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% 3 pole 7.5 amp
%* 5 million ops. min.

* 1218 cach per 1000
Single pole 9'7 each
per 1000

W

*MM Contactor

* 2pole 15 amps
* .5 million operations migim

* 17,8 each per 1000
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% 4 pole, 1 amp
* 100 million
operations
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% Snap action microswitch relay
* 7.5 amp. 1 million operations
Also available in plug-in

verslon

* 7'5 each per 1000

2 pole 8= each per 1000

*MKP Plug-in relay

* 2 pole 5 amp

* 5 million ops. miA.

* 14/8 cach per 1000

P.O. 3000 RELAY

% Manufactured to full
G.P.O. specification,
also to
Industrial Standards

% Contacts up to 30 amp

P33
PLUG-IN RELAY

% Plug-in version
to BPO 3000 relay,
made to measure
for Industrial
Applications

Contact ratings up
to 10A/750V
Positlve-tock
retaining clip

30 million
operations minimum

P.0.600 RELAY

*MK103
% Single pole 3 amp

minimum

* 5'11 each per 1

Compact version of
BPO 3000 ‘elay

Contacts up to 10A
Sensitivities
down to 30mW

Up to 18 contact
springs

x
L3
§
| 2
3
£

% 1 million operations

000

COMPONENT BOARD
P304

Plug-in component
board unit for low
cost, easy

chassls fabrication

157« cach per 500
FROM STOCK

MK403P NVEW Plug-in relay

4 pole 3 amp
5 million
operations minimum

29" eachper 1000
SOLDER TERMS

CONTACTOR
K700 RELAY

High-current/high-
voltage 3000-type
relay

Contact up to
30A240V a.c

% Sensitivities down
to 45mw
PTFE armature
bar/lifting rods

KEYSWITCH RELAYS LIMITED

120/132 Cricklewood Lane - London - NW2 .

Telex: 262754
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BRIMAR offers the most comprehensive range of monitor tubes in
the country, together with the widest selection of phosphors.

The tubes range in size from 5° to 23”. They can be used for
television camera viewfinders, studio quality monitors, data dis-
plays and closed circuit television - twenty tubes in all | They have
been designed to give maximum resolution under high ambient
lighting conditions.

A variety of mounting and implosion protection methods, includ-
ing self protection bonded glass faces are available from BRIMAR
who are Britain’s leaders in implosion protection.

Common features include magnetic deflection, electrostatic focus
and aluminised screens.

The phosphors. In addition to the standard type for television,
a wide selection of others is available offering varying degrees of
persistence and colout.

FEBRUARY, 1968

... OR A MORE
PERSONALISED
SERVICE!

Every BRIMAR tube is backed by a first-class technical service
and assistance on any type of problem involving its use in
monitors — from special characteristics to circuit design. BRIMAR
engineers are always available — contact is on a personal basis.
Please telephone or write for full details.

%
§ Thorn-A.E.l. Radio Valves & Tubes Ltd.
7 Soho Square, London W1, Telephone : 01-437 5233

1A o289
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Wireless World

ELECTRONICS, TELEVISION, RADIO, AUDIO

Technical Manpower

THE present shortage of scientists and technologists in the electronics industry, and
the increasing demand for them, are highlighted in a recently issued study* by
the Manpower Research Unit of the Ministry of Labour. This fact is widely
known, of course, and is borne out by the enticingly worded display advertisements in
the technical and lay press; indeed one company has said that it can cost a year’s
salary in advertisements to fill one vacancy!

This manpower study was conducted among 36 firms who, between them, have
on their payrolls about 70% of the industry’s 370,000 or more employees. The 72-
page report covers the whole occupational structure of the industry and it is significant
that scientists and technologists account for 6%, and technicians 6% of the industry’s
employees. In the capital goods sector the two categories each account for some
119. (These figures contradict the usually quoted ratio of four technicians to each
technologist.) Moreover, although the estimated total increase in staff over the five
years from 1965 to 1970 is expected to be 289 the increase in scientists and tech-
nologists in the capital goods sector is foreseen as 499.

It is obvious therefore that the present situation is unlikely to change for some time
to come unless something can be done to encourage yoyng people of both sexes to
see a future in engineering. This note was struck forcefully by Major General Sir
Leonard Atkinson in his recent LER.E. presidential address. He said “If we [as a
nation] are to survive and prosper we must reverse the accent on classical education
and turn more to science and engineering. . . . The excitement of creating new
tools . . . can only be engendered by stimulating a love of mathematics and physics—
not by revering Latin and Greek, which, however commendable in humanistic studies,
will never create . . . a transistor. . . . I believe that the newer places of learning
should concentrate on courses and degrees in engineering and technology rather than
trying to emulate the pattern of degrees in general science which suited the country’s
needs when older universities were established.” This concern is also voiced in the
Manpower report which records that several companies have expressed disquiet that
some of the technological universities have been developing along more academic lines
and losing, or loosening, their links with industry.

Little reference is made in the Manpower report to the question of the *brain
drain” but Sir Leonard aphoristically sums up the present situation in the phrase
“brains are like hearts—they go where they are appreciated 7!

One large organization is quoted in the Ministry’s study as saying “ We cannot make
use of arts graduates as scientists and technologists.” However, the report adds, “it
seems possible that there is scope for some replacement of scientific and technological
manpower by suitable arts graduates, at least in some areas that are not ‘ technical’”.
Having elected to take an arts degree, is one to be debarred from making a contribution
in a technological industry? After all, the ability to think analytically is not confined
to science graduates. The arts graduate would obviously not want to take an engineer-
ing degree course, but could not postgraduate reorientation or conversion courses be
devised by the colleges of technology which would help to equip the arts man for an
engineering post? If this were done we might well find many of the long-standing
vacancies in engineering filled.

+ “Manpower Studies No. 5: Electronics” H.M.S.0. -
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Portable 1-MHz
Frequency
Standard

By L. NELSON-JONES, A.M.1.E.R.E.

Uses crystal oscillator phase locked to 200 kHz B.B.C. Droitwich transmission

HE increasing accuracies bteing demanded in the

generation and measurement of radio frequencies;

together with the increasing use of digital frequency
measuring instruments, make a frequency standard a
necessary part of most laboratories today. The degree
of accuracy required will naturally depend on the work
in hand, and a number of types of standard are currently
employed. These range from simple crystal or tuning
fork oscillators to highly stable lenticular or Essen Ring
crystal oscillators with eiaborate temperature control,
and for the very highest accuracies atomic standards
are used. In addition, a number of transmitters radiate
standard {requency transmissions throughout the radio
spectrum, and for a very full treatment of this subject
the author would refer readers to the excellent Wireless
World article by J. McA. Steele*.

The Lf. and v.lf. transmissions are most suitable for
general use as frequency standards, and of these the
200 kHz transmission of the B.B.C. Radio 2 programme
from the Droitwich transmitter is in many ways the most
useful, since it is a continuous transmission and is not
keyed or interrupted as many other transmissions are.

It is possible to use the 200 kHz transmission direct
as a standard, with sufficient amplification and successive
limiters to remove the amplitude modulation. The
author has seen such a specially built receiver which

* ¢ Srandard Frequency Transmissions ' by J. McA. Stecle, Wireless
World, Sept. 1967, p. 443.

Laurence Nelson-Jones, who
is 38, is now a principal
engineer with the DataEquip-
ment Division of the Plessey
Automation Group at Poole,
Dorset, but he has spent the
major part of his career
(1953 - 65) with Kelvin
Hughes which he joined after
National Servicein the R.A.F.
At Plessey he is working on
computer peripheral equip-
ment, having previously spent
a short time with S.T.C. at
Basildon on p.c.m. repeater
design.
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successfully used this method and which “piped” a
standard 100 kHz signal through a group of laboratories.

An alternative for removing the modulation from the
generated standard frequency is to compare the phase
of the standard frequency transmission with the phase of
a local oscillator and use the output of the phase com-
parator to control the local oscillator frequency so that
it is locked to the standard transmission. The phase-
lock system may then have a sufficiently long response
time that it does not respond to the instantaneous phase
modulation caused by the amplitude modulation of the
transmitted carrier, and so the local oscillator will be
free from the effects of this modulation.

The type of local oscillator used is of little importance
so far as long term accuracy is concerned since the
oscillator is locked to the transmission, but so far as
short term accuracy is concerned a crystal oscillator is
much to be preferred, for the following reasons: First,
because of the narrow resonance bandwidth of the
crystal, it will not respond to any but the slowest changes
in the frequency control circuit, and it thus assists
materially in removing the effects of carrier modulation.
Secondly, because of the narrow “ pull-in ” range of such
an oscillator, quite a good frequency standard is still
available even if the standard frequency transmission
should fail.

The portable frequency standard described uses a
1 MHz crystal oscillator, together with a variable capacit-
ance diode and a blocking-oscillator divider (- 5) in a
phase-lock loop. A sampling technique is used rather
than a phase sensitive detector. The frequency of the
output is that of the crystal (1 MHz) but the output is
provided by a non-saturating emitter coupled multivi-
brator locked to the crystal frequency. The output pulses
are of 120ns width, with fast rise and fall times. The
instrument is battery operated. Fig. 1 is a block schem-
atic showing the main functional units of the frequency
standard. A complete circuit diagram is given in Fig. 2.

200 kHz receiver.—A ferrite rod aerial 8 inches long is
contained in the paxolin tube forming the handle above
the unit (see photo). This handle also contains the
tuning capacitors for the ferrite rod, and the trimmer is
accessible through a small hole in the rear of the tube.
The coupling coil of the aerial is connected to the
receiver through a coaxial cable. The ferrite rod must,
of course, be mounted clear of the case in this way in

WIRELESS WORI.D, FEBRUARY 1968
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order to avoid screening from the case, and instability
caused by pick-up from the internal circuitry. The
aerial rod used is the type made for the “Contessa”
portable receiver, with the medium wave and car coup-
ling coils discarded. (This item togcther with the other
tuning coils, the crystal, etc, may be obtained from
Henry’s Radio Ltd.) It is important to ensure that, as
the tuning and the coupling coils of the ferritc rod are
wound over one another, the earthy ends of the two
windings are adjacent, or the losses and stray capacit-
ances of the coils will be very serious.

The first two stages of the receiver are conventional
grounded-emitter r.f. amplifiers. These siages are,

however, run at only about 600-700 nA of collector
current, so that their gain is less than the maximum
available from such a stage. This reduction of gain
ensures a high margin of overall stability in the receiver,
and avoids the necessity for neutralization. The 15k{2
damping resistors across the primary windings of both
stages are required, not to damp the tuned windings
themseclves, but to prevent oscillation of the stages at
the self-resonant frequency of the primary windings
which are very loosely coupled to the main tuned wind-
ing. The damping resistors have little effect on the gain
at 200kHz.

The third stage of the receiver (Tr3) is also of the

Fig. I. Block schematic showing principle of v vy —A—
operation of the frequency standard. [PHASE LOCK L00P (\]) i
me o o m———
Wz Lo | | SaMPLNG e o1 § CRUSIAL PuLsSE |
AecEER B oate | AMPLIFIER |"\A’V OSCILLATORETT* rommen I . oyrour
PULSE TRAIN
Fig. 2. Circuit diagram of the instrument. All VARICAP g7 ADJUST

resistors are + W (10%, unless indicated). Al I Diooe : i
tuning capacitors ond 47 pF and 680 pF of 1-MHz grsatn e !
oscillator and 820 pF capacitor of multivibrator I Qi |
are silvered mica. 2,200 pF of blocking oscillator p ;
is polyester. All other capacitors are ceramic. l BLOCKING !
Values below 100 pF are N750; higher values are - | OSCILLATOR :
HI-K. S-S _.
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ouTPUT s82k Ik $
© RN
, INDICATOR
TP ’__.ﬁé":\
sepF ?—Q T2

a7pf

I3k |
| /; S0 Sy [ = M
Sk

68k

] Ryl
| | Tz

k T

e

EMITTER-COUPLED
MULTIVIBRATOR
PULSE OUTPUT STAGE

IMHz CRYSTAL
OSCILLATOR

WIRELESS WORLD, FEBRUARY 1968

-5 BLOCKING
QSCILLATOR

100k
VANV

0.C. AMPLIFIER

SAMPLING GATE

667

www americanradiohistorv com


www.americanradiohistory.com

grougded-emitter type, but the load is a tightly coupled
tuned transformer connected directly in the collector
circuit.” No adjustment of the tuning is provided as the
working Q of the transformer is 3. The tolerances of
the components therefore have little effect on the reso-
nant'impedance of the transformer. The secondary of
the transformer is coupled by a twisted pair to the driver
stage of the sampling gate.

The transformer (T1) is wound on a Denco iron-dust
pot core assembly Type 10D. The primary winding,

Fig. 3. Frequency divider waveform. x = | us/div. y

Fig. 4. Sampling gate waveform. x I psidiv. v = 2 V/div.

i
¢
i

b 4
F UL

S

T

Fig. 5. Output palse waveform. x
(On above reproduced photos, div. = 0°5 cm approx.)
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0.6 usjdiv. y = 0.5 V/div.

of 160 turns of 40 s.w.g. enamelled copper single silk
covered wire, is wound with 100 turns in one of the
outer slots and 60 turns in the centre slot of the bobbin.
The secondary is wound with 40 turns of 34 S.W.g.
enamelled copper wire in the other outer slot. These
windings give a primary inductance of ImH. The iron
dust adjusting core may be fitted if desired but, as has
been said, it will have little or no effect on the gain due
to the low working Q.

1 MHz crystal oscillator.—The circuit operates at the
fundamental parallel resonance of the crystal, which is
an ST.C. Type 4044 (AT cut). An adjustable capa-
citor is included in series with the crystal so that the
oscillation frequency may be pulled to exactly 1 MHz.
The variable capacitance diode D1 is also connected at
this point. The variable capacitance is mounted on the
front panel so that the phase-lock may be adjusted.

A number of diode types were tried as reverse biased
variable capacitance devices, since no diode specially
selected for this purpose was available at the time. Stan-
dard diode types range in effective capacitance from the
200-500 pF of the 400 mW zener diodes to only 1-4 pF
of such high speed diodes as 1N914 and IN916. It was
found that a diode with a suitable range of capacitance
for this application could be found among the smaller
rectifier diodes such as OA200, OA202, 1S120 series,
and 18130 series, CV7040, ctc. An OA200 was used in
the prototype. The electrical Q of such diodes is prob-
ably not high, but as the oscillator is fairly tightly coupled
the effect of the diode being connected is negligible, nor
is the amplitude greatly affected by the amount of
reverse bias applied to the diode.

Blocking oscillator frequency divider.—A number of
locked divider circuits were tried, but that used®* was
found most suitable on a number of counts: M) It is
very stable, and is relatively unaffected by temperature
and voltage variations. (2) The variable resistor is at
earth potential on one side, making it easier to bring
this control out. (3) The use of a blocking oscillator
enables a suitable sampling pulse to be generated
directly.

The divider is coupled to the crystal oscillator through
a small capacitor, and the waveform at the base is avail-
able on a socket on the rear panel for adjustment pur-
poses together with the Sk{) variable resistor of the
divider circuit. The waveform is shown in Fig. 3, as
it appears when set to the correct division ratio,

The transformer T2 is wound on a Mullard ring core
Type FX1593 (obtainable from Henry’s Radio Ltd.) or
FX308, nylon coated. If the uncoated core FX1593 is
used, it should first be covered with a layer of insulation,
as the abrasive nature of the ferrite quickly strips the
enamel from the wire in winding. In the prototype
the core was first wound toroidally with very
narrow strips of paper “masking” rape.

The primary (collector) winding is of 25 turns of 34
s.w.g. enamelled copper wire and occupies about a third
of the periphery of the core, wound as a single layer.

The secondary (base) winding is of 12 turns of 34
s.w.g. enamelled copper wire, also wound as a single
layer adjacent to the primary.

The coupling winding to the sampling gate is of 6
turns of 34 s.w.g. enamelled copper wire, wound in a
single layer in the remaining space.

In the prototype a 4 B.A. nylon screw was then passed
through the centre aperture and secured in place by a
nylon nut. The whole assembly, except for the remain-
ing thread, was then dipped in cellulose enamel to lock
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the wires in position.  (An equally suitable coating
would be obtained with one of the polyurethane varn-
ishes.) The excess thrcad was then used to mount the
toroidal transformer onto the chassis with a second nut.

The phasing of the windings, together with the relative
position of the windings, is indicated on the circuit
diagram (Fig. 2).

Sampling gate and d.c. amplifier—The driver stage of
the sampling gate (Tr4) is a conventional grounded emit-
ter stage, with a degree of d.c. feedback since the base
bias potentiometer is connected to the collector. This
configuration does not result in any great degree of a.c.
feedback since the source impedance is low (around
30000). In normal operation in the Bournemouth area,
where the 200 kHz signal is none too strong, this stage is
driven fully into limiting; indeed full limiting takes place
in this stage over nearly the whole of the 360° of rotation
of the receiving aerial. Only near the two nulls in the
response is there any appreciable reduction in the signal
fed to the sampling switch (Tr5).

At full signal the collector potential of Tr4 swings
between —2.4V and —7.4V. The waveform at this
point is shown in Fig. 4.

The notch in one side of the waveform is due to the
loading effect of the sampling switch during the sampling
period, and is typical of the waveform when phase-lock
1s established.

The sampling switch Tr5 is brought into conduction
for approximately 1 ps every 5ps by the sampling pulse
generated in the blocking oscillator divider. This pulse
is applied through a limiting resistor between the base
and emitter of Tr5. During the sampling period, there-
fore, the emitter circuit of Tr5 is connected to the
collector of Tr4. The average d.c. potential at the
emitter of TrS, after smoothing by the RC network
feeding this level 1o Tr6, is approximately a fifth of the
potential of the collector of Tr4, and will therefore vary
between approximately —0.5V and —1.5V, depending
on the relative phase of the sampling pulse and the
200 kHz signal at the collector of Tr4. The gain of
the d.c. amplifier T'r6 is determined by the ratio of the
collector load to the emitter resistor, and with the meter
in circuit is approximately eight times. Thus the collec-
tor potential of Tré will vary from the “bottomed”
state which is just reached when the collector is at
1V up to about —6.5V at minimum base input.

The potential at the collector of Tré is applied to
the reverse biased diode D1 through a 100 k() resistor
to afford isolation between the d.c. amplifier and the
crystal oscillator, and to minimize the loading on the
crystal oscillator.

Output pulse generator'.—The output pulses are gener-
ated by a non-saturating emitter-coupled multivibrator
locked to the crystal oscillator frequency through the
small coupling capacitor between the emitters of Tr8
and Tr9. The lock-in of the stage is set by the variable
emitter resistor of Trl0.

The output pulse at the collector of Tr10 is of approxi-
mately 1V amplitude and is positive-going. An almost
identical negative-going pulse is available at the collector
of Tr9 if required. The output waveform as viewed on
the author’s oscilloscope (of 4.5 MHz bandwidth and
80 ns risetime) is shown in Fig. 5. The pulse has, how-
ever, been examined on an oscilloscope of 4.5ns rise-
time, when the pulse was seen to be rectangular in shape.
The risetime (10-90%) was 20 ns, and the falltime 30 ns.
There was a slight overshoot on leading and trailing
edges. Unfortunately no camera was available at the

\WIRELESS WORLD, FEBRUARY 1968

Fig. 6. Modification to d.c.
amplifier output circuit for
obtaining higher short-term
accuracy.

time to record the waveform. If this pulse is to be
conveyed over any distance it should be coupled via 75-
80 () coaxial cable terminated at the receiving end, or
the waveform will be hopelessly mutilated, and the
harmonic content greatly reduced.

An effect was observed on the wide-band oscilloscope
which confirms the finding of appreciable though small
harmonics in the output pulse waveform at 200kHz
intervals. It was observed that if the scope was triggered
at a speed which was a multiple of 5ps then the trace
was sharp, whereas if it was triggered at another speed
the pulses were very slightly blurred due to a cyclical
phase modulation of the 1’'MHz crystal oscillator by
the blocking oscillator divider operating at 200 kHz.
Something of this effect is just about visible in Fig. 5
where the base of each fifth pulse is slightly different.

In practice the effect is of little consequence, the
main effect being to give harmonics in the output at
200 kHz intervals in addition to the main ones at 1 MHz
intervals. If, however, the effect were felt to be undesir-
able it could largely be eliminated by placing a buffer
stage between the crystal oscillator and the blocking
oscillator divider.

The choice of a narrow pulse for the ouput was made
in the interests of equality of harmonic levels at the
even and odd harmonics. A blocking capacitor is in-
cluded in the output lead to prevent damage to the 824
collector load from short circuiting of the output
terminals.

Setting-up procedure.—As will be seen in the photograph
on page 666, there are three controls on the front panel.
An on/off switch is on the left. A meter switch adjacent
to the meter permits a check of the battery voltage in
the upper position and connects the meter as a phase-
lock indicator in the lower position. (The meter used
on the prototype had a right-hand zero.) The large
dot on the meter scale merely indicates a suitable setting
for the pointer when setting the phase-lock, it being
the average of optimum settings at minimum (7 V) and
maximum battery voltage.  The third, rotary, control
is the variable capacitor of the crystal oscillator used to
set the phase-lock.

To set up the instrument correctly the knob is slowly
turned from left to right when the beat scen on the
meter will slowly drop in frequency until at about 1 Hz
the beat will cease suddenly. Further movement of the
knob moves the pointer of the meter over the scale until
at the limit of the phase-lock range the meter suddenly
starts beating again, the frequency rising as the knob
is further turned. The correct setting is achieved by
turning the knob to the position where the oscillations
first cease, and then further adjusting the knob until the
pointer of the meter is over the centre of the scale (at
the dot mentioned above). Normally if this setting is
not disturbed the unit can be switched off, and then on
again, when it will drop back into correct lock within
about 1 second.
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Accuracy.—The 0.22 .F capacitor at the collector of
Tr6 provides additional smoothing of the voltage fed to
variable capacitance diode D1, but it is of insufficient
capacitance to eliminate any residual modulation present
in the 200 kHz waveform of the collector of Trd4, and
hence present in the voltage of the collector of Tr6.
The effect of residual modulation is to cause short-term

il

" Fig. 7. Internal view of the frequency
standard, showing 200 kHz receiver
that also appears below (Fig. 8).

Fig. 8 The 200-kHz receiver
separated from the instrument.

Fig. 9.

Circuit wiring in the 200-kHz receiver.
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phase modulation of the ! MHz output and hence to
reduce the short-term accuracy. Since the total pull-in
range of the phase-lock loop is only about 2Hz the
effect of this residual modulation (usually less than 10 %
peak-peak) is only a fraction of a hertz at the 200 kHz
rate, or less than one hertz at 1 MHz.

The accuracy is thus better than one part in 10° over
a period of one second (or about three parts in 10° if
the signal does not produce full limiting at the collector
of Tr4). Over a period of 10 seconds it is one part
in 107, over 100 seconds one in 10°, and so on. The long-
term accuracy is, of course, the accuracy of the trans-
mitted carrier, i.e., five parts in 10'°, with a drift rate of
less than one in 10'* per day®.

The size of the capacitor at the collector of Tr6
cannot be greatly increased, or it will be found that
it is not possible to set the phase-lock loop up initially.
However, the circuit of Fig. 6 is suggested for those
applications where higher short-term accuracy is needed.
The phase-lock is set up with S1 open, when the circuit
is similar to that of Fig. 2. After a period of some
30 seconds, to allow for the 100 1«F capacitor to charge
up, S1 is closed, which may cause slight temporary
disturbance of the phase lock.  After a further 30
seconds or so the phase lock will be steady, and largely
free from modulation effects, since the low frequency
cut-off of the phase-lock loop is below the lowest modu-
lation frequencies. Switch S1 must be opened again
before switching on, or the phase-lock will not re-set.
The 100 #F capacitor should preferably be of a low
leakage type, such as a solid dielectric tantalum or wet
tantalum electrolytic. = The working voltage of the
capacitor should be greater than the supply voltage,
which can be up to 10V with a fresh battery. The
majority of users will find that this modification is not
necessary.

Power supply.—A standard 9V dry battery has been
used in the prototype, and stabilization of this supply has
not been found necessary. The main effect of reduced
battery voltage is loss of output pulse amplitude.

If desired it would be a simple matter to build in a
mains supply circuit with stabilization (perhaps by a
zener diode only). Care should be taken, however, to
provide adequate suppression of the mains supply lead,
both to avoid the introduction of interference to the unit
and to avoid the radiation of interference from the
internal circuits, especially as the harmonic content of
the output pulses covers a very wide frequency spectrum.

Constructional notes.—Figs. 7, 8 and 9 show the con-
struction used in the prototype unit. The packing
density is rather high, and if the author were to make a
second unit it would be of larger size and use a larger
battery than the PP7 shown. Despite its small size this
battery gives about 40 hours of intermittent use at the
normal Joad current of 28mA at 9V, and is quite
adequate for the purpose for which the standard was
built, namely as a reference for the calibration of signal
generators, digital frequency meters, etc.

Figs. 8 and 9 show the construction of the 200 kHz
receiver, which is built in a standard Eddystone die-
cast box, Type 896. Screening of the receiver in this
way is essential for stability. The screening cans of
the coils are the cans in which the coils are supplied,
as suggested in the leaflet accompanying them. The
numbers on the coils in the circuit diagram are the pin
numbers of the coils.

Those readers wishing to modify the circuit to allow
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use of silicon n-p-n devices should find that the BC108
is suitable, but slight changes of valuc may be necessary,
for instance a reduction in the value of the emitter
resistors of transistors 1, 2 and 3 to maintain the value
of the collector currents of those stages. It may also
be necessary to alter the values of the 56 pF capacitors
in the output pulse gencrator stage Tr9 and Trl0 to
obtain a satisfactory pulse shape. If this change is
made it will be necessary to reverse the two diodes, the
meter and the battery connections. In addition, if the
modification of Fig. 6 is incorporated, the electrolytic
must be reversed. The output pulse will be negative,
but can be made positive by connecting the output
capacitor to the collector of Tr9. It should be added
that the author has not tried these modifications, but
that since the circuit is in no way critical, he sees no
reason why the change to n-p-n silicon devices should
not be successful.

Layout is not critical, but leads should be kept short.
In the unit shown the circuits (other than the receiver)
are constructed on small aluminium plates using AE.IL

Polytags Type PT23, which are p.tfe. feed-through
insulators. The progression of the circuit as shown in
Fig. 2 should be followed in the physical layout to avoid
unnecessary stray couplings between different parts.
The output pulse generator was bnilt on a separate
plate and is coupled to the output socket through a
coaxial cable.
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Further Notes on ‘“VHF Signal Generator”’

By G. W. SUTTON, on his article in the December 1967 issue

Attenuator piston.—Since the attenuator drawings were
made available Mr. V. J. Cox has pointed out that there
is no advantage, and a definite disadvantage, in making
the perspex piston as much as Z inch in axial length.
It is suggested that this dimension should be reduced
to { inch, thus reducing the inductance of each turn of
the piston coil to about one third of its previous value.
The number of turns on the coil may therefore be almost
doubled for the same total coil-inductance as before.
The limit to the number of turns is set by the necessity
to keep the inductive reactance of the coil well below
75 Q at the highest frequency generated. As the maxi-
mum output voltage was already within the range of
a valve-voltmeter there is no particular advantage In
raising it by 6dB or so, but the battery voltage can be
reduced, for the same output, to 20V or less.

Coaxial cable.—Good quality 75 () cable should be used
for the coaxial output of the piston attenuator. A cheap
open-mesh braiding is now in almost universal use, but
some readers may not be aware of its shortcomings.

Battery voltage.—The battery voltage suggested is above
the transistor manufacturer’s maximum rating. The
load current, on the other hand, is only about 1/20th of
the rated maximum. The author has carried out tests at
considerably more than 36V, and has used BFY18s
and BSY26s in signal generators at 36V for protracted
periods during the past 18 months. At no time has
any instability been detected, nor has the output varied.
However, if doubt is felt at this point, or more especially,
if a germanium alternative is used, the piston turns may
be increased to 4 or 6 on the shorter piston mentioned
above, and the battery voltage correspondingly reduced.
This will still provide a maximum output voltage read-
able on a valve-voltmeter.
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Additional output.—For some tests on television sets an
rf. voltage of 1V or more is needed. An additional,
higher voltage, output from the signal generator has been
provided by incorporating a pick-up coil coupled to the
£ oscillator coil. A strip of perspex 4mm thick was
mounted on the rear face of the oscillator coil (see photo
on p.575 December issue, and piston attenuator draw-
ings). Four small holes were drilled laterally through
the strip and 2 turns of 30 s.w.g. wire were threaded
through these holes, fixed in place by squeezing a little
cement into each hole, and terminated on a 75 cable
socket mounted on the top of the oscillator shield. Two
to three volts r.f. are induced in this coil and, provided
the leads to the receiver under test are short, can be
applied undiminished to a valve grid. The lid of the
outer shield has to be removed, but the resulting leak-
age is of no significance in tests at this level.

Better shielding.—The front end of the piston attenuator
projects through a circular hole in the inner shield and
is connected to it by phosphor-bronze springs. Some-
what better shielding is obtained if a slot of the same
dimensions as that in the end of the attenuator is cut in
the inner shield instead of a circular hole. The oscillator
coil mounting should then be altered to bring the flat side
of the coil to within 2 mm of this slot. The springs may
be omitted and the attenuator face should be brought also
to within 2 mm or so of the outer surface of the inner
shield. The two slots should face one another accurately.

Corrections.—In the caption to Fig. 7 the reference to
graph point 4/7 should read “e.g. 4/7 is the beat with
the 7th harmonic of No. 4 crystal. . . o

In the last paragraph on p.573 the thickness of the
coil turn spacing washers is incorrectly given as 0.400 in.
This should be 0.040 in.
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A Critique of Class D Amplifiers for A.F.

J: DISTORTIONS INHERENT IN P.W.M.

By K. C. JOHNSON, m.a,

HE two previous articles have described the possi-
bility of making power amplifiers of high efficiency
using components with wide tolerances by ex-

ploiting the class D principle. It has been pointed out
that amplifiers of this type may suffer from serious
distortion arising from two quite distinct causes. First
there is the usual sort of trouble due to the non-linearity
present in all electronic systems. This causes the ampli-
tude of the final switching square-wave to have undesir-
able variations, and also degrades the precise timings
of the edges as they pass through the several stages of
amplification. These effects are analogous to those
which are familiar in the more conventional types of
amplifier and to a large extent they can be overcome in
the same way—by the use of negative feedback. In a
class D circuit this feedback has to be taken from
the output of the switching stage and is used to modify
the edge-timings at the square-wave generator, but the
action is essentially the same as usual.

The second distortion effect is inherent in the class D
principle jtself. It comes from the fact that the output
of a circuit of this type is taken from the powerful square-
wave source to the loudspeaker through nothing more
than a simple linear filter network. This means that the
edge-timings of the square-wave should ideally possess
the peculiar property that all its frequency components
within the band to be amplified correspond exactly with
those of the required signal; whilst the components at
other frequencies must be such as to make the total
form a square-wave. This very particular requirement
is certainly not met by the square-wave from just any
circuit that gives a varjation of the mark-space ratio.
It js true that moderately low levels of distortion can be
obtained with a simple square-wave generator circuit
if the average switching rate is made substantially higher
than the highest output frequency required, and the
maximum range of mark-space variation is severely
restricted, as was the case in the circuit described last
month, but the utilization of the output transistors in
such an arrangement is very poor.

Alternatively we can consider more carefully what the
exact mathematical requirements are and attempt to
devise a generator principle that is nearer to the ideal
but yet avoids being too complicated to be practical.
This article is concerned with this approach, but, as the
reader may suspect from the fact that it is appearing after
the amplifier design, there is not going to be any clear
conclusion and it seems that any real improvements in
the performance of the square-wave generator are likely
to be more trouble than they are worth. There is always
the hope though, that this assertion will be proved false
by some new development.

In order that an amplifier of the class D type shall behave
sensibly for input signals of any nature, the switching
square-wave cannot be allowed to stop or change dras-
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tically in any way. In particular it must run steadily
with a near 50:50 mark-space ratio when there is no
input applied and change progressively in a smooth
manner so as to give the required output when the input
is varied. Clearly this is a process of modulation. The
zero-input square-wave is an unmodulated carrier which
must be generated within the circuit itself, whilst the
change, when an input is applied, must follow some well
defined modulation law.

Most readers will be familiar with the process of
modulation as applied to sinusoidal carrier waveforms in
radio practice, am., f.m., s.s.b. and so on. In every case
appropriate demodulator circuits are necessarily incor-
porated in the receiver and it is normally possible so to
design these that the original modulating waveform. can
be recovered without any distortion being introduced by
the modulation process. The modulation rechnique that
we require for the class D type of amplifier, on the other
hand, must work without a demodulator of any sort.
Thus if a distortionless output is to be obtained the
modulation law must be such as to generate precisely that
square-wave which contains the correct frequency com-
ponents, and no other.

Suppose that we have a carrier square-wave of repeti-
tion frequency f. under our control throughout an
interval of time ¢ during which it makes some exact
number, n=t, f. of complete cycles. There will, of
course, be 21 edges occurring during this time, since there
are two per cycle, and in the modulation process each
of these cdges may be displaced independently by any
required fraction of their separation. Thus the system
has 2n—1 degrees of freedom, since one of the edge
positions must effectively be used as a referencé to
measure the displacements of the remainder. But it is
well known that in this kind of process the only distin-
guishable frequency components in the modulation are
those which make an exact integral number of cycles
during the interval of time 7 (it is as if this interval were
necessarily joined round on itself head-to-tail). These
components have the frequencies 0, 1/z, 2/1, 3/t and so
on. Now for the first of these, the d.c. term, there is an
amplitude only, whilst the remainder have both amplitude
and phase. Thus, provided that the amplitudes are not
so excessive that the edges try to cross-over with their
neighbours, we can use our 2i#--1 degrees of freedom to
determine the values of all the frequency components
from O to (n—1)/t inclusive. But this upper frequency
1s f, 1/t and, since the argument holds good as ¢ increases
to infinity, we thercfore find that we can in principle so
modulate the edge-timing of a square-wave as to make it
have any frequency components of reasonable amplitude
that we wish in the band between zero and just less than
the carrier frequency itself.

Thus there is no theoretical objection to the use of a
carrier which is only just above the highest frequency
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that we wish to amplify. The edge-timings of such a
carrier can be modulated so as to achieve the result we
arc seeking. In practice, though, there will have to be a
decent margin left to allow for the attenuation change
of the filter, which must pass the required signal whilst
suppressing not only the carrier but also the mass of com-
plicated components that will inevitably be present above
it. So far then the prospect is quite encouraging and we
have established that the modulation process we are
seeking does at least exist. Let us next consider what the
available modulation processes can in fact do.

Since a square-wave has both upward and downward
edges there can be two distinct forms of modulation
applied to it. The first is, of course, mark-space modula-
tion, where the two types of edge are displaced in opposite
directions in proportion to the magnitude of an applied
signal. When the input signal changes, each displace-
ment is proportional to the input at the instant that the
edge is made, rather than to the valuc at the time from
which the edge has been displaced. The magnitude of
the modulation will be best measured in this case by the
ratio of the displacement to the time of a quarter-cycle
of the carrier and this will be called the modulation index,
x. Clearly this index has strict limits and cannot go
beyond the range from plus to minus unity without
trouble due to the edges trying to Cross over.

The second form of modulation is obtained by dis-
placing all the edges in the same direction, regardless
of type, by an amount which is again proportional to the
input signal at the instant each edge is made. This is
obviously a form of phase modulation and the magnitude
can be measured in terms of the phase angle of the
carrier that is equivalent to the displacement. This angle
will be called 8 and it will normally be convenient to
measure it in radians. There is in principle no limit to
the value that this angle can have, but as with sine-wave
modulation, the value will not normally cxceed a radian
or so when the mechanism is of the nature of a * phase
modulation,” but can have vastly greater values when a
“ frequency modulation ” is involved. The distinction
between the two is not a rigid one but is convenient and
we shall use it here in the usual way.

Now clearly it is possible to generate a square-wave
which has either of these forms of modulation, or even
both at the same time if required. An analogue computer
type of circuit can determine when each edge ought to be
formed and then some form of flip-flop can be triggered
so as to produce the required square-wave. There is a
slight oddity in that it is possible for a sufficiently rapid
change of either kind of input to cause an edge to be
first made, then reversed, and then madec again within a
single half-cycle of the carrier, so that a triplet results.
But this is nothing to worry about because the input
waveforms of practical amplifiers never change sharply
enough for this effect to occur. In general these modula-
tion processes work quite well and there is no ambiguity
about the square-wave produced for given modulating
waveforms.

This is not true in the reverse direction since, in con-
trast to a sine-wave, a square-wave carries modulation
information only at the instants when edges occur rather
than continuously. Thus it is not possible to say unam-
biguously what the modulating waveforms werc from an
examination of the square-wave produced, and, in par-
ticular the same resultant square-wave can be obtained
from a variety of different modulating waveforms. But
things are not as bad as they may seem, since the ambi-
guities all result from the effects of reflection of frequency
components through the effective sampling frequency.
They can thus be eliminated for practical purposes if we
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consider modulating waveforms whose frequency com-
ponents are strictly limited to values below the carrier
and this limitation will be assumed for the remainder
of this articie.

It is not unduly difficult then to show that the amplitude
A of a square-wave made from a carrier of angular fre-
quency w,— 2n f, by the application of both forms of
modulation at the same time can be expressed as a
mathematical series as follows:

‘X
A= x cos | )

5 ) cos (wet —0)
= 4 . 21rx
2n e 2

4 3nx)
3. 5\ 72

J cos 2(wt —0)
cos 3(w.t—0)

4 . /4nx
+4" sin k 2)cos Ywgd—O+ .coveane

It will be seen that cach term in this series consists
of the product of an amplitude modulating factor, which
is some function of the mark-space modulation index,
and a cosine, which represents a sort of harmonic of the
phase modulated carrier frequency. If both x and 8 have
steady values then the spectrum consists simply of a
series of components on the harmonic frequencies. But
if x and @ are made to vary in response to some applied
input waveforms then each of these harmonic components
becomes surrounded by a cluster of sidebands. Since the
modulation laws involved are not simple even a single
incoming tone will normally make each cluster an infinite
series of sidebands spaced regularly at multiples of the
modulation frequency with amplitudes which tend to
decrease at greater distances from the harmonic, but
which never actually become zero anywhere in the fre-
quency range. When more than one input frequency is
applied there will also be further sets of sidebands spaced
from cach harmonic by sum and difference frequencies,
so that the pattern will be vastly more complicated.

IDEAL MODULATION SYSTEM

It will be noticed that the zero harmonic, or bascband,
term at the start of this mathematical series is a plain
unvarnished x. Thus if the index of the mark-space
ratio modulation is made to follow the input waveform
directly, this term alone will provide exactly the correct
frequency components that we require for the proper
reproduction of the signal. Since the later terms can only
contribute components at frequencies which are of the
nature of sidebands of the harmonics of the carrier
frequency, it is inconceivable that these could also come
at the wanted signal frequencies, since the carrier fre-
quency is not in general related to the modulation in
either its phase or its frequency. Thus we find that in
the ideal system that we are secking the mark-space
modulation must have this simple proportionally to the
input, and our problem is reduced to that of finding what
function of th2 input voltage we must use for making
phase modulation if we are to achieve the elimination of
all the sidebands that fall within the band to be amplified
as a result of this amount of modulation of the mark-space
ratio.

Fig. 6 shows how this cancellation of the unwanted
sidebands by the application of phase modulation can
occur in a very simple case. The top diagram (a) shows a
half-cycle of a low-frequency sine-wave applied to the
amplifier input. Diagram (b) shows the square-wave

673

WwWWwWWwW americanradiohistorv com


www.americanradiohistory.com

that corresponds to this if only the mark-space modula-
tion is applied. The next diagram (c), indicates how we
can extract an amplitude modulated fundamental com-
ponent sine-wave from this square-wave, since a 50:50
square-wave plainly has a bigger fundamental component
than one of the same amplitude but different mark-space
ratio. It will be noticed that this modulated sine-wave is
the second term of the mathematical series given pre-
viously.  Diagram (d) illustrates how the amplitude
modulation of this sine wave can be represented approxi-
mately by the addition of the two most important side-
bands, which are at the frequencies f, —2f,, and f,+2f,,
where f,, is, of course, the modulation repetition fre-
quency and the usual spinning vector ” method of
representation is used. But if we introduce also the
amount of phase modulation of the square-wave repre-
sented by the * spinning vectors ” shown in diagram (e),
then the two sidebands at the lower frequency will cancel
whilst the important modulation is almost unaffected and
no serious extra sidebands are introduced.

It is not very difficult to show from these diagrams that
if the original modulating waveform is a simple sinewave
of such amplitude that the index for the mark-space
ratio modulation is:

x = X co$ w,,t
where w,, is the angular modulation frequency, and X
i1s the peak amplitude of sine-wave modulation as a
fraction of the limit of the system, then the phase modula-
tion required to eliminate the sideband at f, —2f,, will
be very close to:

g (1 -cos (m x)/2

14-cos (7 x)/2

But this phase modulation only gives approximate
cancellation of one only of the sidebands for the very
simple case of a single sine-wave at the input, and it is
already most unpleasantly complicated. It seems hard to
believe that there is not some other better approach

) sin 2wt

(a) INPUT WAVEFORM

R E— ] —a

(b) MARK-SPACE MODULATED SQUARE-WAVE,

AWA d f R ’\/‘\_/f_

\
v\

(C) 'FUNDAMENTAL COMPONENT OF THE SQUARE-WAVE

(«=) ¢

(d) SIDEBANDS DUE TO THE AMPLITUDE MODULATION
A
R

T T

- | e o p

(e) PHASE MODULATION SIOEBANDS REQUIRED FOR CANCELLATION

Fig. 6. Two forms of modulation combined to eliminate sidebands.
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whereby the correct phase-modulation to eliminate all the
unwanted sidebands for any modulation waveform can
be derived, but the author has been unable to find it.

The problem is in many ways analogous to that of
producing s.s.b. modulation of a sine-wave, and there are
two respects in which the systems will certainly prove to
be similar. The first of these is that the extra modulation
that must be applied to give the elimination of the un-
wanted sidebands will be of the nature of a * phase ”
modulation rather than one of *frequency.” Thus in
an ideal system the average carrier frequency will be
constant regardless of the modulation, and the phase
displacements will, in fact, be limited to no more than
90° at the most. Secondly we must expect that in con-
structing an jdeal system we shall have to use the quad-
rature function of the input waveform. This is a sort of
half-way between the integral and the differential wave-
forms and is similar to them in that every frequency com-
ponent is separately phase-shifted through a right-angle,
but differs in that the amplitudes are left unchanged. It
is well known in s.s.b. techniques that this waveform can
be obtained only by the use of a filter network whose
cost and complexity increases rapidly as the performance
15 made more accurate and maintained over a wider
frequency range. To obtain an output with the phase-
shift correct to within say -10° throughout the audio-
band would require a network costing more than most
amplifiers, so that our ideal system is hardly likely to be
an economic one.

We must never forget that it is not really the ideal that
we are seeking but merely some system which is an
appreciable improvement over those already known.
We have been considering the perfect solution only as a
guide to indicate how such an improvement might be
obtained. Let us now consider just how serious these
distortion effects are in the modulation systems that have
been used in published designs of amplifier.

PRACTICAL MODULATION SYSTEMS

All the practical designs of class D amplifier of which the
author is aware employ one or other of two quite distinct
systems for the generation of the modulated square-wave.
The system © 7 that we shall consider first uses a free-
running multivibrator arrangement to form a regular
triangular waveform which is then compared with the
input in a circuit that generates a switching-edge when-
ever the two voltage levels cross over. The alternative
system, which was described with references in the first
of these articles and used in the circuit of the second, is
the one where a feedback network is used to give a con-
tinuous measure of the error of the output of the switching
stage and the square-wave is obtained from a flip-flop
circuit that is triggered whenever the time-integral of this
error reaches either end of a prescribed range. We shall
call these two the ““ pure mark-space ” and the “ simple
feedback ” systems respectively.

As the name of the first would suggest the essential
action of a circuit of this type is to generate a square-wave
which is correctly modulated in its mark-space ratio but
has no phase variation at all. In practice amplifiers based
on this system suffer from serious distortion due to the
absence of negative feedback, but if we assume that the
design is so generous that we can ignore the non-linearity
effects, then there wilk still be distortion due to the
presence of the sidebands, since no attempt has been
made to obtain their cancellation. Notice that with this
system there is a well-defined limit to the modulation
value that can be obtained. In the theory this is reached
when the displacement of the edges is so large that they
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MODULATION SYSTEM

Frequency at which

distortion term occurs Pure mark-space
’ 1

Simple feedback Improved feedback
1

fe=(0-1X9)
o 100 100 - 86 f,.° 100 + 85 f,.°
3 0 78 X% f,° 190 X2 f,*
5, 0 70 X+ f.0 A
(f'e— 2fm) 38 X 36 X Q2f A — 2fn) 38 X (fe — 2fm)
e — 4 2 x* 175 X34f )3 (f'e — 4fm) 2.4 X5 (f. — 4f.)
(f'e — 6fw) 0.04 X* 9.5 X3(6f,) % (f'c — 6fm) 0.18 X3 (f. — 6f.)
(f'e — 8fn) = 5.6 X7 (8f )% (fi' — 8fn) —
(f'c - lofm) == 35 X°? (lofm) g(f'e - le,,,) -

Table shows the percentage magnitude of various dis-
tortion terms introduced by the modulation of square
waves

meet and try to cross over, whilst in the actual circuit
the corresponding limit is the point when the incoming
voltage equals the peak value of the triangular wave.
We shall as before refer to the depth of sine wave modula-
tion by the symbol X, which is the ratio of the peak value
of an applied sine-wave to this ultimate limiting value.
With this system the carrier frequency is constant when
modulation is applied, so that we need not worry about
any change, but it will be convenient to measure the
frequency of the applied modulation by the symbol f,,,
which is the ratio of the value to that of the steady
carrier.

The simple feedback system gives a more complicated
action in which the amount of mark-space modulation
produced is not, in fact, correct, whilst a degree of phase
modulation is introduced. This is exactly right to cancel
any sideband whose frequency happens to fall very close
to zero, the negative feedback and integration ensure
that such cancellation must be obtained, but unfortunately
the phase modulation produced is incorrect at other
frequencies and can even make the sidebands larger than
they need have been. Again there is a well defined limit
to the input voltage that can be accepted, when the error
current from the feedback network falls to zero. In this
form of modulator the carrier frequency does change
when modulation is applied, so that we must define not
only the modulation frequency, f,,, but also the actual
carrier frequency, f';, and we can conveniently measure
both by their ratios to the unmodulated carrier. It is
not difficult to show that the relationship:

feral -1 X
holds to sufficient accuracy for our purposes.

Naturally actual circuits working on cither of these
principles have their own peculiarities and only follow the
modulation rules in an approximate manner. Neverthe-
less it is possible to formulate the rule which an ideal
version of each circuit would follow in a purely mathe-
matical form. From this it is possible, in principle, to
calculate the exact times at which the switching-edges
would be generated under any particular conditions and
hence, by a process of Fourier transformation, to obtain
the precise frequency spectrum of the square-wave and
the magnitudes of all the sidebands.

CALCULATION OF THE DISTORTION TERMS

It seems that the acrual calculation of the spectra by
apalytical methods, so as to obtain a generalized result, is
impossibly difficult in the case of the simple feedback
system, whilst it involves the Bessel Functions even
in the more straightforward case of the pure mark-space
system. Fortunately, though, there is an alternative
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X Peak amplitude of sine-wave modulation as a fraction of the natural limit of the system.
fn Frequency of the modulation as a fraction of that of the unmodulated carrier.
f’e Frequency of the modulated carrier as a fraction of that of the unmodulated carrier.

approach that holds good for any conceivable modulation
process and ailows different systems to be compared very
conveniently. We can use a digital computer to produce
both the timings of the edges and the spectrum of fre-
quencies that they represent, The results obtained are
necessarily only approximate and apply only to specific
levels of modulation, however, it is possible to extract
a useful general expression by the comparison of a sufh-
cient number of individual cases. This is the method
which has been employed in the production of the results
shown in the Table.

There are restrictions in this method in that the
modulation waveform used at each computation must not
only be a single sine-wave but must also have a frequency
related in some comparatively simple way to that of the
carrier. This follows from the fact that the calculation
must be performed over an interval which contains an
exact whole number of cycles of each of the two frequen-
cies, and the time required will become excessive if these
numbers are made unduly large. The calculations from
which the results given here are taken were made with an
interval of 25 carrier cycles, so that modulation frequen-
cies at multiples of 4 % of the carrier could be tested.

There is a further restriction when the action is of a
type where the average square-wave frequency changes
with modulation, as in the simple feedback system, since
it is then only possible to make a fair test at those ampli-
tudes which bring the carrier to a frequency which is
again related to that of the unmodulated carrier in thrs
same way. Here the allowable amplitudes were those
which reduced the carrier to 96 %, 92 %, 88 9% and so
on of its initial frequency. This second restriction is
much less serious than it might appear as these amplitudes
are, in fact, reasonably convenient and the computer was
able to work out the values to adequate accuracy very
quickly. So far as it was possible to tell, these restric-
tions on the values that could be calculated have intro-
duced no significant errors into the results. The errors
arising in the computation itself were about one part in a
million of the amplitude of the main carrier component.

The technique that was used to obtain the generalized
form of the results shown in the Table consisted of
finding the magnitude of a particular distortion term for a
variety of values of modulation amplitude and frequency.
These were so chosen that levels for the distortion in the
range 0.1 % to 1% were obtained at frequencies that
would be likely to be important in actual use. An approxi-
mate expression was then derived for the term in question
as a percentage of the modulation amplitude in the form
of a constant factor and appropriate powers of the peak
amplitude of the modulating sine-wave, the frequency
of the modulation, and the frequency of the term itself.
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At levels of distortion in the region of 1 %, the error in
assuming this simple sort of power relationship is not too
serious, being perhaps + 10 9% of the term magnitude,
but these results must not be extrapolated to higher
levels of distortion where more complicated formulae
arc needed. Remember also that these results apply
only to the rather artificial situation of modulation by a
single steady sine-wave, and no estimate of the numerous
possible forms of cross-modulation that will arise with
more complicated input waveforms has been attempted.

The systems that are being considered have the
property of giving the correct components at the output
when the amplitude and the frequency of the modulation
are both very low. At higher levels of input distortions
of various kinds are generated. Since the pure mark-
space system has errors only in its phase modulation, the
distortion terms that it causes are just unwanted sidebands
of which those at (f" - 2fm)5 (fc - 4fm) and (f 6fm)
will normally be the most important. Notice that the
amplitude of these sidebands is not affected by the
frequency at which they are made to occur. In contrast
to this the simple feedback system not only generates these
sidebands, but also has distortion of the fundamental and
introduces harmonics, since its mark-space action is
incorrect as well. These distortions rise with the square
of the modulation frequency. Notice that the sidebands
in this system change their amplitude in a relatively
complicated manner with frequency falling to zero when
their frequency is zero, and that they are centred on the
modified carrier frequency, /., so that they will come
into the band at lower modulation frequencies as the
input amplitude increases.

Both the systems that we are considering have the
property of being balanced, meaning that the treatment of
positive and negative inputs and also of the upward and
downward switching edges are symmetrical. This means
that only the odd harmonics of the modulation will be
generated, and also that only those sidebands at fre-
quencies (af’. + bf,,) where (a + b) is odd will occur.
Needless to say such systems are much to be preferred
and unbalanced systems need not be seriously con-
sidered unless they have some quite exceptional advantage
in another respect.

It will be seen from the table that there is no clear
advantage in either of these systems. The freedom from
harmonic generation and lower average levels of the
sidebands with the pure mark-space modulation com-
pares with the cancellation of sidebands at low frequencies
when the Simple Feedback system is used. The choice
in practice depends on such factors as the benefits to be
obtained from the action of the negative feedback and the
fact that the feedback system requires appreciably fewer
components.

POSSIBILITIES FOR IMPROVED SYSTEMS

We now naturally come back to the question of whether
it is possible to devise a system which would be a useful
improvement over these two, since we have shown that
there is no fundamental reason why a vastly better system
should not be made. Clearly the principle of feedback
should be retained, since it reduces the effects of imperfec-
tions in the circuit and also ensures the elimination of any
sidebands that come at very low frequencies, but what
other features ought we to change? One of the more
hopeful possibilities is to say that it is wrong for the
carrier frequency to be made to vary, and this leads to the
idea of the improved feedback system.

This is similar in most respects to the simple feedback
arrangement, but differs in that the triggering limits of
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the flip-flop are brought closer together (in a symmetrical
manner), in proportion to the quantity (1 — x*), where x
is the instantaneous value of the input waveform measured
as a fraction of the natural limiting value. This quantity
will have to be made by some circuit of the type used in
analogue computers, but remember that it is only required
to obtain a refinement of the action of a system which
already works comparatively well, and so it will not
matter too much if the value is not precisely correct.
This reduction of the triggering range has been chosen
so that the carrier frequency is maintained at a sub-
stantially constant value when modulation is applied and
thus the excessive sideband amplitudes should be usefully
reduced. The actual amplitudes to be expected from
such a system have, in fact, been computed, since there
is no problem in getting a digital machine to follow such
a process with high accuracy, and the results are pre-
sented in the third column of the Table.

It will be seen that the effect obtained is more or less
as predicted. The amplitudes of the sidebands are
indeed a substantial improvement over the values obtained
with the two previous systems. The third harmonic
generation, however, is considerably worse, though the
reason for this increase is not at all clear particularly as
the fifth harmonic appears to be much reduced. The
overall impression seems to be that these improvements
are not sufficient to justify the extra complexity of the
circuitry and that if any real improvement is to be
obtained some other type of modification to the circuit
arrangement will be required to achieve it. They might,
for example, be expected to include some rudimentary
form of ¢ quadrature » generating network in addition to
arrangements for keeping the carrier frequency at a
constant value, since the theory suggested that both these
features would be required. But the advantages of the
class D system are so small already that any successful
improved modulation generator would have to use almost
no extra components if it were to remain economic and
the chance of such an arrangement being devised seems,
unfortunately, to be negligible.
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Log-periodic TV Aerial

A New look in Band Il Arrays

UST over ten years ago the first
frequency-independent  aerials
were announced in America. The
bandwidth of these aerials, which are
basically conical or spiral, is limited
only by the smallest and largest
dimensions of the structure. Change
of frequency merely moves the
resonant region of the acrial within
the structure but does not affect the
impedance or radiation pattern. The
advantages of the frequency-
independent aerial have been com-
bined with those of the Yagi in the
logarithmic dipole. However, unlike
the Yagi, which normally has only
one driven element plus a number of
parasitic elements, the log-periodic
consists entirely of driven dipoles the

lengths and spacings of which
increase progressively.
Log-perioaic  aerials have, of

course, been used for some time for
h.f. communications and telemetry
purposes. The principles were dis-
cussed and details given for a u.h.f.
television aerial* in our September
and October 1964 issues but log
acrials for television have not been
available commercially in the U.K.
until now, although they were intro-
duced in North America a year or
more ago.

Antiference have now introduced a
series of log-periodic dipole aerials
for Band III, having in mind particu-
larly those areas where both 1L.T.A.
and BBC-1 transmissions are radi-
ated on widely separated channels in
this band.

To obtain a performance which is
basically independent of frequency
from a structure composed of a series
of resonant dipoles, such resonances
must “taper off ” so that as the fre-
quency is varied the function of the
resonant dipole is smoothly trans-
ferred from one dipole to the next.
This means that the physical dimen-
sions of the dipoles must be scaled
from one to the next in such a way
that the desired frequency range is
covered by a series of dipoles with

* * Logarithmic Aecrials for Bands IV and V"
by M. F. Radford.
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overlapping response characteristics.
The degree of overlap of any one
dipole to its immediate shorter
neighbouring dipole must be constant
throughout that part of the structure
which is within the limits of the
desired frequency range.

Since the characteristics of the
elements are, to a certain degree also
determined by their surroundings,
such as relative spacing one to
another, then these spacings must be
scaled also.

The log-periodic dipole aerial is,
then, an array of parallel linear
dipoles arranged side by side, and
both the “tapering off” of the

sz T R
ek

Polar diagrams for a 7-element log-periodic
aerial compared with those for a 5-element
double driven Yagi (broken lines).
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element lengths and the spacing
between them, form a geometric pro-
gression with a fixed ratio through-
out.

The elements are energized from a
balanced, constant impedance trans-
mission line. Adjacent elements are
connected to this line in an alternate
manner and the operation of the
aerial is “end fire” in the direction
of the shorter elements with the
feeder connected at this end.

In the Antiference log-periodic
arrays a double rectangular cross-
section boom performs the function
of transmission line as well as the
support for the clements.

AR i

Schematic diagram of log-periodic dipole
aerial showing the phasing.

The Antiference 7-element log-periodic aeri-
al type LP7.
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Transistor Rationalization

How to standardize on a few, easily-available "work-horse” devices

By T. D. TOWERS,* mM.B.E., M.A., C.Eng.

AVING discussed last month semiconductor type

numbering and how to find information on the many

tens of thousands of device types on the market,
we will now take a look at the rationalized selection of
a few transistor families which many engineers have
come to accept as standards for run-of-the-mill industrial
circuit applications.

CHOOSING BETWEEN SILICON AND
GERMANIUM
Every user of transistors is concerned with reliability,
but the technique of transistor manufacture has reached
a stage where there is little to choose on this score
between germanium and silicon.

Semiconductor manufacturers tend to divide their
products into three classes: “entertainment,” “indus-
trial,” and “professional.” In the past, reputable
manufacturers have produced essentially professional
transistors, these are reliable and are guaranteed to meet
an exacting specification for Services use. The nced for
this close tolerancing, multiple testing and quality docu-
mentation of professional devices has meant that they
are expensive. Semiconductors from the same produc-
tion line but to a less rigorous specification are fed into
the industrial market (high-quality instrumentation and
communications field) where reliability is still a prime
requirement but the reduced test costs result in lower
prices. Finally, the entertainment field (which prudently
designs for wide spreads of parameters) gets even more
economical devices because with them much of the pro-
cedural and testing costs involved in the other fields are
avoided.

Over recent years a new situation has emerged.
Manufacturers are setting about designing transistors
primarily for the entertainment field (in which users
cannot afford to pay for even the economical offshoots
of the high-quality professional-industrial transistor
lines). Thus we see large numbers of plastic-encapsu-
lated transistors at low prices on the market. These are
silicon devices, because plastic encapsulations do not
suit germanium. Despite some unresolved doubts on
the long-term reliability of plastic encapsulated transis-
tors, their low price means that they are finding their
way even into the industrial field for less exacting
requirements. But as yet they have not been accepted
in the professional field.

L.F. TRANSISTORS
Transistors for low-frequency and d.c. use fall intd three
distinct groups: low level, operating in the region of
1 mA; mid-level, around 50 mA; and high level, around
500mA. Each area has its different features.

L.F. low-level amplifiers.—The principal requirements
in the low-level stages of low-frequency circuits are the
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obvious ones of low noise and high gain at low currents.
In general, in these respects, silicon tends to be superior
to germanium: and is largely replacing it. Even so, we
still see many circuits using time-proved germanium
p-n-p devices such as the AC107 and the NKT216. The
OC71 and GET106 were progenitors of this breed. There
areé no germanium n-p-n transistors in common use in
low-level circuits.

In silicon, on the other hand, low-noise low-level
amplifier transistors tend to be n-p-n. The BC107/8/9
family has become almost a standard for this area. They
are characterized by very low-noise levels and by high
current-gain at collector currents of around 100 pA.
Many specialized devices in the same category, such as
the 2N929/930 (for operation at high voltages and in
the microamp current range), the 2N2483/4 and the
2N2604/5, are markerted.

As yet there is no widely accepted common device
for p-n-p silicon low-level work. Users have not estab-
lished any particular 1ype as a standard. [ myself
design around the 2N3547/8/9/50, which is a good
p-n-p complement to the BC107/8/9. Somewhat in the
same category fall such devices as the increasingly used
BCY70/1/2 and the 2N3250/1.

L.F. mid-level amplifiers.—In circuit stages operating
from about 10-100 mA, the major requirement on the
transistor is that it should have a fairly high and constant
current gain over a wide range of current. In germanium,
both n-p-n and p-n-p devices are common for mid-level
amplifiers.  Typical n-p-n units are the ACI27 and
NKT713 with voltage ratings around 30V and current
gains about 50. On the p-n-p side, there are many
devices of which the OC75 and NKT213 are typical.
These, too, are characterized by 30-V collector rating
and current gains of around 100. Whatever the polarity,
this style of transistor has an f7 of around 1 MHz.

When we turn to silicon, n-p-n mid-level amplifier
transistors far outnumber p-n-p. Because so much
American circuitry has been written around the 2N3053,
it has become the best known device in this field. With
a 60-V rating, a capability of handling up to 500 mA,
and a current gain of around 75, this “ maid of all work ”
still has many competitors such as the 2N696, 2N697,
2N718, 2N956, 2N1420, 2N 1613, 2N1711 and 2ZN1893.

In mid-level n-p-n silicon transistors, the 2N1131/2
is fairly typical with characteristics not unlike the n-p-n
2N3053. It finds many alternatives in the market such
as the BFX29/30 and BFX87/88.

L.F. high-level amplifiers.—When a stage is required to
handle up to 1 A collector current, we have to turn to
“beefier” larger-geometry devices. In germanium we
find well-tried standards like the AC176 and NKT781 in

* Newmarket Transistors Limited.
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n-p-n and the ACY17/8/9/20/1/2 and NKT237/
8/9/40/1/2 families in p-n-p. Whatever the polarity,
these transistors are basically 30-V transistors (with
higher voltage selections), characterized primarily by a
high current gain at currents up to 1A.

In silicon for 1-A amplifications there is no widely
used single device. However, the 2N2297 basic tran-
sistor, better known in this country under the family
numbers BFY50/1/2, BFX84/5/6 and BSX60/1, is
representative of n-p-n devices. It has an f; around
100 MHz, is characterized by a voltage rating of around
60 V, low saturation voltage and a 1-A current gain of
15 minimum. There is as yet no universal 1-A p-n-p
device available.

R.F. AND SWITCHING TRANSISTORS

R.F. amplifier transistors tend either to have a low Cob*
for stable low-level amplifier operation or the high Cob
which goes with the larger junction for high current
carrying capacity in later circuit stages.

RF. “low-Cob” amplifiers.—For many years now r.f.
amplifier circuits requiring low feedback capacitance
have standardized on the well-known germanium p-n-p
AF114/5/6/7 (OC170/1) and NKT674/5/6/7 families
of devices. These are a special type of post-alioy diffused
transistor, which because of their high gain at low
current, and low (2 pF) collector-base feedback capacit-
ance permit gains of around 45 dB per stage in standard
tuned 470kHz if. amplifiers. There has been no
germanium n-p-n equivalent dévice in common use.

By contrast, when we come to silicon, there has been
no common low-Cob p-n-p transistor. The n-p-n BF115,
which can be regarded as a silicon equivalent of the
p-n-p germanium AF115, has found many applications.
Such devices are all characterized by very small
collector-base junctions, but further improvements have
been made by what is known as the « Faraday-shield
diode ¥ technique. In this, a diode diffused underneath
the base overlay bonding pad is connected to the emitter,
which is operated at ac. ground. This diode region
is diffused simultaneously with the base during the
diffusion cycle. By using this technique the intrinsic
feedback capacity of the transistor can be reduced to
around 0.1 pF. This, together with the typically 0.4 pF
interlead capacitance gives a Cob of the order of 0.5 pF
compared with the 2.0 pF of the AF114 family. Typical
of this Faraday-shield type of transistor is the BF167.

R.F. “high-Cob ” amplifier.—Fot higher level r.f. stages,
where the feedback capacitance is not so critical, we
find several widely used transistor types. In germanium
the most common are p-n-p polarity, such as the
2N1303/5/7/9, the 2N404 and the NKT135. Al of
these have a Cob of the order of 20 pF, and typical
fr of the order of 5-15 MHz. Smaller geometry devices
of the same character with Cob=10pF are the well-
known OC44/5 and NKT11/12.

The best known n-p-n germanium devices of the
same sort are the 2N1302/4/6/8 family which are direct
n-p-n equivalents of the p-n-p 2N1303/5/7/9. All these
high-Cob germanium transistors are similar in other
respects, with voltage ratings of around 20V, an fr of
typically 7.5 MHz and current gains of 50-100.

Silicon transistors for high-Cob r.f. applications are
readily available in both n-p-n and p-n-p. The most
commonly used device family is almost certainly the

* Cob (Csp)—output capacity with base open to a.c.
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n-p-n 2N2217/8/9/20/1/Z series. 1nese nave relauvely
flat current gain from a few mA to several hundred
mA, with typical collector capacitances of 6 pF and fr
of around 350 MHz. Voltage ratings are typically 60 vV,
i.e, double the corresponding germanium  devices
mentioned above. Also 80-V versions are available, by
contrast with germanium, for which even 30-V selections
are rare.

In high-Cob r.f. transistors we also find a common
p-n-p family, the 2N2904/5/6/7, which is a close equiva-
lent to the 2N2217 family in its characteristics. Other
common devices similar to the 2N2904 family are the
2N3133/4/5/6.

V.H.F. amplifiers.—Silicon diftusion techniques lend
themselves particularly to u.hf. transistors. Thus we
find the n-p-n type 2N918 with a typical fr of 900 MHz
in everyday use. The 2N2475 and the BSY90,
faster versions of the 2N918 with {7 of the order of
1.5 GHz, are tending to replace the 2N918. U.h.{. silicon
transistors exhibit relatively low collector voltage ratings
for silicon (around 30V only) and low current gain
(typically only 30). They do, however, have low collec-
tor capacity, typically 1.5 pF or less. U.h.f. germanium
transistors, whether p-n-p or n-p-n, are not in common
use industrially.

L.F. switches.—For low-frequency switching, manufac-
turers do not in general produce special families of
devices, and we find slow-speed switching generally
being done by transistors of the type described above
under Lf. mid-level amplifiers or hf. high-level ampli-
fiers, depending on the current being switched. There
is one exception in that the 2N2904 family described
above under r.f. high-cob amplifiers is so widespread
that it is often used for slow-speed switching in the
absence of a common p-n-p equivalent to the BFY50-52
series.

RF. switches.—For r.f. or medium-speed switching, the
tendency in the past has been to use r.f. amplifier tran-
sistors. Thus with germanium we find the n-p-n
2N1302 family or the p-n-p ZN1303 family widely used,
as also has been the OC42 (a selection of the OC44/45).

When we come to the new silicon r.f. switching tran-
sistors there is a vast array of transistors specially
designed for switching rather than general purpose r.f.
amplifier-cum-switching work. The commonest basic
device is the famous 2N914, an n-p-n gold-doped
switching transistor with a typical fr of 300 MHz, a
s00mA current capability and a colicctor capacity of
around 4pF. Other well-known devices of a similar
character are the 2N706, 2N708, 2N743/4, 2N753,
2N919/20, 2N2368/9/9A, BSY26/7, BSY38/9 and the
ubiquitous BSY95A. Silicon p-n-p r.f. switching tran-
sistors are much less common, but the serviceable
2N2904 family again is often used.

V.H.F. switches.—For ultra-fast switching, there are no
germanium devices in common use, but the last of the
v.h.f. germanium switching transistors will still be found
in equipment. Typical of these are the p-n-p 2N711B
or NKT603F, with relatively low (20V) collector voltage
ratings, maximum currents of 100 mA, current gains of
around 50, typical fr of 125 MHz and Cob of about
3pF. On the n-p-n side in germanium there never have
been any common ultra-fast switches.

In silicon the “daddy of them all ® in ultra fast
switches is the n-p-n 2N709, with switching times of less
than 10 ns. This device has a low collector voltage rating

679

www americanradiohistorv com


www.americanradiohistory.com

(15 V) and will handle up to 200mA only. On the other
hand it has an f; of 800 MHz typically and a 2-pF Cob.
Its current gain is about 50. The 2N709 has proved a
very difficult transistor to manufacture and is still quite
expensive. There are no p-n-p silicon ultra-fast switches
widely available.

POWER TRANSISTORS

When you want to dissipate more than about a watt in
a transistor, you have to leave the small flexible-lead
devices described so far. Two main styles of case have
become widely used, at least for low-frequency opera-
tion. These are the well-known standard TO3 large
*“ diamond-shaped * outline and a miniature version of
it. The miniature medium power transistor comes in
three different cases: (1) TO66 small diamond; (2) “ Con-
tinental ” small diamond (as Mullard ADI161/162); and
(3) TO8 (with clamp that makes it similar to small
diamond).

L.F. medium-power transistors.—In germanium there
arc only a few medium-power devices on the British
market, but these are widely used. For p-n-p require-
ments, the international standard germanium unit
is the 2N1183/4 or NKT302 in TOS outline with typical
voltage ratings of 60 V, current gains of around 50, maxi-
mum current around 3A and f; about 1 MHz. In the

TABLE |
A SELECTION OF WIDELY USED TRANSISTOR
TYPES AVAILABLE FROM MORE THAN ONE

MANUFACTURER |
n-p-n p-n-p
Ge Si Ge Si
L.F. Low-level ¥ BC109 ACIi07 2N3548
Amp. NKT216
LF. Mid-level [ ACI27 2N3053 OC75 2N1132
Amp. INKT713 NKT213
LF. High-level (ACI176 BFY52 ACY20 »
Amp. NKT781
R.F. Low-Cob - BFIIS JAFL17 ~
Amp. NKT677F
R.F. High-Cob 2N1304  2N222I [ OC45 2N2906
NKTI2
V.H.F. Amp. * 2N918 ¢ ”
A.C./D.C. J’ ACI76 BFY52 ACY20 -
Switch LNKT781
R.F. Switch 2N 1304  2N9I14 [ OC45 2N2906
I NKTI2
V.H.F. Switch - 2N709 2N711B *
| NKT603F
A.C./D.C. ADI6I 2N3054 /2NLI83 =
Medium NKT87! NKT302
Power Amp.
A.C./D.C. Power * 2N30SS  [OC35 L

Amp. NKT404

*No *standard " device commonly available from several
manufacturers.
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n-p-n germanium category there is no corresponding
TO8 standard, but the AD161 or NKT871 n-p-n small
diamond power devices find wide use. These have a
p-n-p exact counterpart in the AD162 or NKT371 (as
an alternative in some applications to the 2N1183/4).

In silicon in the medium-power small diamond range
there is no p-n-p commonly available, but in n-p-n the
2N3054 is a widely accepted siandard device. This is
in 2 TO66 encapsulation and features 90-V collector
rating, 4-A maximum current, 25-W theoretical maxi-
mum dissipation, typical f of 1 MHz, and a current
gain around 50.

L.F. power transistors.—When higher operating powers
of the order of 10-25W dissipation are called for, the
larger TO3 outline is the common encapsulation. In
germanium there is a family of TQO3 p-n-p devices which
has been virtually the standard power transistor for
years now. These are the OC28/9/35/6 and NKT401/
2/3/4. The most important features of these are
current carrying capacities up to 10 A, typical voltage
ratings of 60V, typical current gains of 50 and Jr of
around 300 kHz. In the main, germanium p-n-p power
transistors of this type still carry the bulk of transistor
power applications in this country. There are no n-p-n
equivalent germanium power transistors commonly used.

In silicon the standard TO3 high-current power tran-
sistor is the n-p-n 2N3055. This features voltage ratings
of 60-100V, current ratings of 15 A, fr of 1 MHz and
theoretical maximum dissipation of 115 W, together with
typical current gains of around 50 at 1 A. Whenever the
standard p-n-p germanium power transistors described
above are replaced by silicon in a redesign, the tendency
1s very largely to go over to the n-p-n 2N3055. The
only major drawback in this silicon transistor is its 7-V
emitter rating compared with the 20V of the OC28
series.

Other special transistors.—So far, we have been dealing
with “run-of-the-mill” devices. Limitations of space
prevent any coverage of special devices such as r.f. power
or field-effect transistors. Most semiconductor manu-
facturers have their own ranges of devices for these, but
sufficient field experience has not yet accrued for any
particular devices to become accepted as industry
standards.

TABULAR INFORMATION SUMMARIES

To bring into focus all the information detailed above,
Table I has been prepared setting out for cach circuit
function a typical device from the “standard” ranges
discussed above, classified as germanium/silicon and
n-p-n/p-n-p.

To give some idea of the special characteristic of the
various families, Table II sets out critical information on
the devices selected as examples in Table . A study
of Table II will reveal most of the differences between
n-p-n and p-n-p and between germanium and silicon
transistors. For example, you will note in the emitter
voltage rating column (headed V...) that silicon diffused
devices have ratings always below 10V and germanium
alloy always above 10 V.

PLASTIC vs METAL CASE TRANSISTORS

You cannot help but be aware that over the last two
years plastic encapsulated silicon transistors at low
prices have had a great impact on the transistor market,
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but there has been controversy about them. Dessigned
primarily for the entertainment market, their most
obvious advantage is low cost, but the absence of a meial
case can also be an advantage in that they can have
lower parasitic capacitances than corresponding metal
case units. Also in most silicon hermetically sealed
transistors the collector is connected internally to the
metal case, so that precautions have to be taken to
isolate the case in equipment. With plastic encapsu-
lated devices, no special care is required for this.
Plastic case transistors do have disadvantages, how-
ever. Generally the same transistor chip will. have
lower permissible dissipation than in the corresponding
metal-can version. Also therc has been much discussion
about their long-term reliability when compared with
true hermetically sealed devices. ~ As yet, no plastic
device has received “ CV approval ” in this country, and
the final verdict on the long-term reliability problem will
be given only if and when such approval is obtained.

Typical plastic-encapsulated transistors.— Table 111 sets
out for Lf. amplifier applications a selection of fairly
common types of roughly equivalent specification, in
two classes—n-p-n and p-n-p. The table cross-refers
types from several manufacturers to common equivalent
metal-case devices.

There is as yet no uniformity in the outlines used for
the plastic encapsulations. Difficulties arise because,
while some manufacturers supply devices physically
interchangeable with standard TOI18 or TOS5 cans,
others produce completely new lead configurations,
which are sometimes difficult to fit to boards drilled for
standard metal-case devices. However, somc manufac-
turers do provide their devices with the leads pre-dressed

CRITICAL DATA ON TRANSISTORS IN TABLE 1

TABLE I
Polarity | Fabrication | Case Vevo
& Material

ACY20 s P-Ge Alloy TOS 40
ACI07 ?NKT2I6) P-Ge Alloy TOI 15
ACI127 (NKT713) N-Ge Alloy TOl 32
ACI176 (NKT78I1 N-Ge Alloy TOI 32
ADI6I (NKT87IR N-Ge Alloy Special 32
AF117 (NKT677F) P-Ge Alloy

diffused T.07 32
BCI09 .. 5 N-SI Diffused TOI8 20
BFI15 : N-SI Diffused T072 50
BFY52 .. 5 N-S| Diffused TO5 40
NKT302 5 P-Ge Alloy T08 60
NKT603F 3 P-Ge Alloy

Diffused T07 40
0OC35 (NKT404) .. P-Ge Alloy TO3 60
OC45 (NKTI12) .. P-Ge Alloy TOI 15
OC75 (NKT213) .. P-Ge Alloy TOlI 30
2N709 .. . .. NSi Diffused TOI8 15
2N7118B e .. P-Ge Alloy

diffused TOI8 18
2N914 .. % o N-Si Diffused T0I18 40
2N918 .. 5 .. N-Si Diffused T072 30
2N1132.. : P-Si Diffused TO05 50
2N1183.. - P-Ge Alloy T08 45
2N (304 ac P-Ge Alloy TO5 25
2N2221 & N-Si Diffused TOI8 60
22906 ad P-Si Diffused TOI8 60
2N3053 5 N-Sj Diffused TO05 60
2N3054 5 N-Si Diffused T066 90
2N3055 ! N-Si Diffused TO03 100
2N3548 P-Si Diffused TOI8 60

NOTE: Information generally extracte
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TABLE Il

REPRESENTATIVE COMPARATIVE SELECTION OF

METAL-CASE AND RELATED PLASTIC ENCAPSU-
LATED SILICON TRANSISTORS

Metal Case Plastic Encapsulated
Device -
Texas ST.C. Ferranti Fairchild

. (I.F. Low-level n-p-n) b

BC107 o l BCI82L BCI71 ZTX303  BCItS
BC108 .. | BCI83L BCI72 2TX302 | BCII3
BC109 . 1 BCIg4L | BCI73 | — | BClI4
{L.F. Low-level p-n-p) l 'l \

BCY71 " 1 2N3702 I — ZTX502 | BCIs4
BoY;2 .. | oNwo3 | — ZTX503 | BCI53

pacing. Also, you can get small
hich do the pre-dressing for you

to the required TO18 s
plastic mounting pads w
as you draw the transistor down to the board.

It is hoped that the analysis of the various transistor
types given above will be helpful to the reader in his
assessment of what transistor to use for a specific circuit
application. He can find fuller information on details
of devices in one of the various sources of information
outlined in last month’s article.

l

Vevo I max Pe max hee ‘ fr Cov
] @A) | W) | (H) | P
J— 2A 260 100 | <=9
5 10 80 50 1.5 12
0 500 340 100 25 —
5 1A 700 200 1.5 =
10 2A 4.5W 100 4 —
] 10 50 150 75 2
5 100 300 400 250 4
5 30 160 100 270 —
6 1A 800 125 100 —
[ 2.5A 13W 100 1 —
1 50 80 100 120 3
20 10A 30W 50 0.4 —
12 10 83 50 5 10
12 50 125 100 0.5 -
4 200 300 50 800 2
2 100 150 50 150 3
5 500 360 50 300 4
3 50 200 25 900 1.5
5 600 600 50 200 30
20 3A 7-5W 50 0.5 —
25 300 150 100 8 20
5 600 500 75 350 6
5 600 400 75 350 6
5 700 W 75 200 —
7 4A 25wW 50 ] —
7 1SA 115W 50 1 p—
6 100 400 200 200 6

l

d from ** Transistor D.A.T.A. Book.”
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European Space Research

Setbacks encountered — current programme — satellite situation —

uncertainty as to the future

Research Organisation (ESRO) has suffered two

.. major setbacks since it was inaugurated in 1964,
although the sounding recket programme has proceeded
very smoothly. The first of these occurred in October
1966 when the premises of the European Space Tech-
nology Centre (ESTEC) and the European Space
Research Laboratory (ESLAB) situated at Noordwijk in
Holland were destroyed by fire together with all equip-
ment, test data and records. The second occurred last
May when a failure of the third stage of the four-stage
Scout launch vehicle resulted in the first flight model
(F1) of the satellite ESRO 2 falling into the Pacific after
failing to go into orbit. Telemetry data received from the
satellite during the abortive launch showed that all the
satellite systems functioned normally.

At the time of this launch the European satellite track-
ing and telemetry network (ESTRAC) was incomplete
and full responsibility for tracking, attitude control, turn-
on of experiments, and data acquisition from ESRO 2
{F1) would have been with the American National Aero-

THE satellite programme of the European Space

nautics and Space Administration (NASA). Now the
ESTRAC facility is fully operational and the projected
launch of F2, in April 1968, will result in a much larger
ESRO participation. The design, integration, environ-
mental and flight testing of the satellites is being carried
by ESTEC and, apart from the early orbit determination
that will be carried out by NASA as part of the launch
service, full control of the satellite will be in the hands
of ESTRAC.

Some uncertainty now exists as to the future pro-
grammes of ESRO following a meeting of member
countries held in Rome last year. At this meeting no
decision was taken as to the extent of future programmes
on the grounds that insufficient information was avail-
able at that time. It was agreed, however, to form a
programme advisory committee to look into the whole
organization; their report is due to be presented shortly..
It is envisaged that a further ministerial meeting
will be held in late April or early May and a decision as
to the magnitude of future programmes will be made,
based on the Advisory Committee’s Report.

The left hand photograph shows an experimental unit being Installed in ESRO 2 and the right hand photograph shows the same satellite
undergoing vibration tests. The main contractor for the project was Hawker Siddeley Dynamics Ltd. with Société des Engins Matra (France)
as principal sub-contractors, Ferranti supplying the solar celis. The satellite will be controlled in flight by 36 commands using a tone-digital

system on a frequency of 148.25 MHz.
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As has already been mentioned the ESTRAC facility is
now ready and in addition ESLAB and ESTEC have been
rebuilt and re-equipped forming a sophisticated tool for
research, design, environmental testing and tracking of
satellites. This has been an expensive process involving
the purchase of large amounts of capital equipment; the
danger of too small a programme being granted is that
these facilities will be only partly utilized. The net result
would be a very high unit cost per project and a danger
would exist in that scientists may tend to drift away from
European Space Research. It is the hope of the organi-
zation that the programme will include communication
and navigation satellites as well as those carrying scien-
tific experiments currently planned.

The design and development of a satellite or sounding
rocket pavload is carried out in threc definite stages:
materials and components, sub-systems and the integrated
system. At ESTEC the main task is concerned with en-
vironmental testing during the first and third of these
stages, the second stage being left in the hands of con-
tractors. The equipment at ESTEC includes compre-
hensive vibration facilities and large chambers capable
of simulating the space environment as far as temperature,
vacuum, solar radiation and “blackness™ are concerned.

Work is at present proceeding on five projects with
the prospect of a sixth “on the horizon.” Out of 4}
scientific experiments 10 be carried in these craft, 17 are
British. As far as contracts received by British industry
are concerned the story is rather different; only a small
percentage of the equipment comes from British sources.
However, this situation is likely to improve. In the past
the organization discovered that in many cases, “ space
approved” electronic components were not available
from European sources and increasing reliance was placed
on components of American manufacture, although some
were obtained as by-products of the French national
space programme.

Briefly the satellites planned by the organization are:
ESRO 1, a polar ionosphere satellite which will measure
energies and fluxes of particles at high altitudes and the
effects of particles as manifested by auroral events and
the composition of the ionosphere. Studies will also be
made of solar proton events which are responsible for
polar cap absorption phenomena. To assist in making
these measurements, the satellite will be stabilized along
the earth’s magnetic field lines by incorporating per-
manent magnets in the structure.

ESRO 2 is designed to study solar astronomy and
cosmic rays and as such its orbit is planned to keep the
satellite in direct sunlight for the majority of its design
lifetime (1 year). The equipment on board will measure
the corpuscular radiation from the sun during solar flares,
protons trapped in the inner Van Allen Belt, the electron
component of primary cosmic radiation and the modula-
tion mechanism of cosmic rays in interplanetary space.

The highly eccentric orbit satellite HEOS A is designed
to study interplanetary physics, particularly magnetic
fields, cosmic radiation and the solar wind during a period
of large solar activity. The orbit apogee will be about
250,000 km and the perigee about 300 km. This orbit,
a narrow ellipse, allows telemectry transmissions to be
wholly in real time eliminating the need for an internal
tape recorder and enabling the satellite to be “seen” for
nearly 100%, of the time (above 30,000 km) using only two
ground stations. These will be the ESTRAC installa-
tions at Redu (Belgium) and Fairbanks (Alaska).

The main purpose of the satellite TD1 will be to study
stellar astronomy and cosmic -ays and will to this end

WIRELESS WORLD, FEERUARY 1968

carry seven experimental instaliations. It will have a
circular orbit at an altitude of 500 km with an inclination
of 97.4° 1o the equator.

TD2 will study solar-terrestrial relationships during a
period of maximum solar activity. It is of similar con-
struction to TD1 but will be on an elliptical orbit with an
apogee of 1200km and a perigee of 350 km inclined at 90°.

The previously mentioned sixth satellite “ on the hori-
zon” is the LAS (Large Astronomical Satellite) on which
work, although not suspended, has been reduced to a
minimum for financial reasons. ‘This is the largest and
most complex of the projected satellites and is expected to
be of high optical resolution 10-* #m (0.11). Design of
a three-axis simulator for the satellite was completed and
various parts constructed up till the time ot the fire at
ESTEC; fortunately, some parts had not been delivered
and escaped destruction. It has been estimated that some
7.5 man years and 232,000 French francs had been spent
on this machine before the fire.

BOOKS REGEIVED

The BEAMA Directory 1967/1968. Compiled by The
British Electrical & Allied Manufacturers’ Asscciation In-
corporated, this directory starts with a pictorial review of
the achievement of the British Electrical Industry, the rest
of the book being divided into four sections. Section 1—
Directory of Manufacturers—gives the names and addresses
of manufacturers, a summary of the products manufactured,
overseas branches, representatives and agents. Section 2—
Technical Information. Section 3—Buyers’ Guide—an
alphabetical list of products and who makes them. Section 4
—Foreign Languages—equivalent expressions in (German,
Spanish, French, Portuguese and Russian for the English
headings found in the Buyers’ Guide section. Pp. 356.
Price 60s. Pergamon Press Lid., Headingion Hill Hall,
Oxford.

Telecommunications for Technicians, Vol. 1, by D. Coates-
worth. From the Penguin Library of Technology this paper
back is the first of three volumes to be published in this
series. It introduces some of the basic principles of elec-
tricity, magnetism and electronics in a clear and well defined
manner without short-circuiting the necessary mathematics.
Unusually, in a book of this nature, the properties of semi-
conductor materials, diodes and transistors are discussed as
well as the principles of thermionic emission. Although by
no means a full treatment of the subjects it covers, this
book provides an cxcellent introduction to electronics €ither
as a hobby or as an intended career. Pp. 136. Price 10s 6d.
Penguin Books Ltd., Harmondsworth, Middlesex.

Television in Education and Training by D. A. de Korte
from the Philips Technical Library.  The object of this
book is to provide a gencral review of the devclopment and
scope of television as well as other audio-visual aids in
education.  Following a discussion of television and the
audio-visual concept in general the history and the basic
principles of television are broadly outlined together with
details of equipment in use. Teaching projects that have
been carried out in various countries using television are
examined. Final chapters cover film projection and tele-
vision, teaching machines and television and the production
of closed circuit television broadcasts. Pp. 175. Price 4ls.
Macmillan & Co. Lid., Little Essex Street, London, W.C.2.
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GaAs Miniature

MALL, simple and cheap radar sets for burglar

alarms, automobile speed measurement, ship docking

and other domestic and professional uses have be-
come a practical possibility as a result of a development
programme at the Royal Radar Establishment, Great
Malvern. They are all based on the gallium arsenide
(GaAs) Gunn-effect diode. As is well known, this is a
piece of bulk semi-conductor which only requires a low
voltage battery to be connected across it to produce oscil-
lations in the microwave region. The diodes are mass-
produced in a small plant at RR.E. Their active part
is a 10#m epitaxial layer of pure GaAs deposited on a
substrate of highly conducting GaAs. This conducting
substrate acts as the anode, while a silver contact
evaporated on to the epitaxial layer forms the cathode.
The completed dice, which are 4004sm square, are
mounted on molybdenum stubs and put into standard
diode encapsulations.

R.R.E. were working on gallium arsenide in the early
1960s, before the Gunn effect was discovered. At that
time it was thought that this material would be suitable
for integrated circuits. A consortium of UK. firms had
been formed to explore the production possibilities of
GaAs devices, and it was because of this early work,
and successful co-operation between R.R.E. and the
consortium, that the development of miniature radar went
ahead so fast after the discovery of the Gunn effect. In-
cidentally the present leader of the R.RE. team, Dr.
Cyril Hilsum, is well known as the author of one of the
first papers predicting the possibility of oscillations in
GaAs and other bulk semiconductors*.

A further advantage of the Gunn oscillator over the
klystrons and magnetrons normally used in radar trans-

* *“ Transferred Electron Amplifiers and Oscillators ” by C. Hilsum.
Proc. I.LR.E., vol. 50, No. 2, February 1962, pp. 185-189,
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Radar

mitters is that it can be turned on and off more rapidly,
to give extremely narrow pulses. In fact pulses as short
as 3ns at 10 GHz have been obtained, and this means
that a distance resolution of 0-5 metre is possible at
ranges down to 2 metres—a useful facility in, say, the
docking of ships.

The two devices illustrated are both Doppler radar
systems. One is intended for use as a burglar alarm.
The 6inX 4inX 4in box holds a transmitter, receiver and
dry batteries, and the radar has a range (on a man) of
about 50 yards. When it is operating in a room, any
disturbance of stationary conditions, such as the entry of
an intruder, causes the lamp on top to light—and, of
course, an external alarm could be actuated. The other
device is a hand-held, battery-operated Doppler radar
for vehicle speed measurement. Its range is 50 yards on
a man and 200 yards on a large vehicle, and the speed
is read directly on a meter.

A third set, not illustrated, is a high resolution pulsed
radar suitable for marine application and has a distance
resolution of better than 1 m at ranges down to 2m. The
10-GHz Gunn-diode oscillator is mounted across a wave-
guide in a straightforward radar transmitter-receiver
system using a circulator, the receiver. being blanked by
a germanium diode switch during transmission. Switch-
ing of the Gunn diode is performed by an avalanche
transistor circuit built into a coaxial structure. The best
transmitter performance obtained has been pulses of S ns
(half height) duration and peak power of 1 watt—that is,
an energy of about 5 nJ per pulse. The receiver is a
crystal video detector followed by a pulse amplifier with
1-2ns risetime, and a sampling oscilloscope i1s used to
give an A-scope display. It seems likely that this par-
ticular set will become available in commercial form.

(left) Portable radar speedometer being used
to measure the speed of a car. The battery-
operated microwave Doppler radar set has a
range of about 200 yards on a large vehicle.

(below) Intruder alarm, showing warning lamp
on top. The Doppler radar set inside uses a
horn aerial glving a moderately wide beam,
and has a range on a man of about 50 yards.
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Acousto-electric V.H.F. Transmitter

HE simplest v.hf./f.m. radio transmitter that one
.could hope to achieve was recently seen by Wireless
World in operation at the Royal Radar Establish-
ment, Malvern. Consisting of little more than a thin
plate of cadmium sulphide with a voltage supply con-
nected across it and an aerial attached, it was being used
to transmit audio signals on a carrier frequency of 100
MHz across a room to an f.m. receiver. The power was
only a few microwatts. This was in fact just a demonstra-
tion to illustrate some of the work of J. D. Maines and
E. G. S. Paige at RR.E. on acousto-clectric oscillations
in piezo-electric semiconductors, of which cadmium sul-
phide (CdS) is one. Nevertheless there are obvious
practical uses for such a simple and cheap oscillator,
which will operate between 30 MHz and 1 GHz, can be
frequency modulated by a varying voltage and will
generate oscillations in both electrical and mechanical
form. In the transmitter, higher power could be ob-
tained by more cfficient crystal/aerial coupling.
Acousto-clectric oscillations are the result of inter-
action between ultrasonic (mechanical pressure) waves
set up spontaneously in the semiconductor by thermal
effects, and the electrons which are caused to drift
through the material by the voltage applied across it.
Interaction occurs because the successive compressions
and cxtensions of the ultrasonic waves, occurring as they
do in a piezo-electric medium, produce electrical poten-
tials within the material and these cause the drifting
slectrons to collect in bunches which travel with the
waves (Fig. 1). If the clectron stream is travelling in
the same direction as the ultrasonic waves, and faster,

ACOUSTIC WAVE

ELECTRIC
WAVE

i BUNCHING ELECTRONS

Fig. . Interaction of acoustic and electric waves.
AERIAL
100pF =
€dS

TWAVE
PATH
AUDIO 0-2mm
HODULATION
50V 0 (L

LAMP
SUPPLY
Fig. 2. Circuit of the v.h.f. transmitter, showing light control.
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The transmitter, dipole aerial and light source assembly.

their interaction produces mechanical effects which aug-
ment the original waves—a phenomenon which has been
used for acousto-electrical amplification in CdS. In the
oscillator, however, when the ultrasonic waves strike an
end face of the semiconductor they are reflected: the
reflected waves are then travelling in the opposite direc-
tion to the electron stream and this causes them to be
attenuated. After reflection at the opposite face the
waves are once more travelling in the same direction
as the electron stream, again being augmented by the
effects of the electron-bunching, and by the time they
have completed a “round trip” a net amplification has
been obtained. Non-linear effects reduce the round-trip
amplification to unity, and this, of course, is the condi-
tion necessary for self-sustaining oscillations.

After several hundred such round trips a steady-state
acoustic oscillation on a single frequency is reached, and
the electron bunching associated with this is sufficiently
large to modulate the d.c. bias current. As a result
electrical oscillations are produced in the supply circuit.
The thickness of the CdS plate, ¢, determines which
wavelengths can be supported (2t=NAa, where N is an
integer) and, through the velocity of sound, which
oscillation frequencies are possible (f=v/A). If the piezo-
electric plate were functioning as a crystal filter or trans-
ducer N=1, but in the demonstration transmitter N=21.

The velocity of the waves is determined by the applied
voltage and the conductivity of the material. In Cds
0.2 mm thick, for example, frequencies between 20 and
500 MHz have been generated with applied voltages of
20V to 100V. For the 100 MHz demonstration trans-
mitter a supply of 50V is used. The conductivity of
the CdS (typical resistivity ~10' ohm cm) is controlled
by directing a light source of adjustable intensity on to
the plate so that the incident photons liberate electrons
in the material. As shown in Fig. 2 a small lamp is
included in the v.h.f. transmitter for this purpose.

Since the frequency of oscillation can be varied by
altering the CdS supply voltage, it is a simple matter to
frequency modulate the transmitter by superimposing
a modulating signal on the d.c. bias as shown in Fig. 2.
The frequency shift obtained varies with supply voltage
and material conductivity but a typical value is 10 kHz
per modulating volt and in the demonstration transmitter
the modulating voltage range is about 0—2V.
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WORLD OF WIRELESS

Satellite vs Cable Communications

WHEN commercial telephone traffic via Early Bird com-
menced in 1965 the Scandinavian countries had three circuits
with New York terminating in Oslo, Stockholm and Copen-
hagen, and routed via London. It was decided to make a
subjective evaluation of whether calls via Early Bird were
acceptable to the general public, the idea being to make as
closc a comparison as possible with existing cable circuits
1o New York. A total of 1,624 satellite calls were listened
to by operators and notes madc of the quality of the con-
nections and subscribers’ reactions and comments. The
same process was rcpeated on 844 cable calls. In a second
stage of these tests subscribers were interviewed immediately
after calls, in accordance with an agreed questionnaire.
Each of the three terminal stations in Scandinavia made
interviews after 50 satellite calls and 50 cable calls. making
a total of 300 calls in all. The subscribers had no idea
which means of communication they had used and no

subscriber was interviewed more than once. and, in addition,
no publicity was given to the tests.

It is obvious from what has been said that the statistical
material obtained was very limited, nevertheless it was
thought that investigations over a longer period or with a
greater number of circuits would not have produced sub-
stantially different results. The main conclusion of the
tests 1s that calls via Early Bird have been generally satis-
factory to the Scandinavian public and the results of the
objective evaluation of such calls are very much the same as
for the cable calls. The tabulated result showed that, based
on the operators’ report, 84.1 of the satellite calls were
found to be very good as against 76.1 of the cable calls.
Observations of echo, crosstalk and signal level variation
showed little difference between systems. Of the inter-
viewed subscribers 46.7 found the satellite and 549
found the cable very good.

Television-telephone Trials in America

FIELD trials on a visual telephone equipment suitable for
use in the office or home will commence next Scptember.
Known as the Picturephone and developed by Bell Tele-
phone Laboratories of America, the equipment will be built
and evaluated by Westinghouse Electric Corporation. For
the trials some 40 sets will be manufactured, 28 will be
installed in Pittsburgh and 12 in New York so that the
usefulness of the system for both inter- and intra-city com-
munications can be gauged.  Providing the trials are a
success, the American Telephone and Telegraph Company,
Bells’ parent organization, said that it hopes to introduce a
limited number of the sets into customer service in the carly
1970s.

A silicon target camera tube is employed utilizing an
electronic zoom system, adjustable focus and an automatic
iris resulting in the production of good pictures over a wide
range of ambient lighting conditions. A screen measuring
5.5in X 5in is incorporated and this, in conjunction with the
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wide angle capability of the camera lens system, gives the
user considerable latitude regarding side to side movement.
To enable larger scenes to be transmitted the camera may
be focused at 20ft. Printed matter may also be sent, and
for this the camera is focused at 1ft. When this is done
a built-in mirror swings to an angle of 45 degrees in front
of the lens so that the material may be placed flat in front
of the picturephone. When used for normal face-to-face
conversation the depth of field is 16 inches centred on 32
inches. A typical installation comprises: dialling unit, con-
trol unit, display unit and a service unit. Four push buttons
enable the user to initiate a video or voice-only call, to see
the picture he is sending out, to prevent his picture from
being transmitted—in this casc a bar pattern is sent instead,
and to select either a normal handset or a loudspeaker for
the sound.

The camera tube employed is interesting in that the target
consists of a small silicon slice containing over half a
million photodiodes. An advantage of this tube is that its
performance is not degraded or modified by exposure to
bright light cr by electren beam bombardment and is does
not suffer from optical or raster *“ burn in.”

Submarine Acoustics

ENGINEERS from Honeywell’s Marine Systems Centre at
Seattle have started a three-year research programme to
study the underwater scartering of sound waves. The object
of the programme is to discover whether any consistent
patterns emerge so that future marine acoustics instruments
may be programmed to take them into consideration. The
scattering medium consists of micro-organisms and impurities
suspended in the sea that distort the sound paths in such a
way as to make signals unreliable or too weak to be detected
at all; it is known that air bladders in fish are a real factor
in sound deflection. It was formerly assumed that the
scattering field could be modelled on the homogenous,
densely populated impurities and could be averaged for
practical purposes, but this approach is now considered to
be insufficiently precise. A 1,600 pound acoustic sensing
and transmitting instrument has been set up on the ocean
bed in the Strait of Juan de Fuca, British Columbia, where
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the Pacific Ocean penetrates a protected salt-water labyrinth,
The eight-foot high unit will send signals from a depth of
325ft to Honeywells® research vessel Neper and at the same
time water current, salinity, dissolved oxygen and tempera-
ture will be measured. The cxperiment is claimed to be the
largest company sponsored basic research programme on
underwater acoustics ever carried out.

The formal opening of Heriot-Watt University’s new
Mountbatten Building by Earl Mountbatten of Burma took
place on January 3rd. The opening ceremony followed a
graduation ceremony at which Sir Alec Douglas-Home,
Chancellor of the University, conferred honorary degrees
upon a number of dignitaries including a doctorate of science
on Earl Mountbatten. The new building was recently com-
pleted at a cost £650,000 and accommodates the Depart-
ment of Electrical and Electronic Engineering and depart-
ments of the Faculty of Humanites. The building is
T-shaped in plan and it includes a 250-scat conference
theatre with adjacent conference rooms, a television suite
(see “News from Industry,” page 707), two main lecture
theatres and a number of well-cquipped laboratories—
including a language laboratory. Every room is wired for
closed circuit television and a comprehensive network con-
nects the TV complex in the Mountbatten Building with
the main University building providing direct two-way links.

To assist listeners in parts of Scotland who are having
difficulty in receiving B.B.C. Radio 2 on 1,500 metres and
who do not possess a v.hf. receiver, low-power repcater
stations have been installed in Glasgow and Edinburgh.
These stations will provide local reinforcement of Radio 2
by making usc of the international common wavelength of
202 metres. The range of stations using this wavelength
is restricted by international regulations to only a few miles.
In addition the useful range is further limited at night by
interference from the other 150 European stations that share
this wavelength. The possibility of operating additional
transmitters on this wavelength in other parts of Scotland
is being investigated.

The Eddystone Radio essay competition organized early in
1967 has been won by Bruce Taylor, a 25-year-old student
who is engaged on Ph.D. work at Edinburgh University, For
his essay describing a new approach to radio receiver design
he wins an EA12 Eddystone communication receiver worth
£185.

‘I'he Simon Meinorial Prize for 1968 has been awarded by
The Physical Society to Dr. K. A. G, Mendelssohn, F.R.S,,
Reader in Physics in the University of Oxford, in recognition
of his distinguished work on superconductivity and the pro-
perties of liquid helium.

Professor J. Barraquer, an eminent Spanish
eye surgeon, flew into London recently to see
a demonstration of EMI’s miniature television
camera, type BC.930. Professor Barraquer,
who speciallses in anterior chamber surgery
of the eye, required a high quality camera of
small dimensions for use in the operating
theatre at the Clinica Barraquer in Barcelona.
The EML BC.930 is 1.7 inches in diameter
and about the size of a small pocket torch.
Using a %-inch vidicon camera tube, the
BC.930 gives high resolution pictures with a
very low noise level. After a test of the
camera’s capabilities, Professor Barraquer
returned to Spain the following day with
the camera. The picture shows Professor
Barraquer using the camera during his
evaluation.
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ANNOUNCEMENTS

The second International Broadcasting Convention is to be
held in London from the 9th-13th September. Sponsored
jointly by the Electronic Engincering Association, the I1EE,
ILERE, LEEE. and the Royal Television Society, it
will include an exhibition and the television conference
already announced by the learned Societies. Enquiries
should be addressed to the International Broadcasung Con-
vention, Savoy Place, Victoria Embankment, London, w.C2.

A second conference on solid state devices is being arranged
by the Institute of Physics and the Physical Society in col-
laboration with the 1.E.E, LER.E. and LEEEE. The con-
ference will be held at the University of Manchester Institute
of Science and Technology from 3rd to 6th September.

A 98-page prospectus giving details of full-time and sand-
wich courses to be held during 1968 and 1969 at the Borough
Polytechnic, Borough Road, London, S.E.1, is now available.

A course on high-fidelity sound reproduction will be held

each Wednesday evening during February and March at

gendon College of Technology, The Burroughs, London,
.4,

A course of three evening lectures on the science and engin-
eering of clementary particle physics will be held at Univer-
sity College, Gower Strect, London, Ww.C.1, on Mondays at
5,30 commencing February 26th.

Some 25 American manufacturers of miniature and micro-
miniature components are collaborating with the U.S. De-
partment of Commerce to stage an exhibition of the latest
products at the United States Trade Center in London,
between 14th and 22nd February.

Now available from G. A. Stanley Palmer Ltd. are Type
KS 1 polystyrene film capacitors manufactured by the Ger-
man company Ernst Roederstien. The capacitance values
range from S pF to 0.022 uF with working voltages of 25,
63, 160 and 630V and tolerances vary from +2.5% to
+20%. The temperature range is — 10 to + 70°C.

The telemetry system for Britain’s satellite launching
vehicle Black Arrow is to be supplied by EM.L

For the sum of £150 per day, a complete closed circuit
colour television system can be hired, with a cameraman
and engineer, from Closed Circuit Television Hire, 93 Green-
field Road, London, E.1.

A new service for independent testing of audio equipment
is available from H. F. Engineering, 3 Willowbank, Sunbury-
on-Thames, Middx.
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PERSONALITIES

The B.B.C. has announced that
James Redmond, F.I.LE.E., assistant
director of engineering for the past
year, is to become director of cngineer-
ing when Sir Francis McLean retires in
May. Mr. Redmond, who is 49, served
as a marine radio officer before joining

J. Redmond

the B.B.C. in 1937 and also during the
war. In his early days with the Cor-
poration he was in the Television Ser-
vice at Alexandra Palace. He became
asst. superintendent engineer (film) in
1956; supt. engr. (television recording)
in 1960; supt. engr. television (regions
and O.Bs) in 1962; for the past year he
has been responsible for the opecrational
work of the Engineering Division.

S. N. Watson, F.I1.EE, head of the
B.B.C. Designs Department for the
past four years, is to become chief
engineer, television, when T. H. Bridge-
water, O.B.E,, F.LLE.E, retires in April.
Mr. Watson joined the B.B.C. in 1933
and after serving at the Newcastle and
Birmingham studios he became an
engineer in the Lines Department in
1938. He transferred to the Designs De-
partment in 1947 and became head of
the television group in 1951.
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L. A. A. Thomas, B.Sc, F.I.EE.,
F.Inst.P., chief physicist at the G.E.C.
Hirst Rescarch Centre, Wembley, since
1961, has been appointed visiting pro-
fessor in the School of Physics at Bath
University of Technologv. He will be
lecturing to postgraduate students in
solid-state physics and will advise the
School of Physics on both under-
graduate and postgraduate courses. Mr.
Thomas joined the Research Labora-
tories of the G.E.C. in 1935, graduating
at the University of London in 1938,
and specializing later in the fields of
crystallography and magnetism.

Gerald H. Askew, B.Sc, M.IEE,
who has been with Peto Scott Ltd. for
the past three years, has become chief
engineer and will manage the develop-
ment laboratory. After graduating at
King’s College, London University, he
joined Kolster Brandes Lid. in 1945 as
a junior development engineer. Seven
years later he went to Cinema Tele-
vision (now Rank Cintel) where he

G. H. Askew

became section leader and was con-
cerned mainly with the development of
flying-spot telecine cquipment. Mr.
Askew, who is 42, left Rank Cintel in
1964 to join Peto Scott.

1. W. Dick, who resigned last October
as managing director of the Marconi
Marine Company’s Norwegian associ-
ates, Norsk Marconikompani A/S,
which he joined as general manager in
1962, has been appointed management
executive with the parent company.
Mr. Dick served as an instructor in air
radio in the Royal Air Force during the
war, and on leaving the Service in 1946
became an instructor at the Glasgow
Wireless College. He later joined the
seagoing radio officer staff of the Mar-
coni Marine Company. In 1955 he was
transferred to the company’s technical
shore staff.

WwWWWwW americanradiohistorv com

G. C. Briggs, Grad.l.ER.E, who
joined Marcon: Instruments in 1959 as
a special trainee after 15 years’ service
in the Royal Navy from which he re-
tired with the rank of lieutenant com-
mander, has become manager, commer-
cial administration. In 1960 he joined

G. C. Briggs

the company’s technical sales depart-
ment and has for some time becn field
sales manager. He is succeeded in this
position by T, L. Clarke, B.Sc.(Eng.),
M.LEE, who has been with Marconi
Instruments as senior representative in
the Midland Area since 1963. A gradu-
ate of King’s College, London Univer-
sity, he served his graduate apprentice-
ship with B.T.H. During his National
Service with the R.EM.E, he served
as a staff instructor on radar equipment
at the Army School of Electronics at
Arborfield, leaving the Service with the
rank of captain. He then joined Iso-

T. L. Clarke

tope Developments Ltd, as a senior
development engineer, and from 1957
to 1963 was technical sales manager of
I.D.M. Electronics Ltd. Marconi
Instruments also announce the appoint-
ment of J. H. Buying to the newly
created post of manager, overseas
projects. He will be responsible for the
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smooth running of the Company’s over-
seas manufacturing operations (at pre-
sent in the U.S.A.,, Italy and India),
whilst also retaining his duties as an
export regional manager. Mr. Buying
joined Marconi Instruments as an X-
ray development engineer in 1948, fol-
lowing service with Philips Electrical
Ltd. In 1950 he became a service
engineer with General Radiological Ltd.
but rejoined Marconi Instruments, as a
sales engineer in the Export Depart-
ment in 1954.

Leonard T. Perriam, M.A, who
joined Daystrom Ltd, of Gloucester,
six years ago as technical sales and
service manager of the Industrial Pro-
ducts Division, has been appointed
managing director. He has succeeded
A. E. B. Perrigo, M.Sc, F1EE, who
has been managing director since the
formation of the company in 1960, and
recently took up the appointment of
director of the Small Businesses Centre
at the University of Aston, Birmingham.
Mr. Perriam was for some fifteen years
with I.CI. Ltd., working on instrument
development, before joining Daystrom.

L. T. Perrlam

Kenneth L. Richardson, a technical
systems supervisor at the London Air
Traffic Control Centre, Heathrow Air-
port, has received a cheque for £500
“in recognition of his suggestion which
has led to improvements in the per-
formance of radar displays used by air
traffic controllers.” The Committee on
Awards to Inventors considered that
Mr. Richardson had provided an elegant
solution to a long-standing problem and
had made a significant contribution to
safety. Mr. Richardson, who is 43,
joined the National Air Traffic Control
Service in 1947 and at the time he made
the suggestion was cngaged on radar
maintenance at the London A.T.C.
Centre. Now known as Selective Mov-
ing Target Indicator, the specification
prepared by Mr. Richardson has been
developed by Solartron Ltd. who have
been asked by the Board of Trade to
incorporate S.M.T.I. into five long-
range radars at Ash (Kent), Ventnor
(Isle of Wight), Clee Hill (Shropshire)
and East and West Harrow on a trial
basis and it will probably be incorpor-
ated in radars at ten civil airports.
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J. Baldwin

John Baldwin, B.Sc, A.Inst.P., re-
cently joined the 1.T.A. as head of the
video and colour section of the Experi-
mental and Development Dept.  Mr.
Baldwin, who is 39, had been chief
engineer and research and development
manager of Peto Scott Ltd. since 1965.
Prior to joining Peto Scott in 1964
he had been for 14 years with Rank
Cintel.

Alfred Woods, who has joined the
I.T.A. as contracts engineer in the
Station Design and Construction Dept.,
was with E.M.I. Electronics from
1958, latterly as commercial contracts
officer. Prior to joining EMJI. he
served with REME. on a short-
service cCOmmission.

Philip Darby, who joined the I.T.A.
staff in 1955 as a senior shift engineer
at the Caldbeck transmitting station,

A. Woods

P. Darby

is appointed head of the technical
quality control section of the Autho-
rity’s  Operations and Maintenance
Dept. Mr. Darby, who is 42, became
assistant engineer-in-charge at the
Emley Moor transmitting station in
1956 and has been engineer-in-charge
of the Dover transmitting station since
1959.

G. Kaye, M.I.LEE, recently joined
ATV Network Ltd. (I.T.A. programme
contractors for London and the Mid-
lands) as head of engincering. For the
past eleven vears he has been with Alpha
Television Studios latterly as engineer-
inchief. Mr. Kaye was for two years
with the B.B.C. before joining the
R.A.F. as a radar mechanic in 1946.
After the war he went to EM.I. Re-
search Laboratories and from 1954-6
was studio manager of High Definition
Films Ltd.

NEW YEAR HONOURS

Among the recipients of awards in the New Year Honours list are the following:—

Oliver W. Humphreys, C.B.E., B.Sc.,
F.Inst.P.,, F.1LEEE.,, who was for many
years director of the G.E.C. Hirst
Rescarch Centre, Wembley, and re-
cently retired as vice-chairman of the
General Electric Company and also as
chairman of the Conference of the Elec-
tronics Industry, has been created a
knight bachelor.

.B.
Captain M. Hodges, O.B.E,
M.LER.E., Royal Navy (retired), lately
Under Secretary, Cabinet Ofhice.

Ieuan Maddock, O.B.E, F.RS,

M.LERE, Controller of Industrial
Technology, Ministry of Technology.

C.B.E.

B. J. A. Bard, D.IC,, Ph.D,, board
member and chief executive (depart-
ment of applied science), National
Research Development Corporation.

E. L. T. Barton, OBE, MIRE,
chief of telecommunications (civil avia-
tion) Board of Trade.
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H. K. Robin, chief ¢ngineer, Diplo-
matic Wireless Service, Foreign Office.

O.B.E.

E. R. T. Ponsford, chairman and
managing director of Solartron Elec-
tronic Group Lid., for services to export.

W. H. Storey, managing director of
Unicam Instruments Ltd., for services
to export.

M.B.E.
E. A. Beaumont, superintendent
engineer, B.B.C. External Broadcasting.
G. A. C. R. Britton, MILE.E,, lately
senior executive engineer, G.P.O. Radio
Planning & Provision.

A. G. German, M.LEE. senior
executive engineer, G.P.O. )
C. E. Hutchings, assistant station

radio officer, Government Communica-
tions Headquarters, Foreign Office and
Commonwealth Office.

B. B. Learoyd. co-ordinator, colour
familiarisation, B.B.C.

B.EM,
H. E. Wall, receiver technician, B.B.C.
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LETTERS TO THE EDITOR

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

““A Genuine Reject?’’

PUTTING spurious type numbers on transistors
amounts to giving a false description of goods offered
for sale. This is an offence. Unfortunately, unscrupulous
vendors are likely to get way with it, because the victims
are invariably buyers of small quantities, who cannot
afford to go to law.

A reasoned complaint is sometimes effective, but if
no redress is obtained the buyer should complain to
the magazine in which the goods were advertised. The
advertisement managers of reputable magazines always
pay attention to reasonable complaints

Magazine publishers do possess the ultimate sanction
of refusing to accept further advertisements, thereby
depriving a mail order firm of its “shop window”, and
while this sanction is seldom exercised (perhaps too sel-
dom), a reminder that it exists can curb the excesses of
some advertisers.

“Unmarked transistors are in quite a different category
to “re-marks”. The vendor does not often claim that
they meet a standard specification, and in practice they
range from straightforward factory rejects (including out-
and-out duds) to perfectly genuine transistors which con-
form exactly to a standard specification. The trouble is
that there is no way of distinguishing the sheep from the
goats. Unless the supplier is prepared to quote a definite
specification the description of such goods as “tested”
or “guaranteed ” is almost meaningless. Even if a speci-
fication is forthcoming, the things it leaves unsaid may
be more significant than the things it says. A transistor
with h;,, =200 at I,.=1 mA may appear to be suitable for
use in low-level af. stages, but what about leakage and
noise? It may have been rejected on these very counts.
Testing transistors thoroughly calls for time and proper
equipment, and as the specification of an unmarked tran-
sistor is made more rigid so the price rises towards that
of the genuine article.

There is a third class of transistors: those marked with
type numbers, but not type numbers which appear on
any transistor maker’s lists. They are sometimes peculiar
to a large-scale user, such as a computer maker, who

The Future of British Electronics

I DISAGREE with your Editorial in the December issue
on two counts. First, electronics is now growing from
the black box to the systems phase. So long as one was
concerned with the production of individual * black
boxes ”, the design of the detailed circuits (i.e. the con-
necting together of selected discrete components) was
the aspect on which the designer exercised his skill.
But surely the main concern of the equipment designer
now is with systems, and he is not interested in the
contents of a package provided it gives him the specifica-
tion he wants. If an equipment designer can call for
an i.c. linear amplifier, in terms of gain, bandwidth, dis-
tortion and peak-to-peak output voltage, or a logic cir-
cuit in terms of fan-in, fan-out, 0 and 1 levels, propagation,
time and noise immunity, is not this better than being
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arranges with the manufacturer for a supply of tran-
sistors which are a variant on some standard type, but
there are other possible explanations, less attractive to
the buyer. To my knowledge at least one big manufac-
turer has been known to mark his own rejects with both
non-standard type numbers and the name of an obscure
subsidiary company as a ‘front’ for marketing them.

GEORGE WAREHAM

London, W.C.2

AS ONE of the “home constructors” referred to in your
January Editorial, I welcomed your remarks about *“re-
ject” transistors. But what can be done about it? A
glance through the smaller display advertisements in that
issue reveals the following descriptions:

. “Genuine brand new products.”

“100% tested transistors.”

. “Fully guaranteed devices.”

“All guaranteed.”

“ Discount transistors.”

“First grade, guaranteed.”

“ Transistors—not remakes.”

. “Best quality new semi-conductors.”

“Brand new, first grade and guaranteed.”

10. “No duds: uncoded devices.”

And many, many more variations, including those that
claim “unmarked ” as if it were an advantage.

Nor are these the only snags into which the ‘home
constructor ” can run, particularly if components for high-
quality audio equipment are needed. Even a simple piece
of equipment can involve six suppliers. My efforts to
obtain a series of small non-electrolytic capacitors pro-
duced an incredible series of replies ranging from “6s
each but out of stock” to “£3 each and 26 weeks de-
livery.”

I hate to be able to paint the U.S.A. in a better light,
but there one can obtain massive catalogues free and
obtain ALL your parts, post free, from one supplier.

GoOrRDON B. NEss

000N O A W

Altrincham, Ches.

obliged himself to assign a value to every individual
component in such a circuit? L.S.I. might be thought to
be a move to extend integrated-circuit techniques from
the black-box to the systems phase. But the l.s.i. manu-
facturer could not sell his wares unless either he had
engaged in vertical integration, in the economic sense, so
that he had changed from being an i.c. manufacturer
to being an equipment manufacturer, or he was manu-
facturing to the requirements of equipment manufac-
turers. Presumably it is the former alternative which
equipment makers fear.

Secondly, I do not like the protectionist idea of a “ Buy
British Act.” Apart from military projects (to which
special strategic considerations apply) products should be
bought on the basis not of brand image but of specifica-
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tion, price and delivery. If British made components
cannot compete on this basis, there is no hope for them
in the long run. But if British purchasing executives
place orders irresponsibly (as suggested in your Edit-
orial), it is the business of the managements who employ
them to see that they mend their ways. It must be rare
for the merits of rival suppliers to be so finely balanced
that they cannot be differentiated until one finds a differ-
ence in nationality. If the British component manufac-
turer is consistently inferior to the foreigner, then the
British equipment maker cannot afford to buy British;
because if he buys his components for non-commercial
reasons the equipment he wishes to sell will not remain
commercially competitive.
D. A. BELL
University of Hull.

identification of Electronic Parts

WE were, of course, extremely interested in Dr. Stan-
ton’s letter in the January issue concerning identification
of electronic parts under the BS 9000 scheme run by.
the Institution.

You, sir, have partially given the answer to Dr. Stan-
ton in your Editorial, but it is worth adding a few more
facts. The committee co-ordinating the implementation
of the Burghard recommendations considered very care-
fully the question of parts identification. They decided
that first priority was to get the specification system going
and that it would be better to consider an identification
code after some viable specifications were in being. It
was felt that, when this stage was reached, the practical
implications to which you yourself refer on page 619
would be more easily assessed.

It may be of interest that this co-ordinating commit-
tee is comprised of organizations representing the manu-
facturers of active and passive electronic parts and in-
dustrial and Government.

Ronn HOPPER

British Standards Institution,

London, W.1.

Semi-stabilized D.C. Supply

THE term “ semi-stabilized ” was used to describe my
circuit (October 1967, p. 482) because the stabilization is
obtained, not by comparing the output voltage with a re-
ference voltage and then applying a correction, as in a
conventional series stabilizer, but by recourse to a sort of
«“dead reckoning” process. With such a system, the
degree of perfection attained in the stabilizing action can-
not be made arbitrarily large as it can in theory in a series
stabilizer by making the loop gain very high.

Nevertheless, the performance is quite good enough
for many purposes. Even without load-current compen-
sation the output voltage of my prototype stays within
half a volt of 15V over the range 0-150 mA. The varia-
tion can be reduced to less than 0-1V by using load-
current compensation, and improved still further by the
methods kindly suggested by Mr. Peter Williams (Novem-
ber, p. 554). The only serious shortcoming is that if
the circuit is set up to give optimum performance at one
output voltage it does not necessarily provide optimum
performance at other output voltages.

In the revised circuit shown here, Mr. Williams’
method of compensating for input-voltage variations by
means of resistance R, is incorporated. With careful ad-
justment perfect compensation can be achieved at any
chosen output voltage. A current-limiting circuit (Tr4,
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R,., R,,, etc.) has been substituted for the lamp used in
the original version. The output current can be limited
to anything between about 3mA and 025A with the
values of current-sensing resistance shown. Smoothing
capacitor C, has been retained because the optimum
setting of R, for supply voltage compensation turned out
to be different from the optimum value for hum cancel-
lation. This is presumably an indication that the ac.
impedance of the Zener diode differs from its d.c. incre-
mental resistance. With some output transistors a leakage
current of several milliamps flows, and for this reason
R, has been reduced to 1 kQ so that the minimum output
voltage off load is kept small.
G. W. SHORT
Croydon

Variants on the Ring-of-two Reference

FIRST may I apologize for a silly slip in my letter pub-
lished in the November issue. The bridge action referred
to for balancing out the effects of supply changes should
not have included the combination R,+R,, but rather
the added compensating resistor R;.

The high performance of the single Zener diode form
of the ring-of-two reference described by Mr. May
(November “Letters”) shows the flexibility of this cir-
cuit. I agree entirely with him on the self-starting
problems that may exist, and in my original letter (Sep-
tember 1966) had described the circuit as “a complemen-
tary bistable with catching Zeners” The single diode
circuit is a good example of how, even in these days of
massively increasing publication, effort is duplicated. 1,
too, have used it for some time and referred to it in a
letter published in June 1967 (p. 301) without knowing
of Mr. May’s design. Already 1 have come across
half a dozen individuals who have devised variants on
the ring-of-two reference quite independently.

It occurs to me that there may be other readers who
have done so, or have seen some published information.
Might 1 ask any such to get in touch with me, as it would
help me considerably in a research project I have under-
taken. In return 1 would gladly supply them with a
complete list of information received should they wish it.

PeTER WILLIAMS

Dept. of Elec. Engg.,

Paisley College of Technology,

Paisley, Renfrew.
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TECHNICAL NOTEBOOK

Computer Aided Circuit Construction

MUCH design effort in electronics
can be saved by using computers to
work out problems which are solv-
able by a systematic, logical routine.
At the Royal Radar Establishment,
Great Malvern, experiments are
being conducted in using a com-
puter to decide the optimum plac-
ing of components on printed-circuit
boards—in particular the placing of
dual-in-line integrated circuit pack-
ages on a rectangular matrix. Ulti-
mately the computer programmes
will be used in conjunction with a
conductor route running programme
to provide a complete placing and
interconnection diagram. So far,
three programmes, based on two
algorithms, have been evolved.

To determine the optimum placing
of a package any one of a number of
criteria can be used. Two pro-
grammes prepared at R.R.E. have as
their aims: (1) the minimum number
of through connections from one side
of the board to the other; and (2) the
minimum length of leads between
packages. The first programme helps
to reduce the number of plated-
through holes required on double-
sided boards. If two packages are
electrically connected the programme
will try to place them in either the
same row or the same column of a
matrix arrangement. The second
programme will try to place packages
which are electrically connected as
close to each other as possible. An
alternative version using a square
law tries 1o reduce very long leads.

A random initial placing is
assumed in each case, and then pairs
of packages are exchanged in the
matrix. At each stage all the possible
exchanges are considered, then the

best one is selected. For practical
boards the programmes take into
account fixed devices such as plugs
and sockets, and for a board contain-
ing twelve packages and an edge con-
nector a layout can be produced,
using about 3,000 words of computer
storage, in approximately 15 seconds.
Practical boards usually do not have
very well defined “best arrange-
ments,” and it is sometimes difficult
to decide which of two alternatives is
really optimum.

R.R.E. are also using computers to
design integrated circuits. In general,
the computer does d.c. and transient
analyses of a theoretical circuit design
and from this produces information
for the manufacture of the masks
used in fabricating the i.cs. A circuit
analysis programme for use in the
design of m.o.s. integrated circuits
has been written. This can analyse
any circuit made up of resistors,
m.o.s. transistors and their associated
capacitances, and has a simple but
flexible input code so that it can be
used by a circuit engineer with no
knowledge of computer program-
ming. The programme has been
applied to the design of a four-stage
binary counter, containing 84 tran-
sistors on a 0.06-in square silicon
chip. Sample devices have been made
by using the resulting mask master
drawings in Plessey’s i.c. manufac-
turing process. Work has now started
on a language for describing inte-
grated circuit layouts to the com-
puter. The stored information will
then be used for mask checking,
calculation of circuit parameters for
use by analysis programmes, and for
control of an automatic mask making
machine.

Monolithic F.M. Discriminator

A SMALL quartz plate carrying a
simple electrode pattern that will
detect narrow-band f.m. signals has
been developed by Bell Telephone
Laboratories, U.S.A. The device
eliminates the need for the second
stage converter used in many f.m.
receivers and is superior to conven-
tional crystal units with comparable
bandpass limits. The discriminators
can be produced to operate a: fre-
quencies in the range of 10 to 30 MHz
with a passband ranging from 0.01%
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to 0.02% of the desired midband
frequency. The discriminator con-
sists of an AT cut quartz plate 0.5in x

RESONATOR ARRAY._

QUARTZ PLATE
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0.25in and a triple resonator array
formed by depositing gold electrodes
on the two major surfaces. The
amount of gold deposited sets the
frequency of each region; by this
means the centre region is adjusted
to resonate at the centre frequency
and the outer regions above and
below this to give the required pass-
band. The resonant frequencies are
determined partly by controlling the
mass of the gold deposited and partly
by the properties of the crystal. The
device operates in a similar fashion to
electric circuit discriminators except
that the resonators and coupling are
mechanical. Electro-mechanical con-
version is carried out through the
piezo-electric effect.

Picosecond Pulses Observed

in Q-switched lasers

TRAINS of light pulses with indi-
vidual pulse lengths in the picosecond
region have been discovered in the
outputs of ruby and neodymium :
glass lasers Q-switched by a rotating
mirror. These pulse trains were pre-
viously thought to be a single pulse
due to the resolution, or lack of it at
these speeds, of oscilloscopes. The
discovery, made at Bell Telephone
Laboratories, U.S.A.,, made use of a
phenomenon known as two-photon
fluorescence to display the pulses.
Using this method, pulses of less than
a fraction of a picosecond may be
seen. The train of light pulses to be
observed is directed on 1o a mirror
immersed in a fluorescent liquid and
the pulses are reflected back on them-
selves. Two-photon  fluorescence
occurs at the points where two pulses
overlap, causing bright luminous
spots to appear. These are photo-
graphed and measured to determine
their duration. Using this technique,
pulses with a duration of about ten
picoseconds in ruby lasers and less
than one picosecond in neodymium :
glass lasers have been observed.
Pulses from two to eight micro-
seconds in duration had previously
been produced in a neodymium:
glass laser Q-switched with a special
dye. At the time it was generally
believed that the dye was the agent
responsible for the appearance of the
short pulses. However, the new
observations show clearly that the
mechanism for the generation of
these pulses is inherent in the laser
itself.
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Emitter-coupled, Emitter-
timed Multivibrators

2: Monostable circuits

AST month the advantages of emitter-coupled emitter-
timed circuits were discussed and the astable multi-
vibrator was looked at in detail. An example of a

monostable multivibrator that forms the basis of this
month’s article is shown in Fig. 13. In the permanently
stable state Tr2 is conducting and Trl is off. The circuit
loop—emitter Trl—collector Trl—base Tr2—emitter
Tr2—emitter Trl—is regenerative and if Trl is brought
into conduction, by a positive pulse applied to its base, a
regenerative switching action takes place which switches
Tr2 off. The negative step at the cmitter of Tr2 is com-
municated to the emitter of Trl by capacitor C, diode D2 is
reverse biased. The emitter current /, is transferred to
Trl and C charges (Fig. 14) causing the potential at the
emitter of Tr2 to fall towards earth. After a period 7,
Tr2 goes into conduction again and a regenerative action
returns the circuit to its permanently stable state.

The waveforms observed in the circuit are shown in
Fig. 15. At the end of the timing period the emitter of
Trl is driven positive and the capacitor C has then to
discharge. The discharging current, in addition to the
current through R;, passes through Tr2 and is responsible
for the overshoot in the collector waveform of Tr2. The
overshoot decay and recovery time are governed by a
time constant C(R, - R R,). Where R; is the effec-
tive resistance of diodz D2 and R, is the input resistance
at the emitter of Tr2. The run down in the emitter voit-
age of Tr2 during the timing period is non-linear account-
ing for the slope in the collector waveform of Trl. The
transistors do not saturate and the circuit is capable of
producing narrow pulses, Fig. 15 (c) shows a 320ns.
pulse at the collector of Tr2.

A detailed design procedure will not be given since the
circuit will operate satisfactorily with a fairly wide range
of component values. Care must of course be taken to

By G. B. CLAYTON, B.Sc, A.lnst. P,

Right, Fig. 13. The basic circuit of an
emitter-coupied, emitter-timed mono-
stable multivibrator.

Tri
D 2N3r7_og

1544
M

Left, Fig. 14. Charging path of Fig. 13 during
the quasi-stable state.

ensure that the transistor ratings are not exceeded. The
following are some useful design equations;
The pulse width is given by the approximate relationship
1, = CR(1 — R’[2R,). Where R’ = R,R;/(R, + Ry).
The emitter current of Tr2 in the permanently stable
state 1s given approximately by:
1, = V/IR,, where V, V. R:/(R, + R;) is the
potential at the base of Tr2 in the permanently stable
state.
The output pulse height at the collector of Tr2 is equal

Fig. I5. Waveforms of Fig. 13. (a) The upper trace shows the waveform of the emitter and the lower trace the waveform at the collector
of Trl. (b) The collector (upper) and emitter (lower) waveforms of Tr2. (c) High speed performance of the monostable; a 320 ns pulse at the

collector of Tr2 the timing capacitor reduced to 330p.

(a) upper — I Vicm,
lower — 5V[cm. . 5pus/cm.
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(b) 2Vjem, 5ps/cm.

(c) upper — 2Vjem. 5 usfcm.
lower — I Y[em. 0.2 psfcm.
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Fig. 16. An improved emitter timed monostable.

to (V,//R,). R,. The fastest switching is realised if the
transistors are not allowed to saturate, in the case of Tr2
the output pulse height should be made less than
Ve, — V. and for Trl R’ should be less than R, if
saturation is to be avoided.

It is advantageous to make V.’ as large as possible in
order that the pulse width should be reasonably stable
against changes in the supply voltage V. (See appendix).
Using the component values shown in Fig. 13 a change in
supply voltage from 20 to 30 V was found to change the
pulse width by 10 %. The trigger sensitivity of the
circuit is low. This is to be expected since the triggering
pulse has to supply a forward bias to. three silicon p.n.
junctions (D1, D2 and the base emitter junction of Trl)
before any current can pass in Trl. This situation can
be improved by connecting a 5kQ variable resistor
between the positive supply rail and the base of Trl.
When this resistance is reduced below a certain value the
circuit free runs.

The performance of the circuit of Fig. 13, as far as the
stability of the pulse width is concerned can be improved
if the emitter resistance R, is replaced by a transistor
acting as a constant current source.! An example of a
practical circuit using this modification is shown in
Fig. 16. This circuit incorporates a trigger sensitivity
control in the form of a variable resistor connected
between the base of Trl and the stabilized zener voltage

upply. The waveforms obtained with this circuit are
ghown in Fig. 17. The run down in Tr2 emitter voltage

Fig. 17.
upper trace-collector, lower trace emitter Tr2.

() upper — 5 V/em,
lower 2¥[ecm. 5 pus/cm,
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Waveforms of Fig. 16 {a) Upper trace-collector, lower-trace emitter, Trl (b)

) () 2Vfcm. 5 ps[cm,

is seen to be linear and the bottom of the collector wave-
form of Trl is flat. The steps in the emitter waveforms
occurring at the start of the timing period are smaller
than those in Figs. 28 and 29. This fact arises from the
small forward biasing of Trl by the trigger sensitivity
control.

An expression for the pulse width may be readily
obtained if it is assumed that transistor Tr3 takes a
constant current I.. The run down in Tr2 emitter
voltage starts at a value V,” — Vo — 8V, .. V.

V.. Rg/(R, — R;) is the voltage at the base of Tr2 in the
permanently stable state, V,,, is the base emitter voltage
of Tr2 in this state 8V, is the step occuring in the emitter
voltage of Tr2 as it switches off. The run down ends when
Tr2 emitter voltage reaches a value V.’ — I .R’ Vy.'s
R’ = R\R,/(R, + R;), is the effective collector load
resistance of Trl and V,,’ is the base emitter voltage of
Tr2 when regenerative switching occurs. Capacitor C
thus charges through a voitage,

av IR - [5Va'z + (Vbcz - Vbe,)]'

The pulse width,

ty (A VC)Ic CR’ — CAIc [SVBZ T Vbez - (Vbe’)]-

If the bracketed terms, which are small, are neglected
t, CR’. Note that the power supply voltage does not
occur in this expression for pulse width. In the case of
the circuit shown in Fig. 16 a change in supply voltage
from 15 to 30 V was found to produce only a 2 % increase
in pulse width.

A further modification to the basic circuit can be made
in order to eliminate the overshoot in the pulse at the
collector of Tr2. An example of a practical circuit in
which this modification is incorporated, is shown in Fig.
18. The waveforms produced by the circuit are shown in
Figs. 19 (a), (b) and (c).

SAWTOOTH GENERATOR

In the circuit of Fig. 16 the run down in the emitter
voltage of transistor Tr2 is linear enabling the circuit to
be used as the basis of a linear sawtooth generator. The
collector load resistor of transistor Tr2 is not required
and with it omitted from the circuit, the resistor R; is no
longer needed to prevent Tr2 from saturating. A circuit
for the saw tooth generator is shown in Fig. 20.

ZN3709

220pF 1584

470

AAA

Fig. 18. Emitter timed
monostable with a modi-
fication to eliminate over-
shoot.

3V
560 ZENER

Vee
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(¢) IVfem. 5ps[cm. (b)

i Vfem. 5pslcm.

-(c) I Vfem. 5 pusfcm.

Fig. I9. Waveforms encountered in the circuit of Fig. 18 (o) emitter Trl (b) collector Trl and (c) collector Tr2.

1+20V
ISk
% 2N3709
® 283709 ————@ 'Vak%

T M ¥
220pF| 1544 e

el

2N3709

1 STABILTY
CONTROL

I i

Fig. 20. A linear sawtooth generator circuit.

The measurements made on the practical circuits des-
cribed would appear to confirm that emitter timed multi-
vibrators possess the desirable features outlined in the
introduction. Facilities were not available to test the
stability of pulse widths against changes in temperature.
The analyses given show that temperature changes may
be expected to affect the timing periods because of the
V,, terms that appear in the equations. These terms
change by a few millivolts per °C change in temperature
but the analysis shows that they only have a small effect
on the timing periods. The astable circuits are useful as
stable frequency pulse sources and the monostable cir-
cuits are suitable for use as high speed pulse generators.*
The circuits are not really suitable when long timing per-
iods are required as the timing capacitor would need to be
excessively large. Base timed circuits are more suitable for
low frequencies and long timing periods.

APPENDIX

Derivation of an expression for the pulse width pro-
duced by the circuit of Fig. 13. During the quasi-stable
period the charging current into C starts at a value
1=V, —V,,.— 8V,.)/R, and decays exponentially to a
value I,=(V’..—I,R'—V,,)/R, in atime .

V. =V Rs/(R,+R,) is the potential at the base of
Tr2 in the permanently stable state. V,,, is the base emit-
ter voltage of Tr2 in this state. V,,” is the base emitter
voltage of Tr2 when switching occurs. 8V, is the step
in the emitter voltage of Tr2 and R’=R,R;/(R,+R;) is
the effective collector load resistor of Trl. It is assumed
that oy +0eps.

Now I, =1, exp.(—t,)/CR, so that 1,=CR, log . I;/I,.

Wmausssr WorLD, FEBRUARY 1968

Substitution for I, and I, gives:
V,~Vye—28V,s. R;+R’
V=V, R,
If V,’ is considerably larger than the other voltage terms

we may write an approximate expression for the pulse
width.

t,=CR,log ,

R,+R’
R,

Expanding the log term gives:

e[ E (5] (5)]

(R 1 \e ]
t,~CR'| 1 ~(R‘) 3(2‘)....|

provided that Ry > R’. If R, > R’ thent, ~ CR’.

t,=CR,log,.

Correction: Amend caption of Fig. 2 to read“below” and caption
of Fig. 3 to read “above” (not right and left). T'he lower end of R,
(Fig. 6) should be connected to the base of Tr2.

Do you want a job in electronics that is
something out of the ordinary? Would you
like to be in daily contact with, and extending
your knowledge of, the whole field of
electronics and communications? Do you
want to travel and meet people? Would you
like the opportunity to develop your own
interests, theoretical or practical, in this field?
Do you enjoy doing something creative and
working on your own initiative?

if so, and you have a flair for writing, you
may not realize it but you are a potential
technical journalist. So why not consider
joining the editorial staff of Wireless World

(see advertisement on p.114)
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The Simple Transistor Equivalent Circuit
and the Impedance Transforming Node

By R. V. LEEDHAM,* B.Sc.Tech., M.Sc., C.Eng.

HE idea that a transistor may be used in a similar
way to a transformer for the conversion of im-
pedance levels in problems of matching loads

10 generators, and devices to one another, is familiar to
circuit designers. This property of impedance transfor-
mation is due to a particular arrangement of one of the
nodes in the T equivalent circuit of the transistor, and
it will be shown how the effect occurs, and how the
simple T circuit may be used for approximate circuit
analysis by inspection, without the tedious algebra of an
exact analysis.

The simple T equivalent circuit for the transistor is
shown in Fig. 1.. The element r, has been omitted from
the exact circuit, removing the internal feedback, and
leaving the transforming node 4" in its pure form. The

Si=81e(1-X)

Fig. I. Simple T transistor
equivalent circuit

Fig. 2. Transforming node
input on ‘base’ side

X Sie

oﬁ:; Sie(1-%)

_J—+——b

1B
o

=01,

N

Fig. 3. Transforming node
input on ‘emitter’ side

Fig. 4. ldeal transformer .\,,I

O
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essential elements of the node are shown in Fig. 2
together with an impedance z which includes the emitter
resistance r,. The important property of this node is
that one node current is a linear function of one of the
other node currents. In this case, at, is directly propor-
tional to7,. In order to determine the apparent impedance
between the terminals shown, assume an input step v,
then 8 = 8, — adi, = 8/,(1 — «) S

Xed
where «,, is the current ghin between base and emitter,
and is related to the current gain between base and
collector by

@op = %oy + 1

The test potential step may be equated to the circuit
parameters

v 81,.2 0, 81.2
and the apparent impedance is given by

v

o %gp-2

i.e. the impedance z appears to be increased by the
factor a,, when seen from the base connection. This
impedance transformation works both ways, and Fig. 3
illustrates the effect of an impedance z in the base lead
(including r,;"). In this case when we apply the test
signal dv the current drawn from the generator is 3i,.
The current through z however is

. ar,
M, (1 —a) = —=
Xep
and hence the potential difference produced across z is
81
8 =z X —=
Led
and the apparent impedance is
8v -4
& Xy

In this case the impedance z has been reduced by the
factor a,,. This impedance transformation effect is
entirely due to the fact that two of the node currents are
related by a constant factor. The effect is similar to that
of the ideal transformer shown in Fig. 4, of ratio 1:mn.
The relationships in this case are well known to be

Uy n , 1
7 1 i n
and the apparent impedance
Uy v, 1 =z
1 n 'm'g T n?

a transformation ratio of n?
The transformer is a more versatile component than

* University of Bradford.
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the transforming node, since both the current and
voltage are transformed in the ratio n, whereas in the
case of the node the current only is transformed. Using
the idea of the transforming node, the input impedance
and gain of a transistor circuit may be written by inspec-
tion. The method gives no indication of the output
impedance of the transistor, but this is not very serious,
since the output impedance is high, normally, compared
with the load which shunts it. Examples of the method
arc given below.

COMMON COLLECTOR

The basic circuit is shown in Fig. 5. It may be seen
that the input impedance is given by the sum of ry,”
and the effect of the transforming node on r, and R,.

Ry =1y’ g (rs + Ry)
Fig. 6 shows the circuit for the calculation of output
impedance. The impedance is seen to be
res. + R
Rout ( e ; m 32
eb

The voltage gain is scen to be that of an attenuator,
from Fig. 5, of
: *%eb Rl.
ain = -
i oo + %ep (re + RY)

COMMON EMITTER

The circuit is shown in Fig. 7 and the circuit para-
meters of interest may be written down as

. R_in = Tpp ey (re + 24)

The gain is obtained as follows.

Consider the attenuator giving the potential at b’
The attenuation factor 1s
- Aep \Te +_z_e) o
oy + oy (re + 20
the current 7, is given by the attenuated signal at b’

divided by the impedance r, + z,, and the output signal
is ..

Kep sra i zr) g 1

i, + g (r, + 20)

_ a R; L
Ty’ + ey (re + 20)

(re ¥ —zs a.RA

gain =

COMMON BASE

The circuit is shown in Fig. 8. The circuit parameters
of interest are

’
41
R,=r,+—"—
in aeb
and, by inspection, the voltage gain is
L o R,
gain G
r, 4 bt
Aep
In some cases it is possible to include the cffect of the
component r., but the effect is often complex due to
¢ Miller effect > and other feedback aspects. The method
is presented as a quick first approximation analysis to
facilitate design synthesis, to be followed by exact
analysis when the design is completed.

Fig. 5. Common collector

Ry
c Xl
b Tes b
OV Ate
le
.
e
e
Ze
- — =

Fig. 7. Common emitter

N . o

Vi

-

; fFig. 8. Common base
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WORLD OF AMATEUR RADIO

Antique Wireless Associalion

MRs. MARION ARMSTRONG, widow of Edwin H. Armstrong,
the f.m. pioneer, was guest of honour at the fifth annual con-
vention of the Antique Wireless Association held recently
in' the Henry Ford Museum, Dearborn, Michigan, U.S.A.
Among the historical radio items on display in the Museum
are the original rotary gap and condenser used at station
NAA (Arlington, Va), the McMurdo-Silver historical collec-
tion of valves, early de Forest equipment (including a Syn-
tonizer and a 1907 U.S. Navy “singing arc > radiophone),
as weil as much early amateur equipment. During the con-
vention Mr. Henry Houck (Major Armstrong’s assistant)
demonstrated one cf the first superheterodyne receivers de-
veloped by Majer Armstrong. The receiver was later dona-
ted to the Museum by Mrs. Armstrong. The call sign of
the Antique Wireless Association, an amateur radio organi-
zation interested in the history of carly wireless, is W2AN.
The Association maintains a museum of historical equip-
ment at Holcolmb, New York, the earliest example on display
being a replica of the spark transmitter and coherer used
by Marconi in his initial tests. Secretary of the A.W.A. s
Mr. Bruce Kelley (W2ICE ex-8ACY) of Main Street, Hol-
comb, N.Y., who also edits The Old Timers’ Bulletin, pub-
lished quarterly. Is is not time a similar organization was
established in the United Kingdom to document the history
of wireless and the work of its pioneers?

Eye Bank Network.—Dr. Alson E. Braley (WOGET), Pro-
fessor of Ophthalmology of the University of Iowa, received
the first annual Achievement Award of the Medical Amateur
Radio Council for founding the Eye Bank Network in
December 1962. The purpose of the network, operated by
radio amateurs, is to provide rapid, inexpensive and efficient
communication once a day, to make known to participating
eye banks throughout the United States of America any
emergency requirements for eye tissue and where such tissue
is available. The sight of scores of patients has been saved
since the network was founded.

Australian Intruder Watch.—Nearly 20 years ago the
R.S.G.B. set up an organization to report on the presence
in “exclusive ” amateur bands of broadcast and commercial
stations. Known as an Intruder Watch the organization
continues to submit regular reports to the G.P.O., who take
action, when appropriate, to have the offending stations
removed. Since that time Intruder Watch organizations
have been established by national amateur radio societies in
a number of countries including the U.S.A. Latest addition
to the list is the Wireless Institute of Australia.

Belgium-Netherlands Amateur TV Contact.—Thanks to
having been granted a temporary (three-day) licence by the
Belgium authorities, Gaspard de Wilde (ON4ZK) in Dessel
(Province of Antwerp) was able to achieve the first two-way
amateur television contact on 70 cm between his country and
the Netherlands when ‘he worked A.H.M. Lambriex
(PAOLAM) in Reethoven, on October 27th, at 19.30 GM.T,,
over a distance of 24 km. M. de Wilde has also received
amateur television from PAOCOB (The Hague) and from
G3NOX (Saffron Walden, Essex).

Reports on Two-metre German Beacon.—First UK.
reception reports of signals from the German beacon station
DLOPR at the Lindau Ionospheric Observatory operating on
145.97 MHz, have reached the R.S.G.B. from R. A. Ham,
of Storrington, Sussex. Signals wére first heard on Novem-
ber 2lst, at readability 5 and signal strength varying from
2 t0 5 from 08.30 to 09.30 G.M.T. Further reports will be
welcomed by the Society’s -Scientific Studies Commitiee, 28
Littile Russell Street, London, W.C.1.
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International DX Competition.—Amateurs throughout the
world are invited to participate in the 34th AR.RL. Inter-
national DX Competition for which special certificates of
performance will be issued to the top telephony and tele-
graphy scorers in each country. In addition, plaques will bz
awarded to continental high scorers—single-operator, tele-
phony and telegraphy. The competition will take place during
the weekends February 3/4 and March 2/3 (telephony) and
February 17/18 and March 16/17 (telegraphy). The object
of the contest is for stations outside the U.S. and Canada to
work as many of the 48 United States and Canadian call
areas as possible. Further details and log forms can be
obtained from A.R.R.L., 225 Main Street, Newington, Conn.,
06111, U.S.A.

A R.R.L. 1967 DX Contest.—The leading U.K. station in the
1967 A.R.R.L. Telegraphy Contest was D. Gibson
(GI3OQR), Co. Tyrone, N. Ireland, with a score of 1,386,304
points obtained from 2,807 transatlantic contacts made during
an operating time of 70 hours. Leading English station was
that of C. R. Perks (G4CP), Walsall, Staffs, whose score cf
1,446,552 was obtained from 2,199 contacts in a 40-hour
operating period. In the Telephony Section the leadire
U.K. entrant was L. F. Coursey (G4]JZ), Birdlip, Glos, who
had a score of 1,171,596, obtatned from 2,194 contacts in
an operating period of 53 hours.

Top European Memberships.—The German amateur radio
society (D.A.R.C.) recently reported a total membership
in excess of 18,000, of whom more than half hold a trans-
mitting licence. As at June 30th, 1967, the total member-
ship of the Radio Society of Great Britain stood at 13,400
(an increase of 115 since the same date in 1966) of whom
7,945 (including a large number of overseas members) held
a transmitting licence. At the same date there were 12,308
Class A Sound Licences in force in the UK. The rapid
growth of the amateur radio movement in the Federal Ger-
man Republic can be attributed, in full measure, 10 the
efforts made by D.A.R.C. 10 cater for “ Der Jungamateur,”
a section of each isswz of DL-QTC—the society’s journal—
being devoted especially to their interests.

R.S.G.B. President.—John C. Graham (G3TR), of Crawley,
Sussex, was installed as the 34th president of the Radio
Society of Great Britain at a recent informal meeting of
members at the Kinglsey Hotel, London, W.C.1. Mr. Gra-
ham has been a member of the Scciety for more than 30
years. Professionally he is senior air traffic controller at
Gatwick Airport.

OSCAR News Bulletins about satellites designed to carry
amateur radio equipment into orbit are transmitted by
W6ASH on Fridays at 0260 G.M.T. on 14.03 MHz and
at 05.00 G.M.T. on 7.015MHz. The European OSCAR
constructed by the German amateur Karl Meinzer (DJ4ZC)
and the Australian OSCAR, constructed by a team of radio
amateurs associated with Melbourne University, are both in
the U.S.A. waiting to be launched.

Change of Name.—The title of the R.S.G.B. Bulletin, known
throughout the world of amateur radio as “ The Bull,” has
been changed to Radio Communication. The official journal
of the Radio Society of Great Britain first appeared in July
1925 as the T & R Bulletin. It remained the title until July
1942, although the Transmitter & Relay Section of the
Society ceased in December 1926. The T & R Section came
into being during September 1923 to safeguard the interests
of the transmitting amateurs, many of whom considered too
much attention was being given by the Society to brecad-
casting matters and to the interests of broadcast listeners;
broadcasting having commenced in the United Kingdom in
November 1922. joun CLarriCOATS, G6CL
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Pin-board Construction

A simple, beginners’ circuit-building technique employing a
By G. W. SHORT*

circuit diagram as a guide to layout

T is very difficult for the beginner or young constructor

to perform the mental contortions necessary to turn

a theoretical circuit into a practical layout, and even

if he manages this feat, or has it done for him, useful

working concepts, such as the idea of signals flowing

from left to right, or the positive line always being at

the top, are destroyed, unless one uses an inordinate
quantity of terminal blocks.

The practical difficulties are manifold. First, screw-
down terminal blocks are not very reliable as a means
of making connections, at least not in the hands of a
young constructor. The actual connection is hidden
away inside the block, and so cannot be inspected.
Dimensions of the blocks impose limitations on the
components which can be used with them. Epoxy-
encapsulated transistors with half-inch leads have to be
mauled in order to make them span three adjacent ter-
minals. Short-lead second-hand resistors and capacitors
are likewise awkward, and the assembled circuit often
looks clumsy. Certain educational circuit-construction
techniques were considered, but were rejected because
of their high cost. However, from these, and demon-
stration circuits seen at exhibitions, the simple construc-
tional technique discussed here was developed. The
main problem was the method of making joints. If
the ends of leads can first be wrapped round a fixed,
rigid post even an eleven-year-old can then solder them.
Suitable posts can be provided by hammering ordinary
domestic electro-plated pins (which solder well) into
a piece of wood and then cutting off their heads with
wire snippers, leaving about a quarter of an inch of stem
showing.

Suitable materials for the baseboard are hardboard,
soft wood, and the “sandwich board” which has an
inner core of softwood and outer skins of veneer, even
plywood can be used if not too hard. Whatever is used,
it must be dry. If thin materials such as hardboard are
used, the points of the pins come through, and should
be filed off to avoid scratching surfaces on which they
are laid.

|1
)

4‘_

Fig. I. The circuit diagram is drawn in the usual way, except that
the transistor electrode connections are positioned so as to correspond
with the transistor header. In this circuit the only transistor which
requires special treatment is the 2N3702, which has its leads in a
straight line with the collector in the middle.

WIRELESS. WoRLD, FEBRUARY 196°F

Fig. 2. Ordinary household pins are hammered

in at every connecting point. | 2N3702

ME "

Fig. 3. Adding a choke increases r.f. gain.
By-passing the 680-ohm resistor to a.f.
reduces noise.

The layout problem is solved by working directly from
a circuit diagram, drawn out large, so that the actual
components can be laid over their symbols on the paper.
Transistors are drawn both symbolically and physically,
so that the connections are quite clear (Fig. 1). This
circuit diagram is placed on the baseboard, and pins are
knocked in at every junction point (Fig. 2). The lines
and symbols then form a direct guide for wiring-up.
Errors will be at a minimum, and are easily checked by
inspection, and soldered joints can be inspected. Straight
connections which do not cross other wires are first put
in using bare wire, and soldered. Crossing-over wires
are next put in, with insulated wire. The passive com-
ponents come next, and finally the transistors. Variable
capacitors, volume controls, and earphones are at first
connected by long leads, then, when the equipment is
working, they can be accommodated on a front panel.

Pinboard construction is very simple and adaptable.
If for example, the leads of a resistor prove to be too
short to span the gap between a pair of pins, it is a
simple matter to drive in an extra pin and complete the
connection with ordinary wire. Modifications are easily
made, because the layout is necessarily open and acces-
sible. Testing is likewise easy. Apart from its cheap-
ness and simplicity, this method has the great advantage
that the beginner is not tied to very elementary circuits.
There is no reason, for example, why his first radio re-
ceiver should not be something more than a mere toy.

The accompanying diagrams show how the basic radio
receiver of the pin-board (Fig. 1) can be gradually im-

*Amatronix Ltd.
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proved. Adding a choke (Fig. 3) increases the r.f. gain
substantially. It then becomes apparent that the signal-
to-noise ratio is poor (because the wide-band r.f. ampli-
fier generates a.f. noise). Adding an a.f, bypass capacitor
across the resistive part of the load of 2N3702 takes care
of this, but if its capacitance is too large, Lf. relaxation
oscillations may occur, because of the phase shifts round
the d.c. feedback path over the first three stages. The
easiest way to add reaction (improving selectivity) is to
connect a wire to the live side of the aerial tuned circuit,
and place the other end somewhere near the collector
load (680%2) of the second transistor 2N3702 (Fig. 1).
The audio output can be progressively increased by
means of the amplifier circuits of Figs. 4 and 5.
Although the pin-board method was devised for the

- 43V Fig. 4. Simple two-stage
class A amplifier. The
current drain is 8-35 mA,
depending on the speaker
impedance. A _ power
output of about 10 mW
is delivered to a load of
20-40Q aond foads up to
20092 may be used with-
out change of component
ralues. For higher loads,
or headphones, the bias
resistor is 8.2 MQ, and
the current taken s
—3 1.5 mA.
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Fig. 5. Complementary a.f. amplifier. With sine-wave drive this
delivers 60 mW to an 8Q load. Speakers of any higher impedance
may be connected.

beginner, it is also useful for experimental circuits, since
it is very quick, and the chances of making a wiring
error are small. Quite compact layouts are possidle,
and a number of circuit “cards” can be stacked in a
complete equipment. The usual type of pin, known as
a “standard short white,” is one inch long, strong and
easy to handle. The cut ends are rather sharp, however,
and if this is considered a serious hazard it is better
to use shorter pins and leave the heads on. The type
known as “lills,”” which are half an inch long' are suit-
able.
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Ferrite Aerial Receivers

Setting up known fields in a loop aerial

for receiver alignment

ECEIVERS designed for use with outdoor aerials
are, of course, tested or aligned by injecting a
modulated signal into the aerial terminal from a

signal generator, and a suitable indicating device is used
to measure the a.f. output.

However, receivers that use a built-in ferrite aerial
pose two problems. How should the signal-generator
voltage be injected, and how can the final sensitivity
be assessed?

The first problem is usually overcome by using a
little ingenuity in devising a loop of wire which, when
connected to a signal-generator, can set up a field in the
vicinity of the ferrite aerial. Such a field can be adjusted
by varying the position of the loop with respect to the
aerial rod, and alignment can be carried out quite satis-
factorily using this method for injecting a test signal.
But what of the final sensitivity? It is not possible to
know whether the overall sensitivity of the aligned
receiver is up to standard. The performance cannot be
related in any way to the signal generator output setting.

Many transistor receivers that use a built-in ferrite
aerial have provision for connecting an external aerial.
It is a convenient way of using a portable receiver with,
say, a car aerial. A signal generator test signal can be
injected into the aerial socket of such a receiver, but the
results will, generally, be meaningless in terms of receiver
sensitivity. The coupling provided in the receiver
between the ferrite tuned circuit and the aerial socket
can be carried out in a number of possible ways, none of
which provides a clear relationship between the signal
generator output setting and the sensitivity of the receiver
to a known field strength.

It is possible, however, to set up a known field by using
a signal generator to drive a current round a suitable
loop aerial. The resulting field in the vicinity of the loop
can be determined, and the receiver aerial can be posi-
tioned in the field.

By passing a current through a loop, a magnetic field,
H, is produced. This ficld can be related to an equivalent
electric field component, E, by the relationship E= ZH,
where Z is the impedance of free space (Z=377Q).

The magnitude of the field strength produced by a
single-turn circular loop is given by

. 6()1r7r121 N/ 21rd‘é
E=@irirond 1Y ( A )

where
E = equivalent free-space field strength (V/m)

.. (Dt

ry radius of tranmitting loop (m)
r, = radius of receiving loop (m)

d axial spacing between loops (m)
I transmitting loop current (A)

A wavelength (m).

The magnitude of the field is substantially independent
of frequency up to about 10 MHz if the spacing, d. is
kept low. Useful fields can be generated up to about
30 MHz.

1t National Bureau of Standards Circular 517, December 1951.
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By

R. S. ROBERTS*
M.1.E.R.E.

!

The stub indicates the centre of the
loop from which the receiver coil
should be spaced axially 24 in.

Examination of equation (1) suggests that a few sim-
plifications and expedients can be adopted to assist in
turning it into practical form:—

(a) Making the transmitting loop 10in (0.254m) dia.
(b) Determining d as 24in (0.6 m).
(c) Ignoring r,. The radius of most receiver aerial coils
using ferrite rod cores is, generally, about 0.5 cm.
(d) Ignoring the last part of the equation, under the root
sign.
Re-writing equation (1) in these terms gives

E~ 13121 .. . ox ba 1 (2)
Using a three-turn loop, equation (2) becomes
E~ 39361 .. o't . G

If this loop is driven from a signal generator, the
current I is conveniently determined by placing in series
with the loop a resistance which is large in value com-
pared with the loop reactance. This resistance value s
particularly useful if it is about 390 ohms. If the loop 1s
then driven by, say, 1 V from a low-impedance generator,
the current through the loop is then ~1/390A and,
from equation (3), the field E is 0.1 V/m. In other
words, the generated field strength in V/m will be
—20dB on the signal-generator output voltage setting.

The loop requires screcening in order to minimize
« vertical effect ” and is, preferably, driven from a
balanced source. The device is casily constructed, and
the photograph shows one version. The three turns of
insulated wire are threaded into a loop which is made
from 3/8in diameter aluminium tube. The loop is split
at the top by means of an insulating sleeve. and is secured
in a suitable base that houses the 390- Q series resistor
and the end of the feeder cable.

The model shown is unbalanced, and the feed cable
is a length of 75-Q coaxial. The cable length is not
very significant when the device is used in the m.f. and
1.f. bands but, if it is to be used up to 30 MHz, the length
should not be an appreciable fraction of a wavelength.
Although the device is not a precision instrument
the fields generated on the long- and medium-wave
broadcast bands are surprisingly accurate, with increasing
errors up to 30 MHz, where the error is about 2dB.

The author thanks the directors of Antiference Ltd.
for permission to publish this article.

* Northern Polytechnic, London.
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Miles-per-Gallon Meter

An electronic motoring aid

HE meter described here indicates continuously
miles per gallon when installed in a car; it makes
use of facilities already available to obtain the

necessary information, namely, distance and fuel flow.
The rate of petrol flow is measured by using pulses
obtained from an electric petrol pump. Unfortunately the
quantity obtained at each stroke varies with the rate of
pumping due to inertia of the liquid, distortion of the
diaphragm and valve leakage. However, over the practi-
cal operating range this variation is nearly linear with
speed and may easily be compensated for electronically.
A measure of distance is obtained from the odometer
which contains a mechanism which reciprocates at the
rate of one cycle per 32.5 yds. It is a simple matter
to mount an insulated contact which is shorted for
approximately half the cycle of this lever. It would have
been preferable to have a contact which was shorted to
ground for a very small time compared with the cycle
time, but this was difficult to achieve in practice so as
near a 50 : 50 ratio as possible was chosen.

The circuit generates a voltage which is proportional
to the number of strokes of the petrol pump over the
distance indicated by the odometer contactor. This
voltage is stored and fed to a meter while the calculation
for the next distance period is being carried out. The
“ working >’ stroke of the petrol pump generates a
positive going 12 V pulse which is fed to a diode-transis-
tor pump formed by C,, C,, Trl, D2 via capacitor C,
(Fig. 1). Capacitor C, therefore assumes a potential
proportional to the number of pulses entering C,; until
it is reset to zero by switch P. Tr2 is an emitter-follower
whose function is to buffer C, from the storage capacitors
C,; and C,. Assume that Q is in the position shown and
that X is open and Y closed. The meter, M, will now
be deflected if there is any charge in capacitor C,. C,
will follow the potential on C, until a reset pulse is
imminent. When this pulse arrives Q changes over and
P momentarily shorts C, to earth. Y opens and X closes
so that the voltage stored in C, now feeds the meter.
C, again assumes a voltage proportional to the number
of strokes of the petrol pump and Tr2 charges C, until
a reset pulse is again imminent. When this occurs the

%

=12y
o
Fig. | lllustroting the computing method employed.
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By D. J. GROVER, B.Sc.

D. J. Grover graduated in physics and mathematics at
University College, London, in 1953, After several years
of circuit development work in this country he spent
three years in the U.S.A. Returning to the U.K. in 1963
Mr. Grover joined Marcom Instruments and later went
to Cossor Electronics as a senior systems engineer.

process repeats itself. It is evident that the meter deflec-
tion will be proportional to the number of strokes of the
petrol pump between operations of the reset switch P.
The current generator I compensates for leakage etc., in
the petrol pump and capacitor C; smooths the drive to
the meter.

Contact K of the petrol pump (Fig. 2) assumes earth
potential during each activation stroke. A connection
is easily made to this to provide the required 12 volt
pulse. The quantity of petrol per stroke varies with the
rate of pumping as shown in Fig. 3. At low pumping
rates pump efficiency is poor due to leakage past the
inlet valve. At higher rates of pumping the efficiency is
increased due to the inertia of the liquid and the pump
armature. The characteristic over the range of interest,
between 0.4 sec./stroke and 4 sec./stroke, is sufficiently
linear for a simple correction to be applied electronically.
It is shown in the appendix that the characteristic of
Fig. 4 is equivalent to a discharge of 3.23%, per sec.

A four pole four way relay is controlled by the contact
in the odometer so that it is energized and de-energized
every 32.5 yds, with a ratio of approximately 50:50.
The spacing of the contacts A-H is indicated diagram-
matically in Fig. 4. The moving contacts B & C are
connected together and adjusted to give a make before
break action between A & D. A & D are therefore
shorted momentarily each time the relay operates. F & G
are connected together and adjusted to give a break
before make changeover between E & H. The contacts wcre
further adjusted so that the break of FG occurred before
the make of BC in both directions. The effect is to short
D momentarily to earth while FG is travelling between
E & H.

CIRCUIT DESCRIPTION

The circuit diagram is shown in Fig. 2. The 12 V pulses
from the petrol pump enter via diode D1, this eliminates
the negative spike occurring when the pump coil is open-
circuited. R, discharges C, to —12 V after each pulse.
C,, C,, Tri, D2 form the diode-transistor pump, a
silicon diode D3 providing some compensation for the
emitter-base voltage drops of Tr2 and Tr3 or Tr4.
The current generator for compensating for petrol pump
leakage is provided by R, The switch J is the contact
in the odometer; imagine that this contact is open
(relay not energized) the contacts FG are switched on
to E, and BC to A. C, assumes the voltage applied

WIRELESS WORLD, FEBRUARY 1968
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Fig. 2. Circuit diagram and the method of adjusting the relay contacts.

to C, via the emitter follower Tr2. The function of
switch X (Fig. 1) is performed by grounding the collector
of Tr3 via R,; since BC is shorted to A which is at
ground. Silicon transistors are used for Tr3 and Tr4
and since their emitters are limited to the order of
100 mV by the meter, the grounding of the collectors
prohibits transistor action even in the inverted mode.
The potential on C, feeds current to the base of Tr4
which amplifies it to drive the meter.

The closing switch J energizes the relay and BC switches
to D and FG to H. D is grounded during this transition
and discharges C, via D3 to ground. BC approaches

12 volts enabling Tr3 to amplify the current from
C, and D3 is reverse biased. C, now assumes the charge
across C, and Tr4 is immobilized by grounding its
collector via R, to switch J. It is necessary that resistors
R, and R; be sufficiently large to prevent appreciable
discharge of C, and C, when feeding the meter. Tr3
and Tr4 must be matched, any slight variations in gain
being compensated for by adjusting the value of R,
and R;. The resistors Ry and R; protect the meter in the
event of one of the transistors going short circuit and also
safeguard Tr4 from the inductive voltage spike generated
by the collapsing field across the relay coil when ] opens.

CALIBRATION

It is shown in the Appendix that the ratio of close/open
periods of the relay has a secondary effect provided the
periods are nearly equal. The ratio may be checked in a
number of ways. A lamp or counter, switched by a relay
contact, forming a suitable indicator, the number of
counts being recorded over a known distance. Fig. 4
shows an alternative method for measuring the open/close
distance ratio; it can also be used for measuring the relay
shorting period. The capacitor C is alternatively charged
and discharged between earth and — 12 volts. Provided
the time constant associated with R, and the meter
resistance is sufficiently large, compared with the relay
period, then the voltage across capacitor C remains
essentially constant at V. Then:

e ¥ (Tuis time A is at 12 v‘)
T, 12—V Tyistime Aisat OV
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Fig. 3. The characteristic of the petrol pump in the writer’s car.
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Fig. 4. The circuit em-
ployed for period ratio RS
measurement.

k>R,

The close/open distances in the author’s case were 11.5
millimiles and 7.3 mmls giving a ratio of 1.55:1.

The meter is calibrated by simulating normal operating
conditions. The pulses from the pump are simulated
by grounding the input diode D1 with a switch or bell-
push (S1). The car is moved until contact J is open and a
second switch (S82) wired in parallel. The quantity of
petrol corresponding to a pulse at D1 is known and the
average distance travelled, for J to be switched, is also
known. Hence by switching S1 »n times for every throw
of 82 (at a rate which is within the normal operating
range) until the meter reading is steady, ths deflection
for a known rate of consumption is obtained. The deflection
for an integral number of m.p.g. is readily interpolated
if a scale is retained on the meter for this purpose.

As explained in the appendix a correction is necessary
if the relay does not operate on a 50:50 duty ratio. For
the ratio quoted (1.55:1) the meter drive will be
59, higher when caused by the manual means described
than when created by normal operating conditions.
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The variation of battery voltage between charging
and discharging is sufficient to give an unacceptable
error. Accordingly the power supply to the circuit
must either be stabilised with a zener diode or the calibra-
tion performed with the battery on charge.

The choice of the ratio of capacitors C, and C, is a com-
promise between generating a voltage step large enough
to make semiconductor junction variaiions negligible
and the probability of the voltage on C, approaching the
supply voltage thereby saturating transistors Trl and
Tr2. A ratio of 1:5 was chosen to give steps of approxi-
mately 2 V. Six pump strokes in a distance of 11.5 mmls
at 10 m.p.h. corresponds to 5.4 m.p.g. The heaviest
consumption occurs at lowest speeds during acceleration
where the decay of the capacitor voltage permits seven
steps without saturation. The maximum time between
resets will depend on the lowest speed at which a measure-
ment is desired. At 10 m.p.h. the time to cover 11.5 mmls
is approximately 4 seconds. The potential on C, will
vary by 5 9% of 2V in this time if the leakage current
is 2.5 pA. Since this leakage may be compensated for in
the value of R, (the system can be calibrated empirically)
leakage can vary by this amount. The time constants
C, R, and C,; R; must also maintain the stored potential
within acceptable limits. The decay will be less than
5 % in 4 seconds if the time constant exceeds 80 seconds.
The value of C, will depend on the conditions of use and
the response time required.

R, must discharge C, or C, during the shortest sum-
ming time. 7 mmls ai 70 m.p.h. corresponds to 0.36
seconds. It is unlikely that consecutive sums will differ
substantially, however, for a time constant of 0.39 scc.,
C; or C, will discharge to 40 9%, of the initial value in
0.36 sec. The base current of Tr2 if significant, will cause
a variable discharge of C,, however it may be used to
supplement /R,, particularly if R; is taken to + V.

APPENDIX

Suppose the petrol pump to have a linear characteristic
extending from a stroke of period 0 seconds to the range
of interest. (In practice, only that portion of the character-
istic which coincides with the actual pump characteristic
between 0.4 seconds and 4 seconds will be used.)

Let Qy be the quantity of petrol pumped per stroke of
period v, then for a linear characteristic:

Qy = Q1 — ky) oW o et s (1)

: . when y = 0.4, Q,., = 0.356 mgals/stroke
From Fig. 4. when y = 4.0, O, 0.315 mgals/stroke
356 104k W e W s (B
Then: 315 1 - 40k
k= 0.032

For each stroke of the petrol pump a pulse is applied to
the diode transistor pump, which raises its potential by
V volts. The voliage V, after u# strokes is therefore
V, = nu.

The leakage of the petrol pump may be simulated,
over the working range, by a current generator which
discharges the storage capacitor C; at a constant rate.
Let this rate be K, volts per second. If C; is partially
discharged over the period ny, then V, reduces to V’,
where V', = nV (1 — Ky).

In order for the quantity of petrol pumped at a rate
1/y to be equivalent to the voltage of the diode pump:
V', = nQy. ie.nQy (I — ky) = nv (I — Ky) where
v = Qpand K = &,
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Let the minimum number of strokes that can occur in
time T be n, then the number of strokes in a period T
will vary between n and (n + 1) depending on the random
timing of the pump strokes and the reset mcchanism.
Let us suppose that the reset occurs just before the
(n + 1)th pulse, then ¢t = T — ny. Hence n pulses will
be counted if T — ny <t <y i.e. over a variation of 7, of
[(n+ 1)y — T] = 3. (n+ 1) pulses will be counted if
O<i<T — ny.

i.e. over a variation of ¢ of [T + ny] = 4r..

The probabilities will be proportional to these times
since the events are random with respect to each other.

" P(n)xdt,
= Pl + Dade,

where P(n) + P(n + 1) = 1

1 — Py 4t T - ny .
P(n) Ay = 1)y =T
) T
whence P(n) = (nt Ly - —
4
T — ny

P(n).. 2) =

The mean potential 7V = V.P) + V{(, + )Pn+ 1)

LV neln+ Dy —~T] o+ DT — ny) Tv
' y y y
The mean potential, after discharge over the period T,

will be V’ a2 — TKv = £ wherev”  o(1 Ky).
Y

Y

Suppose that alternate summing periods are of lengths T,
and T, where T, ~ T,.

Then Q, = (v'T,)/y and Qy = (v'T,)/y
The quantity Q over_period T, 4+ T,is

0=-0,+ ny(T,+ T)

The nature of the relay reset and storage system makes 1t
difficult to ensure that it alternates with a 1 : 1 duty cycle.
Suppose that the cycle time is T, where T, + T,
and T, = aT,
sothat T, = (1 — a)T,

2o’ (= at)T'lit

then V), and V, >

The voltage V', accumulated over period T, is applied
to the meter circvit for period T, and the converse
applies for V,. The charge received by the meter over the
period T is therefore proportional to

«Tv’ (1 — )Tv'x
(1 — 2 -

i 4 Y

’

1.
i.c. meter charge over period T = gy = 2a(1 — a)v’

b5

The effect of a non 1 : 1 duty cycle for the relay is more
apparent if we substitute € = 0.5 — 2
theng, = 'TH — ) = v'T0.5 — 26%).

In the system described « = 0.41, .. ¢ = 0.012.
The error which is readily compensated for reduces the
meter reading by 4.8 % from that obtained w.tha 1:1
duty ratio. It is apparent that « need not be measured very
accurately provided it is near to 0.5.
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Point-to-Point Review, 1967

By DAVID WILKINSON,* B.Sc., M.LE.E.

URING the year h.f. conditions
continued to improve due largely
to the increase in values of sun-

spct number and ionosphere index
(IF2). The predicted value of the
latter for December was 129, com-
pared with 66 for the same morth in
1966. The increase in solar activity,
however, continued at a much slower
rate than at the same phase of the
previous sunspot cycle and there was
little change in the monthly provi-
sional number from and including
September. Should the present trend
continue, it would scem that the fore-
cast of Professor Waldemeir, of
Zurich, that the approaching maxi-
mum would be in the region of 100
may be fairly accurate.

The Greenwich provisional
monthly mean sunspot number for
the first eleven months of 1967 was
103.2 compared with 50.4 for the pre-
vious year. Forty-one sunspot groups
of area equal to or greater than 500
millionths of the visible solar hemi-
sphere were reported. Eight of these
were of area of 1,000 millionths or
greater, the largest (reaching 2,200
millionths — approximately 2,570
million square miles in area) did not
produce any significant ionospheric
disturbances during its passage across
the sun’s disc from July 21st 1o
August 4th.

Considering that the predicted sun-
spot maximum is only a few months
distant, 1967 was notable for the re-
markable inactivity of the sunspot
groups reported on the disc. Only
45 sudden ionosphere disturbances
were reported up to mid-December
(46 during 1966). Many were of a
minor nature and had little effect on
h.f. operation. Most of the activity
occurred during February, March and
May with 10, 9 and 12 fades respec-
tively. From the end of May only 9
were reported.

So far, during the present cycle,

reports of complete * blackouts”
associated with intense solar flares
have been conspicuous by their
absence.

There was a slight increase in the
level of magnetic activity during the
year, the monthly mean Hartland
“C” valuet for 1967 being 0.62 com-

* Cable & Wireless Lud.
+ The mean of the *“K ' values recorded
every three hours at Hartland, Devon.
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pared with 0.57 for 1966. Apart from
a severe magnetic storm from May
25th-31st, during which a “C” value
of 2.4 was attained on the 26th, there
were few disturbances of note. On a
number of occasions increased mag-
netic activity occurred during periods
when there were no groups of noti-
fiable size (500 millionths or greater)
on the sun and there was some
evidence that the disturbances were
of the M region (27-day recurrence)
type.

By the choice of suitably lower
operating frequencies at critical times
the effect of the disturbances was
generally masked and hf. communi-
cation was seldom seriously affected.

The increase in sunspot activity
and values of IF2 (shown by the
smoothed values in the graphs) re-

frequencies (MUFs) and the influence
of sporadic E on circuit operation was
less marked. On many long-distance
point-to-point circuits opportunity
was taken to move up in frequency to
the 23-25 MHz band for daylight
operation. It was noted that, on
many occasions, v.h.f. reception was
possible over long distances.

Most hf. circuits showed an in-
crease in efficiency compared with
1966 and the monthly average per-
centage efficiency on four representa-
tive circuits using ARQ (automatic
error detection and correction) and
received in this country was 949% as
against 92.9% for the previous year.
These are equivalent to efficiencies of
99.39% and 99.1%, respectively, with-
out the use of ARQ.

There was considerable activity in

sulted in higher maximum usable the higher frequency bands, especi-
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ally in the field of satellite communi-
cations. As reported last year,i the
first (F1) of the Intelsat II satellites
suffered a failure of the apogee motor
when launched in November 1966,
and did not reach synchronous orbit.
However, F2 and F3 were success-
fully launched in January and March
1967, and are now positioned respec-
tively over the Pacific and Atlantic
Oceans. In addition, because of the
rapid growth of traffic, F4 in the Intel-
sat I1 series was also launched, in Sep-
tember, and is now in use in the
Pacific Area. Intelsat I (Early Bird)
continued to operate, having been in
continuous use for 32 months by the
end of the year.

The communication system in sup-
"t Wireless World, March 1966, p. 135.

port of the NASA Apollo project was
set up. This involves, in addition to
the two stations on the U.S. mainland
at Andover (Maine) and Brewster
Flats (Washington), stations at Ascen-
sion Island, Canary Isles, Carnarvon
(Western Australia) and two ship-
borne. Additional temporary stations
were set up to provide public service
channels between Thailand and the
Philippines, and the U.S. mainland.
Stations” were completed at Fucino
(Italy) and Buitrago (Spain), and the
station at Moree (Australia) was
almost finished. Stations in Argen-
tina, Bahrain, Brazil, Chile, Hong
Kong, Mexico, Peru, Philippines,
Thailand, and at a number of other
locations were under active discussion
or being constructed. All these will

employ 85-foot, or larger, paraboloids
in order to meet the full requirements
of the I.C.S.C. (Interim Communica-
tions Satellite Committee) for stan-
dard earth stations.

Work on the Intelstat III satellites
continued. It is expected that the
first of this new generation will be
launched in the Summer or Autumn
of 1968. These 1200-circuit satellites
will considerably increase the capacity
available in the Atlantic and Pacific
Oceans and will also, for the first
ume, give Indian Ocean coverage,
permitting. U.K.-Australia and U.K.-
Japan circuits to be set up. Also, a
full-time television service should be
possible without the need to cut off
part of the telephone service, as is
necessary at present.

I._i—teratu re Receivc;d

Racal RA 217 series solid-state h.f.
communications receivers are described
in a four-page brochure received from
Group Publicity, Racal Electronics Ltd,,
“ The Elms,” 26 Broad Street, Woking-
ham, Berks.

WW 332 for further detaiis

The performance characteristics and the
applications of dry reed switches are
discussed in a 41l-page booklet issued
by the Publicity Department, The
M-O Valve Company Ltd., Brook
Green Works, Hammersmith, London,
W.6.

WW 333 for further details

The results of a two-year reliability
study on Motorola plastic encapsulated
transistors are contained in report No.
RD 104 published by Motorola Semi-
conductor Products Inc., York House,
Empire Way, Wembley, Middlesex.

WW 334 tor further details

We have reccived a set of pamphlets
from Aero Electronics Ltd.,, Gatwick
House, Horley, Surrey, that include de-
tails of a range of television signal
generators, portable aerial masts for
one- and two-man erection, quartz cry-
stals, radiotelephones and educational
equipment. Also included is a CV type
valve equipment guide.

WW 335 for turther dectails

Lasky’s Radio Ltd., who recently cele-
brated their 35th birthday, have sent us
a copy of their 12-page colour pictorial
catalogue. Their headquarters are at
3-15 Cavell Street, Tower Hamlets,
London, E.l, and they have five
branches in London.

WW 336 for further details

Semiconductor Polarizing Filter for
Infra-Red is the title of a leaflet on Sie-
mens semiconductor i.r. filters and
polarizers available from Cole Elec-
tronics Ltd., 7-15 Lansdowne Road,
Croydon, CR9 2HB.

WW 337 for further details
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Facilities for all aspects of printed cir-
cuit design and production offered by
S.C.E.E. Ltd,, Reddicap Trading Estate,
Sutton Coldfield, Warwicks, are dé-
s%ribed in the five-page leaflet PCB
10-1.

WW 338 for further detalls

A muli-channel carrier frequency
system, that can be used with wire or
foil strain gauges (half or full bridge
connected), rotary transformers and
transducers for the mecasurement of
torque, load, displacement, vibration,
acceleration, and pressure, is described
in a leaflet from the Vibro-meter Corp.,
Haletop Civic Centre, Wythenshawe,
Manchester 22.

WW 339 for turther detaits

Received from the British Industrial
Measuring and Control Apparatus
Manufacturers’ Association the 1967/
69 edition of its handbook which
describes the association, what it does,
its members and their products. This
112-page publication will be sent free
to branches and subsidiaries of indus-
trial qrganizations at home and abroad,
to Government departments, public
authorities, public technical feference
libraries and technical college libraries.
The address is 23/24 Margaret Strews
London, W.1.

WW 340 for further details

Aim Electronics Ltd., have just pub-
lished their first short-form catalogue,
Advanced Instrumentation Modules.
Within its 20 pages, modular units
available in each of three spheres of
waveform technology are described.
The same units may also be obtained
either ready-assembled into complete
systems or for assembly by the user.
The three divisions in which systems
are available are signal recovery and
analysis, pulse generation and wave-
form sampling. The booklet ends with
basic explanations of phaselock tech-
niques, waveform sampling techniques
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and lock-in amplifiers. Copies are
available from Aim Electronics Ltd., 71
Fitzroy Street, Cambridge.

WW 341 for further details

A new comprchensive guide to five
product ranges of particular interest to
industrial electronics engineers and
designers has been published by New-
market Transistors Ltd. The 20-page
guide described as a “Products Port-
folio” gives in tabular form details of
semiconductors, including industrial
germanium and silicon devices, pack-
aged circuits and film attachment
devices. A special section is devoted
to the company’s customer-oriented
micracircuit  building service.  Free
copies for buyers, engincers and
designers can be obtained from the
Sales Office Manager, Newmarket
Transistors Ltd., Exning Road, New-
market, Suffolk.

WW 312 for turther details

Electro-magnetic pick-ups that convert
mechanical motion into an a.c. voltage
without physical contact or external
power are described in the 6-page Bul-
letin F-8 available frcm Ampex Elec-
tronics, Seminole Division, P.O. Box
8488, Fort Lauderdale, Florida 33310.

WW 343 for turther detalls

The latest position regarding the pre-
paration of metric standards is given In
the B.S.I. publication PD 6286, “Metric
standards published and in progress.”
Section 1 lists more than 800 standards
already written in metric units. Some
250 standards independent of any sys-
tem of units such as glossaries and
colour codes are listed in Section 2. Sec-
tions 3 & 4 give details, under industry
headings, of the 500 or so standards
now being revised or awaiting revision
in mertric terms. The information in
this 82-page booklet is complete to 31st
August, 1967. B.S.I. Sales Office,
Newton House, 110 Pentonville Road,
London, N.1. Price is 10s.
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NEWS FROM INDUSTRY

ADVICE ON MATERIALS TECHNOLOGY

THE United Kingdom Atomic Energy
Authority (UK.AE.A.) has set up a
Materials Technology Bureau at the
Atomic Energy Research Establishment
at Harwell. The purpose of this bureau
is to stimulate enquiries on materials
from industry and research organizations
and to share knowledge accumulated by
scientific and technological staff in the
Authority. It is also intended to pro-
vide an advice consultancy service and
to encourage visits between Authority
staff and industrial firms. This may lead
to the use of Authority facilities on
specific problems either by visiting tech-
nologists or U.K.A.E.A. staff. Informa-
tion services of a general nature will be
provided free although a charge will be
made for consultancy work and for the
use of experimental facilities. Most of
the knowledge acquired by the

UXK.A.EA. during the course of their
work, relates to materials—particularly
conventional materials for unconven-
tional use. The experience includes the
use of modern techniques for the fabri-
cation and preparation of metals and
ceramics, including high-frequency and
electron beam melting and casting,
hydrostatic extrusion, planctary swaging,
hot pressing, isostatic pressing (hot and
cold) and vibro-compaction of powders.
Other examples are the ultrasonic
machining of glass and ceramics,
together with the various jointing pro-
cesses including electron beam and fric-
tion welding, roll-bonding and the
brazing of metals to ceramics. Inter-
ested readers should contact the head
of the Burcau, Mr. H. Lloyd, MBE,
Ceramics  Division, Building 35,
A.E.R.E, Harwell.

COMPUTERS-A NEW CONTENDER

INITIALLY producing a range of three
medium sized computers for the Euro-
pean market Philips Computer Indus-
ries are to be officially opened on
June 14th at Apeldoorn in the Nether-
lands. The first production models of
these general purpose machines will be
absorbed by Philips for their own usc,
however, deliveries to outside customers
are expected to start in the beginning
of 1969. At present the staff at Apel-
doorn numbers a thousand although
throughout the Philips concern about
6,000 people are either directly or in-
directly employed on computers.
Philips started research into computers
in 1950, which led to the construction
of a number of machines, some for use
within the company. Among these
were PETER, PASCAL and STEVIN.

CAR DRIVING SIMULATOR

A NEW car driving simulator, the
Drivotrainer, has been developed by the
Raytheon Company, Massachusetts,
U.S.A., which is capable of training up
to 32 students simultaneously. In es-
sence, it consists of 32 “cars,” a large
cinema screen, a control computer and
an instructor’s monitoring console. The
student “drives” in response to the
changing road conditions indicated by
1 colour film projected on the screen
which includes the rear mirror view),
he film having previously been taken
hrough the windscreen of a camera-
:quipped car. The film carries a sound
track and binary coded information in-
dexing all the proper driving responsecs
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Later this research led to the production
of machines for military applications, air
traffic control, fire control and defence
purposes.

In the Netherlands some 2,200 are
employed on research whilst in other
countries another 1,500 reinforce these
activities, Work is proceeding on
memories in the United Kingdom,
peripheral equipment in Germany and
muliilayer circuit boards and software
in Belgium.

The new range of machines will be
called the P1000 series. They will use
integrated circuits and will feature a
fast memory. It will be a fairly simple
matter to translate programmes written
for other computers for use on these
machines.

that match the actions seen on the
screen. The computer scans each car
and in the event of a student acting
incorrectly, lights a message indicator
informing the student of what he should
do to correct his action. The cars can
even run out of petrol and will stall if
the student allows the petrol gauge to
indicate zero. Another task of the com-
puter is to keep a score for each student
and 10 print out a detailed account of
the student’s actions compared to what
they should have been. Advanced films
prepare the student for handling emer-
gency situations and enable them to
drive in rain, snow, fog and ice in com-
plete safety
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Drivers on the London Transport Victoria line
ond its Brixton extension will be cbie to
communicate directly with other trains vs'ng

a v.h.f. radio link. So far Nelson Tansley
Ltd., 144 Holland Park Avenue, W.II, have
received orders for about 170 communicat on
systems as shown in the photograph. These,
in addition to inter-train communications,
offer passenger address and cab-to-cab
intercom facilities.

ELECTRONIC CONTROL OF
LOCOMOTIVES

THE combined use of a radio link and
digital control equipment has allowed
freight trains to be operated more
economically in America by enabling
more trucks to be incorporated in a
train. For instance, using the systcm,
a typical train would consist of three
3,600 horse-power dicsel units followed
by as many as 300 trucks and three
slave diesel units of similar horse power.
The system, designated Locotrol, trans-
lates commands of an engineer in the
lead locomotive and transmits them to
the slave locomotives. Each mecesage
comprises 50 bits, transmitted over a
200 ms period, and includes address
code, control information and an error
check code. Each command cottains
an algebraic problem which mus: be
solved for zero by the addressed loco-
motive before the order is accepted. If
the result is something other than zcro
the slave requests that the message be
repeated thereby ensuring the fidelity
of the radio link. The equipment is
manufactured by Radiation Inc.

An advanced educational television
studio has been opened at Herriot-Watt
University, Edinburgh, which it s
hoped will substantially increase the
effectiveness of teaching and strengthen
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the wuniversiiy s ues with industry.
Although equipped with black-and-
white cameras (Marconi V322Bs) and
ancillary equipment at the present time,
the design of the studio renders it suit-
able for colour television use. Equip-
ment includes a telecine system that
will accept 16 or 35mm film or slides
and seven cameras with seven-inch
clectronic monitor/viewfinders. The
studio is linked with lecture theatres,
iaboratories and staff rooms throughout
the university. The studio control
room design is in agreement with the
latest in broadcasting philosophy, con-
sisting of an array of four 14-in moni-
tors, a nine-inch preview monitor and a
comprehensive vision and sound con-
trol console.

Land reclaimed from the river Itchen,
Southampton will be the site of a new
colour television centre to be built for
Southern Independent Television at a
cost of £500,000. The prime contractor
is the Marconi Company who will pro-
vide a substantial proportion of the equip-
ment and will assist Southern Television
with the planning and installation.
The equipment will include a compre-
hensive control switching system to
allow television to be fed in and out of
the I.T.A. broadcasting network. Some
of the fifteen colour television cameras
to be supplied are destined for outside
broadcast units currently under con-
struction. The cameras will be supplied
complete with colour balance equip-
ment correcting for variations in colour
temperature. A large number of distri-
bution amplifiers will be installed for
routing signals to monitors throughout
the centre. A Marconi designed switch-
ing system will carry signals from Video
tape recorders and Rank Cintel telecine
equipment to the studio control rooms
for integration into the programme.

A new Product Division has been
formed at Basildon, Essex, within the
Marconi Company which is known as
the Electro-Optical Systems Division.
This new division will exploit the grow-
ing use of electro-optics to extend
human capability. This can be achieved
either directly by extending human
operator faculties or indirectly by
using the system to train him more
effectively. The division has been
formed by combining the activities of
two groups, the Closed-Circuit Tele-
vision Division and Project Martel—a
team producing the television guidance
system for the Anglo-French missile
Martel. The two activities represent a
turnover in excess of £3M.

Johnson Matthey Metals Ltd. have
introduced a new line, gold inlaid beryl-
lium-copper, that should be of interest
to manufacturers of plug and socket
components, particularly those for use
with printed circuit boards. The mini-
mum dimensions of the 5% nickel-gold
inlay are 0-25 in wide by 00002 in thick;
in all cases the thickness of the inlay
must exceed 3% of the total thickness of
the strip.
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A new telecine system
announced by Marconi
is capable of making
fast (50 ns) cuts be-
tween any of four
programme sources.
Two versions are avail-
able, one for black-and-
white reproduction only,
using a Mk. VI camera,
and one for colour or
black-and-white  built
around the Mk. Vil
camera. Inputs can be
from 35 mm or 16 mm
cine projectors and/or a
dual slide projector. A
variable density filter in
between the lamp-house
and the film compen-
sates for variations in

film density whilst electronic circuits compensate for film dye imperfections. The system has
been designed by Marconi with the exception of the film projection mechanisms which are of

well-established professional manufacture.

allows precise registration of separate magnetic sound followers.

A sync. interlock drive motor is employed which

The equipment is intended

for use with @ Westrex sound follower unit, but other units may be employed providing minor

modifications are made.

An exhibition of small American com-
puters is to be held in various places
throughout Britain early in the new
year. The exhibition will open at the
U.S. Trade Center and then £0 on tour
in seven specially fitted British Rail
display coaches. Places at which the
exhibition will be held are:

London, U.S. Trade Centre, Jan. 16 to 19.

Birmingham, Moor St. Station, Jan. 25 to 27.

Manchester, Victoria Station, Jan. 29 to 31.

Newcastle, Central Station, Feb. 1 to 3.

Glasgow, Stobcross Freight

Dept. Feb. Sto 7.
In all, 16 exhibitors will show machines
ranging from simple electronic calcu-
lators to complex process control com-
puters.

A Norwegian firm, Nera Bergen A/S,
has been awarded a contract by the
Norwegian Director-General of Tele-
communications worth 21.6M Nor-
wegian Crowns (just over £1M) for
microwave equipment to be used intern-
ally. The contract is for 1800 channel
broadband equipment for the routes
between Tromsg and Hammerfest;
Stifjell and Rassegalvarre, Oslo and
Bergen, in addition to equipmen: for
27 300-channel local branch links from
the main network. The equipment
has been developed by Nera Bergen
and production has already begun.
The expansion is the foundation for
further work that will lead to a fully
automated telephone network and it is
hoped to link the more northerly
districts of the country to the national
telephone network in 1969.

The Central Treaty Organization have
ordered seven meteorological radar sys-
tems from Plessey . Radar which will be
installed in Iran, Turkey and Pakistan
early in 1968. The equipment, which
is worth £131,000, consists of four wind-
finding radars type WF2 and three type
42 weather radars.
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After winning a colour television con-
tract, the Marconi Company succeeded
in delivering, installing and commission-
ing the equipment in Bangkok within
six  weeks. The contract, worth
£160,000, was to supply and install. in
an outside broadcast van supplied by
the Bangkok Broadcasting and Tele-
vision Corporation, two Mk. VII colour
cameras, monitors, sound and vision
mixing equipment and a video tape
recorder. Thailand commenced live
colour televison broadcasts last Novem-
ber.

B. H. Morris & Co. (Radio) Ltd., of
84/88 Nelson Street, London, E.1, have
been appointed sole UK. distributors
for the Trio Corporation, of Japan. The
Trio product range consists of audio
equipment and communications re-
ceivers. Featured in the range is a
double conversion superhet crystal con-
trolled communications receiver (Model
JR500SE) that has a recommended retaijl
price of about £60. It incorporates a
crystal controlled b.f.0. and an S meter
and covers 3.5 to 29.7 MHz.

An American manufacturer of preci-
sion components for the focusing, deflec-
tion and control of clectron beams in
cathode-ray tubes has appointed Wal-
more Electronics, 11-15 Betterton Street,
Drury Lane, London, W.C.2 as their
UK. Agents. The firm, Constantine
Engineering Laboratories, of New
Jersey, produce a short form catalogue
illustrating specialized applications that
is available from Walmore.

The contract to provide the solar cells
for the ESRO satellites TDI1 and TD2
(see page 683) has becen won by Fer-
ranti Ltd. The satellites will carry a
sun-oriented array of 11,520 silicon
solar cells worth over £300,000. Fer-
ranti solar cells are also being used on
ESRO 2 and Ariel 3.
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DEMONSTRATING RECTIFIER ACTION

ERY often it is useful to be able to clarify points of
theory with a slow motion demonstration.  The
writer has previously described methods for demon-

straring series circuits in phase-shift oscillators’ and a.c.
theory? in slow motion. This third article applies similar
techniques to rectifier action, in particular illustrating
one aspect that is difficult to show on an oscilloscope.

The demonstration comprises three separate stages.
In stage one the output of a v.l.f. signal generator
operating at about seven cycles per minute is applied to
three meters: A, and A, swing in step with V,. Adjust
the output voltage of the signal generator to give a peak
reading of, say, one voli on V.. Then set R, 10 give a
peak reading of 100 1A on A..

For stage two a diode is inserted (OA81) as shown.
Now when meter V, gives a reading on the right of zero
A, and A, follow, and when V, swings to the left
A, and A, read zero. The peak forward current is now
less than 100 pA because of the forward resistance of the
diode; restore this current to 100xA by re-adjusting R,
—_note the amount by which R, is reduced. This reduc-
tion corresponds to the forward resistance of the diode
(although it would be truer to say that it represents the
forward resistance when a forward current of 100 pnA is
flowing).

Proceeding to stage three, capacity C, is added.
This was originally made up of 20 separate 1004F
tantalum capacitors but ordinary low voltage electro-
lytics should do. Eventually the circuit will reach a
state of equilibrium where in each cycle the charge
flowing into D1 is equal to that flowing out of C, through
R,. When this happens it can be clearly seen that the
diode passes current for only a small fraction of the
positive half cycle as indicated by the brief puise of
current shown on A, when V., has almost reached its
maximum positive value. This is about the same as the
peak current on A, and is around half a milliamp.

After the pulse C, discharges through R, and the read-
ings on A. and A, are equal (as C, is discharging A,
reads to the left of zero). Until the equilibrium condi-
tion is reached more charge flows into C, through D1
than leaks out through R, in the
intervals between pulses. The first
pulses of current may have a peak
value of 0.8mA. As C, becomes
more and more charged in succes-
sive cycles this diode current V.L.F.
diminishes until it reaches a value
0.5mA and the duration of the
pulse decreases correspondingly.

OSCILLATOR

IN SLOW MOTION

By T. PALMER,* B.A., Assoc.l.E.R.E.

peak current on A, and the current through the resistor.
If the meters A, and A, are heavily damped this may not
be suggested by the meter readings; but the meters used
originally did support the equation.

It is easy to extend this technique to other rectifier
circuits—a bridge, for instance. It is recommended in
this case to have a meter in series with each of the four
diodes and one for the a.c. current and one for the d.c.
current; six meters in all. It is a good idea for provision
to be made for shorting out individual meters as the
sight of six pointers swinging simultaneously at early
stages in the demonstration can be confusing, to say the
least.

V.L.F.
0SCILLATOR
DECADE BOX
0-10kL
STAGE 2
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The peak value of the diode
current should be the sum of the

*» Acton Technical College.

1. “ Demonstrating a.c. theory,” by T.
Palmer. Wireless World, October 1963

2. ‘“Demonstrations at v.Lf.,” y
Palmer. Wireless World, June 1966.
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NEW

PRODUCTS

Colour TV Pattern Generator

THE adjustment and servicing of colour
television receivers is simplified by the
Philips pattern generator, type PM5506.
It will be available in Britain from the
M.E.L. Equipment Company Ltd., and
will cost £245. The instrument takes
full advantage of the “self checking”
properties of the PAL system which
enable a receiver to be adjusted using
the picture tube as the only indicator.
This is said to almost eliminate the need
for an oscilloscope, but if onec is used it
can be synchronised by line and field
sync pulses from the generator. The
generator delivers ten pattern signals
which are selected by ten push-buttons
arranged in logical sequence across the
front panel as follows: (1) black and
white checkerboard of 6 x 8 squares for
checking tuning, scanning, amplitude
and linearity, (2) blank raster with con-
stant white content for purity check, (3)
blank raster with constant red content
for purity check, (4) eight-step staircase
for grey-scale tracking, (5) dots, 11 x 15,
for adjustment of static and dynamic
convergence, on 625 lines only, (6)
crosshatch, 11X 15 lines, for adjustment
of static and dynamic convergence, on
625 lines only, (7) four colour bars for
delay line phase and amplitude adjust-
ment, using tube as indicator, (8) four
colour bars for demodulator phasing,
using tube as indicator, (9) four colour
bars for matrix check, using an oscillo-
scope, and (10) eight colour bars similar

to the B.B.C. signal for general check.
The standard is PAL 625 lines, and the
range covered is 470 to 850 MHz, fre-
quency being selected by push-buttons
and continuous tuning. Outputs are
10mV at uhdf. (continuously variablec)
and 1V at vidco, both into 75 ohms.
Burst amplitude is variable for checking
colour killer and a.gc. The sound
carrier can be modulated internally,
unmodulated or switched off. Complete
solid state construction has been used,
and the generator measures 103 X 81X
7%in. The weight is 10lb. M.E.L.
Equipment Co. Ltd., Manor Royal,
Crawley, Sussex.

WW 1301 for further details

Solid Tantalum Capécitors

LOW COST, epoxy encapsulated, solid
tantalum capacitors, designated Kemet
“E™ Series capacitors, are now avail-
able from Union Carbide UK. L.,

Electronics  Division. “E” Series
capacitors have been designed for com-
mercial and high quality electronics
applications, e.g.,, in communication
equipment, where high capacitance
values are required in small space, for
coupling, decoupling and timing cir-
cuits. The devices have a high
volumetric efficiency, low leakage cur-
rent, and reverse voltage capability. The
capacitance tolerance is +20% and the
capacitors are designed for continuous
operation between —55°C and +85°C.
Kemet “E ” Series capacitors are avail-
able from 3V to 35V, at 0.1 to 100 uF.
Electronics Division, Union Carbide
U.K. Ltd., 8 Grafton St., London, W.1.

WW 302 for turther details
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Tape Recorders

TWO tape recorders have been added
to the Truvox range of sound recording
and reproducing equipment, The new
models, the R52 (two-track)%and RS54
(four-track), have an entirely new three-
speed (74, 33 and 13in/sec) Truvox
deck. Known as the Series 50 models,
they incorporate many other significant
departures from previous designs. The
combination of twin acoustically
matched 7 X 4-inch speakers mounted in
a wood cabinet is said to result in ex-
ceptionally good sound quality. The
case, controls and mechanism have been
designed for both flat and vertical
operation of the unit. The Series 50
recorders have lincar frequency charac-
teristics from 30 Hz ¢to 17 kHz at 74 in/
sec, with wow and flutter of less than
0-14%. Oscillator frequency is 90 kHz.
With calibrated VU meter, tone control,
full monitoring facilities, mixing and
(on R54 only) dual play provision, the
new units come within the definition of
hi-fi equipment. Total output is 6W.
The three-figure digital counter has a
push-button reset. Unbreakable control
keys and key switches themselves are
also of a new type, ensuring light yet
positive action. Controls are inter-
locked and there is pause control, auto-
matic tape-end stop, push-on spool
retainers and an accessory storage com-
partment. Truvox decks have a large
robust motor mounted below a solid
aluminium deck plate with anodised let-
tering to identify controls. Micro-gap
recording heads are used, and the solid-
state  electronics  include  selected
matched silicon transistors. Low-noise,
moulded-track potentiometers are also
employed. Both models take 7-inch
spools, giving 8% hours and 17 hours of
play respectively on double-play tape.
Both are supplied complete with a mov-
ing—coil microphone, one 7-inch reel and
1,200ft of tape. They weigh 251b
(11.5kg) and measure 131X 15X%7in

(34x38x18cm). The price is 56 gns
for both models, Truvox Ltd., Hythe,
Southampton.

WW 303 for further details
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Modular Sound Systems

THE ASTRONIC  Al700
Series of modular amplifying
equipment has been designed
to enable particular require-
ments to be met by building up
a system using standard units,
thereby keeping the cost of
otherwise non-standard equip-
ment down and reducing
delivery delays. The 75W
power amplifier is intended for
large p.a. installations, its out-
put circuit incorporating current
sensing diode networks which
render it short-circuit proof. The
amplifier can be racked up in multiples
for parallel operation to give higher

power outputs up to 750 W. Silicon
transistors are used throughout all
units and transformers are vacuum
impregnated and  dipped. Using

either a 10W, 25W or 75W power
amplifier, up to seven input and control
modules may be fitted to the main
frame, any unwanted position being
filled by a blank pancl. Thus, a five-
way microphone mixer with a music
input and master gain control, or a two-
way microphone with tape, gram and
radio input modules together with
master gain, can be constructed. A
variety of standard modules arc avail-
able. All input and control modules
are constructed on ctched aluminium
front panels with suitably marked con-
trols and components are marked on
printed circuit boards. The pre-
siages amplifier of both the 25 W and
75 W power amplifier are also on
printed. circuits boards, the main chassis
being cquipped with edge connectors
intc which these boards are plugged,
alignment being ensured by guides.
The modules are retained in the main
frame by captive screws. Input, out-
put and mains connection are situated
at the rear of the case. The amplifier
is constructed on a rigid sheet plated
steel chassis and provided with ade-
quately = ventilated removable steel
covers when used as a frec standing
amplifier. For rack mounting thesc
covers become optional and the case end
plates are changed to provide standard
19in G.P.O. rack fixing. The inputs
are: microphone, low impedance 15-
500 balanced with a sensitivity of
50¢V; tape, high impedance 27042
unbalanced, sensitivity 150 mV; gram,
high impedance 2MQ unbalanced,
sensitivity 120 mV; radio, high imped-
ance 270kQ unbalanced, scnsitivity
150mV. The controls consist of micro-
phone module : bass filter, gain control,
tape, gram, radio modules: treble con-
trol +15dB at 10kHz, bass control
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Dis-
tortion is less than 1% for full output
on 10W, 25 W and 75 W models. Re-
sponse for microphone is +2dB 50Hz
—10kHz and music +2dB 40Hz—

+12dB at 100 Hz, gain controi.

12kHz. Noise on microphone is better
than 50dB and on music it is better
than 60dB. The dimensions are:
standard free-standing unit 163 X7X
10in deep; rack mounting model 19X
7x10in deep. Associated Electronic
Engineers Ltd., Dalston Gardens, Stan-
more, Middlesex.

WW 304 tor further details

|

LEGEND INDICATOR

USING a bright-glow neon iamp, the
miniature Bulgin mains legend indi-
cator is operated directly from 200-
250V. The power consumption is
approximately 1W, with negligible
temperature rise. Connections are by
110 Scries push-on tags cqually suit-
able for direct soldering. The two
styles of legend available are black
characters on lit amber background, or
lit amber characters on a black back-
ground. This component will fit into
a panel cut out to 132inX0.512in.
A F. Bulgin & Co. Ltd., Bye-Pass
Road, Barking, Essex.

WWw 305 tor further details

Flat-L.ens Photodevices

TWO MINIATURE silicon planar

| photodevices from SGS-Fairchild Ltd.,

|
|

the BPY66 and BPY67, are said to
entirely eliminate cross-talk and cross-
light problems in photoelectric reading
systems for punched card and punched
tape equipment. Contained in her-
mctically sealed cylindrical Kovar cases
only 2mm diameter by 4.5mm long,
they feature a coaxial flat-lens construc-
tion that enables them to be mounted
absolutely flush in the reading head so
that each device receives light only
from its associated source. Mounting
can be achieved without the nced for
critical alignment, thus simplifying
manufacture and maintenance of the
equipment, Both devices are manufac-
tured from specially diffused silicon
chips which, despite the unusually small
device dimensions, have a very large
base surface to trap the maximum num-
ber of photons. Their planar construc-
tion guarantecs an inherently low dark
current and a high light-to-dark current
ratio, enabling them to be used at very
low light levels. The BPY66 is a sen-
sitive photo-transistor capable of pro-
viding a photocurrent of 03mA
minimum in a light level of only
10 mW/cm®. As it operates cfficiently
with tungsten lighting, it can be
employed in optically toupled circuits,
coding equipment, character recognition

wwWw americanradiohistorv com

The BPY67 is a
photo-diode which, in the reverse-bias

and process control.

mode, features good photocurrent
linearity. In the photo-voltaic mode,
its open-circuit voltage varies in a loga-
rithmic manner suitable for servo-type
applications such as horizon detectors
and proportional followers. A prime
attribute of the BPY67 is speed; it is
at least 10 times faster than a photo-
transistor permitting detection of laser
beam modulation up to several MHz.
WwWWw 306 for turther details

Feed-through Terminal

A MINIATURE feed-through terminal
engineercd for insertion into panels
0.320in thick is available from Seal-
ectro. Designated press-fit part no.
FT-160-TUR, the new feed-through
has a 0.148in minor diameter measur-
ing 0.500in long. When installed in a
0.125in or thicker panel, the insertion
hole is 0.144in+0.002 diameter with a
60° countersink to a diameter of
0.174in+0.010—0.002. It features a
gold over copper-plated brass lug, rated
for 5.5 A continuously. Sealectro Ltd.,
Walton Road, Farlington, Portsmouth.
WW 307 for further detailis
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Micro-miniature Coaxial Connector

SUITABLE for matched impedance
coupling of 50 lines, an r.f. micro-
miniature coaxial connector by Thorn
Special Products Ltd. has overall
dimensions of 0.625in length and
0.103 in diameter. Its low-loss charac-
teristics result in a voltage standing-
wave ratio of less than 1.16 at a
frequency of 3.5GHz. With simple
push-pull coupling, the connector allows
rapid assembly or servicing of
miniaturised u.h.f. equipment. Contact
resistance is less than 4mQ and the
operating temperature range is —55°C
to +200°C. Made of gold-plated

copper alloy, with crimped connections, |

the connector is internally insulated
with p.tf.e. The disengaging force of
a mated connector is in excess of 4.4 N
(16 ozf), while cable retention in each

Rl

32”?2

-

half of the connector is greater than
44N (101bf). The micro-miniature
connector is supplied as a completed
cable assembly, the pin and socket each
being assembled with a 12-in length of
50€) Teflon jacketed coaxial cable
(RG.178BU). Alternative lengths are
available to order. Thorn Electrical
Industries Ltd., Thorn House, Upper
Sairt Martin’s Lane, London, W.C.2.
WW 108 for turther details

1.C. Audio Amplifier

AUDIO amplifier type PA 222 is an
encapsulated eight-lead dual-in-line in-
tegrated circuit by General Electric
(US.A). It is intended for consumer
and light industrial applications with a
l-watt output rating. The supply volt-
age required is 25V, the power gain
is said to be 72dB with a 220 load;
with one watt output the noise
figure is —55dB. This unit has a fre-
quency response of +3dB over the
range S55Hz to 15kHz. Price is
£1 16s 0d and data sheets are available.
Jermyn  Industries, Vestry Estate,
Sevenoaks, Kent.

WW 309 for further details

H.F. Communications Receiver

A NEW communications receiver
(RC410/R) with a built-in frequency
synthesizer has been introduced by
G.E.C. (Electronics), replacing their
BRT 400 range which ran to ecight
marks over the course of 20 years. The
receiver covers 2-30 MHz and has
facilities for s.s.b. reception (upper or
lower sideband) as well as c.w., m.c.w.
and d.s.b. The signal frequency is dis-
played digitally on a bank of in-line cold
cathode tubes, the display being locked
to the frequency synthesizer. Unusually
the receiver is single-knob-tuned in
1kHz or 100Hz steps and has the
“feel” of a conventional free-tuning
receiver; frequency stability is quoted as
being SHz at 30 MHz. A fe.t is em-

ployed in the front end to provide a
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good cross- and inter-modulation per-
formance. Crystal filters are incorpor-
ated for Al, A2 and A3 modulation and
a sideband filter for A3a and A3j is
included. Sensitivity for 12 dB (signal-

noise)/noise at the output in the A2, |

A3 mode is 2.5V and in the Al, A3a,
and A3j better than 0.5 2V. The audio
stage provides 1 W into 3Q or 10 mW
into a 6009 balanced foad. Image
response is greater than 60 dB below
signal response and other spurious
responses arc at least 70dB down on
the signal. Second- and third-order
intermodulation  selectivity is better
than 60dB below signal response. A
notch filter with a 6 dB bandwidth of
800 Hz tunable 4kHz about a centre
frequency of 100 kHz providing a rejec-
tion of at Jeast 30dB s
incorporated. A three-position
switch selects a.g.c. attack times
of 10, 20 or 30 ms and a.g.c.
performance is such that the
audio output level will not vary
more than 6dB for an input
level variation of 90 dB referred
to 1uV. G.EC. (Electronics)
Ltd., Communications Division,
Spon Street, Coventry CVI1
3AZ.

WWw 310 for further details
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'R.F. Bridge

| AN IMPEDANCE bridge for accurate

measurements in the 400kHz to

60 MHz range is now available from

General Radio Co. (UK.) Ltd. The
| 1606-B radio frequency bridge is adapt-
| able to coaxial connectors, and in par-
ticular the GR900 precision coaxial
connector, for convenience in making
highly repeatable measurements on de-
vices fitted with such connectors. The
GR900 coaxial connection also simpli-
fies calibration of the bridge with
precision resistance and capacitance
standards. The screw-type terminals
on the basic instrument can be adapted
to GR900 coaxial connectors with the

1606-P2 adaptor kit, and to other
coaxial systems with appropriate
adaptors. The resistance range of the

bridge is 0 to 1k, and the reactance
range is +5KkQ at 1 MHz (at other fre-
quencies the reactance reading must be
divided by the frequency in megahertz).
General Radio Company (UK.) Ltd.,
Bourne End, Buckinghamshire.

WW 311 for further details

High currehf _\Iacuum—
Variable Capacitor

A NEW high-current small-size ceramic
vacuum variable capacitor, the CAQA-
200, by ITT Jennings is available from
ST.C. This new variable capacitor

utilizes high efficiency ceramic and
copper materials with vacuum dielectric.
The overall length is only 3.75in with a
diameter of 1.31in. The CAQA-200 is
capable of handling 50A rms. at
16 MHz. The temperature rating is
120°C by actual current testing. Capa-
| citance range is 10 to 200 pF. Peak
voltage is 3kV at 60Hz. Design of
compact transmitter tank circuits is pos-
sible with the CAQA-200. Typical uses
are as tank capacitors on medium power
fixed frequency and pre-selected fre-
quency transmitters.  STC Components
| Marketing Division, Edinburgh Way,
Harlow, Essex.
WW 312 for turther details
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INSTRUMENT RECORDER

A 7-CHANNEL instrumentation tape
recorder-reproducer, weight 301b, and
small enough to be stowed under an
aeroplane scat, is now being marketed
in the U.K. by Consolidated Electro-
dynamics. The Model 417 recorder

can, in laboratory applications, be
operated from 110/220V ac. In the
field it runs off its own built-in, re-
chargeable batteries. It is equipped
with a low mass differential capstan
drive which is said to ensure good per-
formance under difficult operating con-
ditions. Other features include dyna-
mic braking, low power consumption
(maximum 12W), and a switchable re-
produce channel for field monitoring
of all record channels. Frequency re-
sponse of the model 417 is 200 Hz to 100
kHz direct and dc. to 10kHz f.m. The
1-in head arrangement is IRIG (Inter
Range Instrumentation Group, US.A)
compatible. A choice of four new
speed combinations is offered within
the range |§in/s to 30in/s. Optional
facilities include remote control, voice
track, continuous-loop adapter, end of
tape sensor, and footage counter. Size
of the Model 417 is only 14in wide X
157% in deep X 63 in high. Consolidated
Electrodynamics, 14 Commercial Road,
Woking, Surrey.

WW 313 for turther details

Resistaince Boxes
RESISTANCE box Series 1200 by DS.
Controls gives a selection of 72 values

'DC Servomotors

| .state control.

of resistance from 1Q to 82MQ in a |

109 tolerance preferred value range
with two selector knobs. The ranges
are X 10; x100; Xx1k; X10k X 100k;
x1M, and resistance types are
high stability carbon film. Ratings
available are 1200, 0.5W; and 1201,
025W to 47MQ and 0.5W from
56MQ up. The size is 8X5Xx5 in
and the weight is 33lb. Prices are
1200, £15 10s 0d, and 1201, £19 10s 0d.
D. S. Controls, 24 Broughton Road,
Orpington, Kent.

WW 314 for turlher details
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DIRECT current servomotors capable
of reaching 1200 r.p.m. from zero in one
millisecond aYte available from Honey-
well.  First model in the series, the
HSM 30 servomotor, has very low arma-
ture inertia (0.00035 N cm s?), extremely
rapid acceleration characieristics,
(278,000 rad/s* initially at 24V), a
mechanical time constant (inertial) of
2.4 ms and a rated torque of 21 N cm
(30 0zf in).  Design of the servomotor
represents a complete break from con-
ventional motor design geometry in that
all the rotating iron has been removed,
leaving a moving coil, shell-type rotor
configuration.  Coils are encapsulated
in a hollow, cylindrical shell of special
high-temperature material, and a four-
pole permanent magnet circuit is em-
ployed, using extremely high flux den-
sities. In use the HSM 30 will start
or stop in less than half the time of
other motors of comparable frame size
(40 in diax3.6 in long). It can be
directly coupled to the load for inertia
match, so that gearing and belts can be
eliminated, and can replace motor-brake
or motor-clutch combinations, with the
added advantage, in many cases, of solid
The new servomotor is
suitable for use with tape <capstan
drives, intermittent motions, machine
toel drives, drafting machines, digital
and analogue positioning, computer

l

printers, readers, memory disc packs,
etc. Honeywell Controls, Ltd., Brent-
ford, Middx.

WW 315 for further dctails

RESONANT GATE TRANSISTOR

A NEW solid-state device called a re-
sonant gate transistor (r.g.t) is now
available. in evaluation quantities from
Westinghouse  Electric  Corporation.
The r.g.t. is a frequency selective device
capable of providing Qs from 20 to 200,
and its availability offers a solution to
the problem of building tuned circuits
without inductors. The operation of
the r.g.t. results from a mechanical re-
sonating beam or “tuning fork” of
minute proportions actuated by electro-
static forces. A signal voltage, when
superimposed upon a larger constant
polarization voltage, sets the resonating
beam in motion. Vibration of the beam
is sensed by a conventional m.o.s. ficld
effect transistor for which the beam
serves as the gate electrode. The fre-
quency range of the r.g.t. is at present
limited to about 3kHz-30kHz but
higher frequencies can be obtained by
using an overtone mode of vibration.
Westinghouse  Electric  International,
1-3 Lr. Regent St, London, S.W.I.

WW 316 for turther detalls

Biaxial Field Electromagnet

THE SCIENTIFICA 2 inch electro-
magnet has features that make it suitable
for both research and advanced teaching.
Either standard plane pole caps or ones
with an axial bore hole through them
can be used. The magnet is therefore
supplied with two sets of pole caps, one
being plane with optically polished
fages, while the other pair are similar,
but have in addition an axial hole of
1 in diameter. This enables additional
experimental investigations to be car-
ried out. In order to ensure maximum

e
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field homogeneity for all field settings,
the pole ferrous caps are precicion
machined and the pole faces are greu-d
and polished to a flatness of 0.001 inch.
A typical value for field hoirogeneity
with an air gap of # in and field strength
of 2.4 x 10° A/m (3,000 gauss) is 1 p:-
in 10° over a volume of 0.1 ml. The
magnet is therefore suitable for us: in a
low resolution nuclear magnetic r.son-
ance spectromcter or an X-band clec-
tron spin resonance spectrcmeter. An
all solid-state power supply has biin
designed for the 2 inch magnei,
the control circuitry of which
takes the form of an errcr 2c.i-
vated loop system. Fecdback
in this circuit compensates for
variations in both load resist-
ance and supply voltage cach
that a 1009 change in load will
result in only a small pe-centage

change in magnet current.
Scientifica & Cook Electronics
Lid., 148, St. Dunstan’s

Avenue, Acton, London, W.3.

WW 317 for further dedziis
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Low Frequency Measuring System

THE PHILIPS low fre-
quency measurement sys-
tem consists of a com-
patible family of solid
state generators, amplifiers,

attenuators and  other
equipment  designed to
meet neéw needs of

measurement. The first six
instruments in the range
are now in quantity pro-
duction and a further six
are already planned and in
the design stage. Others
are envisaged for the future. Each in-
strument is self-contained and can be
used singly or in combination with
others in the system. Complete test
sets can be assembled in minutes for
special purposes and dismantled when
ne longer required and the individual
units put to other work. A valuable
feature of the system is the extension
of the frequency range at both ends of
the spectrum well beyond the ordinary
concept of low frequency, the new fre-
quency range extending from 0.0005 Hz
to 1 MHz. This considerably increases
possible applications and widens the
appeal of the equipment. Typical
applications include frequency ampli-
tude response, gain measurement, gain
response, gain response of attenuators
and filters, two-tone tests, transmission
tests, servo and process control
measurement, medical electronics and
education. Instruments now available
include Type PM 5160 wide-band oscil-
lator covering the range 1 Hz to 1 M Hz.
Features include capacitance tuning giv-
ing high resolution and a buffer ampli-
fier to isolate the oscillator from the
load. Type PM 5168 function generator
is a function generator with some

Simultaneous outputs

unique features.
give sine, triangular and square wave-

form signals at a fixed amplitude. One
of these waveforms is also available
simultaneously from a fourth output
but with adjustable amplitude and d.c.
shift. A “hold” facility enables all
waveforms to be held static at will. A
mark/space ratio switch effectively
provides ramp facilities. Single shot and
external trigger facilities add to the
versatility of the instrument. Frequency
coverage is from 0.0005Hz to 5 Hz.
Like the PM 5168 function generator,
this instrument also has sine, triangular
and square wave outputs but the
PM 5162 has an internal oscillator which
can be switched on to three different
sweeping ratios. Both the sweep fre-
quency and sweep width are adjustable
up to a maximum of 1:10,000. Addi-
tional features are single cycle sweep,
external frequency modulation, and a
frequency analogue output. The latter
facility provides an output voltage pro-
portional to the logarithm of the fre-
quency. M.E.L. Equipment Co. Ltd.,
Manor Royal, Crawley, Sussex.

WW 318 for further details

Paper Tape Reader
PAPER tape reader GNT 24, made in
Denmark, is a motor-driven reader that

714

can accept 5, 6, 7 or 8 channel tape or
edge punched cards. Tape/card trans-
portation is accomplished with a feed
rake rather than the conventional
sprocket wheel, and the equipment will
read at up to 50 characters/sec step-by-
step or 70 characters/sec continuous

running. Sensing is mechanical and the

motion of sensing pins is transferred to
set reed switches in a contact unit. The
switches remain set until the next read-
ing action takes place. The dimensions
of the reader are 63in x 6}in X 3iin and
it is normally supplied as a free stand-
ing unit. A panel mounting version and
spooling facilities will be available soon.
Great Northern Telegraph Works, 5 St.
Helen’s Place, London, E.C.3.

WW 319 for turther details
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THYRISTOR-DIODE
KIT

A THYRISTOR-diode kit has been in-
troduced by International Rectifier,
Hurst Green, Oxted, Surrey. The new
kit is complementary to the IR zener
“40 Plus” Semiconductor Kit which
was designed for the circuit designer,
development engineer and laboratory
technician. The new kit provides all
the semiconductor components required
to set up single-phase and three-phase
circuits for use in such applications as
motor speed control, solid state switch-
ing, voltage control, temperature con-
trol, controlled battery chargers, light
dimmers and flashers. The kit costs £12
and includes a design handbook, a thy-
ristor slide-rule calculator, a selection
of useful circuits, 15 thyristors and
diodes with p.i.v. ratings from SOV to
800 V and current ratings of 600 mA to
8 A, and a 2N2160 unijunction transis-
tor. International  Rectifier, Hurst
Green, Oxted, Surrey.

WW 320 for further details

ﬁptical ]ncremeﬁt Encoder—

OPTICAL increment encoders by
Moore Reed Ltd., are housed in a
3.062in diameter frame. The electrical
output consists of 1,000 on-off square
waves for one shaft revolution. A
second output, of the same resolution
but displaced relative to the first by a
quarter cycle, provides mecans of direc-
tion sensing. Complement signals of
both outputs are also provided 1o facili-
tate doubling the number of cycles by
means of an Exclusive OrR gate. Thus
4,000 “edges” per shaft revolution can
be realised. A fast rise time of under
2pus can be obtained and thus the
square wave can be maintained from
effectively zero (shaft speed) up to 6,000
r.p.m. (100kHz) with little change in
mark/space ratio. A marker pulse
oocurring once per shaft revolution is
also provided. Two additional outputs
give “lamp healthy” or “lamp failed ”
signals. Long lamp life is achieved by
a factory soak test to eliminate early
mortalities, and under-running the lamp
by 20% to 30% of its capacity. An
additional feature is an easily inter-
changeable lamp and lens assembly.
The amplification, squaring and buffer
circuits are self-contained. Accurate
control of shaft and spigot dimensions,
shaft run-out and squareness, enables
the encoder 10 be used where high pre-
cision is needed in the relationship
between pulse output and shaft rotation.
Moore Reed & Co. Ltd., Walworth,
Andover, Hants.

l WW 321 for further detalls
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DOUBLE BALANGED
MIXERS

BROADBAND double-balanced mixers
from Hewlert-Packard are housed in a
compact package (1:63Xx0.70 X 0-43 in)
for mounting directly on printed circuit
boards or in strip-line circuits. The
10514B, retains the characteristics of
the 10514A but is in a more compact
package, and is offered at a lower price.
The frequency range of the 10514B is
0-2 to 5000 MHz at the local oscillator
and signal ports; the third port is d.c.
coupled. The frequency range of the
10534A, with BNC conncctors, and the
companion printed-circuit mounting
Model 10534B, is 50 kHz to 150 MHz.
As suppressed carrier modulators de-
riving sum and difference products of
two input frequencies, the double-
balanced mixers serve either as up-con-
verters or down-converters with appro-
priate band filtering at the output. D.C.
coupling at the X port enables them to
serve also as phase detectors. Con-
versely, the X-port can be used as the
input for a signal that modulates a sig-
nal applied to either of the other ports.
These broadband, untuned mixers are

thus useful as pulse modulators, capable |

of high carrier suppression between
pulses, as current-controlled attenua-
tors, as a.m. modulators, and also as
spectrum or comb generators. Of par-
ticular importance, the if. noise speci-
fied for all the H P mixers is claimed to
be very low (less than 0-1xV per
root cycle at an output frequency of
10Hz). Mixer conversion loss (single
sideband) of the 0.2—500 MHz Model
10514B is less than 9dB over the full
input frequency range, and less than
7dB, typically 6dB, in a frequency
range of 0.5 to 50 MHz. Mixer conver-
sion loss of the 0-05— 150 MHz Models
10534A and 10534B is less than 6-5dB,
between 0-2 and 35 MHz, and less than
8 dB throughout the rest of the range.
Dther performance data and compre-
hensive specifications for these mixers
are given over a wide environmental
range. By the use of hot=carrier diodes
in the diode-bridge modulator circuit,
these double-balanced mixers have high
carrier suppression. Intermodulation
products arc also exceptionally low. All
of the double-balanced mixers are
designed for and specified in 50Q sys-
tems. Prices of the double-balanced
mixer family for single unit purchases
are Model 10514B 0-2 to 500 MHz PC
mixer £57; Model 10514A 02 10 500
MHz BNC mixer £69; Model 105348
50 kHz to 150 MHz PC mixer £23; and
Model 10534A S0kHz to 150 MHz
BNC mixer £29: Hewlett Packard Ltd,
224 Bath Road, Slough, Bucks.

WW 322 for further details
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Bi-directional Counter

A BI-DIRECTIONAL solid-state
pulse counter (by A & R Design
Ltd) has a six-digit wide-angle
view neon indicator display and
direction sign, and is available
either enclosed (as illustrated in
photograph) or in open form for
standard 19in rack mounting. De-
signed primarily for use with opti-
cal gratings using the moiré fringe
effect for either linear or radial position
indication, these counters can be driven
by other transducers or signals. Driven
by an optical grating transducer of suffi-
cient accuracy, the counter can read
position to within 1xm (0.00004in) linear
or within 30sec of arc radially. Alterna-

tively, the counter can be driven by any |

sine or square wave or pulse input at
speeds up to 100 kHz, and because of
its bi-directional nature if 2 inputs are
employed that are 90° out of phase
the direction of the count can be re-
versed by changing the phasing of the
inputs, giving true bi-directional count-
ing. The standard counter is fitted
with a sign change at zero and the direc-
lion of the count is also reversed at
zero, giving‘a true zero with upward
count in either direction with
change clearly indicating direction of
count. The counter can be supplied
with transducers and can also be sup-
plied with predetermining counters, for
sequence operations; with print-out
units recording individual and total
counts, for measuring, inspection  Or
statistical analysis; and with automatic
zeroing and remote control and print-

R

sign |

o

out facilities. Power supply 200/250V
SOHz, 110V, 60Hz, or 24V dc. to
special order. A & R Designs Lid,
1 Vineyards, Bath, Somerset.

WW 323 tor further details

Driver Transistor

A SILICON planar transistor, type
BSW70, by Mullard, is primarily in-
tended  for driving  cold-cathode
numerical indicator tubes. It has a
Vego Of 60 V and therefore adequately
meets the “off” requirements of the
number tube’s cathodes—an essential
condition for good visual performance.
The BSW70 will become part of the
company’s “Practical Planar” range.
Brief data is as follows:— Vgromax.
100 V, Vegy (at Iy 10pA, 25°C) 75V,
Vegsat. (at Io 2mA) 05 V, hpg (at
Io 2mA, Vg 5 V) 50 min, P, con-
tinuous is 250mW. Encapsulation
TO-18. Mullard Ltd., Mullard House,
Torrington Place, London, W.C.1.

WW 324 tor further details

White Noise Test Set

THE Marconi Instruments white noise
test set is an equipment used in the
measurement of noise interference in
wideband telecommunications systems.
The test set comprises a noise genera-
tor, with bandwidth extending from be-
low 12kHz to above 12.388 MHz, and
the noise receiver. The latter, con-
nected to the receiving end of the link
system, is switch-tuned to the centre
frequency of a quiet test channel, and
the noise breakthrough into the quiet
channel is measured in terms of rela-
tive or absolute power. It is fitted with

an internal standardising noise source,
so that its sensitivity can be set up inde-
pendently from the noise generator
This feature is necessary when the re-
ceiver is to be used for out-of-band
testing, utilizing the traftic as the noise
source. A pW scale has been added to
the attenuator calibration to facilitate
measurement in terms of absolute
power per unit bandwith. Provision is
made for adjusting the sensitivity on
each reception channel independently,
so that the sensitivity of the receiver can
be equalised over its working range.
" The price of the TF 2092A

-
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noise receiver is £415. The
price of the OA 2090A white
noise lest set comprising the
noise generator and receiver is
£787. Marconi  Instruments
Ltd,, St. Albans, Hertfordshire,
England.

@

WWw 325 for further details
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Adjustable Loudspeaker

TO enable adjustments to be made for
specific acoustic conditions desirable in
recording, broadcasting and television
studios, the Tannoy Monitor Gold
speaker has a panel accommodating the
treble roll-off and treble energy con-
trols. The roll-off control permits
extreme treble response to be attenu-
ated while the energv control reduces
the treble response from the cross-over
point upwards. Of interest to gencral
users is that the impedance of 8{ now
available in this type of speaker (dual
concentric) is held to within close limits
making this unit particularly suitable for
use with solid-state amplifiers. The
mass of the 1f. diaphragm assembly has
been increased in order that the bass
responsc will be better maintained in
smaller enclosures. The 15in unit h.f.
diaphragm has been modified to use a
lighter voice coil yielding an improve-
ment in high frequency response. The
crossover has been modified on the
three units in this range, the “15,”

Variable Power Supply

VARIABLE power supply Type 300
incorporates regulation and control
circuits. The unit has been evolved to
cater for educational, laboratory, test,
circuit development, production and
component  evaluation  applications.
Voltage and current output monitoring
is effected by a 2% dual scale (volt/
ammeter) with a clearly calibrated con-
tinuously  variable voltage control
spanning from truc zero to 25V with
a sctting resolution of 0.2%. To ensurc
an interference-frec supply of regulated
power under the worst conditions of
supply line or load change, spurious
transients are held to less than 250 mV
while transient recovery time does not
exceed 10ps. The unit is protected
against possible semiconductor
capacitor breakdown should a reverse
polarity voltage be applied. Further
safety provisions include automatic
current limiting and a “short-circuit
proof ” facility, with automatic “reset.”
As load and line regulation is typically
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“12” and “IIILZ,”- resulting in re-
duced intermodulation and smoother
response. The frequency response,
power handling capacity and cross-over
frequencies for the “15,” “12” and
“IIILZ” are respectively, 23Hz to
20kHz; 25Hz to 20kHz; 27Hz to
20kHz; 50W, 30w, 15W; 1kHz;
1kHz; 1.2 kHz. Tannoy Products L,
West Norwood, London, S.E.27.

WW 326 for further details

held to within 0.1% and ripple and
noise do not exceed 1 mV peak to peak,
the unit meets the requirements of
most sophisticated applications. Because
of its ambient tecmperature operating
range (0-50°C), initial “turn on” drift
is kept t0 a minimum and can be
ignored for most practical purposes.
This unit can be used singly or stacked

in parallel or in series to meet higher |

voltage or multirail requirements. The
output is 0 10 24V d.c. 0.5 A from the
following inputs: 105-125V or 200-
250V ac. 50/60 Hz. Weir Electronics
Ltd., Durban Road, Bognor Regis, Sus-
sex.

WW 327 tor further details

D.C. Transducer

SOMETIMES known as a “d.c. trans-
former,” a direct current transducer is
especially applicable to the measure-
ment of d.c. in high voltag: circuits.
The device operates entirely from the
magnetic field resulting from the d.c.
The insulated current carrying con-
ductor that passes through an Airpax
d.c. transformer serves as a half-turn
d.c. signal input winding to a toroidal
magnetic core. This core is excited
from an ac. supply. Interaction of the
two magnetic fields produces an output
signal which, after rectification and
filtering in a solid-state network, is
linearly proportional to the measured
current. The d.c. transformer produces
no loading on the current carrying
circuit because of loose coupling. An
internal resistance limits the excitation
current. Response time of the magnetic
circuit is of the order of ten milli-
seconds. The Airpax high sensitivity

| d.c. transducers produce full-scale out-

puts from as little as 1mA d.c. signal
levels. The transducer fully isolates the
output (meter) circuit from the input
(metered) circuit in a manner similar to
the isolation provided by instrument
transformers used in metering a.c.
circuits. With the d.c. transducer, d.c.
in  high wvoltage circuits can be
measured 10 an accuracy of +1.0% of
full-scale. The internal circuit is de-
signed for continuous operation and
long life. The instrument is claimed to
retain its accuracy from 0°C to +50°C
and with a +59% variation in the 115V
ac. supply. The cxcitation is 60Hz
(50 Hz available on special order). Over-
loads in the input current line do not
damage the unit, nor do short circuits in
its output circuit. Airpax Electronics,
Seminole Division, P.O. Box 8488, Fort
Lauderdale, Florida 33310, U.S.A.

WW 328 for further details

DIGITAL CLOCK

TIME indication by the Racal inte-
grated circuit digital clock Type 812,
is in hours, minutes and seconds. Dis-
play is through six in-line numerical
indicator tubes. ‘Timebase facilities
offered include an internal standard
derived from a 1 MHz crystal oscillator
or 50 Hz mains power frequency. The
crystal oscillator has a _short-term
stability of +1 part in 10° because of
cyclic oven control; long term stability
is typically within three minutes of
nominal setting over a period of a year.
The 50 Hz stability is dependent on the
mains supply. Also available are ex-
ternal standard frequencies of 1 MHz,

www americanradiohistorvy com

100kHz, or 1Hz, at a level of 1V
r.ms. Other features of this clock in-
clude a timebase failure alarm and the
following controls: (1) initial time set-
ting, (2) clock start and synchronization
(3) time adjustments during operation,
and (4) zero reset; and time interval
measurements (stop watch application).
The electrical output of information is
4 line b.c.d. weighted 1248 code per
display unit, “0” state logic. Options
available are higher stability timebases
(two) and an alternative power supply.
Racal Instruments Ltd., Dukes Ride,
Crowthorne, Berkshire.

WW 329 for turther details
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R Trimmer

A MINIATURE rectangular trimmer
by Reliance Controls Ltd,, although a
discrete component, is intended for use
with integrated circuits or where space
is at a premium. The trimmer, Type
CWS0, is 0.75in long, 0.165in wide,
0.28 in high, and has been designed for
printed circuit applications with pins on
the standard 0.1in matrix. Operating
torque is 2.1 N cm (3 ozf in). The re-
sistance range is 100Q to 20 k. Tem-
perature range is —65° to +125°, and
the power rating is 1 W at +40°C.

WWw 330

for further details

4-channel f.e.ts

EIGHT new 4-channel f.e.t. switches,
the G125F to 132F, are available in the
Siliconix line of multi-channel fe.t.
switches and drivers, now available in
this country from U.E.CL. These n-
channel junction devices, packaged four
to a TO-84 can, are designed primarily
for switching applications; however, they
are also useful in amplifiers and volt-
age-controlled-resistor and constant cur-
rent applications.

drain configurations, four r,,, and two
Vp ranges in each configuration. Maxi-
mum pinch-off voltages are 5 and 10;
maximum “on”
250, 90 and 45Q. The fe.ts have low
I.ss 0.1 and 0.2 nA max. depending
on device type, and 0.05 and 0.1 nA
max Ipopr) and Ig (ope). N-chan-
nel junction fe.ts provide several ad-
vantages; very low “on” resistance per
unit capacitance, trade-off between Vp
and r,.,n) to lessen the drive swing
requirement and low leakage. On spccial
order, Siliconix will package any of its
junction f.e.ts in a flat package. Ultra
Electronics (Components) Ltd., Micro-
electronics Division, 35-37 Park Royal
Road, London, N.W.10.

WW 331 tor turther detalils
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The series offers a |
choice between separate or common- |

resistances are 500, |

THE HOUSE OF BULGIN

AT YOUR SERVICE

A SMALL SELECTION FROM OUR RANGE OF
OVER 300 MOULDED INSULATION SWITCHES

An ever-increasing range of superior quality Miniature Switches, produced trom the
finest materials available, by fully automatic processes with constant testing to ensure
the highest degree of reliabllity and finish. Fine Silver Contacts.

Single Pole models are available either Change-Over rated 250V. 2A~ or Make-Break
rated 250V. 3A.~. Double Pole models are basically Change-Over, rated 250V. 2A.~
' and easily wired to give Make-Break contacting.

! SINGLE POLE RANGE

List No. $.M.265/PD
| Toggle Operated

List No. S.R.M.259, TERM
Successional Push Action

List No. S.M.357
Biased Push Action

—_—

List No. S.M.593
Slide Operated

List No. S.M.319
Key Operated

DOUBLE POLE RANGE

List No. S.M.254
Semi-Rotary Shaft

| List No. S.M.270/PD
Toggle Operated

List No. S.R.M.270 List No. S.M.446
Successional Push Action Push Pull Operated

For full details send for leaflet 1509/C free on request.

MANUFACTURERS AND SUFPPLIERS OF RADIC
AND.ELECTRONIC COMPONENTS TO
ADMIRALYY MINISTRY OF WORKS
WAR OFFICE MINISTRY OF AVIATION
HINISTRY. OF SUPFlY
RESEARCH ESTABLISHMENTS
[VE & ¥ ¥ W

A.F. BULGIN.& CO. LTD.,
Bye Pass Rd., Barking, Essex.

Ba.C
6.r.0.
LT.A
N.P.L
D.SIA

AR MINISTRY

HOME OFFICE
‘CROWN AGENTS

Tel: RIPpleway 5588 (12 lines)"

717

WwWWW._americanradiohistorv com


www.americanradiohistory.com

FEBRUARY MEETINGS

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

LONDON .
Ist. ILE.R.E.—*Satellite communication
systems and the diverse engineering tech-
niques whichk they require ” by C. F. David-
son at 6.0 at 8-9 Bedford Sq., W.C.1.
2nd. LE.E.—Colloquium on “ MOSTs
for analogue switching” at 2.30 at Savoy

PL, W.C.2.
5th. LB.E.—*“Future trends in the
design of subscribers’ telephone instru-

ments ” by F. E. Williams, F. A. Wilson
and K. A, T. Knox at 5.30 at Savoy Pl,
w.C.2.

6th. LEE. & R.Ae.S.—“ Automatic
landing of aircraft—contro! techniques in
all-weather aircraft operations” by K.
Smith at 5.30 at Savoy PL, W.C2.

7th. 1EE-—“A new electrostatically
focused and deflected vidicon” by Dr.
H. G. Lubszvnski, N. Barford, Dr. B.
Mayo and J. Wardley and ‘Beam separa-
tion and low-noise read-out in isocons”” by
P. C. Ruggles, Dr. N. A, Slark, D. P.
Mouser a;d P. H. Batev at 530 at Savoy
1., W.C.2.
7th. LE.R.E. & LE.E.—Colloquium on
“Fluid logic in peripheral equipment for
computers ” at 6.0 at the London School
of Hygiene and Tropical Medicine, Keppel
St., W.C.1.

8th. LE.E.—* A system for transmission
and display of weather information” by
R. H. D. Hardy at 5.30 at Savoy Pl., W.C.2.

8th. Inst. Electronics.— Measurement
and control in the wire and cable industry >
by P. Baxter at 6.45 at the School of
Hy(%iene & Tropical Medicine, Keppel St.,
W.C.1.

9th. LE.E.—*“ Evanescent mode filters
by G. F. Craven at 5.30 at Savoy Pl., W.C.2.

9th. R.T.S.—“A comparison of wired
and wireless broadcasting for the future”
by R. P. Gabriel at 7.0 at 1.T.A., 70 Bromp-
ton Rd, S.W.3.

13th. LE.R.E.—“The MOST integrated
circuit ” by P. Cooke at 6.0 at 8-9 Bedford
Sq., W.C.1.

14th. I.E.E.—* Stimulus or constraint?
The interplay of computer design and use »
by F. J. M. Laver at 530 at Savoy Pl,
w.C.2.
1Sth. I.E.E.—Colloquium on *Direct
digital control of systems and processes ” at
2.0 at Savoy PlL, W.C.2.

16th. I.E.EE.—“A position fixing aid to
marine surveying” by J. K. V. Lee at 5.30
a: Savoy P1, W.C.2.

21st. LE.R.E.—Symposium on “ Inte-
grated harbour radar systems” at 6.0 at 8-9
Bedford Sq., W.C.1.

23rd. R.T.S.—“Data presentation by
visual displays” by R. A. Ward and M. H.
Cuﬂign at 7.0 at I'T.A, 70 Brompton Rd.,
S.W.3.

27th. I.E.E.—Colloquium on *“ Develop-
ments towards a computer-based informa-
tion service in physics, electrotechnology
and control” at 2.30 at Savoy Pl., W.C.2,

28th. I.EEE.—* Measurement as an aid
to archacological resecarch” by Dr. E. T.
Hall at 5.30 at Savoy Pl., W.C.2.

28th. LE.R.E.—*“Ultrasonic delay lines
and their uses in television ” by R. Gibson
and S. M. Edwardson at 6.0 at 8-9 Bedford
Sq., W.C.1.

BASINGSTOKE

8th. LE.R.E—*“High voltage pulse
techniques in fusion rescarch ” by Dr, N. R.
McCormick at 7.30 at the Technical
College.
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BIRMINGHAM

20th. R.T.S. & LE.R.E—*“Colour is
oua future ” by Bill. Ward at 7.0 at A T.V.
Lid.

BRIGHTON

13th. LE.R.E.—“Radio astronomy” by
J. M. H. Hill at 6.30 at College of Tech-
nology.

BRISTOL
5th. LER.E. & LEE.—“Computer
control systems for materials handling

plans” by J. P. Coley and W. J. Castens
at 6.0 at the University, Queens Building.

13th. R.T.S.—*“Colour TV receivers—
general design problems ™ by B. J, Rogers
at 7.30 at B.B.C., Whiteladies Rd.

CAMBRIDGE

Ist. LE.R.E. & LLEE.—*“ Recent devel-
opments in wideband aerials” by M, F.
Radford at 8.0 at the University Engineer-
ing Laboratories, Trumpington St.

29th. LE.R.E. & I.E.E.—“ The theory
of oscillators ” by P. ]. Baxandall at 8.0
at the University Engineering Laboratories,
Trumpington St.

CARDIFF

9th, S.E.R.T.—* Field effect transis-
tors” by E. F. Munroe at 7.30 at Llandaff
Technical College, Western Ave.

14th. LE.R.E.—*Electronic techniques
ir electro-physiology ” by D. P. Nelligan
at 6.30 at University of Wales Institute of
Science and Technology.

14th. R.T.S.— Techniques for ‘ pop
music recording ” by D. Heelis at 7.30 at
Broadcasting House, Llandaff.

CHESTER

14th. LE.E.T.E.—“The laser” by Dr.
P. T. Andrews at 7.0 at College of Further
Education, Eaton Rd.

CHESTERFIELD

sth. S.ER.T.—“U.H.F. reception” by
B. M. Goodwin at 6.30 at College of Tech-
nology, Infirmary Rd.

COVENTRY

5th. LE.R.E.—“ Post Office towers and
trunks > by J. C. Billen at 7.15 at Lanches-
ter College of Technology, Priory St.

DUNDEE

. 7th. I1Prod.E.—“An introduction to
integrated circuits and methods of manu-
facture” by J. T. Brown and C. Turner
at 7.30 at Queen’s Hotel, Nethcrgate.

EDINBURGH

13th. LE.R.E. & LEE.—*“The use of
satellites for long-distance telecommunica-
tions ” by H. Stanesby at 6.0 at Carlion
Hotel, North Bridge.

23rd. S.E.R.T.—* Colour television
by J. C. Allen at 7.30 at Napier Technical
College, Colinton Rd.

EVESHAM

27th. LE.R.E.—“Slow motion video
disc recording” by C. R. Webster at 7.0
at B.B.C. Club.

FARNBOROUGH

22nd. L.E.R.E.—* Electrical interference
in_electronic systems ” by D, Harrison at
7.0 at Technical College.

GLASGOW
12th. LERE. & LEE.—*“The use of
satellites for long-distance telecommunica-
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tions ” by H. Stanesby at 6.0 at University
of Strathclyde.

21st. LE.E-T.E.—* Cybernetics in man-
agement” by W. A, Gay at 7.0 at Uni-
versity of Strathclyde, Montrose St.

GRANGEMOUTH

22nd. S.Inst.Tech—*“Gas lasers and
their applications ” by H. Foster at 7.0 at
Leapark Hotel, Bo’ness Head.

GREENOCK

2nd. S.E.R.T.—“Colour television” by
J. McMaster at 7.30 at Watt Memorial
College.

HALIFAX

8th. LE.R.E—* Machine tool control
transducers ” by D. Mather at 7.0 at
Percival Whitley College of Further Educa-
tsion, Department of Engineering, Francis
L.

HORNCHURCH

20th. S E.R.T.—“ Automatic landing
systems ” by F. J. Sullings at 7.0 at Haver-
ing Technical College, 42 Ardleigh Green
Road.

LINCOLN

6th. SE.R.T. “U.HF. reception” by
B. M. Goodwin at 7.30 at Technical Col-
lege, Cathedral St.

LIVERPOOL

21st.  L.E.R.E—*Electronic standards
conversion” by D. Stebbings at 7.0 at
Regional College of Technology, Byrom
St.

LOUGHBOROUGH

20th. ILERE. & IEE. “The 57
effects of electric current” by Dr. G. S.
Brosan at 6.30 at University of Technology.

MANCHESTER

22nd. CE.I—"Our present knowledge
of the universe” by Sir Bernard Lovell at
6.30 at Renold Building, Manchester Col-
lege of Science and Technology, Altrin-
cham St.

NEWCASTLE-UPON-TYNE

7th.  S.E.R.T.—“Interference” by T.
Boast at 7.15 at Charles Trevelyan Tech-
nical College, Maple Terrace.

l4th. ILE.R.E.—* Automatic landing—
some design aspects of high integrity auto-
pilots ” by R. Bishop at 6.0 at Institute of
Mining and Mechanical Engineers, Neville
Hall, Westgate Rd.

22nd. S.Inst. Tech. — “ Integrated
circuits” by W. L. Clough at 7.0 at the
Rutherford College of Technology.

OLDHAM
8th, S.E.R.T.—*Stereo broadcasting”
at 8.0 at The Technical College.

PLYMOUTH

20th. LE.E., LE.RE. & R.T.S.—* Con-
corde electronics ® by H. Hill at 7.0 at
College of Technology.

READING

13th. LE.R.E—*“On-line control” by
Dr. R. C. Butchart at 7.30 at J. J. Thomson
Physical Laboratory, The University.

STOKE-ON-TRENT

16th. S.ER.T.—“Sony video tape
recorders ” at 7.30 at North Staffs College
of Technology, College Road.

WAKEFIELD

29th. LEE.T.E—* The application of
thyristors in industry ” by E. J. Pepper at
g.o at Adult Education Centre, Queen
treet.
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When is an Avo meter not an Avometer?

VALVE CHARACTERISTIC METER @
TYPE V.CAM 163
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When it tests nuvistors, compactrons & 13-pin valves
The new Avo VCM163 Valve Characteristic Meter is one of the most versatile
valve testers ever developed. With facilities for testing valves with as many as 13
pin connections (and 2 top caps), plus recently introduced types such as nuvistors
and compactrons, the VCM163 provides both rapid fault diagnosis and compre-
hensive static/dynamic characteristics data. Nevertheless, it is even simpler to
use than previous models - no backing-off is required. A separate meter displays
mutual conductance values continuously during testing, and there is pushbutton
monitoring of screen parameters. The full range of h.t. voltage-12.6V

to 400V - can be applied to anode and screen, heater voltage is adjust- ]
able in 0.1V steps from 0 to 119.9 and grid voltage may be varied con- |
tinuously from 0 to 100V (calibrated). Get complete information about l
the VCM 163 from your local dealer or Avo Ltd, Avocet House, Dover,

Kent. Telephone Dover 2626. Telex 96283. I:cfm

AVQ MEANS BASIC MEASUREMENTS ALL OVER THE WORLD

WW—003 FOR FURTHER DETAILS
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8 TRACKS

ON 1/4" TAPE

[ ]

8/8 4/8 2/8

The ever-increasing application of digital techniques to data acquisition has prompted Marriott Magnetics to investigate'
track density in § inch wide magnetic tape. The possibility of using readily available and comparatively cheap tape
and tape transport mechanisms opens up new and attractive avenues of approach to many applications which hitherto
have been dismissed on cost grounds. This 8/8 head is a valuable newcomer to our standard range which now includes
4/8 and 2/8 in addition to the 4/4—2/4 and 1/4 configuration.

Combination Record/Playback/Erase heads to the above configuration are available for some of the above types.

Marriott Magnetics were the very first company in the world to mass-produce miniature heads, and in 1959 Marriotts scooped the world
by mass-producing a four-track head. Well over 5 million heads have been sold since then, and it is the company’s firm intention to continue
leading the world in the design and manufacture of Magnetic Recording Heads.

RESEARCH AND DEVELOPMENT

Marriott Magnetics’ research and development activities are directed towards continuously improving the mechanical and electrical character-
istics of their heads through the use of many new ideas, engineering approaches and manufacturing techniques.

Much research and development effort is applied to the development of heads with unique configurations for many special and unusual
instrumentation applications. A highly efficient pre-production group works closely with research and development to provide a fast
service of prototypes, small quantity production and special heads.

MANUFACTURING

Marriott Magnetics maintain a complete facility; fully equipped with the machines, tools, optical equipment and electronic test instruments
for mass production of precision heads. Machinery, assembly, test and inspection operations are performed by operators experienced in
close tolerance and precision assembly work.

Material handling methods are used to permit cost reduction and quick delivery of Standard Heads. Assembly, test and inspection
procedures are carried out under most controtled conditions.

ENGINEERING

Marriott Magnetics’ engineering staff has extensive experience in application of design, manufacturing and test techniques to head production
problems, and taking a new design through the prototype stage to quantity manufacture. The ability to analyse and to provide answers
quickly to engineering probiems peculiar to precision heads results in a quality product with superior operational characteristics and very
uniform production runs.

QUALITY CONTROL

Continuous piece part inspection and evaluation of each Sub-Assembly are the two basic points of Marriott Magnetics’ quality control
system. Incoming materials and parts are closely inspected to ensure that mechanical and electrical specifications are met. Al completed
heads are vigorously inspected and performance tested to ensure complete customer satisfaction.

MARRIOTT MAGNETICS LTD.

WATERSIDE WORKS PONSHARDEN PENRYN CORNWALL
Telephone: Penryn 3591-3363

WW-—004 FOR FURTHER DETAILS
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This looks like
a'B'size Ignitron

but it controls

65% MORE POWER
and saves money

The new EEV Mini ‘C’ Ignitron

It's well-known that ‘B' and ‘C’ Ignitrons are often
used for applications which call for something in
between.You can eitheroverworka ‘B’ orunderwork
a '‘C'. Whatever you do wastes money. To cut out
this waste EEV has developed a new Mini ‘C’
Ignitron which has a standard international ‘B’ size
envelope, but can handle 65% more KVA than the ‘B’
size. The new tube has a number of advantages.
Take-over voltage is low to minimise misfiring at
low current conditions, which in turn increases
ignitor life. When used in place of a standard ‘B’
size ignitron, you will find that the Mini ‘C’ lasts
nearly twice as long. The cooling water is in direct
contact with the vacuum envelope, and the inlet

EEV's new Mini ‘C’ Ignitron is available from stockists throughout the country.

Coventry Factors Ltd, Coronet House, Upper Well Street
Downes & Davies Ltd, G.P.O. Box 555. 72 Chapeltown Street
Edmundson Electronics Ltd, 60-74 Market Parade, Rye Lane, Peckham
Gothlc Electrical Supplies Ltd, Gothic House. Henrietla Street
Harper Robertson Electronics Ltd, 97 St George's Road

Smith & Cookson Ltd, 49 57 Bridgewater Street

The Needham Engineering Co. Ltd, P.O. Box 23, Townhead Street

Wireless Electric Ltd, Wirelect House, St Thomas Street

ENGLISH ELECTRIC VALVE COMPANY LIMITED cannolme RoAD. Line

has been streamlined for better water flow. This
adds up to better cooling, especially at hot spots,
and reduced clogging by sediment. Both water
connections are of the quick release type. Plastic
coating is optional. The Mini ‘C' fits standard ‘B’
size sockets, so that you can use it to uprate
existing equipment to provide new intermediate
types. Makers of welding equipment will see in the
Mini ‘C' a means of extending their range, as there
is no need for a new socket size calling for radical
design changes. Use the Mini ‘C" in place of an
overworked ‘B’ size for longer life, or to replace
an underworked ‘C' size for lower running costs.
In both cases it will save you money.

Coventry Tel. Coventry 21051
Manchester 1 Tel: Ardwick 529
London SE15 Tel New Cross 9731
Birmingham 19 Tel: Central 506!
Glasgow C3 Tel: Douglas 2711
Liverpool 1 Tei: Roval 3154,
Shetfield 1 Tel Shettield 27161

Bristol 1 Tel' Bristol 294313

N. TELEPHONE: 26352
WW—005 FOR FURTHER DETAILS AP329
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Let cathodeon
provide you with a
megacycle escort

(... anything from 1-140 motorcycles)

We at Cathodeon are very happy to sit back in our swivel
chairs and let your orders for crystals drop into the
mailbox day after day. It's a great life and doubtless has
everything to do with our reputation for a first-class
product and reliable delivery. But we know that, on
occasion, you would also welcome some assistance in
determining the optimum crystal specification for a
new or unfamiliar application. That's where you can call
on us again! If you're heading into strange territory,
chances are Cathodeon have already mapped out the
route and we’'ll gladly provide a megacycle escort to
keep you on the right road.

Got the drift? Better ‘phone Cathodeon now !—or
write to the megacycle factory, Cathodeon Crystals
Ltd., Linton, Cambridgeshire. Telephone: Linton 501.
Telex:81212. Cables :"Quartz’ Cambridge.

cathodeon

QUARTZ CRYSTALS - CRYSTAL FILTERS - CRYSTAL OVENS

WW-_—006 FOR FURTHER DETAILS
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Mercury Vapour Rectifiers

[)_A_TP\— Max. d.c. output

3-phase full wave

Peak inverse Peak anode Mean anode

Service voltage current current Voltage éurrent
Type type max. (kv) max. (A) max. (A) (xv) (A)
869B 20.0 10.0 25 19.0 7.5 ")
AH200 20.0 10.0 2.5 19.0 7.5
AH208/
857B CVv2673 22.0 40.0 10.0 21.0 30.0
AH211A Cv532 16.0 8.0 2.0 15.2 6.0
CVv5
AH221 Cv1435 20.0 5.0 1.25 19.0 3.75
AH238 Cv1629 13.0 5.0 1.25 12.4 3.75
BD10 1.0 25.0 8.0 0.95 24.0
BD12* 1.0 2 x50 2x16.5 0.95 49.5

*Full wave reclifier,

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

Coventry Fa;ov; Ltd, C ‘-ne_l Na-u;ej Jpper Well Street L Coventry Tel: Coventry 21051

Downes & Davles Ltd, G.P.O. B x 555. 72 Chapeltown Strcet Manchester 1 Tel: Ardwick 5292 B
Edmundson Electronics Ltd, 60-74 Market Parade. Rye Lane. Peckham London SE15 Tl New Cross 9731 B
Gothle Eleclv:al Supplies Ltd, d"i-h._c House. He arietta Stre Blrmlnq_ha_m \'b-i:ze]!; 5060

Warper Aobertaon Electionics L1d, 87 5t George's Road Glasgow C3 Tet Dougias 2711

Smitn & Cookaod Ltd, 49/57 Bridgewatar Streel Liverpool 1 Tel: Royal 31547

The Needharm Engineering Co. Ltd, P.O. Box 23, Townhead Street Sheffield 1 Tel. Shetfield 27161

Wi'euess-Elecmc Ltd, Wirelect House. m Street Bristol 1 Tel: Brisiol 294313 i

ENGLISH ELECTRIC VALVE COMPANY LIMITED carHoLME ROAD, LINCOLN, TELEPHONE:26352

WW.-007 FOR FURTHER DETAILS
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and when we get
‘50 the bit between our teeth
are a there's no letting go
e until we have the solution to your
transmission, shock, vibration
or what-have-you problem.
There is usually more than one way
to approach the answer
and that is where
Sijentbloc mental flexibility comes in—e
our design team
will bend over backwards
to make sure it's the best possible,
not only functionally but cost-wise too,
The spotlight is on Silentbloc
mountings, couplings, bearings,
ball joints, link assemblies and
every kind of vibration-damping device,

m SILENTBLOC LIMITED - MANOR ROYAL - CRAWLEY - SUSSEX
Telephone: Crawley 27733 Telegrams: Silenthloc Crawley Telex: 87177

Andre Rubber Co. Ltd. is another Silentbloc Company. Silentbloc products are also manyfacturad by Silentbloc (Australia) Pty. Ltd. Melbourne.
Broadway §/701

WW-—008 FOR FURTHER DETAILS
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Voltage Stabilisers

{

DATA \?csgggng Iﬂ?r?ent Regulation

Service approx. Striking voltage (V) range max.
Type type V) (o] ® {mA) V) Base
OA2  cv1832 150 185 225 5-30 6.0 B7G
OAEV'VAt_ cv4ozo— 150 165 225 5.30 5.0 87G
0B2 cvis33 108 133 210 5-30 35 876
OB2WA}  Cv4028 108 133 210 5.30 30 B7G
oc2  cvetes 75 115 T 145 5.30 45 B7G
Qs7sj20  cveeat 75 110 160 2.20 6.0 87G
QS75/60 Ccva3zsa 15 17 5-60 50 88G
QS92/10  Cvisstt 92 140 - 1-10 5.0 Br4-pin
Qs95/10 ‘cv286 95 110 ‘ 2-10 50 B7G
QS108/45 ‘Cva22 108 120 5-45 50 B8G
QS150/15  Cv287 150 170 215 5.0 B7G
QS150/45  Cv3ss 150 170 - 5-45 50 B8G
QS1202t Cv4052 108 133 ~ 210 2-15 30 B7G/F
QS1203t CV4053 150 180 225 2-15 45 B7G/F
Qs1215  Cvs173 90 T 115 115 1-40 80 B7G

% Arugged andreliable type O In normal lighting @ In total darkness + Also Cv1070 {operating voltage 100V)  Also CV5083 (operating voltage 70V)

This range-of cold cathode Voltage Stabilisers is available from your local EEV stockist. English Electric Vaives
production methods ensure the reliability and performance you are looking for and prices are competitive.

Covenuy Fa:tor»; uu.c sronet House. upperWef‘ Street Coventry Tel: Coventry 21054
Downes & Davies Ltd, G.P.0. Box 555, 72 Chapeltown Street Manchester 1 Tel: Ardwick 5292

imundson Electronics Ltd, 60-74 M'\rke! P'\rade Rve Lane. Peckhan London SE15 Tel: New Cross 9731 3
;olhlc Electrical Suppties L!d Gothic Hou : He rieila Sire Birmingham 19 Tel: Central 5060 ]
darper Robertson Electronics Ltd, S S| Georce 5 P ad Glasgow €3 Ter Douglas 2_711

3mith & Cookson Ltd, 49/57 Bri: agewaler ,lmet Liverpool 1 Tel: Roya! 3154-7

Xhe Needham Englneerlng Co Ld, P.O. Box 23. Y wnhead Street Shetfleld 1 Tel -Sn&:fncld 27161 .
Nlreless Eleclrlc le w reln;l Houst e, .St Thomas Street Beistol 3 Tel: Bristol 294313

ENGLISH ELECTRIC VALVE COMPANY LIMITED carHoLME ROAD, LINCOLN, TELEPHONE:26352

WwW—009 FOR FURTHER DETAILS
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See all these models, and many more...
in the latest HEATHKIT Catalogue

NEW! 1242W TRANSISTOR STEREO AMPLIFIER
Mode! TSA.I2

Luxury performance at lowest possible
cost

Actractive low-silhouette seyling in compact  sizes
3F° x hiIS§w X 10° deep.

® 17 transistors, 6 diode circuit @ | dB., 16 to 50,000 ¢/s at iZ watts per channel
into 8 ohms e Output suitable for 8 or 15 ohm loudspeakers #3 stereo inputs for
Grams, Radio and Aux. eModern low silhouette styling ® Attractive aluminium,
golden anodised front panel ® Handsome assembled and finished walnut veneered
cabinet available @Matches Heathkit models TFM-1 and AFM-2 transistor tuners.

Kit £30.10.0 (less cabinet) Ready-to-use £42.10.0
Beautiful Walnut cabinet £2.5.0. extra

LOW:-COST TRANSISTOR STEREO AMPLIFIER, TS-23

Incorporates all the essential features for good
quality sound reproduction from record, radio and
other sources @ 16 transistor, 4 diode circuit
® Good frequency response @ 3 wacts r.m.s.
(15 ohms) each channel ® 6 position selector
switch easily handles your rezerd, radio or tape
inputs—sterco or mono @ Separate controls pro-
vide bass boost, treble cut, amplifier balance and
volume ® Printed circuit board construction ® Compact, slimline styling ® Measures
3¢in. high x 13in. wide x 8in. deep ® Beautiful walnut veneered cabinet (optional
extra) ® Actractive Perspex front panel.

KIT £17.15.0 (less cabinet)

Walnut veneered cabinet £€2/5/- extra.

KIT £18.19.0 (with cabinet)

All models must "berform to p&blisl‘;é'd "spegiﬂc;"tioh when assembled in accordance
with the instruction manual. ALL MODELS COVERED BY MONE Y BACK GUARANTEE.

BERKELEY SLIM-LINE SPEAKER SYSTEM

® Specially designed to obtain optimum performance from
the slim elegant cabinet @ Beautiful walnuc veneered, fully
finished cabinet ® Makes attractive addition to any room @
Stood on end uses only 17in. x 74in. of floor space ® Two spec-
ially designed loudspeakers give adequate power handling for
most applications @ 12in. low resonance unit and 4in. Mid/High
frequency unit, covers 30-17,000 ¢/s. @ Build it in an evening
@ Professional attractive styling @ Use one for mono and a pair
for stereo ® Outstanding performance at a low price ® Shelf
or floor standing @ Use vertical or horizontal @ Designe to
harmonize with modern or traditional decor.

KIT £19.10.0 Ready-to-Use £24,0,0

LOW-COST SPEAKER SYSTEM SSU-I (not illustrated)

®Build it yourself in an evening @All wooden parts accurately pre-cut, drilled
and sanded eWide frequency response ®Two speclally designed loudspeakers
oHi-Fi on a budget ®Glue, sandpaper, etc. are included in kit ®Uze one for mono,
two for siereo @Finish it to match your own furnishing e16 page instruction
manua! ®7in. or I5in. legs optional extra, 14/6 @ Use vertical or horizontal.

KIT £11.17.6 (less legs)

Send for the Latest

FREE CATALOGUE

Now with more Kits more colour.

e T mr—

Fully l
describes these models along with over 150 '
models for Stereo/Hi-Fi, test and laboratory
instruments, amateur radio gear, intercom. I
radio educational kits. Includes helpful In-
formation on Hi-Fi in your home and planning
your Hi-Fi system. Mail coupon or write I
Daystrom Ltd., Dept. WWI Gloucester. i

Open Tues.-Sat. 9 a.m.-6 p.m. inclusive.

TRANSISTOR AM-FM STEREO TUNER, AFM-2

® 18 Transistor, 7 diode circuit @ AM-LW/MW, FM
Stereo and FM Mono tuning ® Automatic stereo
indicator light @ Sterco phase control for maximum
separation, minimum distortion ® Automatic fre-
quency control for positive * lock-in " tuning @ Auto~
" matic galn control for even, steady volume © Pre-
assembled and aligned "front end” FM unit e
Separatz AM and FM printed circuit boards ® Self-
powercd ® Low-silhouette styling—:natches AA-220 amplifier ® Handsome
fully finished walnut veneered cabinz:, available as optional extra. Comprising:
AFM-2T RF Tuning Heare kit £7/17/6 incl. P.T., AFM-2A IF Amplifier and power
supply kit £24/9/6.

TOTAL PRICE KIT £32.7.0 incl. P.T.

Optionai extra: Wainut vencercd cabinet £€2/5/- extra

TRANSISTOR FM STEREO TUNER, TFM-IS
(Mono version TFM-IM available)

® 14 transistor, S aiode circuit for cool instant
operation @ Mono TFM-IM and Sterco TFM-IS models
available ® Automatic frequency control ® Stereo
phase contro! to maximise stereo separation, minimise
distortion @ 4-stage IF section ensures high sensi vity
and selectivity ® Filtered outputs for direct “ beat-
free ™ stereo recording ® Automdtic stereo indicator
light ® Prealigned, preassembled ** front-end ™ tuner
and one circuit board for fast, simple assembly. Cabinet €2/5/- extra. Compriting:
TFM-TI RF Tuning Heart Kit, €5/16/~ incl P.T., TFMA-IM (Mono) IF Amplifier, Power
supply £15/3/.. Kit or TFMA-IS (Sterec) IF Amplifier, Power supply €19/2/- Kic.

TOTAL PRICE KIT (Stereo) £20.19.0 incl. P.T.
TOTAL PRICE KIT (Mono) £24.18.0 incl. P.T.

Optional extra: Walnut veneered cabinet £2 5/- extra.

&

LOW-COST SHORTWAVE RECEIVER, GR-64E

® 4 bands=3 short wave bands cover | Mc/s
to 30 Mc/s, plus 550 kejs to 1,620 kcfs AM
broadcast band e Buiit-In Sin. permarent
magnet speaker for a big, bold sound e lliumi-
nated 7in. slide-rule dial with extra logging
scale @ Easy to read lighted bandspread tuning
dial for precise station selection @ Relative
signal strength indicator aids pin-point station
tuning @ 4.valve superhet circuit plus two
silicon diode rectifiers @ Variable BFO control for code and SSB transmissions
@ Built-in external antenna connections e Built-in AM rod antenna e Fase,
simple circuit board construction assures stabilit; ® Handsome * low-boy ' styling
—charcoal grey cabinet, black front panel, and green and white band markings
# Headphone jack for private listening. Power requirements: |15, 230 v. 50-60 c/s
A.C. 30 watts. Dimensions: 134in. wide x 6in. high x 9in. deep.

KIT £22.8.0 Ready-to-Use £27.8.0
GENERAL COVERAGE RECEIVER,GG-1U (notiflustrated)

®Powerful 10 transistor, 5 diode circuit @Tunes 580 to 1,550 kefs and 1.69 to 30
Mc/s in five bands eBandspread on zll bands oFixed-aligned ceramic IF trans-
filters for best selectivity ®Pre-assembled and aligned " front-end " for fast, easy
assembly @Built-in 6in. X 4in. speaker ®Tuning meter for pin-point tuning
eCompletely self-contained for portability.

KIT £37.17.6. Ready-to-Use £45.17.6

HEATHKIT

Please Address enquiries to: DAYSTROM LTD., Dept. WW.2, Gloucester.
Tel.: 29451
ENCIOTEd i L v i mmmpivot b bisalidmorae s ...post paid U.K. only I
RIGEEe) BICTHd| {MOTOI(S) :cwa Fomt mpame ol 8 Broals 1fl e B0 T ol e A st o) P s I
Pleaseé send me FREE Heathkit Cqralogue I

VISIT THE HEATHKIT CENTRES o TSP R S iy ST [ purs) oxe oo TTEsTowd o L ETSAS S o) ST3) 5oL ST I

233 TOTTENHAM COURT ROAD;, LONDON, W.1 l
Open Mon.-Fri. 9 2.m.-5.30 p.m. Sat. 9 a.m.-) p.m. ADDRESS S ¢ihaobniitbael rasans - L S I Y T S R oL I .

AND |
17-18 ST. MARTINS HOUSE, BULL RiING, BIRMINGHAM CITY 73110 Was wembal e bdm et el 58 132 0t 0 b il

Prices and specifications.subjece 2o change without notice.
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Heathkit World-Leader in

INSTRUMENTS - HI-FI -

RADIO - Electronic kits

The construction manual provided with the kit ensures successful assembly

Sin. WIDE BAND GENERAL-PURPOSE
OSCILLOSCOPE, 10-12U

@ “ Y * sensitivity 10 mV. r.m.s. per cm, at | ke/s. @ Band-
B, width 3 c/s-4.5 Mc/s. @ Frequency compensated input
attenuator Xi, X10, X100. T/B, 10 ¢/s-500 kcfs. in 5 steps.
® Two extra switch selected pre-set sweep frequencies in
T/B range. ® T/Boutputapprox. 10v. peak to peak. ® Buile-
in IV calibrator @ Facility for ** Z " axis modulation @ Elec-
tronlcally stabilised power supply ® Power req. 200-250 v.
A.C., 40-60 c/s., 80 watts @ Fused @ Front panel, silver and
charcoal grey ® Cabinet, charcoal grey, size 83 x 14 17in.

o deep. Net weight 231b. 56-page construction and operation
& manual.
Kit £35.17.6. Ready-to-use £45.15.0

Attenuator and demodulator probes available as optional extrase

6in. VALVE VOLTMETER, IM-13U

@ Modern styling ® Extra features @ The ideal
VVM for the Electronic Engincer @ 6in. Ernest
Turner 200uA: meter with multi-coloured scales
® Unique gimbal bracket allows bench, shelf or
wall mounting ® Measures A,C. r.m.s.), D.C. volts
0-1.5, 5, 15, 50, 150, 500, 1.5 ® Reslstance
range 0.1 to 1,000MQ with int. battery ® Vernier
action zero and ohms adjustment @ Roller-tinned
printed circuit ® High input resistance (11MQ) @ Comprehensive assembly and
operation manual ® Size 5X I2H X 4din. Complete with tese prod and {eads.

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

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

® Modern styling, lightweight and compact size, make
this- the ideal 'scope for service man, laboratory tech-
nician, amateur radio enthusiast or hobbyist e Y’
bandwidth 2 cfs-3 Mc/s+3 dB. @ Sensitivity 100 mV/
cm @ Push-pull vertical and horizontal amplifiers @ Wide
range time-base generator 20 ¢/s-200 kefs in four ranges.
@ Automatic lock-in synchronisatlon @ Mu-metal c.r.¢.
shield ® Printed circuit board construction @ Power req.
200-250 v. 50-60 cfs A.C. 40 watts @ Fused_@ Front panel
silver and charcoal grey. Size Sin. w.X7%in. h. X 12in.
deep. Weight: 9ilb.

Kit £23.18.0.

‘woe e
Ready-to-use £31.18.0

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

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

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

See these and other Heathki

IS

models in the FREE catalogue

LT

NEW! PORTABLE STEREO
TAPE RECORDER, STR-I

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

Versatile Recording facilities.
build.

So-easy-to-
Outstanding performance for ptice.

Kit £45.18.0. Ready-to-use £59.15.0

THE CAR RADIO TO COMPLETE YOUR MOTORING
PLEASURE CR-|

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

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

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

L/speakers and accessories available as extras.

@ Prices quoted are Mail Order, and include free delivery in U.K.

It

NEW! PORTABLE STEREO RECORD PLAYER, SRP-I

® Compact, economical stereo and mono
record playing for the whole famil
® Mains operated ® All “ solid state
circuitry. Modern compacet styling
® Detachable second loudspeaker gives
optimum stereo effece @ Automatic
playing of 16, 33, 45 and 78 rpm records
® Suitcase portabllicy @ Two 8in. X% 5in.
speakers ® Controls: Volume, Balance
and Tone. Dimensions: overall 27In.
wide X | 43in. high X 74in. deep.

Kit £27.15.0.

Ready-to-use price on request.

“OXFORD” LUXURY TRANSISTOR PORTABLE, UXR-2

This superb transistor radio is the ideal domestic
or personal portable Medium and Long Wave
receiver ® Solid eather case and handle @ Easy-to
read tunlng scale ® Extra large loudspeaker.
Push button L, MW and tone @ 10 semi-conduc-
tors (7 transistors plus 3 diodes) @ Sockets for
personal earphones, tape recorder, car aerial ®
Internal 9-volt battery (not supplicd) lasts for
months ® Latest printed circuit techniques @
Comprehensive, easy-to-follow, fully illustrated
fnstruction Manual.

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

@ Retail prices slightly higher.

v ~DAYSTROM LTD. - :
! DEPT. WW.2, GLOUCESTER, ENGLAND ¢
l Member of the Schlumberger Group including the Heoth Company g
’ MANUFACTURERS OF THE WORLD-FAMOUS EASY-TO-BUILD ELECTRONIC KITS '
S e - s— -
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LEVELL
VOLTMETERS

TRANSISTOR AC.
MICROVOLTMETERS

Response from IHz to 3MHz with ampli-
fier output available, Two versions
differ only in meter size and bandwidth (*]
switch on type TM3B,

measure ,uV’s from

@ AN 8¢ wich e

Teg1n

TYPE TM3A

£49

ymplete with bat-
ing ke

OPTIONAL EXTRAS
Leather case £4/10/-,

Unit

RANGES

VOLTMETER
5 500V f.s.d
1V at

eV, 1501V

A | 175 f.s.d iz,

FREQUENCY RESPONSE

Above 500uV: -\ 3dB from |Hz to 3MHz.
0-3dB from 4Hz to | MHz.

On 500V 3dB from 2Hz to 2MHz,

TYPE TM3B

£63

Complete with bat-
tery and input lead,

OPTIONAL EXTRAS
Leather Case £8.
A.C. Power Unit
£7/10/-.

i

AMPLIFIER OUTPUT

150mV at f.s.d. on all ranges. Will drive
a load of 200kQ2 and 50pF without loss.

POWER SUPPLY

dB RANGES 3dB from 4Hz to IMHz.
100¢B 10 - 50dB in 10dB steps. Scale On 50.V 3dB from 7Hz to 500kHx

20dB to | 6dB. 0dB  ImW Into 600¢) On I5uV 3dB from 20Hz to 200kHz.

* Kk ok ok ok ok ok ok ok Kk
BROADBAND
VOLTMETERS

As A.C. Microvoltmeters plus H.F. probe
to extend response to 450MHz. Two ver-
sions differ only in meter size and L.F.
bandwidth switch on type TM6B.

On 150V .
One type PP9 battery, life 1000 hours; or,
A.C. mains when Power Unit fitted

TYPE TM6A

£85

Complete with bat-
tery and input lead.

OPTIONAL EXTRAS
Leather Case €4/10/-.

C. Power Unit
£7/10/-,

H.F. VOLTAGE RANGES
ImV, 3mV, 10mV . 3V f.s.d. Square
law scales. Accuracy 49 of reading

175 of f.s.d. at 30MHz.

H.F. dB RANGES

5048 40dB, - 30dB
Sca'e - 10dB to 3dB. 0dB
nto 501)

2048.
Imw

Fully detailed leaflets are ovoilable on our
complete ronge of portable instruments.

H.F. RESPONSE

0:7dB from IMHz to 50MHz.
3dB from 300k Hz to 400MHz.
6dB from 400MHz to 450MHz.

L.F. RANGES

As TM3A and TM3B except for the omis-
sion or 15uV and [50uV.

LEVELL

PORTABLE INSTRUMENTS

WW-—-012 FOR FURTHER DETAILS
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TYPE THM6B

£99

Complete with bat-
tery and input lead.

OPTIONAL EXTRAS
Leather Case
A.C. Power
£7/10/-.

POWER SUPPLY

One type PP9 battery, life 1000 hours on
L.F. ranges and 400 hours on H.F. ranges;
or, A.C. mains when Levell Power Unit
is ficced

LEVELL ELECTRONICS LTD., Park Road,
High Barnet, Herts. Tel.: 01-449 5028



www.americanradiohistory.com

FEBRUARY, 1968 WIRELESS WORLD

Instead of illustrating
a lot of meters you may
not need
let's just say Anders carry
the largest stocks in the U.K.

And you can say that again! We have just compiled a
catalogue* and even we are surprised at the

variety of standard and non-standard meters we offer

for off-the-shelf delivery. Among them

there is almost certain to be that meter you need in a hurry.
It would be interesting (for both of us)

to find out. It won't take a moment when you've got through
to Euston 1639. (By the way, for ‘meter’ read ‘meters’. ..
whenever the occasion demands).

*We’ll gladly send one to any manufacturer or bona-fide engineer.
Manufacture and distribution of electrical measuring

instruments and electronic equipment. The largest stocks

in the UK. for off-the-shelf delivery. Prompt supply of
non-standard instruments and ancillaries.

sole U.K. distribution of FRAHM vibrating reed

frequency meters and tachometers.

i e i e ANDERS METER SERVICE

Anders Electronics Ltd * 48/56 Bayham Place Bayham Street * London NW1~ Telephone 01-387 9092
Ministry of Aviation Approved

WW-—013 FOR FURTHER DETAILS
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ONE...

MILLIAMPERES

ERNEST

...OR ONE THOUSAND -

To Your Specification
and Deli ery

Whether your need is for a single instrument or a
thousand (or even more) the Ernest Turner
organisation is geared to give the same renowned
service. From a very wide choice of movements
and case styles we can provide precisely the
instrument for your application, including the
manufacture of special dials and provision of built-in
or external units to permit indication of any
electrical quantity.

We invite your specific.enquiry for any number of
instruments from one upward, and we should be
pleased to send you a copy of our general catalogue
86/25 on request.

BUCKS
Tel: 30931-4

TURNER ELECTRICAL INSTRUMENTS LTD.

CHILTERN WORKS, HIGH WYCOMBE

WW—014 FOR FURTHER DETAILS
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FREE

The new edition of “ENGINEERING OPPOR-
TUNITIES” is now available—without charge—
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new “ENGINEERING OPPOR-
TUNITIES” 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.

VALUABLE NEW HANDBOOK

Have you had your copy of “Engineering Opportunities”?

TO AMBITIOUS
ENGINEERS

THIS BOOK TELLS YOU

% HOW to get a better paid, more interest-
ing job.

% HOW to qualify for rapid promotion.

% HOW to put some letters ofter your name
ond become a key man . . . quickly and
easily.

Y% HOW to benefit from our free Advisory
and Appointments Depts.

Y% HOW you can take advantage of the
chances you are now missing.

Y% HOW, irrespective of your age, education
or experience, YOU can succeed in any
branch of Engineering.

132 PAGES OF EXPERT
CAREER-GUIDANCE

ELECTRONIC ENG.

Advanced Electronic Eng. —
Gen. Electronic Eng.— Applied

Electronics — Practical Elec-
tronics — Radar Tech. —
Frequency Modulation —
Transistors.

ELECTRICAL ENG.

Advanced Electrical Eng. —
Gen. Electrical Eng.
Installations — Draughtsman-
ship — Hiluminating Eng. —
Refrigeration — Elem. Elec-
trical Science — Electrical
Supply — Mining Electrical
Eng.

CIVIL ENG.

Advanced Civil Eng.
Civil Eng.—Municipal Eng.—

- Gen.

Structural E — Sanitary
Eng. — Road Eng. — Hy-
dratdics — Mining — Water

Supply — Perrol Tech.

WHICH OF THESE IS
YOUR PET SUBJECT?

RADIO ENG.

Advanced Radio — Gen
Radio — Radio & TV Ser-
vicing — TV Eng. Tele-
communications — Sound Re-
cordiy - Automation —
Practical Radic — Radio
Amateurs’ Exam.

MECHANICAL ENG.
Advanced Mechanical Eng.
Gen, Mechanical Eng. —
Maintenance Eng. — Diesel
Eng. — Press Tool Design -
Sheet Metal Work—Welding
— Eng. Patiern Making —
Inspecrion — Draughtsmanship
— Merallurgy — Production
Eng.

AUTOMOBILE ENG.
Advanced Automobile Eng. —
Gen. Automobile Eng.
Auromobile Maintenance
l:‘epair Automobile Dii{fl

.
Electrical Equipment — Garage
Management.

PRACTICAL INCLUDING
EQUIPMENT TOOLS
Basic Practical and The specialist  Elec-

Theoretic Courses for tronics _ Division o

beginners in Radio, B.lL.E.T.

T.V., Electronics, etc. NOW offers you a
AMIERE City & real laboratory train-
Guilds Radio Amateurs’ ing at home with
Exam., R.T.EB. Certl-  practical equipment.

ficate, P.M.G.Certificate,
Practical Radio, Radio
& Television Servicing,
Practical Electronics,
Electronics Engineering,
Automation.

Ask for details.

B.L.E.T.

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES,” Send for your copy now—FREE
and without obligation.

I TO B.L.E.T. 446A ALDERMASTON COURT,
| ALDERMASTON, BERKSHIRE.

"ENGINEERING OPPORTUNITIES

3d. stamp if posted in
an unsealed envelope.

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 powerl
A.MAERE., A.M.I Mech.E.. AMSE., A.MICE., B.Sc.,
AM.IPE., AMIMI., ARILBA., AILOB., A.MIChem.E, A.RICS.,

A.M.1.Mun.E., CITY & GUILDS,

M.R.S.H.. A.M.LED.,

GEN. CERT. OF EDUCATION, ETC.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

C.ENG,,

THE B.LE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

Ww—015s FOR FURTHER DETAILS

Please send me a FREE copy of “ENGINEERING I

OPPORTUNITIES.” 1 am interested in (state subject,
exam., or career). |
NAME. .......... MIRs EF W B 8 o rP ooocys |
ADDRESS ......cccottteeecnciosorssosasssranssosoans
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do you need
a stable and accurate
A.C. voltage source...?

Since its introduction the Bradley 125B A.C. Calibrator has established itself as a
versatile A.C. voltage source, not only for the calibration of instruments and the
testing of meters, but also as a stable source for driving high resolution digital
measuring systems and calibration potentiometers. Further it is a well-tried
instrument, which does not have a rival anywhere in the world, at the price ... £395.

A.C. Output

The A.C. voltage (R.M.S. or average) is controlled by
four stud switches giving a clear in-line digital
read-out. The range is from 0 to 511 volts in 100 mV
steps. The accuracy is 0.2% of setting, whilst the
‘egulation is better than 0.15% and the distortion

is less than 0.15%. The output is continuously
referred to a Weston Standard Cell.

Output Frequency
Plug in oscillator units cover the range
40-2400 Hz. The instrument is

normally supplied with 1 plug-in unit giving output
frequencies of 50, 60, 400 and 1000 Hz. An
alternative unit giving 50, 400, 1000 and 2400 Hz
can be supplied if required.

Percentage Deviation Indicator

A feature of the instrument is that the selected
output voltage can be continuoush( varied over the
ranges +5% and 4-0.5%, with meter indication.

Ratio Transformer

A x 10 and x 100 Ratio Transformer is available as
an extra. This will extend the output down to

1 mVin10 mV and 1 mV steps.

The full specification is given in our booklet ‘Calibration Equipment’. This also
describes our D.C. voltage and current sources. May we send you a copy ?
Or better still, try the instrument yourself.
We will be pleased for our Area Sales Engineer to call. Write, or phone 01-450 7811

el VRV G, & E. BRADLEY LTD

ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10
WW.—016 FOR FURTHER DETAILS
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Eddystone

Eddystone

Professional communications receivers

940 single conversion superheterodyne receiver

for c.w, a.m and s.s.b modes in the range
480 kHz to 30 MHz. The sensitive thirteen-
valve circuit uses a low-noise, high-gain
cascode r.f amplifier followed by a second
rf stage, two i.f amplifiers, phased
crystal filter, separate detectors for a.m,
c.w/s.s.b, silicon diode noise limiter and
push-pull audio output. Sensitivity sub-
stantially constant at 3 uV for a 15 dB
signal-to-noise ratio, 30% modulation and
50 mW output. The efficient a.g.c circuit
ensures a change of less than 9 dB in
audio output with a carrier level increase
of100 dB above 5 uV. Audio response level
within 3 dB over the range 100 Hz to 8000
Hz. Connections for 2.5-ohm speaker and
600-ohm line, balanced or unbalanced.
Power supply 110/125V and 200/240V a.c
40—60 Hz.

770R Mark 11

for reception of c.w, a.m narrow and
broadband f.m signals in the range
19 MHz to 165 MHz in six bands.
Selectivity automatically adjusted to
suit signal mode. Twenty valves and
two germanium diodes are used in a
highly sensifive circuit with push-pull
audio output and provision for a
2.5-ohm speaker, 600-ohm balanced
line or high resistance telephones.
Power requirement 100/125V and 200/
250V a.c 40—60 Hz.

770U Mark 11 receiver

for coverage of a.m and f.m signals in
the range 150 MHz to 500 MHz in six
bands. High sensitivity with circuitry
using nineteen valves, four diodes
and one transistor. The r.f section
incorporates a specially designed
tuner, a fully tuned grounded-grid
amplifier followed by a diode mixer.
Low-impedance outputs available at
the first i.f of 50 MHz and also at the
second i.f at 5.2 MHz. Power require-
ment 100/125V and 200/250V a.c 40—
60 Hz.

Write for list of UK and overseas ag
Telephone: Priory 2231 Telex: 33708

A MARCONI COMPANY

receiver

fully tunable from 300 kHz to 30 MHz
in nine ranges and accepting ¢.w, a.m
and s.s.b signals. Overall bandwidth
continuously variable within the limits
of 1.3 kHz and 6 kHz and narrowed to
50 Hz with 100 kHz crystal filter.
Instant changeover to crystal control
with rapid selection of up to eight
spot frequencies. Sensitivity better
than 3 uV for a 15 dB signal-to-noise
ratio. Power requirement 100/125V
and 200/250V a.c 40—60 Hz.

ents to Eddystone Radio Limited, Alvechurch Road, Birmingham 31

ww_.017 FOR FURTHER DETAILS
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IF THIS

IS NOT THE

ONE YOU

WANT WE STILL
HAVE A FEW
MILLION OTHERS

VALVES FOR:

Radio and Television Manufacturers.

Radio and Television Service Departments.

Radio Relay Companies
Audio Equipment.

Electronic Equipment.
Instrumentation,
Computers.

Marine Radar.
Communication Equipment.
Research and Development.
Government Departments.

Aircraft Military and Civil.

Ministry of Aviation Approved Inspection. Air Registration Board
Approved Inspection.

For quality, reliability and world-wide avallability, rely on
Hall Electric’s speed, intelligence and reputation.

MHALTRON

RADIO VALVES & TUBES

Hall Electric Ltd., Haltron House, Anglers Lane, London, N.W.5.

Telephone: 01-485 8531 (10 lines). Telex: 2-2573. Cables: Hallectric, London, N.W.5.
WW-—018 FOR FURTHER DETAILS
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'" M [“ MICRO SWITCHES
IVVIVIEDIATE DESPATCH

ROCESS TIMERS

611-T Delay Relay AT-10 sTP Sub-Mini Process Timer
s L1583 B PNEUMATIC TIMER -delay relay SYNCHRONOUS MOTOR & CLUTCH
* secs. Delay. % Fully adjustable up to i : ;j;;‘t';:’:’:;“
3 * 15 amp. c/o 200 seconds. _Fitted Pt i L
@ i micro-switch with 15 amp. S.P.D.T. utomatic re-set.
L fetud : v ﬁ switch. J PLUG-IN OCTAL
: : BASE
LARGE RANGE = % 0 del id
approx. Fr * OFRC & D.C PO R e e J INSTANTANEOUS
40/~ each, CoiLs. delay after de-energise. AND TégE?Ag’T 2
dependent on quantity. AMP N S
3 | approx. £6.0.0 J RANGES: 10 SECS.
i ] T0 36 MINS.
3 - dependent on quantity.
SYS MINI TIMER approx. £5.0.0'ea(h_

SYNCHRONOUS MOTOR & CLUCH | s
S 10 MILLION OPERATIONS ns operATEO YL 2 GPA PROXIMITY SWITCH

s & Timed out ; . *FOR BATCHING, CONVEYORS,
* ;n;::ta(gz«::“s 5 MACHINE TOOL CONTROL, PACK-

AGING, SORTING, etc.

¥ Repeat Accuracy +%. 10 H SENSES FERROUS OBJECTS
secs. to 28 Hrs. May also be ANEEDS NO MECHANICAL FORCE
used as impulse start and

OR PRESSURE TO OPERATE
% SOLID SYATE SENSING HEAD INCLUDES
automatic reset.
£9.15 0 dependent on
.19.

CONSTANT VOLTAGE CIRCUIT
approx. £1 1 .0.0 dependent on Quantity.

quantity. approx. OTHER INDUCTIVE AND CAPACITY TYPES AVAILABLE
U.L. APPROVED (Appr. No. 32667) U.S. MIL. SPEC.
ALWAYS AVAILABLE FROM STOCK
S5G VAQ HEAVY DUTY PUSH-BUTTON SWITCHES VV-15-1A

10 amp. c/o |7 different panel mounting
PUSH BUTTON |actuatorsincluding; knob,
Panel mounting. |key, and lever, as well as
Buttons in six push on/push off. Up
colours. to 4 switchblockscan
be fitted. Dust and

o

% | MILLION OPS.

5 amp. ¢/o Sub-minia- Y 15/10 AMPS. c/o

ture Micro-switch. ¥ 4/2 cach |splashproof, D/Pslow * '°‘;-9%° .
————= i make an reak, each
\ 12, 5 each per 1,000 per 250 lamp rating. Full lit- ;fer 1,000
erature on request. Single Thro:v 1/4 each
LiMIT SWITCH CCR-5
. WL 10 FNJ - 1 i ]
% 10 AMP 2 CIRCUIT * g;‘ékk‘ﬁgh‘s
% 5 INCH FLEXIBLE EEDE -t -
i ACTUATOR pe 1 e s
AS ILLUSTRATED % COMPARE OUR SPEC. & OUR .
PRICES WITH OTHER SIMILAR | New! Approx. 4/- each per 1000.
AS LOW AS A7 /T EACH. TYPES. , Light force wire operated Micro-switch.
FIVE OTHER STANDARD TYPES Screw Terms. 2/2 each per 1,000 | Designed for even more economical coin
AVAILABLE V-10-1A Solder Tags I/11 each per 1,000 | operation mechanism.

NEW RANGE OF SLOW BREAK-&-MAKE HEAVY DUTY PUSH-BUTTON SWITCH ACTUATORS. PANEL MOUNTING, TO BE USED WITH | to 4
D/P S/T SWITCH BLOCKS. COLOURED KNOBS. ALSO PUSH-ON/PUSH-OFF TYPES. SUITABLE FOR MACHINE TOOLS, MOULDING & PACKAGING
MACHINES & CONTROL PANELS. FULL LITERATURE & DETAILS ON REQUEST.

omwwy OMRON PRECISION CONTROLS

OMRON LTD: 313 Edgware Road, London, w.2 Tel.: 01-723 2370

ww—021 FOR FURTHER DETAILS
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ERTAS, or to give its full title — the Ever Ready
Technical Advisory Service, is a specialised
branch of the Ever Ready Organisation. Its aim
is to help the portable appliance manufacturer
to get the best possible performance from
battery-operated products.

ERTAS is supported by highly specialised
Research Scientists at Ever Ready’s Central

Research Laboratories. Ever Ready welcomes
you to take advantage of this department's
far reaching technical services which ensure
that the correct battery is selected for your
particular requirement.

Up-to-date technical information on our latest
products is available on request.

WW_—022 FOR FURTHER DETAILS
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QUAD for the closest approach to the original sound

QUAD
303 POWER
AMPLIFIER

A two channel power

WO, % amplibflier ?f ur:iqte d:sifgn
— e

QUAD 303 [gi[s, [R1 IR ARSI

powef amplifier * _.-_J quality ntn_lt.e solely by

the capabilities of the

accessories with which

it is used.

*Distortion: harmonic, intermodulation,
amplitude, steady state or modulated
mode i Muntingdon England and however weighted, seygla/ umes

by the Agovitical Mig Co tvd Jower than any other amplifier

' known to us

QUAD 33
CONTROL UNIT

A self powered control
unit to select, match,
correct and amplify for the
closest approach to the
original sound inherent

in the programma.

4 v
‘ " Y T
s . = <=

For further details, ask any dealer advertising in this magazine, oi send a postcard 10—
ACOUSTICAL MANUFACTURING COMPANY LTD., HUNTINGDON.

IS

WW-—023 FOR FURTHER DETAILS
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TRANSIT PACK

PROTECTION
- WITH

FOAMAI

““““‘m\.‘j
Prevention is better than claim. Even your
most fragile apparatus will arrive intact when
packed in Foamair. A flexible urethane, Foamair
gives complete protection against vibration and
shock.
The illustration shows a highly successful
transit pack designed for exporting brittle fur-
nace elements to Russia. Commissioned by
Morganite Electroheat Limited, the bespoke
pack was repeatedly tested at the prototype
stage: complete consignments survived four-
foot drop tests on to concrete.
As it can be cut or profiled to any shape, let us
tailor Foamair to your product. If you cannot
risk sending it, we'll arrange to have it collected.
Then we'll safely consign it back to you packed
in Foamair,

A FOAMAIR LIMITED
21 West Ferry Road, Millwall, London, E.14.
Telephone : EASt 5665 (4 lines)

Member of the Kayloam group of companies

"
s
,
.
3
’
’
.
’
’
o

WW-—024 FOR FURTHER DETAILS

20 WATT

SOLDERING -
INSTRUMENT

@ CONTROLLED TEMPERATURE

Design holds max. temp. of 380°C.
within close limits.

@ EASY BIT REPLACEMENT

Simple, fast replacement of low-cost
copper bits. Non-wearing PERMATIP
bits cut servicing costs.

@ BEAUTIFULLY COMPACT

Length 7%in. Weight 1} oz. Max,
handle dia. 0.715in.

@ UNEQUALLED PERFORMANCE

Ideal for fast production soldering
on the majority of modern electronic
equipment.

@ ALL VOLTAGES

@ NEON INDICATOR

10, 18, 20 & 25 watt models supplied
to special order with Neon Indicator.

The LITESOLD range includes six other
models (10, 18, 25, 30, 35 and 55 watts), and
many accessories. Please ask for colour
catalogue LS.

LIGHT SOLDERING
DEVELOPMENTS LTD.

28 Sydenham Road, Croydon, CR9 2LL
Tel. 01-688 8589 & 4559

WW-—025 FOR FURTHER DETAILS
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Q'@ -the first name in mobile radio

}| T J| CAMBRIDGE &

"'

l vorue o €

oL WL B
N\ “

1 Vroaaisias Fametetopinas

PYE ‘CAMBRIDGE’ mobile radio

for dependable, reliability-tested, peak-performance, always

O All-transistor receiver— 100 mA battery drain == - “

[J G.P.O. approved; meets U.S., Canadian and European S .

specifications [J Sealed LF. block fitters

[J A.M. or F.M. versions [J Dust and splash proof
Option of 12} ke/s, 20 25/30 kcfs or 40/50/60 kc/s

channel! spacing ] | to 8 channels available

Pye Telecommunications Limited, Cambridge, England.
Telephone Cambridge 61222. Telex 81166

WW —026 FOR FURTHER DrTAl.S
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PARK ROYAL PORCELAIN CO., LTD.

Incorporating V. G. Porcelain Co., Ltd.

GORST ROAD Telephones :

ELGAR 1411/7
PARK ROYAL <y
LONDON, N.W.10 London 25589

Ww—027 FOR FURTHER DETAILS

What is
the latest
In Electronics?
Come and see how men,
ideas and

techniques
have advanced
in a year.

Be
present
at the

INTERNATIONAL EXHIBITIONS OF

ELECTRONIG
GCOMPONENTS

AND OF AUDIO-EQUIPMENT

FROM APRIL 1st TO 6th 1968 - PARIS

PORTE DE VERSAILLES

)

INTERNATIONAL CONFERENCE
ON COLOUR TELEVISION

scientific and technical considerations
FROM MARCH 25t TO 29t 1968 - PARIS

Programme and registration conditions on request

S.D.S.A - RELATIONS EXTERIEURES
] 16, RUE DE PRESLES - 75 PARIS 15 - FRANCE

WW—028 FOR FURTHER DETAILS
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The widest ranging and most
comprehensive valve catalogue
available from any independent
supplier.

PINNACLE ELECTRONICS LYD ACHILLES STREET - NEW CROSS - LONDON S.E.14
Telephone : All Departments—01-692 7285 Direct orders—01-692 7714

WW-—029 FOR FURTHER DETAILS
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The .
Lilliput
Series =——

ULTRA MINIATURE, INVERTER, WIDE BAND, CARRIER MATCHING, DRIVER AND
PULSE TRANSFORMERS, A.F. AND SMOOTHING INDUCTORS

Gardners L.|||‘|put series of Ult(a Miniature transformers h§s beeq spgcuﬁcally developed GT12A. Describes the Lilliput
for compatibility with other wired-in modules used on printed circuit boards. series of Ultra Minlature trans-
Exceptional periormance has been achieved by a unique form of construction in- formers and gives useful infor-
corporating extremely thin (down to 3:2 microns) high permeability core materials and /matfon and dataon their application

5 5 o q . . In transistor converterfinverter,
a very short length of coil turn. Transformers in this new series are particularly suitable Wige pand  communication  amd

for pulse and switching circuits with rise times of 10 nanoseconds or less high speed pulse circuits.

The Alpha Series |
8:’"““"""
FILTERS, DELAY LINES, TRANSFORMERS, MODULATORS, HIGH STABILITY ==
INDUCTORS, TUNED CIRCUITS, OSCILLATORS ==
e g
A range of custom built components from simple or hybrid trans- GT 16. Gives a general description
formers and modulators to highly complex multi-section filters or 325‘2,"[;’;"”‘;:’.;"-‘5 :3‘;2’;’;/’";5 “,’L‘i
complete active networks of exceptional stability hermetically sealed . : ;
to DEF. 5214 Humidity Class H1. dwe‘}'i'e'focf°s':"£3~7§f;'f-§ ;Z.',’Effe.‘? il

L\

Low Voltage Isolating
and Auto Transformers

ik

A comprehensive range of conventional double wound and auto gy 4. EvEryone inihetelecFonics
transformers for applications in industry and in the home. Nearly industry uses fow voltage, Isolating
200 types are available in six different styles and with outputs from and auto transformers at some time
6 volts to 240 volts and from'5VA rating to 2 kilowatts. All types ©7other and this booklet describes

. g 4 H the complele Gardner range of this
are normally held in stock in reasonable quantities for immediate type of transformerin a convenient
delivery. and presentable form.

r 5 8 5 3 f§ 0 J |
Lilliput Series [} Alpha Series [}

. Low Voltage Isolating, Auto Transformers [] I
Name . ety ey =
Gardners e -
Company .

Address .

Complete coupon and post indicating publication(s) required [

Gardners Transformers Ltd., Christchurch, Hampshire
Telephone: Christchurch 1734 Telex 41276

WW-—030 FOR FURTHER DETAILS
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EDDYSTONE COMMUNICATION RECEIVERS -
et et PRECISION

A N Y
CERAMICS
LOW-L0SS
HIRE PURCHASE TERMS OR
Model Cash Deposit 12 mthly, Total 24 mthly, Total ‘“Ia“ Al“MI“A
Price of H.P. Price of H.P. Price
EC10 £53 £15 £3 £55 18 0 £1 19 £62 0 .

840C
£66

8 2 2 0
840C £66 €16 10 0 £4 8 9 £6915 0£2 7 6 £1310 0
EB35 £60 6 3 £15 6 3 £4 0 7 £6313 3€2 3 0 £6618 3
940 £133 £34 £8 17 3 €140 7 0 £4 14 9 £147 14 O
EA12 £185 £47 £12 7 3 €195 7 0 €612 3 £20514 0

Payments over 30 months if desired.
Quotation on reguest.
Delivered Carriage paid by Passenger Train.

CARRIAGE PAID

) Gl

The Eddystone
Specialists

SERVICES LTD.

51 COUNTY ROAD
LIVERPOOL, 4

Telephone: AINTREE 1445 ESTAB. 1935

ww.-—031 FOR FURTHER DETAILS

Cpoed up Ropair Work

. AND STEP UP YOUR EARNINGS
V“al Nearly 1,000 p2ges of Circuits, Data and Repair in-
time-saving structions—including the latest facts on colour TV

A that's what you get in this big 2-volume RADIO & TV Our ceramic components,
r SERVICING, All the information you need for the
epa" 1965/67 Popular Television, Radio, Radiograms, Car pressed or extruded,
data for Radios, Record Reproducers, Tape Recorders is here— h high \
nearl to guarantee quicker turn-round of repair jobs ave a high reputation
y to increase your earnings. Thousands of sets of prev- . "
ious editions have been sold—solid proof of its value | for dimensional
600 to you as essential workshop ™ equipment.”

accuracy at

FOR THE FIRST TIME—ADYANCE DATAON

COLOUR TV (Pal System)

A big 32-page section well worth seeing 1

B M stuDY IT — USE IT

g
Wil %D‘é%ﬂ FREE for 7 days Full details available from:

MODELS

very competitive

prices.

To: Euckingham Press Ltd., 4 Fitzroy Square, London, W.I.
Please send RADIO & TELEVISION SERVICING without obligation
to buy if vou accept my application. I will return it in 8 days or post '
Tick ( ') Full cash price 5
here 10/~ dep. & 16 monthly payments of 10/-. 11 hore I
I If you are under 21 your father must fill up coupon. '_j; address on left IS |
Full Name - . -
(/l;l:QCl( LETTERS) M tnisped ) I -
e ‘ e 21 GERMAIN STREET,
mpera
| : ol | CHESHAM, BUCKS
County ak i
o cr
Occupation . ...... l Chesham
l Signature II&:S e I 4808/9
! Miss  RV2/3431

Cash price £8. (Credit price £8.10s.) For-Eire & N.L. send £8 with coupon. i l
S IR R G S S S— D e W S
WWwW-—032 FOR FURTHER DETAILS WWw—033 FOR FURTHER DETAILS
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OK!

-so youre not a
surgeon... S

... butif you are concerned with hospital teaching or administration Radio Telephones, Mobile
you can help bring the most advanced surgery techniques and the Air-to-Ground, Long Distance &
atmosphere of the operating theatre to as many young doctors as you Hospital Communications.

can comfortably house, through the medium of G.E.C. Closed-Circuit Closed Circuit Television.

Television. Remote Control & Supervisory Systems.
Similarly, if you are concerned with educational training, in commerce = =

or industry, the same G.E.C. equipment is readily available to you. COmmunlcatIOHS
Ask G.E.C. about it today. Send for full information on the high- D' -

quality equipment now available at a price which sets new standards |V|S|On
for general purpose systems. o -

G.E.C. Communications—increasing efficiency, helping the community. Electronics

Information Centre, G.E.C. (Electronics) Limited, Communications Division, Spon Street, Coventry
Telephone: Coventry 24155. Asubsidiaryofthe GeneralElectric Company Limited, of England

WW—034 FOR FURTHER DETAILS
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HOWELLS RADIO LTD.
MINISTRY OF AVIATION INSPECTION APPROVED

TRANSFORMERS

STANDARD RANGE OR DESIGNED TO YOUR
SPECIFICATION

0-50KVA, “ C*” CORE, PULSE, 3 PHASE, 6 PHASE,
TOROIDS, ETC.

Transformers for 20W Transistor Amplifier (W.W., Nov.

1966).
Driver 22/6 Carr. 2/-
Mains 29/6 Carr. 4/6

L.P. Filter, Chassis Mounting 11/6. Carr. 1/-.
L.P. Filter, Printed Circuit Mounting 14/6. Carr. 1/,

*MAINS TRANSFORMERS

350-0-350 v. 60 mA., 6.3 v. 2 A. £1/15/-. Carr. 4/6.

500 v. 300 mA. 6.3v. 4 A.,,63v. 1A .£3/12/6. Carr. 5/6
500-0-500 v. 0.25 A., 6.3 v. 4 Act.,, 6.3 v. 3 Act.,5 v.3 A.
£4/10/6. Carr. 6/6.

525-0-525 v. 0.5 A., 6.3 v., 6 Act.,, 6.3 v., 6 Act., 5 v. 6 A.
£5/5/-. Carr. 6/6.

*LOW VOLTAGE

30-0-30 v. 4 A. £2/5/6. Carr. 5/6.
15v. 2 A. £1/12/6. Carr. 3/-.
15v. 6 A. £2/1/-. Carr. 4/6.
15 v. 10 A. £2/15/-. Carr. 5/6.

STEP DOWN TRANSFORMER
Primary 0-415-440 v. Sec. 250 v. 1.5 A. £5/5/-. Carr. 6/6.
SPRIMARIES 10-0-200-220-240 v.

CHASSIS, CABINETS & PREC‘IEI_(-)N METALWORK

ELECTRONICS—DEVELOPMENT & ASSEMBLY

CASH WITH ORDERS PLEASE
Carlton Street, Manchester 14, Lancashire
TEL. (STD 061) 226-3411

WW-—035 FOR FURTHER DETAILS

PARKER'S SHEET METAL FOLDING MACHINES

NEW BENCH MODEL

Capacity 36in. wide x
18-gauge mild  steel.
Forms channels and
angles down ‘to 45 deg.,
which can be flattened
to give safe edge. Depth
of fold according to
height of bench. Will
form flanges,

Weight approx. 2 cwt:
Price £25, carr. free. Also the well-known vice models of:

36in. x 18-gauge capacity £12 10 0 Carriage
24In. x 18-gauge capacity €7 5§ 0 free
18in. x 16-gauge capacity £ S 0

One year's guarantee: money refunded without question if not satisfied.
Send for details:

A. B. PARKER FOLDING MACHINE WORKS

UPPER GEORGE STREET, HECKMONDWIKE, YORKSHIRE Tel: 3997

NEW,
DLDE
MOVER

WW—036 FOR FURTHER DETAILS

A.C. SOLENOID type SAM/T

life.
Instantaneous to 54Ib.

available,

3 phase.

R. A. WEBBER LTD.

KNAPPS LANE, CLAY HILL, BRISTOL 5.

WW—037 FOR FURTHER DETAILS
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Now fitted with stainless
steel guides—six times the

Continuous 14 oz. at {in.
Larger and smaller sizes

Also Transformers to 8kVA

Phone: 65-7228/9

— e

Instantly removes
unwanted solder from
printed circuits and
other joints. Saves
time, increases pro-
duction, eliminates
risk of damage to
components.

79/6

Available now from

W.GREENWOOD
INSTRUMENTSLTD

21 GERMAIN STREET,
CHESHAM, BUCKS

Chesham
4808/9

WW-—038 FOR FURTHER DETAILS
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audiosuite BY GOODMANS

L!u:::a

y

Take a "top-flight” Amplifier, choose your loudspeaker from a quality-proven High Fidelity range, add a
Tuner designed and built by experts and a transcription Record Player guaranteed by Goodmans and
there you have it-the most compact, adaptable, handsome, and the most technically advanced audio
system in the world —true High Fidelity. This is the AUDIO SUITE-by GOODMANS.

Ignore if you will, the handsome appearance, the compact- the Audio Suite booklet in full colour. When you‘ve read
ness, the versatility of the Audio Suite. Judge it on the all about it—call at your nearest Hi-Fi dealer-see it in the
specification and performance alone flesh and listen to a demonstration. Judge for yourself the

Send for full technical details included in Goodmans High simple sophistication of the controls and facilities. see how
Fidelity Manual or, if you have one already, then send for easy they are to use

[ m'RANGE MAGNUM-K

The Audio-Suite is completed - to indivi-
dual choice-with loudspeaker systems
from Goodmans ‘M’ Range. MEZzzo 1T
MAXIM. Unrivalied true High Fidelity in ultra
compact size —only 104" x 54" x 7¢” deep.
MEZZ0 II The most advanced High Fidelity
Bookshelf reproducer. Flush-fitted attenuator.
12°x194” x 9”7 deep.

MAGNUM-K Studio quality, 3-speaker system,

K two attenuator controls. 24” x 157 x 113" deep
AUDIO SUITE FREE [ High F y Manual
(Top right) MAXAMP 30 High Fidelity Stereo Amplifier. {Top feft STEREQOMAX (tick which required) [ Audio Suite Bookiat
High Fidelity AM/FM Stereo FM Tuner {Top centre) MT1000 High Fidelity an name dealer.
Record Player complete with arm and cartr dge
Name -
All Audio Suite and M-Range units are available Address ww 3/68

in Walnut or Teak finish to order

GOODMANS LOUDSPEAKERS LTD ' AXIOM WORKS - WEMBLEY - MIDDX. Tel: 01-902 1200

WW-—039 FOR FURTHER DETAILS
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customs
built » 2

quality G- | susnon
mass - POTENTIQNETERS

produced’®

A really high quality single turn,
humidity proof potentiometer. Re-
sistance Range 10() to SOK{). Tem-
perature Range 55°C to 150 C.

TYPE T84

A sub-miniature single
turn  humidity proof
potentiometer Re-
sistance range 200} to
20K(}. Temperature
Range 55“C to 150°C

Quality, quantity and speed . . . they all add up to
Harwin precision turned-parts service!

Quality first. Pins, lugs, inserts ~ in fact any turned
part for electronics must be precision-made.
Harwin do it to order ~ any size, any shape.

Now quantity. Thousands? Millions? Harwin can do
it at speed . . . with quick delivery and low costs.

. q Full detail t!
It all adds up to Harwin service. o ozZ:,’,i,‘,’is }féﬁ,

1 et us have your turned parts problem
....we know three ways we can w EH[[quun
solve it better! -

Harwin do you a good turn! Turned parts indicator onits (ln“nn“) lln.

lugs - stand-offs ~ brackets - insulators ~ resistors
terminal boards . . . and more. 21 GERMAIN STREET,
; CHESHAM, BUCKS
HARWIN ENGINEERS LTD Chesham
FITZHERBERT ROAD 4808/9
FARLINGTON, HANTS.
Tel: Cosham 7045172/3 |
WW-_-040 FOR FURTHER DETAILS WW—041 FOR FURTHER DETAILS
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84/88, Nelson Street, London E.I, Phone

" Technically
Proven
For Exacting
Performance

Model JR-500SE
CRYSTAL CONTROL TYPE DOUBLE CONVERSION
COMMUNICATION RECEIVER

> Superior stability performance is obtained by the use of a crystal
controlled first local oscillator and also, a VFQ type 2nd oscillator.

% Frequency Range: 3.5 MHz—29.7 MHz (7 Bands)

3k Hi-Sensitlvity: 1.5#V for 10dB S/N Ratio (at 14 MHz)

* Hi-Selectivity: +2KHz at ~6 dB +6KHz at —60 dB

% Dimensions: Width 137, Height 7°, Depth 10",

TRIO

manufactured by TRIO Corporation, Tokyo, Japan.

Sole Agent for the U.K.

:'

B.H. MORRIS & (0., (RADIO)LTD. ' NAME -
[
i

: 01-790 4824

Model 9R-59DE
BUILT IN MECHANICAL FILTER 8 TUBES

COMMUNICATION RECEIVER

% Continuous coverage from 550 KHz to 30 MHz and direct reading
dial on amateur bands.

* A hanical fiter bling superb selectivity with ordinary |F
transformers.

% Frequency Range: 550 KHz to 30 MHz (4 Bands)

> Sensitivity: 24V for 10dB S/N Ratio (at 10 MHz)

% Selectivity: +5KHzat —60dB (+1.3 KHz at —6dB) When use the
Mechanical Filter

% Dimensions: Width 157, Height 7°. Deoth 107.

; T0 : BH. Momis & Co., (Radio) Ltd.
1 84/88. Nelson Street , London E|

Send me information on TRIO COMMUNICATION

RECEIVERS & name of nearest TRIO retailer,

ADDRESS :

WW-_—042 FOR FURTHER DETAILS
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New free booklel describes

the complete range of
Enthoven Solder products.
Ask now for your copy

of 'Soldering with Enthoven.

WiIRELESS WORLD

Everything
you need for
precision

soldering
from
Enthoven

Tools, materials and knowledge. Two of the neatest irons ever made. The finest
most reliable materials---backed by over 150 years' experience of smelting and refining
non-ferrous metals. And Intimate knowledge of modern soldering techniques, the
product of special experience built up over the years, confirmed when necessary in
one of Europe’s most advanced metallurgical laboratories. This is what Enthoven
offer you. 1 Washers and preforms, cored and solid, standard and special. 2 Miniscope
soldering iron for fine work. 3 Superspeed six-second heat soldering iron. 4 Preserva-
tive, metal, Tricene-de-oxidant, lacquer, flux, and thinners for printed circuits. 5 Super-
speed solder stellate cored, wide range of alloys, gauges and packings.

T ENTHOVERN
| t---3 SOLDERS LIMITED

r———-

Head Office and Sales Office

Dominion Buildings South Place London EC2
L ! Telephone: 01-628 8030

Ww--043 FOR FURTHER DETAILS
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m%'f..m o,

Choice of arm length Model 3009 (%in.) or Model 3012 (12in.) for still lower
- low inertia - High precision ball races and knife-edge bearings for minimum
* Automatic slow-descent with hydraulic control - Bias adjuster calibrated
Precise tracking force from 1-5 grams applied without a
Light-weight shell - Camera finish in satin
Rational development—all improvements can be incorporated

Only S.M.E. Precision Pick-up Arms offer all these features -
tracking error—of special importance with elliptical styli
pivot friction - Linear offset chosen for lowest distortion
for cracking force - Exact overhang adjustment with alignment protractor
gauge - Shielded output socket Low capacity 4ft. connecting cable with quality plugs
chrome, gun-black and anodised alloy - Comprehensive instructions

in any existing Series Il arm.
For sales and service ring Steyning 2228

SME LIMITED « STEYNING - SUSSEX *+ ENGLAND
WW—044 FOR FURTHER DETAILS

MECHANICAL
RELAY LATCH

Enables the P.O. 3000 type relay to

be held in the closed position when

Two completely indepen- the coil Is de-energised and

until manually released. Does not

impair the versatility of the

contact arrangements, nor affect
the normal mounting position.

Twin coils and armatures.

dent relays in one.

A space and money saver !

THE REMANENCE RELAY ELECTRO-MAGNETIC COUNTERS

This is a 3000 type relay capable of
latching 1n the energlsed position —
after the supply is removed until
@ suitable releasing current = -

is applied in the opposite
direction. This releasing MAJOR TYPE 6” 14° 17", Counts when coil is energised.
current is controlled with a 3V DC--220V DC. Speed approx. 8 per second.

single coil, by reducing -
the operating current in
reverse or with a double

coll, via a pair of contacts NGRErY S R 7 = - r
MIN YPE 4 1 x 1°. Counts when coil is de-energise
emplloyed = rela?y & 3V DC 110V,DC Speed approx. 10 per second.
to energise the second coil.

JAGK DAVIS (RELAYS) LTD, g, Mallow.Sureet. Londgn.E

WW-—045 FOR FURTHER DETAILS
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We make our monolithic
capacitors in Britain

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

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

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

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

WW..-046 FOR FURTHER DETAILS
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The monolithic capacitor is
already a pretty important
contribution to the progress
of modern electronics — our
Monobloc Ceramicon design
caters for projects of the
future.

Contact us for the full details.
Technical Sales,

Erie Resistor Limited,
South Denes,

Great Yarmouth, Norfolk.
Phone: 0493 4911

Telex: 97421

Monoblocs are featured in the 1.968
edition 6 catalogue of S.T.C
Etectronic Services A

Monobloc and Ceramicon m/ E

are registered trade marks L/
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A new science project combining the fascination
of optics with electronics . . . the new field of

NTArCI ENT

Demonsirations of these devices
operating as

SPEECH LINK

and

ON/OFF LINK

are being given daily at our only
address.

52 TOTTENHAM COURT ROAD,
LONDON, W.1.

MGA100

optical alignment and heat-sinking.
MAX RATINGS

3t +125C

including Line of Sight Speech Link.

Post Free

including Line of Sight Speech Link,

PROOPS

52 Tottenham Court Road, London, W.1.

af 25°C) 100mW.  Derating
100mA. Voliage 25V. Operating Temperature from

Supplied complete with suitable lenses_full Technical Data and Application Sheets,

= Type 31F2 Micro-miniature
7 Infra-Red Detector

r}8 gacH Extremely small photo di-
LU 6 odes of silicon NPN passiva-
ted planar construction and
suitable for Punched Card
Readers, Counters, Film

Sound Track, etc.

Supplied complete with suitable lenses, full Technical Data and Application Sheets

BROTHERS

Telephone: LANgham 0141 (01-580 0141)

EGINUN

SUB [45E5;

ies”

irom PROOPS

These new devices offer features which can be ex-
ploited in an extremely wide field of applications.
Their outstanding modulation and switching capa-
bilities, coupled with completely solid state circuit
design and smali physical size make them ideally
suited to such purposes as short distance speech and
data links, remote relay controls, safety devices, burg-
lar alarms, batch counters, level detectors, etc.

A filamentless, Gallium Arsenide infra-red emitter, only 5
dia. and 8.1 mm. long. Features a robust cylindrical

sinking.
MAX RATINGS

When. mounted on an a(ummi:)m he.al sink lin. X tin.x ¢in,
Supplied complete with suitable lenses, full Technical Data and Applicati

EACH including Line of Sight Speech Link.

TYPE MSP3 Solid State Photo Recelving Device

An ultra-sensitive infra-red and visible light detector, this device
is a complete silicon photo-eiectric receiver with a peak spectral
response at 9500A. Size only 6.4 mm. dia. and 25.4 mm. long, yet
absolutely complete, the device will generate sufficient power to
drive an external relay. Chiefly intended for use in opticat tinks
based on Gallium Arsenide Light Sources, they are equally
suitable for systems based on visible light.  Features a robust
cylindrical package coaxial with the incident light facilitating

7
= EACH

Post Free

And these new solid state devices

RCA TRIACS Type 40432

Intended primarily for phase control of
A.C. loads in light dimming, universal
and induction motor control, heater
control, etc., these gate controlled full-
wave A.C. silicon switches, with integral
trigger, switch from a blocking state to

f . 2mW/[C

of applied voltage with positive or nega
tive gate triggering.

Supplied complete with full Data and
Application Sheets.

INTEGRATED CIRCUIT RCA —CA
3020 AF POWER AMPLIFIER & PRE-
AMPLIFIER (or servo-amplifier

The RCA-CA 3020 is an integrated-cir-
cuit, Multistage, Muiti-Purpose AF
Power Amplifier on a sipgle monolithic
silicon chip, providin a stabilized
direct-coupled amplifier, performing
pre-amp., phase inverter, driver and
power output functions without trans-
formers, and with one power supply
suitable for sound, communications and
control systems,

Supplied complete with full Data and
Application Sheeats.

LIMITED

WW-—047 FOR FURTHER DETAILS
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a_conducling state for efther polarity 45'-EAC;1

TYPE MGA 100 General Purpose Gallium Arsenide Light Source

.54 mm.
package

coaxial with the beam, facilitating optical allgnment and heat-

Forward‘ct{"er'n Ip max.*- D.C -400mA.  Forward peok current Ip max.* (pk). .. ... 6A
7 Power dissipation* -600mW. Derating factor for Tums greoter than 25°C* ... .7-5mW/|°C
Post Free 28 Reverse voltage YR mox. 1-0v
6

on Sheets,

MSP3

Post Free

4 - enc

Post free
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generator...

~ Incorporating

l ~

i L-C osc_»l{a;gr
and aﬂﬁttgr’
follower, and

~available at

. 31 frequenctes |

- 120 Hz apart

WIRELESS WORLD

two hand-pass filters...
available for 31

centre frequencies with an

insertion ioss less than 5db

._E;_‘_"{" T m

Al !

&

a tone
detector...
with built-in
amplifier,

rectifier and
d.c. switching
CIrRUit

‘-*_ﬁ

A

K

" COMPLETE
SYSTEM ,fl'

PLESSEY

nd an electronic
witch...(optional)
Incorporating two separate
switches independently
controlled by current or
voltage sources—

and you've got a one-way
channe! of a low-cost,
remote control or
signalling system!

Could it be simpler?

Four miniature transistorised units which
enable you to build up your own remote
control or telegraph system.

Up to 31 channels in the 540 to 4,000
Hz range.

Suitable for wire or radio link.

Plug into standard type-3,000 relay bases
or our universal chassis.

Low pass filter (2.7 or 2.3 kHz) justadded
to the range.

Hybrid and line transformers available.
Off-the-shelf delivery for common types.
Want to know more ? Just write to:

The Plessey Company Limited

AT & E (Bridgnorth) Division
Bridgnorth, Shropshire, England
Telephonie: Bridgnorth <621 Telex: 33373

WWwW-—-048 FOR FURTHER DETAILS
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“ARMSW“H"‘I 'Inwul[v & n“. Components Dept. ask for

TODMORDEN LANCS Todmorden 2601 extension 1

TR

INTERNATIONAL
RECTIFIER

Quality Semi-Conductors.
Complete Rectifier Assemblies up
to thousands of Amps, Diodes,
Thyristors, Zeners, Encapsulated
Bridges, Photocells, Klipsel Surge
Protectors.

For experiment and teaching
ZENER KITS, THYRISTOR KITS.

BRAD L

7 o=

PRINTED CIRCUIT
DRAFTING AIDS

Save drafting time and costs.  Self-
adhesive shapes and tapes. Terminal
circles—fillets—tees—elbows—universal
corners and mounting holes.

Bulletins and prices on request. I

L Bulletins and prices on request.

WW-—-049 FOR FURTHER DETAILS

ENGLISH ELECTRIC

YLE

GS FUSES

or the protection of rectifiers and
thyristors.

' Bulletins and prices on request. ]

Rail Mounted Terminals and Terminal
Blocks 0-5-250 Amps.

I Bulletins and prices on request.

TRANSFORMERS

0.25 kVA to 300 kVA
I phase and 3 phase

LOW VYOLTAGE HIGH CURRENT
TRANSFORMERS

with output currents of hundreds,
thousands and tens of thousands of
amps.

I phase and 3 phase.

DC POWER SUPPLIES

For Magnets, Accelerators, Plating,
Anodising, Spectroscopy, Plasma Arc,
Toronto Arc, Electron Beams, Elec-
trolysis, Weiding, Quartz Lamps,
Mercury Vapour Lamps. From {00 W
to 200 KW.

L]
=E

. 4

VOLTMOBILES

64 steps on load switching Auto-
Transformers. | phase and 3 phase.
20-400 Amps.

Zero to 1009, Voits or 125% of
Input Volts.

Voltmobiles are low-cost con-
trollers, for furnaces, rectifier sets
and other loads.

LET US HAVE YOUR
SPECIFIC REQUIREMENTS

Equipment Dept. ask for
Todmorden 2601 extension 3

F 80

TODMORDEN LAN

WW—050 FOR FURTHER DETAILS
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SANSUI isn’t just

a pretty face ...
and the vital statistics
prove it!

MODEL 1000A
AM/FM Multiplex Stereo Tuner Amplifier

This is a high-quality, tubed unit that uses the latest Nuvistor
devices and power tubes, Other features include High-cut and

L ow-cut Filters for virtually interference-free enjoyment, a Muting
switch that further reduces noise, and an Automatic Frequency
Control switch to eliminate ‘drift’.

RMS power: 40/40 W.

Music power: 100 W (IHFM).

Harmonic distortion: 1.0% at 1000 Hz RMS rated power output.
Overall frequency response: 20—20,000 Hz -1 dB.

FM sensitivity: 1.8 pV (IHFM).

MODEL 500A
AM/FM Multiplex Stereo Tuner Amplifier

A tubed unit with a similar performance to the 1000A, but giving
a lower power output.

RMS power: 23/23 W.

Music power: 50 W (IHFM).

Harmonic distortion: 1.0% at 1000 Hz RMS rated power output.
Frequency response: 20—20,000 Hz -.- 1.5dB at

normal listening level.

FM sensitivity: 2.0 pV -+ 3dB (IHFM).

ansur

Sole U.K. Distributors:

Technical Ceramics Limited
Cheney Manor, Swindon, Wiltshire. Telephone: Swindon 6251.

Accredited Midland & Northern Distributors to the retail trade
Audio Distributors Limited

4 Lion Street, Kidderminster, Worcestershire

Telephone: Kidderminster 3293

MODEL 250
AM/FM Muitiplex Stereo Tuner Amplifier

A high-performance, tubed unit with many studio-equipment
features. And at a modest price.

RMS power: 10/10 W,

Music power: 22 W (IHFM).

Harmonic distortion: 1.5% RMS rated power output.

Frequency response: 30—20,000 Hz--2 dB at normal listening level.
FM sensitivity: 4.0 uV (IHFM).

AM sensitivity: 30 uV (IHFM).

MODEL 220 — AM/FM Stereo Tuner Amplifier

A similar model to the 250, but without multiplex.

Other equipment in the superbly

styled Sansui range

MODEL 3000A — Solid-state AM/FM Multiplex Stereo Tuner
Amplifier. RMS power: 48/48 W. - 1 dB.

MODEL 2000 — Solid-state AM/FM Multiplex Stereo Tuner
Amplifier. RMS power: 32/32 W.

MODEL AU-777 — Solld-state Stereo Control Amplifier.

RMS power: 30/30 W.

MODEL AU-70— Stereo Control Amplifier:

RMS power: 12/12 W.

MODEL TU-70— AM/FM Multiplex Tuner. FM: 85 to 108 MHz.
AM: 535 to 1605 kHz.

Stereo Headphone S$S-2—

Hi-Fi Speaker Systems —

SP-50 — 2-way, 2-speaker system, 25 W.

SP-100 — 3-way, 3-speaker system, 25 W.

SP-200 — 3-way, 5-speaker system, 40 W.
SP-300 — 3-way, 4-speaker system, 50 W.

For complete details and fully illustrated colour leaflets, please
send the coupon below, indicating the equipment in which you are
interested, to:

Technical Ceramics Limited, Cheney Manor, Swindon, Wilts.

Please send me fully illustrated leaflets, and advise me of the
nearest Sansui HI-Fi dealer.

Name =
Address

_ Model.

WW-—051 FOR FURTHER DETAILS
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A

~  problems?

\
o

3

there is a standard
Claude Lyons voltage stabiliser
already built to
your specification
K and that includes price

Claude Lyons make the most comprehensive range of voltage stabilisers available today. You will
almost certainly find the stabiliser to suit your application in the Claude Lyons standard catalogue
range. Distortionless servomechanical types from 1 to 120 kVA (and 360 kVA 3-phase). Solid-state
types from 400 VA to 10 kVA. Simple tap-changing types from 600 VA to 2:4 kVA. All very high
quality. All very reasonably priced. Full facts and figures from Publicity Department, Hoddesdon,

Ulaude Lyons Ltd M@ Valley Works, Hoddesdon, Herts. Hoddesdon 67161, Telex 22724. I 76 Old Hall Street, Liverpool 3. MARitime 1761. Telex 62181

CLAUDE LYONS

LEADER IN VOLTAGE CONTROL [l

WW.-—052 FOR FURTHER DETAILS
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NOW MADE BY RESLOSOUND

Chapman
Stereo Tuners

VHF/FM TRANSISTORISED TUNER

type FM.I000A/B FM. 80-108
Mc/s. only. £28. + P.T. £5.12.7.

AM/FM VALVE TUNER type S6BS/FM MK.IL
The finest Tuner in the Chapman range.
Medium and two Short wavebands, also six

AM/FM TRANSISTORISED TUNER bandspread ranges on |1, 13 16, 19, 25, 3i
type FM.1005A/B. Long, Med- metres. FM. 80-108 Mc/s. FM. Stereo Decoder
ium and two Short wavebands. optional extra. Much in demand overseas for
FM. 80-108 Mc/s. £48. P.T. its exceptionally good short wave reception.
£9.13.0. £64. + P.T. £12.17.5.

The Chapman range of High Fidelity Tuner units can be optionally fitted with multiplex decoders for stereo broadcast reception. Models

FM.1000A/B and FM.1005A/B are also available in chassis form for fitting in owner’s cabinet.

RESLO

*
]

For Sales or Service write or "phone

SOUND LTD Chapman

RESLO WORKS - SPRING GARDENS
2 ROMFORD - LONDON
. Tel: ROMFORD 61926 (3 Lines)

RESLO also manufacture a complete range of public address
equipment, including amplifiers; reflex horns, cabinet and line
source loudspeakers; ribbon and dynamic microphones.

WW—053 FOR FURTHER DETAILS
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SOUND SYSTEMS
& ELECTRONICS

SILICON TRANSISTOR
AMPLIFIERS

MODEL

A 80 — 70 waTrTs.
A 25 — 30 waTTs.

Five channel inputs—two mic, aux., gram., tape, and tape record
master gain control, low distortion, standard rack or cabinet

mounting, modular construction.

MODEL A.80. A.C. Mains. Dimensions 22in. wide X 7§in.
high x Il}in. deep. Weight 40 [bs.

MODEL A.25. A.C. Mains.
Dimensions 22in. wide X Sin. high x 8iin. deep.
Weight 27 ibs.

WRITE FOR CATALOGUE AND PRICE LIST

audbcsouun SYSTEMS

STANSTED, ESSEX.

TELEPHONE:— STANSTED 3132/3437

WW —054 FOR FURThcR DETAILS
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THE MOST ADAPTABLE TELESCOPIC MAST IN SERVICE

SCAM Telescopic Masts are the

most versatile in the World,
'S They come as complete kits
ready for immediate erection in
the field. They are freestanding
with easily fitted guys for the
worst winds. Alternatively they
are easily fitted by simple
brackets to any vehicle. There
are 3 models, 30, 40 or 50 feet
extended. Each has the same
Y design features and the same
| well-tried system of extension—

just air from the handpump in

the kit.
-
If you are in military com-
munications you should know
more about SCAM. Write
- to us now,
-~

SCAM 40 Mast in action. NATO
Stock  Ref. 5820-99-105-3397,

CLARK

A. N. CLARK (ENGINEERS) LIMITED
BINSTEAD ISLE OF WIGHT
Telephone: RYDE 3691 Telegrams: TELEMAST RYDE

AN ASSOCIATE COMPANY OF COUBRO & SCRUTTON
WW—055 FOR FURTHER DETAILS
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IR VITAL CIVIL AND MILITARY
DUER FORTY GOUERNMENTS

SHOUTTHE WORLD—

(@_\,

'he same safeguards in manufacture and control that have won government contracts tor
TEONEX in over forty different countries apply equally t

o ensure top quality for private users too.
When you require valves to comply with E.V.S. or M.I.L. standards — choose TEONEX.

The TEONEX range (for use outside the U.K. only) incorporates the entire series of British-
produced valves or their Continenta

| equivalents, including a wide range of colour T.V. valves.
Price list and technical specifications may be obtained from:
Export Enquiries Only Please! TEQNMER LIMITED
pe ott o 2a, Westbourne Grove Mews,
TEONEX London, W.11
k7l England.

WWwW_056 FOR FURTHER DETAILS
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dd1.G FREQUENCY METER AND
olANDARD SIGNAL GENERATOR

NATO STOCK NO. 6625-99-104-4293 (CT 551)
Combines the ease of operation and readout of a counter with
the versatility and sensitivity of a heterodyne wavemeter.
o Wide range (DC-3000 Mc/s) @ Very high sensitivity @ Magic eye zero
beat detection e Extremely stable reference standard (5 parts in 1010)
e Reading accuracy of 4- 1 cycle @ 37000 Standard Frequencies avail-
able phase-locked to Crystal @ Automatic Harmonic ldentification @ Many

other built-in facilities ® Environmentally tested to DEF 133
Write for further details to:

J.A.C. FLECTRONICS LIMITED

BLACKWATER CAMBERLEY SURREY CAMBERLEY 5399

A MEMBER OF SOUTHERN

INSTRUMENTS GROUP

WW-—057 FOR FURTHER DETAILS

M. R. SUPPLIES,

(Established 1935)

e of UP-TO-DATE MATERIAL, which doex the Job

LTD.,

Univerally recognised as mpp
properly.  tustant ditivery. tlu!ul:on ansured. Prices nett:
FANFLOW EXTRACTOR FA NS Umlonblmll) to-duy’'s greatest bargain for domestie

strial use.  For 200/230 volts A.C. 7,500 cu, ft. per lour. Easily installed,
tittes) weatherprool louvres which open when motor v switched on and. closed when
ol Only iin. din.  Qur nett price only £6/15/- (despatch 4/6).
ELECI‘RlC FANS (Papxt), {or extracting or blowing. The maost exceptionat om-r "

P 0 v. AL, Induction motor—silent running. 2, n. sfuty

quare nucd T, deep.  Ideal for donesgie or industrial iive. Ea-

SMALL GEARED TORS. In addition to our well known runge (List G3.564), we
ofter sl open type 8.P. Units, 210/250 v. A C.. L 6. 12. 24, 60 r.p.m.. approx. bin

long, with lin. shaft projecthon cach side and ‘nrlmcd gearbux, Bultable for display

1k and many industrial uxes. Only egle {des. 3/-)

SYNCHRONOUS TiME SWITCHES. (Our very popular speci iulity), 200/230

accurate pre-set switching operations, Sanganio 8,254 providing up to 3 oneoft operations
per 24 hours at any chosen thue, with ‘day-omitting device (ure optional). Capacity
20 amps. Colpact ly koused din. dia., 3}in. deep. £5/18/@ (des. $6). Ao same excellent
mal\e nrw l)«mu,ul Madel no wirtug nlnl cavy setting and installation. Portable with

ime duty as above () Da itti £4/9/8 (Jes. 4/8)

fnntructi t wit
MINIATURE COOLING FANS. 200/250 v. A.C. With open type induction motor (no
3

n. x 2in. Fittel G-bluded wetal impoller.  ldval fer
tha nxnn cooling, | ity extrac um. cte., still only 28/8 (des. 4/0).
“INIATURE RUVNING ERS (Bangaino). We h nds i
it and can 1 nunediately from stock. « us
I()!h md_h itor.  Only 1in -q| e. with cy ter
3 ving
tieetreal apparatus,, casy to all, B0/~ (post paid). -
MR BLOWERS Highly efficient nnits fitied induction totalt rlos t 5
260 v. 50 ¢. 1 pl \hdcl 8D. 60 CHFM (free air) to 11.5 CI M at W approx.)
0 et 24in. square, £8/10/- (des. 5/-). Mad 18D27, 190 CF M ln-u.llr)l
40 CFM at 1,2 W 9in., outlet .:ln 11_/15 8 (din. 5/-). Model BD2
'w CFY free aif) to 127 CFM at 1.5 W@, 11 x 9in., outlet 3in. aq., 213(1, 8 (e
SY]\CHROHOUS ELFC’I'R!C CLOLK MOVEMENTE (as ni ' ens
1), I
and central « veep wecond fixing. Dia. 24in. Depth helind
only lin \Vllh hack dmt cuver. 35/~ ("’s 1/6). 8et of three hrass hands i good b
yle. For B/7i P i e
CHRONOUS TIMER ‘HOTORS Sang ‘00/?.50 V.30 ¢ Belf-
g «pevds: § r. r.p.h.. 1 rp.h lw\ \ hours, | pey
) Any one 39 6 (des. 1/6). Also high- lumlk modei (G.E.C.), 2! )
i r.p. m 57/8 td
IMMEDIATE DELIVERY of Btuart Centrilogai Pumps, stalnle

Philips Variable Transtormers (all moxtely).

M. R. SUPPLIES, Ltd., 68 New Oxford Stre2t, London, W.C.9
(Telaphone: 01-636 2958)

nodels)

TYPE B12/200S.
PRICE £67-12-0

FREQUENCY: 50 ¢/s
OUTPUT v.:
INPUT V : 12 v. 10%

XD TRANSVERTORS

(TRANSISTORISED D.C. CONVERTERS/INYERTERS)

INTRODUCING THE VALRADIO “B* SERIES
SINEWAVE output 200W (120W also available).

} c,, (60 ¢/s to order).

IIS 230 v.4 10%,

% 24-50 v. also available).

% FREQUENCY REGULATION OF

005% WITH

ADDITIONAL “RESONATOR

% INFINITE LIFE.

% WILL OPERATE ALMOST ANY ELECTRONIC OR
ELECTRICAL EQUIPMENT.

% SUITABLE FOR SUPER-SENSITIVE RADIO & AUDIO
EQUIPMENT,.

OTHER MODELS from £10to £179/12/-. 12v.10 110v. D.C. up to 1kW
VALRADIO LTD., Dept. Cl0

BROWELLS LANE - FELTHAM - MIDDLESEX - ENGLAND
Telephone: FELTHAM 4837.4242 01-890 4837/4242

VALRADIO and STEREOSONOSCOPES are the registered trade marks
of VALRADIO LTD

WW-—-058 FOR FURTHER DETAILS
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Rely on ADVZA\vCE to do it better

s
g

%) Wide Range

~Oscillator SG67

10Hz-1MHz Frequency Range Sine wave or square wave
Frequency is continuously variable in five switched ranges covering
l0Hz to 1MHz. Sine wave or square wave output selected by
1 switch.

Amplitude is controlled by a variable level control in conjunction
with a four-position push-button attenuator giving an output up
to 2.5Vr.ms.

The SG67iscompactand portable,can berun frominternal batteries
or mains. Send for full specification now.

A ADVANCE
INSTRUMENTS

Hainault Essex England. Telephone 01-500 1000. Telegrams Attenuate Iiford. Telex 263785

Duisionof ADVAINCE ELECTRONICS ILIMITED
WW—059 FOR FURTHER DETAILS
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Pat. 110
Mmono-bloc
connectors

with
closed entry
contacts

FULLY APPROVED TO DEF 5325
9,15, 25,

FRe

27 AND 50 WAY CONNECTORS.

S > b T ™ L - 5
These connectors consist of one-piece Diallyl
moulding with hard gold plated plug pins, socket contacts,
and beryllium copper contact clips. Closed entry contact
design eliminates the risk of damage to the sockets by test
probes. The shells are of passivated cadmium plated steel
and the covers and cable clamps are of die-cast aluminium
Grade LM6.

ELECTRICAL RATINGS Working voltage: 750 volts DC
Current capacity: 5 amps max per contact

CARR FASTENER @0 LD

the firm with the best connections

Stapleford, Nottingham.
Telephone: Sandiacre 2661
Sales offices: Wembley,
Birmingham, Sale, Glasgow. UNITED
WW—060 FOR FURTHER DETAILS

CARR FASTENER

- CARR GROUP

-5 STANDARD FOR

Phthalate

WIRELESS WORLD

FEBRUARY, 1968

(2:7:90)(0),') (e

RADIO & ELECTRONIC CONSTRUCTION SYSTEM
For professional or private use:
% INSTRUCTION
* EXPERIMENT
+ DEVELOPMENT
An absorbing and exciting medium

A No. 4 SET .und 6-TRANSISTOR SUPERHET

Clear, simple versatile, this rugged system can build
aimost any electronic circuit. It is used by hundreds of
educational establishments throughout tire U.K.— Univer.
sities, Technical Colleges, Schools, the Armed Forces and
Industry.

Selected by the Council of Industrial Design for all British
Design Centres Featured in Sound and Television
broadcasts.

nuts and circuit works with full
efficiency. You can then dismantle
and build another circuit. Your
results are guaranteed by our Tech-
nical Department and News Letter
Service. All parts available separately
for conversion or expansion of scts

The system is beautifully engineered
from top quality British components.
No so'dering. No mdins. No prior
knowledge needed. Simply arrange
components bn perforated trans-
parent panel, position brass connec-
ting strip underneath, fix with 6BA

No. | Set £6 0 2d. 14 Circuits (Earphone)

No.2Set £7 1| 5d° 20 Circuits (Earphone)

No. 3 Set £I11 2 74 22 Circuits (7 x 4din. Loudspeaker output)
No.4Set £153 8d. 26 Circuits (include & Transistor and

reflex superhets)
Prices (Post Free)

807 |

SHEET N
2 ADIONIC circurs SHE i
RADEO”

Theoretical Circuit. Practical Layout

Our °E * Series of basic electronic circuits is available separately.
(See Electronic Organ above)

SEND FOR DETAILS OF E/S08—OUR DIGITAL COMPUTER

UNIQUE! Our “ No soldering” printed circuit board for superhet
portable. Simply insert components and tighten nuts.

Full details from:
RADIONIC PRODUCTS LIMITED
STEPHENSON WAY, THREE BRIDGES
CRAWLEY, SUSSEX
Tel. CRAWLEY 27028

WW—061 FOR FURTHER DETAILS

Trade Enquiries invited

wwWWwW americanradiohistorv com


www.americanradiohistory.com

FEBRUARY, 1968 WIRELESS WORLD

CA COLOUR TUBES

two totally unique advantages
L9

New Rare Earth Red Phosphor

These new red phosphors—exclusive to RCA—combined with
cfficient sulphide blue and green phosphors produce pictures at their
brightest and most dependable. They completely overcome the
imbalance of the three guns which cause red blooming, colour
fringing and failure of the red gun due to overwork. RCA’s New
Rare Earth Red Phosphor achieves UNITY CURRENT RATIOS
—equal beam current from cach clectron gun; higher brightness,
picture contrast and highlight; much longer tube life.

. Perma-Chrome

This is a four-point, temperature-compensated shadow
mask assembly which accurately adjusts and sets the
shadow mask position relative to the screen. Shadow mask
expansion limits the performance of a rectangular colour-
tube—Perma-Chrome renders this problem negligibie.
Perma-Chrome produces full-colour fidelity and tempera-
ture equilibrium throughout normal operation. It main-
tains excellent field purity and uniformity.

RCA ‘HI-LITE’ COLOUR PICTURE TUBES...

THE BRIGHTEST IN THE INDUSTRY

For full technical specification and application information, write to:

RCA COLOUR TUBES LTD - PINFOLD PLACE - PIMBO - SKELMERSDALE LANCS - TEL: TAWD VALE 4951

WWw.—065 FOR FURTHER DETAILS
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Selclere
TRANSFORMERS

SUB-MIKIATURE AND MINIATURE TRANSFORMERS

- WINDINGS AND ASSEMBLIES TO YOUR
@ ) speciFicaTioN — LSO REED cOILS L

o
P

PULSE WDG

COUPLING TFR. ; o MAINS TFR.

THE BELCLERE COMPANY LIMITED

COWLEY ROAD, OXFORD, ENGLAND. Tel. Oxford 727266

WW--066 FUR FURTHER DETAL_S

RE-CREATES THE FINER SHADES OF ORIGINAL SOUND

To re-create faithfully the finer shades of original sound,

micro-arooves of modern records. calle for a cartridae Im-a 4
micro-grooves ot modern records, calls for a cartridge
in the precision instrument class. Goldring e

have spent two years developing such a cartridge . .

the Goldring **800" Free Field Cartridge. At a compara vely %
e SO STER RIDGE

liabitity for whic "Goldring
sixty years in record reproduction

GOLDRING *"800°" FREE FIELD

STEREO CARTRIDGE £‘|2 1.6
X p a i d

y M Field)

Gl GOLDRING MANUFACTURING CO. {GREAT BRITAIN) LIMITED 456-488 High Road, Leytonstone, London, E.11
w067 FOR FURTHER DETAILS
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STUMPI
a New
connector

forthe |
weight-and-
space race

FEBRUARY, 1968

— a new connector specifically designed fer a new Mititary
project and for the race toward ever lighter, smaller equipment.
It uses the very latest materials to achieve brand new standards
in compact, efficient design. Just look at these features:

1. Glass filled Nylon housings and insulators for extreme
light weight, high insulation properties and minimal
fire risk.

2. Compact design and positive coupling with the tip of
one finger — low height feature making it ideal for use
on portable equipment or as low voltage, medium power
connectors.

3. “Split shell”” construction of cable unit housing for ease
of wiring. Elimination of strain on cable joint by means
of right-angle contacts.

4. Crimp type contacts in cable unit, with full width cable
clamp and sealing grommet.

The Stumpi range is a new conception in
design, fully sealed, meeting the requirements
of DEF.5325, and is initially available in three
shell sizes with nominal contact ratings of 5,

20, 40 and 60 amps. Approximately twice full size

THERE IS A THORN CONNECTOR
FOR EVERY PURPOSE!

|
LL THORN SPECIAL PRODUCTS LTD, Great Cambridqe Razd, Enfield, Middlesex, Tel: 01-363 5353 Telex: 263201-2-3 A subsidiary campany of THORN BENDIX LIMITED

068 FOR FURTHER DETAILS ey

wwWwW americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD

MF1000

D972

CeleStlon the perfect

—for guitars
and organs

Write for Catalogue No: RCS162

FEBRUARY, 1968

loudspeakers for

ionist

Rola Celestion Ltd.

Ferry Works, Thames Ditton, Surrey, England.

Telephone. 01-398 3402

WW—069 FOR FURTHER DETAILS

TELEPRINTERS * PERFORATORS
REPERFORATORS - TAPEREADERS
EDITING & REPRODUCING SETS

VARIABLE—HIGH CURRENT
SMOOTHED POWER SUPPLIES
WITH ACCUMULATOR PERFORMANGCE
FROM A.C. MAINS

TYPES
250VRU/30/20
250VRU/60/10
250VRU/120/5
250VRU/240/2.5

PRICE: £131:5.0

FEATURES. Type 250VRU 30/20.0-30 v Continuously Variable up to 20A.

RIPPLE CONTENT. Negligible. IMPEDANCE and REGULATION
equivalent to accumulator performance SILICON RECTIFIERS. Inad-
vercent “ SHORT "™ protection.

OVERLOAD CAPACITY. 200%, for short periods. Supplied to M.O.Tech
for servicing 28 v, aircraft instrumentation within B.C.A.R%s. Ref. 10K
CA3035. Suitabie for * 19" RACKMOUNTING

FIXED OUTPUTS ALSO AVAILABLE. Smoothed 12 or 24 v. up to 24A.

APPLICATIONS OPERATING AND SERVICING. Transistorised
equipment e.g. 12-24 v Mobile R:dio Telephone. D.C. motors, etc., direct
from AC—WITHOUT THE USE OF ACCUMULATORS.

AVOID THE EXTRA EXPENSE OF SUPER REGULATION YOU MAY
NEVER NEED.

PRICES: £14.16.0 to £88.4.0.

BROWELLS LANE
FELTHAM.
MIDDLESE X,
ENGLAND.

Please writ= to
Department C3b
for current literature.
LIMITED

Tel.: FELTHAM 4837-424%. 01-890-4837 4142

VALRADIO :nd STEREOSONOSCOPE arc the registered trade marks
of VALRADIO LIMITED.

WW--070 FOR FURTHER DETAILS

HF1300 Mk. 2

GD974

CX2012

Codes: Int. No. 2 Mercury/Pexasus. Elliot 803,
Binery and speelal purpose Codes.

2-5-6-7-8 TRACK AND
MULTIWIRE EQUIPMENT |

TELEGRAPH AUTOMATION AND COMFPUTER

Picture Telegraph, Desk-Fax, Morse Equipment;
Pen Recorders; Switchboards; Converters and Stabilise;
Rectifiers; Tape Holders, Pullers and Fast winders;
Governed, Synchronous and Phonic Motors; Tele-
printer Tables and Cabinets; Silence Covers; Distor-
tion and Relay Testers; Send/Reccive Low and High
Pass filters;  Teleprinter.
Morse, Teledeltos Paper,
Tape and Ribbons; Pola-
rised and specialised relays
and Bases; Terminals V.F,
and F.M. Equipment;
Telephone, Carriers and
Repeaters; Multiplex
Transmitters; . Diversity
Frequency Shift, Keying Equipment;  Line, Mains
Transporters and Suppressors; Racks and Consoles;
Plugs, Sockets; Key, Push, Miniature and other Switches
Cords, Wires, Cables and Switchboard Accessories;
Teleprinter Tools; Stroboscopes and Electronic Forks;
Cold Cathode Matrics; Test Equipment; Oscilloscopes;
Miscellancous Accessorics anqupares.

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts,

Tel.: Tring 3476 (3 lines) Cables: RAHNO TRING
STD: 044-282 TELEX 82362

Telex. 266135

PERIPRERAL  ACCESSORIES

WW-—071 FOR FURTHER DETAILS

Celestion e

—for high fidelity

Write for Catalogue No: RCS 2002

loudspeakers for
the perfectionist

Rola Celestion Ltd.

Ferry Works, Thames Ditton, Surrey, England.

Telephone.: 01-398 3402 Telex:

WW_—072 FOR FURTHER DETAILS
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240°andfyne

The outlook is always favourable when
you specify panel meters from the "‘Wide
Angle’ range of Taylor Fynelines. These
new Fynelines feature clear visibility of a
precisely-marked full 240° scale. You get
shadowless readings and the proven Taylor
moving-coil movement with a standard
accuracy of +2% f.s.d. (+-1% f.s.d. avail
able). So set your course fair with ‘Wide
Angle’ Fynelines.

Lance or ‘knife edge’ pointers are fitted
and mounting arrangements are identical
with existing Fyneline and Vista panel
meters.

Complete technical and price details
from Taylor Electrical Instruments
Ltd, MontroseAvenue, Slough, Bucks.
Telephone: Slough 21381 .Telex 84429.

15

WW_—073 FOR FURTHER DETAILS
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Just what is
this ABR, that
makes such a
vital difference

to the

‘DITTON 15’ ?

. Studio quality high frequency

unit (HF1300 Mk. 2).
Anechoic celiular foam wedge
and lining eliminates standing
waves.

High hysteresis panel loading
material to eliminate structural
resonances.

Auxiliary Bass Radiator (ABR)
—plastic foam diaphragm giving
high rigidity and low mass;
double rolf suspension allowing
excursions up to 1" with minimal
distortion

High compliance bass unit with

massive Ferroba |l
structure for optimum magnet
damping and cone treated with

magnet

viscous damping layer to

suppress resenances.

. Units mounted flush to elimin-

ate diffraction eflects and tunnel
resonances; covered by acous-
tically transparent grille cloth
for maximum presence.

7.. FullL-C half-section Crossover

network,

It’s an interesting story -
and worth enquiring about.
Fiil in the coupon

. W1 loudspeakers for
Celestuon the perfectionist

i it - A -
| ROLA CELESTION LTD. ;
| Ferry Works, Thames Ditton, Surrey Tel: 01-398 3402 |
| Please send me the full story on the Ditton15° |
|

| NAME = !
: ADDRESS.__ . § l
| |
GD 997 WW_—074 FGR FURTHER DETAILS
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THIS IS WHAT
WE DO

personalised service based on

Pinnacle )
the largest single
valve independent

intelligence and speed.
Ensure that we only supply
valves made by the world’s
foremost manufacturers.

Vlake available the widest .

f val § ial Provide valves selected for Rush you a small order, or
r‘ange.o vatyas tor commfarcla your special needs. quote for a bulk requirement
and industrial use. Give a Help out rapidly with that —71’s or 1,000’s are all the same

‘awkward ” valve that nobody

else seems to have heard of.
Specialise in European or
American types which are not
normally easily obtainable.

to us.

IF I’'DONLY TRIED PINNACLE FIRST. ..
Every valve in either widespread or
specialised use in the fields of Enter-

tainment, Industry, Education and
Research will "be found in our
catalogue, together with its main
equivalents, classification, and the

Pinnacle ‘“ P " number under which
it may be ordered.

PINNACLE ELECTRONICS LIMITED ACHILLES STREET - NEW CROSS

LONDON S.E.14
Telephonie: All Depariments—01-692 7285 Direct orders—01-692 7714

WW-—075 FOR FURTHER DETAILS
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Electronic components
from the U.S.A.

/fy{
international jetliners have helped to close the supply line
gap between the U.S.A. and users of American-made electronic
components in most parts of the warld. But it takes more than
a fast airplane to achieve a high degree of speed and effi
ciency in international procurement and distribution of elec
tronic components.

Milo International, with years of successful experience plus
a full staff of highly trained specialists, is thoroughly skilled in
the complex technology of world-wide distribution. From your
first inquiry. to accurate delivery and detailed follow-through,
Milo is completely capable of hanaling the entire process.
Import Certificates, Export Licenses, Customs Declarations,
Certificates of Conformance, Export Packaging, Delivery Veri
fications —these and all other technical requirements of inter-
national commerce are coordinated to guarantee reliable per-
formance in simplifying and expediting each of your orders.

are only
hours away
via Milo.

For whatever you may need in electronic components from the
U.S.A., Milo can satisfy your requirements with prompt deliv-
ery, at direct factory prices, from a huge stock of thousands of
components made by the leading American manufacturers
inctuding this partial listing:

Amperex Eimac R.C.A.

Amphenol Electrons, Inc. Raytheon

Arrow-Hart & Erie Simpson
Hegeman General Electric Sola

Bourns Hardwick Hindle Solitron

Burgess Hickok Sprague

Cannon 1.T.T Stancor

Centralab J.F.O Superfor

Cinch-Jones Kings Sylvania

Clarostat Littelfuse Texas Instruments

Cornell-Dubilier Mallory Transitron

Corning QOak United Transformer

Dale Electronics Ohmite-Allen Bradley Vector

Delco Radio Potter & Brumfield Xcelite

For immediate price and delivery quotations, contact Milo by mail, phone, cable or International Telex.

I LO International

World-Wide Electronic Component Suppliers
530 Canal Street, New York, N.Y. 10013 / Tel 212-233-2980 / Cable MILOLECTRO, N.Y. / Int'l. Telex 62528

WWwW-—076 FOR FURTHER DETAILS
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germanium
devices

silicon devices

packaged
circuits
film-attachment
active devices

custom—built
microcircuits

WIRELESS WORLD FEBRUARY, 1968

INDUSTRIAL
SEMICONDUCTOR
DEVICE
MANUFACTURERS

AND SOLID STATE
ENGINEERS

A G

| EXNING ROAD
NEWMARKET
SUFFOLK

"PHONE ONE 8 3381

TRANSISTORS LIMITED

WW—077 FOR FURTHER DETAILS

Accurate and direct
“measurement of speed
“without coupling to moving
[Daﬁs 2 VT
l

ResoanRead TAHDNETER

Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive literature on FRAHM Tachometers and Frequency
Meters is freely available from the Sole U.K. distributors:

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD. 48/56 BAYHAM PLACE, BAYHAM STREET
LONDON NW1 TEL: 01-387 9092. M/VISTRY OF AVIATION APPROVED
WW—078 FOR FURTHER DETAILS

TECHNICAL TRAINING by

' I C S l IN RADIO, TELEVISION AND
| ELECTRONIC ENGINEERING
i at TE i G e [ BAseE e e 1115

ICS courses offer the keen, ambitious man the opportunity to acquire,
quickly and easily. the specialized training so essential to success.

Diploma courses in Radio/TV Engineering and Servicing, Electronics,
Computers. etc. Expert coaching for

® INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS.
* C. & G. TELECOMMUNICATION TECHNICIANS CERTS.

* C. & G. ELECTRONIC SERVICING

* R.T.E.B. RADIO AND TV SERVICING CERTIFICATE,

* RADIO AMATEURS EXAMINATION.

* P.M.G. CERTIFICATES IN RADIOTELEGRAFHY.

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO COURSES
Build your own S-valve receiver, transistor portable, signal generator
and multi-test meter—all under expert tuition.

POST THIS COUPON TODAY and find oug how 1CS can heip YOU
in your career. Full details of 1 CS courses in Radio, Television and
Electronics wilt be sent to you by return mail.

MEMBER OF THE ASSOCIATION

OF BRITISH CORKRESPONDENCE COLLEGES

I international Correspondence Schools l

INTERNATIONAL: | Dept. 222), Intertext House, Parkgate Road '

| London, S.w.11I I

|
CORRESPONDENCE [FEENVN TN s e S5 |
SCHOOLS PO T |
| Block Capitals Please |
A WHOLE woRLD| ........... = o WHH HAE B Do o o s Dy ol '
OF KNOWLEDGE| o268 |

AWAITS You! | _~ e T
WW 079 FOR FURTHER DETAILS
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: | - System

- 2

o system...

a unique sound mixin

&27 KONGSBERG S offt and plepk: KODGuans, HOVER - rihes, Norghbor
A [ ice: ien 40,
VAPENFABRIKK  9sto otfce: Drammereveicn . savi: Konsen, Osio

KONGSBERG Central European office: Kongsberg Vapenfabrikk, Bonn

Waliter Fiex Strasse 1, West Germany
NORWAY Tel.:'Bonn 27 422, telex: 88 65 05, cable: Korakontor, Bonn

WW-—00 FOR FURTHER DETAILS
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Take aleaf
from

ourbook".
< DA\

and send for your copy
of the new

REGAVOLT

catalogue

36 pages packed with detailed information
on the widest range of variable transformers
made by a single manufacturer in Europe.

All listed standard models are in stock for
immediate delivery from our trade counter or
by mail order, and are backed by a year's
guarantee and a first class repair and

replacement service. SN
EBERCDR

LOUDSPEAKERS
for every purpose

High Flux
high quality,
wide frequency,
highly sensitive
Cone units.

Cabinet speakers /[ R
contemporary styling [ { ]
—painted and | |
oak veneer types =S
9/SFP 5/SFP

Circular Diffuser
patterns

surface, flush and
suspension types

CD9 HD9

Projector
loudspeakers
Re-entrant and
Exponential types
for fixed and
mobile use

Column
loudspeakers
wood-cased and
fibre glass types
for indoor and
outdoor use.

(Q’am/”a”; SOUND EQUIPMENT
—inlegrity that you hear

Send for leaflet giving full detaiis—

GRAMPIAN REPRODUCERS LTD.,

Ask for list MT/625
(3rd Edition) NOW!
THE BRITISH ELECTRIC RESISTANCE COMPANY LTD.,
Queensway, Enfield, Middlesex. Tel: 01-804 2411 Telex: 263194
608 |

*Hanworth Trading Estate, Feltham, Middlesex. 01-894.9141
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CREI PROGRAMMES ARE AVAILABLE

”e 4 0
Plicy, [[ fy hani, i
[ty pOns ¢ Ion.. 2 & “hog
Wy, Dep"; are . 00” ”giﬂe
Binstens i, 1y, /e " et
CRElI CAN BE YOUR EDUCATIONAL
LADDER. IN:

to an exacting, exciting and rewarding
career. Why ? Because CRE1 offer the most
up-to-date home study programmes closely
related to the problems of industry and in-
cluding the latest technological develop-
ments and advanced ideas.

No standard text books are used-—these are
often 2 years out-of-date when printed.
CREIi Lesson material contains certain in-
formation not published elsewhere—is kept
up-to-date continuously. (Over £50,000 is
spent annually in revising text material.)
Step-by-step progress. is assured by the
concise, simply written and easily under-
stood lessons.

Each programme of study is based on the
practical applications to and specific needs
of the Eiectronics Industry.

Electronic Engineering Technology
Industrial Electronics for Automation
Computer Systems Technology

Nuclear Engineering

Mathematics for Electronic Engineers
Television Engineering

Radar & Servo Engineering

City & Guilds of London Institute : Subject
49 and Advanced Studies Subject No. 300.
Over 40 years of experience—20,000 students
now taking CREl courses throughout the
World.

CRE| THE EDUCATIONAL LADDER
TO SUCCESS

C.R.E.l. (London) Walpole House,
173-176 Sloane Street, London, S.W.1.

W W—083 FOR FUTHER DETAILS
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POST THIS COUPON TODAY

PLEASE SEND ME (FOR MY INFORMATION ANO ENTIREEY
WITHOUT OBLIGATION) FULL DETAILS OF THE EDUCATIONAL
PROGRAMMES OFFERED BY YOUR INSTITUTE

KAME

ADDRESS

ELECTRONICS EXPERIENCE

C.R.E.L. (LONDON) (DEPT. WW101
WALPOLE WOUSE, 173/176 SLOANE STREET, S.W.1
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I RADFORD

AUDIO LABORATORY INSTRUMENTS

LOW DISTORTION OSCILLATOR (Series 2)

An instrument of high stability providing very pure sine
waves, and square waves, in the range of 5 Hz to 500 kHz.
Hybrid design using valves and semiconductors.

Specification

Frequency coverage:
Output impedance:
Output Voltage:
Output Attenuation:
Sine Wave Distortion:

5 Hz-500 kHz (5 ranges)

600 Ohms.

10 Volts r.m.s. max.

0-110 dB continuously variable.

0.005%, from 200 Hz to 20 kHz
increasing to 0.0159, at 10 Hz
and 100 kHz.

Less than 0.1 microseconds.

Scaled 0-3, 0-10, and dBm.

Square Wave Rise Time:
Monitor Output Meter:

Malns Input: 100 V.-250 V. 50/60 Hz.
Size: 174 x 11 % 8in.

Weight: 25 Ib.

Price: £125.

Rack mounting version available.

DISTORTION MEASURING SET (Series 2)

A sensitive instrument for the measurement of total har-
monic distortion, designed for speedy and accurate use.
Capable of measuring distortion products as low as 0.0029,.
Direct reading from calibrated meter scale.

Specification

Frequency Range:
Distortion Range:
Sensitivity:
Meter:

Input Resistance:
High Pass Filter:

20 Hz-20 kHz (6 ranges)

0.019,-100%, f.s.d. (9 ranges)

100 mV.-100 V. (3 ranges)

Square law r.m.s. reading.

100 kOhms.

3 dB down to 350 Hz.

3 dB down to 35 Hz.

4-1 dB from second harmonic of
rejection frequency to 250 kHz

Included battery.

Frequency Response:

Power Requirements:

Size: 174 x 11 % 8in.
Weight: 15 Ib.
Price: £90.

Rack mounting version available.

VOLTMETER (new item)

A transistor operated voltmeter satisfying the requirements
for audio frequency measurement,

Specification

Sensitlvity: | mV.-300 V. f.s.d. (12 ranges)
Calibration Accuracy: 29, f.s.d.

Frequency Response: ! dB. 10 Hz-500 kHz.

Input Impedance: | MOhm. | mV.-300 mV.

10 MOhm. | V.-300 V,

0-3, 0-10, and dBm.

Included battery.

Meter Scaled:
Power Requirements:

Size: 114 %63 x6in.
Weight: 7 ib.
Price: £35.

RADFORD LABORATORY INSTRUMENTS LTD

Ashton Vale Road
Bristol 3

FEBRUARY, 1968

Those transistors cost money!
Protect them! N

36A SPACESAVER
DRAWER UNIT 42" high, 244°
wide, 12”7 deep. 36 drawers each 37 |Pispans (v
high, 53" wide, 10}” deep, with
identification cards.

(SVWARELRET) £12.0.0 BRAND NEW

e s 7

3 \ \ N 2 —
12A POPULAR DRAWER 5
UNIT 97 high, 35" wide, 12” deep. B\
12 drawers each 3” high, 54" wide, ORDER NOW

Send for FREE cata-
logue ‘of our complete
range of storage equip-
ment.

102" deep, with identification cards.
Ideal for shelf or table-top.

£4.15.0 BRAND NEW

N.C.BROWN LTD

inousTriaL — pacesetters in storage equipment

SALES DIVISION Eagle Steelworks, Heywood, Lancs. Tel: 69018
London: 25/27 Newton St. WC2. Tel: 01-405-7931
36A Spacesaver Drawer Unit

12A Popular Drawer Unit

Tick where applicableand send cash with orders under £5

NAME

Please send

ADDRESS E29
WW—085 FOR FURTHER DETAILS

METER PROBLEMS?

A very wide range of modern design
instruments is available for 10/14
days delivery.

Full information from:

HARRIS ELECTRONICS (London) LTD.

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW--084 FOR FURTHER DETAILS
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The new JT
makes

you wonder

how small
a connector

No connector could be more appropriate to modern
space-saving requirements than the new JT. it's lighter,
shorter and considerably more compact than anything of
its type at present available. Simply designed (with fewer
components) and precision made, the JT sets an entirely
new standard in reliability for connectors. It is at home in
conditions ranging from cryogenic to high temperature,
offering much greater freedom to designers in many
different fields.

AVAILABLE NOW — with up to 128 contacts in less than
14" diameter.

Already in use on over 80 international projects.
JTA —general duty types JTC - Pressurised styles.
JTG —for RFI protection JTH — Hermetically sealed.
JTP —for potting. JTRE - Crimped contacts.
JTS —for high temperatures. JTL—100% scoop proof.

There is a Thorn connector for every purpose!

THQBN_SHPECIAL PRODUCTS LIMITED Great Cambridge Road, Enfield, Middlesex. ‘Phone: 01-363 5353; Telex: 263201-2-3

APIY

WW-—087 FOR FURTHER DETAILS
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THE ANTEX CN 240 15 WATT é!
FOR ABSOLUTE PRECISION |
x
o.

A-N-T-EvX

Designed as the ideal instrument for
continuous production work on printed
circuits, transistors, micro-miniature
assemblies etc., the CN 240 is the most
widely used iron in the Antex range.
It’s well-balanced yellow handle is to
be seen in electronics factories and

on production lines all over the world,
Fitted with a 3/32” Ferraclad bit as
standard, there is a range of 17 other
interchangeable bits of differing shapes
and sizes available to make the CN truly
the most versatile iron of its type.

*The full Antex range of Precision Soldering
equipment is detailed in the 16-page Antex
catalogue - SEND TODAY FOR YOUR
FREE COPY.

IIIIIIIIIIIIIIIIIII;III. y HEN

|

The CN is one of a range of Fine Precision
Soldering tools and equipment by Antex

Model G 18W 32/6d.

Model ESS
De-Soldering Tool
£4.4.0d.

(Complete with foot
pump £4.19.6d.)

Model ES 25W  35/-d.
=

Model F 40W  42/6d.

Ak

ANTEX LTD., GROSVENOR HOUSE, CROYDON CR9 1QE

TELEPHONE: 01-686 2774
WW—355 TOR FURTHER DETAILS
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Armstrong
high fidelity sound

series 27
TUNER-AMPLIFIERS
for the
BUDGET SYSTEM

127 STEREO TUNER-AMPLIFIER (illustrated)

£40.1.6
127M MONO TUNER-AMPLIFIER £29.18.9
227M MONO TUNER-AMPLIFIER £40.1.6
OPTIONAL CASE, teak and vinyl hide £3.15.9

Three tuner-amplifiers, identical in size and similar in
styling, each with the same high performance AM-FM
Tunerincorporated. The 227M provides 10 watts power
output whilst the 127M, with 5 watts output, is
designed for those whose power requirements are
more modest. The 127 is the stereo version of 127M,
having two amplifiers, each of 5 watts output. All
three have similar facilities; pick-up and tape inputs,
tape recording output, bass and treble tone controls.

For full details and technical specifications of all mod-
ls, including the new series 400, plus list of stockists,
post coupon or write mentioning 2W W68.

ARMSTRONG AUDIOLTD.,WARLTERS ROAD,N.7
Telephone 01-607 3213

Name A P T e Bl arise el o st N TS o e

Address

2WW68

= e
WW—089 FOR FURTHER DETAILS
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This is an illustration
of sixty-two different
power units

o 9

{

power supply

Concealed behind this 43" x 55" front panel is a standard range of parts
manufactured in large quantities, resulting in low production costs. The saving is
passed on to you without affecting the superior performance and high reliability.
For example, you can have a pre-set unit in the range 11 to 28 volts at 4 amps
for as little as £34.

The 62 units in the new Series 30 range cover voltages from 0 to 500 with
output currents up to 10 amps, depending on the voltage. A choice of protection
circuits 1s available including ‘crowbar’ for your integrated circuits.

For complete details of this new approach to power supply design send for
Series 30 full-colour folder and price list.

A.P.T Electronic Industries Ltd. Chertsey Rd., Byfleet, Surrey. Tel: Byfleet 41131.

WW—095 FOR FURTHER DETAILS
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TELEQUIPMENT LIMITED -

WIRELESS WORLD FEBRUARY, 1968

The new improved S51B oscilloscope is backed
by the proved performance of well over 15,000
S51A’s in use throughout the world.

B More scope—D.C. X-Amplifier standard B Only £55 in the U.K. B Large 5” screen—
Bright trace B Small size—low weight l DC-3Mc/s—100mV c¢m sensitivity [l Auto sync
and trigger level control B Easy to use oscilloscope M Ideal for inspection, production
control, transistor testing, training, monitoring etc. M Specification leaflet ready for you
RIGHT NOW! *Serviscope is a registered trade mark of Telequipment Ltd.

TeLequirmenT BTY

313 CHASE ROAD ° SOUTHGATE - LONDON N.14 - TELEPHONE: 01-882 1166
WW-—096 FOR FURTHER DETAILS
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BRIMAR offers the most comprehensive range of monitor tubes in
the country, together with the widest selection of phosphors.

The tubes range in size from 5° to 23”. They can be used for
television camera viewfinders, studio quality monitors, data dis-
plays and closed circuit television - twenty tubes in all | They have
been designed to give maximum resolution under high ambient
lighting conditions.

A variety of mounting and implosion protection methods, includ-
ing self protection bonded glass faces are available from BRIMAR
who are Britain’s leaders in implosion protection.

Common features include magnetic deflection, electrostatic focus
and aluminised screens.

The phosphors. In addition to the standard type for television,
a wide selection of others is available offering varying degrees of
persistence and colout.

FEBRUARY, 1968

... OR A MORE
PERSONALISED
SERVICE!

Every BRIMAR tube is backed by a first-class technical service
and assistance on any type of problem involving its use in
monitors — from special characteristics to circuit design. BRIMAR
engineers are always available — contact is on a personal basis.
Please telephone or write for full details.

%
§ Thorn-A.E.l. Radio Valves & Tubes Ltd.
7 Soho Square, London W1, Telephone : 01-437 5233

1A o289
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Marconi
complete
naval

communications

A complete range of communications
equipment using s.s.b, i.s.b and all
other modes of h.f and m.f trans-
missions, designed specifically for
naval communications systems.

® Simple, precise and highly accurate
continuous decade selection of frequencies
in 100 Hz steps.

® Rigid stability controlled by a single high
accuracy frequency standard.

® Extreme simplicity of operation combined

with versatility of service and high quality
performance.

@ Synthesizers and wideband amplifiers
employed in these systems, which make
maximum use of semiconductors.

e NATO codified.

® Complete system planning and installa-
tion.

This new range of Marconi equipment has
already been used in the modernization of
the communications of 10 Navies.

AT TR et T
2 "".'“M(-m.t"’

Marconi naval radio and radar systems

AN ‘ENGLISH ELECTRIC' COMPANY

The Marconi Company Limited, Radio Communications Division, Chetmsford, Essex

LTD/Hee1

WW-—-098 FOR FURTHER DETAILS
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More speed
for Concorde

Speed is as vital in the production of the Anglo-
French ‘Concorde’ as in its performance. That’s why
magnetic tape systems are in use for the ‘numerical
control’ of machine tools. ‘Numerical control’ makes
it possible to machine complex partswithout models
or templates, thereby reducing production time and
cutting down demands on skilled workers. All the
movementsof the machineslides, accurate toonefive-
thousandth of an inch, are produced by command

MINNESOTA MINING AND
MANUFACTURING CO. LTO.

Manufacturers of ‘Scotch’ Instrumentation Tape, Profess-

ional Quality Magnetio Taoe. Quadratura and Helical |
Scan Video Tapa. |

3Mand‘SCOTCH’ are raaemarks of Mnnesola
Msning and Manufacturing Company ,

s e —— — — ———— — ——— . e I~ — — — — — > ——

signals recorded on ‘Scotch’ Instrumentation Tape.
Large quantities of tape are used for this purpose by
Ferranti Ltd. whilea considerableamount isalso used
by Bristol-Siddeley Engines Ltd. on their part of the
‘Concorde’ project, the development of the Olympus
593 engine. If ‘Scotch’ Instrumentation Tape can be
of assistance to you, please complete and post the
coupon below for TECHNICAL TALK publi-

catxoni and for ‘Scotch’ magnetic taoe data sheets.
L &

.| '|

i To: Mr. G. C. WRIDE, 3M HOUSE, WIGMORE ST, LONDON W1

Please send me technical detafls and specifications on‘Scotch’ Instrumentation Tape.

WW-—099 FOR FURTHER DETAILS
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—Vortexion TYPE CBL.
quality equipment TAPE RECORDER

Here is a versatile stereophonic recorder which has no equal in its price group.

IT CAN record monaurally or stereophonically with its own mixed inputs from Gram, Radio or other sources
and from high grade low impedance balanced line microphones. With good microphones, etc., the result

is a suitable master for disc manufacturers. * Before and After " monitoring is provided together with adjustable
metered bias for perfection.

IT CAN also make a recording on one track and then transfer it to the other track while measuring and listening
to it and adding one or two more signals also metered. A special PPM type meter is now used.

IT CAN repeat the process and transfer this combined signal to the first track with one or two more signals.
Composers use it for this purpose. One track may have music or commentary and the other cueing signals or
commentary and either may be altered without the other.

IT CAN play back stereophonically or monaurally with its own amplifiers of 31 watts each.
Speeds 13/34/74 i.p.s. Price £172 0s. 0d.
Speeds 33/74/15 i.p.s. Price £180 0s. 0d.

The Vortexion W.V.B. is a high quality monaural machine with ** Before and After " monitoring. The recording
inputs are a high sensitivity socket for moving coil or ribbon microphone and a high impedance socket for radio, etc.,
either of which can be selected by a switch. Superimposing and echo work can be done and the playback has reserve
gain for abnormal requirements. This model cannot be converted for stereo playback, but it is a thoroughly reliable
machine for the engineer specialising on monaural work.

Speeds 12/32/74 i.p.s. Price £115 10s. 0d.

Speeds 33/74/15 i.p.s. Price £128 0s. 0d.

The Vortexion W.V.A. is a monaural machine which has a performance equal in sound quality to the other models.
It possesses all the features of the W.V.B. except for ** Before and After ** monitoring, Dubbing and Echoes. The
recording being made can be heard on the internal loudspeaker as in the W.V.B. and C.B.L. The controls are
uncomplicated. Speeds 12/32/7% i.p.s. Price £96 7s. Od.

Speeds 33/74/15 i.p.s. Price £107 3s. 0d.

All tape recorders have adjustable bias controls, low impedance mic. inputs for unlimited lengths of cable, highly
accurate position indicators and meters to measure recording level and bias.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, $.W.19

Telephone: 01-542-2814 and 01-542-6242/3/4 Telegrams: “Vortexion London S.W.19”
WW—100 FOR FURTHER DETAILS
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‘CONNECTORS |

Depicted here are typical examples of a range of Water-
proof Connectors of unique design enabling electrical
circuits to be connected or disconnected even when
under water. The range caters for electrical loads of
440 volts a.c. 175 amps. down to the signal current
levels associated with instrumentation and similar
arrangements.

The basic.design incorporates a patented principle referred to as
“Watermate". Both plug and socket are moulded of a specially
compounded neoprene rubber with unusually high insulation
resistance and non-wetting surface. As mating occurs water,salt
deposits, sand and other foreign matter are wiped from the sockets
and ejected from a duct in the socket to form a leak-proof seal. The
wiping action assures a dry connection at the moment of contact
resulting in a leakage resistance of not less than 100 megohms
WHEN MATED UNDER WATER.

They are pressure balanced and will not block up under high
pressures. There are no glands or threads to seize up in water and
the method of moulding to the associated neoprene jacketed cable
provides an extremely robust and simple connector for both Military
and Civil applications.

For full details of these Connectors and a new Underwater Reed
Switch Assembly, please write or telephone to the Technical Sales
Department.

n McMURDO INSTRUMENT CO. LTD.. RODNEY RO, FRATTON, PORTSMOUTH, Tel:Portsmouth 35361 Telex: 86112
LUGTON & CO. LTD,, 209/210 Tottenham Court Road, London, W.I. Tel.: Museum 3261.
SASCO. P.O. Box No. 20, Gatwick Road, Crawley, Sussex. Telephone: Crawley 28700 (also:
Chipping Sodbury 2641, Cumbernauld 2560l Hitchin 2242).
ARGENTINA: Corte & Mon S.R.L., Salta 1325, BUENOS AIRES. AUSTRALIA: McMurdo

{Australia) Pty. Ltd., 15 Edmburgh St., Huntingdale, VICTORIA. AUSTRIA: Lipschitz & Co.
Biberstrasse 22, VIENN

Ww-—101 FOR FURTHER DETAILS
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The new Ampex 753 Tape Deck (complete with
pre-amplifiers) gives you these important new feanures:

[] off-tape monitoring [] sound-on-sound

[] sound-with-sound [ | echo control

The753is specially engineered for sound-on-sound recording
and monitoring. You can mix narration with music tracks—
add sound and music to your home-produced programmes.
You get the famous Ampex Stereo fidelity tco. Precision
engineering. And better performance than any price-range
competitor. Plus ] rigid block construction—tapes align
with heads to one thousandth of an inch, and the 753 finds
every sound on the tape. [[] deep-gap heads give three
years’ peak performance—few other makes give more thanone
year. [ | stereo 4-track [ dual-capstan drive [ 13 speeds
[ digital counter [] fast wind [}solid state throughout
[J vertical or horizontal operation [ | available in
tenk case.

Its Ampex.Its 31 gns

For further information and list of dealers in the U.K. send
coupon below, or write to: Ampex Great Britain Ltd., (Dept
WW2Acre Road, Reading, Berkshire.

T ooy iy

Please send me 753 desails and dealer Isst.

I Mame = S - !

I Address = I

CA-9 WW2 |
o e G vaey I SN GRS I WS SID S
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MSTLLZSUCCESS

SAL_ES NOW More a_nd more
EXCEED countries are buying

Marconi Self-Tuning

£10,000,000 h.f systems. ..

and one good reason is:

INCREASED RELIABILITY

M Wideband and distributed amplifiers
simplify and reduce the number of
moving parts, which are to the
highest engineering standard, thus
minimising mechanical failure.

W Silicon diode rectifiers, vacuum
variable capacitors and extensive
use of solid-state techniques give
optimum reliability.

W MST receivers are all solid-state,
eliminating mechanical variable
capacitors and telegraph relays.

and other good reasons are:

Reduced capital outlay Traffic interruption reduced

MST designs reduce demands for space and need for Frequency changes and retuning accomplished in less
standby equipment. Installation costs are decreased. than one minute without loss of traffic.

Economy of manpower World-wide acceptance

High equipment reliability together with full remote 30 countries throughout the world have ordered more
control facilities permit unmanned station working. than £10,000,000 worth of MST equipment to improve
Complete h.f systems can be controlled by one man. their communications services.

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England
AN "ENGLISH ELECTRIC* COMPANY

LTD/H78
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CONTIL
=

PIDAM (Plug-in Digital and Analogue Modules) perform
all the usual logic functions, but, unlike other units, can be

oy plugged in, using their B9A bases and can be quickly
-onnected to the requlred configuration. To help learning,
the module covers are easily removable for circuit exam-
ination and sets of components are available.
The |6 modules have an enormous range of use, from a
single MONO for a tachometer, to over 300 units in 2
computer Interface; nevertheless, their greatest asset is
extreme simplicity. Design time is cut and elaborate
breadboards superseded and any reader of * Wireless

World ** could, with PIDAM, build up a low cost system
ACCESSORIES for his own needs. ’ Y

PIDAM PLUG-IN
MODULES,
PRICES

per module range from
9/6 to 28/- and all nec-
essary accessories are
supplied. A complete
starting kit is only

£19/19/-. (normally Bl (Bistable) module shows B9A base for ease of

Pins 7, 8, 9 are always power con-

A full range of accessories are X connection,
available for PIDAM. hown £22/16/+). nections.
are the meter, scaled 0-9, at
35/6, Test prods insulated and PIDAM R
flexible with fine steel clips at BROCHURE —
the tip, red or black at 13/-. Sexti | loe) (ihisidora
rig'hd§peedb rcsleuing cour;(tcr plete  explanatory i PIDEC
e i 4 ; » .

vr«‘lc:: ;:ged o?em:: 40 sg;e:: :b:lll):;"esx:l:‘m d;r e L~ ’Q @ (Plug-in Digital Edycam_onal Cles
tions per sec. 165{-. Plug-in use and circuit dia- N cuit.) This Pidec unit allows seven
Octal relay 24v. with two grams_ol all mod- a =y == modules to be interconne<ted
changeover at i7/6. Not “"t“"lE“m"" “l'“l A A S ior demonstration or mock-up
shown: 8 range test meter c| %“ Ly chei‘?n % 3 = without soldering. ~ Including

C ¢ : e & ‘ @ internal power supplies, 370/~

switch alarms.
Aashers, tncho- 2
meter. timers,
batch counters, etc.
3/8 post Ire2.

42/-. Oscilloscope made for us
by Advance, £25.

mwe  CONTIL CASES
CHASSIS Contil cases are mass-produced to give the lowest prices

Printed circuit chas-
sis type " P " which
fits into 1277 or
16127 case, or type
“ Q" which can be
mounted on an alu-
minium chassis. Both
types take up to 20
boards and connec-

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
Contll cases are described by their dimensions, i.e. 755

is 7° x5 x5”. Individually packed, inc feet and screws.

tors on §° centres. Range of ONE  FIVE
Prices from 45/6 € hromium- 755 ......... 45/6 44/-
down to 37/- for plated and Del- 867 or 975 47/6 46/-
quantities. rin handles avail= 1277 oo S53/- SI/-
able with match- 16127 .. er 98/6 96/6
ing chassis, 191010 133/ 130/~

3/-
spare panels, etc. Kit £11/19/- (normally £14/12/).

IA t;oard shown
plugged into “M°
20-way _connector &2 )

with  “§" board 3 ¥ o
supports. Note: | p

Power supply rails ;

at right angles to sig- 3 { J

DIGITAL COMPUTER MODULES

| pa

g/ahr::'::h.A !;%e::!:; Digital computer modules
““M " connector 9/- “BRIGHTLIFE® SUB. are aval‘la_ble’ fncluding b
*$™ supports 3/- TRy NEONS MINIATURE stables, Ilpd lops, compara-
pair. Less for quan- Aol 25,000 hr, average NEON tors (coincidence ga:eg'{lco_ln
tities. fife with high in- The smallest yet. driver, SNOR. 2NORX2,

[T |

Al

TRANSFORMERS
Two West Hyde

DIVIDE BOARD

The Contil divide
board can be used
for decoding from 9

bistables giving a
count up to 512.
Includes resetting

and decoding diodes
and switches. Type

R ' at 78/- cach.

tensity and resistor
in housing; either
i or §" dia. Stan-
dard “units  160-
250v. with 67 lead
variants, 10 at
2/6 each with 10
different caps. In
quantity down to
1/7 each.
only, down to 64d
each

Neon =

Type “ Q" overall
dia. %", body length
1" With resistor
Ior malns, 3/9 each
Minimum  quantity

10. Down to 2/6 each.

SNAND. and RESET. Alsc
available are neons for driv
by transistors, display boards.
divide boards, togethet with
escutcheons that only re-
quire round holes

transformers are

avaifable for tran-

CIRCUIT
BOARDS N F

CONTIL LOW COST PRINTED
REED SWITCH ONE TE FF'!,'T

istorised  equip- o PLEASE NOTE
f":c‘:!' cone :t "2 The West Hyde Reea Switch works ?_'“Rda"d ;";':A'“"" board ... ,?/5 Z'/: 4l A" products ex-stock for
amps, giving 6, 10, at up to 2,000 times a second for BJ b°’59A e ik I normal quantities. Re-
15, 18 and 30v. i.e. more than fifty thousand million 7‘G or gands FEALLAT - 5. turn of post service. N2
34, 5 6 8 9, operations. Ideal for: over an o our reSpcc;uge 9508, myy orere 94. 8‘6 a" S.A.E. Minimum order £1.
Ib. 12. 15, 18, 24 under speed h(noni:ors, counting, onnectors, 0 Vv::)y' PN 5)- 4’/6 ;;: Fuilly detailed leaflets avail-
and 30 with 12-0-12 timing, switching, rev. countng, “ P chassis to Tt 1277 Contil 39'-6 3716 37)- able. Al prices include
and 15-0-15. The etc. Hermetically scaled and printed circuic it: including case, normally £l4“8/6 postage and packing.

moulded, Prices from 14/- each to
776 cach per thousand.

second at | amp.
6. 10, 18v. taps.
Price 34/- and 25/-.

for only £11/19/6

WEST HYDE DEVELOPMENTS LTD.
30 HIGH STREET, NORTHWOOD, MIDDLESEX
Tel. Northwood 24941

WW-—10s FOR FURTHER DETAILS
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SINCLAIR

@ ACOUSTICALLY
CONTOURED SOUND CHAMBER

@ MAXIMUM LOADING IN
EXCESS OF 14 WATTS

@ BRILLIANT TRANSIENT
RESPONSE

I5 OHMS IMPEDANCE

OF COMPACT AND
ORIGINAL DESIGN

@ AN ALL-BRITISH PRODUCT

WIRELESS WORLD

FEBRUARY, 196!_3
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a truly superb loudspeaker

Price need no longer stop you enjoying
first - class high - fidelity loudspeaker
reproduction nor is size any longer a
problem. (These considerations are of
utmost importance to every enthusiast
for stereo.) In the Sinclair Q.14 you will
find a loudspeaker of such remarkable
quality and so compactly and attrac-
tively styled that you will want to change
over to Sinclair as soon as you hear it.
This is no ordinary loudspeaker. Indeed,
at a recent trade demonstration experts
were greatly impressed on hearing the
Q.14 against speakers costing many times
as much. It proves beyond question
that good reproduction need not be
expensive.

When tested in an independent lab-
oratory a Q.14 from stock showed
exceptionally smooth response between
60 and 16,000 c¢/s with well sustained
output both below and above these
readings. Its remarkable transient
response ensures clean-cut separation
between instruments, voices, etc. Much

SENT POST FREE TO ANY PART OF
U.K.

of its success results from the use of
materials different from those found in
conventional speaker manufacture. The
unusual shape of the sealed, seamless
pressure chamber allows the Q.14 to
be conveniently positioned on shelves,
in wall corners, or flush mounted in
assemblies of one or more units.

““ More than delighted”’

*“I have tested them (two Q.14's) side by side
with two first class ........ speakers in
large reflex cabinets coupled to a very good
Hi-Fi stereo set up and can honestly say
the Q.14 is superior to the speakers | have
been using. Every note came through per-
fectly. | am more than delighted. | would
like to congratulate you on producing such a
fine unit.”—J.R.H., Blackpool.

Try the Q.14 in your own home by sending
the order form off today. If you are not
satisfied your money plus the cost of
returning the Q.14 to us will be refunded in
full.

£6.19.6

SINCLAIR RADIONICS LTD. 22 NEWMARKET ROAD,

CAMBRIDGE.

WW-—106 FOR FURTHER DETAILS
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SINCLAIR

ZIIZ COMBINED 12 WATT HI-FI AMP AND PRE-AMP

Fantastic power & versatility e
® 12 watts RMS. con-  The Z.12 proves beyond all question that high-fidelity can be combined MlCRUMATlc

tinuous sine wave. . . . The world’s smallest radio
(24 w. peak.) with very low price. No other mtggrated amplifier system so successfully . b e i agnetic A
® 15 watts music power meets such a wide range of requirements. The Z.12 will operate from 2¢] piece, yet costs fess.
(30 w. peak.) any power supply between 6and 20v. D.C. The output is suitable for any Prices of the Micromatic have becn substan-
® Ultralincar dass B impedance between 1.5 and 15 ohms, and consequently for any loud- tially reduced. Performance has been im-
output speaker including, of course, the Sinclair Q.14. This remarkable am- f":"“: by ':hc "%‘ﬁii'e"".\fl ?a::iwmrc“:ngnteb::
Yy o & . - ype earpiece. e
[ Iz"ﬂro'hm 2m¥ dnto  plifier has facilities for matching to any types of gonvenuonal inputs, B o anthusiasts can enjoy even better
5 R details of which are given in the Z.12 manual supplied. erformance from this fabulous little set—and
® Output suitable for  Inclyded amongst popular applications for the Z.12 are mono and stereo JeRall Dus vens K ’;1"1‘2":';3“:[“3;‘;:‘:
, 7. E ; . : ways— y x| xkin.
spéakers.” Two 3 ohm high ﬁé’]‘ellty sdyspui\ms (two are needed for stereo)l, guitars, ?lectrlc or{gans. Formerly 5916 in kit form and 79/6'buingthesled.
speakers  may e car radios and P.A. and intercom systems, etc. It is also reat value in KIT { Bullt an
used in parallel Y : B e 49‘6 tested 59,’6

experimental work where dependable standards are required. oW,

@ !5-50,000 ¢/s +1dB Two mercury cells for Micromatic—each | .

@ !deal for battery oper - All you claim for it*’

ation “The Sinclair Z.12 is all and more that you claim for it. lts performance is outstanding.
@3 x i x I} Thank you for your prompt service. *—$/Sgt. R...., B.AO.R. M I c R O F M
BUILT, TESTED AND <« Performance excels that of many systems "’ ! Less than 3in.x Iin. X 2in.

7 transistor F.M. Superhet
using pulse counting discrimin-
ator. Low L.F. makes alignment
unnecessary. Tunes 88-108 M¢/s.
The telescopic aerial suffices
for good reception In all but
poorest areas. Signal to noise
ratio—30dB at 30 microvolts.
One outlet for amplifier or
recorder, one for use as a
pocket portable. Complete Kit

m(ﬂ'ﬂ inc. earpiece. £5.1 9.6

GUARANTEED ‘| have built a stereogram employing 2 Z.12 amplifiers and a PZ.3. | am delighted with
the reproduction which is better than some | have heard costing over double the

price. It hasalso silenced some of the old brigade who stubbornly believe that nothing
can beat valves.” —R.H., Argyll.
SINCLAIR STEREO 25 PRE-AMP/CONTROL UNIT
For use with two Z.12s or any hi-fi stereo system.
A NEW } £ .

Frequency response 15 ¢/s to 30 kefs 4 1dB. Switched
inputs for P.U., Radio, Microphone, etc. Equalisation
correct to within 1 dB on RIAA curve from 50 to
20,000 cfs. 6iin. X 25in. x24in. plus knobs. £9 19 6
BUILT, TESTED AND GUARANTEED L L]

SINCLAIR POWER
UNIT

PZ.4. Heavy duty, stabilized
power pack to meet requirements To: SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE
of Z.12 assemblies in 09'6 !

stereo,  etc. Qutput *

Please send POST FREE l
18 v.D.C. at I.5A

NAME

GUARANTEE

Should you not be completely
satisfied with your purchase when
you receive it from us, your money
will be refunded in full and at
once without question.

ADDRESS

ey

If you prefer not to cut page please

l For which | enclose cash/cheque/money order. FR ww263
quote WW 268 when ordering.

-————————————————————————
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AT LAST |

a small capacity puttin

CORE STORE quart
1024, 4 bit words

Vero are clectronic packaging specialists. A wide range of standard Vero-
boards, Card Frames, Module Racks and Cases are available from stock. In
addition we are always prepared to discuss special designs and requirements,

£ - but prefer to be consulted early so that our designers can ~_~ork c|ose|‘y with
yours. Qur design experience and know-how is invaluable in clectronic pro-
blems where maximum space utilisation is important.

J
-

y € ©'&3
0 0903 00 0ADD
G el oD |

» I

MEASURING 11" x 104" x 14"

This model is one of a range of Core Stores offering a
variety of word/bit combinations.

Type C8550. 1024 Single bit words at £135 9
Type CS442. 256 Four bit words at £135 &
Type CS552. 1024 Four bit words  at £270

Type CS444. 256 Sixteen bit words at £335

Type CS453. 512 Eight bit words at £310

These stores comiprise a core matrix, address selection,
control circuitry and output staticisors mounted on a
single unit.

We also undertake the complete design and manufacture
of special purpose digital systems.

If you require a reliable low cost core store, contact

TREND Send now for fU"f details to:-
/rend, | VERO ELECTRONICS LTD
ren EI.EGTRUNIGS LTD. HANTS, SOS 3ZR Tele: Chandlers Ford 2921]4. Telex 47551

BRANCHES AND AGENTS THROUGHOUT THE

St. John's Works, Tylers Green

Nr. High Wycomb, Bucks. WORLD
Telephone: TYLERS GREEN 322 |
WW-—108 FOR FURTHER DETAILS WW-—-109 FOR FURTHER DETAILS
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FULLY APPROVED

A.D.S. P.O.
3000
SERIES

Through 30 years’
telephone service, and automation refine-
ments, the world’s most versatile relay: | to 4
coiis in limltless permutations from § milli-amp to 20 amps
(0.1 to 400 volts); Fast, slow, and A.C. versions; } to 16 con-
tact units (36 springs max.); Standard contacts 0.3 to | amp; Alternatives for
switching Dry-state. Inductive, and 10 amp circuits. Insulation from 100 to 4,000
volts; Life up to 100 million operations; Plainor tropical finishes; Approx. dimen®
sions | 7% 34" % 24" max. An A.D.S. 3000 Type to meet al¥ specifications-G.P.O.,
EI.D. C.E.G.B.,, ADMIRALTY, UK.AEA, ALL COMMERCIAL, ETC.

A.D.S. P.I. PLUG-IN 3000 TYPE

Plug-in version, enabling relays to be changed in seconds. Fully approved.

A.D.S. MINI G.P.

Special ADS miniaturised 600
Type: Single or double wind-
ings; | to B contact units (24
springs max.); |deally suited to
printed circyit and general
purpose uses; A sensitive
miniature Relay built to suit
each specific requirement;
Minimum operation below
50 milliwates (3 mA in 5,00002

i). AC. coils available.
Approximate dimensions: fin.
X 13in. X 24in. (plus tags).

A.D.S. P.0. 600 SERIES

Miniaturised 3000 with similar, but re-
stricted, specification; only %in. chassis
space (twelve = nine 3000 Type): | or 2
coils: | to 6 contact units ﬁH springs max.).
Approx. Hin. X 3in. X Min.

A.D.S. LITTE KING (at right)

Screw-Fix type 2, 3 and 4 pole. Quick-
Change (Plug-in Type) 2 and 3 pole 12 and
24 v. D.C., 100 and 240 v. A.C. Ex-stock.
Little space required: Screw-Fix 1.7 sq.in.,
Quick-Change 2.0 sq. in. King size switch-
ing: Screw-Fix 2 kVA, Quick change 1.5-
kVA, 10 million operations (proof tested to
27 million). Power transfer=1,500. Max.
current gain== 1,400 {coil to all contacts)
LK2C (2 pole screw-fix type)—I10 amps. /400
volts (|,000 VA max.) per pole.

A.D.S. RELAYS

PTedissne

LTD.
HE'_AYS 97 ST. JOHN STREET,
PR

LONDON, E.C.1.
Telephone: 01-253 3393

WW-—110 FOR FURTHER DETAILS
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NEW
SWITGHED
ATTENUATOR

Type 687E

TR

roumtaTs 178 2

The new Hatfield type 687E Switched Attenuator
extends the present range of 50 and 750 impedance
models (Types 687TA and B), features 600Q input
and output impedance and frequency range D.C.
to over | MHz. All three models provide precise
switched attenuation from 1-100 dB in | dB steps
and are housed in die-cast aluminium boxes only
5L x 13 x 24in., fitted with two B.N.C. coaxial
sockets.

Type 708

Impedance levels 50 or 75 ohms.
Available for the ranges 0-1.1dB
up to 50 MHz, O-11dB in 1dB
steps or 0—110dB in 10dB steps,
frequency range D.C. to 500 MHz

Offers reliable operation up to
100 MHz yet is low in cost, and
can be used equally well in
equipment or inserted in lines
without mismatch.

Werite for fully illustrated literature on the complete
range of Hatfield Attenuators and for a copy of the
new edition the SHORT FORM CATALOGUE.

HATFIELD INTSRUMENTS LTD.Dept. WW., Burrington Way, Plymouth,
evon

Telephone: Plymouth (0752) 72773/S.  Telegrams: Sigien, Plymouth.

HATFIELD BALUN

WW—111 FOR FURTHER DETAILS
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SUPERIOR...WORLD LEADER
in the manufacture of
ELECTRON GUNS exclusively!

Now, from new, modern, expanded facilities . . . men, minds

and machines coupled with professional experience, organization
and resources produce SUPERIOR ELECTRON GUNS . ..
unequalled throughout the world!

Precision guaranteed, quality built, with optimum functional
reliability, SUPERIOR ELECTRON GUNS give you the widest range
of electrostatic and magnetic focus types available . . . for color

and black and white application in commercial, industrial,

special purpose, military and European tube types.

Write today for further information and catalog of facilities and types.

SUPEF“UH EI.ECTHONICS Company

(Division of AIKEN INDUSTRIES, Inc.)

CLIFTON, N.J., U.S.A./ CABLE ADDRESS: “SECO"” CLIFTON, N.J, U.S.A.
LONDON STOCKISTS: ELECTRODE WELDING CO., LTD

Jubilee Works Cobbold Road, Willesden, London N.W. 10, England E’

Telephones: Willesden 5050 / Willesden 6655-6
Telegrams: Elecwhyb Norphone London Cables: Elecwhyb, London, N.W. 10

WW-—112 FOR FURTHER DETAILS

—vyou need the Antex &

SOLDERING TOOL KIT

® Model CN240 15W Precision Iron with 2 ° bit
® Two spare Interchangeable Bits (& and < )
® Reel of Solder ® Heat Sink @ Cleaning Pad
® PLUS 36-page booklet on “How-to-Solder”

British made. From The Army & Navy

Stores, Harrods, and Radio Shops, or if
49'6” unobtainable locally, direct from
WW-—113 FOR FURTHER DETAILS

ANTEX LTD

GROSVENOR HSE - CROYDON - CRI1QE JJ
Telephone: 01-686 2774

€ 1967 Superior Electronics Co

STOCKISTS

MULTIMINOR MK. 1v

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration and conversion
of all types of instruments,
industrial end precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
Tel.: TIDeway 2689

E.'D. & G.P.0. APPROVED CGONTRACTOR TO H M. GOVT
WW-—114 FOR FURTHER DETAILS
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If you were born under

PISCES

remember there's an RTS in the month!

A period in which you can beat all targets. Aim high, but

avoid placing undue reliance on jaded sources of supply.

Temporary setbacks brilliantly overcome by resorting to

RTS ‘by-return’ service on electronic components.

Lucky numbers: Cambridge (OCA3) 51471 —for orders
Cambridge (OCA3) 59101 -other business

Send for comprehensive catalogue taday to see what RTS hoids In store for you.
_RTS for all your components, by rewurn, even overseas!

RADIO AND TELEVISION SERVICES LIMITED
P.O. Box 11 Gloucester Street, Cambridge

\/
A MEMBER OF THE Q@ GROUP OF COMPANIES

WW—115 FOR FURTHER DETAILS

6mm tubular midget

oV jtr
14.5 mm.

1ta ]

Ir be. Catalogue 66,

T\ | dl

AN

[

VITALITY BULBS

VITALITY BULBS LTD MINIATURE AND SUB-MINIATURE LAMP SPECIALISTS

BEETONS WAY, BURY ST. EDMUNDS, SUFFOLK. TEL. BURY 2071. STT.0.0284 2071
WW-—116 FOR FURTHER DETAILS

WIRELESS WORLD 81

Recent additions to the Hatfield range of
Attenuators, Hybrids, and Modulators include:

TYPE MD4, a compact V.H.F. Double Balanced
Modulator using “ Hot Carrier " Diodes, capable
of very good performance as an amplitude
modulator, mixer, phase detector or current
controlied V.H.F. Attenuator. Input and output
frequency range is 0.5-300 MHz.

TYPE $MDS5, the newest development, with
similar features to Type MD4, but fully encapsu-
lated and suitable for direct mounting on printed
circuit boards.

Large scale production of this type makes
possible an extremely competitive price.

Deliveries of both these types can be made from
stock. Write now for fully detailed literature
of t're complete range, and for your copy of the
new cdit'on of the HATFIELD SHORT FORM
CATALCGUE.

HATFIELD INSTRUMENTS LTD.
Dept. WW. Burrington Way, Plymouth, Devon,
Telephone: Plymouth (0752) 72773/5

Telegrams: SIGJEN, Piymouth

HATFIELD BALUN
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WHITELEY
for acoustic hoods

All noisy environments such as factories, workshops, department
stores and hotels require the facility of an acoustic hood which
permits telephone conversations to be held without the inter-
ference of annoying background noises. Whiteley acoustic hoods
are strongly made from resjn bonded ply and finished in a cellu-
lose enamel which makesthese suitable for indoor or outdoor use.

Standard
Hood
Dimensions
25” high
204" deep
241" wide

Fitted with loudspeakers ™ Fitted with doors for outdoor use
Also available with internal light and|or a storage shelf below hood

& dl{eclorv holders

These attractive, and extremely
functional directory holders will
hold five directories neatly and se-
curely, in individual swivel holders
permitting easy identification and
reference. The lower shelf pro-
vides additional storage space. The
units are of cast alloy and are fin-
ished in an attractive grey epoxy
resin enamel and constructed to
strict G.P.O. design specifications.

Directory Holder Dimensions
174" high x 134" wide x 13" deep

5
For further details please write or telephone

WHITELEY ELECTRICAL RADIO CO. LTD

MANSFIELD - NOTTS - ENGLAND Tel: Mansfield 24762
London Office: 108 KINGSWAY, W.C.2 Tel: HOLborn 3074
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Sothet sy Hhe NEWE IMPBCIVED
PRIMAX or PRIMAXA

SPOTLIGHT ~ SOLDERING GUN

GOWW SPOTLIGHTS

99/8ducu 5/=pap.
PRIMAXA

100 WW SPOTLIGHTS

EACH

Dustributors:

S. KEMPNER LIMITED
384A Finchley Road - LONDON * N, W.2,
Tel : 01-794 2371—01-435 6365

WW—119 FOR FURTHER DETAILS

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 Crimping
and Cutting Pliers, Torque
Wrenchesand Piercing Punches.
f you require quality tools
ask for Catalogue WW/68

L67 - KIT -CN

WelwynTool Co. Ltd. ‘
STONEHILLS HQUSE - ELWYN GARDEN CITY WELWYN GARDEN 25403
WW-—12¢ FOR FURTHER DETAILS
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DIGITAL
DISPLAY
UNITS

0-9 with decimals, lit by 6.3v bulb.
* Assemble units into groups to give countless per-
mutations of numbers.
* Maximum legibility from a wide angle through

uniform intense characters

* Applications in every industry, for instantaneous
readout of anything numerical.

Price of £4/5/- includes post and packing.

Auromatic 'MacLine Scrvicc

(CARDIFF) LTD.

ACE HOUSE, FERRY, ROAD, CARDIFF. TEL. 41456

ﬁﬂ::REES:'AE'EEEEE:EEEEfI
iTRANSIPACK i
ilSTATIC INVERTER or !!}
il NO-BREAK POWER SUPPLY I
=to suit you — :::

e ,,

1]
ill | il
i | = prREORMANCE il

SINE AND SQUARE WAVE il

—UP TO 80 K V.A- o

'i -- INDUSTRIAL il
INGSTRUMENTS iil
LIMITED STANLEY RD.. BROMLEY, KENT "

Tel. 01-450 9212. Telegrams: Transipack, Bromley iil

wWw. 122 FOR FURTHER DETAlLS
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The new V51 helical range of
MEC miniature wirewound
potentiometers offers high
resolution in very small size.
3, 5 & 10-turn units are
available. Resistance values
range from 220Q 3-turn,
resolution 0.262%, to 220K
10-turn, resolution 0.017%.
3-turn units have continuous
power rating 0.25W, 5-turn

0.5W and 10-turn 1W at 70°C.

83

Sealed construction, proot
against humidity, vibration,
shock, altitude and
acceleration to meet Def 5011
severities

Prices from 28/- depending
on quantity.

Miniature Electronlic
Components Ltd.,

St. Johns Woking Surrey
Telephone Woking 63621

The smallest

helical

otentiometer

available in UK.

INE-2

-

Trimmer Potentiometers

Wire-wound Resistors
Minlature Sivitches
Elapsed Time Meters

WW-—123 FOR FURTHER DETAILS
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Trainfortomorrow’sworld
in Radio and Television
at The Pembridge College
of Electronics.

The next full time 16 month College Diploma
Course whichgives athorough fundamental
training for radio and television engineers,
starts on 24th April 1968.

The Course includes theoretical and practical
tnstruction on Colour Television receivers and is
recognised by the Radio Trades Examination
Board for the Radio and Television Servicing
Certificate examinations. College Diplomas are
awarded to successful students.
The way to get ahead in this fast growing industry
-an industry that gives you many far-reaching
opportunities—is to enrol now with the world
famous Pembridge College. Minimum entrance
requirements: ‘D Level. Senior Cambridge or
equivalent in Mathematics and English.

WIRELESS WORLD

— —— L — — — — . o8 s il

To: The Pembridge College ot ciectronics
(Dept.WW), 34aHereford Road, London,W.2

Please send, without obligation, details of the
Full-time Course in Radio and Television.

NAME.

ADDRESS .

WW-—124 FOR FURTHER DETAILS
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for
VARIABLE
GAPACITORS

TERMINAL
STRIPS

LEADTHROUGH INSULATORS

WINGROVE & ROGERS LTD

DOMVILLE ROAD LIVERPOOL 13

Telephone: Stoneycrof: 2265
LONDON OFFICE: 75 Uxbridge Road - Ealing W.5. Tel: 01-567 7046
WW-—125 FOR FURTHER DETAILS

AERIAL HANDBODK

By G.A.BRIGGS
with R.S.ROBERTS

C.Eng. MLERE. Sen MIEEE. as Technical Editor

Ahreryy
" N0,

secondEdition PUBLICATION DATE 26th JAN. 1963

176 Pages, Fine Art Paper. (44 lilustrations (including 50 new to this Edition and
14 Cartoons).
Price 15/- (16/- post free), Semi-Stiff cover.

22/6 (24/- post free). Cloth bound Library Edition.
The ficst edition of Asrial Handbook was published in Oct. 1964 and the 5,000 copies
were sold out in just over a year.
This second edition has been delayed until the plans for Colour Television &
Multiplex Stereo had matured and could be deait with from the angles of Trans-
mission and Reception.
The activities of the B.B.C. and |.T.A. are well covered. Relay Systems, Eurovision,
World Satellites and Colour Conversion, Post Office Tower, etc., also receive
attention in non-technical terms.

CONTENTS
Chapter No. of | Chapter No. of
Pages Pages
I. General Principles .. 16] 7. Indoor Aerials 9
2. Medium and Long Waves 7| 8. Diplexers, Multiplexers and
y Spiitters. 6
3. Short Waves. . 9. Boosters and Attenuators 10
4. VHF and Band Il (FM & Stereo- 0. Transmitters {including Colour
whonic Sound) .15 TV & Sterco) 44
5. Television, Bands and Il Il. Relay and Communal Systems 20
(UHF). . 14] 12. Questions and Answers 7
6. Television, Bands IV and V Sold by Radio Dealers and Book Shops or in
o o™ 141 case of difficulty direct from the Publishers

\'s'4

WHARFEDALE

www americanradiohistorv com

RANK WHARFEDALE LIMITED,
iDLE, BRADFORD, YORKSHIRE.
Tel.: Bradford 612552.

R AILS
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WEYRAD

COILS AND I.F. TRANSFORMERS IN
LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

P.9 SERIES 10 mm.x 10 mm,x 14 mm. Ferrite cores. 6 mm. 472 kc/s -operation,
Single-tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm.x12 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

WW-—127 FOR FURTHER DETAILS

Its easier..

to find small components in
a transparent €€¥yg»drawer cabinet

1t keeps all your transistors, bulbs, screws,
bolts, nuts, etc. VISUAL, ASSORTED
AND ALWAYS AVAILABLE

THE MOST COMPACT SYSTEM FOR
STORAGE OF SMALL ITEMS

see at a glance avoids searching
heavy gauge reinforced steel frames
transparent, dividable plastic drawers
self-supporting, standardized units
stackable or suspendable for speedy
erection or alteration into farger sec-
tions

m  more than 20 different models

FOR MODERN AND EFFICIENT STOR-
AGE OF ALL SMALL COMPONENTS
INSIST ON

MODEL 36 A For detailed information and RAACO (London) Ltd.,
illustrated brochure write to

52/54 High Holborn,
£4.10.0 London W. C. 1.

WW—128 FOR FURTHER DETAILS
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Bullers ceramics

for the ELECTRONIC INDUSTRY
(and Electrical Appliance Manufacture)

Refractories for high-temperature insufation

Bullers porcelain for general insulation purpose:

Meticulous care in manufacture, high quality mate-
rial, with particular attention applied to dimensional
preclsion and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Write today for detailed particulars.

BULLERS LIMITED

Milton, Stoke-on-Trent, Staffs,

Phone: Stoke-on-Trent 54321 ¢5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent
London Office: 6 Laurence Pountney Hill, E.C.4
Phone: MANsion House 9971

WW_—129 FOR FURTHER DETAILS
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TELETON COMES TO THE U.K.

Already highly successful in Belgium, Germany, Switzer-
land, Holland, France, and Italy, we now proudly present
the finest integrated Solid-State Hi-Fidelity Equipment for
your approval. Ultra-modern designs have been created
according to European technical standards and popular re-
quirements.  These outstanding products are supplied
exclusively to us by MITSUBISHI Shoji Kaisha of Japan.

Superbly styled in oiled walnut, TELETON Tuner
Amplifiers include AM/FM Multiplex facilities, comprehen-
sive filters, four inputs and up to fifty watts RMS output,
at prices to suit even the most modest pocket.

As an example of unsurpassed value, the TELETON
SRQ 302X Solid-State AM/FM Multiplex Stereo Tuner
with integrated Amplifier (20 watts RMS) is available
in a matt oiled-walnut case—price only 64 gns. retail !

There are over fifty TELETON products from which to
choose, and these include Stereo Tape Recorders, Radios,
Cassette Recorders, Transceivers, Memopacks and Sterco
Loudspeaker Systems. Centralised bulk purchasing power
enables us to compete most favourably with any Company
in the U.K. and our home-based Service Department imple-
ments a full 12 months Warranty.

TELETON home-entertainment units are obtainable from
most high-class specialist dealers, or from selected whole-
salers. Representative brochures and price lists are available
to bona-fide trade enquirers, and a comprehensive display
of the products may be seen in our Showroom by arrangement.

Telephone or write for further details to:—

TELETON ELEKTRO (UK.) CO., LTD.,
66-68 Margaret Street,
London, W.1.

Telephone: 01-636 6491
—__ WW_i30 FOR FURTHER DETAILS ==
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We supply B.A. Screws, etc. in brass, steel, stainless, phosphor
bronze and nylon to laboratories throughout the Common-
wealth.

We can also offer early delivery for many sizes of
screws, etc. with Metric Threads.

Please send for List W9/65 (WW)

WALKER-SPENCER COMPONERTS LD

5, High Street, Kings Heath, Birmingham, 14.
Yelephone: (021 for STD) HIGHBURY 3155 (Sales)

WW—131 FOR FURTHER DETAILS

Your choice of
Live Sockets -
Instantly!

A Lexor DIS-BOARD gives youupto 6 L\
sockets from one power outlet. Portable

or permanent fixing, compact units, \

with safety neon. Over 1,000 socket
combinations available from stock.

All types of fittlngs and finishes.

brochure from

LEXOR DIS-BOARDS LIMITED,
Allesley Old Road, Coventry.

Telephone 72614 or 72207

WW-—132 FOR FURTHER DETAILS
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RECEPTION SETS R220/R220
These comprise two crystal controlled AM
receivers and can be operated independent of
each other on one spot Irequency in, the band
60-100 Mc/s.. wit +n monitor speaker.
They are hous nc metal cabinet. size

213 x 124 x ind ready for immediate
mains operation (200-250 v. 50 ¢/s.}. Supplied
BRAND NEW original crate, complete

with spares an nual. £20. Carr. 50/~
POWER UNIT TYPE 24 FOR R.216 RE-
CEIVER. A.C. operated 100-125 or 200-250
volts 50 ¢/s. BRAND NEW AND BOXED.
£9/19/6. Carr. 106

FILTER VARIABLE BAND PASS No. |.
Dual channe! unit. each channel has variable
slot frequency of 500-900 ¢/s., 1,200-1,600 cfs.,
and band pass facility. 600 ohms input and
output, monitor input and high impedance
output jacks. Standard rack_mounting 3{in.
deep panel. Mains operation 200/250 v. 50 ¢fs.
BRAND NEW. £5/19/6. Carr, 10/-,

HRO TUNING METER. 0-1 ma. New and

boxed 25/-. Post 2/-.
FREQUENCY METER

BCZZI 125 Kc/s. to 20 Mc/s.

This crystal controlled heterodyne fre-
quency meter is too well-known to need
further description. Those we offer are
complete with correct individual calibration
book and are carefully tested and guar-
anteed. New condition. £30

Laboratory Standard

Also some less calibration book, in working
order. £9/19/6. Carr. 10/..

V.H.F. SIGNAL GENERATOR
MARCONI TF-801A/l. Covers 10 to 310
Mc/s. (4 bands). DIRECTLY calibrated. Int.
Mod. at 400, 1,000 and 5,000 ¢/s. Attenuated
or force output. Guaranteed overhauled,
accurate and in perfect working order.
£35. Carr. LI,

BEAT FREQUENCY OSCILLATORS
MARCONI TF-19SM. Covers 10 ¢ps. to
40 kefs. in two sweeps. 0O to 20 kc/s. and
20 to 40 kcfs. Output 2 watts into 600
or 2,500 ohms. Panel meter indicates
output voltage. A.C. mains operation
100 to 250 voits. Flrst class condition. Fully
tested. £20. Carr. 30/

AMERICAN HEADSET TYPE HS-30-U
600 impedance. BRAND NEW and boxed,
15/-, postage 2/6.

DISTORTION FACTOR METER
MARCONI TF-142E.  This instrument
measures the percentage of total harmonic
distortion in the fundamental frequency
range 100 to 8,000 c/s. The lowest scale
engraving is 0.05%. Will handle 2 watts
{(continuous) and  will give satisfactory
readings with only | mW input. Mains

operated. Output impedance 600 ohms.
Very good condition. £20. Carr. 20/-.
MICRO AMMETERS

R.C.A. 0-500 microamps. $in. circular
flush panel mounting. Dials are engraved
0-15, 0-600 volts. As used in the American
version of the No, 19 setc. BRAND NEW
and boxed 15/~ P. & P. 1/6.

AR-88 SPARES

Knobs, Medium size, Set of 8 .. 10/-
Knobs, Large size . S Py 5/6
Condenser (3x4 mfd.). Post4/6 .. 11/6
Mains Trans. (L.F.) {postage 9/-) ... 42/6

MINIATURE RELAYS
240 v. A.C. coils. Contact assembly 2
“ makes " and | C.O.5 amps. Size 2X 14X
lin. Unused and removed from brand new
equipment 8/6 post paid.

MOVING COIL PHONES. Finest
quility Canadian with chamols ear-muffs
and reather-covercd headband. With
lead and jack plug. MNoise excluding and
supremely comfortable. 22/6. As above but
complete with moving coil microphones 25;-.
DLR-5 Low impedance headphones with
attached throat microphone. 12/6. All these
items BRAND NEW. Postage extra 2/6.

CINTEL NUCLEONIC SCALERS
Nos. 36402 and 36411. Unused with hand-

book. List Price £300/£320. Our Price £65.

CRT Type 89D as used in the Cossor 1035
Brand New 5%/6. P. & P. 4/6.

O:scilloscope.

|

\WIRELESS WORLD

ADVANCE TEST EQUIPMENT

H1B Audio Signal Generator £30 0
J1B Audio Signal Generator £30 0
J2B Audio Signal Generator £35 0
TT18 Transistor Tester £37 10
VM76 AC/DC Valve Voitmeter . e b (B2 O
VMT78 AC Millivoltmeter (transistorised) . £55 0
VM79 UMF Millivoltmeter (transistorised) ...£125 0

These are current production, manufactured in U.K.
by Advance Electronics Ltd. (not discontinued
models). Showing a saving of approximately 33i%
on nett trade price. BRAND NEW, all in original
sealed carton. Carr. 10/- extra per item. Special
ofier of 109 discount for schools and technical
colleges, etc.

OSCILLOSCOPE TYPE 13A

Double beam. Time base 2 ¢/s. to 750 ke/s. Band width up to
S Mcfs. Calibration markers at 100 kefs. and | Mc/s. Operates
from A.C. mains 100 to 250 voits. A completely reliable
quality instrument.  Supplied fully checked with circuit
£22/10/-. Carr. 30/-.

HRO MODEL 5T £30

The octal valve version. In mint condition. Complete with aii
nine general coverage coil sets Covering 50 k¢/fs. to 30 Mc/s.
Instruction Booklet and circuit, but less external power supply.
Carriage 30/-. Complete manual available at 30/- extra.

PRICES NOW REDUCED CINTEL EQUIPMENT.
ELECTROLYTIC CAPACITANCE AND INCREMEN-
TAL INDUCTANCE BRIDGE No. 36601
A modern Instrument, all solid state, which accurately measures
the capacity of electrolytic condensers from 0.1:F to 1,000uF
under operating conditions. Leakage current and polarizing
voltage are separately metered. Inductances from 100 mH
to 100 H can also be measured with current up to 100 mA.

A.C. mains operation. Unused with handbook. List Price
£220. Our Price £70.
WIDE RANGE CAPACITANCE BRIDGE. No. 1864,

A matching instrument to the above. All solid state. Mains
operation. Measures from 0.002pF to [00uF. Unused with
handbook. Llst Price £250. Our Price £75.

MARCOCNI TEST EQUIPMENT

PORTABLE FREQUENCY METER TYPE TF.1026
SERIES

TF.1026/4 2,000/4,000 Mc/s., TF.1026/5
TF.1026/6 3.800/4,200 Mefs., TF.1026/7
TF.1026/9 2,425/2,525 Mc/s. £40 each.

WIDE BAND MILLIVOLTMETER TYPE TF.1371
100uv to 300 mv in five ranges. 30 ¢/s. to 30 mc/s. £45.

VACUUM TUBE VOLTMETER TYPE TF.1300
A.C. measurement 0.05 to 100 v., 20 ¢/s. to 300 Mc/s. D.C.
measurement 0.1 to 300 v. Each over 5 ranges. will also
measure ohms, SO0 to Sm( in 2 ranges. €45,

SENSITIVE VALVE VOLTMETER TYPE TF.1100
100iv to 300 v. A.C. in 12 ranges. 10 ¢/s to 10 Mc/s. Can
also be used as a wide-band amplifier.  £50.

DELAY GENERATOR TYPE TF.l415.
Provides sweep-delaying facilities when used in conjunction
with the TF. 1330 (serie_s) or simitar oscilloscope. Alterna-
tively, it may be used independently as a general purpose

1.800/2.200 Me/s..
1,706/2,100 Mc/s.,

delay generator. £35.

TF.867.A Standard Signal Generator. £200
TF.890.A/1 R.F. Test Set.. £150
TF.1020.A/2 R.F. Power Meter..... £50
T.F.1066.8/2 U.H.F. F.M. Signal Generator £200
TF.1067 Hetrodyne Frequency Meter.. £65
TF.1102 Amptitude Modulator. £40
TF.122t1 Hetrodyne Unit. e £125
TF.1274 V.H.F. Bridge Oscillator £40
TF.1275 V.H.F. Bridge Detector £40
TF.1350/1 Power Unit for TF.1346/1 £40
TF.1400 Double Pulse Generator £100

Detailed technical specifications supplied upon request.
Offered BRAND NEW at fraction of original cost.

T P R T AL A M
CHARLES BRITAIN (Radio) LTD.

11 UPPER SAINT MARTIN'S LANE
LONDON, W.C.2.
Near Leicester Sq. Station.
Shop hours 9-6 p.m. (9-1 Thursdays).

01-836 0545
(Opposite Thorn House)
Open oll day Soturday.
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PORTABLE OSCILLOSCOPE CT.52.
A compact general purpose instrument with
many unusual features. Size 9in. high. 8in.
wide, 6%in. deep. Time base 10 ¢fs. to
40 ke¢fs. Y plate sensitivity 40 v. per cm.
Tube 21in. Frequency compensated amplifier
up to 38 dB gain. Bandwidth up to | Mc/s.
Single sweep facilities. Operates from A.C.
mains 100-250 voits, S0 ¢/s. Complete with
all test leads, metal transit case, instruction
book and circuit diagram. BRAND NEW.
Tested and guaranteed. £22{10/-. Carr. 10/-.

SIGNAL GENERATOR CT-218 (FM/
AM). MARCONI TF 937.

Covers 85 Kc/s. to 30 Mc/s. in 8 switched
ranges. Effective length of film scale is 50ft.
Qutput level varlable in | dB steps from uV
to 100mV (75¢2). Also IV Outputs down to
0.1uV from an outlet at 7.5Q. Int. mod. at
400 ¢/s., | Ke/s., 1.6 Ke/s. and 3 Kcfs. FMat
frequencics above 394 Kc/s. Variable mod.
depth and deviation. Crystai calibrator 200
Kc/s and 2 Mc/s. Monitor speaker for beat
detection. Fully metered, blower cooled,
Panclimatic. A.C. mains 100 to 150 and 200
to 250 volts, 45 to 100 ¢fs. 17 x 20§ X

174in. Weight 117 Ibs. Fully tested and
guaranteed. Fraction of original cost. £65.
Carr. 50/-.

T.C.C. METALPACK CONDENSERS.
0.1 mfd. 500 v. D.C. wkg. at 70°C. Brand new,
polythene wrapped, 7/6 doz., or £2 per 100.
T.C.C. METALMITE 350 v. D.C. wkg.
0.1 mfd. (CP37N); 0.05 mfd. (CP3SN); 0.91
mfd. (CP.32N) all at 5/6 doz. or 32/6 per 100.
SPRAGUE METAL CASED CONDEN-
SERS 0.01 mid. 1,000 v. D.C. wkg., 5/6 doz.,
or 32/6 per 100.

T.C.C. VISCONAL CONDENSERS.

8 mfd. 800 v. D.C. wkg. at 71°C. CP
152 v. Size 3Ix 13X5in. high. BRAND
NEW (boxed), 8/6 each. DUBILIER.

4 mfd. 600 v. wkg. CP 130T or similar.
13 x 13 x 4%in. high. BRAND NEW
(boxed), 4/6 each. All post paid.

STANDARD TRANSFORMERS
Vacuum Impregnated, interleaved, E.S.
screen, universal mounting. Size 4X3§X

tin.  ALL BRAND NEW. 124/- each.
Post 4/6.
Type |. 250-0-250 v. 80 mA. 6.3 v. 3.5 a,,
6.3 v. | a., tappedat2a

Type 2. As above but 350-0-350 v.
80 mA.
Type 3. 30 v. 2 a, tapped at 12, 15,

20 and 24 v. to give 3-4-5-6-8-9-10 v.. etc.
Type 5. 0-6-9-15 v. 4 a. Ideal for chargers.

LOW CAPACITANCE BRIDGE

MARCONI TF. 1342, Range 0.002 pF. to

1,11l pF. Accuracy 0.2%. Three terminal
transformer ratio arm bridge allows “in
situ’’ measurements.  Internal oscillator

frequency 1,000 ¢/s. 12 X 17 X 84in. Weight
154 Ibs. A.C. mains 200 to 250 and 100 to
150 v. 40-100 ¢fs. With leads and handbook.
ABSOLUTELY BRAND NEW. List
Price £120. Our Price £45.
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BENTLEY
CORPORATION

38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS
4TNORFOLK ROAD, LITTLEHAMPTON, SUSSEX. Littishampton 2043

ACOUSTIC

LTD.

Telephone PRIMROSE 9090

Please forward all mail orders to Littlehampton

8 2, 8
Type LRI (AC1E3, ACIG, ACIST, AN 2

6: 1-UCH1{2-0C45,
13/8d

ALL GOODS LISTED BELOW IN STOCK
5/-  12BAG  Sj=  HOUSY 20/6 | N7R 384 | UMy @ GET102 49
6/~ 12BEd 513 | ECC40 @/6 | N339 25 | UFS0 6/8 | GETIO0x ¢/-
78 | 12BHT 6/~ | KOUSL 4 PARCBO 7/8 | U¥Bs 73
49 | 1261 12/8 | RS2 48 1 POSG 9.8 | UPSE  9/—
7= | J27GT 6/8 FAXM3 46 | A8 8/6 | UFNS 56
8 | I12K5  8/- | BOCRE 6~ | ress  6/9 | ULl g/
719 | 12KTQT 3/6 | KUCHG 5/ 07 59 | UL 98
4/9 | 12K8GT 7/9 T~ | PC00 8- | ULKe 8-
2/8 | 12Q7GT 3/8 | FONMRY g/=  POCRE 6/~ , UMNO 5/
§/6 | I2NQTGTE/- | HCUB07 19/9 1O /9 | URIC  6/8
53 | 19AQ5 &5/~ | ECFBN 7/~ | TOURS 10/8 3 16(8
5/8 13/~ | ECF82 6/9 | I'OCRY 11/~  UVIN 103
3/8 20/5 | 1CPSG 8/8 | POUISY 873 UYul 8-
8/= 1176 | KCPw0424/— | 1CF80 7/~ UY3l 66
5/8 15/8 | RUFsio12/8 | PCFSY 6/~  UYHs o6
68 17/8 | ECH21 96 | PCFS: 8-~ | VI8 146
4/9 17/~ ECH3IS 6/- | PCP8G 8/~ | VHIOS 5/
8/9 17/8  ¥Che2 §/9 | PUFS01 8/6 | VRISO 5/-
4/9 17— #CHARL 5/- | PCFSy2 9/8 | W76 3/ |
8/- 204M: 8/ ECHAI 7/- | PCFBOb 9/6 | WEIM 6/
5- 12— Cieg @6 | PCI'S0G11/6 | Wl07  10/8
76 13- ¥ 66 PCLSL 8/~ | Wi29 10/~
7/6 §/8  kaLs2 6'6 | PCLN2 &9  Xsl 8/
5/9 1/6 | PCLx3 9/~ | PCL8S 10/3 = Xdlmet 12/=
4/8  anFLl 18- | peLss 12~ | PCL8Y 873 | Xuio 56
16/8 ; 0ULI2 15/~ . FA'LBS 11/- ; I'CL83 8/3 | Xu6 78
4/9 | S0FLI3 6/- | KBCLAG Y19 | PCL8G B3 X78M 78
8/9 | FOFLLS 12/6 | wasl.LSon PENI 7= | Ya3 5/
5/6 | 30L15 14/- 23/9 | PEN4GDD
S/- | 8 13- 876 19/ TRAN-
46 11 3/- | PLEN3N3 98 SISTORS
43 %/~ | PIL20013/6 | & DIODES
6/6 f= 5/~ | PL3% - | 2125 10/0
7= 30P12 11/- 89 | PL3G  9/9 AAI2M
- are 11— 9/= | PLA8  19/9 = 2N404
8- 3 3/6 1 78 AAl20 4
8/— 2/6 PLR2 59 | ACH07 0AZ20012/~
16/0 6/~ | PLNY 6/~ AClI3 0 Z20110/8
7~ 49  PLa 68 | aACh OAZ202 9/—
5~ 919 | L300 136 | ACI27 OAZ205 9/6
8/- 48 PL3M 15/~ ACI2R OAZ204 9/~
09 3 63 | I'vs4 93 | ACIbd OAZ205 9)-
19/6 | as5z4QT 49 | PX4 14—  ACIH6 NAZ20710/6
6/-  3545GT 33 | PYIL 68 ACIHT OAZ210 7/~
12/~ | 6015 26 2 ACHES  5/- | OAZ22413/~
9j LD 8/= ACI66 5/~ | OC19 26/
4/~  HOLEQT 9/- ACIGS  7/6 | OC22  5/-
3/6 02 63 ACITT 5/ | OC28 7=
8/6 BoA2 83 ADIO 8- | OO 14/6
11/8 = 156012 205 ADI4® 8/~ | OC25  5f—
10/- | %07 8 AFIDZ 18/- ' OC28 5~
106~ 1 a7nd 3- v AFNI4 4/~ OU2s 8/-
10/6 | ALYV P2IY- 12- | Y801 6/- AFII5 3- | OC29 18/6
39 AC/ITHILO 96 QQV03/t0 AF116  3/-  oCse  7j-
3- | a3l 89 0/- | AFII7 3/4 | OC356 10/~
G176 49 | AZdI 8/= | QVOdT 7- AFIIS 3/~ OCaE 76
SK70  1/3 | CV3I 7/6 | 10 15/- APLIS 3-  OC38 11/6
GK8G 3/~ | DAYI 8= RIG 3411 AFIM4 /8 | OC4l 10/
SKBGT 7/8 | DAFOG 69 | R18 8 | AFI26 3/ | OCAZ  6/9
SLIGTM 56 | DD4 48 | m9 89 | AFI126 7= | OC43 12/
8L18  7/6 | DLFM 7/8 | TYBAI1L10 | AVI27  3/8 44 -
4LI» 19/~ D7 8/— | U118 T8 | AFI3Y 11/- | OC44I’'M 8/3
SLD20 6/6 DK 2/6 | U6 15/= | AFII8 10/~ | OC43  1/9
6Pl 12/~ DK® 5/— 3
8P28 25/~ DK®2 3/~
6Q7G  5/- DK®i @/6 | EM7} 14/-
9QIGT 8/9 | DL 5/8 | EMB)  5/9
6RTG 56 DL 64/~ | EM81  8/9
#8L7GT 49  DM70 6/~ | EMB4  6/-
S68NIGT 4/6  DM7L  9/9 | EMBS 11/-
SUMGT 9/6 | DYB6 59 | uM87 6/6
6USG 5/~ | DYS7  5/9 | EY51  6/8
6VAG  3/8 | ESOF 24/~ | EYB1 7/~
6X4 8/6 | ESOCC 33/-  RY83 9/
8X5GT 53 | ESSF 24/~  EY84 9/
6YRG  10/6 | ESRCC 12/- | EY8G 8-
8/30L2 12/6 K1800C 8/- | KY87 6'-
k6 10/9 | KISOF 17/8 | EYSS 7/6 0, !
787 - | EABO  1/86 | EY® 3/~ | ui20 126 | BCY33 5-  oUsL  gi-
8 6/— | EAT6 13/-  EZ40 6/~ | U408 8/ BCY34 5/- | OCSID 2/~
THT §/~ | EABCM 5/9 | EZ4l  6/8 | 1'404  €/- | BCYI8 §/- OCSIM 5/—
iR7  12/8 | EACHl 3 | BZ80 39 U801 18/~ | BCY3D 51—  OC82 2/3
7Y4 6/6 | BAF42Z 7/6  KZAl 43 | 14020 6/- | BCZ1 318 | OCS2D 2/8
9BW6  9/6 | EB3t 718 G733 126 | UAB(H05/6  BDLN 9/- OCR3 2/
D7 7/8 | EB41 49 | GZ34 10/~ AF42 9,6 REYH0 5/-  OCB4  8/—
1€l 9/~ EBDL 231 GZ37 146 1 B4l 106 BFYSL 4/8 | OCI23  4/6
10C:  12/- | EBCI3 6/~ | HABCA09/3 1'BC4L 66 BFY32 5- OCI89 12/-
10D2 11/8 | EBC41 7/3 | HL41DD UBCRL 66 | BILIG  2/8 | OC140 19/~
10FL 15/~ | EBCBI 83 9 UBIRO 5/6 | BFI34 5= | 0C169 38
10F3 8- | EBFN0O 58 | JILA2DDS/- | THESY 59 | BFISY 5/ | OC170 2/6
10F9 8/~ EBPS3 7/- . 1IN309 26/6 | UBL2L 9%~ BFI63 4/-  OCI71 3/4
10F18 O/~ | EBFRY 5/9  KT36 20/1 | 1'CB2 56 | BFI67 2/8 | OCI72  4/-
10P13 146  EBL21 10/3 | KT41 19/8 | V(C84 8- | BF173  2/6 | 0200 5/
10P14 158 EC52 43 KT6l 1%/~ | UCCRG 6/8 | BFIRY 2/= | OC201 23—
280 5/~ ECS 8= | KT63 4/~ I'CFR0 8/3 ' BYIo0 36 OC202 58
12408 8- KCRG 11/8 | KT88 27 VCH21 9- | HY234 4/- | OCr03 5/8
12816 9/- | ECR8 1008 | KTWG) 58  UCH42 8/6 NY236 4/- OC206 7/8
1208 7/8 | ECY 4/- | KTW6212/6 UCHS1 6/~ GY238 4/=- OCP71 27/6
12AT6  4/8 | ECY 6/8 | KTW63 5=  (CLS2 7/~ BYZIZ 5- ORPI2 15/-
124U6 49 | ROC32 4/8 | MIILDS12/8 | UCLSS 96 DBYZIZ 5/-  P3dsA 2/
124ve 5/ | BOCss 291 44— Ut 79 cul2r 4 4E12V7 19
MATCHED TRANSISTOR PACKS:
1-0CS10/2-0C81, 7/8: 1-0CA2D[2-00s2, Ret oi 3—0C83, 8/8.

88
Post Gl

Al gooda are new. fiest guality brands only. aml subfisct to maker's full guarantes. Ve do not
handle munufactarers” seconds nor refect«. which are often described as ** new and tested **
lat have a limited and unrelisble lite.

Termm of mwsinesa: Cash with onder only. Pastfpacking $il, per item. Orders over £5 post/
packing free.  All onlers cleared ou day of receipt.  Any paree) innured against dainage in
tran<dt for only 6d. extra. thlicvs welcome Mon.-¥r 0 p.ni. Bata$a.m--1 p.m. Complete
vatalogie of valves. teansistors and componentis with conditbons of sale. price 8d.

WE SUPPORT

EVERNTHING!

, 3
We are the
TOWER PEOPLE

Floodlights, aerial arrays,
flue stacks;

we support them all cheaply,
handsomely and efficiently.

We are accredited manufacturers of
the ‘Tubewrights’ range of tubular
steel tripoles, towers and headframes.
Heights from 20ft. to 155ft.
Alternatively we will design towers
1or any special requirement.

Warning! We are habit-forming.
Customers tend to standardise

on our towers,

Unifab Structures — the Tower People
— provide uplift, easy on £, s. d.

Unifab Structures Ltd

Gale Road,

Kirkby Industrial Estate,
Liverpool.

Phone: 051-546 3401.

WW-—137 FOR FURTHER DETAILS

TRANSFORMERS
COILS
CHOKES

SPECIALISTS IN
FINE WIRE WINDINGS

MINIATURE TRANSFORMERS
RELAY AND INSTRUMENT COILS, ETC.
VACUUM IMPREGNATION TO APPROVED STANDARDS

ELECTRO-WINDS LTD.

CONTRACTORS TO G.P.O ,AWRE. LEB. BBC,, ETC

123 PARCHMORE ROAD, THORNTON HEATH, SURREY
01.653.226! CR4.8LZ EST, 1933

LARGE OR SMALL QUANTITIES
TRADE ENQUIRIES WELCOMED

WW-—138 FOR FURTHER DETAILS

DUAL-IN-LINE SOCKETS

— NEW CHEAPER VERSION AVAILABLE —
In addition to the well known 314-AG 3A
and 316-AG 3A
Rastra can now offer the cheaper

314-AG 6 D-2
316-AG6D-2
BODY: Black Phenollc
CONTACTS: Spring Temper Beryllium Copper, Tin Plated i

RASTRA Electronics Ltd.,

275/281 King Street, London,W.6. Tel:RIV 2960

WW-—139 FOP FERTRFR DETATI§

ASK US FOR PRICES AND
OUR NEW CATALOGUE

wwWwW americanradiohistorv com
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25 & 53 TOTTENHAM COURT ROAD, LONBON, W.1 Tel: 01-580 4534/7679

Open 9-6 p.m. Monday to Saturday inclusive. Open Thursday until 7p.m.
ALL POST ORDERS TO DEPT. WW 268, 25 TOTTENHAM CT. ROAD, LONDON, W.I

56 i , ' FM tuner F
3 Transistor AM Tuner covering full medivn “"" )
wave. Bize 4iin. X z:xn.x-r' Ready Lul v [ ] i;'mf:ﬁ.‘m.“ﬁ'.: ::f?.:d:xﬁ.:t
“ v. battery operation. Co with st nmplifers, ¢ battery operation

For the Stereo enthusiast Multiplex Adaptor 19t Complete with Instruction

OFFER Stereo Radio reception. £5/19/6 extra. ONLY FROM LIND-AIIL
‘ 5 T =
9F E c r? \/ R

SINCLAIR PRODUCTS

MICROMATIC RADIO. KIT ONLY 49/6. P. & P. 2/6
MICROMATIC RADIO BUILT ONLY 59/8.
P. & 1, 2/6,

Modemrnise Model 3000 with Sonotone MICRO FM. KIT—£5/19/6 complete. P. & &. 2/6.

vour old 9T A HC Stereo Cartridge 3 19 Z.12 1i-Fi AMP and PRE-AMP £4/9/6. P. & P.2/6.
Tediogram  ATGO Mic, I lews cartridge 30 19 STERKO 25 Control Unit_£0/19/6. P. /6]
with one of AT60 Mk, I less caurtrid £12 19 PZ3. Mains Power Supply Unit £3/19/6. P & P 2/6,
thene latest  SP25 Mk. I lens vartrid £10 19 —_— T

brand new LABSO Mk. II lens cartricl £24 19 f MAGNAVOX-COLLARO 363 TAPE

Garrard Mono Cartridge 12 6 e*tm DECKS

units. Stereo Cartridge 19/6 extra.

The very latest 3-peed model-—13. 3}, 7§ .p.s. av aflable
with either 2 triuck or 4 track head. Featurea Include
Pause control ; dightal coimter: fast forward and rewind
new 4 pole iy screencd Induction motor; interlocking
Keys. Bize of top plate 13} x 11 x 3}in. deep below unit

TEAK FINISH PLINTHS with perspex cover § gns. (For LABSO
8 gns.).. P. & P.5/-. Agents for Thorenx, Dual, Coldring. I'rices
on request.

LINEAR AMPLIFIERS pite.  For 200550 ¥, A.C. malns 50 c.p.s. operntion
Latest A.C. Mains Models offering Ne >
highest quality at modest cost. 2 track el 4 tenck model,
LT66. All Trammistor 12 watts Sterco. Inputs for /
Tuner, Gram.. dike. Beparate Basp, Treble, p"ulunce £I 0 lo o £I 3‘ 9l6
and Volue Controls, €15/16/4. Camr. 7/6. Teak | Ca and P
case £3/1(0V- extra MARTIN TAPE PREAMPLIFIERS

PTA15. AN Tiansistor. 156 watts Mono. Inputs for FOR USE WITH AROVFE TAPE DECKS
Tuner, Cras ",..e._llulmv Bass, Trebie and two 5 e el tivodl 214}196 4 track model, £15/19/6. Carrlage and packing 7/8

oo 15/15/-. i
£3/10 - et 2-3 WATT AMPLIFIER
LT45. 2 VALVE 6 watts Muono. Inputs for Tuner. Uramn.. Bass, Treble and Volume controls. . K5
£6/19/6. Carr. 5/6. Metal cover 15/~ extra. 1l det on reqnest. Ap " -i 3729
MOTOR EAGLE SUBSTITUTION BO XES pedel Sl Tl i
BARGAINS T T T e )I'F. TONE CONTRO ETI: =0 s S
or model inakerw. 0047 AND VOLI ar | ¥ L v G
p tape e 047, »: L8z and © n ¢ : & R
cte. 2, pifsl. With les booklet
83 D.C. Motor. 10.500 | ur x:| "Qi“.w o £3 '7 6 - 30

rl_,',, t 230 mA. | & P, o /

s | oM.G.  Two e @ | mravsise oceriams ) iz v
e et B e " : TORS NT721 . | AF139 10 [
u‘ i, 916. ¥ k . & ———— - ocs g | BT u.- - | Akl g; 4
2 1o % ohm = - 8TI40 4 | AFZ) PROFESSIONAL
b e oo | T G oy | S B S o) A i | EREERRONSTaNT
ee. eplacemen att renintors! ~ G2 - 2
motor. 2m.x1tin. | Hign: 15 K 10 weg. ohm e 1218 | Vs €6 | MaTioo 33 | HEAT SOLDER GUN
dia, Shaft jin_long | resistors) xeparate Teslatances OCai 17/6 | VS8R 7/ | MATIOL §/0 | ldeal for model makers, home
x ..,lh"n[ n, 6.1 With leads and , 296, P& P 9 Oty pje | YI00A 1:‘ - ;lA'{:}‘zo 73 repairs, vlectronics, rudio, TV \
. i visZoP - 1ATESL >, c. 1 ] i \
200/250 v. | AERIALS. TV UHF/VHF STEREO g%,—;{ 1‘58 VI530P 16/~ | Valves f' vigque features ln ’
AC. Tupe CRESTA Room Aerial Band 1/i1f31. Cream uu:; 156 | VI8020P 8/ | KL 8/8 I with tris
<<= Deck Motor. | or bluck. 254-. 41 & vt 8/~ | EF 96 | < ped 3iin ¢
50 cjs. o0 vsw,\srm Tanle Top VIE/URF. Tunble | OL5  §07 | v6oso 10- | gy R igbit b « automativally d n
wilts, » e rome 0 grey 0f-. OC‘“ IR BFY50 8/8 DY 9/8 to end ¢ ON/OFF trigy
3 PSa ! num Al Channel T v Aderinl, | BT o8 ) 3 ECCS3  6/6 | 8
1N arivepulle HITVIVILE, 65/-. oos 18/ | BFYo2 8 EC 56 1 C e v lug 230-250 volts.
‘t b Take up and | HL635 LOFT AERIAL. HILO V 40 for 0C0 4 | BYZ1210- | Eapcsosie | 8 vl 49 6 ,p"
@ / - S, || verth 4&., LI, With ocTI - | BYZL 100 | Ulsi s 2/ P.P.
= ep x_ 3in. 4 wo - e BCY33 7/6 5
1 togiether with | NEW MAJOR. tor | OCT2 M BCY3 /e Uvil 76 | AUTO TRANSFORMERS
it a otor.  Easv | lo Wi Ta 0GB 8- u&"\'lo 8 | EZSo 8/6 Input 200, 0. 500 w £6 9 6
: 2718. P.& P.bft i | . 42/8. 0676 B BCY38 .8/ pZ8L 6/6 0 v. € { 110 v 1.000 w. £0 9 0
MOLTIMET ERS b O heymre iw Ue S 7 ¢ LE BTG
N 197 PCL85 9/8 C -000 w
PTCI001 (o SELECTOR DRIVE T oo | Acir 4% rois 88 Bw. £117 0 3000w £2510 0
— OO . ocst b= | N 8 9/6 100 w £2 5 0 4.00¢w. £34 18 0
- A R S oo 0@y 37| Acvii ws | kmes 8 pw. £215 0 O ammp. 30/
/ {{ C1000. 82|.(00 7 o2 6/~ ;0» 19 g(g KTS88 27/8 200 w gg g 8 :J %g]
4. opy 5 e C) S DYss 98 D w. .30 v. 2 amp &
oA s Caty Oitae b | ACY EBC3S 86 | 00w, £419 6 0.30v. 3amp. 39
s Ot 10/- | ACYZ2 4/8 | Dxvé  8/6 £5 9 6 Post E
jopv £6/ 0 - | AFI02 18- | DAFes 86 | MAINS TRANSFORMERS
S A A
2 Ps AFLIS € Uy 2.
¢ £6/10/-. 0 12/ | AFHE T PYBL  6/6 | 924y 5 5% {% 8
o o b AFLIT & PL8! 10/8 24 p £5 5 0
TMK0 30,000 B o 10/6 12/6 Y 13/6 ] €615 O
opv. £8/19/68. A o201 15 AFl24 10 riuss 148
TTC Model 1030 50.000 opv £9/19/8 \ . Brand | OG off #h Diodes ol
TTC Model 1031 100.0000pv£12/18/8 12/8. | W 6 | Al 0A 48 1 or
Also atockists of Avo. Nombrex. 2t more el alves a

Eagle etc. Test equipmeot. P.P. 3/6.

www americanradiohistorv com
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Iator, 1.F
Operation

f abave,

A0 v AL Rize

18 Kefn-3

e, Adso ang

£17 10- l“ﬂ' ':

ADMIRALTY B.40 RECEIVERS

Just peleased by the Mifistry
annfuctured
M 1,
Bandpase tHter, noiw limiter. erystal controlled B.F.0Q. cali-
mltpul. cte. Bilt-in -pcnkﬂ‘, output for phones,
o0 Inlin
We ixht 114 1he, OWered, S good “orklnzmmlllkn £w101
30 With clreyjt o e B4

High quality 10 calve receiver
Ly Murphy.  Onverage in 5 bands Kcis.
HiM) Keje, |neorporates 2 B.F. and 3 LF. stages.

134in, x 1¢n.

er

2or 162D PN 1625 13
ur pre 1 for
mtres. euire ext

£8/19/6. carr. 10

COLLINS TCS
TRANSMlTTERS

e 1.8
ds mploy
2 Al Oxc. RT. or C.W,

;ie'""
A 7.
‘:F'm

()In

)| |

il

mmﬁ,l

3 TRANBIBTOKS £6/15/- AL,
1 TRANSISTORS £6/19,8 PAIR:
3 TRANRIBTORR £7 10/- PAIR
G CTRANSINTO K £8 12/6

6 TRANSINTOK DPE-LUXE rALR
LAFAYETTE £12 10/- PAIR.

30 Gns.

TWO-WAY RADIOS
SUPERB QUALITY, BRAND NEW & GUARANTEED

0 TRANSISTOR
TI!'\‘-RIB’IOR

£22/10/- PA

00 MW

I8 THANSISTOR | WATY 2.channel £35

POST EXTRA.

iR.

ohaonel

¥ MILITARY HHCONDITIONED
TF 144G STANDARD RIONAL GF
35 Kejw-25 Mo/s. £25. carr. 30
TH. 329043 ETER.

5 M
CUMPLETE WITIH ALL

CUrT. Y-,
T. . 190M
TOR. 8- kefn, 200
Ali above offered

testal il checked.

250y, AN £20. Curr. 30/-.
1 exeellent comdition  full

iligh quallty cermnic construction
Heavy dut
e fixdug, tin. dia, shafts,

ERATORS,

BRAND NEW,
MCCESSURIES. £75.

BEAT FREQGENCY OSCILLA.

MARCONI TEST EQUIPMENT

Windings embedded In vBreous enarmel.
brash wiper. Continons rating. Wide range avallable ex-stock.
Bulk quantiths avallable.
10/25/56/100/:250/300/ 1000/ 1 500/ 2500 or 5000

bmis, 14/6.

Bupplied in good working order.  £85. cartiage
€2, or available ax reeelved from nistry un-
servived £60. Carringe £2 (Handbook £2 evira.)

SOLARTRON MONITOR
OSCILOSCOPE TYPE 101,
An extremely high quality oscliioscope with
time baxe of 10 ujnec. ta 20 m/sce. Internal
Y amplifier. S¢parate mains power supply
200/250V. Bupplied in excellent condition
with cables, probe, etc., as received from

Ministry £8/19/6. (hrruge 30/

PRINTED
CIRCUITS
Flve assorted printed
circuit hoanls  with
transistors, diodes,
resistors, condensers,
ete. Guaranteed mini-
mum 20 transistors,
Ideal for experimen.
ters. 5 Boards for 10/+.

&P 9

! B
50 WATT. 10/25/30/100/260/500/ 1000/2500 or 5000 oluns. 21/~ & P
100 WATT. 1/5/10/25/50/100/250{300/ 10 or 250 e 278 l' ‘\ P
SOLARTRON MODEL ZQM
CDTIIS.2. TRANSISTOR
DOUBLE CHECKER
BEAM OSCIL- | It has the fullest cap-
LOSCOPE acity for checking on A
An extremely high B oawd Jeo.  Egpually
quallty uwscilloscope adjustable for check-
orlzinally  costing Ing diodes, etc.
£400. Buwitched Bpee.: A: 0.7-099.67.
beam. Identical Y1, 5-200.
Y2 Amplitiers D.C. Ieo: 0-50 microamps.
to 9 Mcjs. Seusi- 0.51A.
livily ImV/CM to Resistance for diele 200 @ —1 MEQ. BSupplird
100 V/CM. Time complete with ms"ncﬂnnu, hattery and leadn,
base 10 jtisec. 1o 9/6. I & P.
16 m, Caljbrator. X ampliter D.C. to
2.5 Mc/e. 7 Madulation. 110/200/260v. A TE-65 VALVE VOLTMETER

Hixh quality instrument
with 28 ranges.

C. volts 1.5-1,500 +
AC. volta 1.5-1,500 v
Renistance up to 1,000
inegohma,
220/240
tion
Complete with probe and
lnstruetions £15.P. & P
4

Additional Probes avail
able; R.F. 35/-: H.\
42'6.

A.C. opers

TE.40

HIGH SENSITIVITY

A.C. YOLTMETER

10 meg. input 10 ranges
01/.033/.1/.3/1{3/10}
cps.,
1.2 Mc/s. Declbels—40 to

50 d8. Bupplied brand
new complete with leads
and Intructions. Opera-
17/10/-.

100/300 v. R.M.8. 4

tion 230v

.ALC. £
Carr. -

30

UNR-30 4 BAND
COMMUNICATION
Coverlng 530 Kefs-30 Mcfa.
HKFO for CW/BRRB reccption. |
phone fack, Metui cabfnet. Operation 22
AC. Supplied brand new, g
' tions. £18/10/-. Caer. 7/8

rant

RECEIVER

incorporates variable
I xpeaker and
202407,
<l with instruc-

LAFAYETTE LA-224T TRANSISTOR STEREO AMPLIFIER

19 transisors, 8 diodes. BHE inunic power
30 watts nt 8 ohms. Relpom« 30-20,000 1 2.
a8 at 1 w. Distortion 1%, or less. lnpnls
3 mV and 250 mV. Output 3.16 ohms.
8cparate L. and R. volume controln, Treble
and bass comirols, 8terco phone juck, Brush-
ed aluminium, gold anodized extmuded front

panel  with mplementary netal  case.
8ize 10/1u. x8fin. v 7{{in. Operation 115/
230 volt A.C. £25. Caer. 744

GARRARD DECKS

8SRP12 player, mono or sterco
1000 changer, mono or stereo
2000 changer. mono or stereo
A50 Mono or stereo

3000 chanuger. mono of stereo
3000 8onolone slereo

AT8 Mk. 1 mono or stervo. , £8

[=1=1=1-1-"T- 1. 1. 7. X-1-}

AT70 MK. 1| lens cartridge. £12
A70 MK. 11 Bonotone st £14
LAB®0 hanger, less cart £24
401 Tras ption Deck £27
Al plus r.&r
SINCLAIR EQUIPMENT
AVOMETER 212, 12 watt minplifier
SBupplied o excel- 16
it condition, o T S aad
fully tested and B8TEREO 25. I'n
checked. Cotnplete ampliier  £0/19/6
with prods, feads Q.14 8peakens £8/19/6

and instroctions.

Model 47A £9/19/6
Vodel 7 £13,100
Model 8 €18/0/0
Mudel 9 £2000
P. & P, §/6 each.

Brand new, guaranteed and carriage paid.

Mieromatle i
49/6

58/
Radin
£5198/6

Kit .
Huflt
Mivo P

Kt

ALL PONT I'AID,
SPECIAL OFFER
2 712 amps. PL4 Power Bupply, Bterco 23,
Prompiitler

High quality coustruction. Input 230 v. 50-80 eycles.
Qutput full variable from 0-260 volts. Bulk quantities avajtable
| amp.—~ £4 10/-: $.5 amp.— £5/17/ 6 5 amp.—-£0: 8 « £13/10/-
10 amp.—£17: 12 wnup.~ £18/10'=: 20 amp.—~ £38/10/
SILICON RECTIFIERS R.C.A. ARBB SPEAKERS
[.V. 900w A 216 Hin. hin speakens in metal case.  Black
V. 6 amp. 5/8 crackle inish to match our 88 Keceiver
! V. 3 amp. /8 Avidlihle Brand New and Boxed with leads.
V. b amp 7'8 59/6. varr. /8
0 v V. 6 amp. 56
100 v, P.1.V vn anp. 7"6 % TRANSISTORISED FM TUNER 4
B iEEr s 8
800 . 5 amp. 78
400 v, 2.1V, 300mX. 386
( W PV L nmp g [ i
160 ). h A 'H 9
o By i, - g b onel <
700 v. P.LV. ‘mo amp. 35/- DUont fo feedl finnt

Diacount for quantities. Post  extra.

THRYSISTORS
SILICON CONTROL RECTIFIERS

400 P.1.V. 3 amp. 7/8
100 P.1.V. 8 amp. 136
200 PN b amp. 15/6
400 P.1.V. b amp. 17i8

S.T.C. | WATT ZENER DIODES
BRAND NEW, LIST 17/8 cach.
Available ©.4/2.7/3/3.9/4.3{13/16/18/20/30/33 v.
5/- each type. P. & P. extra.

AMERICAN RECORDING TAPES

Fiemt grade quality American
tapes. Brand new and gusre
anteed. Discounts for quantities.
3in. 2254t. L.P. Acetate 4/~
3}in. 600ft. T.P. Mylar 10/-
3in. 800ft. Std. plastic 8/6

Sin. 900ft. L.P. acetate 10/~
D.P. Mylar 15/~

Gin. 1,200ft.

53in. 1,800¢t. D.P. Mylar 22
B3ln. 2,400t T.P. Mylar 45/-
7in. 1.2001t. Btd. acetate 12/6
7ln. 1,8001t. L.P. acetate

7in, 1,8001s. Ll’ M)l r

7in. 3.6001t. 'r . y
Postage 2/-. Over £3 po-l paud.

RECORDING HEADS

Reuter |-irack. As fitted to Collaro Mk, IV and
Atudio Decka. High imp. record play back. low
Imp. erasc. Brand new. 19/6 pair. MINIFLUX
}-track set of 3, 20/8. Post extra.

MAGNAVOX 363 TAPE DECKS
3 apeed.  13-31-7] ipr  Carr. paid, 2-track
£10/10/-: 4track £13/10/-; 2-track Btereo
£13/10/-.

WwWWWwW americanradiohistorv com

ampliflers. Operates
oun Y vult battery. Coverage 88-108 Mcfs. Ready
built rrady for use. Faulastic value for money.
£6/10/-- P. & P. 26,
STEREO MULTIPLEX ADAPTORS 5 Gus.

F.M. WIRELESS
MICROPHONE

94.104 Mcje. Trunsistarised
Operates from 9 v, hattery.
Complete with additioual
aecret tie-clip microplione.
List £12/10/-, ONLY

7;(/ £8/16/-. I'. & P. 2/6.

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM

Opevative over amazingly long
distances.  Beparate call and
ress to talk  buttons. 2-wire
= 10008 ot appli-
Beautifully finwhed
i Supplied complete
with batteries and wall brackets.
£5/19 6 pair. P. & P, 3/5.

G. W. SMITH

& Co. (Radio) Ltd.

3-34, Lisle St., W.C.2.
ALSO SEE OPPOSITE PAGE
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PANEL METERS

Send S.A.E. for full Jists. Other ranges available. Please include postage.
Special quotations for quantities. * ELECTRONIC COMPONENTS
CLEAR PLASTIC METERS Y TEST EQUIPMENT
Type MR.52P. 2¢in. square fronts.
o 578 109.D0.... 1816 v COMMUNICATION
60-0-50uA .. 57/6 20V. D.C. /8
0 a7 50V.D.C.. .. 32/8 EQUIPMENT
100-0-100:A 47/6 v. D.C. gz/
8 15V. A.C 2/ 1
1Yok lmcah 326 300v. AC. .. 32/8 * HI-FI EQU'PMENT
A e | racmled e
— f Meter .. bb/- We are proud to introduce our first com-
ggomA 6 1amp. AC. 326 prehensive catalogue of  Electronic
mA . 32/6 5amp. A.C.* 32/6 c d E Fo) 150
B600mA 33/8 10 amp. A.C.* 38/ omponents an quipment. ver
1 amp 32/6 20 amp. A.C.* 32/6 pages, fully illustrated, listing thousands
G amp. 32/6 30 amp. A.C.* 32/6 of items, many at bargam prices. 3 Free
Type MR. 85P. 4!in.>x 4iin. fronts. discount coupons with every catalogue.
0 69:6 iAo Everyone in electronics should have a
oo-o sopA 68/6 copy.
. 59/8 |
"‘g;;;'w RS AVO CT.38 ELECTRONIC MULTIMETERS
HOOuA . 49/6 High quality 97 range [nstrument which
500-0-500A 49/6 AQO. and D.C. Voltage Current,
ImA = Rensistance and Power output. Ranges
101 ma . ..QJ f= I D.C. voitsa 260mV-10.000 v. {10 megQ-
SmA 45/« 110 megQl Ioput). D.C. current 10uA-
10mA 45/~ 96 amps. Ohmas: 0-1,000 megl. A.C. volts
-;)OmA 2 - 100 mV.-260 v. (with Rg meuuri.uglhud
00mA . - " up to Mcjs.). A.C. current 10uA-
SmA ... 22 160V. A.C. .. 22/ 500mA 45/~ | 0IRmp. A G 4G |f 26 nmpu¥ e output 50 microwstta-
10mA ...... 22/ 300V. A.C. .. 221 1amp 45/- 20 amp. A.C.* 45/- | 6 watts. Operation 0/110/200/250 v. C.
GOmA ...... 28/ 500V, A.C. 22'6 5 amp .. . 45/~ 30 amp. A.C.* 45/- Supplied in perfect coudmon complete with
100mA ... 22/ ) clreuit, lead and B.F. probe £25. Carr. 15/-.
500mA ... 22f 8 meter 1 mA 29/@ Type MR.65P. 3lin.> 3Hn. fronts. AVO CALIBRATION TEST UNIT TYPE
1amp .. 22/ YU meter .. 35{- A 59/6 } 20‘»;. D.C 35/- 155, For use with CT.38 Multimeter.
50-0-5 . 59/6 80V. D.C.. ... 35/~ | ohu 7 standard voltages 250 mV./1 v/
TR MERISE, |0t suirace tronw 100uA 39/ 150V. D.C. .. 38/~ | 2.5 v./10/26/100 v. A.C. and 260 millivolts
50, 39/6 20V. D.C. .. 25)- 100-0-100uA 49/6 300V. D.C. .. 35/~ D.C. from internal standard cell. Operation
50-0-00uA .. 3b/- I 30V.D.C..... 25/~ 500, 39/6 16V.A.C..... 35/- 0/110/200/250 v. A.C. Brand new £7/10/-. P. & P.10f6.
00uA /= [ 300V. D.C. .. 25/- 1 35/- 50V. A.C. 35/-
100-0-100uA  32/6° 15V. A.C. 26/- SmA 35/- 150V. A.C. .. 35/~
m 7/6 300V. AC. .. 25/'- 10mA 35/- 300V. AC. .. 35/~ |
ImA  ...... 25/- 8 meter ImA 35/- GOmA 35/- 500V. A.C. .. 36/~ |
SmA . 25/- VU meter .. 39/ 100ma .. 35/- VU meter .. 59/6 |
%gmﬁ = 2225- | 1amp. A.O.' o5/ i,oom - 35/- 1amp. A.C* 35/
loma 880 | Same.AcCs 25- IO - R 5 amp. AC.* 35/-
Yamp .88 | losme.ACtsh I, IS0 | Ioame ACh 35
b saip 25/- i) 30 amp 35/- 20 amp. A.C.* 35/- NEW MODEL 500, 30,000 MODEL TEB0. 20,000
lov. Dc .. 25)- 30 amp. A.C.* 25/- 1oV. D.C. 35/~ 30 amp. A.C.* 35/- OPV. wvith : ;Jv::riosd O.P.V. = :

0/10/50/100/500/1.000 V.
AC 0/5/26/50/260{500]
1,000 v. D.C. 0-50uA
6{50{500mA. 0/6/60K /600

/6 meg. £4/17/6- P.P.3/-

protection, mirror scale.

BAKEI.ITE PANEL METERS

Type MR.65. 3[in. square fronts.

10 / 25 / 190 { 250 | 500 |
1.000 v. A.D. 0/50u \/u/.'m/
500 mA. 12 amp. D.C.

as ¥
B0 ey Dk g 0/80/KS, Meg./60. Meg. 1
50-0-50uA .. 42/ 10V. D.C. 29/ £8/17/8. Post paid.
]%%Alw 20V. D.C. i
oA A S8 | Ny e, 1 29/8 | TEsww  20.0c00/vOLT ]
500-0-5001A p 300V D.C. | Sa/0 | GIANT MULTIMETER Monm. TE-70. 30,000
1mA .. Y 30V. A.0.° .. 9gyg | Blo Tull view meter, V.  0/3/15/60/300,
1.0.lmA . 50V. A.C.* 2 colour scale. 0/2.5/10f aoo/l ooo v, DC 0/h 130,
SmA 150V.AC.o . 5o | 250/1.000/5,000 v. A.C. 200
Soma J00V. 8.C:. 208 | 25y 000/5.000. v b.C
190mA e ACS 2908 | oi50ua 1 1/ 10 ) 100 Meg. @ £5/10/-
500mA 10 amp. A.C.* 00 mA / 10 amp. D.C. P. & P. 3
1 10 amp. A.C.” 2008 | g01c/200K/20.  MEG
Sy, 30 amp. AC+ 35/ | OHM. £12/10/6. F. &
16V Emp. Py A MANY OTHER MODELS AVAIL-
0 e ! VU iueter .. 48/ ABLE FROM AS LOW AS 39/6.
NEW LAFAYETTE HAT00 AM/CW/SSB AMATEUR
NEW RANGE OF “SEW " COMMUNICATION RECEIVER
8 valves, 5 bands incorporat ng 2 MECHANICAL
BOGIEVIE ERBIERS FILTERS fo‘r exceptional relectivity and sens!
J lin. n. tlvity. Frequency coverage on 6 bands 150-
N = J 400 Kefe., 500-1.500 Kc/s. 1.6:4.0 Mcjs. 4.8
leep overall.  Available as follow, | 14.5 Mc/s., 10.5-30 Mc/s. Circult mmr;;‘ymm
R.F. stage, 1t er, noise limiter, B.F.0
gg :)n m::::rmm 29Ig 1 mil g P‘"“"z'»“io ’V‘"l. l‘ll;:(n::; i ' rB eter,
100 miicroamp " 49/ 300 volt A.C. 39/6 slide rule dial. Output for phones, low to 2K
100-0-100 mieraampal/ e ) 39/6 or apeaker 4 or 8 ohms. Operatlon 220/240 volt
Sooinfitroanb il e 55/ A.C. Bize 7%in. X 16in. x 10lu. Bupplied brand
EXTTRe new amnd guaranteed with Laudbook. 36 GNS.
Carr. 10 B.A.E. for leaflel
.AFAYETTE HI-FI STEREO HEADTE-20RF SIGNAL GENERATOR |
PHONES LAFAYETTE MODEL HA-500 SSB/AM/CW

80 THROUGH 6 METRE RECEIVER

AR o o e e .Alcclilmte “"{’; mnl{“! - New outstanding Ham DBande only recciver
“ Soft rubber ear pads g 1 gencrator cover- - covering the 80/40/20/15/10/6 metre bands.
bod ,";:g;“",gm;"i.g.ﬁ i ‘&5:‘”&,’.’&& ‘ Incorporates 10 valves, product detector. two
wensitivity. i impedance ¢ callbrated. Variable l mechanical fllters, 8 ‘m‘her._ conversion on
ohms per phone R attenuator | all bands, drystal mnhu!or noi Ilnln(lu-r.
f T | aerial trimmer, D8 M and 455 Kefw
cf)mnlel.e ‘wllh al caeal g"é “i;‘:: goc :42.“3' Output 8 chms and 500 ohiua. Operations 220/
wires, overhead junction -C. nd ne J @6a = 1t A.C. Bu \ it
-‘ 'w' 240 volt A Bupplied brand snd guarant:

box a - on pla; instructions £12/10/-
Xl andM0-cnneatiin [plig P J with handbook 42 Gns. Carr. 10/~ 100 Kcfa
79/6. P. & P.2/6. P. & P.7/6. B,A.E. for detaila ? - crystal, 35/ - ) i

SN SN

ﬁ - ‘(RADIO) LIMITED [Pl

Prone: GERRARD 8204/9155 day Monday

Cables: SMITHEX LESQUARE to. Saturday.
Tv:ade sup-

NN s

www americanradiohistorv com
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TRANSISTOR STEREO 8 | 8

X

10/14 WATT HI-FI AMPLIFIER KIT

A stylishly tintshed mon-
aural amplitier with an
output of 14 watts from
2 EL34s in  push-pull
Soper reproduction o
hoth music and speech
with  negligible  hum
Beparate inputs for miky
and gram allow records
amd announcements to
follow each other. Fully
shrouded section wound

atage for any speakem from 3 to 16 ohms. Comipact design, all
parts supplied including drilled metal work, Cir-Kit board,
attractive front panel, knobs, wire, soider. unuts, bolts—na
extras to buy. 8imple step by step instructions enahle any
oconstructar to bulld an amplifier to be proud of. Bricf Specl-
fication: Freq. response L3R, 20-20,000 ¢/s. Bass boost
approx. to +12dB. Treble cut approx. to —1lddB. Negative
feedback 18dB. over main amp. I'ower requircnicntsa at 25V.

at .6 amp.

PRICES:
Amplifier Kit .. .y £0/1100. P. & P. 4/6.
Power Pack Kit £2 100, P. & I 4)-

Cabinet (a fitus.) £2/10/0. P. & P. 5/6.
(?oecml 050:—-214/10(0. pest free i wll above ordered at sanic
t mc)

diagram, constrnction detuils and parts list (free with
kllu 8 (B.A.E.).

HSL * FOUR " AMPLIFIER KIT
3-VALVE 3 WATT USING ECOUNS, ELS4. EZ80 VALVES for
AC. malns 200£240 v. H leary duty douhle-wound mains
transformier with electrocatic acreen. & Bepamte bass, treble
and volume contrls. giving fully varinble boost and cot with
minlmum insertion lows. 9 Heary negative feedback loop over
2 staren ensure high output st excellent gnality with very low
distortion factor, <+ Buitable for use with guRar, microphone
or.record player. < Provision for remote mounting of controls
or direet on chasaine Y All this builds o to o chxu«h size tmly
THn. wide x din. deep. Overall height 4)in. % All

A really first-class [1-Fi Steveo Amplifier Kit. Uwen 13 transistors § output  transformer  to . =

giving B watts push pull eutput per channel (16W. mono). | match ,(-lsn speake: | ¥ ’___ ? v_ F/'
Integrated pre-amp. with Bass, Treble and Voloe trols. | and 2 Indepe vol- =
Buitable for use with Ceramic or Crystal cartridges. Output | ume controls, .md separat bass and treble controls are provided

giving good Wt and cut. Valve line-up: ¢ EL84s, ECUBY, EFS4,
and EZS0 rectiticr.  Simple Instruction booklet 1/6 (Free with
parts). Al parts sold separately. ONLY £7/9/8. P. & P. sld
Also avallable ready bulit and tested with

HIGH GAIN 4-TRANSISTOR PRINTED CIRCUIT
AMPLIFIER KIT Type TAl

@ Peak output In excesy of 1} watts. @ All standard Britmh
components. @ Built on printed circuit panel, size 6x3in.
@ Genervus size driver and output transformers. @ Output
trausforiner tapped for 3 ohm and 18 ohm apcakers. @ Tranpsis-
tors (GET 114 or 81 Multard OC81D and matched pair of OC81,
/p). @ 9 volt operation. @ Everything supplied, wire, battery
clips, solder, etc. @ Comprebensive casy to follow instruc-
tions and clreuit digram 2/6 (Free with l\l') All parta sold
scparately. SPECIAL PRICE 45/-. P. & P. . Al ready
bulit and tested 52/8. P. & P. 3/

FM/AM TUNER HEAD
Reautifully denigned and precicion. enginecred by Dormer nnd
Wadsworth Ltd. Bupplied ready fitted with twin 0005 tuniug
condcnu-r for AM connection.  Frealigned FM section covers
2 Mc/s. LF. output 10.7 Mcfs. Complete with EOUSS
valve and full circuit diagram of tuner bead. Another
bulk purchase enables us to ofier these at 27/6 cach.
J - Ord(-r qu:clll)! Limited number alvo .nullablc with

ota! reduction drive. 30/-. P. & P.
It sockets.  £9(5/-. V. & P, §/6. :u;u;:m—:n PAIR /m,m IF. % ]Gonylm'hlllu Int LF. and end
. ", discriminator. (465 *Ke/9f10.7 Mc/s). Bize lin. x 1lin.
3-VALVE AUDIO :MP””?‘ ":'?':f" HA33 23in. H. Will match above tuner bead. 11/- pair. P. & P. 2/-.
1 for Mi-Fi d of
reeords. AL, malns  operation. 4-SPEED PLAYER UNIT BARGAINS
Remly built on plated heavy gange | Mains \lodels All brand new in maker's origiual packing.

metal chassis, sjze 73l w. X 4in,
d. x 4{In. . Incorporates FKOCB3,
ELS4, l'bw valven. Ffeavy duty,
double wound rnains  frausfornwr
and output transformer matched for
3 ohm speaker. separate buss, treble
and volume controls. Negative feed-
back Ilne Ontput 4} watts. Front pancl can be detached dnd
teimls extended for remote mounting of controls. The HARA lay
Deen mpecially designed for us and our quantity order enables ws
to ofter them complete with knoba, valves, ete., wired and tested
1or only £4/5/-. P & P. 6

BRAND NEW 3 OHM LOUDSPEAKERS
bin. 12/8; 8iiu. 15/-- 8in. £9/6; 10in. 27/8; 7x4in. 16/-:
10 % din 7’6- 1. 8x3in, with high flux magnet 21/-;
i7 Mun flux cernmie magnet 42% (15 ohm
i and Bla, 2/6: 10 and 12in. 3/G per spkr.

and valves are brand new. W Very clear and concise imlrurhom
enable even the luexperieneed mnateur to-constriet with 1009,
BUCTCH, Y Bupplisd camplete witlhh  valves, output trans-
tormier (3 ohms ouly), screcnedl lead, wine, nuts, bolts, solder,
m (ho ulnu to Im)) PRICE 79/8. & P. 6/

circul practical layout nml parts liat

2l8 {frec with kit).

V]BRATOBS. Lurge seloction of 2, 4, and 32 volt. Non
sync. 8/@: Bync, 10-. P. & I'. 16 per vibrator. N.A.E. with all
enquiriecs.

8.T.C. SILICON AVALANCHE! HALF-WAVE | RECTIFIERS.
Type RAS, 508 AF, 6 anpe. 960 1.V, Jin. Jong < lin. dia.
apohrov. List 50/.. OUR PRICK 8/@. Posl (rve,

BRAND NEW. ¥2in. 18w. H/D Bpeakers, 3 or 15 ohm, Current
production by well- knoun lirlﬂuh maker. Omml below list

prménl 89/6. P. & P. 5/-. Uuitar models: 20w, £5{5/-: 36w,
£8/8/

i 3iin. HEAVY DUTY TWEETERS. Powerful coramie
maguet, Available in 3, 8 or 15 ohas. 15/- a2

INGLE PLAYERS. Carr. o/8 on each.
B.8.R. TU‘U £3/9/8. Qarrard BP25 de luxe.
BS.R. QU7 with unit mounted pick-up arm.. £4 18

AUTO CHANGERS. Car. 6/0 on cach.

B.8.R. UA25 Buper Blin £6/2/6. GARRARD 2000 £7 10 0
GARRARD 3000 £8/15/-. GARRARD 1000 with Ni-Fi car-
tridge £6/19/68. latest GARRARD ATi0 Mk. 11 £12 0 0
All the above units are complete with mono bhead with sapphire
stylus or can be supplied with stereo head at 19/6 extra.

QUALITY RECORD PLAYER AMPLIFIER MK. Il
A top-quality record player amplifier employing hcavy duty
double wound malns transformer. EOCS3, ELS4, 1ZB0 valves.
Beparate bass, treble and volume controla. Complete with output
transformer mutched for 3 ohm speaker. 8ize 7ln. w. x 3in.
6in. h. Ready built and tested. PRICE 68/6. P. & P. 6/-
ALBO AVAILABLE mounted on board with outpnt transfurmer
and nl;’)unk(r rcady to tit into cabinet on righke PRICE 89/6.
P& 7.

DE LUXE QUALITY PORTABLE R/P CABINET
Uncut motor board size 14} x .« clearance 2hy, helow,
Siine above. WIHI take wumplitier abo\c and any DI.8.I. or

CGARRARD Autochanger or single Player lJnIt (except ATEO
or SPu5). 8lze 48x15x 8in. PRICE £3/9/6. Carr. d/i.

HARVERSON SURPLUS CO. LTD.
170 HIGH ST., MERTON, LONDON, S.W.19
Open all day Saturday (Wednesday | p.m.)

S.A.E. all enquiries.

PLEASE NOTE: P. & P.
CHARGES QUOTED AP-
PLY TO U.K.ONLY.P. & P.
ON OVERSEAS ORDERS
CHARGED EXTRA.

Tel: 01-540 3985

PORTABLE VOLTMETERS 0/160 Moving Iron AC/DC,
8in. mirror scale, in polished wood case, 99/6. Post 6/-.
Resistor to doubic the range, 2/6.

PORTABLE AMMETERS, 0/.5 \C/D(, 3in., 35/-, p. 3/-.
AVOMETERS. Model 7. "£13/ 10/-, t 7/-.
FREQUENCY METERS. 45/5 cycles per second.
230 volts; @in. Flush Round. Brand new, £10/10/-.
RESISTORS wire wound or carbon, potent:ometcn,
condensers, quantitics ex-stock at low prices.
GEARED MOTORS, 3 R.P.M. or 1 R.P.M.
very powerful rcveﬁlble 24 v. A.C. 35/, post 2/6,
operated from 230 v. with our Transfonner 20/-.
BLUE LINE Heavy Duty Switches hy Kraus &
Naimer, Cade AALZ13 w |tho\trns,.llqo(}lOwatchos
available from stock at less than maker’s price.
KEY SWITCHES (3 position)

4 C Non Lock, 4 C Non Lock, 16,6.

4 C Non Lock/6 C Lock, 20/-,
2 C Lock/2 C Lock, 12 G

4 C Lock -iCLock 17/6.
Stop/4 C Lock, 12 6.

Many other tvpes.

Low Capacitance 8 C Muirhead, 17/6.
Stop/2 C Lock, 7/6. All

4 watts

Stop/4 C Non Lock, 10'6. Post
2 C Lock/6 C Lock, 17'6. 1/6
MAINS TRANSFORMERS. Output

300-0-330 volts, 250 mA, 6.3 volts,
9 amp., 26/-. Post 6/-.

AUTO TRANSFORMERS by S.T.C.
Totally enclosed C-core type. 110/250
volts. 8 tappings. 50 cycles. 1,000
watts. Size 63X 53 X 5lin.,£4. P. 10/6.

W/I/hnsons FOR RELAYS

P.O. TYPE 3000 AND 600

BUILT TO YOUR REQUIREMENTS—QUICK DELIVERY
COMPETITIVE PRICES—VARIOUS CONTACTS
DUST COVERS—QUOTATION BY RETURN
LARGE STOCKS OF MINIATURE SEALED RELAYS, DETAILED LIST ON REQUEST

RATIO ARM UNITS. Sullivan 06000 +600¢). 50/-.
DOUBLE HEADPHONES. l-hgh resistance, 4,0000),
6. Sound powered ty! HR, 17:6. Post 3/-.

SMAll MAGNETIC CUUNTERS/g

3k lin., 10
counts per
second with 4
figures. The
following D.C.
voltages are

available, 6 v.,
12 vl O N

B o 35/-

r 100 v
MAGNETIC COUNTERS, with zero reset 230 v. A.C.

or 110 v. Veeder Root 6 fig. 65/- ea Counting Insts.
P.0. STANDARD RAGKS it U chaninel sides drilied
for 19in. panels, heavy angle base 130/- cge. 20/-.
LIGHT TYPE 51t. high £5.
screw-on cover, 2/6, post 9d.
PO.201 with cord 3/-, post 1/6; -

P.O. 316, 3 Pomt 46 post
tacts 28 v. D.C. or 240 v. A.C. with base and cover,
358/- ea.
RELAYS. 24 volt D.C., 4 Make, 4 Break, 10 amp. 5C
TRANSISTORS ASZ 20 7/6 ea.

GET 875 special low gainselect-

ion 6/~ ea. 23002 15/- ca. V30-

flush type 48 v. D.C. 90/~ ea.,
JACK PLUGS. 2 Points, with
od.
PLUG IN RELAY s Londex 4 change-over HD con-
3944 with Dust Cover, 12/6 each.
301 15/-ca. Diode X645 15/-ea.

LONGLEY

Phone : THO 0236

WWW americanradiohistorv com

HAIR HYGROMETER. 4in. round by
Zambra, scaled 0/10) reading relati
humidity, 6§/-. Post 3

METERS GUARANTEEO.

nr-:','w:ltlfa
perceutage

Complete list available
oamVsO/mO-
oamps /500 2in. MC

a
Mittiamps 0/500 3!in. MC

Amps 05 2in. MC 316
Volts 5/0/5 24in, MC 25/
Volts 0/20 2in. MC 37,6
Volts 0'5 A.C. 3tin. MI .. &5
Volits 0/10 A.C. 3%in. MC1t 70/
Microamps 0/50 scaled in Milli Rontgens 2{in. MC 45/

0/3.5) MilliA
0/250

Millivolts 350/0/350 (3.5
PORTABLE VOLTMETERS.
AC/DC 8in.
MINIATURE BUZZERS (as illus.
with tone adjuster, 7/6.

HIGH NOTE BUZZERS 24 v. AC.'D.C.
with tone adjuster, 2}in. dia. Bake
case, 19/6. Post 2/-,

SUBMINIATURE MICRO SWITCHES
HONEYWELL 11SMI1-TN13. S.P.D.T.

Size; .78lin. % .250in. x .356in., 6/6 cach.

MICRO SWITCH. Burgms: \ll(dBR robust dlc cast
casing 8/6 cach. Post

i .
Mc
scale, in polished wood case

2 volt

L. WILKINSON (CROYDON) LTD.

HOUSE LONGLEY RD. CROYDON SURREY

Grams : WILCO CROYDON
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Snellemanstraat ||

ONICS — ROTTERDAM, HOLLAND

SILICON TRANSISTORS

Type number PNP/ Ve Veb Veb lo P, Hfe F [We) Noise Price
NPN Vole Vole Vol mA mA mwW  H213 Mhaz nA d8
2NI1613 N S0 75 7 500 15 iw 40-120 75 10uA 42 5 8
N7 N 50 75 7 500 15 3w 100-300 100 10uA 8 5 8
2N 1893 N 100 120 7 500 15 IW 40-120 75 10p2A — £ 1 0
2N2102 N 65 120 7 I A 100 SW  40-120 120 2:A 8 13 9
2N2926-or N 18 18 S 100 5 200 90-180 200 500 2,8 4 &
2N2926-gr N 18 18 S 100 H 200 235-470 200 500 2,8 5 4
2N3053 N 40 60 5 700 100 SwW  50-250 100 250 -— " 2
2N 3054 N L1 90 7 4 A 2A 29 W 25-100 | -— o £ 0 O
2N3055 N 60 100 7 15 A 7A Hsw 20- 70 | — — €2 9 8
2N3702 P 25 40 5 200 S 300 60-300 100 100 —_ 6 0
2N3704 N 30 50 S 800 S 360 100-300 100 100 — 4 8
2N3707 N 30 30 [ 30 5 310 100-400 20 100 S 8 &
2N3866 N §5(28) 55 3.5 400 20 5 o 800 SmA - €313 6
2N3903 N 40 60 5 200 S 310 50-150 250 -— 6 8 6
2N3904 N 40 60 5 200 H) 30 100-300 300 - S 8 &
2N3905 P 40 40 5 200 S 30 S0-150 200 —_ 5 V'S
2N 3906 P 40 40 5 200 S 3t0 100-300 250 -— 4 9. 2
2AN4124 N 25 30 5 200 5 310 120-360 300 50 5 8 6
2IN4126 P 25 25 4 200 5 310 120-360 250 50 4 8 &
2N 4284 P 25 25 5 100 ) 250 35-150 10 00 — 5 6
2N4286 N 25 30 [ 100 5 250 150-600 20 50 —_— 5 4
2N4288 s 25 30 6 100 ) 250 150-6Q0 20 S0 —_ 5 6
2N4292 N 12 30 2 S0 S 200 1248 800 500 6 5 6
2N4347 N 120 140 7 SA JA 100w 20- 70 2 2mA —_ £2 0 0
2NS034 N 40 55 s 6 A 6A 83w 20- 70 2.8 - = 18 2
2N5036 N L1 70 5 8 A 6 A 83 W 20- 70 2,8 — — 19 8
25C100 N 1S 40 5 200 -— 150 30— — 400 —_ — 8 2
25C183 N 5 5 5 50 —-— 100 75-150 150 —_ —_ 8 9
BC107b N 45 45 5 100 5 300 125-500 300 | 2 55
BC108b N 20 20 S 100 5 300 125-500 300 | 2 4 3
BC109¢ N 20 20 S 100 S 300 240-900 300 ] 4 4 9
BC147b N 45 45 S 100 5 200 125-500 150 [} 4 38
BC148b N 20 20 5 100 5 200 $25-500 150 1 4 3 5
BC149¢ N 20 20 5 100 S 200 240-900 150 | 4 3 9
BCI71b N 45 45 S 100 5 200 240-500 300 0.2 2 2 6
BCI172¢ N 20 20 S 100 5 200 450-900 300 0.2 2 2 6
BC184c N 30 45 5 100 St 300 450-900 150 ) | 6 9
BF 117 N 140 140 S 100 — 1270 25-120 80 i0 — i 8
BSY79 N 120 120 S 30 —_ 300 30-150 100 S0 _ 8 &
Type number PNP/ Vee Veb Veb It P. Hfe F +.,0 Noise Price
NPN Volt Volt Volt mA mA mw H213 Mhz nA dB
MD701 | dual MNP 30 50 5 300 5 2x1 W 40- 70 200 100 — £1 12 8
MJE340 N 300 300 3 500 100 20W  30-240 10 00:A — 17 2
MJE370 P 30 30 4 3A 2A W 25~ 40 4 00uA £ 6 0
MJE37I P 40 40 4 3A A 25wW 25— 40 4 00uA —_ £0 16 2
MJE520 N 30 30 & 3A 2A W 40- 60 4 00uA —_ 19 3
MJES21 N 40 40 4 3A 2A 25 W  40- 60 4 00uA —_ £ 11 3
MP53394 N 25 25 5 00 S 310 35-170 300 00 — S 2
MPS6517 r 40 40 4 100 5 310 90-180 200 S0 3 8 7
MPS6531 N 60 60 S 600 5 310 90-270 390 50 B! 9 5
MPS56534 P 40 40 5 600 5 3i0 90-270 260 S0 3 10 3
TIP14 N €0 80 7 4A 2A 10 W 30-150 40 SOuA — 17 2
TiP24 N 70 70 9 2A $00 Iow  19-136 250uA — 17 2
TISI8 N i3 25 3 30 4 200 2048 1200 500 —_ 9 9
1000Mhz
TS2219 N 30 30 S 800 100 3IW  40- 75 100 500 — 6 6
T52905 P 30 30 5 600 100 Iw 40- 75 00 500 - s
40233 N 18 18 5 100 25 I W 90-300 60 250 2 8 2
40310 N 35 35 ) 4 A 2 9 W 20-120 [} 10p:A —_ 13! 9
40314 N 40 40 %S 700 200 SwW 70 350 00 0 — 10 i0
40316 N 40 40 I, 4 4 A 2A 9 W 20-120 | 10 A —_— 13 9
40317 N 40 40 2.5 700 200 5w 40-200 — 250 —_ io io
40319 P 40 40 2,15 700 200 SwW 35-200 100 250 —_— (1
40360 N 70 70 4 700 200 5w 40-200 100 500 — 12 0
40361 N 70 70 4 700 200 Sw 70-350 100 500 _— 13 4
40362 P 70 70 4 700 200 5w 35-200 100 500 — 18 10
40363 N 70 70 4 15 A 7A Hsw 20-70 1 — - £ 11
40364 N 60 60 4 T7A 5A B5W o 35-175 15 — — £3 0 7
40406 d 50 S0 4 700 200 I W 20-200 00 — —_ 19 2
40407 N S0 50 4 700 200 | W 70-350 100 250 —_ ié
40408 N 90 90 4 700 200 | W 40-200 100 250 —_ 15 2
40409 N 90 90 4 700 200 3w 50-250 100 250 — 16 ©
40410 P 90 90 4 700 200 3w $0-250 100 250 —_ £1 2 8
40411 N 90 %0 4 30A 1S A 150 w 35-100 | — — £3 4 6
Uni-Junction V. i,-cont i -peak In le P ob i -0 vOb, Price
Transistors Volt m. Amp. nA mA mw K-ohm nA Volt
2N2160 30 70 2 25 8 450 4.0-12 12uA 3 £ 1 3
2N2646 30 S0 2 25 6 300 4.7-9.1 S0 6,5 15 6
2N4870 30 50 2 S S 300 4.0-9.1 ] 6 13 9
TIS43 30 S0 | S 2 300 4.0-9.1 {0} 3 13 3
Field Effect Transistors
Type Number n/p Vdg Vds Vgs Ig Tdss lgss Pc Yfs Ft Cap Price
Channel Volt Volt Vole mA mA nA mwW umhos Mhz njout
2N3819 N 25 25 7.5 {0 2-20 2} 200 2,000- 6,500 00 8/4 10 8
2N3820 P 20 20 79 {0 0.3-15 20 200 800-5,000 10 32/16 . 5 5
2N4360 R 20 20 9.0 10 3-30 10 500 2,000- 8,000 10 20/5 13 0
MPF102 N 25 25 8.0 10 2-20 200 2,000~ 7,500 00 7/3 9 5
MPF103 N 25 25 25 10 -5 | 200 1,000~ 5.000 20 7/3 10 8
MFPI04 N 2! 25 35 10 2-9 | 200 1,500--5,500 20 7/3 0 8
MPF105 N 25 25 4.5 10 4-16 ] 200 2.000- 6,000 20 7/3 io 8
TIS34 N 30 30 7.5 10 4-20 S 200 3,300~ 6,500 200 6/2 13 3
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THE SKYROVER DE LUXE

7 tm rhet, 6 v

Tecei uni Wa

W itel

spread 1unges, M 19 and 2 , wlih Band
8pread Tuning for s > Btation Belection. The coi
pack and tuuning heart s factory assembied, wired and
tested. Buperhet, 470 Ke/e. Mutiard Tranasistors 4

U2 batteries. 5in. Ceramic Magnet P.). Bpeaker, 500 MW
Output.  Telercvpic Aerin and Ferrite Rod Acrial.
Tone Circuit. 1u wood enbinet, size 11} x 64 'x 3m., cov-

ered with wichable material, plastic trim and bandle. Cai
aerial socket fitted.

Can now Post

be built 100 £8 -1 9.6 bf- extra,

H.P, Terms: 6/~ deposii and 11 monthly payments of 12/9
Total H.P.P. £10/03,

Data 2/6. Refunded it you purctiase parcel. Four U2 batts. /4 extra. All components avail. scp.
A shinple additionai clrenit piovidea coverage of the 1106;/1950M, Long Waveband _Ali necessary
components with construction data. Only 10/- extra. Post Free. This conversion is suitabie for
recelvers already constructed.

TRANSISTOR FM TUNER CHASSIS

S ) aE P
Fully tunable—range 88 to 108 Mc/«. Comptetesy wiied r‘ i o Al pwl
on printed circuit.  10.3 Mcfa. 1F. 6 (ra /

diodes. Blow motion tunmg drive. Bize 63 x4 M
Opernien trom any ¥ v: L.C. source. Full data and circuit

B oo
LASKY'S PRICE £6.10.0 ro o cxiv = DI
MULTIPLEX ADAPTOR

Now you can enjoy steres sound with the F3 Tunct 'above. Brief spec.: MPX input
senaltlvity 100mV. Outpot 150 nV. Self povered by a & batters. 4 transistor and 6 diode circuit
$lze 5iin. x 2in. x {in. Also suitable for use with other FM tugers with MPX input.

LASKY'S PRICE 99/6 .

PACKAGE PRIC: 1F BOUGHT TOGETHER £11.11.0. Fust 5/-.

LASKY'S PANEL METERS

Precision made in clear plastic HIOK! of Japan. Each meter boxed
and fally guaranteed with all fixing nu(s and washers. Sizes are o}
ront panel. Spec. quotes for quantities. Add 1/6 PO h

Nt

TYPE KR-5.. 3x 2}in. (illus.) 100uA 4718
1ma. D.C. = 32/6  5U0uA 37/6
s mA.D.C. .. 32/6 1 mA 8 Meter 39/9
300 V. D.C. .. 32/6
TYPE MK-38A 1jin. square
mA DC .. - . 22/8
5 mA DQ 22/8 TYPE MK-45A 2in. square
0 V. DO 22/6 mA DC 25,
00 A 29/6 25/«
1003 A 2718 300 V DC 25/
3 maA 8 Meter 29/6 50011 A S5/~
TYPE KR-65 3} «3in. Sy 35/-
mA DC .. 36/- TYPE MK-85A, 3in. square
5 mA DO 35/- Al 36/-
3 3b/- 3
1 49 6 300 Vv DC 5=
/ 42/6 A 39/6
1 mA 8 Meter 39/6 3 Meter » 37/6

MAGNAVOX 363 TAPE DECKS

atest 3 speed model—1§. 33, 7§ 4
B

A 1alr

LASKY'S PRICE ¢ = £40.10.0

LASKY'S PRICE :.uis* £13.9.6

SPECIAL FOR OVERSEAS CUSTOMERS--the new !

B 5700 fume ol avallable, pr , 351-
NEW MARTIN TAPE RECORD REPLAY AMPS.
i Tl oot . it fhe "LASKY'S PRICE £14/10/6  Carringe

LASKY'S PRICE £15/10/6 Packing 4/6 cxira

Op xtra: C
'LASKY'S PRICE 1. Posl /4
Branches

207 EDGWARE ROAD, LONDON, W.2  Tel: 01-723 3271

Open all day Saturday, early closing 1 p.m. Thursday

33 TOTTENHAM CT. RD., LONDON, W.1  Tel: 01-636 2605
Open all day, 9 a.m.—6 p.m. Monday to Saturday
152/3 FLEET STREET, LONDON, EC4  Tel.: FLEet St 2833

Open all day Thursday, early closing 1 p.m. Saturday

ALL MAIL ORDERS AND CORRESPOND

WIRELESS WORLD

ECIAL

new

price barrler.

stations

NEW

high-quality
superhet, car radio that really breaks thefquality
Unique features of this sct are the
four M/W band station pre-selection biittons
which you yourself set to your own four favourite
this {8 in additon to full M/W Land
oover over 150-300 kefa. (IF frequency 455 k
Exterualy aljusiable aerial trimmers ensure
8ix transistor (including one drift type) and one diode circuit provides
powerful 2 W. nutpus. The set is adjustable for use on elther
systetns (external line fuse fitted). Btandard mountin
Iarger all round—finished In anodised aluminium with
mounting brackets, tull Installatio
speaker). Fully'guaranteed.

LASKY'S PRICE £9.19.6 ro
SPECIAL OFFER—LOCKING CAR AERIAL
AModel 83003 five section 40in. extenslon beay,
unique locking device to protect
lead and plug and two ‘* keys."

LASKY'S SPECIA[ PRICE 39/6 Post tree with the Rosal CR-62. Sep. Past 2/a

WMA’VWWW\/\MN\MA’\,
FOR THE RECORDING ENTHUSIAST

VOICE ACTUATED MICROPHONE

maximum output.

FEBRUARY, 1968

INTE

all-transistor

jmported

6x 4din. elliptical 80

MODEL B 500l

Thls new voice actuated microphone
tacllities for remote control.

allowing normal hand remote
of voice or sound levei require
phone is self powered by one 9
Super sensitive 6 traasistor ¢
hetd use or I3

for har

Bat. |

LASKY'S PRICE £6.19.6 rew oo
EXPORT TTC B4002 FM WIRELESS MIC.

Highly sensitive-—suitable for either static or mobile use. Bignal can be picked

up by any FM radlo or tuner which recetves fre jucncies between 96-104 Mc

over se
on one

TTC 13/500. More

PPi iy

A
!

Type A. in;
Tspe B. Hi

NEW

FAMOUS AMERICAN MADE BRAND TAPE AT R
Me: Py 5%in. L

3tin. Triple
4 T

ral hundred yards.
"3 type battery. Com

LASKY'S EXPORT PRICE £6.19.6 i, . ..

ay, 600

y 3 x 2}
ith neck co

ze ©
plet

t Free.

w 13 x }in. Operates on t:

erfol lon of above— 7
e hattery. LASKY'S PRICE 12 Gns. Poat Free. Anywhere in the Worl

MICROPHONE BARGAIN
STC MODEL 414

nicro| e—suit

5. t.
ed

nal m
t.
inused in m y guaranteed

2000 LASKY'S PRICE £1/19/6
50KQ. LASKY'S PRICE £8/5/..

Post 2/

i e e o o e L SN
MUSICASSETTES

There are now over 200 Musicaselte tities available—Jazz~ ~Pop—Shows-
Mercurs. Fontana, C.B.S., Pye, Reprise, Chess, W.B., Kama Sutra,

INTERNATIONAL TAPE

ECORD LOW PRICES

5 Lc

in denigned fof use with tape recorders with
The microphone is fitted with a three position switch
control. voice sensitivity action and on. The degree
d to operate the recorder can be adjusted. The mlero-
V (PP3 type) battery giving 6 to 10 hrs. operating time.
ircuit. 8trong black plastic case. Length 7§ ins. Designed
ed with 2.5 and 3.6 man. piugs for titting poiarised

lin. (in leather case). Operates
rd, clip-on dynamic extension

-Classics—o
Page 1. Send S.A.E.

ITEMS!I

TWO BAND TRANSISTOR CAR RADIO BARGAIN!
MODEL CR-62

3 5 B )2
78 3 Triple play 4001 ylai
My 10/- 5 Long play. 00(t. Mylar
M 17/6 7l Acetate
Y L 15/- in d pl: It. Mylar
10/- 7in ong play, 00ft. Myl
8/8 7 ouble piay. 2.400{t. My
35/- 7 Long piay. 1.800ft. Acets
as 22/8 7l

1/~ Post extra per reel; 4 reels and over Post Free,

High Fidelity Audio Centres

42 TOTTENHAM CT. RD. LONDON, W.1

Open all day Thursday, early closing 1 p.m. Saturday

118 EDGWARE ROAD, LONDON, W.2

Open all day Saturday, early closing 1 p.m. Thursday

WwWwWw americanradiohistorv com

Triple play, 3.6001t. Mylar
ree.

Tel.: 01-580 2573

Tel.: 01-723 9789

E TO: 3-15 CAVELL ST, TOWER HAMLETS, LONDON, E.1 Tel.: 01-790 4821
WW-—140 FOR FURTHER DETAILS

u Philips,

pos. or neg. ground 13 v,
g size 6} x 62 x 2in.—front panel $in.
black push buttons.
n instructions and 2 baffle boards (for round or clliptical

Complete with

dynamic speaker,
17/6 extra—Post FREE.

¥y chrome telescopic wing mounting type with
the aatenna when closed. Complete with mounting bracket,
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DON'T MISS THISI

HAVE YOU GOT YOUR COPY
OF OUR GREAT "35th Birthday"
CATALOGUE — FREE ThS%5%

COMPLIMENTS
Printed in large 16 % 11in. modern magazine format

the ** Birthday Pictorial ” contains thousands of (7 =
different items from our vast stocks of Radio, Hi-Fi. I. 3
TY, Test Gear, Components, Communications and B
other equipment. 7
PLUS many bargain offers and prices exclusive 1933- 196§'- L4
to Lasky’s of sesvict 18 4,
in addition every copy of the * Birth- e /1,

AND day Pictorial * is numbered and auto- | 1.1 CAVEL =207
matically enters you in our great ‘* Birthday | =~ 17 @
Draw * with over £100 in Gift Vouchers to be 't L R
won. o) Ao
All goods shown in the * Birthday Pictorial > are &= |
available over the counter from any of our branches

—or by post to any address in the U.K. or overscas— 5 L /l-\..} |
bringing the benefits of shopping at Lasky’s to you in A
your home. ) -

SECOND REPRINT ISSUE NOW d—/’i —

AVAILABLE
—just send your name, address and 6d stamp for postage only.

A MUST FOR EVERY ELECTRONICS & HI-FI ENTHUSIAST!

ECORD PLAYERS

AUTOCHANGERS
B-S-R- NEW LOW PRICES

Fully guaranteed complete with cartridee and stylus

£519 6
£519 6

UALS ov. battery model

UA20 despeed miins model
NEW-—B.S.R. UA70 (musirated

4 speed malns autochanger superb modern styling at
amazingly low price
LASKY'S PRICE £9/19 6 (ex cartridge)

GARRARD AUTOCHANGERS

ATHO Mk ) £919 6 Al00y £6 6 0
AT60 Mk. 1 213 ig g AZ000 £6 16 6
S00LM with steren cartriige 3 GARRARD BASES

AT0 £17 17 0 Wi

Lab. A Mono/Rtereo £14 lé 6 Wil £316 3 £ 5 0

Lab. A on plinth £15 1¢ 6 CLEARVIEW PERSPEX COVERS

Ad0 £ 7 0 whi £3 17 0 wbB2 £5 711

TRANSCRIPTION MOTORS SINGLE PLAYERS

GARRARD j01 £2710 0 Auto. start and stop. Complete with pick-up

'q(.'; n Itgﬂl) Lab. 80, Mk. 1§ £25 ¢ O and erystal cartridge.

CONNOISSEUR 1M1 with Bterco cartrnlge £319 6
eyt S7 810 coLinomriwes | 59 6
\2.&.’.6”. geg g 0 GARRARDRRPI2 g4 7 6

LK 3 1 9 GARRARD SRYI0 maine model £4 18 6

s e E1910 T GARIARD BRPI0 tatt. model £419 6

LENCO GL70 $99 18 8 GARRARD 8P25 Light Ytable £9 19 6

HERR S B0 aanene o ey gt Do s

rl!()l( l‘;.\!! TD135 rrur = 5 are ex-carlri

o T £ 2 g I ILIEE-AG/1D3G £1212 0

THGRENS D150 £20 13 2  BRAUN PCIL Btereo £819 6

All other current models available. Postage on all above 5/- extra.

DEMONSTRATION STUDIOS

Lasky’s High Fidelity Sound Centres

42 Tottenham Court Road, W.l and 118 Edgware Road, W.2 arc London's most com-
rehensive High ilelity Bound Centres, designed to provide a real ** Rome-from-Home
for the discerning HI-Fi Enthusiast. There you can see. hear and compare any combina-
tion of the Huest quality equipment; our experienced stalf arc on hand to help you plan a
complete system and to select the equipment most sultable to your requirements. In
addition we ure often able to oifer considemable cash eavings when you choose & complete

S i s

If you eannot cail ut any uf our brauches please send details of your tequirements ta our lead offies and
e shall be pleased te quote withon! obligatior. We operate the ™ Purchase Tax Frec ' scheme for oreisrax
i Fall 11.P. & arailoble

PACKAGE DEALS

A Lasky's ¢ Package Deal ” allo v Lo purels e conplete Awlio By«tem of your chofre at n
worthwhile cash saving. We shall be pieased 1o quote our ** Package Deal ' price for any selection
of equipinent of your own vhe Rend ux detall of your requirements. H.P. and Easy Credit Terms
can be arranged on % Package Deals.”

LASKY’'S RADIO FOR FINEST VALUE and COURTEOUS SERVIC

WIRELESS WORLD

NOW AVAILABLE FOR THE FIRST TIME IN GREAT
BRITAIN. TWO NEW TRIO RECEIVERS
MODEL JR-500SE ‘ ! ]

This high performance receiver is
made especially to cover the umaley
Land» and utilises a erystal controlh
douhle heterodyne cireuit for exisa
sensitivity  and  stability Briet
spec.: Covers all the smateur bands
n 7 parate ranges between 3.3
and e

2 tr .

phin nue
500 chm phage Jack. Special features:
Urystal controlled oecillator @ r-
labic BFO @ VFO ® AVC @ ANL
© S meter ® B8B-A'W @ Stand-by
eltel, @ o ble g ]
drive with d
» 0}
1161250 V AL ns

!

LASKY'S PRICE £61.19.0 e s
MODEL 9R-59DE

Briet spec.: 4

850 Kefv Lo

c u

e [

7 ir 18

phone Jack. Speclal teatuses: H8E-
CW @ ANL @ ! o

ariable BFO
n o caml olial

1 frequ 40, < ®
¢ V. @ Varluble RF
AF gals 115,

Welg hy
1 a

TASKY'S PRICE £36.15.0 3 neias

TAPE RECORDERS
JUST ARRIVED —FANTAVOX =
TAPE CASSETTE PLAYE

Tl B 1 y te
T 4
ply ¢ o
t f Iat o i
»eak 0
oof
batteries. T w o t
JAZZ. FOP, 8HOWS 1CE hine sl
to play the misic of yoi loice anyw L

LASKY'S PRICE £9.19.6

OUTSTANDING VALUE—THE *‘TELETON’ 701

7-TRANSISTOR TWO-SPEED
CAPSTAN DRIVE MAINS/BATTERY
RECORDER

fer

Look at these outslanding features:

® 7 transist
u L
W 3 t )
by on 0/2:
b or malns oper TR
® ia E
Ly reco t 1] 1
3 s @ Ha ind
e track A.C ing sy
freq y s, @
evel meter (acts as battery check on repl
® Piano key function controls, plus vol. and
one controls. @ ty 5
I ) " < ( T
° 4 nis Y ®
and h 2. @ Accessoriess Lynank i

W
I tru

LASKY'S PRICE £22 rou cres

WW-—141 FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

WIRELESs WORLD FEBRUARY, 1968

W.W. DIGITAL COMPUTER TRANSISTORS and
8 Radnor House Trans. 2637101476 0 8d. cach [ Okirwc  8/6
93 g] ﬂEﬂEll[ D3Iy A Trans. Sit. 25301C .00 2/~ each | nCloy
Diodes Sil. 15130 4d. cach | BCios 5/-
(DEPT. WW) ﬂn “ w Prices for all qty's. Al devices will meet ke
W.W. specifications reqd. BRAND NEW.
e —r— it —
NEW UNTESTED SUPER-PAKS | 4 QUALITY-TESTED VALUE PAKS % BARGAINS % ., Untucrion
Uncoded Devices > Drift Tru, 21223 Germ. NI 100 Ve 101- 3 1 Ay Gorm Kect. 200 P1V g- | kqui- Tes T8 716
Matche sies, OUS4/40/81/81D 0/- ORPGL Photo-eonductive cel i
Y 3 > 16 ted Spot AF l’mnn rNe 0/ - 4 Sllicon Rects: 100 PIV 750 inA 0i-
A0 il AN AN TS NSINERS Hiu Y 10— | is Wike'Sjt R¥ Trama, PNP 0- | 3 AFII7 Tra Mutiard Type o- | SIL. RECTS TESTED
gl : 3 Bili ot Q- | 7 OC8I Type Trans. 0= 1 PV 760ma 35 104 30a
30 MADT Metal Alloy Dinused Iy lo ¥, 10 A ; . B [i'8 3 OURI! Transe Mullanl Type 0/~ 50 2- 3- 46 96
MATION 2, 81A%93, MAS20, PNP. 2 OCI 140 ’lr‘n NPN Suitching 0/~ 4 2.".’1"3. Bil. Epoxy Trans. 0/~ ol 1. = s
TN Tt WL T T |12 A SCR 100 1V, 0/- 7 OC71 Type Fruna . 0/~ 2/3 3/18 6/~ 16/~
50 oy 'u les t inw 6 _ 3 8l Trans. 29303 PN P i 2 CETY Power Tran< 60 Vel R 4 0 - 200 2/8 4/8 6/6 20/~
3 Zener Dinule: 230 W 0/- | 23-Truus. Tleatalnks it TOI8, 8012, ete. 0/- #00 3/~ 4/9 8- 28/
I iloy Trans. PNP T ) e Trans. N /- 1 TKI00A Power { . Trans. = ADY22 0/- 400 3/ B/- §/- 85-
30 Neries. 0(,(”754 ACI25/8 |0 = 8 Zener Diodes 400 10W s 3% Tol 0f- 2 75701 8il. Tran<. Texus 0/~ P
- 4 High Current Trans. ou' Eqvt 0. | 2% Z2AIB0F. 13 M. ¥ watt 0/- 500 4/- 6/8 9/8 30/-
| 2 Eposy Case o0 . Rect. 100-ru0 10/— 2 Power Transistors | 0026 | oc.u 0- 3 12 Volt Zeners 400 mW . 0/- 600 4/3 7/~ 10/- 37/~
i byl 4 OB Trameiston Slland Ty B | 3 b e i e B Yitou S 170
30 h y ,’.:"{' 'f,‘f.?;;‘ Diodes. Shu. 1NWIAPUL. 116/ 1 Power Trame. l:»’;,‘m 0 v e 8.’.- 2 Zener Dindan 25 W 18 snd A 5o | 19% &- 10- 1718 50/-
ik 4 0! 202 S0l Dieden Sub i, 0/- | INYLO NPN 8il. Trane. VCBI00 80Mc/s 15/~ | “—ee—
|0 i Aup. Glasy 8H. Rect, 200-800 (i, 8i IO 2 ise Trans. N ¢ 0- OO0 RAY Nil. Rect. 1.5 A RA310 AF 5/ SCR’s  LOWEST PRICE
3 Y X /200800 - ] su Trans. NN VCIL 100 2T 0/- 3 Migh voll. AF Trans. PNP ACY17 .. 15/- LARGEST KANGE
:s 0 \nf,ll_n .n.r'«.vul:rul e 0 - ; 35-\;3?: sI!T Tmn;l- I:‘ l': 200 Mefs. g.- IV 1AMP A 16A  30A
| ransistors Muilarn ype - K il. Trans, vl ) = _ A
* VALUE PACKS ior 68 * 1 OC77 Trannistors Mubtand Ty pe ?)I. 2 8il. Power Revts. 18Y 71 I = 6 — 30
NEW UNTESTED 3 Metal AHoy Vransistors Mat. 1'ype 0/- 1 8il. Power Frans. NPN100 Mc/s TE201A 15/ 6 S € 10/8 35/-
- 4 Bil. Rects. 400 VIV 500 mA 0/- 6 ‘{glﬂr&l;’u‘lm;{'l;’ v 3"‘111" u. T 5i- 1)03 123 10/- lg 45/-
. 5 (H-T&H T Egvt. OC34 - 1 AN P Epitacinl Planay 8il. Trans. 1§/- 24 15/~ 20/~ 55/«
120 Glass Sub-Min. GERM. DIODES 10/- Hes Trane. Kyt OCH B | 3 2N e vt Tomn i ... 16~ | 300 15/~ 20/ 851
50 Mixed Germ TRANSISTORS  {0/- 0~ | 4 Geras Pover Trans. Kyt OC1 Suilara 16~ [ 00 137 25/- 35/~ 80/
. ¥ O/~ 1 Unijonetion Tra. 2, 2“!‘!‘ Fqvt. DoF2y 1%/- 500 304~ 40/~ 45/~ 95/~
20 Mixed Volts ENERS 10/- 5 0 - ! Sil. Trans. 200 Mejs 60Veb 4TSS/84 = /
= z [ 0= | Bil. Plaunr Traus, ¥PR 100 Mejs BsVas 1o | 600 £0/- 50;-
30 NPN,PNP, MIXED SIL. TRANS. 10/- | g/- 1 8il. T g I:I(H m:,\u NFE200 NPN ———— e ——
- . /- 2 BCIts 5t P 1 Hi=
60 200mA Sub-Min. SIL. DIODES 10/ ? v l:ln:un Nk an an ,\cggo 0 - I Tunnel Diode IN3720 (TD5) CGLE ;' (?.nxr‘., v:’:‘m “?ztnkn'duﬂ;mﬁ
y > wwer Trang. Gern 0/- 1 Unijunction Trags. 2 '0-5 can G.E. 15/- Semin 1 b
:: LG cr'gc‘a?mpélza :i::lsn:rfns 5 O Stuitard o & T N LT s 18" el S
3 - - 2 Gierm. w el LN ! b
ke A | 10 A(,.zg Trans. PNP Nivh (hm 0/~ 1 10 A Bl 81l Rect. 800 PV, 5/ ::ﬂﬁg(iot'o::;!;;;;l?olg;
10 2 Amp. Scud SIL. RECT. 10/- _'f ' g- ‘l Tl\:nr’-l-l,-s)iln"lf '\l-iyVI:" :535":‘T|::_2!2§Tcu lg-' lists. eqvt. charts, circuits,
NPN, Is. S = 5 2 2) 2 81l lpoxy Planar UF i i | ete.
25 Sie 200 Me/fs TRANSISTORS 10, 3 R o ey 8_ & g“y 1ol()r:ry|.¢ k'!l‘"- l(u::.lc‘.‘ed et R 20/~ Miknamt Oclet 10
16 Top-Hat 750mA SIL. RECT. 10/- 7 G2t Cenn. Dindes Kqvt. OATL OIS0 i ST e el im 20,- | CASE  WITH ORDER
75 GERM. DIODES GOLD BONDED 10/~ | Al! 10 dhullurd Type Trae. 0 | 1o New Pover Trans, € EC repinces 0C16/ PLEASE. Add 1/ postage
-~ ‘flw lum iodes Marked 0/~ 30/- and  packing per Order.
20 Like BAY 50 charge storage DIODES 10/- | 4 ACIZ Gera, PNP Tran 0- 'nr- 24 8L, Power Trana. NPX 100 V 100 G“Hw'mc“ by, relurn
. 5 30/- posial service verseas
10 50-400 PIV | Amp. SCR's 20/- FREE 3:: &% ;;it,o‘:a’;::; ‘;‘k"oﬁh::‘e’: u.| Potted Bridge Lect. 800 PIV2 A.. 30 | sdd extra for Air Mail.

NO DELAYS! FROM STOCK!

NO EXCUSES!

INPUT 230 v. A.C. 50/60 | 5 Amp. AC/DC VARIABLE VOLTAGE
BRAND NEW. K-:enest prices in the
country. All Types {and Spares) from i to UUTPUT U’\“
S0 amp. available from stock. nput 230
0-260 v. at | amp. £4 10 0 8u(pu: g%gg v. S.g ?
utpu - V.
|nput 230 v. AC. Out 0-260 v. at 2.5 amps. ... £5 17 6 Fitted large scale am-
put, variable 0-260 v 0-260 v. at 4 amps. 8 7 6 .meter and voltmeter
A.C. at 1.5 amp. Fitted in 0-260 v. at S5amps. ........ £9 0 0 §| Neon indicator, futly «
beautifully finished steel 0-260 v. at 8 amps. £13 10 0 fused. Strong Ia;trac- A , |
case. Complete with volt- tive metal cise ISin. x (49 o -
Cetar pilod A pY (iive 0-260 v. at 10 amps. £17 0 0 | 8iin. x éin. Weight 24— \,]&
switch, carrying handle. 0-240 v, at 12 amps.  ...... £19 10 O Ib. '"r?"“te'ylc::”:z:f.
2 smooth ste -
£8/10/-.P. & C. 10/-. [ § 8 %2’8 v. at ;g amps. ... g%% Ig 8 age vauatior‘: over range. Price £30 P. & Cul2.
Also 2.5 amp. as above. 50 AMPS i v.at amps.  ...... 7 Am). A.C./D.C. Mk. 1 Varjable Output Power Unit
£9/12/6. P. & C. 10/-. 0 . 0-260v.at 37.5 amps. ...... €5 0 0 nput 230 v. A.C. Output continuously VARIABLE from 0 to
£5> 0-260 v. at 50 amps. €85 0 0O 250 v. A.C. OR 00230 v. D.C. at 7 a. Robustly constructed in
OPEN TYPES ¢ metal case, complete with safety fuse, neon indicator, voltmeter
. lj, = 20 DIFFERENT TYPES AVAILABLE FOR and ammeser  Size 17in. x 12in. x 7in. Weigh: 36 Ib.
e A ! AMP. JGE¥. IMMEDIATE DELIVERY. P, & C EXTRA | Frice £3910/~ Cirriage 40/

AP AP PP TS e,

Input 230 v. A.C. 50/60
Qutput variable.

CBNSTANT 36 volt 30 amp. A.C. or D.C.

0-36v.at20amp. £19.10.0—15/-p. &c.

These fully shroudad Transiormers,
designed to our specifications, are ideally

input 185-250 v. A.C _Output
constant at 230 v. A.C. Capa-
city 250watt. Attractive metal

(A Panel indicator and cnrom: handles.
Ideally

£55

0-260 v. " e Double Wound |
j2mp- - £33 5 | VOLTKGE <254 | ¢ Variable Transformers ¢ Variable L.T. Supgly Unit
i N 3
e | TRANS | TE LG Ldenetinn o LAY B0RAGT §18 INPUT a0ak0 v ac
MAFE. . i B FORMERS /4. < &g CONTINUOUSLY VARIABLE 0-36 v o TVARIABLEo:ss:’SL
'L '{:: 0:36 v.at 5 amp. £3.10.0—p. & p. 8/6 Fully isolated. Fitted in robust metal
< : ‘o170 10 case with Voltmeter Ammeter
]

Input and Qutput fully fus=d.
suited for Lab. or Industrial use.

PO T TR T T S T
WINPT NN NN

;a.:gbe:'::eef regv’eé"':ll :'7"1': suited for Educational, Industrial and §1 plus 40/- p. & ¢. Similar in appearance
Price £10/10/-. P. & P. 10/-. Laboratory use. | to above illustration.
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LIGHT SENSITIVE SWITCHES
Kit and parts including ORP.12 Cad-
mium Sulphide Photocell. Relay
Transistor and Circuit. Now sup-
plied with new Siemens High Speed
Relay for 6 or 12 volit opcratrons.

Price 25/-, plus 2/6 P. & P,

ORP.12 and Circuit 10/- post paid.

A.C. MAINS MODEL

incorporates mains transformer rectifier and
special relay with 3xS amp. mains cfo contacts.
Price inc. circuit 47/6, plus 2/6 P. & P,

LIGHT SOURCE AND PHOTO CELL
MOUNTING Bﬁg

Precision enginecred light
source with adjustable lens m- -
assembly and ventilated lamp ,EE
housing to take MBC bulb. Separate photo cell
mounting assembly for ORP.12 or similar cell with
optlc window. Both units_are single hole fixing.
Price per pair £2/15/0, plus 3/6 P. & P.

UNIVERSAL DEMONSTRATION

TRANSFORMERS A complete com-

posite apparatus,
comprising a ro-
bustly built Trans-
former and eclec-
tro-magnet  with
removable coils
and pole pieces,
coil tapped for
230 v., 220 v.,
10 v., 115 v. 6,
12, 3, 110 v
A.C. These coils are also used for D.C. experiments,
Complete with all accessories as shown, £19 plus
15/- carr. Leaflet on request.

Stenzyl

PHOTO MULTIPLIER

Type CV337, this supersedes type 931A, complete
with special P.T.F.E. base and divider network
57/6 inc). P. & P.

RESETTABLE HIGH SPEED COUNTERS
3 figure, 24 v. D.C. oper- = 'v,

ation {illustrated).

Similar to above, but may

be pre-set to any number

up to 999 reducing to zero.
gizze.— type 32/6, P. & P. |3 @ o

4 figure, 1,000 ohm coil, 36-48 v. D.C. operation.
£3/10/-, P. & P. 1/6.

PHOTO ELECTRONIC COUNTER
Can be set for counts of up to 500 per minute.
210-250 v. A.C. powered. Kit of Components,
including photo cell, high speed non-resettable
counter, transformer, relay, etc, together with
clear circult diagram, £3/2/6, plus 3/6 P. & P. With
resettable counter, £4/2/6, P. & P. 3/6,

LATEST HIGH SPEED MAGNETIC
COUNTERS (NON-RESETTABLE)
4 figure, 10 impulses per second. Type |00A, 500
ohm coil. Type.100B, 2,300 ohm coil. Either 15/-
cach, plus 1/6 P. & P.

230 VOLT A.C,, GEARED MOTORS
Type DISG 5 r.p.m. 1.7Ib. inch, £2/9/6, P. & P. 3/-,
Type BI6G 80 r.p.m. 26lb. inch, £2//-, P. & P. 3/-
Type DI6G 1.451b.
BB
PRECISION FLATPOT
Manufactured by M.E.C. 50 k., 45 turn. Fly leads
all metal sealed construction. 10/6d. Plus {/6P. &P,

13 r.p.m. inch, £2/17/6.

INSULATED TERMINALS
Available in black, red,
white. yellow, blue and
green. New 15/- per doz.
P. & P. 2/-.

- o

SERVICE TRADING CO

Postage and Carrisge shown
below are inland only. For
Overseus please ask for
gquotation. We do not
issne a catalogue or list.
NICKEL CADMIUM BATTERY
Sintered Cadmium Type 1.2 v. TAH. Size:
height 3iin, width 2}In. X I%in. Weight:
approx. i3 ozs. Ex-R.A.F, Tested, 12/6. P. & P,

2/6.

“"GENUINE NEW MULLARD
6 AMP. SILICON DIODES

NOT Rejects or Seconds
8YZ13 200 PIV 7/- BYZ12 400 PIV 8/
BYZ11 600 P1V 9/- BYZ 10 800 PIV 10/~

100 WATT POWER RHEOSTATS

(N[W) Ceramic construction, wind-
ing embedded in Vitreous -
Enamel, hecavy duty brush assembly &

designed for continuous duty.
AVAILABLE FROM STOCK IN
THE FOLLOWING Ii VALUES: U" ;

{ ohm 10a., S ohm 4.7a., 10 ohm 3a;

25 ohm 2a; 50 ohm 1.4a; 100 ohm |a; 250 ohm
.7 a; 500 ohm 45 a; 1,000 ohm 280 mA; 1,500
ohm 230 mA.; 2,500 ohm .2 a, Diameter 3}in.
Shaft length }in. dia, 3§in., 27/6. P, & P. /6.

50 WATT POWER RHEOSTATS

1 ohm 7a; 5 ohm 3a; 10 ohm 2.25a.; 25 ohm
1.42; 50 ohm la; 100 ohm .7a; 250 ohm .45a:
500 ohm .3a; 1,000 ohm .22a; 2,500 ohm .l4a.
All at 21/- each. P. & P. 1/6.

25 WATT POWER RHEOSTATS

10 ohm 1.5a; 25 ochm la; 50 ohm .75a.; 100 ohm
Sa; 250 ohm .3a.; 500 ohm .2a; 1,000 ohm
15a.; 1,500 ohm .12a.; 2,500 ohm .la.; all at 14/6,
each. P. & P. i/6.

SWING ARM RHEOSTAT
Especially designed for educational use. 0-10 ohm
in precision | ohm steps. Max. current 5 amp.
Size: Height 19in. Width |13in., Depth 6}in. Price
£4/19/6. P. & P_716.

SLIDER RESISTANCE
200 ohm 1.25 amp. 37/6. P. & P. 3j6.
5 ohm 10 amp. 37/6. P. & P. 3/6.

230 v. A.C. RELAY. 2 ¢jo 2 amp. contacts.
9/6 ex new equip. P. & P. 1/6.

THYRISTOR 400 piv, 5 amp., 14/6 post paid.
THYRISTOR 400 piv, 8 amp., 28/6 post paid.
Condenser 5,000 mjd 50 v. 11X 44in. 12/6. New.
LATEST TYPE

SELENIUM BRIDGE RECTIFIERS
30 volt 3 amp., 11/- plus 2/6 P. & P,
30 volt 5 amp., 16/, plus 2/6 P. & P.
MOVING COIL HEADPHONE AND MIKE
Soft rubber ear-picces with M/C Mike fitted S-way
plug as on No. 19 set. New, in maker's packing,
16/6 plus 3/6 C. & P.

TRANSISTORISED MORSE OSCILLATOR

Fitted 24in. Moving Coil Speaker. Uses type PP3

or equiv. 9 v. baucrl. Complete with latest
, pl

design Morse Key. 22/ us 1/6 P. & P.

ALL MAIL ORDERS. ALSO CALLERS AT:

$7 BRIDGMAN ROAD,

LONDON, W.4. Phone: 995 1560
Closed Saturdoys.

DRY REED SWITCHES

New special offer of Dry Reed Switches, 3 amp.
contact, |} x 4in., 4 for 10/-, post paid.

VENNER ELECTRIC TIME
SWITCH
200-250 v. A.C. 20 amp. contacts
twice on, twice off, at any manually
pre-set time. Spring reserve (in €ase
of power cut) fully tested £3/9/6,
P. & P. 4/6d. Or complete in weather-
proof metal case (iltustrated) £3/19/6,
plus 4/6 P, & P. Can be supplied with
solar dial, on at dusk—off at dawn.
Prices as above.

RADIO ALTIMETER

This precision  Instru-
ment, built to highest
Ministry specification, is
based on a 24V. D.C.
LOW INERTIA (Inte-
grating) Motor. The x
Motor, fitted with gold brushes and drawing only
800 microamp at 24V, D.C., drives two precision
pots with platinum wipers through close tolerance
gear-trains, including miniature slipping clutch,
combined with two sub-miniature pots for calibrat-
ing the electrical bridge circuit. The 3in. calibrated
dial, with a number aperture indicating onc rev,
per revolution of pointer with maximum of 5 revs.,
gives an effective scale length of approx. 30in.
Offered at fraction of Manufacturer’s price:

32/6 plus 6/- P. & P.

SANWA Wulti Range Meters

Acknowledged throughout the world as

the ultimate in test meters.

NEW M™MODEL U-50D M™MULTI-
TESTER, 20,000 O.p.v. ‘MIRROR
SCALED WITH OVERLOAD PRO-
TECTION. Ranges: D.C volts: 100mV",
0.5 v., 5 v., 250 v., 1,000 v. A.C. volts.
2.5v.,10v,,50v,,250v., 1,000 v.D.C. current: SuA.
0.5 mA., 5 mA.. SOmA., 250 mA. Stze- 5§ %34 % Iin
Complete with batteries

and test prods. £5.15.0
Three other models available from-stock.
tive leaflet on request

Post paid
Descrip-

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
Many Bargains for the calier.

A.C. AMMETERS 0-1, 0-10, 0-15, 0-20 amp. F.R.
24in. dia. Al at 21/ each.
A.C. VOLTMETERS 0-25 v., 0-50 v., 0-150 v Mi.
24in. Flush round all at 21/- each. P. & P. extra.
0-300 v. A.C. Rect. M-Coit 2§in....... 29/-
0300 v. A.C. Rect. M-Coil 3{in. Type W23 .. 55/-

Latest type VARLEY MINI-
ATURE RELAY in Trans-
parent Case. 4 ¢/o 700 ohm 14/6.
Base 4/-. 2 ¢/o 700 ohm coil,
Size xixIin. 15/- inc. base.
VARLEY TYPE VP4 (similar to
illys.), 5,800 ohm, 4 c/o.

New 12/6, less base.

Similar to above. Mid. by
GRUNER 4 c/o, 2,400 ohm coil
New, 10/-, less base.

UNISELECTORS SWITCHES
NEW 4-BANK 25-WAY
UNISELECTOR

N vy
% ohm col, 2 v DC M)
operation.  £€4/17/6 plus 2/6. o<
P. & P. AN

8-BANK 25-WAY FULL WIPER
24 v. D.C. operation, £6/10/-, plus 4/- P, & P.

STANDARD SIZE UNISELECTOR

SWITCHES USED 75 ohm coil, 24 v.
D.C., 6 bank 25 position, 5 non-bridging, | bridging
wiper.

6 bank arranged to give 3 bank, 50 positions
ex-equipment. 35/- each. P. & P.2/6.

MINIATURE UNISELECTOR

SWITCH

3 banks of |l positions plus
AIR BLOWER ==

homing bank. 40 ohm coif
Highly ecfficient blower unit /7 \
fitted with totally cnclosed ﬂ \

24-36 v. D.C. operation. Care-
200/250 v. A.C. 50 cycles.

fully removed from equipment
and tested. 22/6, plus 2/6 P. &P

2 h.p. motory producing 2,8C0 }

r.p.m. outlet 24 X b4, used, but |

in first class condition and

tested. Price £3/15/. P. & P,

7/6d.

AUTO TRANSFORMERS. Step up, step
down. 110-200-220-240 v. Fully shrouded. New.
300 watt type £3 each. P. & P. 4/6. 500 watt type
ff: ge;cz. P. & P. 6/6. 1,000 watt type £5/5/- each.

L.T. TRANSFORMERS

All primaries 220-240 volts

Type No. Sec. Taps Price Carr.
|30, 32, 34, 36 v. at 5 amps £4/5/~ 6/-
2 30, 40, 50 v. at 5 amps £6/5/~ 6/6
3 10,17, 18 v. at 10 amps £4710 - 416
4 6,12, v. 2t 20 amps. .. €5/17,6 6/6
5 17,18, 20 v. at 20 amps £6/12/6 6/6
6 6, 12,20 v. at 20 amps £6/5/- 7/6
7 24 v.at 10 amps £4/15/- 5/6

PERSONAL CALLERS ONLY

9 LITTLE NEWPORT STREET,
LONDON, W.C.2.
Tel.: GER 0576

AMPLE PARKING
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ﬁ_r,'”” IR VI Y Ll [ ransistorised
GARRARD (POSTAGE b/-)
AR TS AT6 MK 1] 9 Gns. IRPIZ £4.74
GARRARD 59/- 25 (De Luxe Die Cast, £5.19.C
LI T.5 £5.10.¢
* T A P E * COLLAROD 9 VOLT  4Q/. Molel 50 710
48P0, HEAVY T/T. .:ogal ;.ggg v £§61'(5)'E :
LIGHYT A kM (st £7) (p&p 5/ odel 2.000 ...t e P Demonstrarion
We offer you fufly tensitisca e 180VE LEs8 CARTRIDGES | [ Model 3000 £5.10.¢ § Postage emonstration
el el e P ;3s0 vk, e (T without obligation
quality  bisti, K range  reconling Sterso Cerantle Cart 19- T T £,,§ lgl( ar all
characteristics as top grade tapes 101 - 227 105 g branches
Quality control nunitacture. They § AUTOCHANGE PORTABLE CABI. 2 -10. .
are truly worth a few more coppers NETS. As used on 18 gns. recors ERGO Stereo Ceramie Curtridge 24/
than u:?mu nubv‘l‘fm-hnl‘r ‘:nted)-; player. Due to forfunate purcliase PLINTHS G
cheap hmports. Iy A we offer complete Mthmnlm 4 . 0. .
PROVE IT YOURSELF. beard and sl fttings at onty 49/= | Teak de luxe tnul cut out tor 8725 ST
Standard Long PLEASE NOTE. A wide mnw BITU0 ™ & i, s b 55/
2::;. ‘I‘mt %;g 2;!14 3%“:: gg caincts to caliers al es. B Ditto, wuper  Perspex oleat i o
n, 3 ;i n, 4506, / ' ver. complete . 19 -~J
5in. 600ft. 7/8 | Sin. soore. 10:g § 190 HI-STABS =y ; L
5iin. 9007t 10/6 | 5ita. Lo 130 [ 1% to 5% 100Q to & ma. 9/6 L g pas St ek iaeed
7in. 1.2001t. 12/6 . 7in. 1.8001t. 18 6 CO-AX o I'mi:% ido . (List £12.10, £0.19.0
25 vy yils
Double i oile 13 25)-: ul;c- H/D fringe 1/6 yd. This  beautttuny
3. 3001t 4)- oz S00ML 13/ | BARGAIN PARCELS compact 6 transisior
4in. Goor. g | Bin. LRourt. 25/ hive (size G x 4 % 24
Sin, 1,200t 15/. | Siin. 2.4me.34/ 100 RESISTORS 6,6 { !nctoding variable condensers. 1. cols, | Machine Gtz Ry o el
5 "l‘;l 1,8000t.19/- | 7in. 3.600ft.44)- SIS (VY nengt '""d.':"“‘k" "'"“:4:“““‘ k'nobo‘b;xl):u. murle’:enece qlree re:el::l:n
B 18 1 . A condenners.  resistors,  nuta, e, '
Tin. 2,400, 27/ Quadruple ) MlCROPll:g{Ec:A}BLE' illx-gr- ent cabinet rthrge: W Rliad, “transformd) DMG‘I'I;}J'I (:xln:’l” [xn:rx a“n:mdnrﬂ
Postage 1/- reel din. GOt 8/@ : = choke, rectifier, trausistors at & small Rund u::y A % ’m% TRADE
Post Free les« 5% on thiree reels. IOO CONDENSERS 9/6 fraction of list vulue. Due to heavy g o o |;eqm em:n i c“l‘lﬂ 2 QUANTITY
Quali(y and Trade enquiries invited. wistnre Ceramde. Silver, Mica, detnand we are now pucklug them in L:):nolmlre ‘:,’ 'mhp e QUOTATIONS
OTE. Largs tape stocks at ol branches. § cie, Gpt 1o oyt ouLIST VALUE § scvernl sizes—TRY 0 R vt o ey
ER €4, 3 Ibs. {post 3/-} 9/ leeding no Ies;thu‘n three LF.
SILICONH.T iqlli; J_)osl‘.'l‘;) . 17‘16 stage. coupled to a double-
il o ppet G0ITS - 20/~ B (uned discriminator terminat- Order now !
RECTIFIERS HEAVY DUTY 14/20 I‘nmxpll.n o‘n‘:p:‘l Pmrsl:he q.mx:k L
Guaranted per- | watt AMPLIFIER KITS [ 2miifn.os d
rmance.  Top ¥ puuous make consiting integrated [ ]
makes.  Tested contrals, hightlow gain presmp stages HUGE OEMANO ENABLES
,251(: "'A w'iu-é ceding L.34 Push Pull tomput PRICE REOUCTION
. S U core iranaforiners, complete with
b-m:"':lﬂflﬁ /' tnstructions down to the fast bolt CALLERS A ey wide range of electronte )
All'Mail Orders to Brighton please  fo '19‘.4)7‘6 :min;r?:del at fraction 8§Gns. Boiraliiie b i vt Bl
% LONOON—10 Tottenham Court R, Tel: MUS 2639 Scores
% PORTSMOUTH—350-352 Fratton Rd. Tel: 22034 P s H
% SOUTHAMPTON—72 East St. Tel: 25851 bt o pecial
¥ WORTHING— 132 Montague St. Tel: 25851 ( Pl
Y BRIGHTON—Oevonian Court, Park Crescent Place i 1';::1)): Bargalns

All Mail Order (24-hour Robophone) Brighton 680722

SEND SA.E.OR CALL ATANY BRANCH FOR YOURS

First 8

OUTLINE

OUTLINE

OUTLINE

OUTLINE

ILIFFE OUTLINE

BOOKS LTD.

OUTLINE

DORSET HOUSE OUTLINE

STAMFORD STREET

LONDON, S.E.I Each volu

from leading booksellers

NEW FROM ILIFFE

“Unitech Outlines”

the highly successful American series
of paperback technical titles are now available from ILIFFE

and J. Lubeifeld, Dipl.Engr.(Telecomm.)

titles

OF ELECTROMAGNETIC THEORY

OF ELECTRONIC CIRCUIT ANALYSIS

OF LINEAR CIRCUITS AND SYSTEMS—Part |
OF PULSE CIRCUITS

OF SERVOMECHANISMS

OUTLINE OF TRANSISTOR CIRCUIT ANALYSIS

OF ATOMIC PHYSICS
OF FOURIER ANALYSIS

me 35s. net

Postage Is. 4d.

M. Zaret, Ph.D.
A. R. Cohen, Ph.D.
A. R. Cohen, Ph.D.
C. H. Houpis, M.S.

S. A. Davis, M.E.E.
A. Gronner, M.E.E.
S. E. Liverhant, Ph.D.
Hwei T. Hsu

WW-—142 FOR FURTHER DETAILS
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k crackle finished case. 29/6.
easlly worth double. Car-
riage & ins. 8/6.

MINJIATURE WAFER SWITCHES

4 pcle, 2 way—3 pole, 3 way—4 pole,
3 way—2 pole, 4 way—3 pole, 4 way
—2 pole, ¢ way-—1 pole, 18 way. All
at 3/6 each, 36'- dozen, your assort-
ment.

WATERPROOF HEATING ELEMENT

26 yards length 70W. Self-reguiating
temperature control, 10/ post free.

G.E.C. 13 amp SWITCHEO SOCKET

An excellent opportunity to re-equip
your house or workshop. or if you ure
a contructor to restock for foture ring
main jobs. We offer 12 GEC switch
sockets, Brown Bakelite surface mount-
ing. Latest ring main type listed at 6/8 cach. You
can have & box of 12 for 30/- only—thus showing you
& saving of £2/8/-. Postage und insurance 4/6 extra.

FLUORESCENT CONTROL KiTs

Each kit comprises seven items—Choke. 2 tube
cnde, starter, starter holder and 2 tube clipe.
vith wiring instructions.  Buitable for normal
fluorescent tubes or the new * Grolux ™ tubes for
Ash tanks and indoor plants. Chokes nre super-
silent. smostly resln fllle). Kit A—15-20 . 19/8.
Kit B—30-40 w. 17/6. Kit C—80 w. 17/8.
Kit D—125 w. 22j-. Kit E—85 w. 19/8. Kn
MF1 is for 6ln., 9ln. and 12in. miniature tubes
19/6. Postage on Kits A and B 4/6 for one or two
kits then 4/6 for each two kita ordered. Kits C,
D and E 4/6 on first kit then 36 for each kit ordered.
Kri: M‘Il’l 3/6 on first kit then 3/6 on ecach two kita
ordered.

GANGED POTS Re2

Standard type and size with good K]
length of spindle—made by Mor-

ganite. List price i 10/- each

but if you act quickly you can

bave them at 12/- doz. (or 1/8 each if lcss than
doz.). Following valves in stack all ** lin *'—100K -
100K —500K 500K all new and unueed. Post 2/9
on 1st doz. then 1/- per doz, 6 doz. or miore post free.

HURSEAL AUTOMATIC TIME
SWITCH

32 hour. 15A to control heating, lghting, radio.
immersion heaters, etc. Regulnr price £444/-. Limited
quantity 39/6. P. & P. 3/~

HI-FI SPEAKER BARGAIN
12in. High fidelity loud-
speaker. High tlux per-
manent magnet tyge
with either 3 or 15
olm specch coil. Wil
handle up to 10 watta.
Brand new by famous

Price  20/8.

i=, plus 8/6 post and
nsurance.

MAINS RELAYS

Type A. 210/250V. A.C. coil, 2 types, ope for single
hole chassls mounting, has 3 pairy heavy duty
changeover contacts, 8/@ each.

Type B. In clear plastic case on tin base, plugs into
octal valve holder. 2 paim changeover conlacts,
12/8 cach.

COPPER CLAD ELEMEMT

1,250 watta—4ft. long but bent to U shape, Meal for
overhead heater—just mount reflector above. 12/6
cach plus 4/6 post. £6 doz., post paid.

MAINS TRANSFORMER. Upright mounting with
primary tapped 200, 220, 240 v. H.T. secondary
in 250-0-250 v. at 80 mA. and It has two L.T. eeconda-
ries of 8.3 v. 1§ amp.—unusad (removed from equip-
ment), 15/~ plus 3/6 post and Insurance.

PP3 Elimipator. Play your pocket
radlo from the malus! Bave £s. Complete
component kit compriscs 4 rectifiers—
mains dropper resiatances, smoothing con-
deuser and inetructions. Only 6/6 plus
1/- post.

Where postage is not definitely stated as an extra
then orders over £3 are post free. Below £3 wdd
29, Semi-conductors add 1/- port. Over E1 post
free. B.A.E. with enquiries please.

inetal casing as illustrated, 18/6, plus 3/6 post and Ins. Pull switch 3/- extra

DRILL CONTROLLER
Electronically changes speed
froin approximatety 10 revs. to 4
maxlmum. Full power at >~
all speeda by finger-tip control. ¢ "
Kit Includes all parta, cise, every
thing and full Instructions 19/6. |
plus 2/6 post and insurance. Or

avallable made up 32/8.
THIS MONTH’S SNIP
I INTERCOM BARGAIN
OFFICE SHOP STORE MANAGING DIRECTOR
e —— ER——

Will xave time and imy . 1deal In b L hop

nurgery, etc. Coinplete oulfit comprises Master unit and three substations
cach of which can cail the master and have full two-way working. No
wirlng problems as subs fitted with 60ft. twin flex and they plug into

sockets, Also included is packet of staples—and buttery. Nothing clse
to buy. £4/19/6 phme 4/8 poat and Insurance.
GARRARD
AUTO RECORD PLAYER
Model 2000

Thin Is one of the latest producta
of the World's most experienced
muker of fine record reproducers. It
superjor include
playing of up to 8 mixed size records—
stopping and starting without rejecting
~—1manual playing-——pick-up pivota to glve
low stylus pressure—large diameter turutable for max. stability adjustmenta
Include pick-up height—phck-up dropping positk and stytus pres . Bize ia
13 % 113irt. clearance 41ln. above 2{in. below—titted with latest hi-compliance
cartridge for stereo— and mono. L.P. and 78. Buppliedicompletcfwith mounting
template and service sheet. Offered this month at the Bpecial 8nlp price of
£6/19/@ plus 7/6 carriage and Insurance.

THE VEGTRONOME Thix is a truly portable. self-contained

instrument  with  bulit-in  microphone
loudspeaker using a 5-transistor
amplifier with P.P. output and suit-
able for operation from mains or by
chargeable bhatterfes. Tape capacity it
95 minutes on easily changed spools.
A tape position indicator gives quick
reference to any part of dictation.
R ding level iy t tically pre-
set durlng dictation and_can be ad-
justed to sult operator. Interlock pre-
vents unintentional erasures. Tape
speed controlled by fly wheel driven
capstan. Very portable in neat case
with earrying handle, overall size of
which s approximately 6} x7§X2In.
Price with tape, nickel cadmium re-
chargeable batteries and Inains battery
charger £0/19/6 (rather less than one-
third original price). Postage and
insurance 7/6. Unused and I perfect
working order.

RADIO STETHOSCOPE

Easiest way to fault find—traces signal from aerial to
speaker—when signal stops you've found the fault. Use
It on Radio, TV, i) anything. kit com-
prives two special transistors and ali parts including probe
tube and crystal earpicce 29/6-—twin stetosel instead of
ecarpiece '7/8 extra—post and ins. 2/9.

CAPSTAN DRIVEN amd
TAPE RECORDER

THE “ TECHNICAL"
RECORD PLAYER

$ specd, gram. motor with lightweight
pick-up, motor electronically balanced
and free from wow and flutter. Bpeed
change by push button—16, 33, 45, 78
r.p.m. Pricc 39/8, 2 Valve amplifier
32/8. Elliptical Bpeaker 9/6. Car-
tridge extrn mono 10/8, sterco 15/-
plus 4/8 post and insurance. DON'T
MISS TH18 TERRIFIC BARGAIN.

TUBULAR HEATERS
New and unused made by G.E.C.—rated at 60 watls per ft.—these are ideal
in airing cupboarde, bedrooms, offices, stores, greenhouses, etc., curtains or
apers can touch them without fear of hing or fire. d
with Axing brackets and available in the following sizes. Prices which are about
# of list price include carriage by B.R.8. 8ft. 30/-; 10ft. 36/~; 121t. 42/-; Alson
twin assemblies (one pipe above the other), 4it. 40/-: b1t. 46/-; 61t. B2/-.

WORLD 59
CONVECTOR INFRA-RED . FLOOD LAMP CONTROL
HEATER HEATERS WSt Our dim and full switeh i ideal for
Just  screw i together. Make uj controlling photo flood lampe: It gives
. p one of these latest type N g

:‘:::Jnm“::‘lf w‘:'l”: "I::g heaters. ldeal for bathroom. ete. 1 two Jamps in series. two lampe full

T e Wit I‘:‘ul A They are simple to make from our brilliance and lamps  off. Blmllar

thne. jd'.-m for bedroou, eaxy-to-follow Instructi # sillca enclosed elenients deslgned for the cor- control of other appliances can be

' R's so xafe. Uomplete i rect infra-red wave length (3 microns).  Price for 750° watts element, all parts arranged where used In pair or where

circul? can be spilt exaclly m  haif.
Technically the switch is known as a
double-pole change over with otl.

Our price 4/6. 7

MAINS TRANSISTOR POWER PACK
Designed to aperate transivtor aete and amplifiers.
‘Adjustable ontput gv.. 9v., 12 voits for up to J00mA
(class B working). Takes the place of any of the

fotlowing batterica: PPl PP3, PP4, PPs. PP, PPY,
and others. Kit comprises: mains transfortner reetifier.
«moothing and load resistor, 5000 and 500 mid.
teal snip

condensers, Zener dinde and Instructious.
at only 16/6. plus 3/8 postage.

DOOR INTERCOM
KRnow who is calling and speak to

them without leaving bed, or
chair.  Outtit comprises micro-
phone with call pwh button,

coinectors and master inter-com.
Simply plugs together. Originally
aold at £10. Bpecial snip price
79/6. plus 3/8 postage.

GEARED MOTOR
HALF REV. PER MINUTE
Male by famous Smith
Electrle, mains operated and
quite powerful. 8ize 3}

2% 1jin. deep. Becondary
use As proceas timer. Inter-
nal switch can be made to
hreak circuit within a perlod
up to 2 mina. 17/6. P. &
P. 2/6 uuless ordered with
other goods.

MAINS MOTOR
Precislon made—ad used in
record decks and tape Te-
corders—idcal also for ex-

tractor fan-blower, heater,

etc. New and perfect.
Snip at §/6. Fostage
3/- for first one then
~~ID 1f- for cach oue
ordered. 12 and

over post iree.

RELAY SWITCHES. These enable mlcro «witches,
delicate thermostats or other low current devices to
controt up to 30 amps.—ideal to sw itch thermal rtora
heaters—motors, cte.. hade by the famons A.E.I
group these are listed at £25 each—sou can buy if you
hurey at a very keen pricc of 30/8 each and we will
include diagramd and data. Mounted on panel size
approximately 8 %7 x 2in. deep.

THERMOSTATS
Type “A” 10 amp. for controlling room heaters.
greenhouse, airing tupboard. Haa spindie for pointer
knob. Quickly adjustable from 50-80°F. §/8 plus 1/
post. Sultable box for wall mounting 5/-. P. &P

Type “B™ 15 amp. This ia a 17in. long rod type
made by the famous Bunvic Co. Rpindle
adjusts thiv from §0-550 #.  Internal
screw alters the setting 80 this could be

adjustable over 30°
to 1000°t. Huitable
for controlling furnace, oven kiln, immer-

sion heater or to make flaine-start or fire alarm. 8/8

plus 2/8 post and insurance.

Type “D”. We call thix the Jce-stat as it cuts in
and out at around freezing point, 2/3 amps. Has
tany uses, one of which would be to keep the loft
pipea from freezing. Uf a length of our blanket wire
(18 yds, 10/-) is wound round the pipes. 7i8, P. & P.
-

Type “E?, This is standard refrigerator thermo-
atat. Spindie adjustments cover normal sefrigerafor
temperatures, 7/6, plus 1}~ post.

Type “ F 7, Glass encased for controlling the temp.
of liquid—particularly those In glass tanks, vats
or sinks—thermostat is held (hal aubmerged) by
rubber sucker or wire clip—ideat for flsh tanks—
developers and chemical baths of all Lypes. Adjustable
over range 60° to 150°F. Price' 18/-, plus 2+ post.

ELECTRONICS (CROYDON)

(Dept. W.W.), 102/3 TAMWORTH RD., CROYDON, SURREY

alsq at 266 LONDON ROAD, CROYDON, SURREY.

and {psurance.

LIMITED
(Opp. W. Croydon Stn.)
S.A.E. WITH ENQUIRIES PLEASE
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AUDIOTRINE HIGH FIDELITY
LOUDSPEAKERS /7

Heavy cast con-
struction. Latest

frequency range. Impedance 3 or 16 ohms, Re-

eponse 40-18000 c.p.». Highly recomnnended lid Special
models capable of outstanding results. Exceptional value sive Price
HF510 5in. 8 watt .. £2 120 12in. 25 watt £3 9 91 69 GnsS

99 HF
HF800D 8in. 8 watt £2 19 9 HFI20D 12in. 15 watt £3 19 §
HF811D 8in. 10 watt £4 19 9 HF126 12in. 15 watt £4 9 9
HF101D 10in, 15 watt £5 19 §  HP126D 12in. 15wait £5 5 0

RECORD PLAYING UNITS A iy svaian

on Credit Terms.

Ready for plugging in to Alﬂpliﬂer or Tape Recorder.

RP2 Consisting of Garrard BP25 Mk. 11 with heavy cast turn-
tabie and fitted Goldring C890 high compliance cersmic

HtereofMono cartridge with diamond stylus. plinth 22 Gns

and cover, Normally appx. £26. Carr. 16/- ONLY =

sisting of (1

Fitted plugs
(2) SUPER

8PEAKER

Perspex *‘hinged"

Fully wired con-

fitted in cabinet above.
(3) PAIR OF STANTON

with equipment at twice the cost and saving
over £15 on above units. H.P. Terma “avall-

SENSATIONAL VALUE IN HIG

Extremely attrac-

high efficiency ceramic mugnets. Treated cone tive cabinets fip- SUPERSB
surround giving low fundamental resonance. * D" ished Satin TeakBa' " JOwarr SYSTEM
indicates Tweeter Cone providing extended Veneer.,  Tinted T

Inelu- |

Carr,
»35/-.

) The

very latest Garrupit BP25 Mk. 11 PLAYER UNIT 4-speed with
heavy turntable. HYDRAULIC LOWERING derice, etc., ete.
Fitted C8 90 P,U. Cartridge. Ready wired on Plinth (baseboard) |

for instant nwe.
30 AMPLIFIER fully wired and

Mk. II LOUD-
UNITS8. Performance comparable

8.A.E. for leatlet.

RP As above but with Goldring Lenco GL68 Trans-
effption unlt and C89% Cariridge 27l Gns
Nomnally &pps. 32 gns. Carr, 15/ ONLY ] ® 1 able. Bend
with Pickering Magnetic Cart- ]
L RPSM tidge. Normally approx. 39 gns. 35? Gns' Hi-FI LO

AUDIOTRINE PLINTHS

21 Goldring OL68. Availabie with clear
- Perspex cover as Hiustrated.

2 66/_ £5/19/11 compiete. Carr. 8/6 or
slightly deeper type cut for TAL2 but
suitable for Buper 1b and 30. Uarriage RI!S: £6/19'11 Inc. cover.
Pernpex cover sold separately at 3 Gns. Linarted nunber, slightly

damagedt but repaired by manufacturer.  39/9 to clear,
LINEAR TAPE PRE-AMPLIFIER Type LP/I § e with
Bwitched Equalisation. Positions for Reconding st 1jin. | GRYS 300

EM84 Recarding Level

All Iypes of pleasing modern desizn, acoustically
lined and ported and beaulitully finished in

for Record Playing units. Teak "

finish. cut for Garrard, 1,000, 2,000 | Ueht Teak or Walnut vencer. 4 Gne

3,000 AT6 Mk. © AT¢0. 8Pu3 or | JEB. Bize 20 x 11 x 8in. Gives 2
pleasing res:

UDSPEAKER ENCLOSURES

ults with any 8in. HE-Fi speaker.
SE8

For optimum perfor-

mance whth any Hi-Fi 8in.
speaker, Size 22 x
l';x Bfn. 5 Gns'

SE10. For 10in. HI-Fi Bpeaker.

Bize 24 x 15 x 10in. 6 Gns
.

El12. For outstanding perfor-
any 1%in. Hi-Fi speaker
er, Bize 95 x 16 x 10}in. 1 GINS.

31iu., 7iin. per sec. and Playback.

Indicator. Designed primarily as the link between a Magnavox

ALL LEADING MAKES

3 or 15 ohms.

Tape Deck and HiFi amplifier suitable mnn‘ol GI‘lS. .
T‘:PIIMFKI‘- {T'ILAHY.I‘SAI:;SPEAKER UNITS - Lula EQUIPMENT AND
Hi DE|

Cabinets of Intezl ug‘lhux Satin ;r:n:( ocr Y(Ah;'m' acousli]cn;:y FURNITURE IN STOCK
lined (and ported where appropriate). Credit Terms avallable . . . 3
DORSET gize 16x 11 x 9in. Response 45-18,000 c.p.«. Rating ziﬁgl Knon'frt‘mf'desle':“ﬁ:mPl'ﬁers
8-10 watts. Fitted Audiotrine HF810D speaker., £8.1 9.9 Pre-amp and Power amp. Liat 12 GI‘IS.

18 Gos. Limited nuinber at oniy

Bize: 24x15x 10in.  Fitted

DORCHESTER Audiotrine HF101D Speaker,
Rating 15 watta. Impedance 3 or 15 ahime,
Frequency response 30-20.000 c.p.». 12“_% GnS
.

M

with rolled rubber surround, gauss 15,000 lines. Handsome Scandinavian
design cabinet. Response 30-20,000 c.p.s. tmpedance, 3or 10 ohimns, Fitted
Tweeter, The deep excursions of the cone produce powerful 15 Gns
bass potes, Excellent response ensures smooth reallstic output, .
— e c—— BN

TA6 6 WATT HIGH FIDELITY
SOLID STATE AMPLIFIER
Employing latest lype Transistors. 200-250 v.

A.C. malus operated,
¥ R 30-20,000 c.p.s. —2dB
at 1000 c.p.s. Separate Bass and Treble
3 lnput sockets for Mike. Gram, Radjo or
Tape Input Belector Bwitch. Output 3-16 ohm speakers. Max. Sensi-
tivity 5mV. Fully encliwed enameilled case, 91 x 2} Siin.  Attractive
brushed silver finish facia plate 10} x 3}in. and natching kuobs. Com-
plete kit of parts with full wiring dlagrams aud instructions. Or 6 Gns
tactory built with 12 mthe. guarantee. Post paid 8 gns. Carr. 7/6 .

leoc

Harmonie Oistortion 0.3%
Lt and *eut " controls.

TAPEDECKS wite wmaxch.
ING 5 WATT HICH QUALITY

Bize 26X 16 X 10in, 12in. High flux, 12,000 § A.C.  MAINS RFCORD/PLAY-
GLOUCESTER line upeaker. Crous-over nuit und Tweeter. | BACK AMPLIFIER for '," ohm
Rating 10 watts. Simooth response 40-20.000 121 Gns speaker. Bwitched eqnalisation for
s 11 Biacls » 1L 1ot iating 30 waten, | 20 speed- Magic Eye R .

Mk, B3 I Y + Rating watta, & N
STANTON * el ing 10 wntts. | ievel indicator

2 TRACK 24 GNS. 4TRACK 27 GNs

RSC.TFM SISTORISED VHF/FM RADIO TUNER

Tota
with
diagrams and instruc-
tions.

Carr. 10/-
Or factory built
15¢ Gns.
Anished

illustrated
Terms:
and 9

ments 39/-.
Total €28/11/-.

AGNAVOX 3-SPEED

H FIDELITY STEREU SYSTEMS

Inc. Garrard 8P25

. RS-CI3WATT = 3
L - ; | - Mk. II dapeed
BV HI-FISTEREO (e Player Unit (with
¢ SYSTEM heavy cast tum-
table mounted on
plinth  with leads

and plugs and fitted
Goldring C890 high
. ~ compliance cerainic

cartridge with dia-
mond stylus. Assembled TA12 8tereo Amplifier in cabinet and pair
of Dorsct Bpeaker Unita. Total it purchased individually £57.
8pecial inclusive price for above 46 G Carriage "25/-.
upits, Perspex cover 58/9 extra with ns. above only. Or
Dep. £6/8/3 aud 9 mthly. payments £5/5'Q (Total £53/14/9)

TAI2 13 WATT STEREO AMPLIFIER

FULLY TRANSISTORISED, SOLID STATE CONSTRUCTION, RIGH FIDELITY.
OUTPUT OF 6.5 WATTS PER CHANNEL. Designed for optimum performance
with any crystal or cerumic Gram P.U.
cartridge, Radio, Tuner, Tape Recorder,
* Mike,” etc. Y 3 separate switched
input sockets on each channel. vy Separ-
ate Bass und Treble controls. 9 Blide
Bwitch for mono use.
3-16 ot Y For A.C. malna.
% Frequency Response 30-20,000 Cp.S. -
20B. ¢ Harmonic Distortion 0.3% at = ;
1,000 c.p.s. Hum and Noise —70dB. w Bensltivities (1) 300mV (2) 100mV (3)
190mV (#) 2mV. g Handsome brushed silver finish facia and knobs. Cormplete
kit of parts with full wirmg diagrains and Instructions.
11 Gns Carr, 7/9. Factory built with 12 months guarantee. £14/19/9.
* Carr. 7/9. Or Deposit £3/13/- and 9 monthly payments 26/- (Total
£16/14/-). Teak finlshed cabinet as Hustrated £3/13(6 extra.
Or larger size as used in Blereo Bystem 86/6.

d@ R.S.C. HIGH FIDELITY SPEAKER SYSTEMS

7 Consisting of matched 12in. 12,000 line, 15 ohm high ymality
| speaker, croas-over unit and Tweeter. Smooth response and
extended frequency range ensure surprising realistic reproduc-

—

gtbn. Standard 10 watte rating. Or Senior 15 watt 5 Gns
inc. Audiotrine HF 126 speaker. @ Gns. Carr. 6{6. .
Carr, 5/9
FR3 3 SPEAKER SYSTEM Inc. Audiotrine HF126, 12in. Bass
unit, with ... . 156,000 line magnet. 8in. 10 watt 11,000 ling mid-range speaker HF

S510M, High Flux 4in. Tweeter, Cross-over units for mid- and high-frequencies and
circuit. Housed in suitable cabinet will provide quality comparable with very ex-
pensive units, Rating 15 waits. Impedance 15 ohma. 9 Gns. Carr. 7/6

AUDIOTRINE HIGH FIDELITY MODULES Model MT 54
Consisting of ILF 510M Mid-range speaker, Tweeter and Cross-overs used in PR3
3 Bpeaker systern above mounted on hatfle board 10} x 5}in. wired and reaildy
for connecting acrous & 12in. 15 ohms speaker. 55_1 5.0 Carr, 6/6

MODEL FR 12/54 11,4, s the ¥R 3 3 speaker aystem fully wired and mounted
on hafie board 12} x 173in. 1 Gns. Curr. 10/6.

cost  of
detatled

parts
wiring

12 Gns.
Or in Teak

cabinet
GNS.

monthiy

£5 matching our Buper 156 and 39 amplifiers and of the

pay- ability. The pre-wired tuning head facilitates s
circuitry. Only first grade com
units. Stereo verslon svailable.

LINEAR SOLID STATE HI-£I AMPLIFIERS IN STOCK

L _’,‘?—. * High Seusitivity. 4 200-250 v. A.C. Mains operation.
% Sharp A.M. R i * Drift free ption. % Out-
put ample for any amplifier (approx. 500 m.v.). # Simple
alignment instroetions. s Output available for feeding
tuning meter. ¥ Output for feeding Stereo Multiplexer.
 Tuner head using Silicon Planar Transistors. 4 De-
signed for standard 80 ohm co-axial fmput. Visually
same high standard of performance relt*
and ity of construction. Printed
nents used. A quallty product at half the cost of comparable
! parts 194 Gna. Assembled 254 Gns. In cabinet 29 Gns. Carr. 10/-

Radio/ Aux. vr Ceramie P.U. 110mV.
2 dB 20-20,000 c.p.s

14dB at 10 Kc/v. NEG. FEEDBACK: 52dB.
BASS CONTROL: +12dB to —15dB at 50 ¢/s. HUM LEVEL: -75dB.
HARMONIC DISTORTION at 10 Watts R.M.B. 1,000 c.p.s. 0.26%. Carr. 12/6
Complete Kit of parta with full constructioual details and point
to point wiring diagrams. Supplied factory buitt 15! Gns.
Carr. 12/8. Terms: Deposit 4 Gns. and 9 monthly payments 31/1 (Total £18/3/9)
Or fAtted in beautiful walnut or Teak veneered cabinet as Hiustrated 4 Gns. extra,

111 Gns.

TRANSISIORISEY 200/260 v. AL, Maine » THESE UMNITS AxKe cMinenTLY SUIT- A vUAL taansEL VERSIUN UY Tnk SUPEK 15,  Employug
ggl’i‘!l;'UT 10 win‘s R.M.S. cout. into 15 olun ABLE FOR USE WITH ANY MAKE OF Twin Printed Ciscuits. Close tolerance Uanged Potz. Matched Com-
15 WATTS R.M.8. cont. Into 3-4 ohr, SOLID PICK-UP OR MICROPHONE  (Crystal, | bonents. CROSS TALK: —G2B at 1,600 c.p.».
LATEST MULLARD TRANSISTORS. ADi4y. ADi40. b i D 1 4 4 CONTROLS: 5 position Input Belector, Bass Control, Treble Control,
0C1272. OCBIZ. OCi4, OU4L. OUSLZ. 004, AC07. [ STATE Ceramic, Magnetic, Dynamlc or Ribbon) | Voiume Control. Balance Control. Stereo/Mono 8witch, Tape Monitor
5 POSITION INPUT SELECTOR SWITCH CURRENTLY AVAILABLE - SPECIFICA- | 8witch. Mains Switch.
EQUALISATION to Btandari K.i.A.A. and C.O.LR TIONS COMPARABLE WITH UNITS AT | INPOT SOCKETS (Matched Palrs). (1) Magnetic P.U. (2) Ceramic or
Characteristics tor Gram and Tape Heain, CIRCUITRY [ | Ay mMOST TWICE THE COST Crystal P.U. (3) Radio/Aux. (4) Tupe Head/Micropiione. Operation
FOLL TAPE MONITORING FACILITIES ! of the Input Seluctor 8witch assures appropriate equalisation.
SENSITIVITIES: Magnetic P.U. 4 mV. Crystal or Ceratnic P.1. $00 m\ Rigid 18 a.w.g. Chassis, Bize approx. 12mn.x3in.x8ln. Neon Panel In-

4 3 Bt

1 ) (o) (@) (@
.(_O)-tf) \‘I‘ A

\eEts.

.

e

. 30
ALL COMPONENTS, ETC. ARE OF A HIGH STANDARD AND SUPPLIED BY LEADING BRITISH MANUFACTURERS. £34/18/6).

dicator. Attractive Facia Plate and Bpun Silver Matching Knobs. Above
facilities, except for Gauging and Balancé Control. apply also to Buper 15.
SUPERB SOUND OUTPUT CAN BE OBTAINED BY USING THESE UNITS
WITH FIRST RATE ANCILLARY EQUIPMENT. Al required parts, point to
point wirlng diagrams and, detailed instructions. 19 G
Send 8.4.E. for leaflet. Carr. 15/-. ns.
Unit tactory built with 12 months full guarantee 26} Gns. or deposit £6/2/~
and 9 monthly payments 50/- (Total £30/17/-). Fitted cabinet as Super 15
Gns. Carr. 15/- or Deposit £8/2/6 and 9 monthly payments 84/- (Total

BRADFORD 10 North Parade (Half-day Wed.) Tel. 25349
BRISTOL 14 Lower Castle St. (Half-day Wed.) Tel. 22904

30/31 Gt. Western Arcade opp. Snow Hill Station
BIRMlNGHAM 021-236 1279. No hal(—dayT
el. 41361

DERBY 26 Osmaston Rd., The Spot (Half-day Wed.)

13 Post House Wynd (Half-day Wed.)

DARLINGTON 13 Post He

EDINBURGH 133 Leith Street (Half-day Wed.) Tel. Waverley
5766

326 Argyle St. (No half-day) Tel. CITy 4158
GLASGOW 403 Sauchiehall St. (Opp. Locarno) Tel. 332 1572
HULL 91 Paragon Street (Half-day Thursday) Tel. 20505

R'SC
HI-FI CENTRES LTD.

AIL OrDERS TO: 102
enconner Lane, BramlieY,
Leeds 13. No C.O.D.under £1.
Terms C.W.O. or C.0.D. Pos-
tage 4/6 extra under £2, 5/9 ex-
tra under £5. Trade supplied.
S.A.E. with enquiries please,
HI-FI CATALOGUE 4/8
day Sats. except High
Holborn branch.

™M
H

32 High Street (Half-day Thurs.) Tel. 56420 LE'CESTER
§-7 County (Mecca) Arcade Briggate (No half-day) Tel. ZBZSZLEEDS
73 Dale St. (No half-day) Tel. CENcral 3573 LIVERPOOL

238 Edgware Rd., W2 (Half-day Thurs.) Tel. PAD 1629 LONDON
96 High Holborn, WC1i Tel. HOL 9874 (Haif-day Sat.)
60A-60B Oldham St. (No half-day) Tel. CEI;;.-;BI MANCHESTER

106 Newport Rd (Half-day Wed) Tel. 47096 Ml DDLESBROUGH

4| Blackett St. Opp. Fenwicks Store NEWCASTLE (4;;%,:

(Half-day Wed.) Tel. 21469
13 Exchange Street, Castle Markec Bldgs. SHEFFIELD

(Half-day Thursday) Tel. 20716

WW-—143 FOR FURTHER DETAILS
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QUALITY AMPLIFIER

5 watte high quality output on each chanuel.

R.S.C. STEREO TEN HIGH GLASGOW - LONDON

New branches open. See ogposite page
- — o r—

SWARCO PRODUCTS LTD.

Compicte kit with Amnicter and circuit.

4 amp 49/9. 6 amp Heavy Duty 69/9

All types Iactory bullt, 10/- extra.

SMOOTHING CHOKES

150mA. 7-107, 2500 12/9
100mA. 10H. 2000  9/11
Aoy, 10H, 3500 7/

domA. 10H, 1000 4/11 H1-F1 CENTRES LYD.

Telephone:
Coventry 22714 Hours: Mon.

e
Sensitivity 5¢ millivolts, Suitable all crystal or R.S.C. COLUMN SPEAKERS||]| asxar AMATEUR RADIO SPECIALISTS  asraq
ceramic atereo heads, Ganged Bags and Treble Covered in two-tone Rexine/Vynnir |
Controls, Valve ine-up E BOCSS, KL34, | B e e NEW EQUIPMENT
. - EZB).  For 2-3 ohm wpeakers. £8 Is 0 Address. 15 ohm matehing.
Cotuplete kit. whth full wiring diagrama and lustructions. Casr. 10/-. ® 2 Type C48. 25-30 WATTS. Fitted £ 8
Or suppliedd fetory nesembled with 12 months® guarantee for 11 gns. Terme: | four Bin. 'mgh flux 7 l.nvelk-‘r- Sommerkanip F-Series Equipment:
Dep. 3 gns. and 9 wonthly paynwnts 22/9 (Totat £18/7/§. Care. 114, Overall size appr{)x. 42 x 10 X 5in FR-loOBI dou'blclkc:n';‘"e::m;lnu%hlc:‘cmd&ne with 2350 0l Lo
] or Deposit 44/- and 9 crystal control nixer, 80-1 metres .. ..
LOUDSPEAKER CORNER CONSOLE CABINETS.  autracs ey oA w49, |5 Gns. | || FL-200B R&B/AMICW tranamitter, 240-watta PEP.
Attractive design Ao vomplete with bullt-in power supply and antennn
with potished walnut finisli. Moslel 59“] Model 8 for 12° apeaker and 5 Gns. | T('ryomc‘%s:;‘.ls)- Rirs el o H R Rt 140 0 0
M for 10° speaker. Bize 28x19x12in. tweeter, Bize 315 x22%x 14in. S L‘.'II::. Sy 3“\: T l:x“:;:l I FL-1000 linear amplifier, 90 watta PEP Y % o 0
= Overall 'l. SDnron: S kamp H-lbo- . 80-10 metres .. 2! 00
BASS REFLEX CABINETS FITTED HI-FI 8in. LOUDSPEAKER Oyerall tize PRIY. 5. 22 Gns. | || Swan Line Equipment: :
Limlted number. Finish imitation walnut, Provides excellent reproduction. Peak Or Deposit £3/18/- and 9 monthly Swan 500 ::g Transcelver. 3-10 netres 250 0 0O
ratiog 10 watts, Hesponse 15:15,000 c.p.s. Optional T G /6 iy ments of 5Gj- (Total £26/31: ] | | T2 I00EHD Trankcelvdr, BO10 metrty | ocusrd S230 08 10
Fohm or 15 ohm iinpedance. Bize approx, 17 x 12 X 9ins ns, Cer. 8. | : Swan 230-XC Power supply (to suit 500 0r 300) .. 49 0 0
! Seitr : 3 i 12in. HIGH QUALITY Swan 410 VFO and sapter . 6115 0
In teak 1 Halli i
? ’ 3 g
R.S.C.STEREO/20 HIGH FIDELITY AMPLIFIER L'SPEAKERS” ‘2™ | || S0 St revicr 03 o
PROVIDING 10/14 WATT ULTRA LINEAR PUSH- 10 Watt Model. Uauss 12,000 s SX.148 881 Recclver, HO0 metres . 137 5 0
PULL OUTPUT ON EACH CHANNEL. BUITABLE lines. 3 or 15 ohms. § Gns, HT-48 888 Transmitter, 80-10 metres 192 5 0
FOR " MIKE® GRAM., RADIO OR TAPU 5 HA-1 Elect e b
5 o £ 4 20 Watt Model. 15 ohmn. Size r A-1 Electyonlc Keyer cae 12 15 0
;:;"):;,W_,‘fn(‘l)éolmﬂmm (‘chp .twi;ui;"ff“.y | 18x18x10in. Gauss 12,000 lines 4 Eddystone Radio Ltd.: .
+ - 20,1 3 e Vel F 3 60-
4548 down. Sensitivity: 20 miliivolta max. Har- Terms available 8 Gns. d [ Ed.‘.‘.yc"l,:;“ EM,2 \m“m' T Bemnr_' o ,w 185 0 0
montilc Digﬁ:anrﬁon: (cach :-hzmncl); o.l-z«,... + Four- Rexine covered 10/- extra. Eddystone 940 Communications recelves 133 0 0
positiol ¢ Ol ation t Se " .
Swilcl: S(uno[ﬁn(?;:sswneh"n*Ne::upnnellﬁ‘cﬁ: | & w“"% Ressfiis oovaral 10 g"s' Edt‘lyuone s‘(;%(m:::n“wm‘ o 3 gg g g
cator. wHandsome Perspex Frontplate. JrSeparate Compiete kit with Limited number at fract io Eddyst: EB35 v - i §
Bass and (reble controis. Output  transformers polnr-w-polnt“ |4 Gns‘ LOUDSPEAKERSoI list price. 15 ohms lo: Edd;:«::: EB36 mﬁ-: L % g g
gh:h-qmmqu,h;‘:ll,.y “.““LI:-' wiring dingrame  Carr. 12/6. i dance. Brand new, teed. Terms availuble | Trio Communications Receivers:
ut pu T 3 and i spkir, and instructiona. i i TR Y
Or f:w(ar\: assembled, with our usual 12 months’ guarantee 19 £ns. (;:r. 12/6, Or send 12in. 20 WATT DUAL CO‘N,E £5- I I .9 Tr:«v‘}‘l}v—:obi:)‘kct_"n‘zt: \;.I‘.::‘l;ll‘l'l‘! ﬁgtrl':‘én:;::‘m 6119 0
Dep. £4/10/0 3nd 9 mthly. p’meuts. of £2 (Total £22/1010). Send S.A. E. for leaflet. 12in. 30 WATT DUALG.'COP.{E' Trio 9RS9 tube communications receiver .. 3413 0
L) in. - £6.19.6 Trio ggsnss 8 tube sommnmnicatious recelver %g ig 8
| Normaliy £13 approx. rr. 10/-. rio 00SE Amateur baw s receiver 80-10 m.
R.S.c. A10 H lGH FlDELlTY | 15in. 40 WATT C ”: Latayette Communications Recelvers:
= PO TR |2 GnS. HA.500 Amateur bands receiver. 80-4 metres .. 4 2 0
30 WATT Masshye tnits,__ Usually 18
AMPLIFIER | STy Sulte Suat Fics HA-700 Commumniations receiver (with product
Highly mennitive. Push-Pull high outyut, with Pre- . FANE 18in. 100 WATT SPEAKER TR AL o], g G Tt g; }8 9
nmp.l,'l'onc Control Stages. Performance figures - b s pectally construeten K.W. Electronics Ltd., A
> ’ Al ally ton -W. -
el 70aB: Froquency romomr - 348 3020500 | W o raneids et pow | | Kwenr Auatcur Bands meceier 10 mot0 m. 105 0 0
- = = cfs. Bpeclally designed sectioually wound ultra handling, Peak 200 watts. . 5 B i ol
linens outout transtormer with 07 gutput vaives Al irst grade components, Valves | WP Guamnteed 2 years. s &Péllg)MOA RSB Transcelver. 160 m.-10 m. (with oo
EFBS, EF88, HOUAS, 807. 807. G4, Separate Baxs and Treble Controim. Scneitivity - 4 J ; -
12 millivolts so that any kind of Microphone or Pick-up is suitable. Designed for : TRANSISTOR SALEM ullard 0C71, G 72, 00 ;‘:3;:3’;P“}ﬁ:::.‘?mz},.,m beam 27 5 0
Glubs, Schools. Theatres, Dance Halls or Outdoor Functions, ete. For use with Elees | . = 211 Ouid, Oc4d. 511 TA-32Jr. Tribaud two-element beam 19 5 0
tronic Orian. Gultar, String Buss, . Grein simasic de augl Tidednse Lon i i o/ M LT IR T TR 3 13/¢ TA-313r.  Tribana dipole 1111 0
for Radio Tuner. Two lnputs with assocl voluuic eontmls so that two separate " : e
e, ™ e, FM DIAL & DRIVE ASSEMBLIES | 3/S | | vaa'™ mivand vertion 850
50 cfs. A.C. malne. For 3 and 15 ohmw upeakens. ih |2 Gns, Cor | lackwn Brow BLIS Sealod 0:100 wuh t:outehe o P 1313 o
of parts with point-to-point wirmg Jdiagrams aod instroctions. ¥ 2 Channelmaster rotators (autaniati) 1818 0
Supphied factory bullt with EL34 output valves. 12 monthe’ guarantee for 15 gns. T.V. ELECTROLYTICS 200 wed., 150 - 150 mid Park-Air Eleclroni.cl L.
Terms: Deposit £4/13/0 and # monthly payments of 28/9 (Total £17/11/9) | 100-200 pifd. 100-100 infil. $30v. J00-200-60-23 nefy 2-Metre Transmilter (coinplete etc.) 3 0 O
‘Twin-handled perforated cover can be supphied for o=, Send an.c. 1 leaflee. | 300v. 30/~ doz. mixed. Mail orlcr only. | g,, s;t Airirsf trecaiterss. . & 12 0 O
| ky Bandit Aircraft recejver 2310 O
| STAAR 9v. GRAM TURNTABLES i
- R Kurer Aircraft, short. mediu and long wave
R‘s‘c‘ A“ H IGH FIDELITY | 2eapoed, 33 and 45 r.p.m. with pick-up. 3"“ recelver 1 , : - A 41 9 €6
- Light Aircrait T itting nud- Receiving Equip-
12-14 WATT AMPLIFIER  Heavy DUTY SELENIUM RECTIFIER: | | “5et™iid Ui Cis Wil sl
| PUSH-PULL ULTRA LINEAR OUTPUT * BUILT- | ju, 14 s, 1F.W. (Bridged) only 19/t for our quotation.
| m: ‘TON|E cou'r:z% PRE-AMP. Two npu! | e m S ¥ i Swanco/CSE Equipment:
b wockets with asxsociated controls alk mixin Swanco/C8E 2A10 solid state trinvmitt, 43 7
e i v e et g senmcivity. | R.S.C. MAINS  TRANSFORMERS Swanco/CSE ZAE sefbd stite povener a3
Valves FOCB3, ECCS83. EL84. EL8{. EZ81. High | FULLY GUARANTEED. Interleaved and Impre Swanco/CSE Type I1 A.T.M.A. mubile/fixed/port-

- quality sectionally wound ontput transforiner and | pated.  Primarles 200-250v.  502/s. Screcnes able antenna . 815 O
reltable srall condensera of curreat mannfacture. INDIVIDUAL CONTROLS FOR | MIDGET CLAMPED TYPE 2 2% x 2%in. Swanco/CSE satety mwbblc microphone Type MM2 2 17 11
BASS AND TREBLE. Frequency response & S 13 3 000 c/3. Bix negative feed: | upov., 40mA, 6.3v, % R V2 Halson Mobile antenna. new wl weather all bands
tack loope. Hum level - 608, RENSITIVITY 21 m . Aujtuble for Crystal or | 950-0-250+.. 60mA. 6.3v. 25, . 1154 sywtent 817 6
Coerambe P.U.s all types ~ mikes.” Comparable with the . For | FULLY SHROUDED UPRIGHT MOUNTING Extra cofle (when moe than one Uil wreguired) 3 17 6
Musieal Instruments such as String Bass, Electronic Guits Reserve Power | 250-0-250v. 60mA.. 6.3v. 2n, 0-5-6.3v. 2a. 19 Swanco Quad Spiders (p ¥ pair) 610 0

nA. and 6.3 ¥, 1.5 u. for Radio Tuner or Tape Pre- x. 12 > 9 | 950.0-250v. 100mA. 6. 3¢ E d fons Equl 4
r A.C. mains 200-250 v 50 c.p.u. Qutput far 3 atud 15 ohim speakers. Com- | 300-0-300v. 100mA, 6 33 i Echeliord B1/4 teunsmitter for 4 miclres 30 0 0

. Full instenctions and comprehensive wiring dingrams. £8 I S 0 Carr | 300-0-300v. 130maA. . Echelford M1/4 tranamitter (mahw or mobile) 40 0 O
for fzctory bullt with 12 months guarantve £11/15/ arr. 12/4. « 12U g6, For Mullard 510 Amplitler 41 ¢ Echelford C1/4 4-metre convater 1010 O
B.A E. for leatict. TERMS: Deposit 72 6 atil it monthly payments of 22/~ (Total | 350-0-450v. 100mA. 6.3v. 4a, 0-3-6.3v. 3a. 33 ¢ Full range of Drake Equipment availalie to onder.
£13:10/8!. Twin handied metal cover svailable at 25/« extrm. $50-0-360v. 150mA. 6.4v. 4a, 0-3-6.3v. 3a, 492 ¢ Full range of Heathkit Equipment :vailubic to onler

of ab Carr. 9/ | 425-0-425v. 200mA. 6.3v. 4a, c.t.. 5y, B 67! . ;i
il P $20-0-425v. 300mA. 6.8v. 4a. 1.8v. da, bv. 0 60 ¢ Lol Lo R
p ns. 69 ¢ @
.9.b. 450-0-450v. 250mA. 5.3v. 4a, c.t.. ov. 3a..  79¢ & M Sk SR
TOP SHROUDED DROP-THROUGH TYPE ”%’700"\ recelier 19 10 0 il}r?!:RB it }l 14 0
TWO-WAY TELEPHONE AMPLIFIERS  only £3.19.9 | Zoyzsor woma adr 2 osuiv w100} | Fiioe 310 0 Mbenrsu 1870 9
Dry hatt, operated. Listen atud talk hack with both bands free. | unmesssmnnn | 530.0-250v. 100mA. 6.9v. 2, 6.3v. 1a.. . 3t K.Q10 o 15 0 12/MS PAU 1 5 0
A handsowne, highly ellicient Japanese product . S0mA, 6.3v. 2a. 0-5-6.3v. 2. 93¢ RQI0X .o 8 0 12 RC control 2 76
INTEREST . 100ma. 6.3v. 4a, 0-3-6.3v. 30, 32 f: