 1/-. post free, No enquiries answered unless 8.A.E, enclosed for reply.

WEYRAD

COILS AND I.F. TRANSFORMERS IN
LARGE-SCALE -PRODUCTION
FOR RECEIVER MANUFACTURERS

P.11 SERIES 10 mm.x 10 mm.x 14 mm. Ferrite cores 3 mm. 472 kc/s operation.
Single-tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm.X 12 mm.X20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Single-tuned I.F.s and Oscillator Coils.

T.41 SERIES 25 mm.X12 mm.X20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Double-tuned 1st and 2nd I.F.s and Single-tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

WEYRAD (ELECTRONICS) LIMITED, SCHOOL ST., WEYMOUTH, DORSET
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ELECTROVALU

EVERYTHING BRAND NEW AND TO SPECIFICATION o LARGE STOCKS

BARGAINS IN NEW SEMI-GONDUCTORS

ALL POWER TYPES SUPPLIED WITH FREE INSULATING SETS

PEAK SOUND PRODUCTS
ENGLEFIELD CABINET KITS

Build it
12412
or
25425
Stereo amplifier in modular kit form 12 watts per channel
£38/9/-; watts £58/15/—,

Cabinet kit only £6. These prices nett.
As recently reviewed In HI Fl Sound.

BAXANDALL
SPEAKER SYSTEM

Designed by Peter Baxan-
dall. Superb reproduc-
tion for its size. Handles
10 watts with ease. Uses
ELAC 150 59RMI09
speaker unit. Kit £13/12/=
nett; built £19/8/6 nett.

STEREO AMPLIFIER SA.10-10.

7 Developed from the very successful
SA.8-8 amplifier giving first-class stereo
amplification featuring separate volume
centrols for each channel, bass and treble

rols. 10 watts per channel into 5
to 8 . Kit £19/7/6 nett, bullt £24/16/8 nett. Suitable BQ) wide
range speakers available £13/15/- each nett

IN9I4 1/3 | 2N3706 3/3 | 40512 45/6 BC147 3/6 | BFYSI 43
IN3754 4)- | 2N3707 4/- | 40602 9/6 BCl48 33 BSX20 3/9
iN4148 If9 | 2N3708 3- | Aclo7 14/6 BCI49 3/6 BY164 10/~
IN50S4 4/~ | 2N3709 3- | ACl26 6/6 BCI53 10/~ | BY238 3/6
15940 1/- | 2N3710 36 | ACl27 &/- BCI54 /- | closBl 14/6
2N696 5/6 | 2N37TIF 31t ACI28 6/- BCI57 3/9 MCI140 5/
2N697 5/6 | 2N373| 4/~ | ACIZ6 11/~ BCI58 36 | Mi4go 21/~
2N706 2/9 | 2N3794 3/3 | ACY22 39 BCI59 39 Mids] 27/~
2N1302 4/~ | 2N38I19 8/6 | ACY40 4/- BCI67 2/6 | Mi491 30/
2N1303 4/- | 2N3820 25/6 | ADI40 9/- BCI68 2/3 MPF102 706
2N1304 4/6 | 2N3904 7/6 | ADI4®2 14/3 BCI69 36 | k403 15/6
2N 1305 4/6 | 2N3906 7/6 | ADI49 17/6 BCI77 6/3 NKT405 18/~
2N1306 6/9 | 2N4058 5/3 | ADISI/ADI62 BCI78 5/8
2N1307 &/9 | 2N4059 4)- (matched) 16/- BCI79 &/~ | OA47 1/9
2N 1308 8/9 2N4060 4/3 AF| (4 7/= BCI82L 43 OA90 /3
2N1309 8/9 2N406| /3 AFIIS 7/- BCI83L 2/3 OA9| 1/3
2N1613 6/~ | 2N4062 4/3 AFl16 6/6 BCI84L 2/6 OA95 1/3
aNI711 7)- | 2N4284 33 | AFII7 6/6 BCI86 8/6 | QA% 3{-
2N2147 18[9 | 2N42B6 33 | AFi24 7/6 BC212L 5/- | QA200 Hit
2N2218 9/3 | 2N4289 33 AF127 7/~ BC2I3L 5i- | ©QA202 /-
2N2270 12/9 2N4291 3/3 AFI39 9/6 BC214L 5/3 ocC71 5/6
2N2484 13/6 2N4292 3/3 AF180 18/6 BCY70 5/6 TIP3IA 17/6
2N2646 10/9 2N4410 4/9 AF239 9/9 BDI2I 18/~ TIP32A 23/9
2N2904 11/- 2N5062 12/3 ASY26 6/6 BDI23 24/3 TIS43 10/6
2N2524 4/~ | 2N5163 s~ | AsY27 8/3 BDI24 16/~ | ZTX300 3/6
2N2925 4/6 | 2Ns192 25/~ | Asy2s 6/6 BFI67 8/6 | ZTX30! 36
2N2926 2/3 | 2N5195  28/3 | BS04l 15/~ BFI78 10/6 | ZTX302  4/6
2N3053 5/6 | 2N5457 9/9 BAI02 9/~ BFI80 12/~ | ZTX303 4/6
2N3054  14/3 | 2N5458 9/9 BAIIS 4/- BFI94 7)- | ZTX304 6/9
2N3055 16/- | 2N5459 9/9 | BAi30 4/6 BFI95 7/6 | ZTX500 5/~
2N3325  10/9 250 14/3 BAI45 5/6 BFX29 10/9- | ZTX501 5/
aN3663  11/6 | 40361 12/6 BCI07 2/9 BFX84 75 .| ZTX502 &/~
2N3702 36 | 40362 16/~ | BCIO8 2/6 BFX85 8/3 | ZTX503 5/-
2N3703 3/3 | 40406 16/3 | BCIO9 2/9 BFX87 8/6 | ZTX504  12/-
2N3704 39 | 40408 14/6 | BCI25 12/- BFX88 6/9 | ZTX530 5/5
2N3705 3/5 | 40430 37/~ | BCl26 12/~ BFY50 4/6 | ZTX53I 6/9
Code Power Tolerance Range Yalues 1t09 10t0 99 100 up
available {see note below).
c 1/20W  8202-220KQ El2 18 16 15
c 1/8W 47Q-330KQ E24 25 2 175
c 1/4W 47Q-10MQ EI2 25 2 175
(& 12w o)’ 47Q-10MQ E24 3 25 225
G W 470-10MQ El2 6 5 45
MO 1/2 10Q-1MQ E24 9 8 7
ww ] 109 iT/zon 0-220-390Q EI2 15d. all quantities
ww 3w 39 120-10K0 EI2 15d. all quantities
ww 7w 5% 12Q-10KQ2 El2 18d. all quantities

Codes: C = carbon film, high stability, low noise.

MO = metal oxlde, Electrosil TR5, ultra low nolise.

WW = wire wound, Plessey.

Prices are In pence each for quantities
of the same ohmic value and power
rating. NOT mixed values. (Ignore
fractions of one penny on resistor order.)

MAINLINE AMPLIFIER KITS

RCA/SGS designed main amplifier kits. Input sensitivity 500—
700mV for full output into 8Q2. ? i

Power e d'Kh price Suitable unreg.
including components Wi ly kit

12W 168/- nett — ‘;pr g

25w 190/ nett N{A

40W 210/~ nett 115/1

70w 252/~ nett 138/10

30 WATT BAILEY AMPLIFER PACK

Special summer reduction (to Sept. 30th 1970 only)

Sensitivity 12V for full output into 8Q).

Transistors for one chardnei £7/5/6 list, £6 only nett.

Transistors for two channels £14/11/- list, £11 only nett.

Capacners and resistors (metal oxide), 30/- per channel nett.
plete unregulated power supply pack, 87/6 nett.

Valuest

EI2 denotes seriest 10, 12, I5, 18, 22, 27, 33, 39,
47, 56, 68, 82 and their "decades.

E24 denotes saries: as El2 plus 11, i3, 16, 20, 24,

TYGAN SPEAKER MATERIAL
7 designs, 36 X 27 in. sheets, 31/6 sheet.
Pattern book, S.A.E. plus 6d. stamp.

30, 36, 43, 51, 62, 75, 91 and thelr decades

ZENER DIODES 5y full range E24 values:
400mW: 27V to 30V, 4/6 sach; | V to 82V,
1'5W: 4.7V to 75V, I2/- oac 0

MULLARD polyester C280 serias

250V 20%: 0:01, 0-022, 0:033, 0:047 8d. each;
0:068, 01, 9d. each; 0:15, Iid., 022, I/-
10%: 0-33, 1/5;-0-47, IIB 068 2/3. | F, 29'
| -SuF, 4/2; 2-2uF, 4/

INTEGRATED CIRCUITS

PLESSEY SL403A 3 watts into 7-5 ohms. Data book supplied
FREE when two of these units are purchased. Price per unit,
nett 48/6.

’é each;
Ilg to increue 1:5W rating to 3 watts (type
266

CARBON TRACK POTENTIOMETERS,
long :pmdlcs Double wiper ensures mlnlmum
noise level,
Slnglo ;ang linear 1200 to 222MQ, { s Single gang
KQ to 22 2/6; Dual ung linear,
ok T et Hes Doal sant log. 47K o
22MQ, 8/6; Lo; ant Iog, 10K, 47K, IMQ only 8/6;
Dual antilog, 10K only, 8/6. Any type with $A

e 19 64; 12:5/25; 16/40; 20]16;

MULLARD SUB- M|N ELECTROLYTICS
C426 range, nxlall .. t/3ench
Valves (1F/V): 0 4/64' I/40. 1:6/25; 2. 5/16 25 64
4/10; 4)40; 5/64; 6:4/6-4; 6:4/25; B/4; B/40; 10
20/64; 25/6 4'
25/25; 32/4; 32/10; 32/40; 32/64; 40/16; 40

50/6-4; 5 25. 0{40. 64/4; 64/10; 80/2.5; 8 /I6-
80/25; &0 25/4; 125/10; 125/16; Is%g.
200/6 4. 200/10; 250/4; 320/2°5; 320/64; /4;

SINCLAIR IC.10 as advertised, complete with Instructions and
applications manual 59/6 nett.

omponents pack for stereo inc. mains transformer, controls,
atc,, nett £4/15/0.

S-DeCs PUT AN END TO BIRDS NESTING

Components just 7r:lug In—saves time—allows re-use of com-
ponents. $-Dec (70 polnts), 30/-,

Complete T-Dec, may be tomparuur.-cyclad (208 points), 50/~
Also p-Decs and 1C carriers,

D.P. mains switch, extra
Please note: only decades of 10, 22 and 47 are
available within ranges quoted.

CARBON SKELETON PRE-SETS
Small high qunlltl typc PR Ilnur ° 7ys 10003,
22002, 47002, 22K, 47K
220K, 470K, IM, bR dMn. Vi o

LARGE CAPACITORS

‘High rlpple current types; 1000/25, 5/6; 1000/50,
8/7.x 100 g

/10, 16/3; 2000725, 7/4; 200050, 11/4;
2000/100, 28/9 ‘ 250070, '[9/6;
sooo/zs |14; sood/so. z|44 5000/100, $8/3;
10000/15, 17/-; 18000/25, 24/6; IOOOO/SO, et

|0000/7o 61/-.

horizontal mounting, I/- uch.

COLVERN 3 watt Wire-wound Potentiomaeters.
100, 150, 25Q, 500, 10002, 25003, 500Q2, IK, 1-5K,
2+5K, 5K, tOK, I5K, 25K, 50K, 5/6 each.

MEDIUM RANGE ELECTROLYTICS

Axial leads: 50/50, 9: IOOZS 9; 100/50, 2/63
220/28, /3 250/25, 2/6; 2! 19 500, ZS. 3/9;
500/50, 4/63 IOOO/ZS /o3 IOOO/SO. /=3 20 ) 8/

ELECTROVALUE
CATALOGUE

48 pages and cover well printed and cxccllontly {Hustrated,
Thousands of items fully detailed, POST FREE 2/-, Overseas,
post free by surface maii, add 4/- if sent llrmlll.

ENAMELLED COPPER WIRE aven No. SWG
only; 2 oz. reels; 16-22 SWG 4/3; 24-30 SWG 5/-;
32, 34 SWG, 56 36, 38 SWG, §/3,
4 oz. reals: 16-22 SWG only 7/6.

SMALL ELECTROLYTICS
Axinl leadst 47IIO, 25, 5/50, 1/- each; 10/10,
10725, 10/50, 33/10 ‘lo "I/~ aach; 22/25, 2550,
47/25, 100/10, O/Io /3 each.

POSTAGE AND
PACKING

Free on orders over £2 Please
add 1/6 If order is under,
Overseas orders waelcome:
carriage and insurance charged
at cost.

COMPONENT
DISCOUNTS

10% on orders for components
for £5 or more.

159% on orders for components
for £15 or more.

(No discount on nett items)

ELECTROVALUE

DEPT. WW.10, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY,

Hours; 9-5.30, 1.0 p.m. Saturdays.

Phone : Egham 8833 (STD 0784-3) Telex 264475
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BC107/8/9 2/6

NPN Planar transistors
2542/3 10042/~

2N4871 6/9

Motorola unijunction
25+ 5/9 100+ 4/9

2N3055 15/-

115 watt silicon power
transistor, Westinghouse

25+13/- 100+ 11}-

IRC20 7/-

int. Reclifier Thyristor, 200 piv
122 amp (similar C10681)

25 + 6/- 100 + 5/-

2N2926 2/-

NPN' Planar transistors
254-1/8 100+1/6

Muliard Plastic HV rectifier
800 piv 1 amp (similar
BY100 etc.)

25+ 3/3 100+ 3/-

Prices quoted are current at time of going to press. E. & O.E. and ‘may be subject to variation without notice.
items listed not in current production will be withdrawn when stocks advertised are sold, Seml-conductors offered
carry full manufacturer's guarantee where applicable. Data sheets will be supolied on request I/~ per copy.
Price breaks apply at 25 + and 100 + Please contact Sales Dept. for Price and Availability. Tel.:
Terms of Business: Retail Mail Orders—cash with order only please. Trade—Nett Monthly Account on receipt

of satisfactory references.

NKTi03
NKTI04
NKTI105
NKT106
NKTI107
NKTI08

1]

25 + 6/- 100 +5/3

MGA100 35/-
31F2  28/6

Infra-Red Emitter & Detector

OCP 71 19/6

Mullard Phototransistor
254+17)3 1004-14/9

New low integrated circuit
prices Fairchild (U.5.A.)
micrologic R.T.L. epoxy case
TOS5 temperature range |5°
C.to 55° C.

1-11 12-24 25-99 100+
ul 900 Buffer

8/~ 7/~ 6/6
ulL 914 Dual 2 input Gate

8/~ 7/~ 6/6
ul 923 J-K Flip Flop

10/6 10/~ 9/6 9/-
Data and circuits article, 5-
page, at 2/6. Article 30 Sug-
gested Circuits for Micro-
togic*’, at 3/~. TO5 to DIL
conversion -spreadersfadap-
ters at 1/6 each.

5/6

5/6

N KTI 2429
NKTI13329
NKTI3429
NKT|6229
NKT20329
NKT20339
NKT35219
ocCl|9

0C20

19/6

RAS3|CAF
RASS508AF

40310
40311

9/~
6/9

2NI1305

SILICON RECTIFIERS

Amp Miniature Moulded Junction
Rectifiers

Plv
1N4001 50
IN4002 100
IN4003 200
IN4004 400
1N4005 600
1N4006 800
IN4007 1000

16
1/6
2/-
2~
2/6
3=
41-

1-24 254

114 112
/4 12
e e
e t/e
2/~ 19
2/10 2/6
33 29

100+ 500+

s
-
143
13
1j6
2/3
2/6

In the event of any |IN4000 series going
temporarily out of stock we reserve the
right to send higher voltage types at

no extra charge.

10004 and over prices on application,

ZENER

DIODES

400mW 10% GLASS CASE. TEXAS Mfr.
3 152082 82

152036 volt
volt
volt
volt
volt
volt
volt
152075
Prices:

volt 152300
3/6; 25-99, 2/9;

(]
]
2
6
8
7

i
[}
|
|
|
2
30
|00+. 1/3

Brentwood 226470/1.

Despatch: Goods quoted ex stock are normally despatched within one working day by first class post.
Export orders and enquiries particularly welcomed. Cables:

Post and Packing: Allow /- per order inland; 4,-

LESTROCO BRENTWOOD.
Europe; 12/- Commonwealth,

" PA424
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2N 1306
2N1307
73|2N 1308

2N 1309
2Nisi3

X 3—
BYX36/150 2/6
BY X36/300 2/10
BYX36/600 3/9
YY21

ZTX502
ZTX503
ZTX504

2N 3607 ZTX510

36

NEWS NEWS NEWS NEWS...

L.S.T. Electronic Components Limited are Eroud to announce their official
appointment by Newmarket Transistors Ltd.—AIl Newmarket products
now available at Industrial User prices. All R.C.A. Semi-conductors and
Integrated circuits now also available from L.S.T. at Industrial User prices.
Many Mullard, General Electric, Texas types also ex stock at L.S.T. at
Industrial User prices and better. Iskra resistors, Mullard Capacitors,
Veroboard, Rapanco colis and other miscellaneous components stocked in large
q ies. Off | Rectifier Semi-conductor Centre stockists.

INTEGRATED CIRCUITS

Some R.C.A. Linear Types
CA3020 25/3 CA3028B 21/-
CA3021 3173 CA3035 24/6
CA3022  26/— CA3036  14/6
CA3023 25/3 CA3039 16/9
CA3014 24/9 CA3026 20/~ CA3041 21/9
CA3018 16/9 CA3028A 14/9 CA3042 21,9
Application Notes for each individual type 2/6d. per copy.
iClo
PA234

PA237
PA246

CA3005
CA30l1
CA30l12
CA3013

23/6
14/9
17/9
20/~

CA3043
CA3044
CA3045
CA3046
CA3048
CA305I1

27/6
24/~
2416
15/2
4049
26/9

Sinclair Audio Amplifier

GE IC ) Watt Amplifier

GE IC 2 Watet Amplifier

GE IC 5 Watt Amplifier

GE IC Zero Voltage Switch
Plessy 3 Watt Amplifier o
Plessy Linear 50 ) 50
Mullard Linear ..

Multard General Purpose Ampllﬂer
Record/Playback Amplifier

MOS LF Amplifier oq
Mullard IC Receiver

Mullard IC Receiver B 5o
GE Silicon Controlled Switch ..

55/—
17/6
37/6
52/6
49/6
42/6
29/6
15)—
20/~
30/-
13/~
39/6
39/6
26/~

SL403A

SL702C

TAA253
TAA293
TAA3IQ
TAA320
TADIo00
TAD{ 1O
3N84

Data 5heets 1/— (SL403A 2/6. IC10 data not sold separately).

Address your order to:

L.S.T.ELECTRONIC COMPONENTSLTD
T COPTFOLD ROAD, BRENTWOOD, ESSEX
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Complete Stereo System £41

T I}

This superb stereo system is a 1eal price hreakthrough. 1t comprises Measuring 173" 103" 62”. the Duo type 2 speakers are
the VISCOUNT F.E.T. Mk | amplifier on which full details are given beautifu finished in teak veneer with matching vynair grills:
below. the famous Garrard SP 25 Mk Il {including teak veneer base They wicorporate a 103" - 6} drive unit and high trequency speaker
and transparent cover) with diamond cartridge or 2025 TC and the both of which are: of 3 ohins impedance. The Duo speaker system is
very sticcessful DUQ type 2 speakers. also awailable separately at £6.6.0. each plus 15/- P & P. Complete
stereo system £41 plus £2. 10 P & P.
WITH MK t1 ampilifier and magnetic cartridge £45plus £2.10 P & P,

High fidelity transistor sterso amplifier employing field effect transistors. With this

; %M F E T Mk | £14 53_ plus 7/6 P. & P, feature & accompanying guaranteed specifications below. the Viscount F.E.T. vastly

surpasses amplifiers costing, far more. Size: 124" X 6" X 24” in teak-finished case.

N BUILT & 5

Specification: Output per channel 10 watts r.m.s. Overload Factor: Better than 26 dB, Mk Il (MAG. P.U )TE§EE?5 0 plus 10/
Frequency bandwidth 20 Hz to 20 kHz + 1 dB  Signal to'noise ratio: 70 dB on all inputs Wwith vol. max). £ bl Al Lo 40 O/pde
@ 1 watt. Controls: 8 position selector switch (3 pos. stereo & 'n‘:;‘;'s'ca"on sgne’as JistupwihRteRiclicnilo

Total distortion: @ 1 kHz @ 9 watts 0.5%. 3 pos. mono). Separate Vol. controls for left & right .

Input sensitivities: CER, P.U. 100mV into 3 meg ohms. channels. Bass + 14 dB @ 60 Hz. Treble {with ’;Aiug- P.U. CER. P.U. Tun:;.KSpec. on Mag. P.U. 3mV @
% nes T 1 OB ohis. D.P.S, on/off] + 12 dB @ 10kHz. Tape Recording 1 1zé|-gyu;|ﬂ)edqncel 5 Fyllyr eqyalised to within
Tape 100mV into 100K ohms. output sockets on each channel. = 5 Stanaliofpo =S tioae e RCHE (oL

max).

The Dorset (600 mW)

7-transistor  fully tunable M.W.-LW. superhet _
punable—wnh baby alarm faclllty Set of pans The
latest d and pl

makes this simple to build. Snxes 12 x B x 3|n
MAINS POWER PACK KIT; 9/6 extra.

Price £5.5.0 plus 7/6 P. & P.
Circuit 2/6 FREE WITH PARTS

L QUIDATED STOCK

DANSETTE

TOURISTE MK3

CAR RADIO

Beautifully designed to blend with the
interiors of all cars. Permeability tuning
and long wave loading coils ensures

3 B YN B relative to 10w output TONE CONTRDLS ARE
e.X(.:eIIent tracking, sensitivity and sﬁle_c ' ) ‘ R o) s Nt ORTArLS <ot
tivity on both wave bands. R.F. sensitivity watts. Pre-aligned |.F. module and tuner together with at 60 Hz Bass Cut—13dB at 80 Hz Treble Boost

Elegant Seven Mk 3 {350mW)

7 transistor fully-tungble M.W.-LW. superhet port-
! able Set of parts. Complete with all components.
including ready etched and drilled printed circuit
board—back printed for foolproof construction.

MAINS POWER PACK KIT: 9/6 ex(ra )
Price £5.5.0 plus 7/6 P.
Circuit 2/6 FREE WITH PARTS

—

50 WATT AMPLIFIER

AC MAINS 200-250V

£28 10s.

plus 20/- p. & p.

An extremely refiable general purpose vatve ampiifier.
Its rugged construction yet space age styhing and design
makes it by far the best value for money.

TECHNICAL SPECIFICATIONS

3 elecronrcally mixed channels with 2 inputs per
channel, enables* the use of 8 separate instruments

°l-h’:).o. ‘?’ k4] Dinggu. at the same time. The volume controls for each channel
LTI TR ' ar focated directly above the corresponding input
sockets SENSITIVITIES AND INPUT IMPEDANCES.
Channels 1 & 2 4mV at 470K. These 2 channets (4
inputs) are suitable for micraphone or guitars. Channels

3 & 4 300mV at Im. Suitable for mast high cutput
Instruments {gram. tuner, organ. etc.k Input sensitivity

ALL "‘ANswmn

at 1 MHz is better than 8 micro volts.  comprehensive instructions guarantees success firSt time. | i v s worie cone somtar o 268 s
Power output into 3 ohm speaker is 3 12 volts negative or positive earth. Size 7”x 2" x 41" deep. are 30 Hz and 20 KHz POWER OUTPUT: For speech
and music 50 watts rms. 100 watts peak. For sustained
music 45 watts rms. 90 wanis peak For sinc wave
°R|G| NALLY SOLD coMPLETE FOR £1 5-4-6- 385 watts rms. Nearly 80 wans peak. Total distartion

- . at rated output 3.2% at 1KHz Total distortion at 20

SET OF PARTS £6 6 o watts 0.18% at 1KHz NEGATIVE FEEDBACK 2048
\ Speaker, baffle and fixing kit 25/- extra plus 4/- | 8 1 Kiz SIGNAL TO KOISE BATIO 608 MAINS

= [ ] (] P. & P. (Postage free when ordened it parts. ) VﬂlTAG[lS ad,u:t_able from 200-250V. AC. !{0—80 Hz.

A protective tuse is located st the rear of unit Dutput
Circuit diagram 2/6. Free with parts. Plus 7/6 P. & P. impedance 3.8 and 15 ohms.

RADIO & TV COMPONENTS (Acton) LTD
2 1a High Street, Acton, London, W.3.

Also 323 Edgware Road, London, W.2. ALl ORDERS BY POST to Acton

Goods not dispatched outside U.K. Terms C.W.0. All enquirics S A.E
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AWIDE SELECTION OF SERVOMOTORS NOW
AVAILABLE INCLUDES THE FOLLOWING
TYPES:

Mil size |1-400 Hz versions for 26 and | |Sv. operation with
10/20, 13/26 and 57.5/1 | Sv. control phase windings.

Mil stze 08, 10, |1, I5 and 18 motor generators for 400 Hz
operation with 26 and |{5v. energised tacho generators.
Ml aixze 08, 10, |5 and 18 two phase sarvomotors elso avaii-
able with 400 Hz windings and a limited range in 50 Hz tlpes.
Mil Parmanent Magnet Field Sarvomotora Size 08, i1,
15 and 18 with supply voltages from 6 to 50v, D.C,

Mil Tachogenerators Size 08 and (0 for 400 Hz supply.

FULLY TRANSISTORISED

G & E BRADLEY ELECTRONIC MULTIMETER MAINS T0

27V 500mA

TYPE CT471B STABILISED
A.C./D.C. volts: 12mV, 40mV, 120mV, 400mV, |:2V, 4V,
12V, 40V, 120V, 400V, 1,200V, fsd. A.C./D.C. current: |2uA,
uA, (20uA, 400uA, |2mA, 4mA, I2ZmA, 40mA, 120mA,
400mA, 1-2A. R.F. volts: 40mV_to 4V (up to 1,000 MHz).

D.C. Resistance Ranges: 0-100, 0-10K g, 0-IM g, 0-10¢
0-1,000Mg. In excellent condition. (ully checked.
carriage £}.

£45,

DRY REED INSERTS

Mil Size |1 .Servorgo:olr gearheads avajlable in various
0

ratios from 10:1 to 1000:1. Ty =
All items available ex stock and at extremely c ive } — = a2 r— MAINS)27Y
prices. DC POWER

EVERSHED AND VIGNOLES' SERVOMOTORS
AND SERVOMOTOR-GENERATORS

We hold stocks of this well known manufacturer’s items
smounting to about 100 different types—an enquiry stating
your broad design considerations will bring a reply by
return indicating ex stock availability of the motor most
nearly ing your requir

Write for our Data Sheets A [3] onwards for detsils of
available Servomotors.

MIL SYNCHROS AVAILABLE EX STOCK

12/6d. per dox. 75/- per 100;
10,000. All carriage paid.

1/-). Many
SPECIAL

£13.0.0 each st and

‘Insizes 08,11,15, 16, 18 and 23 for 50, 60 and 400 Hz operation, B8SX 76 FAST SWITCHING "-;’-"-
Synchro Control Transformers ‘CVSSIS). For quantities up to |, /6
Synchro Control Transmitters 13d.; over 5,000 1/- each.

Synchro Control Differential Transmitters
Synchro Torque Transmitters and Receivers
Synchro Resolvers
EQUIVALENT MAGSLIP ELEMENTS
more sultable for educational use also In stock.
Write for our Data Sheeta A 001 onwards for Synchro
and Magslip information.

PRECISION POTENTIOMETERS

£16 per 1,000 (post
TANTALUM
.T.C.
atock list
SIN

with lowest prices
- SINE P

SCP4, SCPS, CLR96, CLR&6 In
CLASS D W

Brand new £19 (carriage 30/
MARCONI SIGNAL G

Overall length 1.85° (Body lang(h 1.1”) Diameter 0.14° to
switch up to 500 mA st up to 2!

REED RELAYS T37358A. 200 ohm coil (3v operation).
4 pole make contacts. Small size. 7/6 each (post and packing
ther types available
3FFER OF AVO
reconditioned, with test certificate, in hide carrying case

?o acking 10/-). A few panclimstic 7%
meters_available st uf.lo.o each (post and packing (0/-).

# Minimum order 10 off, In makers

* packs.

BAST SWITCHING.:OGIC DIODES BAY 38 (CVB617) 1

ald).

CA;A&ITORS We hold large stocks by

T.C.C,, Dubilier, Kemet, Plauar, G.E., etc., send for

for immediat:
TENTIOMETERS Types

AVEMETERS No. 2 [.2-19 Mc with charts.

hERATOR TF8OIA (0-300

SUPPLY
Qv D.C. Gold clad contacts. UNITS

£27.10.0 per 1,000; £250 per

MAINS 27v D,C. POWER SUPPLY UNITS
These interesting 27v 0.5A units (will happily provide 700mA
indefinitely) are built Into an attractive grey-finished instru-
maent case, provision being made for base or side mounting.
Cable entry grommaets are mounted in the base of the unit,
The choke capacity smoothed output is solid state scabiilsed
againat variation in input voltage and output current, and
input and output fuses with spsres are fitted. The output
operates & built-in 5.P.C.O. relay to switch for instance an
alarm circult. Input voltage is 200-250v D.C. in 10v steps,
while the transformer secondary carries two taps. ]
terminations are transferred over to a Grelco block. There
is adequate room for other equipment within the ventilated
case, which is 12°x10°X6° deep. Our price, brand new
in carton with clreuit, only 65/,

(ses July W.W.)
METERS Model 7. Fully

TRANSISTORS
each: up to 5,000

e delivery. Ser)
! PRECISION SIGNAL GENERATORS

F.M./A.M. SIGNAL GENERATOR CT2I8
Range A 85-183 KHz Range E 1:83-3-94 MHz

stock.

Numeroys instrument types, continuous rota- MHz in 4 bands, £45 (carriage 30/-). B8 183-394 KHz w F 3:948-.50 MHz
tion p:t.ntiomeun for control spplication and SANGAMO-WESTON POR“‘AILE sub-standard FRE- " € 394850 KHz w G 8:50-18-3 MHx
HELIPOTS in stock. List on application. QUENCY METERS 5105 [200-2,000 Hx 95-135V. £12.10.0. D 850-i-83MHx H 18-3-30 MHz

Post 7/6.

PLUGS, SOCKETS & CONNECTORS
Over 150,000 items In stock including Plessey Mk, 4,
104, U.K.A.N.,

SUB-“‘INIATURE | in. DIAMETER METERS. Arbi-
trary scale, Sealed, 150-0-150uA, 0-300uA or 0-500.:A, Either
typs 35/- each (post and packing 2/6).

"
Crystal Check at 2 MHz and 100 KHz points.

Deviationt 5 or |5 KHz on Range C; 10 or 30 KHz on range
D; 30 or 90 KHz on ranges E, F, G and H. A,M. Modulation:
1,000, ‘I/,GOO or 3,000 Hz. Output voltage; 1uV-1V in 6 ranges

6, 7

, U.K.AL Painton, Electromethods, Cannon, ‘elflng.

Lee, Amphonef. Transradio, etc. Enquiries for specific items
to Orpington or Lydd.

Carriage extra at cost on all jtems unless indicated otherwise.

Gertsch COMPLEX RATIO BRIDGE Model CRB2B,
Six diglts in phase, four digits in quadrature. Our Price £200.

and IV-10V in 20 ranges. With provision for external
dulation. in H ditl &5 each (carriage 30/-),

P.M./A.M. SIGNAL GENERATOR CT30
As above but with additional L.F. range 35-85 KHz and leas

CSemw uml éleclronic CSales ﬂlal

Electrical and Servo Control Englneers - Electrical Suppliers - Engineering Stockists - Aeronautical Suppliers 1
Post orders to 43 HIGH STREET, ORPINGTON, KENT. Phone: Orpington 31066/33976/33221
19 MILL ROAD, LYDD, KENT (Works). Phone: Lydd 252
67 LONDON ROAD, CROYDON, SURREY (Retail Branch and Instrument Repairs),

Phone: 0]-688-1512 (Croydon)

the 18'5-30 MHz range (Ranges A-H) and with additional
mod. frequency 300 Hz. Deviatlon; 5 ln%ls KHz, range D;
10 and 30 KHz range E; 30 and 90 Kz, F, G & H. In excellent
condition. £65 each (carriaga 30/-).

10 cm. SIGNAL GENERATOR SPERRY PT, No.
6l16-0

Modulated Microwave Generator covering the range 78 to
11 cm., with modulation frequency of -4-4 KC, The instru-
ment may also be used as a Generator. The precision
attenuator is calibrated 0-130 dB, Coaxial output, In excellent
condition. £50 each (carrlsge 30/-).

LATEST RELEASE OF
RCA COMMUNICATION RECEIVERS ARS8

BRAND NEW and in original cases—A,C. mains input. 110V
or 250V, Freq. in 6 bands 535 Kc/s-32 M¢/s. Output impedance
2.5-600 ohms. Complete with crystal filter, noise limiter, B.F.O.,
H.F. tone control, R.F. & A.F. variable controls, Price £87/10/-
each, carr, £2,

Same mode] as above in secondhand cond. (guaranteed working
order), from £45 to £60, carr~ £2.

*SET OF VALVES: new, £3/10/- a set, post 7/6; SPEAKERS:
new, £3 each, post 10/-~. *HEADPHONES: new, £1/5/= a pair,
600 ohms impedance. Post 5/~

ARS8 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil-
lator coil L55. Price 10/= each, post 2/6. RF Coils 13 & 14;
17 & 18; 23 & 24; and 27 and 28. Price 12/6 each. 2/6 post.
By-pass Capacitor K.98034-1, 3x0.05 mfd. and M.980344,
3% 0.01 mfd., 3 for 10/-, post 2/6, Trimmers 95534-502, 2-20 p.f.
Box of 3, 10/-, post 2/6. Block Condenser, 3 X 4 mfd., 600 v.,
2’2 each, 4/ post. Output transformers 901666-501 27/8 each,

= post,

® Avatlable with Receiver only,

MARCONI SIGNAL GENERATOR TYPE TF-144G: Freq.
85 Kc/s-25Mc/s in 8 ranges. Incremental: 4 1% at 1Mc/s. Output:
continuously variable 1 microvolt to 1 volt. Output Impedance:
1 microvolt to 100 millivolts, 10 ohms 100mV - 1 volt - 52.5 ohms.
Internal Modulation: 400c/s sinewave 759%, depth. External Modu-
lation: Direct or via internal amplifier. A.C. mains 200/250V,
40-100c/s. Consumption approx. 40 watts. Measurements 19} x
12} x 10 in. Secondhand condition. £258 each, carr. 30/-.

LAVOIE PORTABLE ABSORPTION FREQUENCY METER
TYPE TS-127/U: Freq. 375-725Mc/s. Circuit:' Piston-capacitor
type tuning Resonator working direct into a 957 detector valve,
R.C. coupled to a 2 stage amplifier (1S5 & 3S4): Microammeter
Resonance Indicator: Time switch to select operating time up to
15 mins. Average ‘Q’-3000: Power Requirements: 1.5V dry
batteries and 45V, Price £20 each, 10/- post.

CT.49 ABSORPTION AUDIO FREQUENCY METER:
Freq. range 450c/s-22Kc/s., directly calibrated. Power supply
1.5V-22V d.c. £12.10.0 each, 15/- carr.

If wishing to call ot Stores, please telephone
for oppolntment.

W. MILLS © ™o o w o

-
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HRO RECEIVER. Model 5T. This is a famous American High Frequency
superhet, suitable for CW, and MCW, reception crystal filter, with phasing
control. AVC and signal strength meter. As new £18/10/- each, carr. £1.

COh;/MAND RECEIVERS; Model 6-9 Mc/s., as new, price £5/10/- each,
post 5/-.

COMMAND TRANSMITTERS, BC-458: 5.3-7 Mc/s,, approx. 25W
output, directly calibrated. Valves 2 X 1625 PA; 1 X 1626 osc.; 1 x 1629
Tuning Indicator; Crystal 6,200 Kc/s. New condition—£3/10/- each, 10/-
post.

(Conversion as per ‘‘Surplus Radio Conversion Manual, Vol. No. 2,” by
R. C. Evenson and O. R. Beach.)

AIRCRAFT RECEIVER ARR. 2: Valve line-up 7 X 9001; 3 X 6AK5; and .
1 x 12A6. Switch tuned 234-258 Mc/s. Rec. only £3 each, 7/6 post; or Rec.
with 24 v. power unit and mounting tray £3/10/- each, 10/- post.

RECEIVERS: Type BC-348, operates from 24 v D.C., freq. range 200-500
Kc/s, 1.5-18 Mc/s. (New) £35.0.0 each; (second hand) £20.0.0 each, good
condition, carr. 15/- both types.

MARCONI RECEIVER 1475 type 88: 1.5-20 Mc/s, with a.c. Power supply,
second hand condition £13/10/- each, carr. 25/-.

RACAL EQUIPMENT: Frequency Meter type SA20: £35 each, carr. £1.
Frequency Counter type SA21: £65 each, carr. 30‘-. Converter Frequency
Elch’ectronic \;:HF Type S.A.80 (for use with the SA.20): 25 Mc/s-160 Mc/s, £40
ea carr. £1.

ROTARY CONVERTERS: Type 8a, 24 v D.C, 115 v A.C. @ 1.8 amps,
400 cfs 3 phase, £8/10/~ each, 8/- post. 24 v D.C. input, 175 v D.C. @ 40m.
output, 25/~ eaci\, post 2/-.

CONDENSERS: 150 mfd, 300 v A.C., £7/10/- each, carr. 15/-. 40 mfd, 440 v
A.C. wkg., £5 each, 10/- post. 30 mfd, 600 v wkg. D.C., £3/10/- each, post 10/—:
15 mfd, 330 v A.C. wkg., 15/- each, post 5/-. 10 mfd, 1000 v, 12/6 encfl, ost 2/6.
10 mfd, 600 v, 8/6 each, post 5/-. 8 mfd, 1200 v, 12/6 cach, post 3/-. 8 mfd, 600 v,
8/6 eaci\, post 2/6. 4 mfd, 3000 v wkg., £3 each, post 7/6. 2 mfd, 3000 v wkg., £2
each, post 7/6. 0.25 mfd, 2Kv, 4/- each, 1/6 post. 0.01 mfd. MICA 2.5 Kv. Price
£1 for 5. Post 2/6. Capacitor: 0.125 mfd, 27,000v wkg. £3.15.0 each, 10/- post.

OSCILLOSCOPE Type 13A, 100/250 v. A.C. Time base 2 ¢/s.-750 Kc/s.
Bandwidth up to 5 Mc/s. Calibration markers 100 Kc/s. and 1 Mc/s. Double
Beam tube. Reliable general purpose scope, £22/10/- each, 30/- carr.

COSSOR 1035 OSCILLOSCOPE, £30 each, 30/- carr.

COSSOR 1049 Mk. 111, £45 each, 30/- carr.

RELAYS: GPQO Type 600, 10 relays @ 300 ohms with 2M and 10 relays @
50 ohms with 1M., £2 each, 6/- post.

12 Small American Relays, mixed types £2, post 4/-.

Many types of American Relays available, i.e., Sigma; Allied Controls; Leach;
étc. Prices and further.details on request 6d.

,GEARED MOTORS: 24 v. D.C., current 150 mA, output 1 r.p.m., 30/~ each,
4/- post. Assembly unit with Letcherbar Tuning Mechanism and potentio-
meter, 3 r.p.m., £2 each, 5/- post.

SYNCHROS: and other ?ecial purpose motors available. Briti'sh and American
ex stock. List available 6d.

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., sec.

6,000 ohms. Price 25/-, post 5/-.

SOLENOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2/10/- each
post 6w

CONTROL PANEL: 230 v. A.C., 24 v. D.C. @ 2 amps., £2/10/- each, carr. 12/6.

OHMITE VARIABLE RESISTOR: 5 ohms, 5} amps; or 2.6 ochms at 4 amps.
Price (cither type) £2 each, 4/6 post each.

TX DRIVER UNIT: Freq. 100-156 Mc/s. Valves 3 x 3C24’s; complete with
filament transformer 230 v. A.C. Mounted in 19in. panel, £4/10/~ each, 15/~ carr.

POWER SUPPLY UNIT PN-12A: 230V a.c, input 50-60 c/s. 513V and 1025V @
420 mA output. With 2 smoothing chokes 9H, 2 Capacitors, 10Mfd 1500V and
10Mfd 600V. Filament Transformer 230V a.c. input. 4 Rectifying Valves type 5Z3.

" DECADE RESISTOR SWITCHI 0.1 ohm per step.

FREQUENCY METERS: BC-221, mcter only £30 each, BC-221 complete with
stabilised power supply £35 each, carr. 15/-. LM13, 125-20,000 Kc/s., £25 each,
carr, 15/-. TS.175fU, £75 each, carr. £1.

CANADIAN HEADSET ASSEMBLY: Moving coil headphones 1000, with
chamois leather earmuffs. S, hand microphone complete with switch and
moving coil insert. New condition. Price 35/- each, post 5/-.

AiJDlO OSCILLATOR 382/F: Input 115 v. A.C., 50 ¢/s, 20-200,000 cfs per sec.
in 4 ranges. Cont. wave, Output 0-10 v. in 7 ranges. Power output 100 mW.
Output impedance 1,000Q2. £27/10/- each, £1 carr.

RACK CABINETS (totally enclosed) for std. 19in. panels. Size:-6ft. high X
21in. wide X 16in. deep. With rear door. £12 each, £2/10/- carr. OR 4ft. high X
23in. wide X 19in. deep. With rear door. £8/10/- each, £2 carr.

CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour
green, medium persistence complete with nu-metal screen, £3/10/- each, post 7/6.

APNI ALTIMETER TliANS.IREC., suitable for conversion 420 Mc/s., com~
plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, carr. 10/-.

ANTENNA WIRE: 100 ft. long. 15/ + 5/- post.

SIMPSON OUTPUT VOLTMETER A.F., Model 427: 3 ranges, 2, 10 and 50
Volts, £3 each, + 4/- post.

PYE D.C. MICROVOLTMETER, suspended Galv er movement.
Range multiplier x 1 X 10 X 100 X 1000. Mains operated 200/250V.
£25 + £1 carr.

GR FREQUENCY METER Type 720A. 10 Mc/s-3000 Mc/s, with P.U.
115/230V a.c. £27/10/- + £1 carr.

SIGNAL GENERATOR OSCILLATOR TEST SET NO. 2. AM/FM,
Frequency 20-80 Mc/s, 2 ranges. £40 + 15/- carr. ’

DAWE OCTAVE BAND ANALYSER TYPE 1410A.
operated. Attenuator 0-50 Db. 6 ranges. £25 + £1 carr.

LABORATORY VALVE VOLTMETER E.L LTD. Model 26: 6 ranges,
1V-250V a.c./d.c. Ohms 4 ranges 0.1-1 meg., with probe. £22/10/- 4 15/- carr.

MARCONI TF-1377 SUPPRESSED ZERO VOLTMETER: Meter
Range 50mV, 0.5V, 5V, 50V, all centre zero. Input range 10V, 100V, 100V X 2,
100V X 5. Zero supression indicator 0-999. £40 + 15/- carr.

COSSOR OSCILLOGRAPH VOLTAGE CALIBRATOR, Model 1433:
5 ranges, 3-300mV, and 1-100V. £15 + 15/- carr.

ADVANCE L.1 SIGNAL GENERATOR: Freq. 300-1000 Mc/s. 0-120Db
Attenuation. Modulation Pulse or Sinewave Pulse with 15-100 or 80-600
microfsecs, £45 + £1 carr. i

Portable Battery

APN-1 INDICATOR METER, 270° Movement. Ideal for making rev. counter,
25/= each, 5/- post.

VARIABLE POWER UNIT: Complete with Zenith variac 0-230V., 9 amps.;

. 2} in. scale meter reading 0-250V. Unit is mounted in 19 in. rack. £15 each, 30/-

Carr,

AIRCRAFT SOLENOID UNIT D.P.S.T.: 24V, 200 Amps, £2 each, 5/- post.
RADAR SCANNER ASSEMBLY TYPE 122A: Complete with parabolic
reflector, (24 in. diameter), meters, suppressors, etc. £35 each, £2 carr,

10 positions. 3 Gang, each
0.9 ohms. Tolerance +1% £3 each, 5/- post. 90 ohms per step. 10 positions,
total value 900 ohms. 3 Gang. Tolerance +1% £3/10/- each, 5/- post.

TELESCOPIC ANTENNA: In 4 sections, adjustable to any height up to 20 fi.
Closed measures 6 ft, Diameter 2 in. tapering to 1 in. £5 each + 10/- carr. Or
£9 for two + £ carr. (brand new Fondition).

COAXIAL TEST EQUIPMENT: COAXWITCH—Mnftrs. Bird Electronic
Corp. Model 72RS; two-circult reversing switch, 75 ohms, type “N* female
connectors fitted to receive UG-21/U series plugs. New in ctns., £6/10/= each,
st 7/6. CO-AXIAL SWITCH—Mnftrs. Transco Products Inc., Type
1460-22, 2 pole, 2 throw. (New) £6/10/- each, 4/6 post. 1 pole, 4 throw,
Type M1460-4. (New) £6/10/- cach, 4/6 post.

PRD Electronic Inc. Equipment: FREQUENCY METER: Type 587-A,
0.250-1.0 KMC/SEC. (New) £75 each, post 12/6. FIXED ATTENUATOR:
Type 130c, 2.0-10.0 KMC/SEC. (New) £5 each, post 4/-. FIXED ATTENU-
ATOR: Type 1157S-1, (new) £8 each, post 5/-.

2 X 5V windings @ 3 Amps each, and 5V @ 6 Amp and 4V @ 0.25 Amp. nted
on steel base 19°Wx11"Hx14”D. (All connections at the rear). Excellent condition
£6.10.0, each, Carr. £1.

AUTO TRANSFORMER: 230-115V, 50-60c/s, 1000 watts. mounted in a strong
steel case 5° X 63" X 7. Bitumin impregnated. £5 each, Carr. 12/6. 230-115V,
50-60c/s, 500 watts. 7° X 57 X 57 Mounted in steel ventilated case. £3 each,
Carr, 10/-.

POWER UNIT: 110 v. or 230 v. input switched; 28 v.
Wt. approx. 100 lbs., £17/10/- each, 30/- carr. SMOOT.
for above £7/10/~ each, 15/- carr.

CORPORAL ROCKET ELECTRONIC GUIDANCE EQUIPMENT: Beacon

45 amps. D.C. output.
NG UNITS suitable

RN.7. Rec/Trans. Assembly MX.2048DPW-8. Electronic Control

o D
Amplifier AM1510/DJW3. Transmitter C-1493/MRQ.1. Power Units and mis-
cellaneous spares available.

MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 x 811 valves,
microphone and modulator transformers ctc. £7/10/- each, 15/- carr.

NIFE BATTERIES: 4 v. 160 amps, new, in cases, £20 each, £1 10/- carr.

FUEL INDICATOR Type 113R: 24 v. complete with 2 magnetic counters
0-9999, with locking and reset controls d in a 3in. d case. Price
30/~ each, postage 5/-.

FOR EXPORT ONLY
BRITISH & AMERICAN
COMMUNICATION EQUIPMENT

VRC.19X Trans-ceiver, 150-170Mc/s, 2 Channel, 20. Watts, Qutput 12/24V d.c.
operation. General Electric Transmitter, 410-419Mc/s, thin line tropo scatter
system, with antennae. W.S. Type 88, Crystal controlled, 40-48 Mc/s. W.S. Type
HF-156, Mk. II, Crystal controlled, 2.5-7.5 Mc/s. W.S. Type 62, tunable, 1.5-12
Mc/s. C.44, Mk. II, Radio Telephone, Single Channel, 70-85 Mc/s, 50 watts,
output, 230V. a.c. input. G.E.C. Progress Line Tx Type D036, 144-174 Mc/s,
50 watt, narrow band width. A.C. input 115V. BC-640 Tx, 100-156 Mc/s, 50
watt output, 110V or 230V input. STC Tx/Rx Type 9X, TR1985; RT1986;
TR1987 and TR1998, 100-156 Mc/s. TRC-1 Tx/Rx, Types T.14 and R.19,
FM 60-90 Mﬁs. With associated equipment available. Redifon GR410 Tx/Rx,
SSB, 1.5-20 Mc/s. Sun-Air Tx/Rx e T-10-R. Collins Tx/Rx/Type 18S4A.
Collins Tx/Rx Type ARC-27, 200-400 Mc/s, 28V d.c. With associated equipment
available. ARC-5; ARC-3; and ARC-2 Tx/Rx. BC-375; 433G; 348; 718; 458;
455 Tx/Rx. Directional Finding Equipment CRD.6 and FRD.2 complete Sets
available and spares. Telephone Installation type XY, (U.S.A.), 600 Line Auto-
matic Telephone Exchange. Complete system with full set of Manuals, Mobile
Communications Installation mounted in a trailer with 4 X pneumatic tyres.
Consisting of 3xARC-27 Tx/Rx with all associated equipment (as new).

ALL GOODS OFFERED WHILST STOCKS LAST IN “AS IS’ CONDITION UNLESS OTHERWISE STATED

CALLERS BY TELEPHONE
APPOINTMENT ONLY

W. MILLS

3-B TRULOCK ROAD, LONDON, N17 0PG
Phone: 01-808 9213

BEDFORD STORES: Elstow Depot., Bldg. 10C7, Kempston Hardwick., Tel: Wilstead 605
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TYPE 13A DOUBLE BEAM
OSCILLOSCOPES BARGAIN

An excellent general purpose
e D/B oscilloscope. T.B. 2 cps-

il 750 Kc/s. Bandwidth 5.6 Mc/s
i Sensitlvity 33 Mvfom. Oper-
ating voltage 0/110/200/260 v.
A.C. Bupplled in excellent
working conditlon, £22/10/-.

Carriage 30/-.

AV.O CT47|A MULTIMETER
Battery fully ised. Sensl-
tivity 100 M /v. Measures A.C./D.C. voitages
12mV. to 1,200 V A.C./D.C. current 12uA. to
1.2 Amp. Resistance 12 ohm to 120 mg H.F.,
V.H.F., U.H.F. voltage with multiplier 4V. to
400V. up to 50 Mc/s., 40 mV. to 4V. up teo 1,000
Mcjs. Offered in perfect condition. £55 each.
Carr. 10/-.

CRYSTAL
CALIBRATORS
N 0

Small portable crystal
controlled  wavemeter.
8ize 7in. x 7iin. x 4in.
Frequency range 500
Kefs—10 Mcfs (up to
30 Mc/s on harmonics).
Calibrated dial. Power
requirements 300 V.D.C.
16mA and 12 V.D.C.
0.3A. Excellent condi-
tion. 89/8. Carr. 7/6.

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS
0-20 Kefs. Output 5K or 500 ohms. 200/250 v.
A.C. Offered in excellent condition, £12/10/-.

Carriage 10/-.

CLASS D. WAVEMETERS

A crystal controlled hetero-
dyne frequency meter cover-
ing 1.7-8 Mcfs. Operation on
6 v. D.C. Ideal for amateur
use. Available in good used
condition £5.19.6 Carr. 7/6.
Or brand new with accessories
£7.19.6 Carr. 7/8.

B.C. 221 FREQUENCY METERS
Latest release 126 KHza-30 MHz. Excellent con-
dition. Fully tested and checked and complete
with calibrator charts. £27.10.0 each. Carr. 10/-.

AM/FM SIGNAL GENERATORS

Osculator Test

No. 2. A high
quality precision
instrument ade
for the Ministry
by Airmec. Fre.
quency coverage
20-80 Mcfs. AMy
CW/(FM. Incor-
porates precision
dlal, lever meter, precislon attenuatoriuV-100Mv.
Opera',lon from 12 volt D.C. or 0/110/200[250 v
A.C. Bize 12 x 8¢ x 8in. Supplied in brand new
condition complete with all connectors, fully
tested, £45. Carr. 20/-.

AVO"CT.38 ELECTRONIC MULTIMETERS
High quality 97 range tnstrument which measures
A.C. and D.C. Voltage. Current, Resistance and
Power Qutput Ranges D.C. volts 250 mV-10,000v.
(10 meg (2 -110 meg Qinput). D.C. current 101.A-25

mps. Ohms. 0-1,000 meg(} A.C. volt 100mv.-
250V {with R.F, meaeuring head up to 250 Mc/s)
A.O current 10;2A-25 amps. Power output 50

tts-5 watts. O i 0/110/200/250V
AC. d in perfect
cm.‘ul'. lead and R. P probe. £25. Carr. 15/«

ADMIRALTY B.40 RECEIVERS High
quality 10 valve
receiver manufac-

650 Kcfs-30 Mcfs.
LF. 500/Kefs. In-
corporates 2 R.F.
and 3 L.F. stages,
bandpass filter,
noise limiter, crys-
tai controlied
cailbrator
output, etc.
Bullt-in speaker,
5 output for phones.
Operation 1501230
volt A.C. Size 19} x 18§ x 16in. Weight
114lb. Offered -sin good working condition.
£22/10/0, carr. 30{-. With clrcuit diagrams. Also
available B41 L.F. version of above. 16 Ko/s-700
Ko/s. £17/10/-. Carr, 30/~

TO-2 PORTABLE
OSCILLOSCOPE f
A genera]l purpose low cost i
econoiny oscilloscope for every-
day use. Y amp. Bandwidth |
2 CP§—1 MHZ. Tnput imp. |
2 meg @. 25 PF. lluminated
scale. 27 tube. 115 x 180 x |
230 mm. Weight 8lba. 220/ |

USED EXTENSI

E
@ LOW COST @ QUICK DELIVERY @ OVER 200 RANGES IN STOCK @ OTHER

VELY BY

INDUSTRY

DUCATIONAL AUTHORITIES, ETC,

RANGES TO ORDER

GOVERNMENT DEPARTMENTS,

BUMA ...... 69/6
50-0-50uA .. 67/6
100A ...... 8718
100-0-100uA 85/~
BO0UA ...... 62/6
ImA........ 59/6

CLEAR PLASTIC METERS

TYPE SW. 100
100 x 80 mm.
20V. D.C..... 59/6

NEW “SEW” DESIGNS!

BAKELITE PANEL METERS

TYPE S$-80
80 mm.
square fronts

50V. D.C..... 59/8 50-0-502A .

300V. D.C. .. 59/8 | 100nA .......
1amp. D.C... 59/6 | 100-0-100uA . 57/6
5amp. D.C... 59/6

300V. A.C. .. 59/6

VU Meter . ... 75/

300V. A.C.
VU Meter ...... 87/6

“SEW" CLEAR PLASTIC METERS

Type MR.38P. 1 21/32in. square tronts.

Type MR.85P. 4iin. X 43in. tronts.

10 nmp Al 0.‘
20 amp. A.C.*..
30 amp. ACe. .

Type MR.52P.

BOuA. ....... .. 82/
50-0-504A . 62/~
100pA 52/~
100-0-100uA .. 47/8
........ 45/-
. 40/~
40/~
... 40/-
... 40/
- 40/~
... 40/
. 40/~
40/-

2¢in. square lronti

20 amp. A.C.* ..
30 amp. A.C.*..

FTC-401
TRANSISTOR
TESTER

Fuli  capabilities for
measuring A, B and 1CO.
NPN or PNP. Equally
adaptable for checking
diodes. 8upplied com-
plete with instructions,
battery and leads.
£6.19.6 & 3/- P. & P.

MARCONI TF.I142E DISTORTION
FACTOR METERS
Excellent condition. Fully tested £20. Carr. 15/-.

TRANSISTORISED L. C R. A.C MEASURING
BRIDGE.

A new portable
bridge offering ex-
cellent range and
accuracy at low cost.
Ranges: B. 10—
111 MEG a 6

RIES, 6 Ranger —
2%. C. 10PF4
1110MFD. 6 Ranges
+ 2%. TURNS RATIO 1:1/1000—1:11100.
6 Ranges + 1%. Bridge voltage at 1,000 OP8.
Operated from 9 volts. 100uA. Meter indlcation.
Attractive 2 tone metal case, 8ize 7§ x 6° x 2°.
£90. P. & P. 5/-.

COSSOR 1049 DOUBLE BEAM
OSCILLOSCOPES

D.C. coupled. Band width 1 Kcfs. Perfect order.

£25. Carr. 30/-.

TE-20RF SIGNAL GENERATOR
Accurste wide range
signal generator cover-
ing 120 kcfs-260 Mcfs.
on 6 bands. Directly
calibrated, Variable
R.F. attenuator. Op-
eration 200/240 v. A.C.
Brand new with instrue-
tions. £15.

P. & P.7/8. S.A.E. for details.

TE22 SINE SQUARE WAVE
AUDIO GENERATORS
20 cps to 200 kefs. on 4 bands. Square
20 cps to 30 kcfs.
Qutput impedance
5,000 ohms, 200/

Bine:

30 amp, AC." ..

Type MR.65P, 3gin. x 34in. tronts.

10V. D.C..
20V. D.C..
50V. D.C..
150V. D.C.

300V. D.C. .... 49/

30 amp. A.C.*..

#=MOVING IRON —
ALL OTHERS MOVING COIL

Please add postage

“SEW'" BAKELITE
PANEL METERS

Type MR.A5.

R4in anmare tronts.

B00mA .

130

-y
o
... D MICROAMPRaL

200 300

lfi )

EDGWISE METERS

Type PE.70. 3 17/32in.
deep.

B00uA ..... 52/-
ImA.......

300V. AC. .. 47/8
VU meter .. 85/-

x 115/32in. x 2{ in,

TO- 3 PORTABLE OSCILLOSCOPE. 3" TUBE

Y amp. Sensltivity. .Iv
p-p/CM. Bandwidth 1.5 cps
—1.6 MHZ. Input imp.
2 meg Q. 25 PF. X amp
sensitivity. -9v p-p/CM.
bandwidth 1.5 eps—800
KHZ. Input imp. 2 meg O

20 PF. Time base. 5 ranges
10 cps—300 KHZ. Byn-
chronization. Internalfex-

ternal. Dluminated scale.
140 x 215 x 330mm ‘Weight 1541bs. 220/240 V.
A.C. Bupplled brrod new with handbook
£37.10.0 Carr. 10/-.

SEND FOR ILLUSTRATED BROCHURE ON SEW PANEL

METERS —DISCOUNTS FOR QUANTITIES

8lngle hole fixing,

POWER RH

High quauty ceramic coustruction. Windings embedded in vitreous enamel.
Heavy duty brush wiper, Continuous ratlng. Wide range available ex-stock.
{in. dia, shafts. Bulk quantities available.

25 WATT. 10/20/00/100/250/500/1000[150("2500or 5000 ohms, 14/6.P. & P.1/8.
50 WATT. 10/25/50/100/250/500/1000,
100 WATT. 1/5/10/25/50/100/250/500/1000 or 2500 ohms, 27,

500 or 5000 ohma, 21/~

. P. & P.1/5.
_P. & P. 16,

g%;: 250 v. A.C. opera-
tion.Supplied brand
new and guaran-
teed with instrue-
tion manual and

o leads, £16.10.0.

40/- Carr. 7/6.

40/

431' MARCONI

TF885 VIDEO OSCILLATORS

22;‘ 0-5 mc/s Sine 8quare Wave £45. Carr. 20/-.

e LAFAYETTE TE-46_RESISTANCE

5 CAPACITY ANALYSER

40/~ 2 pf-2,000 mfd.

40/- 2 ohma-200 meg-

40/~ ohms. Also checks

: impedance  turna
0/ ratlo  insulation,
40/~ 200/250 v. A.C.

Brand ;‘ew. £17.10

Carr.

270° 500 MICROAMP METER
Incorporated ‘n Radlo Altitude Indicator 1D-
14APN.1deal forrev. counterete. 15/6. P. & P. 3/-.

TE-200 RF SIGNAL GENERATOR

Accurate wide range sig-
nal generator covering
120 Kc/s—500 Mc/s on
6 banda. Directly cali-
brated.  Variable RF.
attenuator, audio output.
Xtal socket for caitbra-
tlon. 220/240V. A.C.
Brand new with instruce
tions. £15. Carr. 7/6.
8ize 140 x 216 x 170 mm.

ADVANCE TEST EQUIPMENT
Brand new and boxed In original sealed cartons.
JIB. AUDIO SIGNAL GENERATOR
18 ¢/s to 50 Kc/s, 8ine wave. Qutput 600 ohms
or § ohms. £30.0.0.

VM79. UHF MILLIVOLT METER
100 Ko/s to 1,000 Me/s. A.C. 10 mV to 3v. D.C.
10 mV. to 3v. Current 0.01 uA to 0.3 mA. Resist-
ance 1 ohm to 10 megohm. £125.0.0.

TTIS. TRANSISTOR TESTER

Full range of facilities for testing PNF or NPN
transistors in or out of ¢ircuit. £37.10.0.
Carriage 10/- per item.

MARCONI TFI95M BEAT
FREQUENCY OSCILLATORS
0-40 kofs. £20. Carr. 30/-.

G. W. SMITH

& Co. (Radio) Ltd.

ALSO SEE NEXT TWO PAGES
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SEMI-CONDUCTORS/ VALVES

BRAND NEW & FULLY GUARANTEED

TRANSISTORS VALVES

IN914 1/6 [ ACY18  5/- | BBYS6 18/ | OA2 8/ | 30FL14 15/6 | EY51 8-
IN4001 2/- | ACY19 5/- | BRYBSA 2/6 0B2 8/6 | 30L16 17/- | EYS86 8/-
TNioes  wdlacvao - [BY10 3jg | OZ¢ o | omis 1Mz Ever s
IN4004  g/- | ACY21  5/- | BY124 /- | jpg 7/- | 3op19  15)- | B240 8
IN4005  8/6 ( ACY22  4/- [ BY126  4/- | Igs 5/- | 30PL1  18/6 | E241 9/-
IN4006  4/- | ACY28  4/- [BYI27 4/ | IT4 4/6 | 30PL13  18/- { EZ80 5/8
%ﬁ’% ;;g ACY40  4/- | BYZIO  7)- gg g/(; gg;’};“ 13/’5 EZ81 5/8
IN6054  4/¢ | AD140 8- |BYZIl  6/6 | .00 818 | 35774 5. | 6252 o/6
2G301 4/- | AD149 116 | BYZ12  6/- | 504 8/- | 3524 5/- | GZ34 11/-
2G302 44- | AD161 7/8 | BYZ13 5/= 384 7/- | 3526 7/- | KT86 27/8
2G303 4-| AD162  7/6 | MJ480 19/6 | 3V4 8/- | 50B8 - | KTBS  33/8
ggggg %//'3 AF114 55. MJ481 25[/- gg: 1‘13;: 3306 ;{' MUL4 8/-
AF115 6/- | MPF102  8/8 - 2 | PABCSO  8/-

e Y larme 8- |mpmos e | 294 O | sz T8 poss s
26374 4- | AF127 6/- | MPF104 /6 | 524G 7/6 | 1625 6/- | PC88 18/-
;ggg% l‘llﬂ AF118  12/6 | MPF105 7/6 gl:&m 12;- g;gg ;gl- PCO7 8/8
- | AF119 4/- | NKT213  8/- b /= | PCOOO 9/8

Ness 5o |AF12e C wi|Nkrawe s | 0AGT  WO|Azst 100 pccsy 7.
2N706 2/6 | AF126 4/- | NKT216  7/8 | gAK6 .11/6 | DAFO1 /6 | PCCSS 8/-
2N706A  £/6 | AF127 4/- |NKT217 8/8 | 6AL5 3/3 | DAF96  7/9 | PCCBS  1%/-
e gh|a wnimemmr u | modeim g8 iros e
AF178  11/- | NET241 5/8 PCCISS  11/-

INols o |AF180  10/8 | NETos: 4 | GASS - DESL 7o) popsy e
2N928 4/68 | AF181 8/6 | NKT271  4/- 6AU6 5/ | DK96 8/- | PCF82 8/9
2N930 5/6 | AF186 8/- | NKT272 4/ B6AVE 8/6 | DL92 7(- | PCF84 9/
2N1131  5/6 | AP239 - 8/6 | NKT274 4/- 6BA6 4/6 | DL94 8- | PCF88  11/-
I felans e werws wo | 0BES 8D 26| roran 1o
2N1303  3/6 | ABY27  7/6 | NKT278 3/6 | gpyg g/g | DM70 /8 [ pcrsol  10/-

2N1304 4/6 | ASY28  8/6 | NET281 6/6 7/6 | DY88 8/8 | pcrsoz  10/-
2N1305 %/Ie A8Z17  8/6 | NKT403 15/- | GBR7 }7;- DY;;C IZI/; POF805  168/-
2N1308 - | AUY10 30/- | NET404 12f8 6BRS 3/- | E8 PCF808 13/-
2M1807  5i- | gavyal /8 | NKT405 16/- (e }glla EI80F 15/ | pcFgos  16/6
- | BC107 3/- | NKT?73  5/- EABC80  6/8 [ porgs 79
2N1309 8/ 6BZ6 8/8 /
2N1613  5/- | BC108 3/- | NKT10438 7/6 | GCa g/ | EAF42 10/~ | popgs 13-
‘mivu g]/‘; BC109 3/- | 0AS 2/8 | 6CD6  23/- EB9011 12/: PCL84 88
2N1889 BC113 8/6 [ 0Al0 2/6 | 6CL6 10/- | EBC4: 78 | pCL8S 9/6
e 14g|Bons  128foadr e | SCW4 e |EBC8L  618) porss o6
aN21sp 116 |BC126  11-|oa70 18 | orig 5/~ | EBF80  Bl- [ pprogo 11/

Wireless World, October 1970

HI-H [é”/ﬁdl[lll’

SAVE UP TO
33%% OR MORE |- 4,/\ }
SEND S.A.E. FOR- ~

DISCOUNT PRICE LISTS
AND PACKAGE OFFERS !

GARRARD

tull current range offered brand new and guaranteed at fantastic savings

1025 Btereo  £7.19.6 SL6SB £14.10.8
40 Mk IT 8L72B £24.19.6

Btereo £8.8.0 AP7S £16.19.8
2025 T/C 8L73 £25.19.6

Stereo £28.17 e 8L75B £27.19.6
8000 Btereo  £9.19.8 SLOSB £37.10.0
8P25 Mk IT £10.19.8  A70/11 g‘g.m.e

401
Carriage 7/6 extra cach item.
TEAK BASES AND PERSPEX COVERS
1. For AP25, 8168, 8L55, 3000, 2026T/C, 2025,
1000. £4.10.0.
For AP76, BL75, BL85, £5.19.6.
. For BP25 etc. to operate with lid in place
£5.19.8. Carriage 7/6 extra each type.

SPEC'AL OFFERikIIf d Goldri G8oo
GOLDRING GL69/2 fitted Goldring Garrard SP23 itte oldring
G800 cartridge complete with de luxe cartridge and wooden plinth with
base and cover. Total list pruc- £50.16.0. perspex cover. To(al list price £35.
OUR PRICE £39. Carr. 20/~ OUR PRICE £20.1 Carr. 10/-

.

u.w

SINCLAIR EQUIPMENT
Project 60. Package Offers

HALF PRICE OFFER!
SINCLAIR STEREO 25

Hi Fi solid state pre-amplifier and control unit
incorporating treble, bass, volume and balance

controls. 8witched lnput for p.u. (magnetic and
ceramic), mike and radio. Will also accept tape
head, Operates from 9V-12V battery (20V. max,
7.5mA). Frequency response 25Hz-30kHz + 1 db.
Noise level better than -50db on all imputs.
Principally designed for use with Z12 Amplifier
but full instructions are supplied to enable it to be
used with any amplifier. Bize 8§ x 2§ X% 2%in,

2 X Z30 amplifier, stereoc 60 pre-amp, PZ5
power supply. £19.0.0. Carr. 7/6. Or with PZ8
power supply, £21.0.0. Carr. 7/6. 2 x Z50
amplifier, stereo 60 pre-amp, PZ8 power supply,
£21.10.0. Carr. 7/6. Transformer 4 PZ8& 59/6
extra. Add to any of the above £4.17.6 for actlve
filter unit and £16.0.0 for a pair of Q16 speakern.
All other Sinclair products in stock: 2,000 ampli-

aN2193 /6 | BC126  11/- | 0A79 1/9 8F13 7/- | EBF83 8/8 | pL3s 11/-
2N2217  5/8 | BC147 38 | oAs1 18 | 6Fl14 12/- | EBF8® 68| prgy /8
2N2218  8/8 | BC148 3/- | oass e | SF1s 11/- | EBL21  12/-  pygo 9/-
2N2219  6/6 | BC149  3/6 | OA90 1/8 g;;g o 28 12/- | prLas 8-
2N2368 3/ | BC167  3/- [0A®1 1 | Spe - | EC88 12/ | prgy 7
2N2369  3/6 | BC172 3/8 | 0A95 1/8 | 634 gj¢ | ECC40  1V-| p15o0  18/)-
9N2369A 4/- [BC177 76 | oa200 /- | 638 4/- | ECC84 6/~ | prsos  16/-
2N2484  6/6 | BCI86  7/6 | 0A202 1/ | 6J5GT  6/- | ECOB5  6/6| pyge 11/
2613 7)- | BCIOAL  4-[oaz10 w6 | 838 g;g ECC88 8- | pygs  12/6
2N2646  11/8 | BCIB4L  4/- | oC19 8/6 | gxsc o). | ECF80 7/ | pygo 8/8
2N2904  7/- | BC212L  4/8 | oc20 18/- | eueaT 9/ | ECF82 -1 pys1 8-
2N2933  3/8 | BCYS0  §/6 | oo22 10/- | sLD20 8/6 | ECF86  12/8 | pygo 6/-
2N2924  3/6 | BCY31  B8/6 [oces 10/ | 697 7/6 | ECH21 1148 | pygs 18
aN292s 36| BOYS2  7/8 [ocaa  1ye | 847 - |ECHSs  1%/- | pyss 8/-
2N2026G 29 | BCY33  4/- | oces 10/- | eay7 7/- | ECH42 13- pygoo 10/
2N2926Y 2/6 | BCY34  4/8 | oco6 6/6 | 68K7 ¢/- | ECH81  §/8 | pygol  10/-
2N29260 2/6 | BCY38  4/6 | o028 10/- | 88L7 6/- | ECH83 88 | gos 16/-
2N3058  6/- | BCY42  3/- |ocee  12/¢ | 68N7 6/6 [ ECL80 9/~ | ygg 16/-
2N3054 11/- [BCY43  3/- [ oc3s 8- 2%‘}7 13/’5 ECL82  6/6 | yso 8/
2N3055 18/~ [ BCY71  8/6 (ocse  12/6 | gveg 5/ | ECL83  12/8 | yypa 8/-
2N3391A  6/- | BCY72 3/6 | oca1 4/8 6V6GT 8/6 | ECL86 8/8 | vl 14/-
2N3416  7/6 | BCZ11  7/8 | oce2 5- | 6X4 5/ | EF37A 8/ | yog1 8/-
2N3702  3/6 | BDI1  13/- | oCas 4- | 8X3G 5/8 | EV39 8/- | Ugse 8/-
2N3570 17/6 | BD123  16/8 | ocas 2/8 go"gz‘“ 1{')/‘3 EF40  10/- [ g3o1 11/8
2N3703  4/6 | BD124  12/- | ocus 3- | Torr  1s.|EF4 126 |wso1 20/
2N3704  4/6 | BF115 5/- | oc70 3/- 10P13 11/- | EF42 14/- | yABCBO /8
2N3705  4/- | BF117  9/6 | oc1 2/6 | 10P14  20/- | EFSO 5/- | UAP42  10/8
2N3706  4/8 | BF167 8/- | ocr2 2/6 12AT6 5/- | EP8S 7i- | UBCAl 9/8
2N3707  4/- [ BF173  6/8 [ oc3 5/- gﬁg g;- E¥86 8/6 | UBCBI  8/-
2N3708  3/6 | BF180 - | oc74 8/- | 12a%X7 a/: EF89 5/6 | UBFBO  7/8
2N3709  3/6 | BF181 8/6 | oc18 46 12AV6 8/- | EF91 4/8 | UBFB9 -
2NS710  4/- {BF182 ~  8/8 | oO6 a6 | 12Ba6°  6/8 | EF92 718 | Uccse  9/8
2N3711  4/- | BFIS4  8/8 | oC77 e/- | 12BE6  8/86 | gFI183  6/6 | yocss  8/-
2N8819  7/- | BF18s 8/6 | oc78 48 %%EK;' Glg EF184 7/~ | UCF80  10/6
2N3%03  7- | BF1o4  4/6 | ocs1 el | o2 | EHs0 8- [ ocE21  11/-
2N3904  7/- | BF195  6/6 [oceap 4/~ | 20w 15- | EL33  17/6 [ UCH42 13-
2N3905  7/6 [ BF200 10/8 | o83 5/- 20L1 20/- { EL34 10/6 | UCHS1 6/6
2N3806  7/8 | BF224 6/- | ocs4 5/ 20P1 10/- | EL41 11/- | UCLS2 -

2N4058  5/6 | BF228 8/- [ oc139 6/8
2N4059 5/~ | BP244 9/8 | oci40 8/8

20P3 /- grae 1178 | UCL83  12)-
205 30/- | EL81 10/~ | UF4l  10/-

2N4061  4/6 | BFX12 416 | oc18s 48 | asLg /6 | EL8¢ 5/= | U¥80 718
2N4062  4/6 | BPX13  4/6 | oC170 o~ | 2524 8/- | EL85 8/3 | UF8S 8/-
2N4286  3/6 [ BFX29  7/- | oC171 6/= 2525 8/8 | EL91 5/~ | UF89 -
2N4287  3/6 | BFX30  9/- | oc200 g8 | 2826 11/6 | EL9S 7- | vLa 12/-
4288 3/6 (BFX44 78 |oc2o1  9/8 | Jociy  jo |EMBO | 8-|ULss 66
2N4289  3/6 | BPX86  7/- | 0c202 12/ | 30C18 15/ | EMBL 8/6 | UY41 8/-
2N 4290 3/6 | BFX86 6/- | 0c203 8/8 30F5 17/- | EM84 718 | UY85 8/~

2N4291  3/8 | BFX87  6/- | 00204 8/8
2N4292  2/6 | BFX88  &/- | 0C206 8/6
2N5354  5/6 | BFY1S  6/6 | 0c207  12/8
2N5855  5/6 | BFY20 12/8 | OCP71  8/6
28102 6/8 | BFY50 4/6 | ORP12  10/-
28103 6/8 | BFYS1  4/6 [ ORP8O  10/-
28104 6/6 | BFY52  4/6 | P346A  4/6
40250 10/- | BPY90  13/8 [ PL4001  2/9
40361 12/8 | pax19 3,6 [ PLacO2  3/-
fgf“;‘_l “";’I‘f BSX20  3/6 | PL4003 33
oTss 4 |BSX21 778 | PL400s 38
Neo 5/ | B8X76  4/6 | PL4005  3/9
AC128 4-|BSY26  3/6| PL4006  4/-
AC164 4/6 | BSY27  3/6 1 PL4007  4/9
AC176 5/- | BBY28  3/6 | TI843 8-
AC187 12/¢ | BBY38 4/8 | TI844 2/6

30FL1 15/- | EM83 11/- | VR105/3¢ 5/6
30FL12 18/6 | EM87 11/- { VR150/30 &/-

ZENER DIODES;

400mw. 1.5 watt 10 w at
(3.3 to 33v) (2.4 t0 200v) | (3.9 to 100\')
8- 4/- 8/-

overall plus knobs. Brushed and polished alu.
minium front panel with matching knobs. Buppifed
brand new and guaranteed, with full instructions.
Original price £9.19.6. OUR PRICE £4.19.6.
P. & P. 3/-.

fler, £23.0.0. Carr. 7/6. Neoterlc amplifier
£46.0.0. Carr. 7/6.

HOSIDEN DHO4S

2-WAY STEREO HEADPHONES
Each headphone contains a
24in. woofer and afin. tweeter,
Built in individuai level
controls. 25-18,000 o.p.s.
80 imp. with cable and
stereo plug. £5/19/6. P. & P.
2/6.

AMERICAN RECORDING TAPES
8in. 2256ft. L.P, Acetate 3/6

TELETON SAQ 203E STEREO
AMPLIFIER

Popular solid state hi-i amplifier incorporating First lgrado gl*nmsgg?:tst'rdl,pliﬂ:r 13/’0
18 semi~conductors. Qutput 6 watts run.s. Inputs quality 6in. 9001t. L.P. acetate. . 10/-
for magnetic ceramic, tuner and aux. Btereo phone American 5in. 1,200ft. D.P. Mylar 15/=
socket and tape output. Controls: Volume, bslance B "“%e" 5iin 1,2001t. L.P. acetate i2/6
bass, titble. Olled Walnut case with brushed ARG BT Eiin. 1.200ft. L.P. Mylar 16/-
atuminium front panel. SPECIAL PRICE £20. gud $in; 1800tt. D.P. My

Carr, 116 panc. : guaranteed.  81in. 1,800tt. D.P. Mylar 22/8

1 53in. 2,4001t, T.P. Mylar 39/6
D ties  7in. 1,5001t. 8td. scelate 19/8
Postage 2-. 70" Y50l T *Sivies 301
Top quality In plastic ibrary boxes. - 7in. 1,800ft. L.P. Mylar E
B0 60 min 818 ; 3or S/8. 0"; 3 post  7in 2,400ft. D.P. Mylar 25/~
90 min. 12/6; 3 for 36/ - 7in, 3,600 ft. T.P. Mylar 45/~
€120—120 min. 15/=; 3 for 43/6.

Cnesette Head Cleaner 11/3 All Post Extra. TRANSISTOR FM TUNER

6 TRANSISTOR

TAPE CASSETTES

HOSIDEN DH-02S STEREO HEAOPHONES

Wonderful value ONLY 6in. x 4in. x
and excellent per- in. 3 I.P. stages.
formance combined. Double tuned dis.

Adjustable head-
band. 8 ohm tm-
pedance, 20-12,000
cps. Complete with on 9 volt battery. Coverage 88-108 Me/s. Ready
lead and stereo Jack built ready for use. Fantastic value for money,
plug. ONLY 47/8 £8/7/6. P. & P. 2/6.

P. & P. 2/6. BTEREO MULTIPLEX ADAPTORS, 99/8,

eriminator, ample
output to fecd most
amplifiers. Operates

THYRISTORS

1 AMP 50PIV 5/=; 100PIV §/8; 200PIV 7/6;
300PIV 8/-; 400PIV 0/6, 3 AMP SOPIV @/=
100PIV 7/8; 200PIV 8/=; 300PIV 9/=; 400PTV
10/=. 5 AMP 100 PIV 11/-; 200PIV 13/=;
400PIV 15/—. 7 AMP 100PIV 1]1/=; 200PIV 13/=;
300PIV 14/=; 400PIV 10/6. 100 AMP 350PIV
50/=; 400PIV 55/-,

AC188 7/8 | B8Y38 4/8 | TIB46 3/6
ACY17 5/6 | B8YS1 8/6 | TI848 38
TRIACS
i | o | S5
00 A 6A 400 8.
SEND SAE FOR FULL LISTS! 10/6 29/- 27/8

DISCOUNTS!
10% on 12+ any one type
15% on 25+ any one type

INTEGRATED CIRCUITS

The latest edition giving full

N details of a comprehensive
range of HI FI EQUIPMENT,
COMPONENTS, TEST EQUIP-
MENT and COMMUNICATIONS
¥ EQUIPMENT. ... Over 230

pages, fully illus-

| p e rated and detail-
J ing thousands' of
. A items —many at
| ' bargain prices.
H FREE DISCOUNT
i COUPONS
i VALUE 10/f-.

SEND NOW-0ONLY 7/6 P

Large quantity discounts on applica- kgi’g g;g ilgl%%a g’g;g gﬁggﬁ %:’g
tion. Postage: Semi Conductors 1/6; L923 12/6 | MC1304  55/- | CA3053 36/6
VYalves 3/-. 1C-10 50/- | PA246  52/6 -
‘—— See previous page ¢ G.W.SMITH & Co. (RADIO)LTD e Also see opposite page ——} |
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RUSSIAN 01-16 DOUBLE
BEAM OSCILLOSCOPE

5 mc/s Pass Band. Separate Y1
and Y2 n.mpliﬂers. Rectangular
5ln. x 4in. C.R.T. Callbrated
triggered sweep from .2 ujsec.
to 100 milli-sec. per cm. Free
running time base 50c¢/s-lmefs.
Built-in time base calibrator and
umpll'.ude calibrator. Supplied

plet with all fes
AD truction manual. y
Carr. paid. £

MARCONI CT44
TF956 AF
ABSORPTION
WATTMETER

1 p/watt to 6 watts.
£20. Carr. 20/-.

TEI || DECADE RESISTANCE ATTENUATOR
Variable range 0-113
db. Connections.
Unbalanced T and
Bridge T. Imped-
ance 600 ohms.
Range (0.1 db x
10) + (1 db x 10)
+ 10 + 20 + 30 +
40 db. Frequency: DC to 200 KHZ (—3adb).
Accuracy: 0.05 db. + Indication db x 0.01.
Maximum input less than 4 watta (50 volts).
Built In 600 Q load resistance with internal/
external switch. Brand new £27/10/-. P. & P. 5/-.

MULTIMETERS /- EVERY purpose

TECH PT-34. 1,000
O.P.V. 0/10[50/250/500/
1,000V. a.c. and d.c.
0/1[100/500 mA. d.c.
0/100 K

P. & P.2/6

MODEL TE-200 20,000
0Q.P.V. Mirrorscale,over-
load protection.
0/5/25/125/1,000 V.D.C.
0/10/50/250/1,000 V.A.C.
0/50 ;.LA/?bO MA. olsox/s
meg. + 20 to + 62 di
75/=P. & P. 3/

MODEL TE-70. 30,000 O.P.V.
0/3/15/60/300/600/1,200 v.
D.C. 0/6/30/120/600/1,200 v,
A.C. 0/3012.A/3/30/300mA.
0/16K/160K/1.6M/16 Meg.
£5/10/0 P. & P. 3/

HONOR TE.10A. 20 kQ/Volt
5/25/50/250/500/2,500 v, D.C.
10/50/100/500/1,000 v. A.C.
0/5]#A/25 mA/250 mA D.C.
0/6K /6 meg. ohm. 20 to + 22
dB. 10-0, 100 mfd. 0.100-0,1 mfd.
89/6. P. & P. 3/-.

MODEL TE-300 30,000
0.P.V. Mirrorscale, over-
load protection 0/.6/3/15/
60/360/1,200 V.D.C.
0/6/30/120/600/1,200
V.A.C. 0/30uA6mA/
8 OmA/300mA/600mA.
0/8K/80K/800K/8 meg.
-20 to + 63 db.

£5/18/6 P. & P. 3/

MODEL TE-80 50,000 O.P.V.
Mirror acale, overload protection.
0/8/12/60/300/600/1,200 v. D.C.
0/6/30/120/300/1,200 v. D.C.
.03/6/60/600 MA. D.C.
16K/160K/1.6/16 MEG,

-20 to +/63 db. £7/10/0.

P&

TMK MODEL TW-30K 48

BELCO AF-5A SOLID STATE SINE
SQUARE WAVE C.R. OSCILLATOR
Bine 18-200,000 Hz; B8quare 18-50,000 Hz.
= — = Output max. +10 dB
T (10 K ohms). Opera-
tion internal batteries.
Attractive 2-tone case
74 iIn. % Bin. x 2in,
Price £17.10.0
Carr. 3/6

TE-16A TRANSISTORISED
SIGNAL GENERATOR

- 5 Ranges 400 KHZ-30
MHZ. An Inexpensive
instrument forthe handy-
man. Operates on Pv.
battery. Wide easy to
read scale. 800 KHZ
modulation. 5§ x B§*
X 3§°. Complete with
instructions and leads.
£7/19/6. P[P 4/-.

BELCO DA-20 SOLID STATE
DECADE AUDIO OSCILLATOR

New high-quality port-

215 mm x 150 mm x
120 mm.

Price £27.10.0
Carr. Bf-

T.E.40
HIGH SENSITIVITY
A.C. VOLTMETER

10 meg. input 10 ranges:
Oll 03/ 1/. 3/1/3[10/30[100/300
R.M.B. 4 cps.-1.2 Mcys.
Declbela —40 to +80 dB.
Supplled brand new complete
with leads and instructions.
Operation 230 v. AQC.
£17/10/-. Carr. b/-.

TE-65 VALVE YOLTMETER
= High quality instrument

ranges, mirror acale. 50K /Volt
D.C. 5K /Volt A.C. D.C. Voits:
125, .25, 1.25, 2.5, 5, 10, 25, 50,
125, 250, 500, 1000V. A.C. Volts:
1.5, 3, 5, 10, 25, 50, 125, 2560, 500,
1000V. D.C. Current: 25, 50,

5, 25, 50, 250, 500mA, 5, 10 amp.

10 MEG. Declbels: —20 to +81.5
dB. £8/17/8. P. & P. 3/6.

TMK MODEL TW-20CB

FEATURES RESETTABLE
OVERLOAD BUTTON. Sensi-
tivity: 20K Q/Volt D.C. 5K 0/Volt

AC.

D.C. Volts: 0-0.5, 2.5, 10, 50, 250,
1,000V. A.C. Volts: 0-2.5, 10, 50,
250, 1,000V. D.C. Currenta: 0-0.05,
0.5, 5, 50, 500mA., - 10 amp.
Reaistance: 0-5K, 50K, 0-500K.
5 MEG. Decibels: =20 to + 52db.
£11/10/0. P. & P. 3/6.

TE-$00 20,000 0 /VOLT GIANT
MULTIMETER. Mirror scale

full view meter. 2 colour scale.
0/2.5110/250/1,000/5,000 v. A.C.
0726/12.5/10;50/250/1,000/5,000
v. D.C.0/501.A/0;10/100/500mA/
10 amp. g C.  02K/200K/20
MEG. OHM. £15 P. & P. 5/-.

MODEL 5025 57 Ranges,
Glant 5 in, Mefer, Polarity
Reverse 8witch.
Bensitivity: 50K /Volt D.C.
8K /Volt A.C. D.C. Volts:
125, .25, 1.28, 5, 10, 25, 50,
125, 250, 500, 1,000V.
A.C. Volts: 1.5, 3, 5, 10, 25,
50, 125, 250, 500, 1,000V
D.C. Current: 25, 5OuA.
2.5, 5, 25, 50, 250, 500mA,
5, 10 amp. Resistance: 2K,
10K, 100K, 1MEG, IOMEG
Decibels: ~20 to + 85 db.
£12/10/0. P. & P. 3/6.

LAFAYETTE HA-600 SOLID STATE
RECEIVER

— —_—

General
coverage
{ 150-400

variable ! B.F.Q., nolse limiter, 8 Meter, Band-
spread. RF (}aln 157 x 937 x 81", 18 1b. 220/240v
AC or 12v DC. Brand new with instructions. £45
Carriage 10/-.

and overload protection. 6 in.-

RCA COMMUNICATIONS
RECEIVER ARS88D

32me/s
Fully tested
and checked.

MODEL AS8-100D. 100K  /Volt
5 in., mirror scale. Built-in meter
protection 0/3/12/60{120/300/600
1,200 v. D.C.
0/6/30/120/300/600 v. A.C.
0/1014A/6/60/300MA/12 Amp.
0/2K/200K/2M/200M. =20 to +
17 dB. £12/10/0. P. & P. 3/6

TMK LAB TESTER

100,000 O.P.V. 64 in. 8cale
Buzzer Bhort Circuit Check.
Sensitivity: 100,000 OPV
DC. 5 [Voit AC. D.C.
Volts: .5, 2.5, 10, 50, 250,

50 250 500 1,000V. D.C.
Current: 10, 10014, 10,
100, 500mA, 2.5, 10 amp.
Resistance: 1K, 10K, 100K,
10MEG, 100MEG.

Decibels: ~10 to + 49 db.
Plastle Case with carrying
handle. 8ize 74" x 6§° x 3}
in. £18/18/0. P. & P. 5°-

LAFAYETTE HA-800 SOLID STATE
AMATEUR COMMUNICATION
RECEIVER

3.5-4, ARG 5.4 P 7 52 7 POV P PP O 8

version, 2 1
mech. i

fliters,

product

detector, variable BFO, 8 Meter, 100kc/a calibra-
tor. 220/240v AC or 12v DO. 15" x 94" x8}".
18 Ib. Brand new with instructions. 257/10/0.
Carr. Paid. (100kc/s Crystal 39/6 extra).

LAFAYETTE PF60 VHF FM
RECEIVER
8olld State,

152 - 174mcfs.
Fully tuneable
or crystal con-
trolled (not
supplied). Built

lm;rucuom £17/10/0- P.

Additional Probes avall-
able; R.F. 35/« H.V.
42/8.

AUTO TRANSFORMERS

0/115/230v. Btep up o step down. Fully shrouded

150 W. 42/6, P. & P. 8/6

300 W. 85/, P. & P. 4/8

500 W. £4/10/0, P. & P. 6/6
1,000 W. £6/10/0, P. & P. 7/6
1,500 w. £8/19/8, P. & P. 8/6
7,500 W. £15/10/0, P. & P 20{-.

Tel: 01-262 6562

{Trade supplied)

GWSMIT

All Mail Orders to—

147, Church Street, London, W.2

MODEL 8-260
Qeneral Purpose

2%

ALL
INPUT 230 VOLTS,
OUTPUT VARIABL!

vith 28 b

;).C. v:l‘axesl.b-l.boo v, 110-250v AC. | (p" gpeaker,

A.C. volts 1.5-1,500 v. £65 Carr. £2 Bquelch and

Resistance up to 1,000 Volume Controls. 220/240v AC or 12v DC. Brand
megohms. new with instructions. £37/10/0. Carr. 10/-.
220/240v. A.C. i

Complete with probe and & YA M A B ls H I "

VARIABLE VOLTAGE TRANSFORMERS
Excellent quality ¢ Low price ¢ Immediate deiivery

MODEL 8-260 B
Panel Mountlng

1 Amp £5/10/0
5 Amp .. £8/12/8
Please add pouuge
MODELS

50/ 60 CYCLES

0-260 VOLTS8
8pecial discounts for quality

all3

UNR 30 RECEIVER

4 Banda covering 550ke/s - 30mc/a. B.F.0Q. Buflt
in Bpeaker 220/240v AC. Brand new with instruc-
tions. £13/13/0. Carr. 7/6.

WS62 TRANSCEIVERS
Large quantity available for EXPORT!
Excellent condition. Enquiries invited

UR-1A SOLID STATE
COMMUNICATION RECEIVER

4 Bands covering 580ke/s - 30me/s. FET, 8 Meter,
Variable BFO for 88B, Built in Speaker, Tele-
scopic Aerial, Baudsprud Sensl'.lvny Control.
220/240v AC or 12v DC. 12! x4!'x7' Brand
new with instructions. £24. Carr. 7/6.

= = I

LAFAYETTE LA-324 STEREO
AMPLIFIER

Solld State. 12.5w rms per channel. 20-20,000 Hz
=+ 1db. Inputs Mag/Cer/Tuner/Aux. Output 4-16.
Headphone 8ocket, Tape Output. Black and
Brushed Aluminfum Front Panel. 104" x 34 x 8%
£24. Carr. 7/6.

FULL RANGE OF CODAR EQUIP-
MENT IN STOCK

TRIO 9R59DS

COMMUNICATION RECEIVER

4 bands 500kefs - 30mc/s. 8 Meter, Variable
B.F.0., Bandspread, 7° X 15° x10". 115/250v AC.
Brand new with instructions. £42. Carr. Paid.
Full range of other Trio products in stock.

JR. 5008E  Amateur Recelver 85/0/0
JR. 310 Amateur Receiver 7/10/0
T8.510 Amateur Transcelver £180/0/0
8PSD Matching Bpeaker £4/718
H84 Headphones £5/19/8

FULL RANGE OF PARTRIDGE
JOYSTICK AERIALS IN STOCK

EDDYSTONE V H.F. RECEIVERS
770R. 19-165 Mc/s. £150.
Both types in amllent conditlon.

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM
Operative over amazingly long
distances. 8eparate call and
presa to talk buttons. 2-wire
connection,  1000's of appii-
ocations. Beautifully finished
in ebony. Supplied complete
with batteriea and wall brackets.
£6/19/6 pair. P. & P. 3/6.

VOLTAGE STABILISER TRANS-
FORMERS. 180-260¢. input. Output 230v.
Available 150w or 225w. £12.10.0. Carr. 5/-

SOLID STATE VARIABLE A.C.
VOLTAGE REGULATORS

Compact and panel mounting.
Ideal for control of lamps,
drilis, electrical appliancesetc.
Inpm 230/240 v. A.C. Qutput
- continnously variable from
20 v.-230 v. Model MR 2305
5 amp 68 %46 x 43 mm.
{ £8.7.8. Model MR 2310

10 amp 90 X 68 x 60 mm.
£11 18.6. Postage 2,6.

H&CO.( 2 () LTD

3,LISLE STREET, LONDON, W.C.2 Tel: 01-437 8204

34,LISLE STREET, LONDON, W.C.2

Tel: 01-437 9155

311, EDGWARE ROAD, LONDON,W.2 Tel:01-262 0387
OPEN 9-6 MONDAY TO SATURDAY (EDGWARE ROAD /2 DAY THURSDAY)
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LEVEL MEASUREMENT

Prepared by Instrument and Control Engineering in co-operation

and suppliers. This survey of Level Measurement is the first separate your requirements without delay.

\,

,
SIRA 4-PART SURVEY OF

1.Liquid Continuous 2.Granular Solid Continuous 3.-I.iquid Switched 4.Granular Solid Switched

reprint from the series of surveys currently appearing in Instrument

with the SIRA Institute’s 'Siraid’ information and consultancy service. and Control Engineering. The whole series will cover virtually all
Self-contained . . . comprehensive . .. up-to-date . . . a technical survey branches of measurement science, and is perhaps the most ambitious
and buyers’ guide to Level Measurement instruments and practice. publishing programme ever entered into by a technical journal. Further
Contains: names and addresses of manufacturers; trade-name index, reprints from the series will be made available in the coming months.
bibliography; guide to British Standards and glossary of standard Meanwhile, demand for this first one is expected to be high as no
terms; techniques review section: cross-tabulated lists of instruments comparable source of information exists. So you are advised to order

="

ORDER FORM

. Name

To: Sundry Sales Department, IPC Business Press (Sales &
Distribution) Ltd., 40 Bowling Green Lane, London EC1 Position
Please supply.... .complete set(s) of SIRA Level Measurement Com
Survey reprints. Please supply individual parts as follows (tick appropriate ompany,
box) Addres

[:] Liquid Continuous [:] Granular Solid Continuous 688

[ Liquid Switched [ ] Granular Solid Switched
| encloseremittance valle ... ... Signature
PRICE (postage included) Per set 16s. Od. Perindividual part 6s. Od 9
Bulk discount (sets only) 10—19 sets 14s. 6d. each. D

Over 20 sets 10s.0d.each. At

For the best
electrical contacts

This latest edition of Electrical Who's Who is completely updated. Over 8,500 entries
include key names'in all branches of the industry : supply, manufacturing, contracting,
consulting and trading—as well as in Government Departments, Universities, Technical
Colleges and other bodies. It is the only publication of its kind. Absolutely indispensable to
all who need an up-to-date guide to individuals, firms and organizations.

Size: 9" x 6”. 512 pages. Price 65s. By post 69s. 6d /

Obtainable from: Electrical Who's Who, Dorset House,
Stamford St., London SE1

Electrical

WHQ'S
WHO

1970/71
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R.S5.G. HIGH FIDELITY STEREO ‘PAGKAGE’ OFFERS

Matching as recommended for optimum per-
. formance, Compare prices with equipment and
cabinets purchased individually.

¥ Super30Amplifier (15+15Watt) in veneered housing.
Y Goldring Transcription Turntable on Plinth,

Y Shure or Goldring Magnetic Pick-up Cartridge.
Y Pair of Stanway Il Loudspeaker Units.

Specia! total price. Four -fully

‘Package’ prices apply providing
all individual units are purchased
from any branch within 3 months
(see leaflet).

=4 Yo TA12 6:5+6'5W Amplifier in veneered housing.
Y Pair of Dorchester Loudspeaker Units,

W“H”] ¢ Garrard SP25 Mk Il 4-speed Player on Plinth.
Y Goldring CS90 Ceramic P.U. Cartridge with

diamond Stylus. Special total price. ,
T Carr, 26/- 53 i

i u“ ”HI ” Terms Dep. £7 and 9 monthly payments
i £8.2.8 (Total 59Gns.) Carr. 25/-

g1l

wire ts ready to ‘“plug-in
Really superb performance. 86 Gns' s Super30Amplifier (15¢15Watt) in veneeredhousing, Specisl total prise.| pacEAGE: As above but with Garrard 3000 47 16Gns.

) . Four fully wired units
Send 8.A.E. for leaflet. Carr. 30/~ g Garrard SP25 Mk. Il Turntable on Plinth. ready to “plugein.” :23 23:,‘3““‘ b i 10 ) O LR L bty
EXTREﬁmile.de TeAanTrlmocrI:XaEvm;Ir-lNTHs Y Goldring CS90 Ceramic diamond tipped Cartridge. 76 Gns. e %elglg)elgigr 2pd 8 monthly payments £5/11/5
Tinted Transparent Plastic cover. Y Pair of Stanway |l Loudspeaker Units. Carr. 80/- ‘ Transparent cover 3 gns. extra.

LOUDSPEAKERS Heavy con- ] Consisting of matched 12ln. 11,000 line 15 watt | FULLY TRANSISTORISED, SOLID STATE CONSTRUCTION HIGH FIDELITY
struction. Latest high efficlency ceramio 15 ohm bigh quallty speaker, cross-over unlt and | QUTPUT OF 6.5 WATTS PER CHANNEL
magnets. Treated Cone surround or' tweeter. Smsoth response and extended fre- | Degigned for optimum performance with
indicates Roll Rubber surround. “D" q quency range ensure surprisingly realistio repro- auy crystal or ceramic Gram P.VJ. cartridge,
indicates Tweeter Cone providing duction. Carr, 5/9 ‘5 Is 0 Radlo tuner, Tape recorder, ‘ Mike' eto. [
Or BENIOR 18 WATT inc. HF 126 Y P v 3 separate switched input sockets on each
15,000 line Bpeaker £6/15. Carr.6/6. channel 9 8eparate Bass and Treble controls

HI-FI LOUDSPEAKER ENCLOSURES | J,id¢ J73eh for moso qee ¢ Spenker -
Teak or Afrormosia veneer finiah. Modern design. A.C. mains 4 Frequency Response 20-

Acoustically lined. All sizes approx. Qarr. 7/6 extra. | 99,6u0c.p.s. —23dB + Harmonic Distortion 0.3% at 1000c.p.s. Hum and noise

RSNt ML pEress urlocd, —704B % Sensitivitles (1) 50 mV (2) 400 mV (3) 100 mV # Handsome finish

fk75 Gives pleasing results with any 8in.f4 |46 | Facia Piate and Knobs. Output rating LEL.F.M. Complete kit of parts with
pubs TLFspeake . full wiring dlagrame and instructions 13} GNS. Carr, 7/9.

B3 B Qs e e with £8 |8 (0 | FACTORY BUILT with 12 mths. ntee. 17 cms Or Dep. £3 and 9 mthly
HIGH FIDELITY LOUDSPEAKER UNITS any Bin, Hi-Fi 'speaker. 22X 15 X Barte pymts. 38/10 (Total 19§ GNS.) Or or Afrormosia veneer housing

tstanding results with Hi-Fi 10in,
Cablnets of latest styling Satin Teak or Afror- SEel,,&ef";‘:‘f;xmm Cported £5.19.9 | 20t NS. or Dep. 3 GNS. and 9 mthly pymnt! 46/8 (Total 23 Gus.).
mosia veneer. Acoustically lined or filled with 5E12Fo:hlghpertormancewlthl?ln Hi- szpeakcr£6 |99 SELENTUM Rmc'rmms F.W. Bridged 6/12v. DC. Output Input Max.
acoustic damplng material. Ported where | and Tweeter. fize 25 x 16 x10}in. Pressurised, i 18v. A.C. 1a., 4/3; 2a. 6/11: 3a., 9/9: 4a.. 12/9; 6a.. 15/9.

appropriate. Credit terms avaitable. “YORK’HIGHFIDELITY 3’'SPEAKERSYSTEM
Dorchester Size 16 x 11 X 9in. Ioﬂfu m? (approx. 25 X 14 x 10 in.). Range 30-20,000. o.p.s Compiete kit lﬁ:i?e%lsthgrsAge‘t;ﬂEesd Iﬁ%FEIynEIEsD

AUDIOTRINE HIGH FIDELITY AUDIOTRINE HI-FI SPEAKER SYSTEMS l TAI2 MKIII 65+ 6°5W STEREO AMPLIFIER

i extended frequency range up to 15,000
c.p.6. Exceptlonal performance at low
cost. Impedance 8 or 15 ohms.

WHEN ORDERING PLEASE BTATE IMPEDANCE
HF 801D 8* 8W 54/3 HF120 12" L5W

HF102D10°10W 87/11 HF 120n 12°15W
HF 100D 10" 15W £4/19/9 HF 126 12"15W £5/6/=
HF 105DL 10"10W £8/6/0 HF 126D 12° 15W £5/16/—

Appr. Range 45-15,000 ¢.p.s. Rating | Impedance 15 ohms. Performance comparable with units costing 20 Gns Cﬁl}rs
5 .
o t chassis. Roll rubber cone surround for ultra low resonance, and ceramic magnet. _
A l?el:jﬂn%%nss sg:affr{)hg"& £8 1 9 9 :;)‘3cway quarter section serles cross-oversystem. {3) 8 x 6in. high flux middle range b : R - sc MAIN s TRANSFOR MERS
Carr. 7/6 .
material. (6) Teak veneered cabinet. (7) Circult and full iﬂ!mlc'-lom Impregnated. Primaries 200-250v. 50c/s. Screened
Stanway | ) 8ize 20 x 104 x 0fin. | REMARKABLE VALUE HEAR IT AT ANY BRANCH MIDGET CLAMPED TYPE 2§ x 2§ x 21in.
cone surround, long throw voice coil and 11,000 | - FULLY
dividual G d trols: Bass, Treble, Vol d Bal- SHROUDED UPRIGHT MOUNTING

line magnet. Bigh fux tweeter. Handsome | ;n0lviqual Senged contro: Bath Cod e 10 Tranaistors 250-0-250v. 60maA.. 8.3v. 2a.,0-5-6.3v. 2a..  4/9

8-10 watts. Fitted High flux 13 x 8in. | considerably more. Conslats of (1) 12in. 15 watt Bass unit with
speaker. (4) High efficlency tweeter. (6) Appropriate quantity acoustic damping |§ >| FULLY GUARANTEED. Interleaved and

| approx. Rating 10 watts, including 25 0 4
Ry RSl R.S.C. G66 6+6 WATT HIGH QUALITY STEREQ AMPLIFIER I B e LR 1211
Scandinavian design cabinet. Range 35-20,000 | piys Diodes. Output rating I.H.F.M. Suitable for Crystal 250-0-250v. 100mA., 6.3v. 4a., 0-5-8.8v. 3a.. 39/

¢.p.s. Impedance 160 Glves Plek-ups ete., and for loudspeaker output imped of 3to 800-0-300v. 100mA, 8.3v. 4a.,0-5-6.3v. 3a.. 39/9
amooth realistic sound output. Inc. 16@“8. 156 ohms. For standard 200-2560 v A.0. mains operation. 300-0-300v. 130mA4, 6.8v. 4a,, 0.t., 6.3v, 1a.
CAIT. Attractive silver finished metal facia plate and matching sag‘:)rsh;:;lvl&id 510 Axdnpliﬂer

0mA.

control. knobs. Complete KIT of PARTS INCLUDING

R.S.C. TAé 6 Watt High Fidelity Solid | PULL WIRED PRINTED CIRCUIT and comprehenslve 360-0-350v.

State Amplifier wiring diagram and instructions Or FACTORY BUILT in T cabinet as illustrated :gg-g-:gg‘v’.
200-250v. A.C. mains ope,,;:)d 212/10/0 Carr. 7/9. Or De)c;hf:le :nd 9 ;;:n'-hly paw:en'-s oib 29/2 ‘Touﬂ £15)- 450-0.4507.
Frequency  Response B PACKAGE OFFER SA Above assembled in cabinet X
ey e | A O S AN e a o ra Dot ns, | £9.19.9 | Tor sEROUDED DROP.THROTGR TLPE.
vs0 | monic Distortion 0.3% at | Or Deposit £5 and 9 monthiy payments 57/8 (Total 830/17/6). 250-0-250v. 100mA, 6.8v. 3., bn

4 _ 1,000 0.p.8. Separate Bass And || e———

Treble *lift' and ’"out’ controls. 8 Input sockets for R.s.c. Alo 30 WATT ULTRA LINEAR
Mike, Gram, Radio or Tape. Input seleotor switch. i . e ey e
ont torm&llfﬂo.ﬁs‘i:af\ﬁ? eni‘l::edsi:fxtz{:lllteya 2&'}: HI FI AMPLIFIER outpu{ i:s:h Pr;-unp {Tone Cogn-
g;:‘;l"?xt ?: xK 23 X 5iin. Attnyutlve brushed silver finish | trol Btages. Hum level —70dB. Frequency response +3dB

830-20,000 cfs. All h grade components. Valves EF86, EF86,
facia plate 10} X 3}in. and matching knobs. 7 GnS. ECCB83, 80'; .807, h(‘}“z(%l Separate Bass and Treble Controls,

250-0-260v. 100mA, 6.3v. 2a., 8.3v. . ]
350-0-360v. 80mA, 6.3v. 2a., 0- 5-6.3v.2a .. -29/11
250-0-250v. IOOmA 8.3v. la 0-5-8.3v. 3a. 39/9
800-0-800v. IOOmA. 8.3v. 41., 0-5-6.3v. 3a. 39/9
800-0-300v, 130mA, 6.3v, 4a., 0-5-6.3v. la.
Buitable for Mullard 5§10 Amplifier 46/9
360-0-380v. 100mA., 6.3v. 4a., 0-5-6.8v. 3a. 39/9

-

Complete kit of parts with fall wiring -0- - ., 8.3v. 4a.,0-5-6.3v. Sa.
T ] e o 1con. S, Tesatro, Doses s o FLLAMEN or THANSISION FOWER FACK lyis
OR FACTORY BUILT with 12 mon ee. 28 19 X} 2,“‘ doo; Panations, ey rl;:rn-“.e '?u: mﬁ ronte 2’%‘”' ﬂ‘.{ g& .3 52/19531 2?/%.“ GOSI;. lza 9/9; o;:,,m 115 ./.9 2%/;3,
ri 238, e ram, o or Tape. Reserve an B i1 g
HIGH QUALITY [R. SEmcolvns for nngndlo ’I‘:mer Two inputs with assoclated volume controls so that two separate inputs such as 0-9-18v. lia. 18/11: 0- 12‘25 42v. 2a. 31/9.

Gram and “Mike” can be mixed. 200-250 v., A.C. mains, For 3 & 15 ohm speaken Complete | CHARGER TRANSFORMERS 0-9-16v. 1ia. 18/9;
Kit parts wiring dlags., instructions. Twin- handled perforated cover 35/—. 2¢a 19/11;32.21/11;5a. 2| g/ll ;6a. 29/0: 83. 36/9-

LOUDSPEAKERS SPEAKERS

Covered in Rexine and

3 Vynair, deal for vocalists g ATUTO (Btep UP/Stop DOWN) TRANSFORMERS
:‘;"?’_';‘::,_ d Public Address. 15 ce e B A Al w 15 Gns. 0-110/120v.-200-230-200v. 50-80 watts .... 19/9
e ST TERMS: Deposit £3.9.0 and 9 monthly paymenta of £2 (Total £21/9/0). Bend 8.A.E. for leaflet. %)%)TP:J’I‘S"I:‘%;/A s%" Al 15139/8:1500 watta 105/=
g :

. L fl Btandard Pentode 5.0000 or { 0000 to 3@
G speakers, Or dep. R.S.0. TFM1 SOLID STATE VHF/FM RADIO TUNER | Fuah-pull 8 watts EL84 10 80 or 160 - 1%8
= 3 and l 6 Gns * mah-semiﬂvity “ 200-250v. A.C. Mains operation, . Push-Pull10 watta 6V6 ECL86t0 3, 5,8 or 160 24/9

thly pi % Sharp A Rejecﬁxgn (* Drlltslgze rece)pﬂo:: O*W |:tplnt
'I‘ohl 8/19/8). ample for nny amplitier (approx. m.y. ntpnt for

85/6 ( 10/- GRS ueding Stereo Mnmplexar * Tuner head using silicon Planar

YP C4128, 50 watts. *D dard 80 ohm co-axial input,

[Fitted four 12in, 11,000 26 Viau&lly matching our Super 15 and 30 amplifiers. Printed Push-Pull 20 watt high quality sectionally

in. Gi 11,0 ines 15 watt speakers. olrcuitry. A quality product at considerably lcas than the cost wound EL34, 6L8, KT86, eto. to 3or 150 59/9

e “”’“ auss r dep. £4 and 9 of comparable units. FACTORY BUILT 18 gns. Or in Teak finjshed cabinet as illus. 2] gns. | SMOOTEIRG CHOKES

flnes onthly payments of Terms: Deposit £8/1/= and 9 monthly payments £2/2/~. Total £24/19/=, 150mA.7-10H, 2600 12/8;100mA, 10H,2000 10/9;

carr. 8j9. - £8/19/9ggg (Total £30/8/0). carr. 15/ STEREO VERSION 234 gns. or in Cabinet 26% gns. All usiits parriage 9/6 extra, 80mA, 10H, 3500, 8/9; 60mA, 10H, 4000, 4/11

Push-Pull EL84 to 3 or 160 10-12 watts .. 23/9

Push-Pull Ultra Linear for Mullard 510, eto. 39/9

Push-Pull 15-18 watts, sectionally wound 6 L6
KT66,etc.,for3orldq .............. /9

Model

Gauss 10,000 lines, 3
15 ohma.
carr, 76 . £4[19/9]Ca
L12 12in. 20 Watt Model,|
15 ohm. Bize 18 x 18 X 10|

R.S.C. Plinths: Superior Solid
Natural Wood Construction

EMINENTLY SUITABLE FOR USE WITH ANY MAKE | m ]l 'f jiecord

HIGH GRADE COMPONENTS.
SPECIFICATIONS COMPARABLE

UNITS COSTIKG CONSIDERABLY monE OF PICK-UP OR MIC. (Ceramic or Magnetic, Moving units
Employing Twin Printed Clrcuits. Coil, Ribbon or Crystal) CURRENTLY AVAILABLE. Gca‘“ for
200/250v. A.C. mains operation. SUPERBSOUND OUTPUT QUALITY CAN BE OBTAINED rand
OUTPUT (For stannly 10 Watte RIL5. contipn: BY USE WITH FIRST-RATE ANCILLARY EQUIPMENT. | 8 a03c.
ous into 160 16 Watta R.M.8. continuous into 3. COMPLETE KIT OF PARTS, point to point 22 Gns 3 GnSANg;
INPUT SENSITIVITIES: Mag. P.U. 4 m.v. wirlng diagrams & detailed instructions e | 8P25 ete. eto.
Ceramic P.U. 35 m.v. Tape Amp. 400 m.v. Aux. supplied arr. 15/- Avnlllsble l::l:ih Trans- 6 Gn s,
TREQUENCY RESPONAE, 34D, 10,3000 UNIT FACTORY BUILT 29 Gns. | *iopiis saer € Gn:
g O o oD L ONTROLS: b-position Inpat Selector, Base, Treble, Vol., Bal, Sterco/  OR Deposit £4 and 9 mthly. payments £3/6/3.
TREBLE CONTROL: +17dBto—14 dBat 10 Kc/e. -p
. Mono 8w., Tape Monitor 8w., Mains 8w. (Total £33/18/3) or in Teak or Afrormosis
gﬁg fg{gf?ﬁ-s;ﬂ dB to —18 4B at 60 o/s. LNPUT SOCKETS: a 11': Ut(z) Tape Amp. (9) Badlo. (4) ﬁfm 1?&3133’) veneer-housing as Mllustrated 82 gus. Carr, 15/~ o
- - (0 - o aeaten Termsa: Deposit £4 and ¢ mthl ents i \d
ISTORTION: 0.1% at 10 Watts Bteel construction. Approx. 12 X 3 x 8in. B L3 Y. paym heavy tumntable fitted Gold
f’,ﬁ’iﬂﬁc v oo i gggstﬂiLit&nsAn:wct?n xsxgnnm vr&id “Perspex” with silver back-  £3/14/2. (Total £37/7/8). B8end B8.AR. g&ao h}ifoh compliance ura’,lﬂ?,
CROSS TALK: 52 dB at 1,000 c.p.s. ground. Spun silver matching control knobs 8¢ avallable. for leaflet. reo/ ::ymcnnrtgdqe wl:)l:l
LE'CESTER 32 High Street (Half-day Thurs.), Tel. 56420 | plinth, Transparent plastic

10 North Parade (Half-day Wed,). Tel. 25349
BRADFORD LEEDS 5-7 County (Mecca) Arcade, Briggate coveanrﬂ“l‘})elg £24- |2 6
(Half-day Wed.) Tel. 28252 RP5C Grrrard 2025 Auto Unit

(Agent) O & C Electronics 227 Church St.
BLACKPOOL B fitted GC823 Btereo

BIRMINGHAM 30/3! Gt. Western Arcade. WI-FI CENTRES (7D, | LIVERPOQL 73 Dale St. (Halt-day Wedd). .. gir‘:.&dgedw&m diamond tip.
Tel.: 02§-236 1279. Half-day Wed. LONDON 238 Edgware Road, W.2 (Half-d_?y Thurs.). lnth an. ver as |5Gns

Carr. 10/8

26 Osmaston Rd. The Spot (Half-day Wed.). MAIL ORDERS to: PAD 1629 o.,m ol e ety
DERBY Tel. 41361 - fudic House, © \ eds 13. MANCHESTER 60A Oldham Street (Hali-day Wed.) | P.U. Cartridges and ‘Lift off
DARL'NGTON I8 Priestgate (Half-day Wed.). Tel.68043 No. C.O.D. under_ £l el. CENtral 2778 | or ‘Roll over' transparent covers

Terms CW.0. or C.0.D. MIDDLESBROUGH !96 Newport Rd. (Half-day &t lowest prices. |
EDINBURGH 33 Leith St. (Half-day Wed.). ;f;za.g:":/6°v:>:tra unde;ra(dze. Wed.). Tel. 470% | FANE ‘POP’ 30C
Tel. Waverley 5766 20 ed. S.AE. with enquiries NEVWCASTLE UPON 41 Blackect Street (opp. Fenwicks LOUDSPEAKER
GLASGOW 326 Argyle St.(Half-day Tues.). Tel.CiTy 4158 Branches open all day Sats. TYNE Store) (Half-day Wed.).Tel.21469 | 12” 25 w 1500 Dual <one

MAIL ORDERS MUST NOT 13 Exchange Street (Castle Market Blds.) Post
HULL 3! Paragon Street (Half-day Thurs.). Tel. 20505 BE SENT TO SHOPS. SHEFFIELD (Half-day Thurs.). Tel.20716 | Free _£5 .19.9
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ALLEN BRADLEY resistors are selected
by most of the World’s manufacturers
of really top class instrumentation and
this includes the APOLLO Moon shot
equipment and similar projects where
component failure is unthinkable.

AVAILABILITY

Orders can usually be shipped ex-
Milwaukee within ten days. If you can’t
wait that long, extensive stocks are held
closer by in London and Manchester.

Write or phone for an up to date stock list.

ALLIED INTERNATIONAL
COMPANY LIMITED

59, Union Street, London, SE1
Tel: 061-643 5548

Tel: 01-407 4567  or

WW—123 FOR FURTHE

Wireless World, October 1970

Name.

ULTRASONIC
TRANSDUCERS

40kHz. Type 1405

Available from stock

25kHz. Type will be available shortly

B. RIGOLD & BERGMANN LTD.,
54 OLD BROAD ST. LONDON E.C.2

Tel. 01-588 1604

Please send me details on the 1405.

Company.

Position

I Address

MICROPHONES

Further informpation from:

VITAVOX

FOR HIGH QUALITY

LOUDSPEAKERS

and ancillary equipment

VITAVOX LTD., Westmoreland Rd., London, N.W.9
(Tel: 01-204 4234)

FREQUENCY METERS. SIG. GENERATORS. WATT-
METERS. AUDIO OSCILLATOR. SCOPES. ECHO
BOX. SPECTRUM ANALYSER, FREQUENCY
COUNTERS & OTHER ARMY SURPLUS PRECISION
TESTING EQUIPMENT IN GOOD CONDITION.
ALL OFFERS CONSIDERED BUT CANNOT DESPATCH EQUIPMENT.
CALLERS BY APPOINTMENT

CLIVE

30 Cyprus Road, Finchley N.3 01-346 1147

WW—24 FOR FURTHER DETAILS

TYPE 709 OP. AMP. 14/6d.

TYPE 741 OP. AMP. 24/-d.

AUDIO INTEGRATED CIRCUITS
TRIACS AND SILICON RECTIFIERS

JEF ELECTRONICS (w.w.10)

York House, 12 York Drive, Grappenhall,
Warrington, Lants.

4-STATION INTERCOM

Our Price Only

£7/5/0

Solve your communijcation problems with this
new 4-8tation Transistor Intercom system
(1 master and 3 subs), in de luxe plastic
cabinets for desk or wall mounting. Call/talk/
disten from Master to S8ubs and 8ubs to Master.

ates on one g v. battery. Onfoff switch.
Volume control. Ideally suitable to modernise
Office, Factory, Workshop, Warehouse, Hos-
pital, Shop, etc., for instant inter-departmental
contacts. Complete with 3 connecting wires,
each 66ft. and other accessories. Nothing
else to buy. P. & P. 7/6 in U.K.

A top quality DE-LUXE transistorised intercom consists
of MASTER and SUB for desk/wall mounting. Call, talk
or listen from either unit. On/Off switch, volume control.
Ideally suitable as “BABY SITTER” or Door Phone.
A boon for spastics and invalids. Useful in the home,
surgery or business for instant 2-way conversations,
effective range 300ft. Unsurpassed in QUALITY AND
PERFORMANCE. Complete with 66ft. connecting
lead. Battery 2/6 extra. P. & P. 4/6. Price Refund if not
satisfied in 7 days.

T TELEPHONE AMPLIFIER
:

Why not increase efficiency of Office, Shop
and Warehouse with this incredible De-Luxe
Portable Transistor TELEPHONE AMPLI-
FIER which enables you to take down long
telephone messages or converse without
holding the handset. A useful office aid. A
must for every telephone user. Useful for
hard of hearing persons. Onfoff switch.
Volume Control. Operates on one 9 V.
battery which lasts for months. Ready to
operate. P. & P. 3/6 in U.K. Add 2/6 for
Battery.

Full price refunded if returned in 7 days.

WEST LONDON DIRECT SUPPLIES (W.W.) 169 KENSINGTON HIGH STREET, LONDON, W.8
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COMPUTER SALES AND SERVICES

49-53 PANCRAS RD., LONDON, N.W.1. Tel: 01-278 5571 Telex No. 267307

(low cost computers and peripherals)

ELLIOTT 803
DIGITAL COMPUTER

This is a well proved solid state digital computer, with well over 200 systems TVP"Eal i

sold in the UK and abroad. Reliability has been proved by long periods of Configuration:

operation. It has many advantages, such as|low running costs, compact Central Processor with 4096 Core Store. Type 3 Paper Tape Station. One
design, automatic programming, extensive libraries of programmes available = Tape Reader 500 characters per sec. (Elliott TS/93), One Tape Punch 100
and a wide variety of Input and output‘devices] and auxilliary equipment can characters per sec. (Teletype BRPE E11). Keyboard console and associated

be coupled making this system suitable for use In all classes of work. desk. Creed Teleprinter. Automatic Floating Point Unit.
- : :APE READERS P
PART USED COMPUTERS | et 1o okt pebe
tapes up to 1 In, E
AVAILABLE SHORTLY _l;{lAAptiE NETIC TS ol
; : s); tt 94
ICL 1500; PDP 81; IBM 1440; IBM 1401; . ?gso cpso) ! o+
SDS 930; ELLIOTT 803; EMIDEC 1180; D4/42 (500-1,000 "
COMPUTER QUALITY cps).

HONEYWELL 200; NCR 400.

ICT HOLLERITH

Type 029.80 column Punch |
A waell-proven electro-mechanical card punch,
with duplicating, spacing, and skipping facllities.
Two types of keyboard are available for this model
Alpha/Numeric and Alphabetic.
The alphabetic largely resembles a typewriter
keyboard, enabies alpha punching by the operation
of one key.
Supplies 110v. D C. mains for card feed motor.
FEATURES: Motor cut-out switch for clearing
card jams. Stop Lever for stopping card at the 80th
column. Also available H129 card verifiers.

Available with

l'
1* MAGNETIC TAPE full warranty,

CERTIFIED 550 B.P.1.
800 B.P.1. ON 2,400-ft. REELS. GUARANTEED
REPLACEMENT IF FAULTED. £6.10.0

1 In. Highest grade 2,400 ft................. £3. 0.0
4 in. 104 in. dia. spool and cassette........ £1.10.0
4in. 8} in. dia. spool and cassette.......... £1.10.0
11In. metal 10} in. dia. spool and cassette....£2.10.0
1in. N.A.B. centres 104 in. spool only...... £1, 0,0 8100 DOCUMENT

READER

A low cost single
pocket machine with

reject outstacking
facilities. Permits data
entry iInto the com-
puter direct from
source documents.
Handles up to 1,200
documents per minute
and is suitable for
use with 8 wide
varlety of character
recognition  systems
and optical mark read-
ing employing com-
puter printing andfor
manual data entry.

ENGLISH ELECTRIC LEO
Lector Automatic Document Reader
A photo electric document reader sensing contrast between COMPLETE AIR CONDITIONING

marks and background, transposing on to 7 or 8 channel Y _
paper tape. Suitsble for transcribing order forms, meter SYSTEMAVAILABLEBY WORTHING

reading sheets, stock control forms and market research TON U.S.A. COST OVER £8K WHEN
LEuuns, OF, NEW. P.O.A.

FRIDEN FLEXOWRITERS

Flexowriter programmatic
automatic writing lnachine
forautomaticletter writing,
Data preparation work,
Involce format paper work,
edge punching cards,
cutting continuous cards,
preparing unit cards, pre-
paring stub cards, reading
edge punched cards,
reading/copying punched
tape. Price from £175.

REFURBISHED HAND PUNCHES—
80 COLUMN

The Punch

is & table-mounted model punch. For the Serisi
Punching of alpha-numeric Data, Aipha or Multi
Hole Punching Is made by depressing two or
more keys simuitaneously, Also available refurbished
ICT 103 BO col. verifiers. With full warranty.
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SERVICE TRADING CO

INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260 v. A.C.

BRAND NEW. Keenest prices in the
country. All types (and spares) from
4 to 50 amp. available from stock.

0-260 v. at | amp....... £510 ©
0-260 v. at 2-5 amps.... £6 15 0
0-260 v. at 5 amps...... £9 15 0
0-260 v. at Bamps...... £l1410 0
0-260v. at 10amps..... . £l18 10 O
0-260v.at 12amps...... £21 0 0
0-260v.at 15amps...... £25 0 0
0-260 v. at 20amps...... €37 0 ©
0-260 v.at 37-Samps.... £72 0 0
0-260 v, at 50 amps...... £92 0 O

20 Different types available for
immediate delivery.

1 amp. £3.18.6
| amp £5.00. 2% amp. £6.12.6. P. & P.7/6.

-_—_————————-——

RING TRANSFORMER

Functional Versatile Educational

This multi-purpose Auto Transformer, with
large centre aperture, can be used as a Double 3§
wound current Transformer, Auto Transformer, &
H.T. or L.T. Transformer, by simply hand wind-
ing the required number of turns through the centre opening.
E.g. Using the RT.100 V.A. Model the output could be wound
to give 8Y. @ |24Amp., 4V, @ 25Amp. or 2V. @ 50Amp., etc.
Price: RT.I00VA 3.18 turns per volt, £2 5 0+3/6 p. and p.
RT,300VA 2.27 turns per volt. £4 4 0+5/6 p, and p.
RT. IKVA 1.82 turns per volt, £6 10 0+6/6 p. and p.
RT.2KVA 1.5 turns per volt, £10 [0 0+9/6 p. and p.
RT.3KVA .5 turns per volt, £14 0 0+10/- p. & p

L.T. TRANSFORMERS

All primaries 220-240 volts.

1 AMP
OPEN TYPE (Panel mounting).

Type No. Sec. Taps Carr.
I 12v.atBA L. i 6 5/6
2 30,32,34,36 v.at5amps. . 6 6/-

30 40, 50 v. at 5 amps. ..... 6 6/6
4 lO, I7, 18 v. at 10 amps. 0 4/6
5 6,12v.at20amps. ....cce0eenn 6 6/6
6 17,18,20v.at20amps, .......... 6 6/6
7 6,12,20v.at20amps. coooeenenn. 6 7/6
8 24v.at0amps.......coiviniiinnnn 6 5/6
9 4,6,24,32v,at [2amps. ........ £7 3 0 ¢6/6

— e — — — — . — — —— —— —
AUTO TRANSFORMERS. Step up, step down.
110-200-220-240 v. Fully shrouded. New. 300 watt
type £3I|1/6 each, P. & P. 4/6. 500 watt type £5/2/6 each,
P. ., OOO wate type £7/1/6 each P. & P. /6

LIGHT GENSITIVE SWITCHES
Kit of parts including ORP.12: Cadmium |
Sulphide Ph l1. Relay Tr and
Circuit. Now supplied with new Siemens
High Speed Relay for 6 or 12 volt oper-
ations, Price 25/-, plus 2/6 P. & P,
ORP. 12 and Circuit 12/6 post paid.
220/240 A.C. MAINS MODEL
incorporates mains transformer rectifier and special
relay with | make, | break, H.D. contacts. Price Inc.
" circuit 47/6, plus 2/6 P. & P.

LIGHT SOURCE AND PHOTO CELL

MOUNTING ﬁ@
N =]

Precision engineered light source

with adjustable lens assembly and —
ventilated lamp housing to take .
MBC bulb. Separate photo cell mounting assembly for
ORP.12 or similar cell with optic window. Both units
are&sr;ngle hole fixing. Price per pair £2/15/0 plus 3/6
P. & P.

S p— e p— f— P G— f— J— s —

SOLID STATE INTERVAL TIMER

24-30v. D.C. operation. Stabilised
uni-junction Timer and S.C.R.
(30v. |1Amp.), encapsulated in metal
core. Tlming interval adjustable
from a fraction of a second to several
minutes by means of external L
resistor or pot. By adding a 24v. Relay many other
complex timing Functions are possible. Price: 16/6 incl.
circuit, p. & p. 2/6. Suitable relay 9/6. P. & P. | /6.

230240V A.C. 10 RPM MOTOR
(Non Reversible)
Extremely powerful. Con-
tinuously rated. Offered at the
low price of 35/- post paid.

INSULATED TERMINALS

Available in black, red, white,
yellow, blue and green. New

2/- each.
— et G AL W s e D B s e e
‘AVO' MODEL 48A

Ex-Admiralty in good condition with in-
structions, leads, plus D.C. Shunts for 120
Amp. and 480 Amp.tA.C. Transformer for
60 Amp. and 240 Amp. Multiplier for 3600
volt. Complete outfit in fitted case.
£15/0/0, P. & P. 10/~

ALL MAIL ORDERS. ALSO CALLERS AT:

57 BRIDGMAN ROAD,

LONDON, W.4. Phonc:
Closed Saturdays.

995 1560
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Postage and Carriage shown
below are inland only, For
Overseas please ask for
quotation, We do not
issue_a catalogne or li£

POWER
RHEOSTATS

(NEW) ing embedded in Vitreous
heavy duty brush assembly designed
duty. AVAILABLE FROM
STOCK IN THE FOLLOWING Il VALUES:
100 WATT | ohm 10a., 5 ohm 4.7a., 10 ohm 3a.,
25 ohm 2a., 50 ohm l.4a,, 100 ohm la., 250 ohm
*7a,, 500 ohm ‘45a., Ik ohm 280mA., I‘5k ohm
230mA., 2'5k ohm ‘2a., 5k ohm [40mA., Diameter
3tin. Shaft length Zin. dia.7 in., 27/6. P. & P, |/6.
50 WATT I/5/I0/25/50/IOO 0/500/ 1K/1 -5K/2-5K/

All at 21/-, P. & P. | /6,
25 WATT IOIZS/SO/IOO/ZSO/SOO/I K/1:5K/2-5K ohm.
All ac 14/6, P. & P. 1/6.
Black Silver Sklrted knob calibrated in Nos. 1-9. 13
in, dia. brass bush, ldeal for above Rheostats, 3/6 each.

Enamel,

for continuous

e — — — e (e — — E— S e

MOTOROLA MACII/6 PLASTIC
TRIAC 400 PIV 8 AMP

Now available EX STOCK supplied complete with full
data and applications sheet, Price 21/- plus 1}6 P. & P.

T.M.C. ILLUMINATED
LATCHING PUSH BUTTON  ____
KEY SWITCH No. 525594 ﬁ%
LOCK 4 clo - .

Complete with mounting
bracket,PushKnobandLenses
{(GREEN, AMBER, RED or CLEAR

~state colour preference). PRICE 14/6 each excluding
. bulb, Post Paid. Discount for quantities of 200 or over.

— e e S ST ey e Ge— Se— S em— —

STROBE! STROBE! STROBE!

THREE EASY TO BUILD KITS USING XENON WHITE &
LIGHT FLASH TUBES. SOLID STATE TIMING +4
TRIGGERING CIRCUITS. PROVISION FOR EX-
TERNAL TRIGGERING. 230-250v, A.C, OPERATION,
The Strobe is one of the most useful and interesting

instruments in the ilaboratory or workshop, It is

X
X
X
X
invaluable for the study of movement and checking
of speeds. Many uses can be found in the psychiatric
and photographic fields, aiso in the entertainment i
x

busmess It is used a great deal in the motor Industry
and is a real tool as well as an interesting scientific
device.
EXPERIMENTERS “ECONOMY” KIT
Adjustable | to 36 Flash per sec. All electronic com-
onents including Veroboard o
enon Tube +instructions £5.5.0 plus 5/- P.
NEW INDUSTRIAL KIT
Ideally suitable for schools, laboratories etc. Roller
tin printed circuit. New trigger cml. plastic thyristor
Adjustable 1-80 f.p.s. Price 9 gns. . & P.
HY-LYGHT STROBE
This strobe has been designed for use in large rooms,
halls and the photographic field, and utilizes a silica
tube for I%nger life expectancy, printed circuit for
easy assem Iy. also a specnal trigger coil and output

Um;u;cuon

1-30 f.p.s.
approx. 4 mules Price £10.17.6. P & P
7-INCH POLISHED REFLECTOR. Ideally suited
for above Strobe Kits, Price 10/6 and 2/6 P. & P, or

¥ post paid with kits.

Aok ok dekedede stk ok e ek ok ok ok
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ELECTRO NIC ORGAN KIT

Ideal present for Elec-
tronically minded boy.
Easy to build, solid
state. Two full octaves
(less sharps and flats).
Fitted hardwood case,
using two penlite |iv.
batteries. Complete set of parts including speaker, etc.,
together with full instructions and 10 tunes. Have all the
pleasure of building this instrument and finish with a
functional, instructive gift for any boy or girl. Price
£3.0.0. P. & P. 4/6.

BODINE TYPE N.C.1

GEARED MOTOR

(Type 1) 71 r.p.m. torque 10 Ib. in,
Reversible | [70th h.p, 50 cycle 38:mp.
(Type 2) 28 r.p.m. torque 20 Ib. in
reverslbla 1/80th h.p. 50 cycle .28 amp.

The above two precmon made U.S.A. motors are
offered in ‘as new’ condition. Input voltage of motor
115v A.C. Supplied complete with transformer for
230/240v A.C. input

Price, either type £3.3.0 plus 6/6 P. & P. or bess trans-
former £2.2.6 plus 4/6. P. & P.

These motors are ideal for rotating aerials, drawing
curtains, display stands, vending machines etc. etc.

Llshlt output

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

MINIATURE UNISELECTOR

3 banks of [l positions, plus
homing bank. 40 ohm coil.
24-36 v. D.C. operation. Carefully
removed from equipment and
tested. 22/6, plus 2/6 P, & P,

UNISELECTOR SWITCHES NEW
4 BANK 25 WAY FULL WIPER

25 ohm coil, 24 v. D.C. operation.
£5.17.6, plus 2/6 P. & P.

6 BANK 25 WAY FULL

WIPER 25 ohm coll, 24 v. D.C.
operation. £6.10.0, plus 2/6 P. & P.
8-BANK 25-WAY FULL WIPER
24 v. D.C. operation, £7.12.6, plus 4/- P. & P.

RELAYS ~ew SIEMENS PLESSEY, etc.

MINIATURE RELAYS AT COMPETITIVE PRICES,

COIL WORKING
— D.C. VOLT CONTACTS PRICE
52 6—9 6M 12/6
230 6—I12 2 ¢jo 12/6
280 6—I12 2 c/o incl. base 14/6
700 16—24 4M 2B incl. base 12/6
1250 36—45 6M 12/6
2500 36—45 6M 12/6
5800 80—85 4 c/o 12/6
9000 40—70 2 c/o incl. base 10/-
H.D. = Heavy Duty POST PAID

MINIATURE RELAYS

9—I12 volt D.C. operation. 2 ¢/fo 500 M.A. contacts.
Size only lin. X X in. Price 116 Post paid.

30-36 v. D.C. operation. 2 cfo 500 M.A. contacts.
3.200 ohm coil. Size only | X % X 1%in. 8/6 post paid.

SPECIAL OFFER

Relay 18/24 v. D.C, 2 c/o 3 Amp contacts.
400 ohm coil. NEW, 9/6 P, & P. |/6 or
3 for 30/= post paid.

TYPE A.G.C. IM B I2v. A.C. 3 amp contacts.
NEW 9/6 + /6 p. & p: or 3 for 30/- post paid.

RECHARGEABLE NICKEL
CAD. BUTTON CELLS.

2 x 1.2 v. 250 MA/HR Nickel Cad. Cells,
connected to give 2.4 v, at 25 m:II:ampIIO hour
rate, complete with 200/250 v, A.C. charger,
unused. Price 9/6 each plus 1/6 p, & p. or 2
units for £1 post paid.

COMPLETE NI. CAD. BATTERY OUT-
FIT (EX W.D.)

2 metal carrying cases
each containing 10 x 1.2
volt 7 AH (I2v) batteries,
also 10 X 1.2v 22 AH
(12v) batteries (40 bat- | J
teries in all). | Dual 1
voltage, dual meter,
thyristor controlled
charging unit. Designed
for charging the 7AH and 22AH batteries simul-
taneously. Input voltage can be adjusted between
100-250v AC. Built to ministry specification. Ideal
power supply for field work. Offered at fraction of
makers price. 2 sets of batteries, | charging unit. The

set £45 c. & LBO.L— e ——
NICKEL CADMIUM BATI'ERY

1.2 v. 35 AH. size 83 highX3x l§. 30/« each, plus 4/-

P. & P

Sintered Cadmium Type [.2 v. 7AH. Size: height 3} in.,

width 2§in. X 17%in. Weight: approx. 13 ozs. Ex-R. AF

Tested 12/6. P. & P. 2/6
—

NEW MODEL HIGH FREQUENCY
TRANSISTORISED MORSE OSCILLATOR
Adjustable tone control. Fitted with moving coil speaker,

also earpiece for personal monitoring. Complete with
morse key. 45/- plus 3/6d. p. & p.

SEMI-AUTOMATIC “BUG” SUPER SPEED
precision r.ooled

MORSE KEY @»;
10 w.p.m. to @

7 adjustments,
speed adjustable

Welght 241b. £4/I1/6 post paid.

¢ f— I S S— D S . S — —

high as desired.
VENNER ELECTRIC TIME SWITCH

200/250 volt. Ex-GPO, _ Tested, perfect
condition. Two ON, two OFF, every 24 hrs,
at any manually pre-set time. ‘Pnce 10amp.
£2/15/0. |5amp. £3/5/0. 20amp. £3/15/0. Also
available with Solar Dial ON at dusk, OFF
at dawn.

— p— e — f— f— i Pt fEm—— e — f—
INSULATION TESTERS (NEW)
Test to |.E.E. Spec. Rugged metal con-
struction, suitable for bench or field
work, “constant speed clutch, Size
L.8 in.. W.4,in, H.6in., weight 6lb.,
500 VOLTS, 500 megohms £28
carriage paid.
1,000 VOLTS,

1.000 megohms, £34 carriage paid.

PERSONAL CALLERS_ONLY

9 LITTLE NEWPORT STREET,
LONDON, W.C.2.
Tel.: GER 0576
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PR 0205 o £1 * INTEGRATED CIRCUIT TWO NEW OSCILLOSCOPES FROM RUSSIA
a Q- b A O
AAI20 1V 85mA Q05 | OA79 S0V  36maA 3-18 AMPLIFIERS
*D223 50V 50mA 0-10 0A81 115V 60mA 0-08 OA3005 RF amplifier, 100me/s bandwidth.. .. . 135 Cl1-5 SINGLE BEAM
*D223A 100V 50mA 0-10 OA85 115V 150mA  Q-07 CA3012 Wide Band Amplifier for IF applications. . . 110 OSCILLOSCOP
*D223B 150V 50mA 0-12 0A86 60V 35mA i e L SCORE
OAG 100V 115mA 915 FSR AL 2 I e g%g CA3020 560mW Audio Amplifier .. . 2 .. 150 10 me/s passband, triggered
0A6 60V 115mA (-20 0AS1 %0V  50mA 010 CA3036 Two super-alpha pairs for stereo pick-up systems 0-95 sweep from 1 p sec. to 8 milli-
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T2 | memivsnlatienroSan | geop o S s
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ficl il 213 Bl s o e SPECIAL PURPOSE VALVES, PLEASE O.FFER us
g release of electronic valves, tubes, . &
Cab'Fs- ZAERO LONDON klystrons, etc. ) YOUR SURPLUS STOCK. MUST BE UNUSED.
Retail branch (personal callers only) E.L.D. Approved stockists.
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APPOINTMENTS VACANT

DISPLAYED SITUATIONS VACANT AND WANTED: £7 per single col. inch.

LINE advertisements (run-on): 8/- per line (approx. 7 words), minimum two lines.

Where an advertisement includes a box number (count as 2 words) there is an additional charge of 5/-
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract
is placed in advance.

BOX NUMBERS: Replies should be addressed to the Box mumber in the advertiscment, ¢/o
Wireless World, Dorset House, Stamford Street, London, S.E.1.

No responsibility accepted for errors.

Sea-going Radio Officers can now
malke sure of a shore job and good pay.
N NACANANANANANANANANANNANNANAN AN

Advertisements accepted up to
THURSDAY, 12 p.m., 8th OCT.,
for the NOVEMBER issue,
subject to space being available,

Telecommunications, or an equivalent
certificate issued by a Commonwealth
administration or the Irish Republic.
Find out more by writing to:—
The Inspector of Wireless Telegraphy,
External Telecommunications Services,
Wireless Telegraph Section ( Ww ),

Union House,
nion House @@

St. Martins-le-Grand,
London, E.C.1. Telecommunications

If you’d like a job ashore, at a United
Kingdom Coast Station, the Post Office
will start you off on £965—£1,215,
depending on age, with annual rises up to
£1,650 (salaries are under review) and good
prospects of promotion to higher posts.

You will need to be 21 or over, with
a 1st Class Certificate of Competence in
Radiotelegraphy issued by the Postmaster
General, or the Ministry of Posts and

691

$

SIEMENS

pressure. An attractive salary will
be negotiated, appropriate to age and
qualifications.

Wirite to the Personnel Officer
at this address:

Siemens (U.K.) Limited,
Great West House,
Great West Road,
Brentford,

Middx.

Tel: 01-568 9133

SERVICE ENGINEER

We urgently need a Service Engineer
to work on high-quality
telecommunications test equipment.
This is an important assignment: the
successful applicant will have had
extensive experience of servicing
and calibrating this type of
equipment. HNC is desirable, but
appropriate experience is more
important. The job is based in
Croydon, and an attractive salary
will be negotiated.

INTERNAL TECHNICAL
SALES ENGINEER

(Electronic Components)
A man with a sound technical

GET
AHEAD
WITH
SIEMENS

Siemens, one of Europe’s major
growth companies, is expanding
fast in Britain.

Spearheading this expansion is our
electronics business, and so we are

always in need of able and ambitious
engineers, sales and service men.

Even if your specific assignment

isn‘t listed here, therefore, you are
invited to send a brief curriculum vitae.
We may have precisely the opportunity
for career development you

are looking for.

background in electronic components
{min. O.N.C.) is required in our
Croydon office. The job entails
solving customers’ technical problems
{frequently by telephone) and

liaising between our engineers and
works. The successful applicant will
be capable of working well under
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RADIO
OPERATORS

There will be a number of vacancies in the
Composite Signals Organisation for experienced
Radio Operators in 1971 and subsequent years.

Specialist training courses lasting approxi-
mately 8 months are held at intervals. Applica-
tions are now invited for the course starting in
September 1971,

Salary Scales
During training with free accommodation
provided at the Training School:

Age 21 £848 per annum
422 £906 @
. 23 £943 ,,
. 24 £981 "
. 25 and over £1,023 ,,

On successful completion of course:

Age 21 £1 023 per annum
. 22 £1,087 "
. 23 £1,150 .
. 24 £1,214 P
. 25 (highest
age point) £1,288 o

then by 6 annual increments to a maximum of
£1,749 per annum.

Excellent conditions and good prospects bf
promotion. Opportunities for service abroad.

Applicants must be United Kingdom residents,
normally under 35 years of age at start of training
course, and must have at least 2 years’ operating
experience or PMG qualifications. Preference
given to those who also have GCE 'O’ level or
similar qualifications.

interviews will be arranged throughout 1971.

Application forms and further particulars from’:
Recruitment Officer, Government Com-
munications Headquarters, Oakley, Priors
Road, CHELTENHAM, Glos., GL52 B5AJ.

Tel: Cheltenham 21491 Ext. 2270 o

APPOINTMEN
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DIEHL CALCULATING
SYSTEMS

require additional

ELECTRONIC AND ELECTRO-
MECHANICAL ENGINEERS

to n‘laintain a range of electronic/electro-
mechanical printing calculating systems
in London and the Home Counties. The
range includes the Diehl Combitron Desk
Computer, Punch tape inputfoutput
equipment, and interfacing equipment.
Full training will be given to successful
applicants who should have either
technical background to ONC/HNC
level, City and Guilds or Radio/Radar
experience in the forces.

Realistic salaries which will be related
directly to experience and capabilities.
Transport will be provided. Please send
full details of experience to:
Service Manager,
Calculating Systems Ltd.,
Pyramid House,

956 High Road, Finchley, N.12.
801

Management Consultants
in Human Resources

17 Stratton Street-London W1

Design Engineers South Africa

TV and Radio

for a well established company having a substantial share of the local markets for radio,
radiogram, record player and hi-fi equipment, and now moving into the manufacture of
domestic television receivers. These are three new posts to deal with specialist design
needs, as follows:

Design Engineer
Car/Portable Radio

to initiate and develop designs and circuits for the mass production of FM/AM radio
receivers. Reporting to the Technical Manager he will be responsible for optimising
designs by the application of transistor circuitry: he will be supported by drawing office
staff and facilities. Candidates should be qualified at HNC level in electrical engineering

'or electronics and have at least 5 years’ experience in circuit and component design of

radio receivers. Reference ZH.1759.

Design Engineer
TV Recelvers

to initiate and develop designs and circuits for domestic television receivers for both
black and white and colour. Reporting to the Technical Manager he will be responsible
for the complete electronic designs of sets to meet local systems. He will be supported
by drawing office staff and facilities. Candidates should be qualified at HNC level in
electrical engineering or electronics and have at least 5 years’ experience in designing
television or associated electronic equipment. Referencer ZH. 1760.

Industrial Designer
Entertainment Equipment

To co-operate with technical designers in the final designs of radio, TV and similar
equipment to suit market trends and local production methods. In this post technical
qualifications are less important than the proved ability to modify and dress technical
designs to meet sales requirements, without degrading their technical performance.
Candidates must have.at least 5 years’ experience as industrial designers in the light
electrical appliances or electronics industries. Reference ZH..1761.

For all three posts the starting salary is negotiable up to £3,000. Free life insurance,
contributory provident fund and medical aid scheme. Appointed candidates will be
expected to emigrate to South Africa with the assisted passage scheme. Telephone or
write to P. H. L. Thomas quoting the appropriate reference.

The MSL Consultant has analysed each appointment
Further information will be sent if you provide your name and
address by telephoning 01-629 1844 or writing to the consultant
quoting the reference. Your enquiry will be in confidence.

812



APPOINTMENTS

al22

If youTre a telecommunications
man and matchup

to the qualifications below
cut yourself into a slice of
Britain's future

— — —— g

l Become a

i Radio
' Technician

L in the fast-growing world of
| Air Traffic Control

Please send me an application form and details of how | can join
the fascinating world of Air Traffic Control Telecommunications.

Name . = TRl 4 e o AT e S TRERT 4

I AdAress........oooeriies

Not applicable to residents outside the .United Kingdom . WWTE?2
To: A J Edwards, C Eng, MIEE,

The Adelphi, Room 705, John Adam Street, London WC2

marking your envelope 'Recruitment’

Sending this coupon could be your first step to
a job that’s growing in importance every year.

The National Air Traffic Control Service needs
Radio Technicians to install and maintain the vital
electronic aids that help control Britain’s
ever-increasing air traffic.

This is the kind of work that requires not only
highly specialised technical skills but also a well
developed sense of responsibility,and candidates
must be prepared to undergo arigorous selection
process. Those who succeed are assured a steadily
developing career of unusual interest and challenge.
Starting salary varies from £1044 (at19) to £1373
(at 25 or over) : scale maximum £1590 (higher
rates at Heathrow). There is a good annual leave
allowance and a non-contributory pension for
established staff.

You must be 19 or over, with at least one year’s
practical experience in telecommunications,

(‘'ONC’ or ‘C and G’ qualifications preferred).

NATCS

National Air Traffic Control Service

Wireless World, October 1970

Workasa
RADIO
TECHNICIAN
attachedto
Scotland Yard

You’d be based at one of the Metropolitan Police
Wireless Stations. Your job would be to maintain
the portable VHF 2-way radios, tape recorders,
radio transmitters and other electronic equip-
ment, which the Metropolitan Police must use to
do their work efficiently.

We require a technical qualification such as the
City & Guilds Intermediate (telecommunications)
or equivalent.

Salary scale: £1,161 (age 21), rising by increases
to £1,590 plus a London Weighting Allowance.
Promotion to Telecommunication Technical
Officer will bring you more.

For full details of this worthwhile and unusual
job, write to: Metropolitan Police, Room 733 (RT),
New Scotland Yard, Broadway, London, S.W.1.

compufer
cngineering

NCR requires additional ELECTRONIC, ELECTRO
MECHANICAL ENGINEERS and TECHNICIANS to
maintain medium to large scale digital computing
systems in London and provincial towns.

Training courses will be arranged for successful
applicants, 21 years of age and over, who have a
good technical background to ONC/HNC level, City
and Guilds or radio/radar experience in the Forces.

Starting salary will be in the range of £900/£1,350
perannum, plus bonus. Shift allowances are payable,
after training, where applicable. Opportunities also
existfor Trainees, not less than 19 years of age, with
a good standard of education, an aptitude towards
and an interest in, mechanics, electronics and
computers.

Excellent holiday, pension and sick pay
arrangements. Please write for Application Form to
Assistant Personnel Officer
NCR, 1,000 North Circular Road,

London, NW2
quoting publication and month of issue.

NC

Plan your future with

R
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RADIO TECHNICAL
OFFICERS

Earnings in excess of £2,000 p.a.

The P.L.A. operate a wide telecommunications network from Tower
Pier to the outer Thames Estuary, and vacancies exist at the King
George V Dock for Radio Technical Officers to maintain the
equipment at maximum efficiency.
To ensure adequate coverage, a shift system is operated.
Salary scale: £1,400-£1,520 p.a.

Plus pay supplement: £160 p.a.
Plus allowance for week-end and £275 p.a.
public holiday working:
Payment at enhanced rates for overtime working when required.
Earnings in excess of £2,000 p.a. are possible.
Minimum qualifications:-— O.N.C. Electrical Engineering
or City & Guilds Intermediate Certificate

in Telecommunications Engineering

plus Radio II
or equivalent Service qualifications.
Applicants should have at least 5§ years’ ‘experience’in semi-
conductors and in at least two of the following fields:—

V.H.F. and U.H.F. Radio

Radar and Microwave Links

Telemetry and Digital

Teleprinters and Message Switching.

Application forms may be obtained from:—
The Chief Engineer (Personnel),

Port of London Authority,

P.O. Box 242, Trinity Square,

London, E.C. 3P 3 BX

PORT OF LONDON
AUTHORITY

One of the subsidiaries of a large international
trading organisation operating in
East Africa, requires the services of an:

X-RAY SERVICE ENGINEER

(to be stationed in Nairobi, Kenya)

Candidates for thls position must be prepared to travel
extensively and have a thorough and practical experience
with the installation and maintenance of:

X-RAY EQUIPMENT, ELECTRO
MEDICAL and HOSPITAL EQUIPMENT

A working knowledge of Electronic Calculators will be an
added advantage.

The successful applicant wili be on contract for a tour of three
years In the first instance with three months paid overseas
leave. Salary will be dependant on experience and qualifi-
cations in the scale of K.£1,800—K.£2,100 with an annual
bonus payment. Terms include annuai local leave, free
housing, medical scheme, company’s pension fund and car,
children and education allowances.

Written applications, giving full details of .education, qualifi-
catlons, age and experience should be forwarded to:

TOM MANAGEMENT LTD
P.O. Box 12186
NAIROBI, Kenya

Interviews for this position will be arranged in the United
Kingdom or The Netherlands 791
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DP AND DATA
TRANSMISSION
SERVICE
ENGINEERS

News is our business at Reuters—we gather it
from alt over the world, sift it, edit it, and then get
it to our thousands of subscribers just as fast as we
can. twenty-four hours a day. every day of the
year. We couldn't begin to cope without
sophisticated data handling systems and com-
puters. We are dependent on our communica-
tions and need more data processing or data
transmission engineers to service our equipment
comprising the following :

@ PDPS8 electronic message switching systems.

@ STOCKMASTER and _electronic brokerage
systems, including remote display terminals.

@ Reuters international data transmission systems
@ Peripheral and ancillary equipment.

Qualifications. Preferably HNC, or equivalent,
in relevant subjects. Consideration will also be
given to Retiring Service personnel with Service
qualifications, or engineers without formal
qualifications but trained by a leading computer
orcommunications company.

Experience. Two years or more in the mainte-
nance of digital equipment—Processing., Re-
trieval or Data Transmission. Preference will be
given to applicants who have experience in all
three areas of operation.

Salary and Conditions. Starting salary will
depend on experience and ability, and holidays and
general conditions of employment are among the
best in industry. Some vacancies will require shift
working on a two shift system which operates
from 8-4 and 2-10 alternate weeks. These
positions are at our Head Office in London and
for those applicants who. measure up to our
requirements we can promise an interesting and
busy life where rewards will match performance.

Write or telephone for an application form, to:

Brian Heywood,

REUTERS Limited,

85 Fleet Street, London, EC4
Telephone: 01-353 6060

Q......Q.........-"".".........0..0..05..'....00’

0000000000 000000000000
00000000000 OOEOOGO®EDOC®OOS O
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Communications
Technicians

Home and Overseas

The Diplomatic Wireless Service requires men capable of working without supervision for
-the installation, modification, maintenance and operation of (a) radio transmitters and
receivers, remotely tuned aerial systems, teleprinters and voice frequency telegraph equip-
ment over a worldwide network, or (b) very high power transmitters, receiving equipment,
tape-recorders, generating plant, etc., at several high power broadcasting stations, or (c) a
wide variety of telephone subscribers’ apparatus; machine telegraph and other specialised
equipment, or (d) microwave receivers, assoclated test equipment, recorders and audio
amplifiers, or (e) machine telegraph and electronic ancillaries.

Initial appointment will normally be at Hanslope Park (Bucks), or Crowborough (Sussex)

or in London, but successfu! candidates must be prepared to serve anywhere in the United.

Kingdom or overseas.

QUALIFICATIONS: ONC in Engineering, including a pass in Electrical Engineering, or
equivalent standard of technical education; and at least 5 years’ appropriate training and
experience.

SALARY (National): £1,224 (at 21) to £1,352 (at 23) to £1,643.(at 28 or over on entry),

rising to £1,839, with prospects of increases to £2,730 on promotion. (London rates are -

£75 or £125 more). Non-contributory pension.

For full details and an application form (to be returned by 8 October, 1970), write
to Civil Service Commission, Alencon Link, Basingstoke, Hants, quoting S$/7554/70

775

MEDICAL ENGINEERING IN HOSPITALS

MEDICAL ELECTRONICS
TECHNIGIAN

required in the Northampton Group of
Hospitals to service, repair and calibrate a
wide range of electronic equipment used in
hospitals for medical, surgical and engineering
purposes.

Candidates should have good practical
experience in radio/telecommunications,
pulse generation, automatic control systems
or electro-medical equipment. Possession of
HNC or HND in electronics or a comparable
qualification would be an advantage.
Opportunities for .further study and training
available. Salary scale: £1,356—£1,764 p.a.
If you are interested in receiving further
details of this opportunity, please write to
the Group Secretary, Northampton & District
Hospital Management Committee, General
Hospital, Northampton, NN| 58D.

783

UNIVERSITY OF LANCASTER
ELECTRONICS TECHNICIAN

The Department of Engineering invites applic-
ations from suitably qualified persons for a post
as Laboratory Electronics Technician
who must be experienced in solid state elect-
ronics and instrumentation ; duties will include
assisting in the design and making of new
equipment for teaching or research and the
maintenance of laboratory equipment.

Application forms (retumable by October 3,
1970) and further information available from
the Staff Officer, University of Lancaster,
Ballrigg, Lancaster, 802

Iilstallation Design
Draughtsmen

This senior appointment (with appropriate salary) involves
responsibility for preparing radio station installation plans
and supporting lists of installation materials.

Resulting from expansion of Pye Telecom Radio Systems o
business, the position demands considerable experience.
Probably in your early 30’s and having served a workshop
apprenticeship, you should have as a minimum O.N.C. or
equivalent in mechanical engineering. You'll need in addition
a sound background in the mechanical design of light
electronic or electrical equipment, preferably in the
telecommunications industry ; ability to read architectural
drawings as applicable to installation design; familiarity
with industrial procedures; and awareness of the market
position for the supply of proprietary equipment used in large
radio installations.

Please write, including details of your previous career to:
Mr. M. W. Timmins, Senior Personnel Officer,

& »
& Pye Telecommunications Ltd Q 9

" Newmarket Road, Cambridge, CB5 8PD
Telephone: Cambridge 61222

JUNIOR
TECHNICIAN

required at our Hampstead Laboratories, Holly
Hill, N.W.3, Suitable for applicant in early 20’s
with some experience of workshop practice and
an interest in electronicinstrumentation. Minimum
quallfications 4 G.C.E. ‘O" Levels to include
English, Maths and a Science subject. Salary
according to age on scale £706 to £I,i144 p.a.
Please apply quoting our reference WW 62/1 to:
Miss A. Furber, National Institute for Medical
Research, The Ridgeway, Mill Hill, London, N.W.7.
Tel.: 959 3666.

758

West Sussex County Council

INDUSTRIAL TRAINING
CENTRE, CRAWLEY

TRAINING
INSTRUCTOR

Qualified applicant required to instruct
Electrical Craft and Technician Engineer
apprentices during first two years of appren-
ticeship. Good qualifications and experience in
electronics are essential.

Salary scale:
£1,362—£1,902—£2,052 per annum

Further particulars and application form from:
Head of Centre, Industrial Training
Centre, College Road, Crawley. Com-
pleted form to that address within 14 days of
the appearance of this advertisement. 794

793
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Design/Development
Engineers

-come and make our products obsolete.

Today’s new developments at Pye Telecom will be old hat within 5 years.
That’s the attitude which has put this company on top of the
radio-telephone manufacturing league.

Now Pye Telecom are hotting the pace up further still. With massive
expansion. And, hopefully, your help. You will be in the midst of exciting
innovations—new products, new techniques, new components.
Everything your work demands will be there—including computers for
use as design aids and on-line Europe-wide research facilities.

In return for your talents. . . rewards, promotion opportunities and
conditions of service which match the very best in industry today. There’s
a choice of 2 pleasant locations—Cambridge or Southend—and relocation
expenses will naturally be company paid.

So how about it? You’ll need an electronics degree or equivalent,
circuitry experience, and preferably 2/3 years of VHF/UHF
radio-telephone design experience. It will help, alternatively to have
experience in other fields such as radar broadcasting or television.

Please phone for an application form or write giving full details of your
experience and salary requirements to:
Mike Timmins, Senior Personnel Officer,

<' &o Pye Telecommunications Ltd Q'Q

"* Newmarket Road, Cambridge, CB5 8PD.
Tel: Cambridge 61222

811

Electronic Video Recording

EVR is being jointly developed by a consortium of CIBA,  now require the following additional staff for this project
the international chemical group, ICl and CBS of at Basildon in Essex:
Amaerica ; lliford is a member of the CIBA group, and we

SENIOR AUDIO ENGINEER
and AUDIO ENGINEER

for the operation and maintenance of high quality magnetic and operate a contributory pension scheme, free life assurance and
optical sound equipment. sickness schemes. Assistance will be given with relocation

A good theoretical knowledge and practical experience of-audio expenses where appropriate.

recording and reproduction is essential. Candidates shouid also Applications, quoting reference ZH.39, giving details of
have experience of interlock system, multiple track recording, qualifications and career to date, should be addressed to:
frequency modulation, audio dubbing facilities, compression, The Personnel Manager, liford Limited, Christopher Martin Road,

expansion and frequency equalisation equipment, measurement of BASILDON, Essex.
distortion, wow and flutter and all other parameters in an audio

system. An appropriate qualification would be an advantage. \\u// @
Applicants for the above position must be prepared to work on § é
shifts in due course. Commencing salaries will be in the range 74/”\\§

£1800 to £2500, according to qualifications and experience. We Veie

751
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Electronic Video Recording

EVR is being jointly developed by a consortium of CIBA,  America; |Iford is a member of the CIBA group. The EVR
the international chemical group, ICl and CBS of Unit at Basildon in Essex requires a:

SHIFT CONTROL ENGINEER

to be responsible for the supervision of the overall operation of the We operate a contributory pension scheme, free life assurance and

video tape and sound transfer facilities on a shift basis. sickness schemes.

The successful applicant will preferably have experience of video Applications, quoting reference ZH.42, giving details of

tape recording and editing, telecine operation, tele-recording and qualifications and career to date, should be addressed to :

film characteristics, optical and magnetic sound transfer, vision The Personnel Manager, lIford Limited, Christopher Martin Road,
and sound mixing apparatus and the control of staff in a senior BASILDON, Essex.

television engineering capacity.
Applicants must be prepared to work on shifts in due course.

Commencing salary will be negotiable in line with experience, \\JV/ &
Assistance will be given with relocation expenses where § é
appropriate and rented accommodation can be arranged under the 74/"\\§

Basildon New Town scheme.

SENIOR TEST ENGINEERS | TELECOMMUNICATIONS ENGINEERS

WEST AFRICA

The leading U.K. Manufacturers of high grade T.V. monitors and ancillary T.V. studio

equipment require . Senior Test Engineers for their rapidly expanding test department. 1 Qualified Telecommunications Engineers are requlred for
Situated in the Berkshire town of MAIDENHEAD the company offers pleasant working servicing and maint of radioteleph t
conditions, good salaries, and a friendly environment. and associated items in Iropical West Africa.
Duties will cover the testing and troubleshooting of our complete range of equipment. Qualifications: HNC or higher.

i Previous experience on television equipment is not essential but candidates must have (Cartitge @i y7zen in (keve el _
Salary: According to age, experience and qualifications.

a thorough knowledge of electronics and testing procedures. Commencing at nof less than equivalent £2000 sterling.
RePIY to: Free accommodation and passages. Preference for
bachelors with tropical experience but not essential.

PROWEST ELECTRONICS LTD., ||| oo

. 2b.5 Road - _New Malden - §
Telephone: Maidenhead 29612 752 tssex Roa & At “:::

THE
UNIVERSITY OF
LEEDS

Applications are invited for posts in the followina
Department: PHYSICS

(i) EXPERIMENTAL OFFICER/
SENIOR EXPERIMENTAL OFFICER

The successful applicant will be responsible for the
design of a wide range of electronic apparatus
covering DC and puise amplifiers and digital re-
cording systems. Minimum qualification: Degree
in Physics or Electrical Engineering, together with
appropriate experience. A well-equipped laboratory
is available. Reference number 22/6/C1.

(ii) RESEARCH FELLOW/
RESEARCH ASSISTANT

Applicants should have a Ph.D. or appropriate
research experience and should be interested in
applying their knowledge and experience to the
analysis and interpretation of data from the
Haverah Park Extensive Air Shower Array. This
Array has now been running for ten years and is
yielding results on primary cosmic ray particles with
energies in excess of 10 17eV. The post will be
tenable for two years. Reference number 22/7/C1.
SALARY SCALES: Experimental Officer/Senior
Experimental Officer: £995-£2.235; Research
Fellow/Research Assistant: £900-£1.600.
Applications {2 copies) stating age. qualifications
and experience and naming three referees, should
be sent to the Registrar, The University of Leeds,
Leeds LS2 9JT. Please quote appropriate
reference number.

Calling. .
Electronic Fault

Finders & Inspectors

Our electronic paging equipment is in increasing world-wide demand
—we need to call on more people with experience of printed circuit
work to test and service this equipment NOW.

Bring your experience to us—of course the rates of pay and overtime
opportunities are good but we offer that much more. . . job
satisfaction, security, a future with a pace-setting Company.

We've called you—now take this opportunity and contact

The Personnel Manager.

Multitone Electric Co. ltd

10-28. Underwood Street,
London, N.1.
Tel:01-253 8022 @




Wireless World, October 1970 ol APP OlNTMENTS

CONTINUOUS
ANSIO

Standard Telephones & Cables, Micro-
wave and Line Division based at Basildon
are growing fast. in order to keep pace
with this consistent growth rate we require
the following

Test Technicians
Ref. 27221

The diversity of products manufactured at
the Basildon Plant demands experienced
testing staff for work on complex trans-
mission systems.

Candidates should hold an ONC in elec-
trical engineering and be able to offer
considerable practical experience in the
field of testing and fault clearing all types
of land-unit, pcm and microwave equip-
ment.

Installation Engineers

Technicians & Testers
Ref. 25720

To test and commission Multiplex, Co-axial
Line and Microwave Radio Systems.

Ideal candidates will be less than 45 years
of age with practical experience on some of
the above equipment. These challenging
posts call for drive, initiative and common
sense. It is necessary for applicants to be
prepared to work anywhere in the U.K,

Applications should be addressed to
The Personnel Officer,

STC Chester Hall Lane,
Basildon, Essex.

91

SPECIALIST

Duties will involve the maintenance and installation
Salary £2,310 to £2’590 of police radio equipment throughout Zambia,

according to experience travelling by road and air.

. The equipment includes moderndow and medium
Low Taxation power H.F. equipment, S.S.B. equipment and V.H.F.
equipment including multiplex links. Knowledge of
Contract of 36 months maintenance of teleprinters, diesel and petrol

. generators preferred.

25% Tax Free Gratulty Candidates, who will serve in the rank of Inspector of
) Police (non-uniformed), must have completed a five
Educational Allowances year apprenticeship or hold a service trade certificate
- . or equivalent qualification and have at least six years
Subsidised Hous,mg post qualification experience.

Apply to CROWN AGENTS, 'M' Division, 4 Millbank, London, S.W.1,
for application form and further particulars stating name, age, brief details of
qualifications and experience and quoting reference M2Z/61274/wWF
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Communications

Technician
Libya

For installation and maintenance work on all types of equipment

including UHF/VHF, teleprinter, and telephone exchange. This is a

bachelor posting with 17 days home leave after each 45 days and

very generous terms and conditions.

Candidates should possess a minimum of City and Guilds

Telecommunications Certificate PL 49 or equivalent, and have

experience of telephone and teleprinter equipment.

Please write briefly quoting reference ZH166, to:

P. J. Montanjees, Recruiting Officer, The British Petroleum

Company Limited, Britannic House, Moor Lane, London, EC2Y 9BU.
809

ELECTRONIC SERVICE ENGINEER

Required to assist in the Servicing, Maintenance and Development of electronic and
electro-magnetic equipment in the Printing industry.

Although formal technical gualifications are not vital, applicants must have a wide

experience in press register and drive controls, complex relay logic, computer peripheral’

equipment, etc. The position also necessitates light mechanical work.
Itis intended that the engineer will be engaged on shiftduties.

Salary by negotiation.

PERSONNEL OFFICER

HAZELLS OFFSET LIMITED,
Leigh Road, SLOUGH, Bucks.

Member of The British Printing Corporation Limited

Apply in writing to.—

E

Metropolitan Police Office

TELEGOMMUNICATIONS
TEGHNICIANS

Five posts in the Lines Section of the Telecommunications Branch at New
Scotland Yard involving co-ordination and planning in connection with the
provision, development and maintenance of line communications and
associated equipment.

Candidates (men or women) should normally be aged at least 23. They
must have ONC in Engineering, including a pass in Electrical Engineering,
or have attained an equivalent standard of technical education, and at
least 5 years’ appropriate training and experience.

SALARY: £1,477 (at age 23)—£1,768 (at 28 or over on entry); rising to
£1,964. Promotion prospects. Non-contributory pension.

For full details and an application form (to be returned by 8 October-

1970), write to Civil Service Commission, Alencon Link, Basing-
stoke, Hants. quoting $/7544/70.

774
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CIRCUIT DESIGNERS

Required for Television and Communica-
tion Development, dealing with broadt’
spectrum of circuit techniques embracing
solid-state technology from discreet
components to L.F.I.

The positions are with the engineering
designs subsidiary of a leading television
organisation, preferred qualifications are
B.Sc., H.N.D. or H.N.C. and the member-
ship of an appropriate professional body.
Company insurance and pension scheme,
three weeks leave, salary which is
competitive with comparable industry
levels, will be paid.

Reply to the:
Managing Director,

DYNAMIC TECHNOLOGY LIMITED,

Station House, Harrow Road,

Wembley, Middlesex.
785

UNIVERSITY OF ST. ANDREWS
Department of Psychology

Applications are invited for the post of

CHIEF TECHNICIAN

in the Department of Psychology tenable for
three years in the first instance. The person
appointed should hold a Higher Na}ional
Certificate or its equivalent and possess Special
skills in the design and construction of electronic
control apparatus. Salary scale £1676t0 £1909;
starting salary according to qualifications and
experience. Pension scheme. Applications, with
the names of two referees, should be lodged not
later than 15 October, 1970, with the

Secretary of the University
College Gate, St. Andrews

from whom further particulars may be obtained.
789

SITUATIONS VACANT

FULL-TIME technicsl experienced salesman re-
quired for retall sales; write giving detalls of age,
previous experience, salary required to—The Manager,
Henry's Radio, Ltd., 303 Edgware Rd., London, W[J.
87

APPLICATIONS are Invited for the post of electronics
technician in the Department of -Psychology, Can-
didates should have or be completing Final City and
Guilds in Electronic Servicing, or an equivalent quali-
flcation. Candidates with ET4 or. O.N.C. and with
special experience in electronics will be considered.
Familiarity with electrophysiological equipment or
interest in or experience with small computers would
be an advantage. The salary will be on the scale £935-
£1,303 per annum. The initial point of entry will
depend on qualifications and experience. Apply in
writing, quoting ref. T24, to Assistant Bursar (Per-
sonnel), University of Reading, Whiteknights, Reading,
Berkshire. [757

ARE YOU INTERESTED IN HI PI? If so, and you
have some experience of selling in the Retall Radio
Trade, an_excellent opportunity awaits you at Telesonie
Ltd., 92 Tottenham Court Road, London, W.l. Tel.
01-387 7467/8. 2

A SENIOR Transformer/Rectifier design Engineer is
required for varied and interesting projects asso-
clated with equipment up to 150/kVA/KW. We are an
expanding Company of Manufacturing Electrical
Engineers located in South Herts, Box W.W. 987
Wireless World, ’

MANADA. Thousand Islands Tourist Reglon. TV
engineer for expanding, modern service. department.
Starting salary $5,200-$5,500. Write, Atkinson Sheridan
Service Co., 139 King St. W., Brockville, Ontario, or
phone 613-342-3573." 179

ELECTRONIC ASSEMBLY and wiring accepted by

manufacturing workshop, phone Workshop Managex',
Pan Wholesale Ltd., 33-37 Wardour Btreet, W.1. Phone
013437 3733. [764

ELECTRONICS TECHNICIAN required in Department
of Medicine. Work involves development and main-
tenance of respiratory instrumentation in Clinical and
Physiology sections of group. Experience in Analog and
digital techniques desirable. Salary range £1,235- £1,535
per annum.. Applications to Secretary, Royal Post-
graduate Medical School, Ducane Road, London, W.12,
quoting ref. 2/444. [163
OR ELECTRONICS TECHNICIAN required for
construction and repair of electronic instruments
and maintenance of & Linear Accelerator. G.C.E. “0O"”
level in Physics and Maths required; “A’ levels or
O.N.C. an advantage. Day release for further study is
possible. Salary according to age and experience. Apply
with full details to the Director, Medical Research
Council Cyclotron Unit, Hammersmith Hospital, Luncégn.
w.12.
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Electronic Video Recording

EVR is being jointly developed by a consortium of CIBA,
the international chemical group, ICl and CBS of

America’; liford is a member of the CIBA group and our
plant at Basildon, Essex, requires a :

TECHNICAL ASSISTANT

for the operation and maintenance of
Television and Audio Equipment
A good knowledge of radio and television theory together with

some practical experience in television engineering or allied fields
is essential. HNC or equivalent would be an advantage.

The Personnel Manager, liford Limited, Christopher Martin Road,
BASILDON, Essex.

‘Commencing salary will be from £1300 according to qualifications
and experience. We operate a contributory pension scheme, free
life assurance and sickness schemes.

Applications, quoting reference ZH.40, giving details of
qualifications and career to date, should be addressed to:

€ ILFORD |&

750

~ DEVELOPMENT ENGINEER

Urgently required—a dynamic young Develop-
ment Engineer to join a design team working on
H.F. Single Side Band Transceivers. Must be
thoroughly familiar with the application of inte-
grated circuits, field effect transistors and other
state-of-the-art techniques. Attractive salary,
Staff Pension Scheme, Canteen facilities, etc.
Please apply givifig a summary of your experience
in this field of: activity to The Personnel
Manager, Labgear Ltd., Cromwell Road,
Cambridge. Tel. No. Cambridge 47301.

760

Applications are invited from qualified candidates
for the following post in the Electronics Depart-
ment at Poole General Hospital:

ELECTRONICS TECHNICIAN HII

Qualifications: O.N.C., H.N.C., City & Guilds or
equivalent.

Salary: £1,180 x 8 increments to £1,500 per
annum.

The Department will be primarily concerned with
the installation, testing and maintenance of an
extensive range of diagnostic /therapeutic and
allied electronic equipment, and ultimately with
research and development of bio-medical equip-
ment in consultation with medical staff.

The position offers adequate scope for initiative
and career progression, including the possibility of
assistance with further training.

Applications, giving full details, including
qualifications, experience and the names and
addresses of two referees, to the Hospital
Secretary, Poole General Hospital, Poole, Dorset.

761

' —_\‘
/ Supervisory

Systems
Technicians

A progressive, well-paid career could
be yours, in our expanding Systems
Design Department. We have
vacancies at junior and intermediate
levels, with opportunities for
promotion to Engineer grades, for
technicians who have experience of
industrial instrumentation or digital
electronics and the ability to work on
detail logic design.

Applicants should have, or be
studying for, a City & Guilds, ONC or
HNC qualification in electronic
engineering.

Write or telephone D. J. W. Barker,
Training & Recruitment Officer, fora
full job specification and application

form.
Serck Controls

% systems division
Queensway, Leamington Spa, Warwickshire
Tel : Leamington Spa 27030.
L A member of the Serck Group

806
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AINTENANCE ENGINEER required for major
recording studio in London. Preferably experienced
fn setting up and maintaining professional equipment,
but applicant with a sultable background considered.
Please apply in writing to Mr. P, Godwin, Pye Studios,
A.T.V. House, Gt. Cumberland Place, London, W.1. [759
DICAL PHYSICS TECHNICIAN III required in
the Artificial Kidney Unit at St. James’s Hospital.

TECHNICIANS A"n Main responsibilities will be to maintain electrical/

electronic equipment associated with hospital and home

E"GlNEERs Fon ST ALBA Ns dialysis. Salary and conditions of service in accordance
L] with appropriate Whitley Council recommendations.

Applications stating age, experience and qualifications

ANn LuTON together with the names of two referees to the Group

Secretary, St. James’s Hospital, Leeds LS9 7TF. [796

LYMOUTH POLYTECHNIC, DEPARTMENT OF

QUALIFIED OR NOT!  GINEERING.  Required,  Techniolan  Grade 111 - 1o

maintain, service and assemble electronic instrumenta-

. g g ] tis d i] t. Candidat: t Final

VACANCIES exist for work on testing and calibrating valve City and Gullas or equivalent qualifications and have
and solid-state electronic measuring equipments embracing e e i iien Malh s TR it cxteribnce Ear,
all frequencies up to u.hf. in Production, Service and o b oA e
Calibration departments. Plymoits, PLi 3EW, to whom they should be returned
APPLICATIONS are invited from people of all ages with | %lg;%l% WLID. fequire fully experionced TELE.
experience or formal training in electronics and from ex-Armed ELECTRONICS — INSPECTORS. Good  commencing
Services technicians sialarles. sWe1 would palrtlcularly wellcogxetetnqxilrles
- rom ex-Servic ersonnel Or personnel ahou 0 leave

HIGHLY COMPETITIVE SALARIES, negotiable and fho " Serviow. " Flease_ wate sivine ful detaln_fo
TSOnne. anager, 110 . Tro0! ad,

backed by valuable fringe benefits. ' Wandswarth, S.W.18, (26

SENIOB TECHNICIAN/TECHNICIAN required for the
construction, development and surveying of an
interesting variety of electronic apparatus in modern
chemistry teaching and research laboratories. Salary
in ranges £1,248-£1,556 p.a. and £905-£1,273 pa.
according to age and experience, plus London Weighting

RE-LOCATION EXPENSES available in many instances.
‘CONDITIONS excellent; free life assurance, pension
schemes, canteen, social club.

. £125 p.a. d ible £30 £50 p.a. lifica tio:

373-hour, 5-day, office-hours week. ;\llowa.rl:c:, “’%wéi%?é 'iveek.L :i‘rour/ﬂvg awt%llxc:ma?r:usﬁ
a . . P 1 o

WRITE or phone Personnel Department stating age, details (G/T/ST): Queen Mary Collgge, (Ontveraity of Londony.

° F g g A Mile End Road, London, E1 4N8, stating which post
of previous employment, training, qualifications, approximate STEITIaE face, oasATURDrehant’ crpoticnos: any
salary required, quoting WW 6 qURLEACEHONS, &

y q ! q g TECHNICAL OFFICER in ELECTRONICS required

for the design and development of solid state
circuitry involved in the development and use of a
. eyclotron for medical research. Applicants should have
a Pass Degree or HNC, and experience in the use of
integrated circults, switching circuits, or data handling
techniques. Age under 35. Salary in range £1,723-
£2,057 4+ £90 L.W. Apply to Director, Medical Research
Council Cyclotron Unit, Hammersmith Hospital, Lon%on.
w.12.

MARCONI INSTRUMENTS LIMITED,
Longacres, St. Albans, Herts.

Tel: St. Albans 59292

Luton Airport, Luton, Beds.

Tel: Luton 31441.

A GEC-Marconi Electronics Company

HE UNIVERSITY OF MANCHESTER INSTITUTE

OF SCIENCE AND TECHNOLOGY. TECHNICIAN
OR S8ENIOR TECHNICIAN (ELECTRONICS). REF.
OPT/237/A0O required in the Department of Ophthalmic
= Optics. The successful candidate will be required to
maintain, and occasionally design and build, electronic
and other research equipment. Current research with
the Department includes studies and applied optics and

[} [ 3
neurophysiological behavioural work on visual percep-
tion. Salary Grades: Techniclans, £905-£1,273 Der
annum; Senior Techniclans, £1,248- £1,556 per annum.

(Additions of £30 and £50 in each grade for educa-
tional qualifications. Commencing grade and salary

[}
will be dependent upon qualifications and experience.)
“ 2 43 Requests for application forms, quoting above Reference,
p to y should be made to the Registrar, U.M.1.5.T., Sackville

Street, Manchester M60 1QD. Completed forms to be

returned by 5th October, 1970. [792

The Meteorological Office is looking for an engineer to work at its headquarters In & esmg{:‘d :}Eflggffus"% g‘engL‘:S‘ Standing

Bracknell, Berks, on the planning, provisioning and installation of landline and radio quires gERSONAL ASSISTANT with ls‘ervicing expe;}-

7 A H Ash i ence. Good position and prospects for keen and capable

telecommun|cat|ons_systems.. Thesg systems transmit data and aqalogue/filgltal facsimile, o, State age and detalls of experience. Box WW.
some of the input being received via satellites and the output being fed into computers. 537 Wireless World.

i i § H IRELESS Technicians., There are vacancles at

J The work is varied, interesting and involves the use of the most modern techniques. iieg sy oﬁ}ce Wlirelcss D;x;;:tsi e aat

Applicants must have satisfied the training and exaanation zequirements of an appro- @ E?c‘{}“:t%,:‘&%“é‘ii‘on°}gg ;:?fugf%og;é’: vtl-!l)misﬂgg

H i 3 i i UHF Systems, Pay—£1,161 (at age 21) r to £1,890

priate Institution (or be CorPorate Members) or hold a degree in engineering or bl g m Ll R AL e

physics. Some relevant experience expected. 3 weeks paid holiday a year. Good Promotion Pros-

i . X pects. QUALIFICATIONS—City and Gullds _ Inter-

STARTING SALARY: up to £2,438 according to qualifications and experience. mediate Telecommunications Certificate or equivalent,

3 or good experience in Telecommunications. For further

Non-contribGtory pension. details write to: Directorate of Telecommunications,

Home Office, 60 Rochester Row, London, S.W.1. [804

Write to Civil Service Commission, Alencon Link, Basingstoke, Hants, for .RAY TUBE ENGINEER OR TECHNICIAN for X-

application form, quoting S/7546/70. Closing date 8 October, 1970. ray tube plant in important country in SOUTH

AMERICA. Candidate must have minimum of 7 years’
experience in production of fixed and rotating anode
773 x-ray tubes. No language requirement. Salary will be
minimum £4,000 annually plus use of car and other

”””””’Q Wole Tt etais to - xey Tubes,” Box No. To2, Wire:
WE KNOW YOU WANT A BETTER J0B
and what is more WE WILL HELP YOU FIND IT.

Experienced engineers in Design and De-
velopment, Systems Test, Technical Sales,
Production Engineering, Field Service or
Technical Writing should

Contact Electronics Appointments Ltd.
and we will help you.

Our placement service is professional, specialised and
completely confidential. We are in consultation with over
800 companies on all aspects of eiectronics engineering.
Phone or write at any time quoting WW 101.

NORMAN HOUSE - 105/109 STRAND - LONDON - W.C.2
TEL: 01-836 5557

\

ARTICLES,FOR SALE

VO Mk. 4 Valve Characteristic Meter, mint con-
ditlon, £95 o.n.o. Wanted, modern Pye Radlo-
telephone Equipment.—Austen, 1 Valebridge Road,
Burgess Hill. 3409 (day). (754

BUILD IT in a DEWBOX quality Dlastics cabinet.
2 In. X 2} in. X any length. D.E.-W. Ltd. 5
Ringwood Rd., FERNDOWN, Dorset. S.A.E. for leaflet.
[

N\ N\ \

Write now—Right now.

EPSYLON closed circult TV channel VC10T tran-
sistor Vidicon camera control power unit, two
monitors, any reasonable offer considered. 01-892-4076:

HI-FI EQUIPMENT—Radio Tape Recorders, completes
systems supplied and installed. Spares & components.
Radio and T.V. valves. First class repair service. Tele-
phone Farnborough (Hants) 42590/48101. {705

MUSICAL MIRACLES. Send S.A.E. for detalls of
Cymbals and Drum Modules, versatile independent
bass pedal unit for organs, pianos or solo, musical
novelties, waa-waa Kkits (48/-). Also bargain compo-
nents list reed switches ®etc. D.E.W. Ltd., 254 Ring-
(95

NN N\

"“

NN N N NN\ N\

wood Road, Ferndown, Dorset.

\:
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Electronic Video Recording

EVR is being jointly developed by a consortium of CIBA,  America ; lIford is a member of the CIBA group. The EVR

the international chemical group, ICl and CBS of

Unit at Basildon in Essex now requires additional :

VTR ENGINEERS

They must possess operational and maintenance experience of 2°
quadruplex video tape recorders and have a thorough knowledge

of colour television principles.

Applicants must be prepared to work on shifts in due course.

Applications, quoting reference ZH.41, giving details of
qualifications and career to date, should be addressed to :

The Personnel Manager, llford Limited, Christopher Martin Road,
BASILDON, Essex.

Commencing salaries will be negotiable according to qualifications
and experience. Assistance will be given with relocation expenses
where appropriate. Rented accommodation can be arranged under

the Basildon New Town scheme. We operate a contributory /"\\\ @

pension scheme, free life assurance and sickness schemes.

749

AGRICULTURAL RESEARCH
COUNCIL

Food Research Institute

Electronics technician required. The work is
concerned with the construction and testing of
electronic equipment together with some
maintenance of existing instrumentation.

Applicants should have served an apprentice-
ship and possessagoodtheoretical and practical
electronic background together with . some
workshop experience, An O.N.C. in electronics
will be an advantage.

Salary on Technical Works Grade I, starting
salary according to age, from £1,092 to £1,442
at age 28, rising by annual increments to a
maximum of £1,643,

Optional contributory superannuation scheme.
Application forms fromSecretary, Food Research

Institute, Colney Lane, Norwich, NOR 70F,

guoting 70/18.
805

JUNIOR TECHNICIAN

required at our Hampstead Laboratories,
Holly Hill, N.W.3, Suitable for applicant in
early 20’s with some experience of workshop
practice and interest in electronic instru-
mentation. Minimum qualifications 4 G.C.E.
‘O’ Levels to include English, Maths and a
science subject.

Salary according to age on scale £706 to
£1,144 p.a

Please apply quoting our reference WWé4/|
to:

Miss A. Furber,
NATIONAL INSTITUTE for
MEDICAL RESEARCH,
The Ridgeway, Mill Hill, London, N.W.7.
Telephone: 959 3666
784

COUNTY BOROUGH OF BRIGHTON

EDUCATION COMMITTEE

Tenders are invited for the
Supply of Close Circuit Television
Equipment for-the

Brighton Polytechnic {Technology).

Forms of Tender are available from the
Director of Education, 54 Old Steine,
Brighton, BN1 1EQ.

803

Test
Technicians

Our test department is expanding. It is responsible
for the testing of magnetic storage devices, high-speed
printers, punched-card and paper-tape equipment.

For people with experience in electronics,
opportunities exist immediately. Further vacancies will
arise over the next few months. Training will be given
to those who do not have previous computer experience.

Applicants must have worked on the testing,
maintenance or repair of electronic equipment, and
preference will be given to those qualified to ONC
(Elect.) or C& G Final.

Locations: Kidsgrove and Winsford. Both are
situated in rural surroundings bordering on the
Cheshire Plain. Housing is available at attractive prices.
and assistance with mortgage can be arranged.

Write giving details of age, qualifications, and
experience, to: Brian Buckley, Personnel Manager,
International Computers Limited, Kidsgrove,
Stoke-on-Trent, quoting reference WW498M.

International Computers




APPOINTM ENTS al32 Wireless World, October 1970

Radio and

FOR SALE

TF 762C V.H.F. Generator .. 4 .. £865p.p. 30/-
TF 726C V.H.F. Bignal Generator .. 5 p.p. .
TF 937 (CT 218) 8ignal Generator 85 kecs-30 mcn £70 p.p. 30/
CT 378 2-225 mes Avo Bignal Generator .. £35p.p.

TF 373C Marconi Impedance Bridge .. T e R

. BC 221 Frequency, Meter with 8.P. A.C. .. £30 p-p. 20/-
CD 518 Solartron Oscilloscope. . .. _£35 p.-p. 25/~
13A D.B. Hartley Oscllloscope Pertect £25 p.p. 30/
1035 Mk, I1 D.B. Cossor Oscilloscope .. £25p.p 25/
103 Beope only .. £10 p.p. 25/~
CR 30015 kcs-25 mes 8 bands Mnreoni Rcceiver £28 p.p. 40/~
i B.28 60 kes-30 mes 6 Bands Communication
. Receiver £30 p-p. 40/-
B.40 650 kes-30.5 mos Murphy Communicatlon
Receiver B £15 p.p. 25/~
8P 600 TX T Model Hammerlund .. £85 p-p. 50/~
R 209 1-20 mes AM/FM Recelver .. 312 10 p.p. 17/8

536A 28-145 mes AM/FM Hallicraft Recetver.. £35 p.p. 50/~
TR 1520 115-145 mcs Aircraft Tnnsrecelver

Engineers

24 v. op. £8 p.p. 20/-
19 Bets 1.8-8 mcs Tmnscei\'er - .. £3 p-p. 20/
88 Walkie Talkie Sets E. K. Cole .. £4.10 p.p- 15/
31 Mk. II Transceiver .. . _8 £2 p.p. 15/
Colllne TCB Transcefver 1.! 5-12 mel 5 .. £25p.p. 40/
Pyl',e ]ng)d tl:loutt})l{aﬂ;rs OBy S £5 p.p. 15/
v . 6 Pole Double throw 3 amp con! 2] ol s
1 in. dia. Beales 5/6d. p.p. 2/-
fo r A l r T ramc CO n tro' SySte m S Nyion Block suitable torbeaﬂngs,etc “n.dh
perlin, run .. 5/6d.
8chomand} Frequem:y Decadn NDb nnd
. i . . . . . . Precision Decade NDE 1 (2) 0.1 kes to
The National Air Trgffic Control Service requires radio and electronic engineers to le mes. A;I;Ie: Oﬂer;.w =
work on sophisticated electronic systems custom built to meet highly specialised INEETOR A s, SO coPe
operational requirements. Top Loading Scales 10 Ibs. In 1 oz. divs, .. 25/= p.p. &/-.
i i i H i EASTLAKE ELECTRONICS _—
These systems |ncl'ude primary _and secondary surveillance rqdars, strategically sited, s s s ST T
which send automatically a continuous stream of data over wide band or narrow band 797

links to Air Traffic Control Centres for processing and display; modern computer
based installations now being introduced to speed up data extraction and display;
radio aids to en-route navigation; instrument landing systems of high integrity to
facilitate automatic approach and landing at major airfields; advanced radiotelephone
networks linking pilots and air traffic controllers ; automatic telegraph relay centres
for passing messages about the movements of aircraft and for handling meteoro-
logical information; closed clrcuit television installations and other automatic data
transfer systems.

Engineers help in systems planning, work on equipment specification, procure-
ment and evaluation, and on installation planning, maintenance policy and
direction. They may also be required to take part in the day-to-day running of
the organisation in the field, for example, at an air traffic control centre, an airport
or at a signals centre.

Qualifications: 1st or 2nd class honours degree in Electrical Engineering or
Physics, or have passed or obtained exemption from the examinations for MIEE,
MIERE, or AFRAeS. You should be aged between 23 and 35 on 31st December
1970 (extensions if you are ex-H.M. Forces or Overseas Civil Service).

Starting salary can be as high as £2,425, (Inner London) depending on
qualifications and experience. Prospects of promotion within 3 years are out-

INTEGRATED CIRCUIT
AUDIO AMPLIFIER

KIT

Power output:—3 Watts R.M.S. per channel.
Sensitivity:—160 mv. input for 3 watts output.
Output load:—7.5 to 15. Frequency response
—15 Hz to 50 KHz (3db down). Treble cut and
boost —18 db to +12 db. Bass cut and boost
—14 db to +12 db. Noise level —80 db. max.
(referred to 3 watts output). Hum — 70 db. max.
(referred to 3 watts output). Crosstalk —40 db.
Distortion at 3 watts output 1% max. (Total

standing. harmonic).
For more details and an application form, (which must be re- Price of kit of parts and full constructional
turned by 8th October 1970) write to: The Civil Service Commission, details £15.
Alencon Link, Basingstoke, Hants., quoting ref. no. $/85/AS0/787 TELEVISION CITY.
Dept. WW1, 50, Richmond Road, Kingston,
Surrey.

Tel. 01-546 3961 (100 yds. from Station).
Datly 9.30-5.30; Friday 9.30-7; Closed Monday.

We offer
. 61 SMITHFIELD ROAD
A TAPE RECORDER ENGINEER casbar [ 2 r>ho”
the opportunity of working in an up-to-date service department on Uher recording offer
equipment. The applicant should be familiar with the latest transistorised circuitry
as well as being able to carry out mechanical work on such equipment.
We offer a good salary, non-contributory pension scheme, subsidised canteen ENAMELLED

facilities an(-i some free local traT\spor.t.. . ‘ _ - | COPPER WI RE

If you are interested, please write giving brief details about your qualifications

and experience to: S.W.G. b, b, 1ib,
18-29 6.3d. 11.0d4. 16.0d.
The. Personnel Officer, BOSCH LIMITED, Rhod w w , 5
o ks KRpFI T "e;';o 30-35 7.0d. 11.64 16.94.

- 36-40 8.91. 13.64. 22.04
41-45 11.34. 17.6d4 27.6d.

S.W.G.'s 24; 30; 38 and 40
6d. PER REEL DISCOUNT.

TRADE ENQUIRIES WELCOME

ELECTRONIC E"GlNEERs TERMS - CASH WITH ORDER ONLY.

PLEASE ADD 1/- PER REEL P. & P.

Savice Engineers required for Offices, throughout the United Kingdom, | 2
of weli-known Company manufacturing Electronic Desk Calculating 60 £ rer BT e Audio cututs.  Smal sompact
Machines. Applicants should possess a sound knowledge of basic untts. £30. Toolex, & Warwick Close, Herttord (85003
Electronics with experience in Electronics, Radar, Radio and T.V. or FOR SALE-CARBON FILM RESISTORS
similar field. Position is permanent and pensionable. Comprehensive = 1332 T oed . 2*\‘:.'18% o ea
training on full pay will be given to successful applicants. Please send o da o s | 100
full details of experience to the Service Manager, Sumlock Comptometer Cash with order.

Ltd., 102/108 Clerkenwell Road, London, E.C.1. 82 1 oo siae bt B it it o

HENDEN BLAISE & CO., 21 Shrewsbury Road
Beckenham, Kent.: Tel: 01-630 1173

772
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ULLARD L101/3 D.T. Scope, trplley, circuits £68.
ARBSLF £20. 109 Wiggenhall Road, Watﬂgd.
81

NEW CATALOGUE No. 18, containing credit vouchers
value 10/-, now avallable. Manufacturers’ new and

[
surplus electric and mechanical components, price 4/6, e
post free. Arthur Sallls Radlo Control Ltd.. 28 Gardner
Street, Brighton, Sussex. {94 g

UHF, COLOUR and TV SERVICE SPARES. Leading
British makers’ surplus Colour Frame and Line
time base units incl. EHT transformer, £5, carrlage
10/-. Integrated UHF/VHF 6 position push button
tuner, 4 transistors, knobs, circuit data. Easily adjusted
for use as 6 position UHF tuner, £4/10/-, P/P 4/6.
MURPHY 600/700 serles complete UHF conversion kits
incl. tuner, drive:assy, 625 IF amplifier, 7 valves,
accessorfes, housed in special cabinet plinth assembly,
£7/10/- or less tuner £2/18/6, P/P 10/-. SOBELL/GQGEC
405/625 switchable IF amplifier and output chassis,
32/6, P/P 4/6. Ultra 625 IF AMP chassis and circuit,
25/-, P/P 4/6. Philips 625 IF AMP panel and circuit
30/-. P/P 4/6. UHF tuners, transistorised, slow motion
drive assy, aerfal panel, £5/10/-, P/P 4/6. New or
manufacturer tested VHF tuners, AT7639 Peto Scott,
Decca, Ekco, Ferrantl, Cossor, 38/6, Cyldon C 20/-, AB
miniature with UHF injection 25/-, Ekco 283/330,
Ferranti 1001/6 25/-. New fireball tuners, Ferguson,
HMV, Marconl type 37/6, Plessey 4 position push button
tuners with UHF injection, incl. valves, 58/6. Many
others available, P/P all tuners 4/6. Large selection

BOAC has vacancies infits Flight Simulator Branch at Heathrow Airport for Simulator
Engineers.

Duties will include fault diagnosis in both analogue and digital computers and the
incorporation of modifications. Applicants must have experience in some or all of the

channel coils. Burplus Pye, Ultra, Murphy, 110° scan following related fields:

coils 30/-, Sobell 110° Frame O/P transformers 17/6, J ¢ ﬁe s

P/P 4/6. Transistorised time base panel for Ferguson Analogue and/or Digital Computers
portable 50/-, P/P 4/6. LOPTs, Scan Colls, FOPTs Sei'v Mechani

available for’ most popular makes. PYE/LABGEAR ©wrlsdieuige

ransis oster ts B or UHF, battery inci i

operated 75/-, UHF Masthead £8/5/-, post free. COD Pl:mmples Othght

despatch avallable. MANOR SUPPLIES, 1732 WEST Aircraft Systems

END LANE, LONDON, N.W.6 (No. 28 Bus or W. Hamp-

Hydraulic Control Systems

Radio and Navigational Aids !
An ONC or equivalent standard of education is desirable and candidates should be
prepared to work shiﬁs1 including nights.
Salary, according to qualifications and experience, will be in the range £1,872 to.
£2,418 per annum inclyding London Weighting. Shift premium will be paid in addition.
There is an excellent contributory pension scheme and opportunities exist for holiday
air travel.

stead Tube statlon), MAIL ORDER: 64 GOLDERS
MANOR DRIVE, LONDON, N.W.11.Tel. 01-794 8751.
Staft holidays August 17 to 31. [60

NUSED 21” dia. colour Kinescope tube RCA 21 FB 22,
Offers. ALEXANDER 01-769-5432. 790

RADIO JOURNALS available, 1911-1940. Lambert,
60 Salhouse Road, Rackheath, Norwich. {765

USTRAK PORTABLE MINIATURE CHART RE-

CORDER. Model A. 0-ImA d.c. with spare Chart.

117V 60 ¢/s supply. Not latest model but new condition.
£35. Purley 660-8379. {

Write with brief details of training, experience and qualifications to:
Manager Selection Services (WW/357), BOAC, PO Box 10, Hounslow, Middlesex.

CAPACITOR DISCHARGE
IGNITION
(W.W. JAN.)
Invertor transformer 30VA 15 : 1
ratio. CWO 32/- + 5/- p.&p.
Also available with 30 : 1 ratio
for 6V systems, cost as above.

MAGTOR LTD., 68 Dale Street, MANCHESTER
682

Cossor CC 400M marine V.H.F. 6 channel F.M.
Radio Telephone suitable for conversion to

25 Kes. Kit ilable shortly—£175.

RCo;s::TCIC; ;5(;:'\' :nzr:nls:/j:ﬁ 6 channel F.M. PH ILI Ps RE c 0 R D s LI M ITE D
adio Telephone —£145, |

.Two' Cossof M:S 124 28 channel marine Radio Stanhqpe House, Stanhope Place, W.2

Telephone, completely crystallized for all 28
channels. One at £500. One at £450.

d ™ ™
Also available plenty of spares for Cassor Techn'cal nepartment Ass‘stant
CC40 Transmitter’ Receiver. L y
—RECORDING STUDIO

Standard Cabinets 214" wide x 18" high x 15"
deep manufactured by Imhof at £15 each.

Microwave cooker manufactured by
Caterwave, brand new, £350.

Microwave cooker manufactured by

We are seeking.a young man aged 22-30 as an Assistant in the Technical
Caterwave, -automatic, £37'5. Department attached to our Recording Studio in Central London.
JRC 10 weather facsimile equipment, £750.

Duties will include the servicing and maintenance of recording equipment,

COSALT LTD., assistance in preparation of equipment for outside recording activities and
Marine Radio Division, technical assistance during recordings as necessary. Job expansion will
Crimsby. . involve planning and| modification of equipment and electronic design
H 8
e e and development.
BUSINESS OPPORTUNITIES Practical knowledge of basic electronics and experience with transistor
A LONDON RETAIL THLEVISION and Electrical circuitry and techniques essential, combined with general knowledge of
Business of the highest standing requires Executive o .
Director. Eventual complete take-over of business en- recording and test equipment. O.N.C. In telecommunications would be
visaged on retirement of present managing director.
‘This is an exceptional opportunity to acquire a sound an advantage.

proﬂhbge tlmslnersls est;blishe% gver 40 ﬁ?ﬁ Prlnclpalé
nl; d te (¢ , 8 age an a . B
Setaits of background and experlence, indicating amount Salary will be negotiable according to age and experlence; excellent

8 Wi World. G
of capital available. Box W.W. 53 reless Worl employment beneﬂts and COI'IdltIOI'IS.

TEST EQUIPMENT — SURPLUS I}
AND SECONDHAND Please apply in writing giving detalls of age, education and experience to

IGNAL generators, oscilloscopes, output meters, wave the Personnel Officer at the above address. 766
voltmeters, frequency meters, multl-range meters,
ete., ete., in stock.—R, T. & I. Electronics, Ltd., Ash-
ville Old’ Hall. Ashville Rd., London, E.11. Ley. 49%6
64
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TEST ENGINEERS

EKCO AVIONICS (A Division of

Pye Telecommunications Ltd.)

urgently require a number of Test Engineers for their expanding

production lines.

They will be employed on the test and diagnosis of VHF equipmgnt
and a City and Guilds Radio and TV Servicing or Intermediate
Telecommunications Certificate qualification would be preferred.

Salary commensurate with experience and qualifications.
Excellent working conditions in very pleasant surroundings. Good
fringe benefits and opportunities for promotion.

Write, Phone or Call: The Personnel

Manager

EKCO AVIONICS

Priory Crescent, Southend-on-Sea. $52 6PW.

Tel: Southend-on-Sea 49491
638

experience is desirable.

fessional staff.

Salary Scale: £1,270-£1,590.

Write for Application Form and Job
Officer.

NORTHWICK PARK HOSPITAL
Watford Road, Harrow, Middlesex, HA1 3UJ Tel:01 864 5311

ELECTRONIGS TEGHNICIAN

One ELECTRONICS TECHNICIAN is required by the Maintenance Department to
undertake the servicing and calibration of a wide range of electronic equipment
used in hospitals for medical, surgical and engineering purposes. Previous hospital

The successful applicant will be required to liaise with medical and other pro-

Qualifications: H.N.C. in electronics, physies or electrical engineering, or equivalent.
Applicants in the course of obtaining final qualifications will be- considered.

Description to Mr. J. Sully, Staffing

780

AIR FORCE DEPARTMENT

RADIO TECHNIGIANS

Starting pay according to age, up to £1,373 p.a, (at age 25) rising to £1,590 p.a.

with prospects of promotion.

Vacancies at RAF Sealand, near Chester and RAF Henlow, Bedfordshire.

Interesting and vital work on RAF radar and radio equipment.

Minimum qualifications, 3 years’ training and practical experience in electronics.

5 day week—good holidays—help with further studies—opportunities for pension-

able employment.

Write for further details to:—

Applicants must be UK residents.

Ministry of Defence, CE3h (Air),

Sentinel House,

Southampton Row, London, WC1
795

Wireless World, October 1970

RECEIVERS AND AMPLIFIERS -
SURPLUS AND SECONDHAND

RO RxS5s, etc.,, AR88, CR100, BRT400, G209, 5640,
etc., etc., In stock.—R. T. & I. Electronics, Ltd.,
Ashville Old Hall, Ashville Rd., London, E.1l. L&y.
4986, 5

NEW GRAM AND SOUND
EQUIPMENT
\ONSULT first our 76-page illustrated equipment

catalogue on Hi-Fl (6/6).* Advisory service, generous
terms to members. Membership 7/6 p.a.—Audio Supply

Assoclation, 18 Bilenheim Road, London, W.4.
01-995 1661, [27
LASGOW.—Recorders bought, sold, exchanged;

cameras, etc., exchanged for recorders or vice~
versa.—Victor Morris, 343 Argyle St., QGlasgow, (,;:.21.
1

HURE GOLDRING cartridges post free, G800 £7.17.6.
M3D £6.5.0. M44/5/7 £7.10.0, M44E £8.19.6. M55E
£9.19.6, M75E/2 £16. Ultimate Electronics, 38 Achilles
Road, London, N.W.6. Mail Order Only. [96

TAPE RECORDING ETC.

F quality, durabllity matter, consult Britain's oldest
transfer service. Quality records from your suitable
tapes. (Excellent tax-free fund ralsers for schools,
churches.) Modern studio facilitles with Steinway
Grand.—Sound News, 18 Blenheim Road, London, W.4.
01-995 1661. [28

YOUR TAPES TO DISC—£6,000 Lathe. From 25/-.

Studio/Location Unit. S.A.E. Leaflet. Deroy Studios,
Higeh Bank, Hawk St., Carnforth, Lancs. [70

VALVES

VALVE cartons by return at keen prices; send 1/-
for all samples and Mst.—J. & A. Boxmakers, 75a
Godwin St., Bradford, 1. [10

FOR HIRE CCTV equipment, including cameras,
monitors, video tape recorders and tape—any period.
~Detalls from Zoom Television, Chesham 6777 [75

ARTICLES WANTED" +

SINGLE PHASE to Three Phase Changers, D.C. to
A.C. Rotary Converters, and D.C. Motors any size.
Universal Electric, 43/47 Rivington Street., Shoreditch,
London, E.C.2.

VALVES AND TRANSISTORS required in new con-
dition. Any quantity purchased. Quotations by
Langrex, 16A Wellfield Road,
01-769-0199.

80-180 MHz.

—
=
=
w

Streatham,
[616

Integrated receiver, tuner, con-

~verter Kit. Remarkable results from single semi-
conductor. Comprehensive kit £4 post paid or send for
free literature enclosing s.a.e. Johnsons (Radio)
Worcester, WR1 2DT. [

ANTED, all types of communications receivers

and test equipment.—Detalls to R. T. & 1.
Electronics, Ltd., Ashville Old Hall, Ashville Rd., Lon-
don, E.11. Ley. 4986. [63

ANTED, televisions, tape recorders, radiograms,
new valves, transistors, etc.—Stan Willetts, 37
High St., West Bromwich, Staffs. Tel. Wes. 0186. [72

ANTED.—Cossor 1035 H.T. Transformer Mc413037.
K. Woodcock, Electronics Dept., Southampton Uni-
versity, Southampton. [798

VALVES WANTED

WE buy new valves, transistors and clean new com-
ponents, large or small quantities. all detalls,
quotation by return.—Walton’s: Wireless Stores, 55
‘Worcester St., Wolverhampton. [62

SERVICE & REPAIRS

SMALL servicing and repalr contracts undertaken.
Field service any distance. Best possible rates for
top-quality work. Cambrian Electronics, 96a High St.,
Frimley, Surrey. : [666

CAPACITY AVAILABLE

AIRTRONICS LTD., for Coil Winding—large or small
production runs. Also PC Boards Assemblies. Sup-
pliers to P.O.. M.O.D., etc. Export enquiries welcomed.
3a Walerand Road, London, S.E.13. Tel. 01-852 1706 [61

AQUA-GEM ELECTRONICS have capacity available
for light electronic assembly. Specialists in printed
board work. We offer prompt delivery at competitive
prices. Telephone North Benfleet 531.

ETALWORK, all types cabinets, chassls, racks,
ete., to your own specification, capacity available
for small milling and capstan work up to lin bar.—
PHILPOTT'S METALWORKS, Ltd.,, Cbhapman St.,
Loughborough. [

CHNICAL drawing, specialising In circuitry only,
professionally drawn from your rough diagram.
Let us quote you for one off or any number of prints,
any size up to 30 X 24”. Hamgear Electronics, 29
Carlyle Road, Norwich. e

WE undertake the manufacture of transformers
singly or In quantities to any specification. All
work guaranteed for 12 months.—Ladbroke Transformer
Co. Ltd,, 820a Harrow Road, Kensal Rise, N.W.10.
Tel. 01-969 0914. [758

ENGINEERS. Have you considered a

career in Technical Authorship? If you have
sound experience in electronics, radar or com-
puters and ability to write clear concise English,
then we have vacancies as Technical Authors in
the Home Counties and Midlands. Salariesrange
from £1,650 to £2,200 with prospects of high
rewards. BOX W.W. 799 WIRELESS WORLD

CHELTON ELECTROSTATICS LTD.

RADIO FREQUENCY LABORATORY ENGINEER
{about £2,500) and
ASSISTANT (up to £1,800) basic
Knowledge and experience of R.S. Measurements,
particularly of lines antennas and wide band
matching.

FIELD HOUSE LANE,MARLOW, BUCKS.
782

Wiring and assembly, sub assemblies, P.C.
boards equipment etc. Immediate capacity,
design and drafting facilities also available
at Electronic Industries Services (Herts),
91 Tilehouse St., Hitchin, Herts.

Tel. Hitchin 3592. 769
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TECHNICAL TRAINING

ECOME ‘;Technlcally Qualified”” tn your spare time,

guaranteed diploma and exam. home-study courses .
in radio. TV, servicing and maintenance. R.T.E.B.,
City & Guilds, etec., highly informative 120-page .
Guide—free.—Chambers College (Dept. 837K), College
House (dept 837K), Aldermaston Court, Reading, RE}'I
4PE, 16

CITY & GUILDS (Electrical, ete.), on “'Satisfaction
or Refund of Fee'” terms. Thousands of passes.
For details of modern courses in all branches of elec-
trical engineering, electronics, radio, T.V., automation,

etc.; send for 132-page handbook—free.—B.I.E.T. 1 -
(Dept. 152K), Aldermaston Court, Aldermaston, Berﬁsj COLO' IR ! I E | E ‘; ISION
TECHNICAL TRAINING IN Radio, TV and Electronics 3
through world-famous ICS. For detalls of proven
home-study courses write: ICS, Dept. 443, Interte[x:
2

House, London, S.W.8.

o= s AariRRRacky Eaenu. BT EES We have a number of vacancies in our Production Test Departments
thoussHdsiof P“Sa;icl“;mf‘g‘“ e el for experienced faultfinders and testers
g courses u practical equipmen a -
D e i aubject  Ariaiih Knowledge of transistor circuitry and experience with Colour Receivers
e ) (Dot WO together with R.T.E.B. Final Certificate or equivalent qualifications
required.
AT These will be staff appointments with all the expected benefits.
Applications to:
NGINEERS.—A Technical Certificate or qualifica-
tion will bring you security and much better pay. Works Manager,
e B R E. M EE™ e & e city Rediffusion Vision Service Ltd
AM.IER.E, AM.SE. ech. ec.), y .
gul}ds, A.M.I.M.Ii. AilI.Ol;B., h&nd tG.g.E.l Er):;ms. CCIHUSION ISIgh EvicE 1
1; courses Tanc [ ngineering— \A’
Mfcgngleclf,seAut;: al‘i!lectroa;xxllcs.esRadio, Computers, Fullers ay SOUth’

Draughts, Building, etc.—For full detalls write for .
FREE 132-page guide: British Institute of Engineer- Chessington, Surrey (near Ace of Spades).

ing Technology (Dept. 151K), Aldermaston Court,
Aldermaston, Berks. [14 Phone: 01-397 5411 93

INGSTON-UPON-HULL Education Committee.
RCI:olle.ge of Technology. Principal: E. Jones, M.Se.,
F.R.I.C.

FULL-TIME courses for P.M.G. certificates and the
Radar Malintenance certificate.—Information from
g%llllege of Technology, Queen’s Gardens, ngston-up(in-

3 18

T

RADIO & TELEVISION SERVICING
RADAR THEORY & MAINTENANCE

This private College provides efficient theoretical and practical training in the
above subjects. One-year day courses are available for beginners and shortened

BOOKS, INSTRUCTIONS, ETC.

MANUALS. circuits of all British u/W.D. 1939-45 courses for men who have had previous training.
wireless equipment and instruments from original

g Write for details to: The Secretary, London Electronics College, 20 Penywern
R.E.M.E. instructions; s