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KEYSWITCH RELAYS

why say Keyswitch?
Look at a Keyswitch relay. You'll find, for
example, greater accuracy of alignment.
You'll also find they'll meet specifications
much more stringent than the basic P.O.
type. Find out too about the exhaustive
testing of every single relay to leave the
works; speedy deliveries, always to date.

KEYSWITCH B.P.O. 3000 TYPE Illustrated actual size. Sensitivity down to 10 milliwatts. Delaye
Insulation up to 4000V. Contact ratings to 30A. Standard or tropical finish. Swedish iron magnetic circuit. Exhaustive tes
and fine adjusting to specification-with over a million variations possible. Deliveries to suit customers' requirements.
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These nine Mullard Audio Transistors cover 
every· application from 40mW to 40W 

More and more transistorised equipment is becomin£ 
available for domestic entertainment. Mullard 

is helping to speed the day with a harmonious range of transistors for 
all audio applications: Outputs from 40mW to 40W. 

Note for equipment makers who are planning new models: 
Details of the range and the usual Mullard advisory services are ~eady for you. 

Mullard· 
Mullard House, Torrington Place, London, W.C.1. Telephone: Langham 6633 Telex: 22281 
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These nine Milliard Audio Transistors cover 

every application from 40mW to 40W 

More and more transistorised equipment is becoming 
available for domestic entertainment. Mullard 

is helping to speed the day with a harmonious range of transistors for 
a//audio applications; Outputs from 40mW to 40W. 

Note for equipment makers who are planning new models: 
Details of the range and the usual Mullard advisory services are ready for you. 
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Audio Topics 
WHAT will be the topics of conversation (occasionally of declamation) to be heard 

among the knots of enthusiasts as they move from floor to floor of the Audio Festival and 

Fair demonstrations at the Russell Hotel in London this month? Headphones versus 

loudspeakers, cross-field magnetic recording? Almost certainly transistor amplifiers of 

every class from A to D (pulse width modulated). 
The choice of circuitry for transistor high-quality amplifiers is wider than ever and 

we foresee much argument between the devotees of what must now be regarded as the 

tried basic conventional deSJigns of Toby and Dinsdale, Tharma and · Osborne, and the 

modulated pulse amplifiers stimulated by D. R. Birt's article in this journal two years 

ago and represented in this issue by the design described by G. F. Turnbull and J. M. 

Townsend. 
The advent of the transistor has reopened argument about the power ratings of ampli­

fiers. This interests us not only because it is a frequent cause of wrangles between 

advertisers and customers (in spite of the fact that most of our readers are sufficiently well 

informed to apply the principle of caveat emptor effectively) but because it has shown how 

our attitudes and judgments in matters of this kind are conditioned by precedent. 

Power in electrical engineering is the root-mean-square power of a sine wave. What 

more natural, then, than to rate an amplifier on the same basis, even though it is not 

normally used to boil an egg, make tea or even to reproduce sine waves? 

No one is going to argue that an amplifier which will be called upon to reproduce 

music at a satisfying level in an average living room is any the worse for being able to 

sustain indefinitely an undistorted sine-wave power of, say, 10 watts r.m.s. which, incident­

ally, means · that 20 watts peak power will be touched twice in every cycle. On music 

it will be called upon to touch peak power less than 1% of the time and the average power 

· wlll be 20 dB below this, or 200 milliwatts if one is a purist and insists on preserving the 

dynamic range of the original sound. But the B.B.C. and the gramophone recording com­

panies are not giving you the original peak powers anyway. If they did their service 

areas would shrink and the record groove walls would break down; both know to a 

nicety just how to fit good sound between the limits of background noise and over­

modulation. 
Thinking like electrical engineers in terms of sine-wave power has hitherto done no 

one any harm because valve amplifiers are robust pieces of equipment, at least in the 

sense that if you don't drop them you can abuse them in the matter of occasional over­

loading and mishaps with bias and in ninety-nine times out of a hundred get away with 

it with no more to show than a slight brightening of the glow of the anodes. 

Habits of thought induced by long experience with valves are likely not only to be wrong 

but costly when applied to transistor amplifiers. Basically the difference is in the size 

and accessibility of the heat generating surfaces in valves and solid-state devices; the semi­

conductor solids are poor conductors, the junctions are buried and are also more vulnerable 

to heat. So the limiting factor is the junction temperature and the temperature gradients 

between it and the heat sinks. While the junction may be capable of handling the normal 

quota of peaks met with in music it may not survive sustained sine-wave power at the 

full output. Allowing generously for compression of dynamic range at the source, a ratio 

of lOdB betwe~n peak and average power could mean that a 10 watt (peak) amplifier 

might be required to run (and be tested) at the equivalent of a sustained sine-wave r.m.s. 

power of only 50 milliwatts. It all depends on the type of circuit and the rating of the 

transistors used. 
Clearly there is a need for rethinking on the rating of transistor amplifiers and the old 

single figure accepted for valve amplifiers may no longer be sufficient. For class A and 

B transistor amplifiers we can still give one (possibly small) figure for sustained power 

performance at a specified distortion level, but the question of testing for distortion at ' 

peak powers is one. which still needs to be settled. 
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A Feedback P·ulse Width Modulate:d 

By G. F. TURNBULL,* M.sc., and J. M . . TOWNSEND,* M.sc. 

THE advantages of on-off control systems, that is 
systems in which the power is controlled by a two­
state switch, have been recognized for a long time in 

indmtrial applications, but only recently has serious 
.;::oiisideration been given to the possibility of audio power 
amplification using the technique, the main · problem 
~eing the difficulty of obtai11ing a suitable switch capable 
of operation at a high enough frequency. 

The biggest advantage possessed by systems of this 
· type is that large powers can be controlled by switches 
which themselves dissipate only a small amount of power. 
The overall ·power efficiency of the amplifying system is 
thus increased compared with the conventional (i.e. 
continuous control) type of power amplifier. Other 
advantages of th~ on-off type of system, compactness for 
example, stem from this principal fact, which enables 
heat dissipating surfaces of large physical size to be 
dispensed with. . 
· The switching frequency of such systems must be 
several times higher than the highest freque11cy to be 
amplified, which rp.ay be taken as 20kc/s for audio work. 
Mechanical switches are therefore completely imprac­
ticable. 

It has recently become possible to use both transistors 
and valves as switches at these frequencies but with 
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Fig. I. (a) Diagrammatic form of simple 
on-off system. (b) Voltage waveform 
across load. (c) Block diagram of the 
simplest type of on-off audio amplifier. 
(d) Switch characteristic, showing 
method of generating variable shape 
square wave. 

valves the voltage and current values for a given power 
are not suitable to enable them to be coupled directly to 
a loudspeaker unless a special loudspeaker having a voice 
coil resistance of about ·lk D is used and these are relatively 
expensive. Transistors, however, are basically high 
current, low voltage devices which makes them ideal for 
coupling directly to the low impedance of a loudspeaker. 

This article describes the development of a transistor 
low power feedback audio amplifier which employs on-off 
control of the loudspeaker and h!ls a simple circuit which 
is not particularly critical on component tolerances, and 
is quite simple to set up to the required operating 
conditions. 

A simple form of on-off control of a loudspeaker is 
shown in Fig. l(a), where the loudspeaker is connected by 
a switch to a voltage source. The voltage waveform 
appearing across the loudspeaker is shown in -Fig. l(b). 
The average value of the loudspeaker voltage is given by:-

VT1 
VL = ··- -

T 1 + T 2 

where T 1 and T 2 are respectively the times for which the 
switch remains dosed and for which it remains open. 
The mean level of the loudspeaker voltage can thus be 
varied by alteration of the ratio of the times T 1 and T 2• 
In an audio amplifying system this variation will be 
produced by the audio signal. The general form of the 
amplifier will thus be that shown in Fig. l(c), where the 
switch is operated by a signal derived by addition of 
the audio signal and the switching waveform which is a 
continuous oscillation. This is shown graphically in 
Fig. l(d). The switch is shown as possessing a certain 
amount of hysteresis (i.e. the point at which it changes 
state is dependent upon the direction of the change). 
This is a necessary feature of a two-state switch in order 
to ensure positive changes of state at well defined points 
on the characteristic. 

For a fixed switching waveform it is possible to draw a 
curve relating the mean level of the load voltage to the . 
instantaneous value of the a.udio signal. This curve can 
then be considered as the input versus output curve for 
the non-linearity (in this case the switch) modified by the 
switching waveform. 

The exact shape of the modified non-linearity will 
depend upon the particular switching waveform used and 
it is possible to calculate the curve for ~ny waveform. The 
best switching waveform to use is that which ·gives · a 
linear input versus output curve, since any curvature of the 
amplifier characteristic will cause harmonic distortion of 
the : ~pdio .signal. It can be shown th~t , a switching 
waveform which is a . symmetrical triangle will .give a 
modified non-linearity wh,ich is exactly . .linear between , 
two limits which are set by the ratio of the hysteretic 
width of the switch (28) to the pk-pk height (6) of the 

- triangular switching waveform (see Appendix 1). The 
mo<;iified non-linearity for a hysteretic switch for two 

*Electrical Engineering Laboratories, Manchester University, ., ' · 
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are not suitable to enable them to be coupled directly to 
a loudspeaker unless a special loudspeaker having a voice 
coil resistance of about Ikn is used and these are relatively 
expensive. Transistors, however, are basically high 
current, low voltage devices which makes them ideal for 
coupling directly to the low impedance of a loudspeaker. 

This article describes the development of a transistor 
low power feedback audio amplifier which employs on-off 
control of the loudspeaker and has a simple circuit which 
is not particularly critical on component tolerances, and 
is quite simple to set up to the required operating 
conditions. 

A simple form of on-off control of a loudspeaker is 
shown in Fig. 1(a), where the loudspeaker is connected by 
a switch to a voltage source. The voltage waveform 
appearing across the loudspeaker is shown in Fig. 1(b). 
The average value of the loudspeaker voltage is given by:— 

VT, V . 11 _ 
T, T T2 

where T, and T2 are respectively the times for which the 
switch remains closed and for which it remains open. 
The mean level of the loudspeaker voltage can thus be 
varied by alteration of the ratio of the times T, and T2. 
In an audio amplifying system this variation will be 
produced by the audio signal. The general form of the 
amplifier will thus be that shown in Fig. 1(c), where the 
switch is operated by a signal derived by addition of 
the audio signal and the switching waveform which is a 
continuous oscillation. This is shown graphically in 
Fig, 1(d). The switch is shown as possessing a certain 
amount of hysteresis (i.e. the point at which it changes 
state is dependent upon the direction of the change). 
This is a necessary feature of a two-state switch in order 
to ensure positive changes of state at well defined points 
on the characteristic. 

For a fixed switching waveform it is possible to draw a 
curve relating the mean level of the load voltage to the, 
instantaneous value of the audio signal. This curve can 
then be considered as the input versus output curve for 
the non-linearity (in this case the switch) modified by the 
switching waveform. 

The exact shape of the modified non-linearity will 
depend upon the particular switching waveform used and 
it is possible to calculate the curve for any waveform. The 
best switching waveform to use is that which gives a 
linear input versus output curve, since any curvature of the 
amplifier characteristic will cause harmonic distortion of 
the audio signal, ft can be shown that a switching 
waveform which is a symmetrical triangle will give a 
modified non-linearity which is exactly linear between 
two limits which are set by the ratio of the hysteretic 
width of the switch (28) to the pk-pk height (A) of the 
triangular switching waveform (see Appendix 1). The 
modified non-linearity for a hysteretic switch for two 

^Electrical Engineering Laboratories, Manchester University, 
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Fig. 2. Modi(led_jnput versus output curves for a hysteretic switch 
operated by tdangtilar waves of different sizes. 

values of · D. is' shown in. Fig. 2. As can be seen, for 
6. = 88 the ·effective gain through the modified non- · 
linearity is greater 'than for 6. = l6o, but the range of 
control is '!"educed be-cause of the effect of the hysteresis 
of the switch. . In ·Order to obtain both high gain and full 
range of output level, the hysteretic width must be made 
very small. The most direct implementation of on-off 
control would thus use a switch with very low hysteresis, 
switched by a waveform generated by the addition of a 
very small triangle and the audio .signal. 

Before a system can be designed, however, it is necessary 
to decide upon the exact form to be taken by the switch. 
In general, the simple type of switch shown in Fig. l(a) 
suffers from several disadvantages. The biggest of the 
disadvantages arises from the fact that when the system 
is operating at the centre of the linear region, as would be 
the case, for example, when no audio signal were present, 
there is a mean current V /2R flowing in the load, since 
T 1 = T 2• This results in the loudspeaker being displaced 
from its no-nnal equilibrium position and may alter the 
loudspeaker characteristics and introduce distortion of the 
audio ·signals. A further disadvantage of the simple 
system is that stray capacity across the load will cause the · 
square ;wave to be asymmetrical. This is shClwn dotted in 
Fig. · l(b). · This · asymmetry will cause -curvature of the 
modified non-linear· characteristic and, therefore, dis­
tortion to the audio signal which is again undesirable. 

The disadvantages of the simple switch are largely 
overcome in the double switch system ·shown in Fig. 
3(a). The·· practical implementation of this system can 
be achieved by following a .simple switch (operated by 
the triangular ·waveform)- by the arrangement shown in 
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Fig. 3(b). Since the load is driven in both. directions . 
from a low impedance source the effect of stray capacity 
is very much redl,lced, and is approximately the same on 
both edges. The square wave across the load, when · 
T 1 = T 2, h,as a mean level of zero and since in audio 
applications the d.c. component of the audio signal is 
always zero, the loudspeaker load can in fact be driven 
via a capacitor. In this case the battery supply need not 
be centre tapped, the load being returned to either the 
positive or the negative end of the supply. As statf d 
earlier, the frequency of operation of the switch must te 
greater than 20 kc/s in · an audio system, and at these 
frequencies the effect of extra capacitance in all parts 
of the switch cannot be neglected. Due to imperfections · 
in the driving waveform and stray capacity at the output 
the edges of the square wave will in fact occupy a finite 
time and although use ·of a double switch makes the 
edges more nearly symmetrical, the finite · slopes of the 
edges will cause a certain amount of curvature of the 
modified non-linearity, mainly at the ends of the linear. 
range, since it is there that the output wave will depart 
most from the ideal. The time occupied by the change 
over from one state to the other will . have a further effect 
since during this time the product of voltage and current 
in the switching transistors is not ·zero. The power 
dissipated in the switching transistors will therefore 
increase as the proportion of the total time occupied by 
the edges of the square wave is increased. It is apparently 
most important therefore to ensure that the edges of the 
square wave occupy only a very small portion of the 
duration of the · square wave, in order to keep both 
distortion and power dissipation to a low level. The 
actual power dissipated in each output transistor is 
calculated in Appendix 2. 

Amplifier Design 

In order . to ascertain the potentialities of the on-off type 
of audio system a small, low power system was con­
structed to the following specification: 

(1). Power output 2 watts r.m.s. into a 15 ohm loud­
speaker. 

(2). Frequency response within ± 3dB from 50 cjs to 
20 kc/s. 

(3). Amplifier sensitivity such that lOOmV r.m.s. input 
signal shall produce full output. 

(4). Input imp.edance approximately lOkn. 
The specification was chosen so that the system would 

be comparable with low power amplifiers of more con-

Fig. 3. (a) Double switch on-off system. (b) Practical implementation 
of (o) using two transistors. 
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Fig. 2. Modified input versus output curves for a hysteretic switch 
operated by triangular waves of different sizes. 

values of A is shown in Fig. 2. As can be seen, for 
A = 88 the effective gain through the modified non- 
linearity is greater than for A = 168, but the range of 
control is reduced because of the effect of the hysteresis 
of the switch. In order to obtain both high gain and full 
range of output level, the hysteretic width must be made 
very small. The most direct implementation of on-off 
control would thus use a switch with very low hysteresis, 
switched by a waveform generated by the addition of a 
very small triangle and the audio signal. 

Before a system can be designed, however, it is necessary 
to decide upon the exact form to be taken by the switch. 
In general, the simple type of switch shown in Fig. 1(a) 
suffers from several disadvantages. The biggest of the 
disadvantages arises from the fact that when the system 
is operating at the centre of the linear region, as would be 
the case, for example, when no audio signal were present, 
there is a mean current V/2R flowing in the load, since 
T, = T2. This results in the loudspeaker being displaced 
from its normal equilibrium position and may alter the 
loudspeaker characteristics and introduce distortion of the 
audio signals. A further disadvantage of the simple 
system is that stray capacity across the load will cause the 
square wave to be asymmetrical. This is shown dotted in 
Fig. 1(b). This asymmetry will cause curvature of the 
modified non-linear characteristic and, therefore, dis- 
tortion to the audio signal which is again undesirable. 

The disadvantages of the simple switch are largely 
overcome in the double switch system shown in Fig. 
3(a). The practical implementation of this system can 
be achieved by following a simple switch (operated by 
the triangular waveform) by the arrangement shown in 

Fig. 3(b). Since the load is driven in both directions 
from a low impedance source the effect of stray capacity 
is very much reduced, and is approximately the same on 
both edges. The square wave across the load, when 
T1=T2, has a mean level of zero and since in audio 
applications the d.c. component of the audio signal is 
always zero, the loudspeaker load can in fact be driven 
via a capacitor. In this case the battery supply need not 
be centre tapped, the load being returned to either the 
positive or the negative end of the supply. As statrd 
earlier, the frequency of operation of the switch must be 
greater than 20 kc/s in an audio system, and at these 
frequencies the effect of extra capacitance in all parts 
of the switch cannot be neglected. Due to imperfections 
in the driving waveform and stray capacity at the output 
the edges of the square wave will in fact occupy a finite 
time and although use of a double switch makes the 
edges more nearly symmetrical, the finite slopes of the 
edges will cause a certain amount of curvature of the 
modified non-linearity, mainly at the ends of the linear 
range, since it is there that the output wave will depart 
most from the ideal. The time occupied by the change 
over from one state to the other will have a further effect 
since during this time the product of voltage and current 
in the switching transistors is not zero. The power 
dissipated in the switching transistors will therefore 
increase as the proportion of the total time occupied by 
the edges of the square wave is increased. It is apparently 
most important therefore to ensure that the edges of the 
square wave occupy only a very small portion of the 
duration of the square wave, in order to keep both 
distortion and power dissipation to a low level. The 
actual power dissipated in each output transistor is 
calculated in Appendix 2. 

Amplifier Design 

In order to ascertain the potentialities of the on-off type 
of audio system a small, low power system was con- 
structed to the following specification; 

(1). Power output 2 watts r.m.s. into a 15 ohm loud- 
speaker. 

(2). Frequency response within 3dB from 50 c/s to 
20 kc/s. 

(3). Amplifier sensitivity such that lOOmV r.m.s. input 
signal shall produce full output. 

(4). Input impedance approximately 10k A. 
The specification was chosen so that the system would 

be comparable with low power amplifiers of more con- 

Fig. 3. (a) Double switch on-off system, (b) Practical implementation 
of (a) using two transistors. 
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Fig. 4. Circuit diagram of the open-loop audio amplifier. 

ventional design. Various aspects of the design procedure 
will now be considered. 

Design of the Switch 

Neglecting the bottoming potentials the maximum power 
in the loudspeaker (see Fig. 3(b)) will be given by 

V2 
(Po) lllfiX = SR 

so that the output square wave should have a pk-pk 
height of about 16V. Thus the supply to the system is 
fixed at 16V. The peak load current will then be approxi­
mately O.SA, so that the output switching transistors 
must be capable of handling this current. With the 
arrangement of Fig. 3(b) it is necessary to ensure that 
sufficient base . current can be provided to hold the 
output transistors sufficiently well bottomed. The 
switch is shown in Fig. 4. In order that the triangle 
generator (Tr1) shall not be heavily loaded, the switch 
is made up of three current gain stages (Tr2, Tr4 and 
Tr5/Tr6) and one stage of voltage gain (Tr3). Positive 
feedback is provided of a magnitude just sufficient to 
ensure that the switch has only two states, thus keeping 
the hysteretic width of the switch characteristic to a 
minimum. 

Tr5 and Tr6, the output switching transistors, · are 
driven from the emitter follower transistor Tr4 which 
has one of its emitter resistors bootstrapped via C 3 to 
enable it to hold Tr6 fully bottomed during the positive 
half of the square wave. C 3 must be large enough to 
provide an almost constant potential during the period 
that Tr6 remains bottomed, and the emitter resistor is 
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chosen so that it can supply the necessary base current 
to hold Tr6 bottomed whilst the collector current of Tr6 
is 500mA. Tr4 is driven from a positive gain amplifier 
Tr2/Tr3 which has a load resistor bootstrapped by C2 
to ensure that Tr4 and TrS are well bottomed during the 
negative half cycle of the square wave. T he positive 
feedback is taken via the resistor Rb to the base of Tr2 
from the output. In the design R1 is set to 560k n. 
Values larger than this give a region of continuous 
variation in output potential which during normal 
operation will only slow the edges of the output square 
wave· and possibly the subsequent increase i n power 
could be tolerated. Even so this is surely to be avoided 
if possible and furthermore, under freak conditions (e.g. , 
removal of the triangle), the output could attain potentials 
between the two supply lines with probable excessive 
dissipation in the output stage. 

Switching Waveform Generator 
The triangular switching waveform is obtained by inte­
grating a square wave, which is obtained from a multi­
vibrator circuit. The minimum permissible oscillation 
frequency of the switch is about 50 kc/s and the actual 
one used is 100 kc/s. An emitter-coupled multivibrator 
produces a good square wave at this frequency provided 
the transistors are not allowed to bottom. The multi­
vibrator comprises transistors Tr7 and Tr8 (Fig. 4) and 
Tr 1 is connected as a feedback summing integrator. 
The frequency of the square wave is set by varying C 4 , 

and the lOk n potentiometer on the base of Tr8 is used to 
adjust the shape of the square waves at the collectors to 
be symmetrical, that is to have a mark to space ratio of 
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Fig. 4. Circuit diagram of the open-loop audio amplifier. 

ventional design. Various aspects of the design procedure 
will now be considered. 

Design of the Switch 

Neglecting the bottoming potentials the maximum power 
in the loudspeaker (see Fig. 3(b)) will be given by 

V2 

max 

so that the output square wave should have a pk—pk 
height of about 16V. Thus the supply to the system is 
fixed at 16V. The peak load current will then be approxi- 
mately 0.5Aj so that the output switching transistors 
must be capable of handling this current. With the 
arrangement of Fig. 3(b) it is necessary to ensure that 
sufficient base current can be provided to hold the 
output transistors sufficiently well bottomed. The 
switch is shown in Fig. 4. In order that the triangle 
generator (Trl) shall not be heavily loaded, the switch 
is made up of three current gain stages (Tr2, Tr4 and 
Tr5/Tr6) and one stage of voltage gain (Tr3). Positive 
feedback is provided of a magnitude just sufficient to 
ensure that the switch has only two states, thus keeping 
the hysteretic width of the switch characteristic to a 
minimum. 

Tr5 and Tr6, the output switching transistors, are 
driven from the emitter follower transistor Tr4 which 
has one of its emitter resistors bootstrapped via C3 to 
enable it to hold Tr6 fully bottomed during the positive 
half of the square wave. C. must be large enough to 
provide an almost constant potential during the period 
that Tr6 remains bottomed, and the emitter resistor is 

Switching Waveform Generator 

The triangular switching waveform is obtained by inte- 
grating a square wave, which is obtained from a multi- 
vibrator circuit. The minimum permissible oscillation 
frequency of the switch is about 50 kc/s and the actual 
one used is 100 kc/s. An emitter-coupled multivibrator 
produces a good square wave at this frequency provided 
the transistors are not allowed to bottom. The multi- 
vibrator comprises transistors Tr7 and Tr8 (Fig. 4) and 
Trl is connected as a feedback summing integrator. 
The frequency of the square wave is set by varying C „ 
and the 10kn potentiometer on the base of Tr8 is used to 
adjust the shape of the square waves at the collectors to 
be symmetrical, that is to have a mark to space ratio of 

chosen so that it can supply the necessary base current 
to hold Tr6 bottomed whilst the collector current of Tr6 
is 500mA. Tr4 is driven from a positive gain amplifier 
Tr2/Tr3 which has a load resistor bootstrapped by C2 
to ensure that Tr4 and Tr5 are well bottomed during the 
negative half cycle of the square wave. The positive 
feedback is taken via the resistor R6 to the base of Tr2 
from the output. In the design Ri is set to 560k O. 
Values larger than this give a region of continuous 
variation in output potential which during normal 
operation will only slow the edges of the output square 
wave and possibly the subsequent increase in power 
could be tolerated. Even so this is surely to be avoided 
if possible and furthermore, under freak conditions (e.g., 
removal of the triangle), the output could attain potentials 
between the two supply lines with probable excessive 
dissipation in the output stage. 
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.:ig. 5. Circuit of summing integrator with imperfect amplifier. 

unity. Referring to Fig. 5, the transfer function of 
an amplifier of gain A, with input impedance Rim con­
nected as an integrator, is:-

e0 R 0.A 1 
ei ~ . 1 + pC_R_ c_C_1_+_A_) 

wh~re R 0 is the parallel resistance ?f R 1, Rin and R 2• 

To obtain this transfer function it IS necessary to con­
sid ~r the audio input point to be earthed (since the audio 
sig~al is normally derived from a low impedance source). 

This equation may now be used in the design of the 
integrator. Before this can be done, however, it is necrs­
sary to decide on the distribution of the gain between the 
integrator and the modified switch. The overall audio 
voltage gain required is about sixty times. If it is attempted 
to obtain all this gain from the modified switch, then even 
a very small hysteretic width can restrict the extent of the 
linear region quite appreciably, and in addition the effect 
of a small drift in the output stages of the switching 
circuit will cause the operating point of the modified 
non-linearity to move from the centre of the linear region 
by a large amount, this obviously being undesirable. 
If the gain of the modified non-linearity is set to be 
approximately 3 then with the value of hysteresis chosen 
the linear region exter ds over almost the whole range of 
possible mean levels of the output, and at the same time 
drift effects are reduced. Having decided upon the g!:lin 
through the switch to the audio signal the pk-pk ht ight 
of the triangle must be 16/3 ~ 5 V and the integrator 
must have an output swing capable of accommodating 
this size of triangle. The emitter of. Tr2 is held at the 
mid-point of the supply by a low impedance resistance 
chain, and since the switch has only a very small hysteresis 
the mid-point of the triangle, and thus the mean level 
of the collector of Trl will be at this potential. Under 
conditions of peak drive, the triangle will not intersect 
with the switch operating point and thus the integrator 
must be capable of accommodating a swing of ± 5 V at the 
output. 

As previously stated, the integrator transistor is used 
for the dual purpose of generating the triangular wave­
form, and adding the audio waveform to it. The input 
resistor {Ri~ for the audio signal is a lOk n resistor to 
obtain the required input impedance. If we make the 
C)llxtor current in Trl when the collector potential 
is at the centre of the supply, about 200 J.LA, this will 
allow sufficient ·C:Urrent to charge the feedback capacitor 
and operate the switch, and at the same time give an input 
impedance at the base of Tr1 of about IOkn. In the 
equation for the transfer function of the integrator to 
the audio signal (obtained by replacing R 2 by R 1 in the 
previous equation) we therefore have:-

Rc ~ 5k.G and R 1 = IOkn (assuming R 2 > > 5k0) 
The measured value of A was found to be approxi­

mately 40, so that the d.c. gain through the integrator will 
be about . 20 to both the triangle and the audio signal. 
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The gain to the audio signal will remain within 3dB 
of the d.c. gain up to a frequency given by:-

/ = 1 
27TRcC1{1 + A) 

this frequency must be greater than at least 2Ukc;s. 
Substitution of the above values leads to a maximum 
value for C 1 of approximately 25pF. With this value of 
feedback capacity and with R 2 = 27k0 the square wave 
required to produce a triangle of 5 V pk-pk is about 
0. 7 V pk-pk. R 2 must not be made too large since this 
will reduce the gain of the integrator as far as the square 
wave is concerned. This will cause exponential curvature 
of the triangles and consequent distortion of the me>dified 
non~linear characteristic. With R 2 set to 27k n, the square 
wave height is adjusted by variation of the collector 
resistors of Tr7 and Tr8 to obtain the 5 V pk-pk of the 
triangular waveform at the integrator output. 

Test of the System 

The system constructed according to the above design 
procedure was tested for frequency response and dis­
tortion. The frequency response curve is shown in Fig. 6 
and the distortion terms at certain points in the system 
are given in Table 1. Both frequency response and 

TABLE I 
Distortion in open-loop amplifier at 2V r.m.s. across loudspeaker 

POINT IN SYSTEM I f (= I kc/s.) u I ,. 4f 
,------

Input 1 40mV (CdB) - 52dB - S.tdB >- 60dB 

Integrator Output 0.7V (OdB) - 34dB - SOdB >- 60dB 

Loudspeaker 2V (OdB) . - 31dB r- <:CdB > - 60dB 

---------~ f ( = ICkc/s.) 2f --~1 4f 

-------~-----

Input I 60mV (OdB) - 52dB - 52dB I > - 60dB 
Integrator Output , 0.7V (OdB) -- 33dB 

1 
- SOdB > - 60dB 

Loudspeaker l 2V (OdB) . - 36d.B I - SOdB >- 60dB 

distortion were measured at an output swing of 2 V 
r.m.s. across a simulated loudspeaker load of 15 n and 
5 mH in series. The low frequency fall-off in frequency 
response is due to the coupling capacitor on the input, 
and can be varied to suit particular requirements. The 
high frequency fall-off is wholly due to the integrator, 
since it was found that the integrator frequency response 
and the overall frequency response were identical in shape. 
The combined effect of the feedback capacitor, the miller 
capacitance of the transistor and stray capacitance, 
has apparently doubled the effective integrator time con­
stant since the 3dB point is at 9kc/s rather than the 
20kc/s designed for. 

The distortion figures show that a large part of the 

Fig. 6. Amplitude-frequency response of open-loop amplifier. 
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The gain to the audio signal will remain within 3dB 
of the d.c. gain up to a frequency given by:— 

* a^AO+A) 
this frequency must be greater than at least 20kc/s. 
Substitution of the above values leads to a maximum 
value for Q of approximately 25pF. With this value of 
feedback capacity and with R, - 27k n the square wave 
required to produce a triangle of 5 V pk—pk is about 
0.7 V pk—pk. R3 must not be made too large since this 
will reduce the gain of the integrator as far as the square 
wave is concerned. This will cause exponential curvature 
of the triangles and consequent distortion of the modified 
non-linear characteristic. With R2 set to 27k £7, the square 
wave height is adjusted by variation of the collector 
resistors of Tr7 and Tr8 to obtain the 5 V pk—pk of the 
triangular waveform at the integrator output. 

Test of the System 

The system constructed according to the above design 
procedure was tested for frequency response and dis- 
tortion. The frequency response curve is shown in Fig. 6 
and the distortion terms at certain points in the system 
are given in Table 1. Both frequency response and 

TABLE I 
Distortion in open-loop amplifier at 2V r.m.s. across loudspeaker 

POINT IN SYSTEM f (-Ikc/s.) 2f 3f 4f 

Input 
Integrator Output 
Loudspeaker 

-lOmV (CdB) 
0.7V (OdB) 
2V (OdB) 

— 52dB -34dB 
- 3ldB 

-5^dB 
— 50dB 
-<CdB 

> — 60d B 
> — 60d B 
> — 60d B 

f (=ICkc/s.) If 3f 4f 

Input Integrator Output 
Loudspeaker 

60mV (OdB) 
0.7V (OdB) 
2V (OdB) 

— 52dB 
— 33dB 
— 36dB 

— 52d B 
-50dB 
- 50dB 

> — 60dB 
> — 60d B 
> — 60d B . 

distortion were measured at an output swing of 2 V 
r.m.s. across a simulated loudspeaker load of 15 and 
5 mH in series. The low frequency fall-off in frequency 
response is due to the coupling capacitor on the input, 
and can be varied to suit particular requirements. The 
high frequency fall-off is wholly due to the integrator, 
since it was found that the integrator frequency response 
and the overall frequency response were identical in shape. 
The combined effect of the feedback capacitor, the miller 
capacitance of the transistor and stray capacitance, 
has apparently doubled the effective integrator time con- 
stant since the 3dB point is at 9kc/s rather than the 
20kc/s designed for. 

The distortion figures show that a large part of the 

rig. 5. Circuit of summing integrator with imperfect amplifier. 

unity. Referring to Fig. 5, the transfer function of 
an amplifier of gain A, with input impedance R,,,, con- 
nected as an integrator, is:- 

e0 = RC.A 1  
el R2 l+pCRc(l+A) 

where Rc is the parallel resistance of R,, R,„ and R2. 
To obtain this transfer function it is necessary to con- 
sid.T the audio input point to be earthed (since the audio 
signal is normally derived from a low impedance source). 

This equation may now be used in the design of the 
integrator. Before this can be done, however, it is nect s- 
sary to decide on the distribution of the gain between the 
integrator and the modified switch. The overall audio 
voltage gain required is about sixty times. If it is attempted 
to obtain all this gain from the modified switch, then even 
a very small hysteretic width can restrict the extent of the 
linear region quite appreciably, and in addition the effect 
of a small drift in the output stages of the switching 
circuit will cause the operating point of the modified 
non-linearity to move from the centre of the linear region 
by a large amount, this obviously being undesirable. 
If the gain of the modified non-linearity is set to be 
approximately 3 then with the value of hysteresis chosen 
the linear region exterds over almost the whole range of 
possible mean levels of the output, and at the same time 
drift effects are reduced. Having decided upon the g-in 
through the switch to the audio signal the pk—pk height 
of the triangle must be 16/3 ^ 5 V and the integrator 
must have an output swing capable of accommodating 
this size of triangle. The emitter of Tr2 is held at the 
mid-point of the supply by a low impedance resistance 
chain, and since the switch has only a very small hysteresis 
the mid-point of the triangle, and thus the mean level 
of the collector of Trl will be at this potential. Under 
conditions of peak drive, the triangle will not intersect 
with the switch operating point and thus the integrator 
must be capable of accommodating a swing of ±5 V at the 
output. 

As previously stated, the integrator transistor is used 
for the dual purpose of generating the triangular wave- 
form, and adding the audio waveform to it. The input 
resistor (R,) for the audio signal is a 10k H resistor to 
obtain the required input impedance. If we make the 
CDlbctor current in Trl when the collector potential 
is at the centre of the supply, about 200 nA, this will 
allow sufficient current to charge the feedback capacitor 
and operate die switch, and at the same time give an input 
impedance at the base of Trl of about 10k U, In the 
equation for the transfer function of the integrator to 
the audio signal (obtained by replacing R., by R, in the 
previous equation) we therefore have;— 

Rc sa 5kO and R, lOkQ (assuming R, >> 5kfi) 
The measured value of A was found to be approxi- 

mately 40, so that the d.c. gain through the integrator will 
be about 20 to both the triangle and the audio signal. 

Fig. 6. Amplitude—frequency response of open-loop amplifier. 
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Fig. 7. Characteristics of open-loop amplifier. (a) Relay input v. relay output;· (Input I Vfcm, output 2Vfcm.) (b) Overall input v. output charac­teristic. (Input SOmVjcm, output 2Vjcm.) 

distortion of the amplifier occurs in the integrator stage. 
This must be due to the larg:- swings which are required 
at the integrator output. 

The input 7.'ersus output characteristics of various parts 
of th~ system were displayed on an oscilloscope and 
photographed; these are shown in Fig. 7. The curvature 
of the input-output characteristic for the switch shows 
that there is significant distortion through this element 
as well as through the integrator. 

Since: the system functions as a modulator, sidebands 
will be produced. For large audio inputs at high fre­
quencies these sidebands can be quite large and, more 
important, they can be frequencies which are in the 
audio spectrum and can thus be heard as unwanted high 
frequency outputs. In the system tested with large 
input signals at 10 kc/s these sidebands could both be 
heard and measured with a wave analyser and were 
found to be rather obtrusive. 

The system so far described has a performance which is 
rather mediocre, particularly in respect of its distortion 
figures. It does, however, have the main advantages of 
on-off systems in general, notably low power dissipation. 
However, it is a relatively complex system since to produce 
the switching waveform a square wave generator must be 
built. This generator has no function as far as the audio 
signal is concerned. A further disadvantage found in 
practice during tests on the system was that the operating 
point tended to move by quite large amounts away from 
the centre of the linear region. This effect is caused by 
relative drift between the · operating point of the switch 
and the mean level of the triangle. It produces un­
desirable asymmetrical limitation of the output swing 
and increased distortion. 

Various means may be empioyed to improve the system 
performance. The distortion can be reduced by improving 
the integrator design. This will improve the shape of the 
triangular waveform and !hus improve the linearity of the 
modified switch characteristic, whilst at the same time 
it will possibly reduce . the distortion through: th,e ·inte­
grator to the audio sigrial. The improved integrator will 
almost certainly require extra transistors. 

The audio sigmil could be applied direct to the switch, 
thus eliminating one source of distortion from the audio 
path. This would waste potential audio gain and further 
increase the complexity of the system since additional 
amplifying . stages would then be required to obtain the 
desired audio gain. · 

Without increasing the complexity of the system, the 
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only alternative seems to be to attempt to reduce the 
triangle size, possibly even to the point where the audio 
signal can be applied directly to the switch. To maintain 
the same gain would require a triangle · height of · 290m V 
pk-pk. This would require that both the relative · drift 
and the hysteretic width be well below this figure. These 
extremely stringent conditions mean that the optimum 
design for the present configuration arid the_, specification 

Fig. 8. Characteristics of an oscillating loop. (a) Block diagram of 
the loop. (b) Oscillation frequency of the loop and the d.c. ·input to the 
switch as function of the mean level of the output. (c) Low frequency 
equivalent circuit of the loop. 
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Fig. 7. Characteristics cf open-loop amplifier, [a] Relay input v. relay output. {Input I V/cm, output 2Vjcm.) (b) Overall input v. output charac- 
teristic. (Input SOmVjcm, output ZVJcm.) r 

distortion of the amplifier occurs in the integrator stage. 
This must be due tc the larg? swings which are required 
at; the integrator output. 

The input versus output characteristics of various parts 
of the system were displayed on an oscilloscope and 
photographed; these are shown in Fig. 7. The curvature 
of the input-output characteristic for the switch shows 
that there is significant distortion through this element 
as well as through the integrator. 

Since the system functions as a modulator, sidebands 
will he produced. For large audio inputs at high fre- 
quencies these sidebands can be quite large and, more 
important, they can, be frequencies which are in the 
audio spectrum and can thus be heard as unwanted high 
frequency outputs. In the system tested with large 
input signals at lOkc/s these sidebands could both be 
heard and measured with a wave analyser and were 
found to be rather obtrusive. 

The system, so far described has a performance which is 
rather mediocre, particularly in respect of its distortion 
figures. It does, however, have the main advantages of 
on-off systems in general, notably low power dissipation. 
However, it is a relatively complex system since to produce 
the switching waveform a square wave generator must be 
built. This generator has no function as far as the audio 
signal is concerned. A further disadvantage found in 
practice during tests on the system was that the operating 
point tended to move by quite large amounts away from 
the centre of the linear region. This effect is caused by 
relative drift between the operating point of the switch 
and the mean level of the triangle. It produces un- 
desirable asymmetrical limitation of the output swing 
and increased distortion. 

Various means may be empioyed to improve the system 
performance. The distortion can be reduced by improving 
the integrator design. This will improve the shape of the 
triangular waveform and thus improve the linearity of the 
modified switch characteristic, whilst at the same time 
it will possibly reduce the distortion through the inte- 
grator to the audio signal. The improved integrator will 
almost certainly require extra transistors. 

The audio signal could be applied direct to the switch, 
thus eliminating one source of distortion from the audio 
path. This would waste potential audio gain and further 
increase the complexity of the system since additional 
amplifying stages would then be required to obtain the 
desired audio gain. 

Without increasing the complexity of the system, the 

only alternative seems to be to attempt to reduce the 
triangle size, possibly even to the point where the audio 
signal can be applied directly to the switch. To maintain 
the same gain would require a triangle height of 260mV 
pk—pk. This would require that both the relative drift 
and the hysteretic width be well below this figure. These 
extremely stringent conditions mean that the optimum 
design for the present configuration and the specification 

Fig. 8. Characteristics of an oscillating loop, (a) Block diagram of 
the loop, (b) Oscillation frequency of the loop and the d.c. input to the 
switch as function of the mean level of the output, (c) Low frequency 
equivalent circuit of the loop. 
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Fig. 9. Circuit dia.gram of the closed-loop on-off arJdio amplifier. 

adopted is . probably somewhere between this solution 
and the system described. 

The square wave generator could be dispensed with 
altogether merely by connec;ting the loudsp(;!aker driving 
point (i.e. the emitters of Tr5 .and Tr6) to the integrator 
input base by a resistor. This causes a negative feed­
back oscillation to be .set up due to the phase shift around 
the loop, resulting in a ;square wave {)scillation across 
the loudspeaker, whose .mean level is controlled by the 
audio input signal in such a way that the average input 
signal. Jnt:Q the integrator base is approximately zero. 
It is important to note that in this oscillating system 
there is inherent negative feedback to the audio signal. 
This has ·certain advantages just as feedback has .advan­
tages in !more conventional systems. It can .reduce dis­
torti<m due to the amplifier, and it can increase the system 
bandwidth. ·The overall ;gain of the system :is better defined 
and the requirements for ripple in a mains derived power 
supply are reduced. It .reduces the output impedance 
of the amplifier, thus driving the · loudspeaker from a 
low impedance source which is necessary to damp out 
loudspeaker resonances at low frequencies. 

Theoretical Aspects of the Closed-loop 
System 

As noted previously the closed loop system functions in a 
totally .different way from the open loop system. The 
pk~pk height of the triangle .is now constant at o, and 
different values of the mark-space .ratio of the output 
square ·wave are obtained by varyi~ the slope of the 
sides of the triangle {see Fig. · B{a)),. The limitation'S 
of the integrator performance . will cause the triangle sides 
to be · f>at.t of ·exponential ·curyes_, and will thus modify 
the effective :input versus ou:tpti.t c1.1rves for th.e .sw.itdl. 
It ·is possible to analyse the dosed loop sy:$tem ·~ is 
s~ Jwn in Fig. 8(a)..* The integrator here has the transfer 
function:-

e0 K 
i; = l+pT. 

The hysteretic width of the switch is 2 a and its two output 

*"A Method for the Theoretical Analysis of Relay Amplifiers." ·G. F. 
Turnbull, 9. P. Atherton and J. M ·. Townsend; to be published in Proc. 
i.E. E. 
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levels are ±h. · For this system it is found that:-

2hK B n-{1 
coth - + coth --o A .\ 

n- {11 
sinh ~A 

sinh~ j 
where . ,\ = 21TT X fosc Clo se being the oscillation fre­
quency of the loop), Y .i is the. switch d .c. input, i.e. the 
. f1 T 
ID:ean level of the switching waveform, and n- f1 = T: · 
(comparing Fig. 8(a) and Fig. l(b)). From these results 
it is possible to draw curves relating oscillation freqtL ncy 
and d.c. input to the switch (yi) .with the mean leve.t of 
the output. These are shown in Fig. 8(b) for the case. 
when K = 1 .and ·o/h = t . Examination of the curve 
for y i shows that the switch behaves as a gain of about 5 
over a large region Qf the characteristic which has con­
siderable .curvature over its full range. The oscillation 
frequency can be seen. to vary considerably over the full 
range Q[ output. Both oscillation frequency and gain 
are dependent on the ratio of 8/h (being high when 8/h 
is small) and also on the integrator d.c. gain K. 'I he 
bigger the value of K the higher the gain through the 
switch to the d . c. signaL (For K = CD, y i is always ze-ro.) 

So far as the audio input and output are .concerned, we 
may represent the system to that shown in Fig. 8(c) whlch 
is a feedback loop ,containing a saturating amplifier. 
The frequency response of .a self-oscillating ioop of this 
type can be calculated although the calculation is labor­
ious. Theoretical results indicate that the frequency 
respon%t! is almost flat up to about one half of the oscilla­
tion frequeney provided that the gain K is large. 

Design .Details of the Closed-loop Sys.tem 

The main elements of the dosed loop system, notably 
the switch and the integrator are ·common to both 
systems, and in order to allow a fair comparison to be 
made between the two systems, the same switch and the 
same integrator were used as for the open loop system, 
the only difference is. that the square wave from the 

. 165 

-I5V 

Tr4 I Tr5 
ASY26 1 2G387 

> [ Trl 
>560k ASZ20 

Circuit diagram of the closed-loop on-off audio amplifier. 

adopted is probably somewhere between this solution 
and the system described. 

The square wave generator could be dispensed with 
altogether merely by connecting the loudspeaker driving 
point (i.e. the emitters of Tr5 and Tr6) to the integrator 
input base by a resistor. This causes a negative feed- 
back oscillation to be set up due to the phase shift around 
the loop, resulting in a square wave oscillation across 
the loudspeaker, whose mean level is controlled by the 
audio input signal in such a way that the average input 
signal into the integrator base is approximately zero. 
It is important to note that in this oscillating system 
there is inherent negative feedback to the audio signal. 
This has certain advantages just as feedback has advan- 
tages in more conventional systems. It can reduce dis- 
tortion due to the amplifier, and it can increase the system 
bandwidth. The overall gain of the system is better defined 
and the requirements for ripple in a mains derived power 
supply are reduced. It reduces the output impedance 
of the amplifier, thus driving the loudspeaker from a 
low impedance source which is necessary to damp out 
loudspeaker resonances at low frequencies. 

Theoretical Aspects of the Closed-loop 
System 

As noted previously the closed loop system functions in a 
totally different way from the open loop system. The 
pk-pk height of the triangle is now constant at 6, and 
different values of the mark-space ratio of the output 
square wave are obtained by varying the slope of the 
sides of the triangle (see Fig. 8(a)). The limitations 
of the integrator performance will cause the triangle sides 
to be part of exponential curves, and will thus modify 
the effective input versus output curves for the switch. 
It is possible to analyse the closed loop system which is 
sh 3wn in Fig. 8(a).* The integrator here has the transfer 
function:— 

_ K 
eg 14 pT. 

The hysteretic width of the switch is 2 8 and its two output 

*"A Method for the Theoretical Analysis of Relay Amplifiers." G. F, 
Turnbull, B. P. Atherton and J. M. Townsend, to be published in Proc. 
I.£.E. 

levels are ^h. For this system it is found that:- 
2hK B u 77 — fl 
 = coth - + coth ----— 8 A A 

yyr _ " 
2hK _ 2 

sinh 77/j 

sinh - A 
where A = 277T X /ose (fose being the oscillation fre- 
quency of the loop), r, is the switch d.c. input, i.e. the 

^ T 
mean level of the switching waveform, and   = ' n — p 1 2 
(comparing Fig. 8(a) and Fig. 1(b)). From these results 
it is possible to draw curves relating oscillation frequ ncy 
and d.c. input to the switch (yj) with the mean level of 
the output. These are shown in Fig. 8(b) for the case 
when K = 1 and 3/h = 1. Examination of the curve 
for n shows that the switch behaves as a gain of about 5 
over a large region of the characteristic which has con- 
siderable curvature over its full range. The oscillation 
frequency can be seen to vary considerably over the full 
range of output. Both oscillation frequency and gain 
are dependent on the ratio of S/h (being high when 5/h 
is small) and also on the integrator d.c. gain K. The 
bigger the value of K the higher the gain through the 
switch to the d.c. signal. (For K = go, y,- is always zero.) 

So far as the audio input and output are concerned, we 
may represent the system to that shown in Fig. 8(c) which 
is a feedback loop containing a saturating amplifier. 
The frequency response of a self-oscillating loop of this 
type can be calculated although the calculation is labor- 
ious. Theoretical results indicate that the frequency 
response is almost flat up to about one half of the oscilla- 
tion frequency provided that the gain K is large. 

Design Details of the Closed-loop System 

The main elements of the closed loop system, notably 
the switch and the integrator are common to both 
systems, and in order to allow a fair comparison to be 
made between the two systems, the same switch and the 
same integrator were used as for the open loop system, 
the only difference is that the square wave from the 
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fig. 10. Amplitude-frequency response of closed-loop amplifier. 

output is taken to the integrator via a 560k n resistor. 
This defines the gain to the audio signal as 560/10 = 56. 
The feedback capacitor round the integrator was ad­
justed · to make the oscillation frequency when T 1 = T 2 

about 100 'kc/s. With zero input signal the square wave 
was initially set to be symmetrical by adjustment of a 
50k n potentiometer between base and emitter of the 
integrator transistor. The practical circuit is shown in 
Fig. 9. 

Test of the Closed-Loop System 

The closed loop system described was tested in the same 
way as the open-loop system described previously, and 
the: results are shown in Fig. 10 and Table 2. One 
f8.ctor immediately apparent from Fig. 10 is that the 

TABLE 2 
Distortion in closed-loop amplifier at 2V r.m.s. across loudspeaker 

l P-~INTIN- SYST-E~ ~ f( ~-l~cf~.) r 2f 3f 4f 
~------------

Input 1 40mV (OdB) J -- 52dB -54dB >- 60dB 
I Loudspeaker , 2V (OdB) I · -40dB - 52dB - SOdB 
---------, 

l_f~:!~~_:~ 2f 3f 4f 

Input 1 40mV (OdB) I -- 52dB - 54dB >- 60dB 
. Loudspeaker 2V (OdB) -- 40dB - 52dB - SOdB 

frequency response of the · closed-loop system is rather 
better than that of the open loop system, in spite of the 
fact that the integrator capacitor .was about five times as 
large in the closed-loop system as it was in the open-loop 
system. Comparison between Table 1 and Table 2 also 
shows that the overall distortion is very much reduced 
in the closed-loop case. Photographs of the overall input 
versus output and switch input versus output characteris­
tics of the amplifier were taken and are shown in Fig. 1 L 
The effect of the feedback in improving the distortion 
in a non-linear system is clearly seen. Measurement 
of the signals at the input and output of the switch 
indicated that the gain through the switch to small 
signals was about 200, thus giving a low frequency 
open-loop gain of about 75 (the integrator d.c. gain 
(A) being about 40, as before). Fig. 12(a) shows the 
shape of the switching waveform and the output wave­
form from the switch in the closed-loop amplifier. 
Fig. 12(b) shows the same waveforms in the open-loop 

Fig. II. Characteristics of the c/osed~loop amplifier. (a) Relay input v. relay output. (Input SOmVfcm, output 2Vfcm.) l(b) Overall input v. output. 
(Input SOmVfcm, output 2Vfcm.) 

Fig. 12. (a) Switching and ourput waveforms in the dosed-loop amplifier. (Top IOOmVfcm, 2p.sec!cm; boitom 5Vicm, 2p.secfcm.) (b) Switchi~g 
ana output wavefotms in the open-loop amplifier. (Top 2Vjcm, Sp.secjcm; bottom 5Vjcm, S;1secjcm.) (c) Loudspeaker driving waveform for closed­
loop amplifier driven with 6 kcjs signal. 

166 WIRELESS WoRLD, APIUL 1965 

TABLE 2 
Distortion in closed-loop amplifier at 2V r.m.s. across loudspeaker 

; POINT IN SYSTEM f( -lkc/s.) 2f 3f 4f 
! Input Loudspeaker 

-lOmV (OdB) 
2V (OdB) 

52dB 
40dB 

- 54dB 
- 52dB 

> — 60d B 
— 50dB 

f( lOkc/s.) 2f 3f 4f 
Input Loudspeaker j 

40mV (OdB) 1 2V (OdB) 
52dB 

- 40dB 
— 54dB 
— 52d B 

>-60dB 
— 50d B 

frequency response of the closed-loop system is rather 
better than that of the open loop system, in spite of the 
fact that the integrator capacitor was about five times as 
large in the closed-loop system as it was in the open-loop 
system. Comparison between Table 1 and Table 2 also 
shows that the overall distortion is very much reduced 
in the closed-loop case. Photographs of the overall input 
versus output and switch input versus output characteris- 
tics of the amplifier were taken and are shown in Fig. 11. 
The effect of the feedback in improving the distortion 
in a non-linear system is clearly seen. Measurement 
of the signals at the input and output of the switch 
indicated that the gain through the switch to small 
signals was about 200, thus giving a low frequency 
open-loop gain of about 75 (the integrator d.c. gain 
(A) being about 40, as before). Fig. 12(a) shows the 
shape of the switching waveform and the output wave- 
form from the switch in the closed-loop amplifier. 
Fig. 12(b) shows the same waveforms in the open-loop 
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fig. 10. Amplitude—frequency response of closed-loop amplifier. 

output is taken to the integrator via a 560k n resistor. 
This defines the gain to the audio signal as 560/10 = 56. 
The feedback capacitor round the integrator was ad- 
justed to make the oscillation frequency when T, T. 
about 100 kc/s. With zero input signal the square wave 
was initially set to be symmetrical by adjustment of a 
50k U potentiometer between base and emitter of the 
integrator transistor. The practical circuit is shown in 
Fig. 9. 

Test of the Closed-Loop System 

The closed loop system described was tested in the same 
way as the open-loop system described previously, and 
the results are shown in Fig. 10 and Table 2. One 
factor immediately apparent from Fig. 10 is that the 

r :F>y.m (H ■i 

Fig. 11. Characteristics of the closed-loop amplifier, (a) Relay input v. relay output. (Input SOmY/cm, oiripui IVjcrn.) [(£/) Overall input v. output. 
(Input SCmV/cm, output 2V/cm.) 
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Fig. 12. (a) Switching and output waveforms in the closed-loop amplifier. (Top lOOmVjcm, l/jseclcm; bottom SVfcm, 2fisec/cm.) (b) Switching 
and output waveforms in the open-loop amplifier. (Top 2V/cm. Susec/cm; bottom SVIcm, Siiseclcm.) (c) Loudspeaker driving waveform for closed- 
loop amplifier driven with 6 kc/s signal. 
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amplifier, and Fig. 12(c) is included since it illustrates 
the principle of operation of the on-off type of system, 
being a photograph of the output waveform as a function 
of time · when the system is modulated by a sinusoidal 

· signal. 
The sideband components at the output of the 

system mentioned earlier in the tests on the open-loop 
amplifier represent spurious signals. These should be 
reduced by the negative feedback over the audio region 
when the negative feedback is operative. It was found 

· during tests that this was indeed the case; over the 
audio range there was almost complete suppression of 
these unwanted signals. · 

The frequency change measured in the amplifier as 
a function of mean output level was very close to that 
theoretically predicted for the case when K = w which is 

A= A0 [ 1 - ( ~ r J 
where A0 is the maximum oscillation frequency, so that 
the frequency change over the working range of the 
amplifier is not so great as is suggested by Fig. 8(b)." 

Conclusions 

Two types of on-off audio amplifier have been described 
and the performance of the two systems using the same 
principal components has been compared in a way which 
was considered to be the most fair to both systems. Whilst 
it is obviously possible to construct an open-loop system 
to give an extremely good performance it would appear 
that a closed-loop system can be made to give the same 
performance with every much less complexity, and thus 
at a lower cost. In the systems described every attempt 
was made · to use transistors of minimum cost throughout 
and no transistor used cost more than ten shillings. 

The output power achieved in the circuits described 
may be considered rather low. The decision to keep to 
a low power circuit was taken because it was desired to 
achieve small size · and low cost, and there appears to be 
a dearth of cheap transistors in small cans which will 
handle collector currents of greater than 500mA, par­
ticularly in the npn category. Higher output can, how­
ever, be obtained by uprating everything in the circuit, 
once suitable output transistors have been obtained. 
An alternative solution would be to use parallel operation 
of the output transistors. It would be advisable under 
these circumstances to include a small resistor in each 
emitter lead to ensure equal current sharing between the 
transistors. It is also possible to use four transistors 
in a bridge Circuit for .the output stage, with an increase 
of a factor of four in the power output for a given supply 
This system has · the disadvantage that the loudspeaker 
is " floating " relative to the supply so that it is extremely 
difficult to. employ the circuit in a closed loop system. 
It also use's twice as many transistors in the output stage 
since the current rating of the transistors sti11 needs to be 
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Fig. 14. Approximate conditions in the output stage during change 
of state. 
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amplifier, and Fig. 12(c) is included since it illustrates 
the principle of operation of the on-off type of system, 
being a photograph of the output waveform as a function 
of time when the system is modulated by a sinusoidal 
signai. 

The sideband components at the output of the 
system mentioned earlier in the tests on the open-loop 
amplifier represent spurious signals. These should be 
reduced by the negative feedback over the audio region 
when the negative feedback is operative. It was found 
during tests that this was indeed the case; over the 
audio range there was almost complete suppression of 
these unwanted signals. 

The frequency change measured in the amplifier as 
a function of mean output level was very close to that 
theoretically predicted for the case when K=oo which is 

where A0 is the maximum oscillation frequency, so that 
the frequency change over the working range of the 
amplifier is not so great as is suggested by Fig. 8(b)." 
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Fig. 14. Approximate conditions in the output stage during change 
of state. 

Conclusions 

Two types of on-off audio amplifier have been described 
and the performance of the two systems using the same 
principal components has been compared in a way which 
was considered to be the most fair to both systems. Whilst 
it is obviously possible to construct an open-loop system 
to give an extremely good performance it would appear 
that a closed-loop system can be made to give the same 
performance with every much less complexity, and thus 
at a lower cost. In the systems described every attempt 
was made to use transistors of minimum cost throughout 
and no transistor used cost more than ten shillings. 

The output power achieved in the circuits described 
may be considered rather low. The decision to keep to 
a low power circuit was taken because it was desired to 
achieve small size and low cost, and there appears to be 
a dearth of cheap transistors in small cans which will 
handle collector currents of greater than 50GmA, par- 
ticularly in the npn category. Higher output can, how- 
ever, be obtained by uprating everything in the circuit, 
once suitable output transistors have been obtained. 
An alternative solution would be to use parallel operation 
of the output transistors. It would be advisable under 
these circumstances to include a small resistor in each 
emitter lead to ensure equal current sharing between the 
transistors. It is also possible to use four transistors 
in a bridge circuit for the output stage, with an increase 
of a factor of four in the power output for a given supply 
This system has the disadvantage that the loudspeaker 
is " floating " relative to the supply so that it is extremely 
difficult to employ the circuit in a closed loop system. 
It also use's twice as many transistors in the output stage 
since the current rating of the transistors still needs to be 
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Fig. IS. Closed-loop amplifier with pre-amplifier and power supply. 

Wireless World, April 1965 

www.americanradiohistory.com

www.americanradiohistory.com


the same as .in the case when the supply yoltag~ is doubled, 
to obtain the higl;ler power.output: · · : . . 

One disadvantage of on-off systems running at 100 kc/s 
which is brought out by practical tests is that of radiation. 
The circuit whether open or closed loop, is a prolific 
source of radiated harmonics and this is a serious dis­
advantage if it is to be driven from a medium wave 
tuner. Radiation can, however, be reduced very greatly 
by screening the amplifier. No interference has been 
caused to neighbouring equipment working in anything 
but th~ long and medium wave bands, and the field of 
radiation from an enclosed system does not appear to 
extend more than a few feet. 

Comments on the actual power efficiency are contained 
in Appendix 2. 

Power Supply 
The circuit of a mains power supply suitable for driving 
the amplifier is shown in Fig~ 13. The value of the 
smoothing condenser is large enough to give a hum level 
at the output of the amplifier which is about - 80dB . 
relative to full output. There is insufficient smoothing to 
give a satisfactory hum level in the open-loop amplifier. 

Fig. 15 shows a photograph of the prototype closed­
loop audio system with an input pre-amplifier equalised 
for f.m. radio, l.p. and standard play recordings, etc. 
The system is sensitive enough to be driven from a 
magnetodynamic pick-up. . The whole system including 
the mains power supply is contained in an aluminium 
box llin. x 3in. x 2in., and the majority of the space in 
the box is taken up by the potentiometers and the 10,000 ,uF 
smoothing condenser in the power supply. 

APPENDIX I 
Calculation of the Modified Switch Characteristic 

Referring to Fig. 2, assume that the triangular switching 
waveform is displaced to the . right by an amounty i 
This corresponds to the situation which occurs . in · the 
open-loop system (Fig. 1 (c) ) when the a1,1dio input signal 
has .an instantaneous value +Yi· 

Denoting T 2in Fig. 1 (b) by Til = t 2 -tu where t 2 and 
t1 are the times at which the switch operates measured 
from the zero on the triangle in Fig. 4:-

. :.· . . . 7T 

. t1 = 7T +D. (ri+ 3) 

· ·t 2 = 21t- i(r- is) 

21T 
i.e. . t2 ~ 1r- E. Yi 

T hus the meanlevel of the output is given by:-

eo = h(t+ ri/.1::.) 
The characteristic . e0 versus y i does ·not extend over the 
whole range from 0 to h_, since some value of e0 are physic­
ally unrealizable because the triangle does not intersect 
with the relay operating point. This occurs when 

ll'i + Sj~ .-~ ,· 

The limiting values on the .characteristic are thu::. 
() 

e0 =h(l -E._) 

() 
and e0 = h(b) 

The fraction of the · total characteristic actually covered by 
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the linear region is ·. (1 :__ · ~ ) , and the gain in the. linear · 

region of the modified characteristic is h.;.6.. . . 
With the values used in the open-loop system described 

(i.e. h = 16 volts) J:i._ = 5 volts and ~ . = 100 mV) the 

percentage of the range covered is 100 [ t · -.;0~00] . = 9?% 

and t~e gain is 16/5= 3.4. 

APPENDIX 2 
Calculation of the Power Dissipation in the O utput 

Transistors · 

Referring to Fig. 14:_, the p~wer (P) dissipated in . each 
output transistor is obtained by considering each of the 
four regions in turn, each region being integrated 
separately. 

p =~IT V.I dt 
0 . 

:. P ~ T ,!T, [ r· [zv -:- (2V-V "") ;J :~'.dt 

JTl- Ta V 
+ 

0 

. V bott · R dt 

+ I:' [ V ''" + (2V-V ,,,,) .f-.] 
+ J:2-~b 2V Ico dt] 

Thus the total power in each transistor is 

[
v .. Vt ] 
R - RTb dt 

p = __ V2 (Ta + Tb) .+ 6RVIc0(T2-Tb) 
1 [VVbott (3Tt-2T a + T b) + ] 

Tt+T2 . 3R . . 
. ' - . . 

In the design d~scribed, 
T 1 + T 2 = 7.5 ,usee. 

T a = 0.4 f..I-Sec, T b = 0.5 fLSec. 

V bott = 0.3V, leo = lmA (maximum) 
V = 8V, R = 15 ohms 

giving P approximately 250 mW in each transistor . 

This gives an efficiency of~~~ = 80%. If the oscil­

lation frequency were reduced to 50 kc/s, making (T 1 + T 2) 

= 20 ,usee. then this increases the efficiency to almost 
90%. With this frequency of oscillation the frequency 
response of the closed loop system is still very good. 
The use of higher frequency transistors can, of ~ourse, 
increase the efficiency even more. 

"Signal Flow Diagrams" 
In W. Grant's article in the :fc-:_l,Jruary issue, the mathematical 

· working in Theorem 2g.l (page 96) should end as 

C = ac + b 
1 - cd 

Also, the right-hand diagram in Example 3d.2 (page 97 ) is 
~ncorrectly annotated. It should be: 

E 
O> 
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the same as in the case when the supply voltage is doubled, 
to obtain the higher power output. 

One disadvantage of on-off systems running at 100 kc/s 
which is brought out by practical tests is that of radiation. 
The circuit whether open or closed loop, is a prolific 
source of radiated harmonics and this is a serious dis- 
advantage if it is to be driven from a medium wave 
tuner. Radiation can, however, be reduced very greatly 
by screening the amplifier. No interference has been 
caused to neighbouring equipment working in anything 
but the long and medium wave bands, and the field of 
radiation from an enclosed system does not appear to 
extend more than a few feet. 

Comments on the actual power efficiency are contained 
in Appendix 2. 

Power Supply 
The circuit of a mains power supply suitable for driving 
the amplifier is shown in Fig. 13. The value of the 
smoothing condenser is large enough to give a hum level 
at the output of the amplifier which is about — 80dB 
relative to full output. There is insufficient smoothing to 
give a satisfactory hum level in the open-loop amplifier. 

Fig. 15 shows a photograph of the prototype closed- 
loop audio system with an input pre-amplifier equalised 
for f.m. radio, l.p. and standard play recordings, etc. 
The system is sensitive enough to be driven from a 
magnetodynamic pick-up. The whole system including 
the mains power supply is contained in an aluminium 
box llin. x 3in. x 2in., and the majority of the space in 
the box is taken up by the potentiometers and the 10,000mF 
smoothing condenser in the power supply. 

APPENDIX I 
Calculation of the Modified Switch Characteristic 

Referring to Fig. 2, assume that the triangular switching 
waveform is displaced to the right by an amounty, 
This corresponds to the situation which occurs in the 
open-loop system (Fig. 1 (c) ) when the audio input signal 
has an instantaneous value -by,-. 

Denoting T2 in Fig. 1 (b) by T2 where t, and 
ty are the times at which the switch operates measured 
from the zero on the triangle in Fig. 4:— 

tj = w +-- (y,-T S) 
A 

Thus the mean level of the output is given by:— 
"o ^ h(H ViiA) 

The characteristic e0 versus y,; does not extend over the 
whole range from 0 to h, since some value of e0 are physic- 
ally unrealizable because the triangle does not intersect 
with the relay operating point. This occurs when 

!■/; ■ 8i:> ^ 

The limiting values on the characteristic are thus 

eo — h(l — --) 

(2 8 \ 
1 — ^ an^ the gain in the linear 

region of the modified characteristic is h/A. 
With the values used in the open-loop system described 

(i.e. h = 16 volts) A = 5 volts and S = 100 mV) the 

percentage of the range covered is 100 [l — J^,] = 96% 
t SOOO-t 

and the gain is 16/5= 3.4. 

APPENDIX 2 
Calculation of the Power Dissipation in the Output 

T ransistors 
Referring to Fig. 14, the power (P) dissipated in each 
output transistor is obtained by considering each of the 
four regions in turn, each region being integrated 
separately. 

Ti+T. r- [2V - (2V-V bott), 
-Jo 

+ (2V-V boU) 
t [A 
tJ L1 

2V I™ dt 

Thus the total power in each transistor is 
, rVV60;((3T1-2To+T6) + 

P = -r IT Va (Tg + Tt) + 6RVIC,(T.,-T,) 11 + 12 22^ 

In the design described, 
T, + T2 = 7.5 lasec. 

Ta = 0.4 ,usec, T6 = 0.5 /jsec. 
V boti = 0.3V, I,,,, - 1mA (maximum) 

V = 8V, R = 15 ohms 
giving P approximately 250 mW in each transistor. 

This gives an efficiency of = 80%- If the oscil- 

lation frequency were reduced to 50 kc/s, making (Ti +T,,) 
= 20 jusec. then this increases the efficiency to almost 
90%. With this frequency of oscillation the frequency 
response of the closed loop system is still very good. 
The use of higher frequency transistors can, of course, 
increase the efficiency even more. 

"Signal Flow Diagrams" 

In W. Grant's article in the February issue, the mathematical 
working in Theorem 2g. 1 (page 96) should end as 

__ ac + b 
1 cd 

Also, the right-hand diagram in Example 3d.2 (page 97) is 
mcorrectly annotated. It should be; 

and e„ = h(--) 
A 

The fraction of the total characteristic actually covered by 
t)AI 
abd (e + fff) 
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MATRIX ALGEBRA 
2. - ITS APPLJCA TION TO CIRCUIT ANALYSIS 

READERS of last month's article on matrix algebra 
· will recall that many arrangements of linear com­

ponents may be regarded as four-terminal networks 
such networks being represented · by a "black-box" 
as in Fig. 1. 

ll tz 
'"" ~ ~ 

~ 

Fig. I 

With circuit arrangements that can be reduced to two­
terminal networks we find it very convenient to describe 
such a network by the simple expression R + jX. 
Unfortunately such a simple expression is inadequate for 
four-terminal networks because of the increased number 
of variables involved. However, we saw that a two-by-two 
matrix is a sufficiently simple and adequate expression 
to describe four-terminal networks, the elements of such 
a matrix giving valuable information about the network's 
behaviour. 

The four independent variables vD i~' v 2, i 2 may give 
rise to six different ways of describing the external 
behaviour of the network. For our purpose we need only 
consider four of these ways. 
The first, discussed in detail in the previous article may 
be expressed by the two equations :-

v1 = a 11 V 2 - a 12 iz (1) 
i1 = a21 Vz - a22 iz (2) 

which in matrix form reduces to :-

(
1

~1) = [A] (v:! . J 
h - lz ; 

The elements of the A-matrix describe the particular 
network involved; and by applying certain rules we saw 
how combinations of networks in cascade could be des­
cribed by a single matrix, the latter being obtained by 
multiplying together the individual matrices of the 
networks making up the combination (see Fig. 2). 
The transfer function of the composite network was one 
of the most valuable items of information obtained from 
a consideration of the elements of [A]. 

Circuits are not always, however, made up of networks 
connected in cascade as above. We may have networks 
connected in parallel (e.g. the parallel-T filter) or in 
series at their inputs and outputs; or we may have the 
inputs in series and the outputs in parallel. In such cases 

Fig. 2 
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By G. H. OLSEN,* B.Sc. A.M.I.E.R.E. 

the A-matrix may not be the best description available. 
Other matrices are possible and, . especially for certain 
ttansistor work, these alternatives have distinct advantages 
over the A-matrix. For those readers who are just starting 

· on transistor work it is hoped that this article will show 
how some of the parameters associated with transistors 
arise; and perhaps they will then take some comfort in 
the fact that some order does indeed exist among the 
bewildering number of parameters that can be used. 

The A-matrix and other matrices are all obtained by 
using one central idea or theme. From the quantities 
Vu iD v 2, i 2 in Fig. 1 we may regard any pair as known 
and the other pair as unknown. With v2 and i 2 known, 
v1 and i 1 can be expressed as in equations (I) and (2). 
From these equations the A-matrix is defined. Similarly 
the following matrices may be obtained: 

i1 = Yu V1 + Y12 Vz (3) 
iz = Y21 V1 + Y22 Vz (4) 

which in matrix form is 

(5) 

The elements of the y-matrix are known as the y-para­
meters since each has the dimensions of an admittance. 
The matrices are particularly useful when analysing 
circuits consisting of two networks in parallel at their 
input and output terminals (Fig. 3). 
The overall matrix is given by [Y] = [Y1] + [Y 2] i.e. the 
elements in corresponding positions in [Y 1] and [Y 2] are 
merely added. An example of an analysis using this tech­
nique is given later. 

If we take as our starting point 
v 1 = Zu i 1 + Z12 i2 (6) 
'fJ2 = Z21 i1 + Zzz i2 (7) 

· which in matrix form is 

(vl) = ( Zn Z12') t>) = [Z] t:>) 
Vz z21 z22 , t?. \ . <l 

we obtain the z-matrix for the network. The z-matrices 
are most useful in the analysis of networks arranged 
in series as in Figure 4. 

The overall matrix is given by [Z] = [Z1] + [Z2] 

The individual elements of a z-matrix all have the 
dimensions of an impedance. 

The last matrix we need consider is the h-matrix. It is 
this matrix that is most useful when considering transis­
tors. The individual elements of this matrix are the 

*Rutherford College ?f Tec,hnology, Newcastle-upon-Tyne. 
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2. - ITS APPLICATION TO CIRCUIT ANALYSIS By G. H. OLSEN,* b.sc. a.m.i.e.r.e. 

READERS of last month's article on matrix algebra 
will recall that many arrangements of linear com- 
ponents may be regarded as four-terminal networks 

such networks being represented by a " black-box" 
as in Fig. 1. 

With circuit arrangements that can be reduced to two- 
terminal networks we find it very convenient to describe 
such a network by the simple expression R + jX. 
Unfortunately such a simple expression is inadequate for 
four-terminal networks because of the increased number 
of variables involved. However, we saw that a two-by-two 
matrix is a sufficiently simple and adequate expression 
to describe four-terminal networks, the elements of such 
a matrix giving valuable information about the network's 
behaviour. 

The four independent variables f,, i,, v2, ;'2 may give 
rise to six different ways of describing the external 
behaviour of the network. For our purpose we need only 
consider four of these ways. 
The first, discussed in detail in the previous article may 
be expressed by the two equations 

t'l = 3]! f2 3]9 • • ■ ■ • * . . (1} 
l\ = 321 t'o - 322 • - • • • • • (2) 

which in matrix form reduces to :— 

\—i2 / 
The elements of the A-matrix describe the particular 

network involved; and by applying certain rules we saw 
how combinations of networks in cascade could be des- 
cribed by a single matrix, the latter being obtained by 
multiplying together the individual matrices of the 
networks making up the combination (see Fig. 2). 
The transfer function of the composite network was one 
of the most valuable items of information obtained from 
a consideration of the elements of [A], 

Circuits are not always, however, made up of networks 
connected in cascade as above. We may have networks 
connected in parallel (e.g. the parallel-T filter) or in 
series at their inputs and outputs; or we may have the 
inputs in series and the outputs in parallel. In such cases 

the A-matrix may not be the best description available. 
Other matrices are possible and, especially for certain 
transistor work, these alternatives have distinct advantages 
over the A-matrix. For those readers who are just starting 
on transistor work it is hoped that this article will show 
how some of the parameters associated with transistors 
arise; and perhaps they will then take some comfort in 
the fact that some order does indeed exist among the 
bewildering number of parameters that can be used. 

The A-matrix and other matrices are all obtained by 
using one central idea or theme. From the quantities 
vu fj, v-t, i2 in Fig. 1 we may regard any pair as known 
and the other pair as unknown. With v2 and L known, 
tij and i\ can be expressed as in equations (1) and (2). 
From these equations the A-matrix is defined. Similarly 
the following matrices may be obtained: 

h =- Yn th + yi2 ^2  (3) 
*2 = Yai »x T Yii Vt  (4) 

which in matrix form is 

{h) = (yi1 yv!){Vl) m(V]) .. .. (5) 
VV Tai Yaa/ VV \vj 

The elements of the y-matrix are known as the y-para- 
meters since each has the dimensions of an admittance. 
The matrices are particularly useful when analysing 
circuits consisting of two networks in parallel at their 
input and output terminals (Fig. 3). 
The overall matrix is given by [Y] [Yj] + [Yo] i.e. the 
elements in corresponding positions in [YJ and [Y2] are 
merely added. An example of an analysis using this tech- 
nique is given later. 

If we take as our starting point 
Vi ^ zn fj + z12 i,  (6) 

which in matrix form is 

Z21 222/ \^2/ 
[Z] ( 

we obtain the 2-matrix for the network. The z-matrices 
are most useful in the analysis of networks arranged 
in series as in Figure 4. 

The overall matrix is given by [Z] - [Z, | + [Zn] 
The individual elements of a z-matrix all have the 
dimensions of an impedance. 

The last matrix we need consider is the h-matrix. It is 
this matrix that is most useful when considering transis- 
tors. The individual elements of this matrix are the 

*Rutherford College of Technology, Newcastle-upon-Tyne. 
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hybrid or h-parameters often quoted by manufacturers 
of transistors. The matrix is defined from the folloWing ·· 
equatiorts:-

v1 = h1i i 1 + h12 V2 · · •• 

· i2 = h21 i1 + h22 v 2 

which in matrix form is:-

Fig. 4 

Fig. s 

' (8) . 

(9) 

In circuit analysis the h-matrices are most useful in 
the configuration of Fig. 5. 
The overall h..,matrix is given by [H] = [H1] + [H2] ~ 

Consider now the transistor manufacturer's dilemma 
when wishing to publish design data on his products. 
The matrices described so far each have their advantages 
when applied to suitable circuit configurations; but from 
the manufacturer's point he wishes to describe his 
transistors with parameters that can easily be measured 
accurately and unfortunately the z- and y-parameters 
do not permit of easy determination because of the way 
in which they are defined. An examination of the h­
plrameters shows that they · can all be determined easily 

Fig. 6 

and accurately. This is why the h-parameters are now 
widely used in manufacturers' data sheets, in textbooks 
and articles. D . N. Tilsley in the May 1964 issue .of the 
Wireless World (p229) has described the parameters in 
detail and it is thus unnecessary to go over the same 
ground again. It is essential however to point out that 
it will be necessary to be able to convert the h-parameters 
into the corresponding z-, y- and A-parameters depend­
ing upon the particular circuit arrangement it is wished 
to examine. Since no one can rapidly convert one set 
into another from first principles every time a conversion 
is required it is usual to refer to a table. There is nothing 
complicated about the use of the tables. Like the log. 
tables with the trig. ratios etc., and the tables of Laplace 
transforms, the tables of matrix conversions should be 
readily available to all electronic engineers especially 
in examinations. Such a table is given in Table 1. Only 
one symbol used has not been defined so far, and that 

· is the one used for the determinant of a matrix. Taking 
the A-matrix as an example we have 

Applications 
When using matrices in circuit analysis we must first 
determine the most useful matrix form to use. As an 
example let us take the case of the parallel twin- T net­
work shown hi Figure 6. 

To obtain the overall matrix of this -configuration we 

TABLE 1 

CONVERSION FROM I To 

an IAI a22 -IAI h - a12 hl2 = IAI ' Z11 = - Z12=- Yu= - Y12 = -- u--
A-Matrix parameters a21 a21 a12 a12 a22 a22 

IAI =au a22- a12 a21 1 a22 -1 au -1 h - a21 Z21 = -- Z22 =- Y21 = -- Y22=- h21=- 22--· a21 a21 a12 a12 a22 a22 

. zu a1" = ~ Z22 -z12 hu = EJ h _ Z12 a11 = -· Yu =lZf Y12 = Tzl 12 - -
z-parameters z.21 - Z21 . Z22 Z22 . 

lzl 1 1 
= z u Z22 -z12 Z21 Z22 - z21 zu h2t = -z21 a21 =- a22=- Y21 = lZJ- Y22 = jZf h22 =-Z21 Z21 Z22 Z22 

-y~~ ' -1 
.. 

Y22 · -'-Yt2 1 h
12 

= - Yt2 zu = lYl Zt2 := lYI a11 = -- a12 = - hu =-
y-parameters Y21 Y21 Yu zu 

IYI = YuY22 -y12Y21 -Y2t Yu -IYI - Yn h _ Y21 h22 =lL' Zt2 = lYI Z22 = IYT a21 = -- a22 =-- 21 ..,..--
Y21 · Y21 Yu · Yu -----------------

lhl hl2 . . 1 -h12 -lhl -hn Ztt= - Zt2 = h22 . Yn=h Y12 =~ · at_I = h21 a12 = h 2:i 
b-parameters h22 . 11 ' .11 

lhl = hnh22 -h12h21 . -h21 1 
., 

h21 Y22 = Jhl -h22 ---,:.1 
Z2t = h22 z22 = h22 Y21= hn hu a21 = . h2~ a22 = ll2t 
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hybrid or h-parameters often quoted by manufacturers 
of transistors. The matrix is defined from the following 
equations:— 

fi --h,, z, : h12D2 .. .. .. .. (8). 

^*2 ^ h21 ix + h22 ^2 • • • • • • •. (9) 
which in matrix form is:— 

GMtb (:■><) 

In circuit analysis the h-matrices are most useful in 
the configuration of Fig. 5. 
The overall h-matrix is given by [H] = [H,] + [H2]. 

Consider now the transistor manufacturer's dilemma 
when wishing to publish design data on his products. 
The matrices described so far each have their advantages 
when applied to suitable circuit configurationsi but from 
the manufacturer's point he wishes to describe his 
transistors with parameters that can easily be measured 
accurately and unfortunately the z- and y-parameters 
do not permit of easy determination because of the way 
in which they are defined. An examination of the h- 
parameters shows that they can all be determined easily 

 —II   ,—1,— 
0 " R I R 0 

zc: 

0 

1 < 
■ < 

f 1 
>1 
i 

and accurately. This is why the h-parameters are now 
widely used in manufacturers' data sheets, in textbooks 
and articles. D. N. Tilsley in the May 1964 issue of the 
Wireless World (p229) has described the parameters in 
detail and it is thus unnecessary to go over the same 
grotmd again. It is essential however to point out that 
it will be necessary to be able to convert the h-parameters 
into the corresponding z-, y- and A-parameters depend- 
ing upon the particular circuit arrangement it is wished 
to examine. Since no one can rapidly convert one set 
into another from first principles every time a conversion 
is required it is usual to refer to a table. There is nothing 
complicated about the use of the tables. Like the log. 
tables with the trig, ratios etc., and the tables of Laplace 
transforms, the tables of matrix conversions should be 
readily available to all electronic engineers especially 
in examinations. Such a table is given in Table 1. Only 
one symbol used has not been defined so far, and that 
is the one used for the determinant of a matrix. Taking 
the A-matrix as an example we have 

[A] = (ai1 a'2 ) and det. A (written ]A|) = an a22-a12 a2l, \<*21 **22/ 

Applications 
When using matrices in circuit analysis we must first 
determine the most useful matrix form to use. As an 
example let us take the case of the parallel twin- T net- 
work shown in Figure 6. 

To obtain the overall matrix of this configuration we 

TABLE 1 

CONVERSION FROM 

A-Matrix parameters 

an 
a21 

2 - |A1 212 - ^  a21 yn _ ^22 
a12 

1 
a21 

7 
a22 22 ~ a21 721 

- 1 
312 

311 a22 ^ a12 a21 

h-parameters 
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first note that two T-networks are connected in parallel 
at their input and output terminals. The y-parameters 
are therefore used since simple addition of th;:: y-elements 
for each T -network gives us the overall y-matrix. If 
only the A-m:ltrix parameters are known we would 
proceed as follows:-

R 

~ 
o~I-o 

Fig. 7 

The A-matrix of the T -network can be found from 
the individual matrices of the · components as shown in 
the last article. The result (see 'Fig. 7) is given by 

[A] _ _ (1_1 + 2jwCR 2R + 2jwCR~ \ _ (' 7.. f3). 
1 - . ) -- · S:lY 2jwC 1 + 2ju>CR · y 7.. . 

(It should be noted in passing that IAI ,_,,: 1, a prop~rty of 
th;:: A-matrices of passive linear symmetrical networks). 
Using th -~ conversion table 

Similarly the A-matrix of the network of Fig. 8 is 
given by 

A2 = c -~ZG where Z = - -2Z + Z2G) 1 
1 + ZG jwC 

and G = 2/R 

,B~) 
(J. 

Thus 

( 
x'/W -1/{3' ) 

[Y2l =_ l /f3' r:t.'/f3' 

The overall y-matrix for the parallel T -network is 
therefore 

From Eqn. (3) + ( 4) the .transfer function is - y 21 /y 22 
i.e. (f3 + f3') /( af3' + 7.' {3) . For infinite attenuation 
f3 + f3' = 0. 

R 
2 

fig. 8 
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This occurs when w = w f) say. 

. . 2R + 2jw0 C R
2 + jw~C - w/~2R = 0 

1 
•• wf) = cR. 

Infinite attenuation therefore results at a frequency 
( , = l /(2rrCR). 

Before loo:dng at the application of matrix algebra to 
transistor circuit analysis let us consider the symbol 
conventions used since we need to be quite clear about 
the interpretation of any symbol. As the h-parameters 
appear in the conversion table they apply to transistors 
used in the grounded-base mode of operation. When 
considering the grounded-emitter mode the same ex­
pressions are used ex·:::ept that all the h's are primed thus, 
h' w h'12 etc. By considering the defining equations 
(8) and (9) we see that h 21 =--.: r:t. (when v 2 = 0 i.e. the 
output is short circuited to a. c.); h 21 is therefore the current 
gain in the grounded base mode of operation. h' 21 = a' = {3 
i.e. the current gain of a grounded-emitter transistor. 
We also have the conventional symbols described by 
D. N. Tilsley where h'u =: hie; h'12 =-~~ hre; h'21 = h.re and 
h'22 = hoe· 

The matter of conventions is not yet settled and many 
writers still go by preference. This writer prefers the 
numeral subscripts since the position in the matrix 
requires no effort on the part of the memory; additionally, 
the letter subscripts refer to English words such as 
" forward " and " reverse " and these are not likely to 
be adopted by non:-English-spcakii1g countries. 

With many important practical circuits -we often 
need to know one or more of the following: input 
impedance, voltage gain, current gain, power gain and 
output impedance . All of this information is available 
in compact form wlr:n using matrices. Take _as an 

. easy example a straightforward transistor amplifier, 
Fig. 9(a) and its matrix equivalent, Fig. 9(b ). , 

Regarding this as two four-terminal networks in 
cascade we find it convenient to use A-matrices. The 
overall A-matrix will give the information we need; 
but let us say that only the h-parameters are available 
from the manufacturer's data. We first convert the 
h-pa'ram:::ters to A-parameters, using the table; then 
multiply th~ matrix by that representing the load. The 
overall matrix [A] is given by ·· 

- h' ) 
- I tl) (1 0 h 21 

-1 G( 1.· ~here GL 
h 1

2L -

The required information can then be easily extracted. 

first note that two T-networks are connected in parallel 
at their input and output terminals. The y-parameters 
are therefore used since simple addition of the y-elements 
for each T-network gives us the overall y-matrix. If 
only the A-matrix parameters are known we would 
proceed as follows:— 

This occurs when w = say, 

2R + 2) m C R2 r • 2
r - 

2 = 0 

The A-matrix of the T-network can be found from 
the individual matrices of the components as shown in 
the last article. The result (see Fig. 7) is given by 

1 ! 2jcuCR 2R - 2jaJCR2.1 , a B\ 
[Al]~UuC ' 1 2jo)CR ;^ir.)S3y- 

(It should be noted in passing that |A[ ^ 1, a property of 
the A-matriccs of passive linear symmetrical networks). 
Using the conversion table 

a 1 
P ~ B 

i X 
R B, 

Similarly the A-matrix of the network of Fig. 8 is 
given by 

,1+ZG 2Z + Z2G\ u 1 
A' ( G 1 + ZG ) where ' - jwC 

The overall y-matrix for the parallel T-network is 
therefore 

f + l-" -(J + p') 

A' l) CK) 
From Eqn. (3) 
i.e. (fJ b pyi* 
J3 + j3' = 0. 

(4) the transfer function is — y^i/y^.z 
+ v-'B). For infinite attenuation 

Infinite attenuation therefore results at a frequency 
f„ - 1/(2 ttCR). 

Before looking at the application of matrix algebra to 
transistor circuit analysis let us consider the symbol 
conventions used since we need to be quite clear about 
the interpretation of any symbol. As the h-parameters 
appear in the conversion table they apply to transistors 
used in the grounded-base mode of operation. When 
considering the grounded-emitter mode the same ex- 
pressions are used except that all the h's are primed thus, 
h'm h',2 etc. By considering the defining equations 
(8) and (9) we see that h21 - x (when = 0 i.e. the 
output is short circuited to a.c.); h2l is therefore the current 
gain in the grounded base mode of operation, h — a' = ,8 
i.e. the current gain of a grounded-emitter transistor. 
We also have the conventional symbols described by 
D. N. Tilsley where h'^ ^ hie; h'12 =- h(.e; h'21 = hu and 
h 22 h. 

The matter of conventions is not yet settled and many 
writers still go by preference. This writer prefers the 
numeral subscripts since the position in the matrix 
requires no effort on the part of the memory^ additionally, 
the letter subscripts refer to English words such as 
" forward " and " reverse " and these are not likely to 
be adopted by non-English-speaking countries. 

With many important practical circuits we often 
need to know one or more of the following: input 
impedance, voltage gain, current gain, power gain and 
output impedance. All of this information is available 
in compact form wh n using matrices. Take as an 
easy example a straightforward transistor amplifier. 
Fig. 9(a) and its matrix equivalent, Fig. 9(b). 

Regarding this as two four-terminal networks in 
cascade we find it convenient to use A-matrices. The 
overall A-matrix will give the information we need; 
but let us say that only the h-parameters are available 
from the manufacturer's data. We first convert the 
h-paramcters to A-parameters, using the table; then 
multiply the matrix by that representing the load. The 
overall matrix [A] is given by 

where G, = „ 

The required information can then be easily extracted. 

-Jh'| - h'u\ 
h 2i h u \ 

—h'22 
h 2i hki / 

/)-PARAM£TERS t'zT fy.<5'6k 
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Fig. 10 

For example the voltage gain will be given by the 
reciprocal of the a11 · element of [A] 

. -h·21 
t.e. jh'l +-Gh'

11 

Suppose therefore that h'11 = 1k n, h'12 = 3 X 10-4 h'21 
= 50andh'22 = 50~-tu thenjh'l = 50 x 10-3 -150 x I0-4 

= 35 x 10-'3 ; The voltage gain is therefore -50/ 
(35 x 10- 3 + G L x 103). For a 5.6k load resistor the 
voltage gain is therefore 235. The input resistance is 
found from equations (1) and (2) to be a11/a21 of [A] 
(i2 being zero for the cascaded pair). This turns out to be 

h'11 + jh'j RL 
Rin = 1 + h,

22 
RL = 930 (approx.) 

If feedback is introduced by omitting the by-pass capaci­
tor across the emitter resistor ( = 1k n say) we have 
Fig. 10 as a four-terminal equivalent. 

The procedure here would be to notice that since the 
transistor and emitter resistor networks are in series at 
their inputs and outputs we require the z-parameters of 
each network. Addition gives the overall z-matrix 
which can then be converted to the A-matrix and multi­
plied by the A-matrix for the load resistor. It will be 
found that the inteqnediate working becomes rather 
cumbersome if symbols are retained so, if the con­
figuration includes a transistor and emitter resistor with 
known parameters it is better to work out the numerical 
values of the matrix elements as one goes along. Once 
the overall A.:matrix is obtained the voltage and current 
gains, and input and output impedances are readily 
determined. Provided the writer has done his homework 
satisfactorily readers should find that the gain is now 
F:::i 5.5 and the input resistance about 39k n. / 

Although matrix algebra is not the answer to every 
problem of circuit analysis, it is a powerful tool that 
ought to be more widely used. Criticism that precise 
formulations are a waste of time with transistor circuits 
(because of the wide spread of transistor parameters) 
is not likely to be permanently valid. As manufacturing 
techniques improve better control of parameters will 
be effected. In any case some attempt should be made 
at analysing the circuits we use; and it is hoped that these 
articles have gone some way in encouraging readers 
to adopt matrix methods where appropriate .. 

THIS MONTH'S CONFERENCES & EXHIBITIONS 
LONDON 
Apr. 11-14 Chelsea Coli. of Science 

Educational Requirements for the Professional Inspection 
& Quality Engineer 

(Instn. of Engineering Inspection, 616 Grand Buildings, Trafalgar 
Sq., W.C.2.) · 

Apr . .21.:.30 . . Olympia & Earls Court 
International Engineering Exhibition · 
(F. W. Bridges & Sons, 1-19 New Oxford St., W.C.l.) 

Apr. 22-25 Hotel Russell 
International Audio Festival & Fair 
(C. Rex-Hassan, 42 Manchester St., W.l.) 

Apr. 30 & May 1 Royal Hotel 
Technical Publications & Aids to Technical Publications 
(Technical Publications Assoc., 17 Bluebridge Ave., Brookmans 
Park, Herts.) 

BIRMINGHAM 
Apr. 5-7 The University 

Conference on Elementary Particles 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.l) 

BRISTOL 
Apr. 7-9 The University 

Stress Analysis Conference 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.l) 

MANCHESTER 
Apr. 5-8 Col. of Science & Tech. 

Physics Exhibition 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.l.) 

NOTTINGHAM 
Apr. 6-9 The University 

Automatic Control Convention 
(Inst. Mechanical Engineers, 1 Birdcage Walk, S.W.1) 

OVERSEAS 
Apr. 5-10 Paris 

Symposium on Memory Techniques 
(Societe · Francaise d'Electroniciens et des Radioelectriciens, 
10 avenue Pierre-Larousse~ Malakoff (Seine)) . 
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Apr. 8-13 Paris 
Electronic Components Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 8-13 Paris 
Audio Equipment Exhibition 
(F.N.I.E., 16 rue de Presles, Paris lSe) 

Apr. 12-17 Los Angeles 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N.Y.) 

Apr. 13-15 Houston 
Telemetering Conference 
(R. W. Towle, Advanced Technology Labs., 369 Whisman Rd., 
Mountain View, Cal.) 

Apr. 14-15 Cincinnati 
Electronics and Instrumentation Conference 
(J. R. Ebbeler, Avco Corp., 2630 Glendale-Milford Rd., Cin­
cinnati) 

Apr. 20-22 New York 
Symposium on System Theory 
(Polytechnic Institute of Brooklyn, 333 Jay St., Brooklyn 1, N .Y.) 

Apr. 20-22 Atlantic City 
Frequency Control Symposium ' 
(M. F. Timm, U.S. Army Electronics Labs., Fort Monmouth) 

Apr. 21-23 Pittsburgh 
Optimization Techniques 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

Apr. 21-23 , Washington 
Nonlinear Magnetics 
(Dr. E. W. Pugh, IBM Building, 703-2, Poughkeepsie, N.Y.) 

Apr. 24-May 2 Hariover 
Hanover Fair 
(Schenkers Ltd., 13 Finsbury Sq., London, E.C.2) 

"Simple Transistor Power Supply ":-In Fig. 4, page 139 
of the March issue, the resistances assume a meter resistance 
of 14500 (0.5 rnA, f.s .d.). In the second paragraph, left­
hand column, page 140 the reference is to Fig. (a) (not (b)) 
and in the performance table the ripple should be in 
millivolts. 

WIRELESS WORLD, APRIL 1965 

hi k2 

For example the voltage gain will be given by the 
reciprocal of the an element of [A] 

hai  
, e- lh'| + Gh'n 

Suppose therefore that h'u = IkO, h'12 = 3x lO"4 h'21 
= 50andh'22 = thenjh'l = 50 x Kb3 —150 X 10"4 

= 35 x lO-3. The voltage gain is therefore —50/ 
(35 x 10 3 + G, x 103). For a 5.6k load resistor the 
voltage gain is therefore 235. The input resistance is 
found from equations (1) and (2) to be a11/a2| of [A] 
(f2 being zero for the cascaded pair). This turns out to be 

+ ih'l R, 930 (approx.) 

If feedback is introduced by omitting the by-pass capaci- 
tor across the emitter resistor (= Ikn say) we have 
Fig. 10 as a four-terminal equivalent. 

The procedure here would be to notice that since the 
transistor and emitter resistor networks are in series at 
their inputs and outputs we require the z-parameters of 
each network. Addition gives the overall z-matrix 
which can then be converted to the A-matrix and multi- 
plied by the A-matrix for the load resistor. It will be 
found that the intermediate working becomes rather 
cumbersome if symbols are retained so, if the con- 
figuration includes a transistor and emitter resistor with 
known parameters it is better to work out the numerical 
values of the matrix elements as one goes along. Once 
the overall A-matrix is obtained the voltage and current 
gains, and input and output impedances are readily 
determined. Provided the writer has done his homework 
satisfactorily readers should find that the gain is now 

and the input resistance about 39k Q. 
Although matrix algebra is not the answer to every 

problem of circuit analysis, it is a powerful tool that 
ought to be more widely used. Criticism that precise 
formulations are a waste of time with transistor circuits 
(because of the wide spread of transistor parameters) 
is not likely to be permanently valid. As manufacturing 
techniques improve better control of parameters will 
be effected. In any case some attempt should be made 
at analysing the circuits we use; and it is hoped that these 
articles have gone some way in encouraging readers 
to adopt matrix methods where appropriate. 

THIS MONTH'S CONFERENCES & EXHIBITIONS 

LONDON 
Apr. 11-14 Chelsea Coll. of Science 

Educational Requirements for the Professional Inspection 
& Quality Engineer 

(Instn. of Engineering Inspection, 616 Grand Buildings, Trafalgar 
Sq., W.C.2.) 

Apr. 21-30 Olympia & Earls Court 
International Engineering Exhibition 
(F. W. Bridges & Sons, 1-19 New Oxford St., W.C.I.) 

Apr. 22-25 _ Hotel Russell 
International Audio Festival & Fair 
(C. Rex-Hassan, 42 Manchester St., W.l.) 

Apr. 30 & May 1 Royal Hotel 
Technical Publications & Aids to Technical Publications 
(Technical Publications Assoc., 17 Bluebridge Ave., Brookmans 
Park, Herts.) 

BIRMINGHAM 
Apr. 5-7 The University 

Conference on Elementary Particles 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

BRISTOL 
Apr. 7-9 The University 

Stress Analysis Conference 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

MANCHESTER 
Apr. 5-8 _ Col. of Sc 

Physics Exhibition 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I.) 

Col. of Science & Tech. 

NOTTINGHAM 
Apr. 6-9 The University 

Automatic Control Convention 
(Inst. Mechanical Engineers, 1 Birdcage Walk, S.W.I) 

OVERSEAS 
Apr. 5-10 _ Pans 

Symposium on Memory Techniques 
(Societe Francaise d'Electroniciens et des Radioclectriciens, 
10 avenue Pierre-Larousse, Maiakoff (Seine)) 

Apr. 8-13 Paris 
Electronic Components Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 8-13 Paris 
Audio Equipment Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 12-17 Los Angeles 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N.Y.) 

Apr. 13-15 Houston 
Telemetering Conference 
(R. W. Towle, Advanced Technology Labs., 369 Whisman Rd., 
Mountain View, Cal.) 

Apr. 14-15 Cincinnati 
Electronics and Instrumentation Conference 
(J, R. Ebbeler, Avco Corp., 2630 Glendale-Milford Rd., Cin- 
cinnati) 

Apr. 20-22 New York 
Symposium on System Theory 
(Polytechnic Institute of Brooklyn, 333 Jay St., Brooklyn 1, N.Y.) 

Apr. 20-22 Atlantic City 
Frequency Control Symposium 
(M. F. Timm, U.S. Army Electronics Labs., Fort Monmouth) 

Apr, 21-23 Pittsburgh 
Optimization Techniques 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

Apr. 21-23 Washington 
Nonlinear Magnetics 
(Dr. E. W. Pugh, IBM Building, 703-2, Poughkeepsie, N.Y.) 

Apr. 24-May 2 Hanover 
Hanover Fair 
(Schenkers Ltd., 13 Finsbury Sq., London, E.C.2) 

"Simple Transistor Power Supply":—In Fig. 4, page 139 
of the .March issue, the resistances assume a meter resistance 
of 14500 (0.5 mA, f.s.d.). In the second paragraph, left- 
hand column, page 140 the reference is to Fig. (a) (not (b)) 
and in the performance table the ripple should be in 
mt'Hivolts. 
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MANUFACTURERS' PRODUCTS 

Plug-in Component Module 
A NEW component board unit con­
sisting of a twenty-two way plug-ln 
base (identical to that used for the Key­
switch P33 relay) and a circuit com­
ponent board enclosed in a transparent 
dust-proof cover has been introduced by 
Keyswitch Relays Ltd., of 120-132 
Cricklewood Lane, London, N.W.2. 
The component mounting area is 
3·125 X 2·218 X 1·093 in and as a demon­
stration of what can be achieved, Key­
switch have successfully built into a 
standard unit a ring counter stage com­
plete with power pack. This included 
11 trigger tubes, 11 diodes, 65 resistors 
and 35 capacitors. 

Longitudinal copper strips 0·0015 in 
thick and spaced at 0·2 in intervals are 
bonded to the board which is pierced 
with a regular matrix of holes. The 
maximum working voltage between ad­
jacent copper strips is 500 volts d.c. 
The price of the Type 304 plug-in com­
ponent board unit is 30s. 
4WW 301 for further details 

Cold-cathode Indicator Diode 
AMBIENT illumination does not inter­
fere with the operation of the new 
ZA1004 cold-cathode indicator tube from 
Mullard Ltd. This tube is primarily 
intended as a display device for 
medium/low voltage .transistor circuits 
and a prominent feature is that the con­
trol voltage is less than 10 volts and in 
certain circuits may be kept as low as 
3.5 V. The tube has -a breakdown volt­
age of 93.5 V maximum, an extinction 
voltage of 83.5 V minimum, and a pre­
ferred cathode current of 1 rnA. Mini­
mum illumination at a distance of 2 mm 
from the bulb surface is 45 lux. The 
makers claim a life expectancy of 2,500 
hours when the tube is operated at a 
constant cathode current of 1 rnA and 
a bulb temperature of 35 o C. 
4WW 302 for further details 

Temperature Gauge 
A COMPACT portable temperature 
gauge suitable for measuring tempera­
tures to an accuracy of 1 % . from 
- 20°C to + l20°C has been introduced 
by Startronic Ltd., of 117a-119a Malden 

WIRELESS WORLD, APRIL 1965 

.NEW ELECTRONIC EQUIPMENT AND ACCESSORIES 

Road, New Malden, Surrey. Thi.! 
instrument has two scales covering 
-20 to +55 and +50 to + 120oC and 
can be located so:ne distance away 
from the probe without s·eriously 
affecting the accuracy. In fact, a lead 
resistance of 2!2 only introduces ±"C 
error at 100°C. 

·A selection of matched thermistor -; 
are available for the measurement of 
surface temperatures and a selection of 
probes can be supplied for the measure­
ment of gas or liquid temperatures. 
Other accessories include a ten-way 
selector box and a selection of leads . 
The instrument weighs 4 lb and 
measures (case size) 2! X 5t X 7~ in. The 
price is £31. 
4WW 303 for further details 

Capacitance Bridge 
A THREE-TERMINAL 100 kc/s 
capacitance bridge able to measure 

0.0002 to 110.000 pF with a basic 
accuracy of 0.1 ''{; has been dev~loped 
by the Boonton Electronics Corpora­
tion, of New Jersey. This instrument, 
known as the Model 74D, may also be 
used for the measurement of conduc­
tance, from 0.0001 to 1,000 micromhos, 
and shut resistance, from l,OOOI2 to 
1,000 MD. 

Features of the Model 74D include a 
continuously variable test signal from 
1 mV to 4 V, an internal bias adjustable 
from -7 V to + 144 V, provision for 
external bias up to ± 400 V, negligible 
warm-up drift, and less than 0.001 pF 
capacitance drift in 24 hours. 

The Model 74D may also be used as 
a comparison bridge or for " go "-" no­
go" testing, as a d. c. output P' OJOr­
tional to the bridge unbalance is 
provided. 

This instrument is obtainable in the 
United Kingdom through Livingston 
Laboratories Ltd., of 31 Camden Road, 

Two Type ZAI004 cold-cai.hode indicator diodes 
from Mullard. 

Plug-in component board unit 
from Keyswitch Relays Ltd. 

Wide-r.ange three terminal capacitance bridge 
manufactured by the Boonton Electronics Corp. 

Battery-operated Model /42 tem­
perature gauge from Startronic Ltd. 
It covers the range - 20 ~ to 
-j- I20 '' C. 
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MANUFACTURERS' PRODUCTS 

NEW ELECTRONIC EQUIPMENT AND ACCESSORIES 

Plug-in Component Module 
A NEW component board unit con- 
sisting of a twenty-two way plug-in 
base (identical to that used for the Key- 
switch P33 relay) and a circuit com- 
ponent board enclosed in a transparent 
dust-proof cover has been introduced by 
Keyswitch Relays Ltd., of 120-132 
Cricklewood Lane, London, N.W.2. 
The component mounting area is 
3-125 X 2-218 X 1 093 in and as a demon- 
stration of what can be achieved, Key- 
switch have successfully built into a 
standard unit a ring counter stage com- 
plete with power pack. This included 
11 trigger tubes, 11 diodes, 65 resistors 
and 35 capacitors. 

Longitudinal copper strips 0-0015 in 
thick and spaced at 0-2 in intervals are 
bonded to the board which is pierced 
with a regular matrix of holes. The 
maximum working voltage between ad- 
jacent copper strips is 500 volts d.c. 
The price of the Type 304 plug-in com- 
ponent board unit is 30s. 
4WW 301 for further details 

Cold-cathode Indicator Diode 
AMBIENT illumination does not inter- 
fere with the operation of the new 
ZA1004 cold-cathode indicator tube from 
Mullard Ltd. This tube is primarily 
intended as a display device for 
medium/low voltage transistor circuits 
and a prominent feature is that the con- 
trol voltage is less than 10 volts and in 
certain circuits may be kept as low as 
3.5 V. The tube has-a breakdown volt- 
age of 93.5 V maximum, an extinction 
voltage of 83.5 V minimum, and a pre- 
ferred cathode current of 1 mA. Mini- 
mum illumination at a distance of 2 mm 
from the bulb surface is 45 lux. The 
makers claim a life expectancy of 2,500 
hours when the tube is operated at a 
constant cathode current of 1mA and 
a bulb temperature of 35" C. ■ 
4WW 302 for further details 

Temperature Gauge 
A COMPACT portable temperature 
gauge suitable for measuring tempera- 
tures to an accuracy of 1% from 
—20°C to +120°C has been introduced 
by Startronic Ltd., of 117a-119a Maiden 

Road, New Maiden, Surrey. The 
instrument has two scales covering 
— 20 to +55 and +50 to +120oC and 
can be located some distance away 
from the probe without seriously 
affecting the accuracy. In fact, a lead 
resistance of 2!i only introduces t'C 
error at 100oC. 

A selection of matched thermistors 
are available for the measurement of 
surface temperatures and a selection of 
probes can be supplied for the measure- 
ment of gas or liquid temperatures. 
Other accessories include a ten-way 
selector box and a selection of leads. 
The instrument weighs 4 lb and 
measures (case size) 2Jx5iX7| in. The 
price is £31. 
4WW 303 for further details 

Capacitance Bridge 
A THREE-TERMINAL lOOkc/s 
capacitance bridge able to measure 

0.0002 to 110.000 pF with a basic 
accuracy of 0.1% has been developed 
by the Boonton Electronics Corpora- 
tion, of New Jersey. This instrument, 
known as the Model 74D, may also be 
used tor the measurement of conduc- 
tance, from 0,0001 to 1,000 micromhos, 
and shut resistance, from 1,00012 to 
1,000 MO. 

Features of the Model 74D include a 
continuously variable test signal from 
1 mV to 4 V, an internal bias adjustable 
from —7 V to +144 V, provision for 
external bias up to +400V, negligible 
warm-up drift, and less than 0,001 pF 
capacitance drift in 24 hours. 

The Model 74D may also be used as 
a comparison bridge or for " go no- 
go" testing, as a d.c. output propor- 
tional to the bridge unbalance is 
provided. 

This instrument is obtainable in the 
United Kingdom through Livingston 
Laboratories Ltd., of 31 Camden Road, 

a*- -.X 

Two Type ZAI004 cold-caihode indicator diodes 
from Mullard. 

Plug-in component board unit 
from Keyswitch Relays Ltd. 

cj; • 
w . « 

v - •. -, 

Wide-range three terminal capacitance bridge 
manufactured by the Boonfon Electronics Corp. 

(55- — V „ 

Battery-operated Model 142 tem- 
perature gauge from Startronic Ltd. 
It covers the range —20' to 
+ /20,C. 

Wireless World, April 1965 173 

www.americanradiohistory.com

www.americanradiohistory.com


London, N.W.1. The price, exch.zding. 
duty, is £568. 
4WW 304 for further detailf 

K.L.B. Electric Ltd., of. 335 'Wh:itehorse 
Road, Croydon, Surrey. · A seven by 
four-inch speaker with a three-watt 
power-handling capacity: · is fitted as 

Pro~essional Tape Reco_ rder standard although speaker size can be 1
' varied to customer requirements. 

A PORT ABLE tape rec<>rder that The unit ·requires a wall area of 
weig~s less than 11lb inclusive of bat- 9>< 6 in and can easily 1Je accommodated 
teries is announced by EMLElectranics· after the removal of two bricks. Alterna-
Ltd., of Hayes, Middx. Featutes of the tive fixings are provided for mounting 
new machine include provision for a in a . standard builder's "knock-out 
fourth magnetic head for film ~nd tele- box." The price of the unit complete 
vision synchronization, two tape speeds with 100 volt line ti:ilnsformer is 
-3-t and 7-!in/sec-with a J"un.:.up time . £2 l7s 6d. 
of less .than' one . second, a ~e.mote stop- . 

- · ·4WW 306 for farther details · _:start control which can be embodied 
in one of the microphones arid micro­
phone mixing facilities. 

This machine, which sh,ould he of 
interest to those in the broadcast, audio 
and industrial fields, is designated Type 
L4. Two microphone amplifiers are in­
corporated, each with separate volume 
controls, and require les~ than 50 
microvolts for peak recording level. 
An EMI motor is used in the machine 
and speed stability (measured on either 
speed at a constant 14 volts) is better 
than 0.2 % of the mean speed from 
start to finish .of a 4t in spool (maxi­
mum size). Wow and flutter is quoted 
to be better than 0.2 % at botl;l speeds 
when played back on the same machine. 
At the higher speed the overall response . 
is within 2dB from SOc/S to 12,000c/s · 
and at 3·! in/sec within 2dB from SOc/s 
to 5,000cjs. 

Separate record and replay amplifiers 
are housed within the main chassis with 
a monitor amplifier (provided with a 
3 in speaker for checking the information 
on the tape on r'eplay only) and oscil­
lator unit which operates, with variable 
bias, at approximately 60 kc/s. The 14 
volt battery for this machine is recharge­
able. 
4WW 305 for further details 

Watt Speaker Unit 
AN inexpensive sound reinforcement 
loudspeaker unit, Type BG, that can 
be fitted into a wall is announced ·by 

Digital Circuit Modules 
INTENDED for applications up · to 
10 kc/s are the new Series lOA (open) 
and _lOB (POtted) digital modules from 

·,the eleCtronic serviCe's division of Stand-
. ard Telephones and Cables Ltd. The 
Series so far includes two~ to five-input 
gates; low-, medium- and high-power 
inverters; low-, . medium- and high­
power · buffers; and sever:al multi-stable 
a:nd peripheral equipment ' circuits. 
Module design is characterized by very · 
sharp pulse . edges ensuring positive res­
ponse and . immunity from noise. These 
units are designed to have . a life span 
of at least twenty years and will operate 
withiQ the temperature range -10 o to 
+70° C. The - division's address is 
Edinburgh Way, Harlow, Essex. 
4WW 307 for further details 

Nanovolt · Source 
PRIMARILY designed to function as a 
secondary standard for calibrating low­
voltage ranges on instruments, the 
Model -260 nanovolt source manufac­
tured by Keithley Instruments Inc., of 
Clev·eland, Ohi:o, ·is simple to operat-e 
and may be set with a three-digit reso..; 
lution for any value from one nanovolt 
to one volt. . Separate take-off points 
are provide:d for nanovolts, microvolts 
and millivolts. A source resistance of 
1 n is quoted . for .the two lower ranges 
and 100 f2 for millivqlt outputs. Long- , . 

r·············································· .. ·····························································-······--·-··············~ i INFORMATION . SERVICE FOR PROFESSIONAL READERS i 
I To expedite requests for further infc:>rmation ~n products appearing in i 
: the editorial and adverti'sement pages of Wireless World each . month, a · 5 

sheet of reader service cards is included in this issue. The cards will be i 
found between advertisement pages 48 and 51.. " J 

We invite readers to make .use of these cards foralf inquiries dealing 5 
with · specific products~ Many editorial items and aU advertisements are · ! 
coded with .a number, prefixed by 4WW, and it is then necessary only to ! 
enter the number(s) on the card. E 

Read~rs.will appreciate the advantage of being able to fold out the sheet E · 
of car~s enabling them to make entries while studying the editorial and ! 
advertiSement pages. . ! 

Postage is free in the U.K. but cards must be stamped if posted overseas. i 
This service will enable professional readers to obtain the additiona1 E 

$ information they require quickly and easHy. : .· · i 
;· ···············-·······-···············-········· .. ·················~······~-~~.: ....... ~ ........ ~, .. ~~···············~ ............. ~ 
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. ·term ·accuracy is · specified to be within 
0.25% to 0.75 %, according to the l'ange 
in use. 

The Model 260, which can also be 
used to provide a:n -.accurate voltage 
source for zero suppression, potentio­
metric measui-.ements and the like, is 

. available in the · United Kingdom 
·through ·· Livingston - Laboratories Ltd., 
of 31 Camden Road, London, N.W.l. 
4WW 308 for further details 

D.C. Multimeter 
THIRTEEN voltage, thirteen current 
and . sixteen . resistance :ranges are pro­
vided on the Millivac : Type MV-77B 
d.c. multimeter. This instrument fea­
tures a floating input,- an output suit­
able for connection. to a recorder, and 
a . six-inch mirror,-scale · ineter with taut­
band suspension . . 

As a voltmeter it covers lmV to 
1,000 V full scale in l3 ranges, each of 
which has individual calibration con­
trols. The accuracy · is quoted to be 
within 3% on · the · 1 mV range, 2% on 

.. the 2·5111V to 10 mV ranges and within 
1% on all ranges from 25 mV . up to 
1,000 V. Input impedance is 10 MO on. 
the ranges up to 100 mV, 25 MO on 
the 250 mV range arid 100 MO on all 
higher ranges. 

The accuracy ofthe instrument in the 
current mode is within 2% on all 
ranges, except on the lowest, where it 
is 3%. Shunt resistances range from 
1 kO on the lowest range to 0·010 on 
the highest, thus keeping the voltage 
drop to below 10 m V full scale over the 
entire range from 1 p.A to 1 A. 

. The first l3 resistance ranges, from 
.· 1 0 to 1 MD full scale, utilize the volt­
age scales which are linear and provide 
an accuracy of ± 2%. The terminal 
voltage on these ranges never exceeds 
10 m V, thus making the instrument 
suitable for testing microminiature elec­
tronics, such as thin films. The three 
other resistance ranges, which have 
their own logarithmic scales, extend the 
measurement range up to 100 MO with 
a 5% accuracy and up to 5,000 MO at 
±10%. ' 

Overall dimensions of the instrument 
are 13 X 8-! X 11 in and it weighs . 25 lb. 
A rack-mounted version, designated 
Type RM-77B, is also available in the 
United Kingdom through the instru;. 
ments division of Claude Lyons Ltd., 
of 76 Old Hall ·Street, Liverpool; 3 
(Southern offices Hoddesdon, Herts.). 
The price, excluding Government 
charges, is £ 148 2s 6d. 
4WW 309 for further · details 

Spark Eroder 
· B-ROKEN taps and drills of minute 
-.dimensions-down to 12 B.A.-can be 
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London, N.W.I. The price, excluding 
duty, is £568. 
4WW 304 for further details 

Professional Tape Recorder 
A PORTABLE tape recorder that 
weighs less than 111b inclusive of bat- 
teries is announced by EMI. Electronics 
Ltd., of Hayes, Middx. Features of the 
new machine include provision for a 
fourth magnetic head for film and tele- 
vision synchronization, two tape speeds 
—3| and 71 in/sec—with a run-up time 
of less than one second, a remote stop- 
start control which can be embodied 
in one of the microphones and micro- 
phone mixing facilities. 

This machine, which should be of 
interest to those in the broadcast, audio 
and industrial fields, is designated Type 
L4. Two microphone amplifiers are in- 
corporated, each with separate volume 
controls, and require less than 50 
microvolts for peak recording level. 
An EMI motor is used in the machine 
and speed stability (measured on either 
speed at a constant 14 volts) is better 
than 0.2 % of the mean speed from 
start to finish of a 4} in spool (maxi- 
mum size). Wow and flutter is quoted 
to be better than 0.2 % at both speeds 
when played back on the same machine. 
At the higher speed the overall response 
is within 2 dB from 50c/s to 12,000c/s 
and at 31 in/sec within 2dB from 50c/s 
to 5,000 c/s. 

Separate record and replay amplifiers 
are housed within the main chassis with 
a monitor amplifier (provided with a 
3 in speaker for checking the information 
on the tape on replay only) and oscil- 
lator unit which operates, with variable 
bias, at approximately 60kc/s. The 14 
volt battery for this machine is recharge- 
able. 
4WW 305 for further details 

Wall Speaker Unit 
AN inexpensive sound reinforcement 
loudspeaker unit. Type BG, that can 
be fitted into a wall is announced by 

K.L.B. Electric Ltd., of 335 Whitehorse 
Road, Croydon, Surrey. A seven by 
four-inch speaker with a three-watt 
power-handling capacity is fitted as 
standard although speaker size can be 
varied to customer requirements. 

The unit requires a wall area of 
9x6in and can easily be accommodated 
after the removal of two bricks. Alterna- 
tive fixings are provided for mounting 
in a standard builder's " knock-out 
box." The price of the unit complete 
with 100 volt line transformer is 
£2 17s 6d. 
4WW 306 tor further details 

Digital Circuit Modules 
INTENDED for applications up to 
lOkc/s are the new Series 10A (open) 
and 10B (potted) digital modules from 
the electronic services division of Stand- 
ard Telephones and Cables Ltd. The 
Series so far includes two- to five-input 
gates; low-, medium- and high-power 
inverters; low-, medium- and high- 
power buffers; and several multi-stable 
and peripheral equipment circuits. 
Module design is characterized by very 
sharp pulse edges ensuring positive res- 
ponse and immunity from noise. These 
units are designed to have a life span 
of at least twenty years and will operate 
within the temperature range —10° to 
+ 70° C. The division's address is 
Edinburgh Way, Harlow, Essex. 
4WW 307 for further details 

Nanovolt Source 
PRIMARILY designed to function as a 
secondary standard for calibrating low- 
voltage ranges on instruments, the 
Model 260 nanovolt source manufac- 
tured by Keithley Instruments Inc., of 
Cleveland, Ohio, is simple to operate 
and may be set with a three-digit reso- 
lution for any value from one nanovolt 
to one volt. Separate take-off points 
are provided for nanovolts, microvolts 
and millivolts. A source resistance of 
1 U is quoted for the two lower ranges 
and 100 11 for millivolt outputs. Long- 

INFORMATION SERVICE FOR PROFESSIONAL READERS 
To expedite requests for further information on products appearing in 
the editorial and advertisement pages of Wireless World each month, a 
sheet of reader service cards is included in this issue. The cards will be 
found between advertisement pages 48 and 51. 

We invite readers to make use of these cards for all inquiries dealing 
with specific products. Many editorial items and all advertisements are 
coded with a number, prefixed by 4WW, and it is then necessary only to 
enter the number(s) on the card. 

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

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

term accuracy is specified to be within 
0.25 % to 0.75 %, according to the range 
in use. 

The Model 260, which can also be 
used to provide an accurate voltage 
source for zero suppression, potentio- 
metric measurements and the like, is 
available in the United Kingdom 
through Livingston Laboratories Ltd., 
of 31 Camden Road, London, N.W.I. 
4WW 308 for further details 

D.C. Multimeter 
THIRTEEN voltage, thirteen current 
and sixteen resistance ranges are pro- 
vided on the Millivac Type MV-77B 
d.c. multimeter. This instrument fea- 
tures a floating input, an output suit- 
able for connection to a recorder, and 
a six-inch mirror-scale meter with taut- 
band suspension. 

As a voltmeter it covers 1 mV to 
1,000 V full scale in 13 ranges, each of 
which has individual calibration con- 
trols. The accuracy is quoted to be 
within 3% on the 1 mV range, 2% on 
the 2-5 mV to 10 mV ranges and within 
1 % on all ranges from 25 mV up to 
1,000 V. Input impedance is 10 Mil on 
the ranges up to 100 mV, 25 MQ on 
the 250 mV range and 100 Mil on all 
higher ranges. 

The accuracy of the instrument in the 
current mode is within 2% on all 
ranges, except on the lowest, where it 
is 3%. Shunt resistances range from 
1 kfl on the lowest range to 0-0112 on 
the highest, thus keeping the voltage 
drop to below 10 mV full scale over the 
entire range from 1 «A to 1 A. 

The first 13 resistance ranges, from 
112 to 1 MQ full scale, utilize the volt- 
age scales which are linear and provide 
an accuracy of +2%. The terminal 
voltage on these ranges never exceeds 
10 mV, thus making the instrument 
suitable for testing microminiature elec- 
tronics, such as thin films. The three 
other resistance ranges, which have 
their own logarithmic scales, extend the 
measurement range up to 100 Mil with 
a 5% accuracy and up to 5,000Mf2 at 
±10%. 

Overall dimensions of the instrument 
are 13 X 8) X11 in and it weighs 251b. 
A rack-mounted version, designated 
Type RM-77B, is also available in the 
United Kingdom through the instru- 
ments division of Claude Lyons Ltd., 
of 76 Old Hall Street, Liverpool, 3 
(Southern offices Hoddesdon, Herts.). 
The price, excluding Government 
charges, is £148 2s 6d. 
4WW 303 for further details 

Spark Eroder 
BROKEN taps and drills of minute 
dimensions—down to 12B.A.—can be 
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removed with · the " Arc-out" spark 
eroder developed by Winton Electronic 
Ltd., of Welwyn Garden City. The 
cores of taps and drills from any metal 
down to 12 B.A. size can be removed, 
claim the manufacturers, without 
damage to . the thread or hole. The 
" Arc-out " can also be used for machin­
~ng hardened metals, and any shape of 
hole is possible. 

Apart from a normal a.c. mains 
supply (consumption 2 A to 240 V a.c.), 
it requires only a small flow of water. 
Two models of the · " Arc-out " are 
available, the Model 1A which has a 
hei!!ht clearance of 10 in and the lB 
which has a 16 in clearance. Both 
models are supplied complete with 
electrode clamp nut, two electrode 
adaptors, a tubular electrode, five dif­
ferent sized insulated wire electrodes, 
and a water hose. The Model 1A is 
priced at £65 15s Od and the 1B at 
£69 17s 6d. 

These units are available through 
·Roberts Elec-tronics Ltd., of 17 Hermi­
tage Road, Hitchin, Herts. 
4 WW 31 0 for · further detai Is 

Sub-miniature E.lectrolytics 
SOLID ·electrolytic tantalum capacitors 
comparable in size to lighter flints-a 
typical example is 4 mm long by 1·8 mm 
diameter-are being produced by the 
dielectric and magnetic division of 
Plessey-UK Ltd., at Towcester, North­
ants. Designat·ed Type M, the capaci- · 
tance range of the new series is from 
0.047,uF to IO,u.F at d.c. working volt­
ages from 1·5 to SO V. Other charac­
teristics include a temperature range of 
-ssoc to +85 oC, a power factor of 
25 '}~ of maximum at 120 c/ s, l~akage 
current not greater than two microamps 
at 20 °C and a surge voltage rating of 
16'7{, above the rated working voltage. 

These polarized units are designed ~o 
operate with a d.c. bias and to avoid 
reverse polarity, the peak value of any 
a.c. component must not exceed the 
applied d.c. bias. Also, the suiT). of the 
d.c. bias voltage and the peak value of 
any a.c. component must not exceed 
the rated working voltage of the 
capacitor. 

Tinned nickel contact leads of 0·010 in 
diameter are welded to the anode and 
soldered to the cathode. Each unit i:> 
metallic coated and encapsulated in 
epoxy resin. 
4WW 311 for further details 

Logic Circuit Elements 
THREE new series of logical switching 
elements presented in rectangular en­
capsulations are announced by Ferranti 
Ltd. The 400 Series, an alternative 
to the current 300 _Series, employ sili-
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Millivac d.c. multimeter obtainable 
through Claude Lyons Ltd. 

I Ill II II 
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· Wall . loudspeaker _ unit from K.L.B. Electric 
Ltd. It can be fitted in place of two bricks. 

Type lOB potted circuit module for control 
and data . systems from S. T. C. This unit 
measures 2t :< I x I in, excluding connec· 
tions . . 

Model 260 iJailOloiL ~ource made bf Keithley 
Instruments Inc. 

EM/ Electmnics Type L4 portab/ .~ tape 
recorJer. full and half track versions are 
available. 

Pless~y Type M "Castanet" tantalum 
capacitor shown against a 
cigarette lighter. 

Watton " Arc~out " spark erod~r for 
removing small broken taps and drills. It 
is suitable for use down ~·J 12 B.A. · 
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removed with the " Arc-out" spark 
eroder developed by Watton Electronic 
Ltd., of Welwyn Garden City. The 
cores of taps and drills from any metal 
down to 12B.A. size can be removed, 
claim the manufacturers, without 
damage to the thread or hole. The 
" Arc-out" can also be used for machin- 
ing hardened metals, and any shape of 
hole is possible. 

Apart from a normal a.c. mains 
supply (consumption 2 A to 240 V a.c.), 
it requires only a small flow of water. 
Two models of the "Arc-out" are 
available, the Model 1A which has a 
height clearance of 10 in and the IB 
which has a 16 in clearance. Both 
models are supplied complete with 
electrode clamp nut, two electrode 
adaptors, a tubular electrode, five dif- 
ferent sized insulated wire electrodes, 
and a wafer hose. The Model 1A is 
priced at £65 15s Od and the IB at 
£69 17s 6d. 

These units are available through 
Roberts Electronics Ltd., of 17 Hermi- 
tage Road, Hitchin, Herts. 
4WW 310 for further details 

Sub-miniature Electrolytics 
SOLID electrolytic tantalum capacitors 
comparable in size to lighter flints—a 
typical example is 4 mm long by 1-8 mm 
diameter—are being produced by the 
dielectric and magnetic division of 
Plessey-UK Ltd., at Towcester, North- 
ants. Designated Type M, the capaci- 
tance range of the new series is from 
0.047,hF to 10,«F at d.c. working volt- 
ages from 1 -5 to 50 V. Other charac- 
teristics include a temperature range of 
— 550C to -t-85°C, a power factor of 
25% of maximum at 120 c/s, leakage 
current not greater than two microamps 
at 20 °C and a surge voltage rating of 
16% above the rated working voltage. 

These polarized units are designed -o 
operate with a d.c. bias and to avoid 
reverse polarity, the peak value of any 
a.c. component must not exceed the 
applied d.c. bias. Also, the sum of the 
d.c. bias voltage and the peak value of 
any a.c. component must not exceed 
the rated working voltage of the 
capacitor. 

Tinned nickel contact leads of 0-010 in 
diameter are welded to the anode and 
soldered to the cathode. Each unit is 
metallic coated and encapsulated in 
epoxy resin. • i; 

4WW 311 for further details 

Logic Circuit Elements 
THREE new series of logical switching 
elements presented in rectangular en- 
capsulations are announced by Ferranti 
Ltd. The 400 Series, an alternative 
to the current 300 Series, employ sili- 

• 

Millivac d.c. multimeter obtainable 
through Claude Lyons Ltd. 

jam 

-1 «; i 
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EMI Electronics Type L4 portable tape 
recorder, full and half track versions are 
available. 

Wall loudspeaker unit from K.L.B. Electric 
Ltd. It can be fitted in place of two bricks. 

tr , - 

Plessey Type M "Castanet" tantalum 
capacitor shown against a 
cigarette lighter. 

Wotton " Arc-out " spark eroder for 
removing small broken taps and drills. It 
is suitable for use down to 12 B.A. 

Type 10B potted circuit module for control 
and data systems from S.T.C. This unit 
measures 2^ < ly. I in, excluding connec- 
tions.. 

f ■ W 

• « • 

Model 260 nanovolt source made by Keithley 
Instruments Inc. 
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Two new plug-in units for Solartron oscil/ascopes. A hi?h-gain diff~ren tial amplifier is ~hown on the left and a wide-band amplifier on the nght 

. Telonic microwave marker generator. It features 
push-button controls. 

Ferranti 700 Series of logic circuit elements. They weigh 
1ess than 10 gm. 

Sliding fXllse generator from Berkeley Nucleonics. 

con active elements and have switching 
speeds in excess of 3 Me/ s; tempera­
ture range is from -40 o to + 100 o C. 
Switching speeds in excess of 5 Mc/s 
are quoted for the 500 Series, which 
contain silicon transistors and gold­
bonded germanium diodes. 

The other new modules, the 700 
Series, have been developed primarily 
for industrial applications and have 
switching speeds in excess of 1 Mc/s. 
Operating temperature range for this 
series and the 500 Series is from -20 o 

to +90°C. 
All circuits operate on standard 

supply rails of + 12 V and -6 V, with 
a nominal tolerance on all rails of 
±0.5 V. Logic levels for the new 
modules are similar to those specified 
for the current Ferranti range, and all 
electrical outlets are in the form of fly­
ing leads·; the maximum number is 14. 
These modules measure 1.48 X 0.45 X 
0.55in, and in many cases can be pro­
vided mounted on printed circuit 
boards to fulfil standard functions such 
as decade counters, shift registers, 
adders, decoders, . etc. 
4WW 31.2 for further details 

Sliding Pulse Generator 
CAPABLE of producing a train of 
linearly increasing pulses suitable for 
testing differential linearity in ampli­
fiers, pulse height analysers and 
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analogue-to:-digital converters is the . 
Model PB-2 generator from Berkeky 
Nucleonics Co., of California. Transis­
tors are used throughout the PB-2 which 
can also be used as a conventional pre­
cision pulse generator. 

Pulse height linearity and stability are · 
stated to be better than 0·1 %. Repeti­
tion rate is adjustable from l c/ s to 
1 Mc/s and the output amplitude is 
calibrated from 1 mV up to 10.1 V. 
Coarse adjustment is by a step attenua­
tor and fine adjustment by a 10-turn 
potentiometer. The rise time is adjust­
able from 0.05 to 2 p.sec and pulse width 
from 0.3 to 100 ,usee . . 

The Model PB-2 is available in the 
United Kingdom through High V alt 
Linear Ltd., of 1 Cardiff Road, Luton, 
Beds. 
4WW 313 for further details 

Microwave Marker Generator 
DESIGNED to provide marker inter­
vals on swept frequency displays is the 
Model TMS-1 microwave marker 
generator from Telonic Engineering 
Incorporated. This instrument will 
operate on any frequency within the 
range 5 Mc/s to 10 Gc/s and provide 
5, 10, 50 or 100 Mc/s markers accurate 
to ± 0.001%. Other markers between 
2 and 200 Mc/s may be generated by 
feeding the instrument with a signal of 

the appropriate frequency. The TMS-1 
is marketed in the United Kingdom by 
Livingston Laboratories Ltd., of 31 
Camden Road, London, N.W.l. The 
price, excluding Government charges, 
is £646. 
4WW 314 for further details 

Plug-in Scope Units 
TWO new plug-in units for the Solar­
'tron Type CD1212 (CT484) and 
CD1220 osdloscopes are announced. 
One of these, a hi:gh-gain differential 
amplifier designated CX1258 features a 
high d.c. sensitivity (100 ,u.V /em), high 
in-'phase rej:ection (80 dB) and very low 
drift. The maximum bandwidth of this 
amplifier is 200 kc/s making it suitable 
for a wide range of general purpose 
applications. The sensitivity of .the amp­
lifier is adjustable from 100 ,uV /em to 
2 V /em in 14 calibrated ranges and 
maximum sensitivity is quoted to be 
100 ,uV from d.c. to 50 kc/s, 200 ,uV 
from d.c. to 100 kc Is and 500 ,u V 
from d.c. to 200 kc/s. Maximum in­
phase voltage is .· ± 25 V peak from 
100 ,uV /em to 20 mV /em and ± 250 V 
peak from 20m VI em to 2 VI em. Cali­
bration accuracy is 3%. 

The other unit, the CX1259, is a wide­
band amplifier and has a similar per­
formance to the CX1256, but includes 
an additional x10 d.c. coupled transistor 
amplifier providing a maximum sensi-
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Two new plug-in units for Solartron oscilloscopes. A high-gain differen 
tial amplifier is shown on the left and a wide-band amplifier on the right 

Telonic microwave marker generator. It features 
push-button controls. 

Ferranti 700 Series of logic circuit elements. They weigh 
less than 10 gm. 

Sliding pulse generator from Berkeley Nucleonics. 

m m 

con active elements and have switching 
speeds in excess of 3Mc/s; tempera- 
ture range is from —40° to +100°C. 
Switching speeds in excess of 5Mc/s 
are quoted for the 500 Series, which 
contain silicon transistors and gold- 
bonded germanium diodes. 

The other new modules, the 700 
Series, have been developed primarily 
for industrial applications and have 
switching speeds in excess of 1 Mc/s. 
Operating temperature range for this 
series and the 500 Series is from —20° 
to + 90°C. 

All circuits operate on standard 
supply rails of +12V and —6 V, with 
a nominal tolerance on all rails of 
±0.5 V. Logic levels for the new 
modules are similar to those specified 
for the current Ferranti range, and all 
electrical oudets are in the form of fly- 
ing leads; the maximum number is 14. 
These modules measure 1.48 X 0.45 X 
0.55in, and in many cases can be pro- 
vided mounted on printed circuit 
boards to fulfil standard functions such 
as decade counters, shift registers, 
adders, decoders, etc. 
4WW 312 for further details 

Sliding Pulse Generator 
CAPABLE of producing a train of 
linearly increasing pulses suitable for 
testing differential linearity in ampli- 
fiers, pulse height analysers and 

analogue-to-digital converters is the 
Model PB-2 generator from Berkeley 
Nucleonics Co., of California. Transis- 
tors are used throughout the PB-2 which 
can also be used as a conventional pre- 
cision pulse generator. 

Pulse height linearity and stability are 
stated to be better than 0-1%. Repeti- 
tion rate is adjustable from I c/s to 
1 Mc/s and the output amplitude is 
calibrated from 1 mV up to 10.1 V. 
Coarse adjustment is by a step attenua- 
tor and fine adjustment by a 10-turn 
potentiometer. The rise time is adjust- 
able from 0.05 to 2 «sec and pulse width 
from 0.3 to 100 Msec. 

The Model PB-2 is available in the 
United Kingdom through High Volt 
Linear Ltd., of 1 Cardiff Road, Luton, 
Beds. 
4WW 313 for further details 

Microwave Marker Generator 
DESIGNED to provide marker inter- 
vals on swept frequency displays is the 
Model TMS-1 microwave marker 
generator from Telonic Engineering 
Incorporated. This instrument will 
operate on any frequency within the 
range 5 Mc/s to 10 Gc/s and provide 
5, 10, 50 or 100 Mc/s markers accurate 
to ±0.001%. Other markers between 
2 and 200 Mc/s may be generated by 
feeding the instrument with a signal of 

the appropriate frequency. The TMS-1 
is marketed in the United Kingdom by 
Livingston Laboratories Ltd., of 31 
Camden Road, London, N.W.I. The 
price, excluding Government charges, 
is £646. 
4WW 314 for further details 

Plug-in Scope Units 
TWO new plug-in units for the Solar- 
tron Type CD1212 (CT484) and 
CD1220 oscilloscopes are announced. 
One of these, a high-gain differential 
amplifier designated CX1258 features a 
high d.c. sensitivity (100 uV/cm), high 
in-phase rejection (80 dB) and very low 
drift. The maximum bandwidth of this 
amplifier is 200 kc/s making it suitable 
for a wide range of general purpose 
applications. The sensitivity of the amp- 
lifier is adjustable from 100 uV/cm to 
2V/cm in 14 calibrated ranges and 
maximum sensitivity is quoted to be 
100 y.V from d.c. to 50 kc/s, 200 uV 
from d.c. to 100 kc/s and 500 uV 
from d.c. to 200 kc/s. Maximum in- 
phase voltage is ± 25 V peak from 
lOO/W/cm to 20mV/cm and ±250V 
peak from 20mV/cm to 2V/cm. Cali- 
bration accuracy is 3%. 

The other unit, the CX1259, is a wide- 
band amplifier and has a similar per- 
formance to the CXI 256, but includes 
an additional xlO d.c. coupled transistor 
amplifier providing a maximum sensi- 

Wireless World, April 1965 

www.americanradiohistory.com

www.americanradiohistory.com


tlVlty of S mV /em at a bandwidth of 
d.c. to 24 Mc/s. With the additional 
amplifier out of circuit, the sensitivity 
of the CX12S9 is SO mV /em from d.c. 
to 40 Mc/s. Both of these units are 
available from the Solartron Electronic 
Group Ltd., whose address is Pam­
borough, Hampshire. 
4WW jt5 for further details 

Slip Clutches & Couplings 
A RANGE of precision slip clutches 
and couplings for use in servomech­
anisms and small mechanical devices 
are now available from Bowmar Instru­
ment Ltd., of Sutherland Road, Lon­
don, E.17. Two sizes of slip clutches 
are being offered which can be pre-set 
to slip at torques between 2 oz/in and 
20 oz/in. Various combinations of 
shaft sizes can be accommodated from 
0.120 to 0.250 in and these are clamped 
by means of two set screws in the hub. 
These should be found particularly use-

ful for the protection of multi-turn pre­
cision potentiometers in servo systems. 

The precision couplings are also in 
two sizes, one for transmitting up to 
8 oz/ in torque without backlash, the 
other for 16 oz/in. Shaft sizes are also 
from 0.120 to 0.2SO in and are held in 
position by either a set screw in the 
hub or a split collet type of hub. 
4WW 316 for further details 

Frequency Selective Amplifier 
A PORTABLE frequency selective 
amplifier covering 10 c / s to 100 kc Is 
ha·s recently been introduced by H . 
Tinsley & Co., of W erndee Hall, South 
Norw~od, London, S.E.2S. Four ranges 
are us·ed to cover the. spectrum, and 
frequency is selected by decade switches. 
A " Q" factor of better than 30 is 
quoted. 

Three stages of amplification are in­
corporated in the Model S710 providing 
voltage gains of t~e order of 10';. The 

A precision coupling (shown on the feft) and slip cfutch from Bowmar 
Instrument Ltd. 

Frequency selective ampfi(ier covering /Oc js to fOOkcfs 
made by H. linsley & Co. 

Philips transis­
tor ann I y s e r 
MMefPM6505A. 
It can .measure 
leakage currents 
down to 10 nA 
f.s.d. 
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Machine for .. f?roducing llltra­
pwe . hydro(!en (Jabn.~on. 
Matthey & Co.) It weighs !e:.s 
than 15/b. 

input impedance ot the instrument, 
which can handle signals from 1,~~.V to 
10 V, varies according to the amount 
of internal attenuation. This may be 
adjusted from 10 to · 120 dB and will 
cause the input impedance to vary from 
10 kn for a 10 ,uV signal to 1 Mn for 
larger signals requiring more than SO dB 
attenuation. 

The dimensions of the Model S710 
are 12 X 4 X 8! in and it weighs Slb. An 
alternative model, designated S711, 
calibrated in angular frequency is also 
available. Both instruments use tran-
sisters throughout. 
~WW 317 for further details 

Ultra-pure Hydrogen Machine 
A SIMPLE-TO-OPERATE machine 
for producing ultra-pure hydrogen by 
the silver-palladium diffusion method is 
announced by Johnson, Matthey & Co. 
Ltd., of 73-83 Hatton Garden, London, 
E.C.l. This unit, known as the A.l 
diffusion unit, should be of particular 
interest to those in research and de­
velopment lab01;atories as it will give an 
ultra-pure output of up to l.S cu ft/hr . 
Connection to a hydrogen source is made 
by a steel coupling pipe and the output 
points are rust-protected to allow plastic 
tubing to be used. 

The unit will operate from any 220-
2SO volt a.c. supply, via a power regu­
lator-such as the Variac Duratrack­
and requires only 600 watts when oper­
ating at the maximum temperature 
(400° C). The average working tem­
perature of the instrument is 3SO o C, 
providing an output level of 1 cu ft/hr. 
This diffusion unit is housed in an alu­
minium case and is mounted on a 
laboratory retort stand. 
4 W W 318 for further details 

Transistor Analyser 
THE latest transistor analyser from 
Philips, the Model PM6SOSA, which is 
an improved version of the PM6SOS, has 
a 10 nanoamps f.s.d. range for leakage 
currents. 

A continuously adjustable collector 
voltage source, a base current supply, a 
tuned 1 kc/s oscillator for dynamic 
measurements, and art adjustable half­
wave voltage source for the display of 
breakdown voltage characteristics are 
provided. All of these supply circuits 
are protected against accidental short­
circuiting, and all with the exception of 
the half-wave source are fully stabilized. 
The measurements that may be made 
are: collector-emitter short-circuit test; 
collector-emitter, emitter-base and col­
lector-base leakage currents; collector 
current as a function of base current and 
also as a function of base-emitter volt-
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tivity of 5mV/cm at a bandwidth of 
d.c. to 24Mc/s. With the additional 
amplifier out of circuit, the sensitivity 
of the CX1259 is 50mV/cm from d.c. 
to 40Mc/s. Both of these units are 
available from the Solartron Electronic 
Group Ltd., whose address is Farn- 
borough, Hampshire. 
4WW its for further details 

Slip Clutches £ Couplings 
A RANGE of precision slip clutches 
and couplings for use in servomech- 
anisms and small mechanical devices 
are now available from Bowmar Instru- 
ment Ltd., of Sutherland Road, Lon- 
don, E.17. Two sizes of slip clutches 
are being offered which can be pfe-set 
to slip at torques between 2oz/in and 
20 oz/in. Various combinations of 
shaft sizes can be accommodated from 
0.120 to 0.250 in and these are clamped 
by means of two set screws in the hub. 
These should be found particularly use- 

ful for the protection of multi-turn pre- 
cision potentiometers in servo systems. 

The precision couplings are also in 
two sizes, one for transmitting up to 
8 oz/in torque without backlash, the 
other for 16 oz/in. Shaft sizes are also 
from 0.120 to 0.250 in and are held in 
position by either a set screw in the 
hub or a split collet type of hub. 
4WW 316 for further details 

Frequency Selective Amplifier 
A PORTABLE frequency selective 
amplifier covering lOc/s to lOOkc/s 
has recently been introduced by H. 
Tinsley & Co., of Werndee Hall, South 
Norwood, London, S.E.25. Four ranges 
are used to cover the spectrum, and 
frequency is selected by decade switches. 
A "Q" factor of better than 30 is 
quoted. 

Three stages of amplification are in- 
corporated in the Model 5710 providing 
voltage gains of the order of 10". The 

A precision coupling (shown on the left) and slip clutch from Bowmar 
Instrument Ltd. 

■ ■ .tx- • 

Frequency selective 
made by H. Tinsley 

amplifier covering lOc/s to lOOkc/s 
& Co. 

Philips transis- 
tor analyser 
MortelPM6505A. 
It con measure 
leakage currents 
down to 10 nA 
f.s.d. 

* *S:: :"ifk 
0 0 

I Ml msm 
m fet in * Machine for producing ultra- 

pure hydrogen (Johnson. 
Matthey & Co.] It weighs less 
than 15 lb. 

input impedance of the instrument, 
which can handle signals from 1 ,uV to 
10 V, varies according to the amount 
of internal attenuation. This may be 
adjusted from 10 to 120 dB and will 
cause the input impedance to vary from 
lOkfl for a 10,uV signal to 1 Mil for 
larger signals requiring more than 50 dB 
attenuation. 

The dimensions of the Model 5710 
are 12x4x8Jin and it weighs 51b. An 
alternative model, designated 5711, 
calibrated in angular frequency is also 
available. Both instruments use tran- 
sistors throughout. 
4WW 317 tor further details 

Ultra-pure Hydrogen Machine 
A SIMPLE-TO-OPERATE machine 
for producing ultra-pure hydrogen by 
the silver-palladium diffusion method is 
announced by Johnson, Matthey & Co. 
Ltd., of 73-83 Hatton Garden, London, 
E.C.I. This unit, known as the A.l 
diffusion unit, should be of particular 
interest to those in research and de- 
velopment laboratories as it will give an 
ultra-pure output of up to 1.5cuft/hr. 
Connection to a hydrogen source is made 
by a steel coupling pipe and the output 
points are rust-protected to allow plastic 
tubing to be used. 

The unit will operate from any 220- 
250 volt a.c. supply, via a power regu- 
lator—such as the Variac Duratrack— 
and requires only 600 watts when oper- 
ating at the maximum temperature 
(400° C). The average working tem- 
perature of the instrument is 350° C, 
providing an output level of leuft/hr. 
This diffusion unit is housed in an alu- 
minium case and is mounted on a 
laboratory retort stand. 
4WW 318 for further details 

Transistor Analyser 
THE latest transistor analyser from 
Philips, the Model PM6505A, which is 
an improved version of the PM6505, has 
a 10 nanoamps f.s.d. range for leakage 
currents. 

A continuously adjustable collector 
voltage source, a base current supply, a 
tuned 1 kc/s oscillator for dynamic 
measurements, and . an adjustable half- 
wave voltage source for the display of 
breakdown voltage characteristics are 
provided. All of these supply circuits 
are protected against accidental short- 
circuiting, and all with the exception of 
the halt-wave source are fully stabilized. 
The measurements that may be made 
are; collector-emitter short-circuit test; 
Collector-emitter, emitter-base and col- 
lector-base leakage currents; collector 
current as a function of base current and 
also as a function of base-emitter volt- 
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age; knee voltage; short-circuit impe­
dance h1e; and short-circuit current 
gain hte· The collector voltage is ad­
justable from 0 to 60 volts with a maxi­
mum collector current of 3 amps. The 
h parameters are measured at 1 kc/s, 
hie covering the range 0 to 30 kn and 
hte 0 to 1,000. 

The analyser, which is a mains~ 
operated unit and weighs 42 lb, can also 
be used for selecting and matching 
transistors. Its dimensions are 13 X 16 
X llt in, and it is obtainable in the 
U.K. through the M.E.L. Equipment 
Company, 207 Kings Cross Road, Lon­
don, W.Cl.. 
4WW 319 for further details 

Portable 2-12Mcjs Transceiver 
A NEW "Manpack" transmitter­
lfeceiv·er that covers the frequency range 
2-12 Mc/s in 1 kc/s steps is being 
manufactured by the Communications 
division of Redifon Ltd., of Broomhill 
Road, London, S.W.18. Al!hough this 
s.s.b. is being manufactured under 
licence from the Hughes Aircraft Com­
pany, of California, it has full a.m. 
capability-making it .suitable for use 
with existing military and civil equip­
ment-and better sensitivity figures 
than the original Hughes version. 

A frequency synthesizer is used to · 
obtain the 10,000 channels in the fre­
guency range 2-12 Mc/s. This, · of 
course, does away with the need for 
''netting, and enables the equipment 
to be operated by relatively .unskilled 
personnel. A typical fr,equency toler­
ance for the · equipment, designated 
GR 345, is quoted to be ± 25-e/s, and 
never greater than ± SOc/s under any 
combination of extreme conditions. 

The power output ·of the transmitter 
is 15 W p.e.p. on c.w. and s.s.b., and 
3.75 W carrier (minimum) on a.ni. with 
100 % modulation. Receiver sensi­
tivity is quoted to be 1.4 pV (3.0 pV on 
a.m.) for a 10 dB signal plus noise to 
noise ratio. The basic transmitter-re­
ceiver including the power pack-which 
is one of the siK modules-weighs 22 lb. 
Many accessories are available for the 
GR345. 
4WW 32tl for further details 

Solid State Process Timers · 
A NEW range of :solid , state process 
timers for industrial applications is an· 
nounced by Kent Precision Electronics 
Ltd., of Vale Road, Tonbridge, Kent. 
These instruments, which are suitable 
for timing over the range 10 msec to 
15 :sec with an overall accuracy of 
± l %, can also be supplied with pulsed 
outputs; to fire thyristor circuits for ·the 
control of power circuits. They are 
housed in panel-mounting instrument 
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· ln~circuit transistor leakage · tester 
made by Transition Inc. 

Redifon Type GR 345 10,000-channe/ 2-12 
Mcjs portable transmitter-receiver. 

Industrial solid state process timer being 
made by Kent Precision Electronics Ltd. 
Range is from 10 m~ec to 15 sec. 

cases and consist basically of a stable 
resistive-<:;apacitive timing circuit and a 
transistor voltage threshold detector 
which fires the thyristor output circuit. 
For relay operation a low-power thyris­
tor is used to opera·te an internal relay. 

A feature of these ins;trumerits is that 
two units can be housed in the same 
case enabling the instruments to be 
interconnected. This allows one in­
strument to be initiated after the first 
has ·elapsed, etc. Alternatively, a dual 
instrument may be used as two separate ­
timers with concentric controls. 
4WW 321 for further details 

In-circuit Transistor Tester 
AN instrument designed for in-circuit 
me1,1surement of transistor leakage cur­
rent, which · was developed by the liT 
Research . Institute, of Chicago, is now 
being manufactured and marketed by 
Transition Incorporated, ·of '10 W 35th 
Stf.ee.t, Chicago, Illinois. Collector-to- · 
base leakage currents from 1 pA . to 
2.5 rnA with a collettor resistance down 
to 100 0 can be measured with this 
instrument, which is claimed to be 
simple to operate and not to damage 
other circuit components. 

The accuracy for transistor leakage 
between collector and base with emitter 
and collector junctions reverse biased 
is quoted to be within l % for . collec-

Add-on unit from Advance Electronics Ltd 
to extend the frequency range (to 100 Mcfs) 
of electroniC counters. 

tor resistances greater than 500 n · with 
full scale meter readings. For collector 
resistances between 100 n and 500!} 
accuracy is within 5% . 
4WW 322 for further details 

Counter Add-on Unit 
ABLE to extend the range of mos-t elec· 
tronic counters now commerCially avail­
able to 100 Me/ s is the new add-on 
unit Advance Electronics Ltd. have in­
troduced. Designated TCDlOO, the 
new instrument provides division fac­
tors of 100 or 20 and has an input sensi-

. tivity of 50 mV (into 50 0). · Both the 
input and output parameters are flexible 
to accommodate a wide range of input 
sources and the instrument will provide 
output pulses at 3 V peak-to-peak (50 0) 
from 10 kc/s to 1 Mc/s on the .divide 

. by 100 senting and from 50 kc/s to · 
5 Mc/s on the -7- 20 setting. · The 
manufacturer's claim . that the accuracy 
of the basic counter .is not affected by 
the divider. unit. · 

Transistors and . ·tunnel diodes are 
used in the instrument which measures 
6t X 9t X 8;} in and weighs 8;} lb. The 
price of the TCD100 is £195 and it is 
available from the . company'·s head­
quarters in ROebuck Road, aainault, 
Ilford, Essex. 
4WW 323 for. fur.ther details 
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age; knee voltage; short-circuit impe- 
dance hie; and short-circuit current 
gain hte. The collector voltage is ad- 
justable from 0 to 60 volts with a maxi- 
mum collector current of 3 amps. The 
h parameters are measured at 1 kc/s, 
hje covering the range 0 to 30 kfl and 
hte 0 to 1,000. 

The analyser, which is a mains- 
operated unit and weighs 42 lb, can also 
be used for selecting and matching 
transistors. Its dimensions are 13 X 16 
X Hi in, and it is obtainable in the 
U.K. through the M.E.L. Equipment 
Company, 207 Kings Cross Road, Lon- 
don, W.C.I. 
4WW 310 for further details 

Portable 2-l2Mcjs Transceiver 
A NEW " Manpack" transmitter- 
receiver that covers the frequency range 
2-12 Mc/s in 1 kc/s steps is being 
manufactured by the communications 
division of Redifon Ltd., of Broomhill 
Road, London, S.W.18. Although this 
s.s.b. is being manufactured under 
licence from the Hughes Aircraft Com- 
pany, of California, it has full a.m. 
capability—making it suitable for use 
with existing military and civil equip- 
ment—and better sensitivity figures 
than the original Hughes version. 

A frequency synthesizer is used to 
obtain the 10,000 channels in the fre- 
quency range 2-12 Mc/s. This, of 
course, does away with the need for 
"netting" and enables the equipment 
to be operated by relatively unskilled 
personnel. A typical frequency toler- 
ance for the equipment, designated 
GR345, is quoted to be ±25c/s, and 
never greater than ± 50 c/s under any 
combination of extreme conditions. 

The power output of the transmitter 
is 15 W p.e.p. on c.w. and s.s.b., and 
3.75 W carrier (minimum) on a.m. with 
100 % modulation. Receiver sensi- 
tivity is quoted to be 1.4 ftV (3.0 nV on 
a.m.) for a 10 dB signal plus noise to 
noise ratio. The basic transmitter-re- 
ceiver including the power pack—which 
is one of the six modules—weighs 22 lb. 
Many accessories are available for the 
GR 345. 
4WW 320 for further detatla 

Solid State Process Timers 
A NEW range of solid state process 
timers for industrial applications is an- 
nounced by Kent Precision Electronics 
Ltd., of Vale Road, Tonbridge, Kent. 
These instruments, which are suitable 
for timing over the range 10 msec to 
15 sec with an overall accuracy of 
±1 %, can also be supplied with pulsed 
outputs; to fire thyristor circuits for the 
control of power circuits. They are 
housed in panel-mounting instrument 
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Redifon Type GR 345 10,000-channel 2-12 
Mc/s portable transmitter-receiver. 

In-circuit transistor leakage tester 
made by Transition Inc. 

Industrial solid state process timer being Add-on unit from Advance Electronics Ltd 
made by Kent Precision Electronics Ltd. to extend the frequency range (to 100 Mc/s) 
Range is from 10 msec to IS sec. of electronic counters. 

cases and consist basically of a stable 
resistive-capacitive timing circuit and a 
transistor voltage threshold detector 
which fires the thyristor output circuit. 
For relay operation a low-power thyris- 
tor is used to operate an internal relay. 

A feature of these instruments is that 
two units can be housed in the same 
case enabling the instruments to be 
interconnected. This allows one in- 
strument to be initiated after the first 
has elapsed, etc. Alternatively, a dual 
instrument may be used as two separate ■ 
timers with concentric controls. 
4WW 321 for further details 

In-circuit Transistor Tester 
AN instrument designed for in-circuit 
measurement of transistor leakage cur- 
rent, which was developed by the IIT 
Research Institute, of Chicago, is now 
being manufactured and marketed by 
Transition Incorporated, of 10 W 35th 
Street, Chicago, Illinois. Collector-to- 
base leakage currents from 1 jvA to 
2.5 mA with a collector resistance down 
to 100 O can be measured with this 
instrument, which is claimed to be 
simple to operate and not to damage 
other circuit components. 

The accuracy for transistor leakage 
between collector and base with emitter 
and collector junctions reverse biased 
is quoted to be within 1 % for collec- 

tor resistances greater than 500 H with 
full scale meter readings. For collector 
resistances between 100 fi and 500 fl 
accuracy is within 5%. 
4WW 322 for further details 

Counter Add-on Unit 
ABLE to extend the range of most elec- 
tronic counters now commercially avail- 
able to 100 Mc/s is the new add-on 
unit Advance Electronics Ltd, have in- 
troduced. Designated TCD100, the 
new instrument provides division fac- 
tors of 100 or 20 and has ah input sensi- 
tivity of 50 mV (into 5011). Both the 
input and output parameters are flexible 
to accommodate a wide range of input 
sources and the instrument will provide 
output pulses at 3 V peak-to-peak (50 fl) 
from 10 kc/s to 1 Mc/s on the divide 
by 100 setting and from 50 kc/s to 
5 Mc/s on the -t- 20 setting. The 
manufacturers claim that the accuracy 
of the basic counter is not affected by 
the divider unit. 

Transistors and tunnel diodes are 
used in the instrument which measures 
6JX9iX8iin and weighs 8) lb. The 
price of the TCD100 is £195 and it is 
available from the company's head- 
quarters in Roebuck Road, Hainault, 
Uford, Essex. 
4WW 323 for further details 
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WORLD OF WIRELESS 
The l~ ... o1uputer Industry 
A FLOURISHING British computer industry and a rapid 
increase in the usc of computers and computer techniques 
in industry and commerce are considered ess·ential by the 
Governmt.:nt, and plans to s-erve these ends were announced 
by the Minister of Technology, Mr. Frank Cousins, on 
March 1st. 

A Computer Advisory Unit within the Ministry of Tech­
nology to advise on computer r·equirements over the whole 
public sector is to be formed. All proposals for computers 
required by Government Departments for civil purpose and 
those to he purchased with public monies by universities, 
colleges and research councils will be referred to this unit 
for objective technical appraisal before purchases are 
authorized. 

The Government has also initiated a full-scale review of 
the computer requirements of universities, colleges and 
research councils so that a new five-year programme of 
procurement can be planned. The Government proposes 
1tO start this five-yea·r programme at a rat·e of £2M a year. 

Further programmes of resea·rch into computer techniques 
and the development of new equipment within industry, the 
universities and in Government research establishments and 
in the Post Office will be initiated. In addition, the National 
Resea·rch Development Corporation will be greatly expand­
ing its work in this field, and in this connection is to invest 
£5M in a series of joint projects with I nternational Com­
puters and Tabulators Ltd. 

The Minister is also exploring with the industry and with 
users the possibilities of establishihg a National Computer 
P rogramme Centre in which they would be partners with 
the Government. 

Recip rocal Amateur Operation · 
THE Postmaster-General announced on March 16th that in 
future he will, subject to certain conditions being met, grant 
licences to engage in amateur t:ransmissions in Great Britain 
•to nationals of countries which are prepared to grant similar 
facilities to Unit·ed Kingdom licensed ·radio amateurs. 

The U.S. Federal Communications Commission has, with 
effect from March 27th, also adopted rules to carry into 
effect the "reciprocal operating" provisions included in the 
U.S. Communications Act. A permit will be issued to those 
who hold a valid amateur transmitting licence in their own 
country, if there is a bilateral agreement between the U.S. 
and that government for reciprocal operation as now pro­
vided for in the U.K. 

America is therefore the first country with which we have 
t his reciprocal arrangement. It will be necessary to nego­
tiate with other countries to make similar arrangements 
although, of course, not with countries within the Common­
wealth. 

Dutch Nationalized Relay Systenz 
THE success of the Dutch P.T.T's experiments with a 
central aerial system to provide a four-programme piped­
television service together with ten v.h.f. sound programmes 
t o 2,200 homes in a district ' in the Hague has prompted the 
government to make plans to introduce the systel;ll on a 
national scale. The P.T.T. will be responsible and the 
investment cost is estimated at ·· the equivalent ·of about 
£16M. The subscription is expected to be about Ss per 
month. 

In the Hague experiment subscribers have had the chqice 
of television programmes from Belgium, France and Ger­
many as well as the Dutch service. Normal receivers can 
be linked to the ·system. 
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Subscriptil!n TV in the U.S. 
AFTER nearly three years' experimental operation of its 
"over-the-air " subscription television system in Hartford, 
Conn., the Zenith Radio Corporation has asked the Federal 
Communications Commission to authorize ·subscript:ion TV 
on "an extended nation-wide basis." AnalY'sis of :the first 
two years' operation of the pilot scheme, using the Phone­
vision system and serving 4,775 homes, shows that a little 
over 5% of viewing time was devoted to subscription 
television. Charges for programmes ranged from 25 cents 
to $3. 

In the Phonevision syst•em the vision signal is scrambled 
by inverting the picture polarity, shifting picture information 
relation to sync by some 3% of the width of the picture 
on alternate strips of seven lines and by varying the vertical 
position of these displaced ·strips in each field. Sound is 
also scrambled. Each programme is coded and in the sub­
scribe·r's " box " is a ·punched tape with sets of holes for 
some 2,000 different programme numbers. When the appro­
priate number has been selected and the switch set to 
" buy" a programme the tape is marked for subsequent 
payment of the fee . 

An international conference on u.h.f. television covering 
r,eceiver and transmitter design, propagation, receiving and 
transmitting aerials, parametric amplifi·ers, and test equip­
ment, i,s to be held in London on September lst and 2nd­
during the Radio Show. The sponsoring bodies are the 
I.E .E ., I.E.E .E., I.E.R.E. and the Television Society. The 
venue is not yet decided. It is hoped that technical visits 
will take place on the day immediately after the conference. 
Details of thes·e, and of the registration fee, will be available 
later from the Joint Conference Secretariat, 8-9, Bedford 
Square, London, W.C.l. 

Ease and flexibility of operation characterize Marconi's small and 
light transistorized 4!-inch image orthicon television camera, Mark V. 
A single zoom /ens, with means for preselecting under servo control 
aTJy of four fixed zoom positions, eliminates the restrictions imposed 
by a number of separate lenses of fixed focal length. Controls for 
the camera electronics have been transferred to the associated equip­
m¢nt racks, and a tilting viewfinder enables the operator to view 
comfortably at any .camera angle. 
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A FLOURISHING British computer industry and a rapid 
increase in the use of computers and computer techniques 
in industry and commerce are considered essential by the 
Government, and plans to serve these ends were announced 
by the Minister of Technology, Mr. Frank Cousins, on 
March 1st. 

A Computer Advisory Unit within the Ministry of Tech- 
nology to advise on computer requirements over the whole 
public sector is to be formed. Ail proposals for computers 
required by Government Departments for civil purpose and 
those to be purchased with public monies by universities, 
colleges and research councils will be referred to this unit 
for objective technical appraisal before purchases are 
authorized. 

The Government has also initiated a full-scale review of 
the computer requirements of universities, colleges and 
research councils so that a new five-year programme of 
procurement can be planned. The Government proposes 
to start this five-year programme at a rate of £2M a year. 

Further programmes of research into computer techniques 
and the development of new equipment within industry, the 
universities and in Government research establishments and 
in the Post Office will be initiated. In addition, the National 
Research Development Corporation will be greatly expand- 
ing its work in this field, and in this connection is to invest 
£SM in a series of joint projects with International Com- 
puters and Tabulators Ltd. 

The Minister is also exploring with the industry and with 
users the possibilities of establishing a National Computer 
Programme Centre in which they would be partners with 
the Government. 

Reciprocal Amateur Operation 

THE Postmaster-General announced on March 16th that in 
future he will, subject to certain conditions being met, grant 
licences to engage in amateur transmissions in Great Britain 
to nationals of countries which are prepared to grant similar 
facilities to United Kingdom licensed radio amateurs. 

The U.S. Federal Communications Commission has, with 
effect from March 27th, also adopted rules to carry into 
effect the "reciprocal operating" provisions included in the 
U.S. Communications Act. A permit will be issued to those 
who hold a valid amateur transmitting licence in their own 
country, if there is a bilateral agreement between the U.S. 
and that government for reciprocal operation as now pro- 
vided for in the U.K. 

America is therefore the first country with which we have 
this reciprocal arrangement. It will be necessary to nego- 
tiate with other countries to make similar arrangements 
although, of course, not with countries within the Common- 
wealth. 

Dutch Nationalized Relay System 

THE success of the Dutch P.T.T's experiments with a 
central aerial system to provide a four-programme piped- 
television service together with ten v.h.f. sound programmes 
to 2,200 homes in a district in the Hague has prompted the 
government to make plans to introduce the system on a 
national scale. The P.T.T. will be responsible and the 
investment cost is estimated at the equivalent of about 
£16M. The subscription is expected to be about 8s per 
month. 

In the Hague experiment subscribers have had the chqice 
of television programmes from Belgium, France and Ger- 
many as well as the Dutch service. Normal receivers can 
be linked to the system. 

Subscription TV in the U.S. 

AFTER nearly three years' experimental operation of its 
" over-the-air" subscription television system in Hartford, 
Conn., the Zenith Radio Corporation has asked the Federal 
Communications Cofmmission to authorize subscription TV 
on " an extended nation-wide basis." Analysis of the first 
two years' operation of the pilot scheme, using the Phone- 
vision system and serving 4,775 homes, shows that a little 
over 5% of viewing time was devoted to subscription 
television. Charges for programmes ranged from 25 cents 
to $3. 

In the Phonevision system the vision signal is scrambled 
by inverting the picture polarity, shifting picture information 
relation to sync by some 3% of the width of the picture 
on alternate strips of seven lines and by varying the vertical 
position of these displaced strips in each field. Sound is 
also scrambled. Each programme is coded and in the sub- 
scriber's " box" is a punched tape with sets of holes for 
some 2,000 different programme numbers. When the appro- 
priate number has been selected and the switch set to 
" buy" a programme the tape is marked for subsequent 
payment of the fee. 

An international conference on u.h.f. television covering 
receiver and transmitter design, propagation, receiving and 
transmitting aerials, parametric amplifiers, and test equip- 
ment, is to be held in London on September 1st and 2nd— 
during the Radio Show. The sponsoring bodies are the 
I.E.E., I.E.E.E., I.E.R.E. and the Television Society. The 
venue is not yet decided. It is hoped that technical visits 
will take place on the day immediately after the conference. 
Details of these, and of the registration fee, will be available 
later from the Joint Conference Secretariat, 8-9, Bedford 
Square, London, W.C.l. 

Ease and flexibility of operation characterize Marconi's small and 
light transistorized 4^-inch image orthicon television camera, Mark V. 
A single zoom lens, with means for preselecting under servo control 
any of four fixed zoom positions, eliminates the restrictions imposed 
by a number of separate lenses of fixed focal length. Controls for 
the camera electronics have been transferred to the associated equip- 
ment racks, and a tilting viewfmder enables the operator to view 
comfortably at any camera angle. 
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For the next two years the Physic;:s Exhibition will be held 
in London but at a new venue-Alexandra Palace. The 
dates are March 28th-31st, 1966, and April 17th-20th, 1967. 
The organizers, the Institute of Physics & Physical Society, 
say that the following two exhibitions may be held in the 
Provinces. 

Three exhibitions to be held simultaneously at Earls 
Court, London, from June 15th to 19tli will all have items 
of interest to some readers of Wireless World. They are : 
the first Noise and Vibration Reduction Exhibition 
(NAVREX), the second Church and School Equipment Ex­
hibition (CASEX) and the first Pumping Exhibition. The 
organizers are Iliffe Exhibitions Ltd., Dorset House, Stam­
ford Street, London, S.E.l, from whom ti.ckets are obtainable 
free for NAVREX and the pumping show. Admis·s•ion to 
CASEX will cost 2s 6d. 

Next year's conference on solid state physics, organized 
by the Institute of Physics & Physical Society, will be held 
in Manchester instead of Bristol as ih the past. The date 
will be January 4th-7th and the place, the Renold Building, 
Manchester College of Science and Technology. 

" Microwave applications of semiconductors " is the title 
of the joint I.E.R.E.-I.E.E. symposium being arranged for 
June 30th to July 2nd at University College, L ondon. The 
six main sessions will cover microwave properties of semi­
conductor devices, generators, p-i-n diode circuits, tunnel 
diode circuits and mixers, low-noise devices and systems. 
Further information and registration forms are obtainable 
from the I.E.R.E., 8-9 Bedford Square, London, W.C.l. 

A British Joint Computer Conference is to be held at 
the Congress Theatre, Eastbourne, Sussex, from May 3rd to 
5th, 1966, under · the aegis of the United Kingdom Auto­
mation Council. Participating organizations include the 
I .E.E., I.E.R.E. and the British Computer Society. Further 
details and registration forms will be available in due course 
from the conference secretariat, I.E.E., Savoy Place, London, 
W .C.2. 

" The challenge of improving the exports . of the electronics 
industry '' is to be the theme of the second Exports Day to 
be held by the Radio & Electronic Component Manufac­
turer.s' Federation. The conference, which is to be on May 
11th at the Federation's headquarters at 11 Hanover Street, 
London, W.l, will be attended by representatives from the 
200 or more member firms of R.E.C.M.F. 

V.H.F./U.H.F. Convention.-The 'eleventh international 
v.h.f./u.h.f. convention organized by the Radio Society of 
Great Britain, will be held at Kingsley Hotel, Bloomsbury 
Way, London, W.Cl, on April lOth. It opens at 11.0 with a 
trade exhibition and in the afternoon there will be a lecture 
programme. Tickets, costing 4s 6d (convention only) or 30s 
(convention and dinner), are obtainable from F. E. A. Green 
(G3GMY), 48 Borough Way, Potters Bar, Middx. 

Microelectronics.-A symposium on the applications of 
microelectronics is to be held at Southampton Univers·ity 
from September 21st to 23rd. It is under ·the joiillt sponsor­
ship of the Southern Sections of the I.E.E. and I.E'.R.E. in 
association with the Department of Electronics at the 
University, from which registration forms are obtainable. 

The eighth International Instrument Show to be staged by 
B & K Laboratories will this year be held at Grosvenor 
House, Park Lane, London, W.l, from May 17th to 21st. 
The second Environmental Engineering Symposium will also 
be held during the same period. Tickets for both are obtain­
able by bona-fide engineers and designers from B & K 
Laboratories, 4 Tilney Street, London, W.l. 
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This year's Fleming Memorial Lecture of the Television 
Society is being given at the Royal Institution, Albemarle 
Street, London, W.1, at 7.0 on April 29th, by Dr. R. D. A. 
Maurice, assistant head of the B.B.C.'s Research Department. 
His subject is " The specification of an adequate ;television 
signal." Admission is by ticket obtainable from the Society 
at 166 Shaftesbury Avenue, London, W.C.2. 

E.E.A. Officers.-At the annual general meeting of the 
Electronics Engineering Association on March 16th 
R. Telford, of the Marconi Company, was elected chairman 
in succession to W. D. H . Gregson (Ferranti) who held the 

. office for two years. The new vice-chairman is R. J. Clay­
ton (G.E.C. Electronics). 

B.B.C. in West Africa.-In order to extend the coverage of 
the B.B.C.'s transmissions in West Africa arrangements have 
been made for a new medium-wave transmitter in Monrovia 
to relay programmes for 10 hours every day. The Liberian 
Broadcasting Corooration, for which Rediffusion provides 
commercial and technical management, will be responsible 
for the operation and maintenance of the transmitter and for 
the reception, recording and relaying of programmes. The 
agreement is the first of its kind that the B.B.C. has made in 
Africa involving a commercial organization. • 

Baird Scholar.-The T elevision Society invites applications 
for the third award of the John Logie Baird Travelling 
Scholarship. Valued up to £200 it is open to post-gr~duate 
students (in United Kingdom educational establishments) 
who are concerned with television engineering or an allied 
technology. The Scholarship is intended to assist the 
successful applicant in undertaking a period of investigation 
abroad of approximately 6-8 weeks. Application forms, 
which must be returned by April 17th, are obtainable from 
the Society at 166 Shaftesbury Avenue, London, W.C.2. 

Oscar III the translator satellite for amateur use,- was 
launched by the U .S. Army on March 9th at 18.30 G.M.T . 
into an orbit with a period of 103-l minutes. J'he orbit is 
circular, with a height of 502 miles and an inclinat~on of 70°. 
The beacon and translator are reported to be functioning. 
Information regarding Oscar III may be obtained from W . H . 
Allen, 24 Arundel Road, Tunbridge Wells, Kent,' who wrote 
on the project in our January issue. 

A southern section of the Society of Electronic and Radio 
Technicians has been formed in the Portsmouth-Southamp­
ton area bringing the total to nine. The others are in Birm­
ingham, Bristol, Glasgow, Leeds, London, Manchester, 
Newcastle upon Tyne and Nottingham. The Society's mem­
bership had grown to 366 in ten weeks. 

Radio and Television Servicing Film.-A 16 mm colour 
film showing how a radio and television service engineer is 
trained and what his work involves was made for the British 
Radio Equipment Manufacturers' Association and shown for 
the first time at last year's National Radio and T elevision 
Show. The 14-minute sound film is now available on free 
loan from the Central Film Library, Central Office of Infor­
mation, Hercules Road, London, S.E.1, and also from Sound 
Services Ltd., Wilton Crescent, Merton Park, S.W.19. 

The twelfth International Spectroscopy Colloquium is to 
be held under the auspices of the British Spectroscopists Co­
ordinating Committee and the Institute of Physics & Physical 
Society in the University of Exeter, from July 12th-17th. 
Information and registration forms may be obtained from 
Mrs. C. E. Arregger, 1 Lowther Ga·rdens, Lond~n, S.W.7. 

R.E.C.M.F. Directory.-A list of the member firms .of the 
British Radio and Eiectronic Component Manufacturers' 
Federation, together with a list of trade names and . buyer's 
guide, has been produced; It is available free from the 
R.E.C.M.F., 6 Hanover Street, London, W.l. 
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For the next two years the Physics Exhibition will be held 
in London but at a new venue—Alexandra Palace. The 
dates are March 28th-31st, 1966, and April 17th-20th, 1967. 
The organizers, the Institute of Physics & Physical Society, 
say that the following two exhibitions may be held in the 
Provinces. 

Three exhibitions to be held simultaneously at Earls 
Court, London, from June 15th to 19th will all have items 
of interest to some readers of Wireless World. They are: 
the first Noise and Vibration Reduction Exhibition 
(NAVREX), the second Church and School Equipment Ex- 
hibition (CASEX) and the first Pumping Exhibition. The 
organizers are Iliffe Exhibitions Ltd., Dorset House, Stam- 
ford Street, London, S.E.I, from whom tickets are obtainable 
free for NAVREX and the pumping show. Admission to 
CASEX will cost 2s 6d. 

Next year's conference on solid state physics, organized 
by the Institute of Physics & Physical Society, will be held 
in Manchester instead of Bristol as in the past. The date 
will be January 4th-7lh and the place, the Renold Building, 
Manchester College of Science and Technology. 

" Microwave applications of semiconductors" is the title 
of the joint I.E.R.E.-I.E.E. symposium being arranged for 
June 30th to July 2nd at University College, London. The 
six main sessions will cover microwave properties of semi- 
conductor devices, generators, p-i-n diode circuits, tunnel 
diode circuits and mixers, low-noise devices and systems. 
Further information and registration forms are obtainable 
from the I.E.R.E., 8-9 Bedford Square, London, W.C.I. 

A British Joint Computer Conference is to be held at 
the Congress Theatre, Eastbourne, Sussex, from May 3rd to 
5th, 1966, under the aegis of the United Kingdom Auto- 
mation Council. Participating organizations include the 
I.E.E., I.E.R.E. and the British Computer Society. Further 
details and registration forms will be available in due course 
from the conference secretariat, I.E.E., Savoy Place, London, 
W.C.2. 

" The challenge of improving the exports of the electronics 
industry" is to be the theme of the second Exports Day to 
be held by the Radio & Electronic Component Manufac- 
turers' Federation. The conference, which is to be on May 
11th at the Federation's headquarters at 11 Hanover Street, 
London, W.l, will be attended by representatives from the 
200 or more member firms of R.E.C.M.F. 

V.H.F./U.H.F. Convention.—The eleventh international 
v.h.f./u.h.f. convention organized by the Radio Society of 
Great Britain, will be held at Kingsley Hotel, Bloomsbury 
Way, London, W.C1, on April 10th. It opens at 11.0 with a 
trade exhibition and in the afternoon there will be a lecture 
programme. Tickets, costing 4s 6d (convention only) or 30s 
(convention and dinner), are obtainable from F. E. A. Green 
(G3GMY), 48 Borough Way, Potters Bar, Middx. 

Microelectronics.—A symposium on the applications of 
microelectronics is to be held at Southampton University 
from September 21st to 23rd. It is under the joint sponsor- 
ship of the Southern Sections of the I.E.E. and I.F.R.E. in 
association with the Department of Electronics at the 
University, from which registration forms are obtainable. 

The eighth International Instrument Show to be staged by 
B & K Laboratories will this year be held at Grosvenor 
House, Park Lane, London, W.l, from May 17th to 21st. 
The second Environmental Engineering Symposium will also 
be held during the same period. Tickets for both are obtain- 
able by bona-fide engineers and designers from B & K 
Laboratories, 4 Tilney Street, London, W.l. 

This year's Fleming Memorial Lecture of the Television 
Society is being given at the Royal Institution, Albemarle 
Street, London, W.l, at 7.0 on April 29th, by Dr. R. D. A. 
Maurice, assistant head of the B.B.C.'s Research Department. 
His subject is " The specification of an adequate television 
signal." Admission is by ticket obtainable from the Society 
at 166 Shaftesbury Avenue, London, W.C.2. 

E.E.A. Officers.—At the annual general meeting of the 
Electronics Engineering Association on March 16th 
R. Telford, of the Marconi Company, was elected chairman 
in succession to W. D. H. Gregson (Ferranti) who held the 
office for two years. The new vice-chairman is R. J. Clay- 
ton (G.E.C. Electronics). 

B.B.C. in West Africa.—In order to extend the coverage of 
the B.B.C's transmissions in West Africa arrangements have 
been made for a new medium-wave transmitter in Monrovia 
to relay programmes for 10 hours every day. The Liberian 
Broadcasting Corporation, for which Rediffusion provides 
commercial and technical management, will be responsible 
for the operation and maintenance of the transmitter and for 
the reception, recording and relaying of programmes. The 
agreement is the first of its kind that the B.B.C. has made in 
Africa involving a commercial organization. 

Baird Scholar.—The Television Society invites applications 
for the third award of the John Logie Baird Travelling 
Scholarship. Valued up to £200 it is open to post-graduate 
students (in United Kingdom educational establishments) 
who are concerned with television engineering or an allied 
technology. The Scholarship is intended to assist the 
successful applicant in undertaking a period of investigation 
abroad of approximately 6-8 weeks. Application forms, 
which must be returned by April 17th, are obtainable from 
the Society at 166 Shaftesbury Avenue, London, W.C.2. 

Oscar III the translator satellite for amateur use, was 
launched by the U.S. Army on March 9th at 18.30 G.M.T. 
into an orbit with a period of 103-) minutes. The orbit is 
circular, with a height of 502 miles and an inclination of 70°. 
The beacon and translator are reported to be functioning. 
Information regarding Oscar III may be obtained from W. H. 
Allen, 24 Arundel Road, Tunbridge Wells, Kent, who wrote 
on the project in our January issue. 

A southern section of the Society of Electronic and Radio 
Technicians has been formed in the Portsmouth-Southamp- 
ton area bringing the total to nine. The others are in Birm- 
ingham, Bristol, Glasgow, Leeds, London, Manchester, 
Newcastle upon Tyne and Nottingham. The Society's mem- 
bership had grown to 366 in ten weeks. 

Radio and Television Servicing Film.—A 16 mm colour 
film showing how a radio and television service engineer is 
trained and what his work involves was made for the British 
Radio Equipment Manufacturers' Association and shown for 
the first time at last year's National Radio and Television 
Show. The 14-minute sound film is now available on free 
loan from the Central Film Library, Central Office of Infor- 
mation, Hercules Road, London, S.E.I, and also from Sound 
Services Ltd., Wilton Crescent, Merton Park, S.W.19. 

The twelfth International Spectroscopy Colloquium is to 
be held under the auspices of the British Spectroscopists Co- 
ordinating Committee and the Institute of Physics & Physical 
Society in the University of Exeter, from July 12th-17th. 
Information and registration forms may be obtained from 
Mrs. C. E. Arregger, 1 Lowther Gardens, London, S.W.7. 

R.E.C.M.F. Directory.—A list of the member firms of the 
British Radio and Electronic Component Manufacturers' 
Federation, together with a list of trade names and buyer's 
guide, has been produced. It is available free from the 
R.E.C.M.F., 6 Hanover Street, London, W.l. 
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Admiral of the Fleet the Earl Mount­
batten of Burma, K.G., P.C., has been 
elected to honorary membership of the 
Institution of Electrical Engineers " for 
his distinguished servic·es to the United 
Kingdom and Commonwealth in war 
and peace, and for his contributions to 
the progress of electrical and electronic 

E.arl Mountbatten 

science and engineering." Lord Mount­
batten, who is Chief of the Defence 
Staff, joined the Royal Navy in 1913, 
and during his early naval career speci­
alized in wireless and wrote two hand­
books for the Navy on wireless tele­
graphy. He has retained his interest in 
radio and electronics and has been vice­
patron of the Institution of Electronic 
& Radio Engineers (formerly Brit. 
I.R.E.) ·since 1948. He became chair­
man of the newly fornied National 
Electronics Research Council last July. 

C. L. G. Fairfield, M.A.(Cantab.), 
M.I.E.E., Barrister at Law, has been 
appointed assistant managing director 
of Submarine Cables Ltd. (owned 
jointly by A.E.I. and B.I.C.C.). He 
joined the board of the Company in 
1958. Mr. Fairfield was with Mullard 
from 1948 to 1953 first as assistant to 
the directors on technical matters and 
later as manager of the valve division. 
He was also a director of Mullard 
Equipment Ltd. He joined the Tele­
graph Constniction & Maintenance Co. 
-a subsidiary of B.I.C.C.-in 1953 and 
was appointed to the board in 1958. 

Graham Miller, B.Sc., who joined 
Wayne Kerr in 1959 and for the past 
three years has been sales manager of 
the Company'•s American subsidiary in 
Philadelphia, has been appointed gen­
eral sales manager of the parent com­
pany. Mr. Miller graduated in physics 
at Swansea University after studying 
electronics at the Manchester College of 
Technology and was for two years head 
of the Ferranti Standards Laboratory 
before joining Wayne Kerr. 
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PERSO·NALITIES : 
The forty-third award of the Fara­

day Medal of the Institution of Elec­
trical Engineers is to be made to Dr. 
Vladimir K. Zworykin " for his notable 
scientific and industrial achievements, 
including the invention of the icono­
scope, and for his important role in 
medical electronics." Dr. Zworykin, 
who is honorary vice-president of the 
Radio Corporation of America, was born 
in Murom, Russia, in 1889, went to the 
United States in 1919, and was natural­
ized in 1924. He holds the degrees of 
Ph.D. (University of Pittsburgh) and 
D.Sc. (Polytechnic Institute of Brook- · 
lyn). After research work with Westing­
house Electrical and Manufacturing 
Company, Dr. Zworykin was, from 1929 
to 1942, director of electronics research 
at the R.C.A. Manufacturing Company. 
Since 1942 he has devoted himself to 
the activities of R.C.A. Laboratories. 

Group Captain E. Fennessy, C.B.E., 
B.Sc., M.I.E.E., has resigned as man­
aging director of Decca Radar Ltd., and 
also his directorships of other com­
panies in the Decca Group. He has 
joined the Plessey Group which, as 
reported elsewhere, has acquired the 
ground radar and data-handling divi­
sions of Decca. Gp. Capt. Fennessy, 
who is a graduate of London University, 
was a member of the original radar 
research team under Sir Robert Watson 
Watt at Bawdsey and in 1940 was com­
missioned in the R.A.F.V.R. and 
worked on the planning, construction 
and operation of radar systems both in 
this country and abroad. After the war 
he joined the board of the Decca Navi­
gator Company and became managing 
director of Decca Radar when the 
company was formed in 1950. 

Peter H. Parkin, B.Sc., A.M.I.E.E., 
acoustics scientist at the D.S.I.R. Build­
ing Research Station, has received the 
1964 Wolfe Award "for his work on 
acoustic design in buildings and his 
invention of ' assisted resonance ' for 
modifying and improving hearing con- . 
ditions in auditoria." The £500 award 
i3 made under the terms of the Wolfe 
bequest for reseaTch workers in D.S,I.R. 
who make an outstanding contribution 
to the Department's research during the 
previous year. Mr. Parkin was in the 
Admiralty during the war working on 
counter-measures to magnetic, acoustic 
and pressure mines. He has been at the 
Building Research Station, near Wat­
ford, since 1946 where he latterly 
devised the system of " assisted 
resonance," or electronic-controlled 
'feverberal)ion time, which has recently 
been introduced in the Royal Festival 
Hall. He was concerned with the 
original design of the Hall and he 
devised the speech reinforcement system 
installed in St. Paul's Cathedral in 1951. 

Sir Albert Mumford, K.B.E., B.Sc., 
M.I.E.E., engineer-in-chief at the Post 
Office since · 1960, retired on March 
19th. Sir Albert, who is 62, entered 
the Post Office in 1924 after graduating 
at Queen Mary College (London Uni­
versity), of which he is a Fellow. He 

·was for some time in the Radio Labora­
tories of the Dollis Hill Research 

· Station before joining the Radio Branch 
staff at Headquarters, where in the early 
post-war years he led · the U.K. delega­
tions to a number of international radio 
conferences. Sir Albert was president 
of the Institution of Electrical Engineers 
last year. The new engineer-in-chief is 
D. A. Barron, C.B.E., M.Sc., M.I.E.E., 
who graduated at Bristol University and 
joined the Post Office in 1927 at the 
age of 20. He has been in the Tele­
phone Branch of the Engineering De­
partment since 1940 and played a major 
part in the introduction of the Sub­
scriber Trunk Dialling system and in 

D. A. Barron 

the development of electronic telephone 
exchanges. He has been deputy en­
gineer-in-chief since 1960 and is suc­
ceeded by J. H. H. Merriman, O.B.E., 
M.Sc., A.Inst.P., M.I.E.E., who became 
an assistant e.-in-c. in 1963. Mr. 
Merriman graduated at King's College, 
London, and did post-graduate work 
on non-linear oscillations to gain his 
M.Sc. He .joined the Post ·office in 
1936, and worked at Dollis Hill Re­
search Station on measurement of the 
arrival angles of short-wave pulses from 
the U.S.A. At the outbreak of war he 
set up and ran radio laboratories at 
Castleton, near Cardiff, working on 
v.h.f. for multi-channel telephony and 
television. In 1949 he returned to 
London to work on the planning and 
provision of radio links. 

Peter Lowry, A.M.I.E.E., A.M.I.E.R.E., 
until recently assistant technical mana­
ger, television, with Rank Cintel, has 
joined Elliott Brothers as chief engineer 
of the airborne display division. 
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Admiral of the Fleet the Earl Mount- 
batten of Burma, K.G., P.C., has been 
elected to honorary membership of the 
Institution of Electrical Engineers "for 
his distinguished services to the United 
Kingdom and Commonwealth in war 
and peace, and for his contributions to 
the progress of electrical and electronic 
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science and engineering." Lord Mount- 
batten, who is Chief of the Defence 
Staff, joined the Royal Navy in 1913, 
and during his early naval career speci- 
alized in wireless and wrote two hand- 
books for the Navy on wireless tele- 
graphy. He has retained his interest in 
radio and electronics and has been vice- 
patron of the Institution of Electronic 
& Radio Engineers (formerly Brit. 
I.R.E.) since 1948. He became chair- 
man of the newly formed National 
Electronics Research Council last July. 

C. L. G. Fairfield, M.A.(Cantab.), 
M.I.E.E., Barrister at Law, has been 
appointed assistant managing director 
of Submarine Cables Ltd. (owned 
jointly by A.E.I, and B.I.C.C.). He 
joined the board of the Company in 
1958. Mr. Fairfield was with Mullard 
from 1948 to 1953 first as assistant to 
the directors on technical matters and 
later as manager of the valve division. 
He was also a director of Mullard 
Equipment Ltd. He joined the Tele- 
graph Construction & Maintenance Co. 
—a subsidiary of B.I.C.C.—in 1953 and 
was appointed to the board in 1958. 

Graham Miller, B.Sc., who joined 
Wayne Kerr in 1959 and for the past 
three years has been sales manager of 
the Company's American subsidiary in 
Philadelphia, has been appointed gen- 
eral sales manager of the parent com- 
pany. Mr. Miller graduated in physics 
at Swansea University after studying 
electronics at the Manchester College of 
Technology and was for two years head 
of the Ferrand Standards Laboratory 
before joining Wayne Kerr. 

The forty-third award of the Fara- 
day Medal of the Institution of Elec- 
trical Engineers is to be made to Dr. 
Vladimir K. Zworykin "for his notable 
scientific and industrial achievements, 
including the invention of the icono- 
scope, and for his important role in 
medical electronics." Dr. Zworykin, 
who is honorary vice-president of the 
Radio Corporation of America, was born 
in Murom, Russia, in 1889, went to the 
United States in 1919, and was natural- 
ized in 1924. He holds the degrees of 
Ph.D. (University of Pittsburgh) and 
D.Sc. (Polytechnic Institute of Brook- 
lyn). After research work with Westing- 
house Electrical and Manufacturing 
Company, Dr. Zworykin was, from 1929 
to 1942, director of electronics research 
at the R.C.A. Manufacturing Company. 
Since 1942 he has devoted himself to 
the activities of R.C.A. Laboratories. 

Group Captain E. Fennessy, C.B.E., 
B.Sc., M.I.E.E., has resigned as man- 
aging director of Decca Radar Ltd., and 
also his directorships of other com- 
panies in the Decca Group. He has 
joined the Plessey Group which, as 
reported elsewhere, has acquired the 
ground radar and data-handling divi- 
sions of Decca. Gp. Capt. Fennessy, 
who is a graduate of London University, 
was a member of the original radar 
research team under Sir Robert Watson 
Watt at Bawdsey and in 1940 was com- 
missioned in the R.A.F.V.R. and 
worked on the planning, construction 
and operation of radar systems both in 
this country and abroad. After the war 
he joined the board of the Decca Navi- 
gator Company and became managing 
director of Decca Radar when the 
company was formed in 1950. 

Peter H. Parkin, B.Sc., A.M.I.E.E., 
acoustics scientist at the D.S.I.R. Build- 
ing Research Station, has received the 
1964 Wolfe Award "for his work on 
acoustic design in buildings and his 
invention of ' assisted resonance' for 
modifying and improving hearing con- 
ditions in auditoria." The £500 award 
is made under the terms of the Wolfe 
bequest for research workers in D.S.I.R. 
who make an outstanding contribution 
to the Department's research during the 
previous year. Mr. Parkin was in the 
Admiralty during the war working on 
counter-measures to magnetic, acoustic 
and pressure mines. He has been at the 
Building Research Station, near Wat- 
ford, since 1946 where he latterly 
devised the system of " assisted 
resonance," or electronic-controlled 
reverberation time, which has recently 
been introduced in the Royal Festival 
Hall. He was concerned with the 
original design of the Hall and he 
devised the speech reinforcement system 
installed in St. Paul's Cathedral in 1951. 

Sir Albert Mumford, K.B.E., B.Sc., 
M.I.E.E., engineer-in-chief at the Post 
Office since 1960, retired on March 
19th. Sir Albert, who is 62, entered 
the Post Office in 1924 after graduating 
at Queen Mary College (London Uni- 
versity), of which he is a Fellow. He 
was for some time in the Radio Labora- 
tories of the Dollis Hill Research 
Station before joining the Radio Branch 
staff at Headquarters, where in the early 
post-war years he led the U.K. delega- 
tions to a number of international radio 
conferences. Sir Albert was president 
of the Institution of Electrical Engineers 
last year. The new engineer-in-chief is 
D. A. Barren, C.B.E., M.Sc., M.I.E.E., 
who graduated at Bristol University and 
joined the Post Office in 1927 at the 
age of 20. He has been in the Tele- 
phone Branch of the Engineering De- 
partment since 1940 and played a major 
part in the introduction of the Sub- 
scriber Trunk Dialling system and in 

D. 4. Barren 

the development of electronic telephone 
exchanges. He has been deputy en- 
gineer-in-chief since 1960_ and is suc- 
ceeded by J. H. H. Merriman, O.B.E., 
M.Sc., A.Inst.P., M.I.E.E., who became 
an assistant e.-in-c. in 1963. Mr. 
Merriman graduated at King's College, 
London, and did post-graduate work 
on non-linear oscillations to gain his 
M.Sc. He joined the Post Office in 
1936, and worked at Dollis Hill Re- 
search Station on measurement of the 
arrival angles of short-wave pulses from 
the U.S.A. At the outbreak of war he 
set up and ran radio laboratories at 
Castleton, near Cardiff, working on 
v.hi. for multi-channel telephony and 
television. In 1949 he returned to 
London to work on the planning and 
provision of radio links. 

Peter Lowry, A.M.I.E.E., A.M.I.E.R.E., 
until recently assistant technical mana- 
ger, television, with Rank Cintel, has 
joined Elliott Brothers as chief engineer 
of the airborne display division. 
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The Prince Philip Medal of the City 
&· Guilds of London Institute for 1964 
is being presented to Derek A. Rush, 
A.M.I.E.E., C.G.I.A., engineering 
manager at the Basingstoke Branch of 
the Aviation Division of S. Smith and 
Sons, by His Royal Highness on March 
31st at Buckingham Palace. The medal, 
which is awarded annually in recogni­
tion of outstanding promise or achieve­
ment in the promotion, theory or prac­
tice of science and technology, is res­
tricted to those who have "travelled 
the City and Guilds path." Mr. Rush, 
who is 41, began his career at the Post 
Office Research Station, Dollis Hill, and 
between the years 1941 and 1946 he 
gained nine C. & G. certificates in tele­
communication subjects. He was 

D. A. Rush 

avnrded · the City and Guilds Insignia 
Award in Technology (C.G.I.A:) in the 
iield of efectronic equipment in 1959. 
He entered industry · in 1946 .. and was 
for three years·· with Sperry Gyroscope 
before going to Sydney in 1951 to ioin 
Amalgamated Wireless Anstralasia. He 
later returned to Sperry where he was 
concerned with gunfire contwl systems. 
He joined Smith's in 1955 as project 
officer for guided weapons. 

W. A. Penkman, who has been in 
charge of . the Marconi International 
Marine Company's service organization 
since 1953, latterly as service and sup­
plies manager, has been appointed to 
the new post of equipment controller. 
Mr. Penkman began his career with the 
company's shore staff in 1918. Two 
years later he joined the sea-going staff 
as a radio operator. He then joined the 
Radio Communication Company which 

. in 1928 was amalgamated with Marconi 
Marine and he rejoined his original 
company. He became deputy manager 
of the service division in 1952. The 
new service and supplies manager is 
}. S. E. Riddle who has been with the 
company since 1940. He was a sea­
going radio officer for six years. In 
1956 he became an inspector and later 
was marine manager of the company's 
Norwegian .associates, Norsk Marconi­
kompani. He has been manager; 
service department, at Chelmsford since 
last August. 
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Professor T. Kilburn, D.Sc., Ph.D., 
M.A., M.I.E.E., who is the first incum­
bent of the chair of computer engineer­
ing established at Manchester University 
in 1960, has been appointed a Fellow of 
the Royal Society " for his contributions 
to the development, design and engineer­
ing of electronic digital computers and 
high speed computer components." Dr. 
Kilburn was at the Telecommunications 
Research Establishment (now R.R.E.), 
Malvern, from 1942 until 1946 when he 
joined the staff at the University as 
reader in electronics. In collaboration 
with Professor F. C. Williams, head of 

· the Electrical Engineering Laboratories, 
he built the University's first computer. 

J. R. Tillman, B.Sc., Ph.Ii., 
A.M.I.E.E., has been appointed deputy 
director of research at the Post Office 
Research Station, Dollis Hill. Dr. Till­
man was a Beit Research Fellow, 1934-
36, and with P. B. Moon discovered the 
thermal neutron and the selective 
absorption of slow neutrons. He 
joined the Post Office Research Station 
in 1936. Dr. Tillman has latterly con­
centrated on solid state research and on 
the reliability of transistors for sub-' 
marine cable repeaters. He is joint 
author with F. F . Roberts of the book 
"Theory and practice of the transistor." 

Robert Telford, B.A.(Cantab.), 
M.I.E.E., the new chairman of the Elec­
tronic Engineering Association, joined 
Marconi's in 1937 at the age of 22 as 
a management trainee and in 1940 be­
came manager of the Hackbridge Works 
where he was responsible for the pro­
duction of airborne and portable radio 
equipment. He was appointed man­
aging director of Marconi Brasilera in 
1946 and on his return to this country 
four years later became assistant to the 
general manager at Chelmsford. He 
was appointed general manager of the 
company in 1961 arid has been a direc­
tor since 1963. 

Charles A. R. Pearce, M.Sc., M.I.E.E., 
has been appointed deputy managing 
director· of Ericsson/Etelco a principal 
operating company of the Plessey 
Group. Mr. Pearce joined Ericsson/ 
Etel<;;o in 1958 as controller of engineer­
ing. His earlier experience included en­
gineering development and research . with 
D.S.I.R. and with the London Telecom­
munications Region of the G.P.O. He 
was chief factories engineer to the Post 
Office from 1948 to 1951. Mr. Pearce, 
who is 53, received his technical educa­
tion at the City and Guilds Engineering 
College and London University. 

Richard C. Norwood, who has been 
deputy to the managing director of 
A. C. Cossor since February last year, 
has been appointed a managing direc­
tor. Professor C. L. Calosi, who has 
been a managing director since . J anu­
ary, 1964, has relinquished his appoint­
ment, but will continue as a director 
of the company in addition to his 
vice-presidency of Raytheon Company. 

H. S. Payman, B.Sc.Tech., B.Sc. 
(Eng.), M.I.E.E., A.Inst.P., managing 
director of B. & R. Relays, has been 
co-opted a director of the parent com­
pany, Gas Purification & Chemical Co. 
Ltd. Mr. Payman, who is a graduate 

H. S. Payman 

of both Manchester and London Uni­
versities, joined B. & R. Relays in 1958, 
having been general manager of Sufl.ex 
for the previous three years. Earlier he 
was with A.B. Metal Products as deputy 
director of component production. 

R. H. W. Burkett, B.Sc., M.I.E.E., 
has been appointed managing director 
of W elwyn Electric Ltd. Mr. Burkett, 
who has been 19 years with Welwyn, 
was appointed to the board as technical 
director in 1958 and has been general 
manager since December, 1963. 

OUR AUTHORS 
G. F. Turnbull, M.Sc., and J. M. 

Townsend, M .Sc., who describe a pulse 
width modulated amplifier in this issue, 
are both on the staff of the electrical 
engineering laboratories of Manchester 
University. Mr. Turnbull graduated at 
the University in 1959 and did a year's 
post-graduate research obtaining his 
masterate in 1960. He was appointed 
assistant lecturer in electrical engineer­
ing in 1961 and was promoted to lecturer 
the following year. Mr. Townsend 
graduated at the University in 1961 and 
after a year's research was appointed 
assistant lecturer. He obtained his 
M.Sc. in 1963. 

J. M. Firth, author of the article on an 
audio warning circuit in this issue, has 
recently gone to Canada to work with 
RCA Victor on the scientific satellite 
which is to succeed Allouet.te. · After 
reading mechanical .sciences at Cam­
bridge from 1954-58 he spent three years 
with Smith's Aircraft Instruments, Chel­
tenham; From 1961 until•last year he 
worked foi: the Radio Astronomy Group 
at the Cavendish Laboratory, Cam­
bridge, on equipment for the scientific 
experiments included in the UK-2 'satel­
lite. This work took him to Washington 
for 15 months. 
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The Prince Philip Medal of the City 
& Guilds of London Institute for 1964 
is being presented to Derek A. Rush, 
A.M.I.E.E., C.G.I.A., engineering 
manager at the Basingstoke Branch of 
the Aviation Division of S. Smith and 
Sons, by His Royal Highness on March 
31st at Buckingham Palace. The medal, 
which is awarded annually in recogni- 
tion of outstanding promise or achieve- 
ment in the promotion, theory or prac- 
tice of science and technology, is res- 
tricted to those who have "travelled 
the City and Guilds path." Mr. Rush, 
who is 41, began his career at the Post 
Office Research Station, Dollis Hill, and 
between the years 1941 and 1946 he 
gained nine C. & G. certificates in tele- 
communication subjects. He was 

D. A. Rush 

awarded rhe City and Guilds Insignia 
Award in Technology (C.G.I.A.) in the 
field of electronic equipment in 1959. 
He entered industry in 1946 and was 
for three years with Sperry Gyroscope 
before going to Sydney in 1951 to join 
Amalgamated Wireless Australasia. He 
later returned to Sperry where he was 
concerned with gunfire control systems. 
He joined Smith's in 1955 as project 
officer for guided weapons. 

W. A. Penkman, who has been in 
charge of . the Marconi International 
Marine Company's service organization 
since 1953, latterly as service and sup- 
plies manager, has been appointed to 
the new post of cqliipmcnt controller. 
Mr. Penkman began his career with the 
company's shore staff in 1918. Two 
years later he joined the sea-going staff 
as a radio operator. He then joined the 
Radio Communication Company which 
in 1928 was amalgamated with Marconi 
Marine and he rejoined his original 
company. He became deputy manager 
of the service division in 1952. The 
new service and supplies manager is 
J. S. E. Riddle who has been with the 
company since 1940. He was a sea- 
going radio officer for six years. In 
1956 he became an inspector and later 
was marine manager of the company's 
Norwegian associates, Norsk Marconi- 
kompani. He has been manager, 
service department, at Chelmsford since 
last August. 

Professor T. Kilburn, D.Sc., Ph.D., 
M.A., M.I.E.E., who is the first incum- 
bent of the chair of computer engineer- 
ing established at Manchester University 
in 1960, has been appointed a Fellow of 
the Royal Society " for his contributions 
to the development, design and engineer- 
ing of electronic digital computers and 
high speed computer components." Dr. 
Kilburn was at the Telecommunications 
Research Establishment (now R.R.E.), 
Malvern, from 1942 until 1946 when he 
joined the staff at the University as 
reader in electronics. In collaboration 
with Professor F, C. Williams, head of 
the Electrical Engineering Laboratories, 
he built the University's first computer. 

J. R. Tillman, B.Sc., Ph.D., 
A.M.I.E.E., has been appointed deputy 
director of research at the Post Office 
Research Station, Dollis Hill. Dr. Till- 
man was a Beit Research Fellow, 1934- 
36, and with P. B. Moon discovered the 
thermal neutron and the selective 
absorption of slow neutrons. He 
joined the Post Office Research Station 
in 1936. Dr. Tillman has latterly con- 
centrated on solid state research and on 
the reliability of transistors for sub- 
marine cable repeaters. He is joint 
author with F. F. Roberts of the book 
" Theory and practice of the transistor." 

Robert Telford, B.A.(Cantab.), 
M.I.E.E., the new chairman of the Elec- 
tronic Engineering Association, joined 
Marconi's in 1937 at the age of 22 as 
a management trainee and in 1940 be- 
came manager of the Hackbridge Works 
where he was responsible for the pro- 
duction of airborne and portable radio 
equipment. He was appointed man- 
aging director of Marconi Brasilera in 
1946 and on his return to this country 
four years later became assistant to the 
general manager at Chelmsford. He 
was appointed general manager of the 
company in 1961 and has been a direc- 
tor since 1963. 

Charles A. R. Pearce, M.Sc., M.I.E.E., 
has been appointed deputy managing 
director of Ericsson/Etelco a principal 
operating company of the Plessey 
Group. Mr, Pearce joined Ericsson/ 
Etelco in 1958 as controller of engineer- 
ing. His earlier experience included en- 
gineering development and research with 
D.S.I.R. and with the London Telecom- 
munications Region of the G.P.O. He 
was chief factories engineer to the Post 
Office from 1948 to 1951. Mr. Pearce, 
who is 53, received his technical educa- 
tion at the City and Guilds Engineering 
College and London University. 

Richard C. Norwood, who has been 
deputy to the managing director of 
A. C. Cossor since February last year, 
has been appointed a managing direc- 
tor. Professor C. L. Calosi, who has 
been a managing director since Janu- 
ary, 1964, has relinquished his appoint- 
ment, but will continue as a director 
of the company in addition to his 
vice-presidency of Raytheon Company. 

H. S. Payman, B.Sc.Tech., B.Sc. 
(Eng.), M.I.E.E., A.Inst.P., managing 
director of B. & R. Relays, has been 
co-opted a director of the parent com- 
pany, Gas Purification & Chemical Co. 
Ltd. Mr. Payman, who is a graduate 

H. S. Payman 

of both Manchester and London Uni- 
versities, joined B. & R. Relays in 1958, 
having been general manager of Suflex 
for the previous three years. Earlier he 
was with A.B. Metal Products as deputy 
director of component production. 

R. H. W. Burkett, B.Sc., M.I.E.E., 
has been appointed managing director 
of Welwyn Electric Ltd. Mr. Burkett, 
who has been 19 years with Welwyn, 
was appointed to the board as technical 
director in 1958 and has been general 
manager since December, 1963, 
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G. F. Turnbull, M.Sc., and J. M. 
Townsend, M.Sc., who describe a pulse 
width modulated amplifier in this issue, 
are both on the staff of the electrical 
engineering laboratories of Manchester 
University. Mr. Turnbull graduated at 
the University in 1959 and did a year's 
post-graduate research obtaining his 
masterate in 1960. He was appointed 
assistant lecturer in electrical engineer- 
ing in 1961 and was promoted to lecturer 
the following year. Mr. Townsend 
graduated at the University in 1961 and 
after a year's research was appointed 
assistant lecturer. He obtained his 
M.Sc. in 1963. 

J. M. Firth, author of the article on an 
audio warning circuit in this issue, has 
recently gone to Canada to work with 
RCA Victor on the scientific satellite 
which is to succeed Allouette. After 
reading mechanical sciences at Cam- 
bridge from 1954-58 he spent three years 
with Smith's Aircraft Instruments, Chel- 
tenham. From 1961 until last year he 
worked for the Radio Astronomy Group 
at the Cavendish Laboratory, Cam- 
bridge, on equipment for the scientific 
experiments included in the UK.-2 satel- 
lite. This work took him to Washington 
for 15 months. 
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Manufacturers' Despatches to the Home Market for the past three years are 

shown above. This graph was compiled from monthly figures issued by the British 

Radio Equipment Manufacturers' Association . They are net figures of deliveri~s ~y 
manufacturers to the home market and include those despatched to the spec1al1st 

rental and relay companies. Car radios. are included in the sound receiver curves. 

Ples!iey Buy Part of Decca.-Agree­
ment has been reached whereby the 
ground radar and data handling divisions 
of Decca Radar Ltd. at the Isle of 
Wight and Tolworth are to be trans­
ferred to the Plessey Company at the 
end of March. This transfer, which is 
to cost PleSS<:!Y approximately £4M­
payable ·in cash-does not include any 
trade mark rights and there are no res­
traints on the future activities of either 
company. 

Audio Fidelity · Ltd.-Radio Supply 
Co. (Leeds) Ltd., which was incorpora­
ted as a private limited company in 
1952 and has had several changes in 
name in recent years, is in future to be 
known as Audio Fidelity Ltd. It is also 
announced that the company has made 
application to the London Stock Ex­
change for permission to deal in, and 
for quotation of all their Ordinary 
Shares. Audio Fidelity Ltd. have a 
controlling interest (75 % ) in Fane 
Acoustics Ltd., the manufacturers of 
audio equipment. 

The specialized components division 
of the Marconi Company, which was 
formed in July 1962, has moved from 
Writtle into new headquarters at Billeri­
cay, Essex. The address is Billericay 
Works, Radford Crescent, Billericay, 
Essex. (Tel.: Billericay 3431.) 

JFD Electronics Corporation, of New 
York, have opened a European sales 
office in Paris. Correspondence should 
be addressed to JFD Electronics, Europe 
SA, 7 rue de Rocroy, Paris 10. 

Clarke & Smith.-Electrie & Musical 
Instruments Ltd. have rellnquished 
their 49% interest in the Clarke & 
Smith Group. 
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Two Million Transistor Order.-In­
ternational Computers and Tabulators 
Ltd. have placed an order for two mil­
lion silicon planar epitaxial transistors 
with SGS-Fairchild Ltd. These semi­
conductors are for use in the I.C.T. 
1900 Series of computers, which were 
introduced last October. 

Digital Airborne Data Recorder.­
High accuracy recording equipment for 
use in the assessment trials of aircraft 
navigational systems has been installed 
in a Comet 4C belonging to the Experi­
mental Navigation Division of the 
Ministry of Aviation, Aeroplane and 
Armament Experimental Establishment 
at Bascombe Down. The recorder is 
designed to record flight data on 
punched tape and will replace the photo­
graphic methods previously used by the 
Aeroplane and Armament Experimental 
Establishment. 

Weymouth Radio Manufacturing Co. 
Ltd. is in future to be known as Weyrad 
(Electronics) Ltd. The address remains 
the same: Regent Factory, Weymouth, 
Dorset. 

No Patent Infringement.-At the end 
of February, the Honourable Mr. Justice 
Lloyd-Jacobs dismissed two actions 
brought by AMP Incorporated, of 
Pennsylvania, who sought an injunction 
to restrain HeUermann Ltd. and HeUer­
mann Terminals Ltd. from infringing 
their Letters Patent 661,192, which re­
lates to a hand crimping tool. 

Webb's Radio, of 14 Soho Street, 
Oxford Street, London, W .l, are dis­
continuing their business with effect 
from 31st March, 1965. They have, for 
many years, carried an extensive range 
of Eddystone receivers. 

NEWS 

FROM 

INDUSTRY 

English Electric 1964 Results.-Turn­
over for the English Electric Group in 
1964 amounted to £227M and repre­
sented an increase of £18M on the pre­
vious year's result. Group profit after 
tax charges of £4.8M as against £4.3M 
in 1963, depreciation of £4.8M (£4.4M) 
amounted to £6,743,000. This repre­
sents an increase of £2,948,000. The 
Marconi Company and its subsidiaries 
contributed £35.7M (£32.3M) to the 
Group's record turnover figure and £3M 
(£1.7M) to the Group's £19M pre-tax 
profit. More than 50% of the Compan..Y's 
output was exported in the year under 
review. 

An associated company to the English 
Electric Group, the Marconi Inter­
national Marine Company, reports a pro­
fit for 1964 of £734,401, which repre­
sents an increase of £65,544 over the 
previous year. Profit after taxation 
amounted to £416,145 (£315,625). 

Westinghouse.-After deduction of the 
loss of £800,271 incurred by Gresham & 
Craven Ltd. (who are not in the elec­
tronics field) and general interest charges 
of £345,296, the group profit of the 
Westinghouse Brake and Signal Com­
pany for the year to 3rd October was 
£1,078,152. This shows a substantial 
improvement on the previous year when 
Westinghouse suffered a deficit of 
£863,559. Net taxation for the year 
under review was £220,915, leaving a 
profit after tax of £857,237. 

Advance Electronics Ltd. group pre­
tax profit for 1964 amounted to £236,347 
and represents an increase of £49,128 
over the 1963 result. After taxation, 
profits for the year totalled £121,347 as 
against £89,396 in 1963. This is the 
first financial year under the company's 
new name (formerly Advance Compo­
nents Ltd.). 

Telegraph Condenser Co.-Group 
trading profit of the Telegraph Conden­
ser Company for 1964 amounted to 
£506,846 and shows an increase of 
£85,064 on the previous year's result. 
After ·deductions, including £156,335 
(£156,991) for depreciation and £107,811 
(£92,171) for taxation, the net profit rose 
from £114,323 in 1963 to £181,845, 
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Plessey Buy Part of Decca.—Agree- 
ment has been reached whereby the 
ground radar and data handling divisions 
of Decca Radar Ltd. at the Isle of 
Wight and Tolworth are to be trans- 
ferred to the Plessey Company at the 
end of March. This transfer, which is 
to cost Plessey approximately £4M— 
payable in cash—does not include any 
trade mark rights and there are no res- 
traints on the future activities of either 
company. 

Audio Fidelity Ltd.—Radio Supply 
Co. (Leeds) Ltd., which was incorpora- 
ted as a private limited company in 
1952 and has had several changes in 
name in recent years, is in future to be 
known as Audio Fidelity Ltd. It is also 
announced that the company has made 
application to the London Stock Ex- 
change for permission to deal in, and 
for quotation of all their Ordinary 
Shares. Audio Fidelity Ltd. have a 
controlling interest (75'Xi) in Fane 
Acoustics Ltd., the manufacturers of 
audio equipment. 

The specialized components division 
of the Marconi Company, which was 
formed in July 1962, has moved from 
Writtle into new headquarters at Billeri- 
cay, Essex. The address is Billericay 
Works, Radford Crescent, Billericay, 
Essex. (Tel.: Billericay 3431.) 

JFD Electronics Corporation, of New 
York, have opened a European sales 
office in Paris. Correspondence should 
be addressed to JFD Electronics, Europe 
SA, 7 rue de Rocroy, Paris 10. 

Clarke & Smith.—Electric & Musical 
Instruments Ltd. have relinquished 
their 49% interest in the Clarke & 
Smith Group. 

Two Million Transistor Order.—In- 
ternational Computers and Tabulators 
Ltd. have placed an order for two mil- 
lion silicon planar epitaxial transistors 
with SGS-Fairchild Ltd. These semi- 
conductors are for use in the I.C.T. 
1900 Series of computers, which were 
introduced last October. 

Digital Airborne Data Recorder.— 
High accuracy recording equipment for 
use in the assessment trials of aircraft 
navigational systems has been installed 
in a Comet 4C belonging to the Experi- 
mental Navigation Division of the 
Ministry of Aviation, Aeroplane and 
Armament Experimental Establishment 
at Boscombe Down. The recorder is 
designed to record flight data on 
punched tape and will replace the photo- 
graphic methods previously used by the 
Aeroplane and Armament Experimental 
Establishment. 

Weymouth Radio Manufacturing Co. 
Ltd. is in future to be known as Weyrad 
(Electronics) Ltd. The address remains 
the same: Regent Factory, Weymouth, 
Dorset. 

No Patent Infringement.—At the end 
of February, the Honourable Mr. Justice 
Lloyd-Jacobs dismissed two actions 
brought by AMP Incorporated, of 
Pennsylvania, who sought an injunction 
to restrain Hellermann Ltd. and Heller- 
mann Terminals Ltd. from infringing 
their Letters Patent 661,192, which re- 
lates to a hand crimping tool. 

Webb's Radio, of 14 Soho Street, 
Oxford Street, London, W.l, are dis- 
continuing their business with effect 
from 31st March, 1965. They have, for 
many years, carried an extensive range 
of Eddystone receivers. 
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English Electric 1964 Results.—Turn- 
over for the English Electric Group in 
1964 amounted to £227M and repre- 
sented an increase of £18M on the pre- 
vious year's result. Group profit after 
tax charges of £4.8M as against £4.3M 
in 1963, depreciation of £4.8M (£4.4M) 
amounted to £6,743,000. This repre- 
sents an increase of £2,948,000. The 
Marconi Company and its subsidiaries 
contributed £35.7M (£32.3M) to the 
Group's record turnover figure and £3M 
(£1.7M) to the Group's £19M pre-tax 
profit. More than 50% of the Company's 
output was exported in the year under 
review. 

An associated company to the_ English 
Electric Group, the Marconi Inter- 
national Marine Company, reports a pro- 
fit for 1964 of £734,401, which repre- 
sents an increase of £65,544 over the 
previous year. Profit after taxation 
amounted to £416,145 (£315,625). 

Westinghouse.—After deduction of the 
loss of £800,271 incurred by Gresham & 
Craven Ltd. (who are not in the elec- 
tronics field) and general interest charges 
of £345,296, the group profit of the 
Westinghouse Brake and Signal Com- 
pany for the year to 3rd October was 
£1,078,152. This shows a substantial 
improvement on the previous year when 
Westinghouse suffered a deficit of 
£863,559. Net taxation for the year 
under review was £220,915, leaving a 
profit after tax of £857,237. 

Advance Electronics Ltd. group pre- 
tax profit for 1964 amounted to £236,347 
and represents an increase of £49,128 
over the 1963 result. After taxation, 
profits for the year totalled £121,347 as 
against £89,396 in 1963. This is the 
first financial year under the company's 
new name (formerly Advance Compo- 
nents Ltd.). 

Telegraph Condenser Co.—Group 
trading profit of the Telegraph Conden- 
ser Company for 1964 amounted to 
£506,846 and shows an increase of 
£85,064 on the previous year's result. 
After deductions, including £156,335 
(£156,991) for depreciation and £107,811 
(£92,171) for taxation, the net profit rose 
from £114,323 in 1963 to £181,845. 
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lnterference.-,--New screened rooms, extra staff, new equip­
ment and facilities for on-site testing have been added to the 
measurement and suppression of radio interference service 
offered by Standard Telephones and Cables to industry. This 
service covers aircraft, marine and industrial equipment and 
installations. 

Mobile u.h.f. radio 
relay equipment, 
known as the Type 
CSO, which has re­
cently been under­
going field trials, has 
now been accepted 
for use by the British 
Army. The equip­
ment, which was de­
veloped as a private 
venture by the Auto­
matic Telephone & 
Electric Company, is 
frequency modulated 
and provides six spot 
frequencies in the 
225-400 Mcfs band. 
Extra channels can 
easily be obtained by 
the inclusion of a 
Plessey frequency syn­
thesizer. The power 
rating of the trans­
mitter is 250 watts. 

From overseas 
Canada 

A closed circuit television system tha~ 
enables " downtown business houses " 
to monitor the quotation boards of the 
Vancouver stock exchange recently went 
into service. Eight cameras are used iri 
the system, which was designed by the 
British Columbia Telephone Company 
and produced by Sylvania Electric 
Products Inc.; both subsidiaries of the 
General Telephone & Electronics Cor­
poration. 

El Salvador 
G.E.C. (Telecommunications) Ltd. 

hav.: received a contract, ·valued at 
£350,000, for a microwave radio relay 
system for the Central American repub­
lic of El Salvador. The system will 
have a capacity of 300 telephone chan­
nels, operate in the 7 Gc/ s band and 
will connect the towns of San .Miguel, 
Santa Ana, Sonsonate and Usulatan 
with the capital, San Salvador. 

Finland 
The Finnish Department of Tele­

graphs and Posts have ordered a six­
target surveillance and precision 
approach radar simulator, Type SY2027, 
from the Solartron Electronic Group. 
This simulator is to be installed at 
Jyvaskyhi airfield and will be used to 
train air traffic controllers. 

Hong Kong 
Marconi Self-Tuning (MST) high­

frequency radio communications equip­
ment has been ordered by Cable and 
Wireless Ltd. for "their Hong Kong 
transmitting station. 

Pakistan 
Sui ~orthern Gas Pipelines Ltd., of 

Karachi, have awarded the .Marconi 
Cornpany a contract, worth over 
£500,000, for the supply and installa-
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tion of instrumentation, telemetry . and 
telecommunications equipment for the 
first phase of a new natural gas pipe-­
line to be laid in the northern part of 
West Pakistan. 

Marconi Sixty Series of airborne 
radio communications and navigation 
equipment has been ordered for three 
Hawker Siddeley Trident aircraft 
shortly to enter service with the Paki­
stan International Airlines Corporation. 

South America 
The Bank of London & South 

America and English Electric-Leo-Mar·­
coni Computers Ltd. have formed a 
company to provide computer services 
in Latin America. The new company 
is named Intercontinental Data Services 
Ltd. and a KDF 8 computer will be 
installed in Buenos Aires at the ·end of 
this year. 

Spain 
Ten 13,000 ton cargo vessels now 

under construction in Spanish shipyards 
are to be fitted with Marconi .Marine 
navigation and communications equip­
ment. This order, which was placed 
through Empresa Nacional Radio Mari­
tima, is valued at over £110,000. 

U.S.A. 
A "Certificate for Instrument Opera­

tions" approving the Decca Navigator 
system has been issued to New York 
Airways, who operate large passenger 
helicopters in and around the greater 
New York area. This certificate allows 
the Decca Navigator system to be used 
in all weather operations as a primary 
navigational aid. This is the first time 
that a passenger helicopter has received 
such a certificate for route as well as 
terminal area operations. . The helicop­
ter equipment consists of a dual Mark 
8 installation with twin flight logs and 
will operate from the New York chain 
of Decca stations which has been in 
operation since January, 1958. 

1 

Agencies and agreements 
The .M-0 Valve Company has reached 

a licensing agreement with the Micro­
wave Electronics Corporation, of Cali­
fornia, under which they will manufac­
ture and market in the United Kingdom 
M .E.C. low-noise metal/ceramic travel­
ling-wave tubes. 

Federal Electronics, of California, 
have appointed Forinco Ltd., of 52 
Broad Street, Worcester (Tel.: Worces­
ter 28171), as distributors of their valves 
and semiconductors. 

The Telectric Corporation have ap­
pointed Britec Ltd., of 17 Charing Cross 
Road, London, W.C.2 (Tel. : WHitehall 
3070), to act as U.K. distributors for the 
aeronautical equipment they manufac­
ture in Switzerland. It includes an auto­
matic tester for aircraft marker beacon 
receivers. 

High Volt Linear Ltd., of 1 Cardiff 
Road, .,Luton (Tel.: Luton 23816), now 
represent Oak Ridge Technical ·Enter­
prises Corporation, of Tennessee, who 
manufacture surface barrier semiconduc­
tor detectors and associated equipment 
for use in nuclear research. 

The electronic tube division of West­
inghouse, New York, have appointed 
Ad. Auriema Ltd., of 125 Gunnersbury 
Lane, London, W.3 (Tel.: ACOrn 8762), 
as U.K. distributors for their recei'iling 
valves and microwave tubes and devices. 

Klein and Hummel, the West Ger­
man manufacturers of audio amplifiers, 
tuners and studio loudspeakers, have 
appointed The High-Fidelity Centre, of 
61 West Street, Dorking, Surrey (Tel.: 
Dorking 4229), to act as U.K. agents. 
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Interference.—New screened rooms, extra staff, new equip- 
ment and facilities for on-site testing have been added to the 
measurement and suppression of radio interference service 
offered by Standard Telephones and Cables to industry. This 
service covers aircraft, marine and industrial equipment and 
installations. 

Mobile u.h.f. radio 
relay equipment, 
known as the Type 
C50, which has re- 
cently been under- 
going field trials, has 
now been accepted 
for use by the British 
Army. The equip- 
ment, which was de- 
veloped as a private 
venture by the Auto- 
matic Telephone & 
Electric Company, is 
frequency modulated 
and provides six spot 
frequencies in the 
225-400 Mc/s band. 
Extra channels can 
easily be obtained by 
the inclusion of a 
Plessey frequency syn- 
thesizer. The power 
rating of the trans- 
mitter is 250 watts. 

- n f tt l 

From overseas 

Canada 
A closed circuit television system that 

enables " downtown business houses " 
to monitor the quotation boards of the 
Vancouver stock exchange recently went 
into service. Eight cameras are used in 
the system, which was designed by the 
British Columbia Telephone Company 
and produced by Sylvania Electric 
Products Inc.; both subsidiaries of the 
General Telephone & Electronics Cor- 
poration. 

El Salvador 
G.E.C. (Telecommunications) Ltd. 

have received a contract, valued at 
£350,000, for a microwave radio relay 
system for the Central American repub- 
lic of El Salvador. The system will 
have a capacity of 300 telephone chan- 
nels, operate in the 7Gc/s band and 
will connect the towns of San Miguel, 
Santa Ana, Sonsonate and Usulatan 
with the capital, San Salvador. 

Finland 
The Finnish Department of Tele- 

graphs and Posts have ordered a six- 
target surveillance and precision 
approach radar simulator, Type SY2027, 
from the Solartron Electronic Group. 
This simulator is to be installed at 
Jyvaskyla airfield and will be used to 
train air traffic controllers. 

Hong Kong 
Marconi Self-Tuning (MST) high- 

frequency radio communications equip- 
ment has been ordered by Cable and 
Wireless Ltd. for their Hong Kong 
transmitting station. 

Pakistan 
Sui Northern Gas Pipelines Ltd., of 

Karachi, have awarded the Marconi 
Company a contract, worth over 
£500,000, for the supply and installa- 

tion of instrumentation^ telemetry and 
telecommunications equipment for the 
first phase of a new natural gas pipe- 
line to be laid in the northern part of 
West Pakistan. 

Marconi Sixty Series of airborne 
radio communications and navigation 
equipment has been ordered for three 
Hawker Siddeley Trident aircraft 
shortly to enter service with the Paki- 
stan International Airlines Corporation. 

South America 
The Bank of London & South 

America and English Electric-Leo-Mar- 
coni Computers Ltd. have formed a 
company to provide computer services 
in Latin America. The new company 
is named Intercontinental Data Services 
Ltd. and a KDF 8 computer will be 
installed in Buenos Aires at the end of 
this year. 

Spain 
Ten 13,000 ton cargo vessels now 

under construction in Spanish shipyards 
are to be fitted with Marconi Marine 
navigation and communications equip- 
ment. This order, which was placed 
through Empresa Nacional Radio Mari- 
tima, is valued at over £110,000. 

U.S.A. 
A " Certificate for Instrument Opera- 

tions " approving the Decca Navigator 
system has been issued to New York 
Airways, who operate large passenger 
helicopters in and around the greater 
New York area. This certificate allows 
the Decca Navigator system to be used 
in all weather operations as a primary 
navigational aid. This is the first time 
that a passenger helicopter has received 
such a certificate for route as well as 
terminal area operations.. The helicop- 
ter equipment consists of a dual Mark 
8 installation with twin flight logs and 
will operate from the New York chain 
of Decca stations which has been in 
operation since January, 1958. 

Agencies and agreements 

The M-O Valve Company has reached 
a licensing agreement with the Micro- 
wave Electronics Corporation, of Cali- 
fornia, under which they will manufac- 
ture and market in the United Kingdom 
M.E.C. low-noise metal/ceramic travel- 
ling-wave tubes. 

Federal Electronics, of California, 
have appointed Forinco Ltd., of 52 
Broad Street, Worcester (Tel.: Worces- 
ter 28171), as distributors of their valves 
and semiconductors. 

The Telectric Corporation have ap- 
pointed Britec Ltd., of 17 Charing Cross 
Road, London, W.C.2 (Tel.: WHItehall 
3070), to act as U.K. distributors for the 
aeronautical equipment they manufac- 
ture in Switzerland. It includes an auto- 
matic tester for aircraft marker beacon 

High Volt Linear Ltd., of 1 Cardiff 
Road, Luton (Tel.: Luton 23816), now 
represent Oak Ridge Technical Enter- 
prises Corporation, of Tennessee, who 
manufacture surface barrier semiconduc- 
tor detectors and associated equipment 
for use in nuclear research. 

7 
The electronic tube division of West- 

inghouse, New York, have appointed 
Ad. Auriema Ltd., of 125 Gunnersbury 
Lane, London, W.3 (Tel.: ACOrn 8762), 
as U.K. distributors for their receiving 
valves and microwave tubes and devices. 

Klein and Hummel, the West Ger- 
man manufacturers of audio amplifiers, 
tuners and studio loudspeakers, have 
appointed The High-Fidelity Centre, of 
61 West Street, Dorking, Surrey (Tel.; 
Dorking 4229), to act as U.K. agents. 
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Physics-
FOR the first time since the Physical Society started its series 
of exhibitions in 1905, this year's-the 49th-is to be held 
outside London. Another change is ~n its title which is 
simply " The Physics Exhibition." Now organized by the 
Institute of Physics · and the Physical Society, which 
amalgama•ted under their joint names in 1960, this year's 
exhibition opens at the Manchester College of Science and 
Technology {)n April 5th for four days. Admission is by 
ticket obtainable free from the secretary at 47 Belgrave 
Square, London, S.W.l. Applicants are asked to send a 
stamped addressed envelope. The exhibition will be open 
from 10 a.m~ to 8.30 p.m. (5.30 p.m. on the last day) but 
admission befor~ 2 p..m~ · ~m. the fiFs.t . day is restricted to mem-
bers and invited· gues•ts. . · 

W·e giv·e betmv a· lisf of ·the. 125 exhibitors. In addition 
to univer&it:ies, . colleges, . ahd research laboratories there. are 
some 90 U.K. manufacturers who will be showing new in­
struments~ apparatus arid materials of special interest to 
physicists in their work in resea•rch, development or in teach­
ing. We hope to give in our next issue a report of some of 
the more outstanding exhibits, the majority of which will be 
in the research· or development stage. 

A.W.R.E. 
Admiralty 
Airflow Developments 
Associated Electrical Industries 
Associated Engineering 
Atomic Power Constructions 
Automatic Telephone & Elec, Co. 
Aviation, Ministry of 

Baldwin Instrument Co. 
Barr & Stroud 
Beck, R. & J. 
Bell & Howell 
Birmingham University, 

Electronic & Elect'l . Eng'g. Dept. 
Physics Dept. 

Boulton Paul Aircraft 
Bradford lnst. of Technology 
Bradley, G. & E. 

Bristol Siddeley Engines 
Bristol University 
Brit. Nat. Com. for High Speed 

Photography 
British Oxygen Co. 
British Railways 
Brunei College 
Bryans 
Cambridge Instrument Co. 
Cambridge University 
Central Office of Information 
College of Aeronautics 
D.S.I.R. 
Data Laboratories 
Dawe Instruments 
Deakin Phillips Electronics 
Decca Radar 
Defence, Ministry of 
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The predictions for this month are beginning to show the 
flatter shape, characteristic of the approach of summer. This 
shiould permit the use of higher frequencies for a longer 
period each day, though it is too early to expect the increased 
suns·pot number to have any effect yet. Ci-rcuit working will 
s~ill prove difficult, notably on the relatively short Montreal­
London 1"oute, .and little advantage can be expected due to 
Sporadic-E ionization. The reve11se path London-Montreal 
might prove somewhat easier, due to lower LUF. 

The curves show the median standard MUF, optimum 
ttaffic frequency and the lowest usable frequency (LUF) for 
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Exhibition 
Devices 
Digital Measurements 
D-mac 
E.M.I. Electronics 
Edwards High Vacuum 
Electronic Associates 
Electronic Instruments 
Elliott-Automation 
Enfield College of Technology 
Ether Langham Thompson 
Evans Electroselenium 
Fairey Engineering 
Ferranti 
Frigistor Laboratories 
General Electric Co. 
Genevac 
Goetheari Science Foundation 
Grubb, Parsons & Co. 
Gulton Industries 
Haigh & Hochland 
Hilger & Watts 
Imperial Chemical Industries 

Agricultural Div. 
Central Instrument Lab. 
Fibres Div. 
Mond Div. 
Nobel Div. (Instrument & Elec­

tronics) 
Plastics Div. 

Imperial College 
Industrial Instruments 
lnstrom 
International Research & Dev. Co. 
Isotope Developments 
Joyce, Loeb! & Co. 
King's College, London 
Lab gear 
Lao-Electronics 
London Hospital Medical College 
Manchester College of Science & 

Techl)ology 
Manchester University 
Mechatronics (London) 
Mercury Electronics (Scotland) 
Metals Research 
Microwave Instruments 
Middlesex Hospital Medical School 
Mullard 
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Nat. lnst. of Agricultural Eng'g. 
Newcastle University 
Newport Instruments 
Nuclear Enterprises (G.B.) · 
Optec Reactors 
Optical Works . 
Oxford Instrument Co. 
Panax Equipment 
Perkin-Elmer 
Planer, G.V. 
Plesse)" Co. · 
Post Office Research Station 
Pye, w. :G., & Co. 
Rainbow Radio . . 
Rank Nucleonics & Controls 
Resear~ Eli!ctr.dnics . · , . ' • 
Research & Engineering Controls 
Research & Industrial Instruments Co. 
Research Instruments 
.Royal College of Advanced Tech­

nology, Salford 
Dept. of Elect'l. Eng'g. 
Dept. of Pure & Applied Physics 

Royal Military College of Science 
Safety in Mines Research Establ. 
Sangamo Weston 
Scientifica 
S.E. Laboratories (Eng'g.) 
Smith, S., & Sons 
Solartron Electronic Group 
Standard Telephones & Cables 
Strathclyde University 
Techne (Cambridge) 
Technology, Ministry of 
Telequipment 
Telford Products 
Telsec Instruments 
Tinsley, H., & Co. 
20th Century Electronics 
U.K.A.E.A. 
Unicam Instruments 
United Power Co. 
University College, London 

Vacuum Generators 
Venner Electronics 

Wareham (Measuring Systems) 
Wayne Kerr Laboratories 
Wild 6arfield 
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reception in this country. Unlike the standard MUF, the 
LUF is closely dependent upon such factors as transmitter 
power, aerials, and the .type of modulation. The LUF curves 
shown are those drawn by Cable & Wireless Ltd. for com­
mercial telegraphy and assume the use of transmitters with a 
power of several kilowatts and rhombic type aerials. 

185 

Physics Exhibition 

FOR the first time since the Physical Society started its series 
of exhibitions in 1905, this year's—the 49th—is to be held 
outside London. Another change is in its title which is 
simply " The Physics Exhibition." Now organized by the 
Institute of Physics and the Physical Society, which 
amalgamated under their joint names in 1960, this year's 
exhibition opens at the Manchester College of Science and 
Technology on April 5th for four days. Admission is by 
ticket obtainable free from the secretary at 47 Belgrave 
Square, London, S.W.I. Applicants are asked to send a 
stamped addressed envelope. The exhibition will be open 
from 10 a.m. to 8.30 p.m. (5.30 p.m. on the last day) but 
admission before 2 p.m. on the first day is restricted to mem- 
bers and invited guests. 

We give below a list of the 125 exhibitors. In addition 
to universities, colleges, and research laboratories there are 
some 90 U.K. manufacturers who will be showing new in- 
struments, apparatus and materials of special interest to 
physicists in their work in research, development or in teach- 
ing. We hope to give in our next issue a report of some of 
the more outstanding exhibits, the majority of which will be 
in the research or development stage. 

A.W.R.E. 
Admiralty 
Airflow Developments 
Associated Electrical Industries 
Associated Engineering 
Atomic Power Constructions Automatic Telephone & Elec. Co. 
Aviation, Ministry of 
Baldwin Instrument Co. 
Barr & Stroud 
Beck, R. & J. 
Bell & Howell Birmingham University, 

Electronic & Elect'l. Eng'g. Dept. 
Physics Dept. 

Boulton Paul Aircraft 
Bradford Inst. of Technology 
Bradley, G. & E. 

Bristol Siddeley Engines 
Bristol University 
Brit. Nat. Com. for High Speed 

Photography 
British Oxygen Co. 
British Railways 
Brunei College 
Bryans 
Cambridge Instrument Co. Cambridge University 
Central Office of Information 
College of Aeronautics 
D.S.I.R. 
Data Laboratories 
Dawe Instruments 
Deakin Phillips Electronics 
Decca Radar 
Defence, Ministry of 

Devices 
Digital Measurements 
D-mac 
E.M.I. Electronics 
Edwards High Vacuum 
Electronic Associates 
Electronic Instruments 
Elliott-Automation 
Enfield College of Technology 
Ether Langham Thompson 
Evans Electroselenium 
Fairey Engineering 
Ferranti 
Frigistor Laboratories 
General Electric Co. 
Genevac 
Goethean Science Foundation 
Grubb, Parsons & Co. 
Gulton Industries 
Haigh & Hochland 
Hilger & Watts 
Imperial Chemical Industries 

Agricultural Div. 
Central Instrument Lab. 
Fibres Div. 
Mond Div, 
Nobel Div. (Instrument & Elec- 

tronics) 
Plastics Div. 

Imperial College 
Industrial Instruments 
Instrom 
International Research & Dev. Co. 
Isotope Developments 
Joyce, Loebl & Co. 
King's College, London 
Labgear 
Lan-Electronics 
London Hospital Medical College 
Manchester College of Science & 

Technology 
Manchester University 
Mechatronics (London) 
Mercury Electronics (Scotland) 
Metals Research 
Microwave Instruments 
Middlesex Hospital Medical School 
Mullard 

Nat. Inst. of Agricultural Eng'g. 
Newcastle University 
Newport Instruments 
Nuclear Enterprises (G.B.) 
Optec Reactors 
Optical Works 
Oxford instrument Co. 
Panax Equipment 
Perkin-Elmer 
Planer, G.V. 
Plessey Co. 
Post Office Research Station 
Pye, W. G., & Co. 
Rainbow Radio 
Rank Nucleonics & Controls 
Research Electronics 
Research & Engineering Controls 
Research & Industrial Instruments Co. 
Research Instruments 
Royal College of Advanced Tech- 

nology, Salford 
Dept. of Elect'l. Eng'g. 
Dept. of Pure & Applied Physics 

Royal Military College of Science 
Safety in Mines Research Establ. 
Sangamo Weston 
Scientifica 
S.E. Laboratories (Eng'g.) 
Smith, S., & Sons 
Solartron Electronic Group 
Standard Telephones & Cables 
Strathclyde University 
Techne (Cambridge) 
Technology, Ministry of 
Telequipment 
Telford Products 
Telsec Instruments 
Tinsley, H., & Co. 
20th Century Electronics 
U.K.A.E.A. 
Unicam Instruments 
United Power Co. 
University College, London 
Vacuum Generators 
Venner Electronics 
Wareham (Measuring Systems) 
Wayne Kerr Laboratories 
Wild Barfteld 
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The predictions for this month are beginning to show the 
flatter shape, characteristic of the approach of summer. This 
should permit the use of higher frequencies for a longer 
period each day, though it is too early to expect the increased 
sunspot number to have any effect yet. Circuit working will 
still prove difficult, notably on the relatively short Montreal- 
London route, and little advantage can be expected due to 
Sporadic-E ionization. The reverse path London-Montreal 
might prove somewhat easier, due to lower LUF. 

The curves show the median standard MUF, optimum 
traffic frequency and the lowest usable frequency (LUF) for 

  MEDIAN STANDARD MUF 
  OPTIMUM TRAFFIC FREQUENCY 
 LOWEST USABLE HF 

reception in this country. Unlike the standard MUF, the 
LUF is closely dependent upon such factors as transmitter 
power, aerials, and the type of modulation. The LUF curves 
shown are those drawn by Cable & Wireless Ltd. for com- 
mercial telegraphy and assume the use of transmitters with a 
power of several kilowatts and rhombic type aerials. 
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AUDIO FAIR PREVIEW 
GUIDE TO NEW EQUIPMENT EXHIBITED 

ON April 22nd the International Audio Festival & Fair 
opens at the Hotel Russell, London, W.C.l, for four 
consecutive days. This preview of the Fair is compiled 

from information supplied by exhibitors in response to our 
request. Some manufacturers, however, did not wish to 
release information on their latest products before the open­
ing date of the show. We hope, none the less, that in the 
following few pages readers will find a useful guide to most 
of the new equipment to be seen at the Fair. 

in square brackets after the firm's name in the list of ex­
hibitors below. At the end of reports on overseas com­
panies' exhibits we give the name and address of the U.K. 
agents. 

Plans are being made for the B.B.C. to provide demonstra­
tions of pilot-tone stereo transmissions during the Fair. On 
the last day of the Fair and also on the Monday, record 
manufacturers are providing a series of demonstrations as 
well as displays of their discs at the nearby Royal Hotel. 

We plan to include in our June issue our usual review 
of some of the outstanding exhibits seen at the Fair. 

The reports are arranged alphabetically under trade names 
or abbreviated company title. Where, however, the trade 
name bears no relation to the manufacturer's name it is given 

The Fair will open each day at 11.0 but admission on 
the first day until 4;0 is restricted to invited guests. It will 
close at 9.0 (Sunday 8.0). Tickets (admitting two) are avail­
able from exhibitors, dealers or the editorial office of Wireless 
World . Please send a stamped ·addressed envelope. 

A. D.C. 

The full . range of cartridges made by the 
The DXII reverberation microphone 
announced last year has how reached · the 
production stage. The D19C range has 
been extended with the introduction of 
the D 119CS which incorporates a bass­
cut switch and windshield. A hi-gh-low 
impedance switch and an on-off switch 
are included in the new D14S. The 
D77 stereo microphone has been super­
seded by the D66. A smaller version 
of the C12 condenser micropfione has 
been introduced (the C12A) using a 
Nuvistor amplifier, a directional pattern 
switch and stabilized power unit. 

. Audio Dynamics Corporation is .to be 
shown. The Point-Four and Point­
Four /E cartridges will qe featured in 
A.D.C. Pritchard tone arms fitted to 
Thoren Type TD 124 turntables, and 
the · ADC-770 cartridge in a Goldring 
Type GL70 transcription unit. 

Agents: K.E.F. Electronics Ltd., 
Tovil, Maidstone, Kent. 

A.K.G. 

In addition to their existing range of 
dynamic and condenser microphones a 
number of new types will be shown. 

Agents: Politechna (London) Ltd., 
Eardey House~ 182 Campden Hill Road, 
London, W .8. 

AKG 
A ~.oustical Manufacturing Co. 

[see Quad] 
Agfa 
Akai 
Amateur Tape Recording Magazine 
Ampex Great Britain 
Armstrong Aud io 
Audio Dynamics Corp. 

BASF Chemicals· 
B.M.B. Sales 
Bang & Olufse n 
Beyer Elektrotech nische Fabrik 
Boo:;ey and Hawkes [see Jordan-

Watts] 
Braun 
Brenell Engineering Co. 
Brown, S. G. 
Butoba 

Celestion 
Clarke & Smith Mfg. Co. 

Decca Record Co. 
Decca Radio & Television Co. 
Derritron Radio [see Chapman] 
Design Furn iture 
Dual Electronics A/S 

E.M.I. Tape 
Elcom (Northampton) 

Fane Acoustics 
Ferrograp h Co. 
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LIST OF EXHIBITORS 
Field, N. & S. B. [see Record 

Housing] 
Fi-Cord lnternationJI 

G .K.D. 
Garrard Engineering 
Goldring Mfg. Co . 
Goodmans Industries 
Grampian Reproducers 
Gramophone, The 

Hammond, C. E. , & Co. 

Iiford 

K.E.F. Electronics 
Kelly Speakers 
Koda!< 

Leak, H. J., & Co. 
Link House Publications 
Long Playing Record Library 
Loewe-Opta AG 
Lowther Manufacturing Co. 
Lustraphone 

Mallory Batteries 
Mastertape (formedy MSS) 
Minnesota Mining & Mfg . Co. 
Mull ard 

Ortofon A/S 

Peto-Scott 
Phil ips Electrical 
Planet Projects 
Print & Press Se1·vices 
Pye 

Radford Electronics 
Records and Recording 
Reslosound 
Rogers Developments 
Revox-Studer A/S 

S.M.E. 
Saba Electronics 
Scandinavian Rad io & TV C ie. 

[see S.R.T.] 
Scott, H . H. Inc: 
Shure Electronics 
Sonotone 
Sony Corp. of Japan 
Standard Telephones & Cables 
Sugden & Co. [see Connoissuer] 
Svenska Hogtalfabriken [see 

S.H .B.] 

Tandbergs Radiofabrik A-S 
Tannoy Products 
Telefunken 
Thorens, S.A. 
Trio 
Truvox 

Vortex ion 

Wharfedale Wireless Works 
Whiteley Electrical Radio Co. 
Williman, K. H., & Co. 
Wilmex 
Wilson Stereo Library 
Wireless World & Wireless Trad€·r 

AGFA 

The complete range of Agfa magnetic 
recording tapes is to be shown, including 
the Novodur library storage cassette, 
which is available with several different 
size reels as an aLternative to the more 
usual swivel type cassettes. 

Agfa Ltd., 27 Regent Street, London, 
S.W.l. 

AKA I 

Pullin Photographic, now part of the 
Rank Audio Visual Aids Division, will 
be displaying four new Japanese Akai 
tape recorders. All models are suitable 
for stereo operation and incorporate 
some novel features. The M-8 and 
X-4 (illustrated) use a cross-field head 
which results in higher frequency res­
ponse at low tape speeds. The M-8 also 
includes a vertically directed supplemen­
tary loudspeaker system. The ST -1, 
being shown for the first time in this 
country, is a two-speed portable model 
with a transistor pre-amplifier. Other 
exhibits include the 345 recorder and 
the SS-110 stereo loudspeaker system. 

Agents: Pullin Photographic, 11 Ain­
tree Road, Perivale, Middlesex. 

AMPEX 

A new magnetic tape recording equip­
ment on show will be the MR-70, for 
making master recordings. The main 
advances over previous designs are a 
10dB improvement in signal/noise 
ratio, to take advantage of low-noise 
tapes now available, a better frequency 
response and improved control of tape 
motion . Domestic tape recorders to be 
seen will include the 2,000 Series 
which feature automatic threading, auto­
matic reverse, automatic shu.t-off and 
ability to operate i:n horizontal or ver­
tical positions. 

Ampex Great Britain Ltd., 72 . Berke­
ley Avenue, Reading, Berkshire. 
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A.D.C. 
The full range of cartridges made by the 
Audio Dynamics Corporation is to be 
shown. The Point-Four and Point- 
Four/E cartridges will be featured in 
A.D.C. Pritchard tone arms fitted to 
Thoren Type TD 124 turntables, and 
the ADC-770 cartridge in a Goldring 
Type GL70 transcription unit. 

Agents: K.E.F. Electronics Ltd., 
Tovil, Maidstone, Kent. 

A.K.G. 
In addition to their existing range of 
dynamic and condenser microphones a 
number of new types will be shown. 

The DX11 reverberation microphone 
announced last year has now reached the 
production stage. The D19C range has 
been extended with the introduction of 
the D119CS which incorporates a bass- 
cut switch and windshield. A high-low 
impedance switch and an on-ofl switch 
are included in the new D14S. The 
D77 stereo microphone has been super- 
seded by the D66. A smaller version 
of the C12 condenser microphone has 
been introduced (the C12A) using a 
Nuvistor amplifier, a directional pattern 
switch and stabilized power unit. 

Agents: Politechna (London) Ltd., 
Eardey House, 182 Campden Hill Road, 
London, IF.8, 

AGFA 
The complete range of Agfa magnetic 
recording tapes is to be shown, including 
the Novodur library storage cassette, 
which is available with several different 
size reels as an alternative to the more 
usual swivel type cassettes. 

Agfa Ltd., 27 Regent Street, London, 
S.WA. 

AKAI 
Pullin Photographic, now part of the 
Rank Audio Visual Aids Division, will 
be displaying four new Japanese Akai 
tape recorders. All models are suitable 
for stereo operation and incorporate 
some novel features. The M-8 and 
X-4 (illustrated) use a cross-field head 
which results in higher frequency res- 
ponse at low tape speeds. The M-8 also 
includes a vertically directed supplemen- 
tary loudspeaker system. The ST-1, 
being shown for the first time in this 
country, is a two-speed portable model 
with a transistor pre-amplifier. Other 
exhibits include the 345 recorder and 
the SS-110 stereo loudspeaker system. 

Agents: Pullin Photographic, 11 Am- 
tree Road, Perivale, Middlesex. 

AMPEX 
A new magnetic tape recording equip- 
ment on show will be the MR-70, for 
making master recordings. The main 
advances over previous designs arc a 
lOdB improvement in signal/noise 
ratio, to take advantage of low-noise 
tapes now available, a better frequency 
response and improved control of tape 
motion. Domestic tape recorders to be 
seen will include the 2,000 Series 
which feature automatic threading, auto- 
matic reverse, automatic shut-off and 
ability to operate in horizontal or ver- 
tical positions. 

Ampex Great Britain Ltd., 72 Berke- 
ley Avenue, Reading, Berkshire. 

A K G 
A-oustical Manufacturing Co, 

[see Quad] 
Agfa 
Akai 
Amateur Tape Recording Magazine 
Ampex Great Britain 
Armstrong Audio Audio Dynamics Corp. 
BASF Chemicals 
B.M.B. Sates 
Bang & Otufsen 
Beyor Elektrotechnische Fabrik 
Boosey and Hawkes [see Jordan- 

Watts] 
Braun 
Brenell Engineering Co. 
Brown, S. G. 
Butoba 
Celestion 
Clarke & Smith Mfg. Co, 
Decca Record Co. 
Decca Radio & Television Co. 
Derritron Radio [see Chapman] 
Design Furniture 
Dual Electronics A/S 
E.M.I. Tape 
Elcom (Northampton) 
Fane Acoustics 
Ferrograph Co. 

LIST OF EXHIBITORS 
Field, N. & S. B. [see Record 

Housing] 
Fi-Cord International 
G.K.D. 
Garrard Engineering 
Goldring Mfg. Co. 
Goodmans Industries 
Grampian Reproducers 
Gromophone, The 
Hammond, C. E., & Co. 
Ilford 
K.E.F. Electronics 
Kelly Speakers 
Kodak 
Leak, H. J., & Co. 
Link House Publications 
Long Playing Record Library 
Loewe-Opta AG 
Lowther Manufacturing Co. 
Lustraphone 
Mallory Batteries 
Mastertape (formerly MSS) 
Minnesota Mining & Mfg. Co, 
Mullard 
Ortofon A/S 
Peto-Scott 
Philips Electrical 
Planet Projects 
Print & Press Services 
Pye 

Radford Electronics 
Records and Recording Reslosound 
Rogers Developments 
Revox-Studer A/S 
S.M.E. 
Saba Electronics 
Scandinavian Radio & TV Cie. 

[see S.R.T.] 
Scott, H. H. Inc. 
Shure Electronics 
Sonotone 
Sony Corp. of Japan 
Standard Telephones & Cables 
Sugden & Co. [see Connoissuer] 
Svenska Hogtalfabriken fsee 

S.H.B.] 
Tandbergs Radiofabrik A-S 
Tannoy Products 
Telefunken 
Thorens, S.A. 
T rio 
Truvox 
Vortexion 
Wharfedale Wireless Works 
Whiteley Electrical Radio Co. 
Witliman, K. H., & Co. 
Witmex 
Wilson Stereo Library 
Wire/ess World & Wirefess Trader 
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Armstrong /27M tuner-amplifier. 

Ampex Model 2000 tape recorder. 

ARMSTRONG 

Designed for users requiring lower 
power outputs (5 watts) than those pro­
vided in the main Armstrong range are 
the 127 stereo tuner-amplifier and the 
1L7M mono tuner-amplifier. Each unit 
will receive a.m. and f.m. broadcasts 
and can be used as an amplifier for tape 
recording or for reproducing records. 
The stereo model has orovision for addi­
tion of a multiplex decoder for recep­
tion of f.m. stereo broadcasts. 

Armstrong Audio Ltd., Warlters 
Road, London, N.7. 

BASF 

Visitors will be invited to listen to tape 
· recorded talks on subjects of their own 

choice, and at the same time copy tapes 
will be made for them to take away free. 
D etails of the range of BASF tapes, 
library boxes, spools and other acces­
sories will be available. The company 
makes tapes with playing times up to 90 
minutes at 7t ins/sec (and correspond­
ingly for lower speeds). 
· BASF Chemicals Ltd., Sa Gillespie 
Road, London, N.5. 

B.M.B. 

More than 70 types of . sapphire and 
diamond styli will be exhibited for the 
first time by B.M.B. (Sales) Ltd. These 
are manufactured by the Stylus Divi­
sion of British Manufactured Bearings 
Company. 

B.M.B. (Sales) Ltd., Crawley, Sussex. 
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Braun Audio 2 Hi-Fi Stereo Combination. 

Akai X-4 battery;mains tape re­
corder with cross-field head. 

Dual function microphone by S. G 
Brown. 

BANG & OLUFSEN 

A wide range of B. & 0. equipment is 
available in this country. It includes 
portable and table radios, stereograms, 
tape recorders, record players and acces­
sories-from pickup cartridges to loud­
speaker units. 

Agents: Debenhams Eiectrical & 
Radio Distribution Company, Eastbrook 
Road, Eastern Avenue, Gloucester. 

BEYER 

A number of new microphones manu­
factured by Beyer Elektrotechnische 
Fabrik are to be shown. This includes 
the Beyer M 80 cardioid with a fre­
quency response of 50 to 16,000 c/ s and 
the Type M 110 dynamic directional 
microphone with a frequency response 
of 60 to 12,000 c/s. 

Agents: Fi-Cord International Ltd., 
40a Dover Street, London, W .l. 

BRAUN 

Reception of f.m. stereo broadcasts and 
medium-, long- and short-wave stations, 
as well as mono and stereo reproduction 
of disc and tape records, . is provided 
for in the transistorized Audio 2 Hi-Fi 
Stereo Combination. Two other recent 
introductions will be the PS 400 stereo 
record player with counterbalanced 
tubular pickup arm and lowering 
system, and the CE 16 tuner covering 
f.m. stereo and m.w. broadcasts. 

Agents: Argelane Ltd.,. 251 Brompton 
Road, London, S.W.3. 

BRENELL 

The well-known Mark 5 range of equip­
ment is now into Series 3 and includes 
a tape deck, amplifier and tape recorder. 
These will be on show together with the 
Type M tape recorder, which has 
separate record and playback heads and 
amplifiers, and the Mark 510 recorder 
which will accommodate reels up to 
10!in dia. A stereo tape · recorder 
(STB/5/2) will also be on view, with a 
monitor amplifier and loudspeakers as 
optional extras. 

Brenell ·Engineering Co. Ltd., 231 
Liverpool Road, London, N.l. 

BROWN 

Most audio products will be demon­
strated, including the new dual func­
tion microphone (illustrated) which is 
transformed into a differential micro­
phone by operation of a shutter. The 
Universal handset will be shown, with 
built-in pre-amplifier, as used for com­
munication in aircraft. The recently 
announced miniature headset, developed 
for use in Mercury space craft, will also 
be on view. 

S. G. Brown Lui., King George's 
Avenue, Watford, Herts. 

BUTOBA 

The latest tape recorder to be introduced 
is the three:..speed portable model MT22. 
It has ·. remotely controlled rewind and 
pause, a digital tape counter, an auto­
matic tape stop, a recording level meter, 
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Armstrong I27M tuner-amplifier. 
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Broun Audio 2 Hi-Fi Stereo Combination. 

Ampsx Model 2000 tape recorder. 
Akai X-4 battery/mains tape re- 
corder with cross-field head. 

Dual function microphone by S. G 
Brown. 

ARMSTRONG 
Designed for users requiring lower 
power outputs (5 watts) than those pro- 
vided in the main Armstrong range are 
the 127 stereo tuner-amplifier and the 
127M mono tuner-amplifier. Each unit 
will receive a.m. and f.m. broadcasts 
and can be used as an amplifier for tape 
recording or for reproducing records. 
The stereo model has provision for addi- 
tion of a multiplex decoder for recep- 
tion of f.m. stereo broadcasts. 

Armstrong Audio Ltd., Warlters 
Road, London, N.7. 

BASF 
Visitors will be invited to listen to tape 
recorded talks on subjects of their own 
choice, and at the same time copy tapes 
will be made for them to take away free. 
Details of the range of BASF tapes, 
library boxes, spools and other acces- 
sories will be available. The company 
makes tapes with playing times up to 90 
minutes at 7j ins/sec (and correspond- 
ingly for lower speeds). 

BASF Chemicals Ltd., 5a Gillespie 
Road, London, N.5. 

B.M.B. 
More than 70 types of sapphire and 
diamond styli will be exhibited for the 
first time by B.M.B. (Sales) Ltd. These 
are manufactured by the Stylus Divi- 
sion of British Manufactured Bearings 
Company. 

B.M.B. {Sales) Ltd., Cram ley, Sussex. 

BANG & OLUFSEN 
A wide range of B. & O. equipment is 
available in this country. It includes 
portable and table radios, stereograms, 
tape recorders, record players and acces- 
sories—from pickup cartridges to loud- 
speaker units. 

Agents: Debenhams Electrical & 
Radio Distribution Company, Eastbrook 
Road, Eastern Avenue, Gloucester. 

BEYER 
A number of new microphones manu- 
factured by Beyer Elektrotechnische 
Fabrik are to be shown. This includes 
the Beyer M 80 cardioid with a fre- 
quency response of 50 to 16,000 c/s and 
the Type M110 dynamic directional 
microphone with a frequency response 
of 60 to 12,000 c/s. 

Agents: Fi-Cord International Ltd., 
40a Dover Street, London, W.l. 

BRAUN 
Reception of f.m. stereo broadcasts and 
medium-, long- and short-wave stations, 
as well as mono and stereo reproduction 
of disc and tape records, is provided 
for in the transistorized Audio 2 Hi-Fi 
Stereo Combination. Two other recent 
introductions will be the PS 400 stereo 
record player with counterbalanced 
tubular pickup arm and lowering 
system, and the CE 16 tuner covering 
f.m. stereo and m.w. broadcasts. 

Agents: Argelane Ltd.,. 251 Brompton 
Road, London, S.W.3. 

The well-known Mark 5 range of equip- 
ment is now into Series 3 and includes 
a tape deck, amplifier and tape recorder. 
These will be on show together with the 
Type M tape recorder, which has 
separate record and playback heads and 
amplifiers, and the Mark 510 recorder 
which will accommodate reels up to 
lOiin dia. A stereo tape recorder 
(STB/5/2) will also be on view, with a 
monitor amplifier and loudspeakers as 
optional extras. 

Brenell Engineering Co. Ltd., 231 
Liverpool Road, London, N.l. 

BROWN 
Most audio products will be demon- 
strated, including the new dual func- 
tion microphone (illustrated) which is 
transformed into a differential micro- 
phone by operation of a shutter. The 
Universal handset will be shown, with 
built-in pre-araplifier, as used for com- 
munication in aircraft. The recently 
announced miniature headset, developed 
for use in Mercury space craft, will also 
be on view. 

S. G. Brown Ltd., King George's 
Avenue, Watford, Herts. 

BUTOBA 
The latest tape recorder to be introduced 
is the three-speed portable model MT22. 
It has remotely controlled rewind and 
pause, a digital tape counter, an auto- 
matic tape stop, a recording level meter, 
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-Fane Acoustics "Jonofane" loudspeaker. 

Design Furniture Type EQC I 5 equipment cabinet. 

a 7 -inch circular loudspeaker and tran­
siSf:or electronic circuits. Also on show 
wii\.1 be the MT5 recorder, notable for 
its .robust construction. 

.t1.gents: Denham & Morley, 1731175 
Cle«Jeland Street, London, W.l. 

CELESTION 

The new Ditton 10 wide-range loud­
speaker system with a power handling 
capacity of 10 watts r.m.s. will be 
featured together with existing models 
CX1512 and CX2012. 

Celestion Ltd. , Ferry Works, Thames 
Ditton, Surrey . 

CHAPMAN 

The range of tuners to be shown in­
cludes an f.m. model; an a.m,/f.m. type 
giving also long, medium and short 
wavebands; an a.m. bandspread receiver 
covering the 11, 13, 16, 19, 25 and 31 
metre bands in bandspread ranges; and 
a similar. bandspread receiver covering 
also f.m. at 87.5-108 Mcls. 

Amplifiers on view will include the 
306 Stereo, an 8 +8 watt integrated 
equipment with a frequency response 
claimed to be flat within 0.2dB from 
30 cIs to 20 kc Is. Inputs are selected 
by push-button switches. 

Derritron Radio Ltd. , 24 U ppar 
Brook Street, London, W.l. 

CLARKE & SMITH 

Although no details of the exhibits to be 
shown by this firm were available at 
the time of going to press .it is reason­
able to assume that they will include 
high-quality amplifiers and sound re­
producing equipment. 

Clarke & Smith Manufacturing Co. 
Ltd., Melbourne Road, Wallington, 
Surrey. 

CONNOISSEUR 

Two transcription turntables in the Con­
noisseur Craftsman series (one a two­
speed and the other a variable three­
speed unit) are to be shown by the 
manufacturers-Sugden. The uni:ts are 
very similar _and have identical wow 
(0.15 %) and flutter (0.1 %) characteristics. 
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Hum level is less than 80 dB and rumble 
is 50dB down on both machines. The 
Craftsman series of loudspeaker enclo­
sures, which are available with and with­
out speakers, and a selection of pickup 
arms and cartridges are also to be shown. 

A. R. Sugden & Co. (Engineers) Ltd., 
Market Street, Brighouse, Yorkshire. 

DECCA 

The ffss Mark III pickup will be 
demonstrated with a new magnetic bias 
adjuster. This fits on to the pivot pillar 
of' all Decca pickup arms and magnetic­
ally neutralizes the lateral bias force. A 
new ffss Deccadec includes a non­
ferrous turntable and a pickup arm to 
take all ffss heads except those with 
elliptical stylus. The current TSA 
range of "budget stereo " equipment 
will also be demonstrated, including the 
TSA33 transistor stereo amplifi·er and 
the Deccadec with the Deram ceramic 
cartridge. 

Decca Radio & Television Ltd., 
Albert Embankment, London S.E.l. 

DESIGN FURNITURE 

Two new equipment cabinets with motor 
mounting boards that are adjustable in 
height are to be featured. The motor 
mounting board in the larger of the two 
cabinets, the EQC 14, can be stepped 
in height if required. A ·record storage 
cabinet and a loudspeaker enclosure, 
containing Celestion speakers, are also 
to be featured. 

Design Furniture Ltd., Calthorpe 
Manor, Banbury, Oxon. 

DUAL 

Of this range of German equipment, 
the 1009 turntable and pickup arm will 
be shown with the CV2 transistor inte­
grated stereo amplifier and loudspeaker 
unit CL3. The 1009 turntable, which 
weighs 7! pounds, has a fine speed con­
trol which uses a conical motor drive 
pulley. The tracking weight is adjust­
able and, incidentally, it is claimed that 
the pickup will track with a tilt of 45 o 

and a tracking weight of 1 gram. The 

£/com transistorized sound studio unit. 

unit provides for automation operation 
with a tracking weight of -! gram. 

Agents: Celsa Electric Company Ltd., 
I<elway Place, London W .14. 

E.M.I . . 

In addition to showing current tape 
recorders, EMI Electronics will prese11t 
their new L4 portable professional 
recorder. This two-speed model with 
remote control and mixing facility in­
cludes a fourth magnetic head for souad 
sync. EMI Tape Ltd. will also be 
showing their range of recording tapes, 
film and ·blank discs. 

EM! Electronics, Hayes, Middlesex. 

ELCOM 

Transistorized sound equipment for 
recording and broadcasting studios will 
be displayed. The units are available 
in portable or console form and facilities 
include input switching, tone equaliza­
tion, channel and group fading hy 
quadrant faders, mid-lift units and pre­
fade listen. Separate modules, available 
as plug-in units, will include line 
amplifiers, microphone amplifiers, com­
pensating units, faders and peak 
programme meter units. 

Elcom (Northampton) Ltd., Weedon 
Road, Industrial Estate, Northampton. 

FANE 

The new Ionophone loudspeakers 
should create much ,interest since they 
have no mechanical moving parts and 

(Continued on page 189) 
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Fane Acoustics " lonofane " loudspeaker. 

» 
Design Furniture Type EQC IS equipment cabinet. 

a 7-inch circular loudspeaker and tran- 
sistor electronic circuits. Also on show 
wil be the MT5 recorder, notable for 
its robust construction. 

Agents: Denham & Morley, 173/175 
Cleveland Street, London, W.l. 

CELESTION 
The new Ditton 10 wide-range loud- 
speaker system with a power handling 
capacity of 10 watts r.m.s. will be 
featured together with existing models 
CX1512 and CX2012. 

Celestion Ltd., Ferry Works, Thames 
Ditton, Surrey. 

CHAPMAN 
The range of tuners to be shown in- 
cludes an f.m. model; an a.m,/f.m. type 
giving also long, medium and short 
wavebands; an a.m. bandspread receiver 
covering the 11, 13, 16, 19, 25 and 31 
metre bands in bandspread ranges; and 
a similar bandspread receiver covering 
also f.m. at 87.5-108 Mc/s. 

Amplifiers on view will include the 
306 Stereo, an 8-1-8 watt integrated 
equipment with a frequency response 
claimed to be flat within 0.2dB from 
30c/s to 20kc/s. Inputs are selected 
by push-button switches. 

Derritron Radio Ltd., 24 Upper 
Brook Street, London, W.l. 

CLARKE & SMITH 
Although no details of the exhibits to be 
shown by this firm were available at 
the time of going to press it is reason- 
able to assume that they will include 
high-quality amplifiers and sound re- 
producing equipment. 

Clarke & Smith Manufacturing Co. 
Ltd., Melbourne Road, Wallington, 
Surrey. 

CONNOISSEUR 
Two transcription turntables in the Con- 
noisseur Craftsman series (one a two- 
speed and the other a variable three- 
speed unit) are to be shown by the 
manufacturers—Sugden. The units are 
very similar and have identical wow 
(0.15%) and flutter (0.1%) characteristics. 

Hum level is less than 80 dB and rumble 
is 50dB down on both machines. The 
Craftsman scries of loudspeaker enclo- 
sures, which are available with and with- 
out speakers, and a selection of pickup 
arms and cartridges are also to be shown. 

A. R. Sugden & Co. (Engineers) Ltd., 
Market Street, Brig house, Yorkshire. 

The ffss Mark III pickup will be 
demonstrated with a new magnetic bias 
adjuster. This fits on to the pivot pillar 
of1 all Decca pickup arms and magnetic- 
ally neutralizes the lateral bias force. A 
new ffss Deccadec includes a non- 
ferrous turntable and a pickup arm to 
take all ffss heads except those with 
elliptical stylus. The current TSA 
range of " budget stereo" equipment 
will also be demonstrated, including the 
TSA33 transistor stereo amplifier and 
the Deccadec with the Deram ceramic 
cartridge. 

Decca Radio & Television Ltd., 
Albert Embankment, London S.E.I. 

DESIGN FURNITURE 
Two new equipment cabinets with motor 
mounting boards that are adjustable in 
height are to be featured. The motor 
mounting board in the larger of the two 
cabinets, the EQC 14, can be stepped, 
in height if required. A record storage 
cabinet and a loudspeaker enclosure, 
containing Celestion speakers, are also 
to be featured. 

Design Furniture Ltd., Calthorpe 
Manor, Banbury, Oxon. 

Of this range of German equipment, 
the 1009 turntable and pickup arm will 
be shown with the CV2 transistor inte- 
grated stereo amplifier and loudspeaker 
unit CL3. The 1009 turntable, which 
weighs If pounds, has a fine speed con- 
trol which uses a conical motor drive 
pulley. The tracking weight is adjust- 
able and, incidentally, it is claimed that 
the pickup will track with a tilt of 45° 
and a tracking weight of 1 gram. The 
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Elcom transistorized sound studio unit. 

unit provides for automation operation 
with a tracking weight of i gram. 

Agents: Celsa Electric Company Ltd., 
Kelway Place, London IT.14. 

In addition to showing current tape 
recorders, EMI Electronics will present 
their new L4 portable professional 
recorder. This two-speed model with 
remote control and mixing facility in- 
cludes a fourth magnetic head for sound 
sync. EMI Tape Ltd. will also be 
showing their range of recording tapes, 
film and blank discs. 

EMI Electronics, Hayes, Middlesex. 
ELCOM 

Transistorized sound equipment for 
recording and broadcasting studios will 
be displayed. The units are available 
in portable or console form and facilities 
include input switching, tone equaliza- 
tion, channel and group fading by 
quadrant faders, mid-lift units and pre- 
fade listen. Separate modules, available 
as plug-in units, will include line 
amplifiers, microphone amplifiers, com- 
pensating units, faders and peak 
programme meter units. 

Elcom (Northampton) Ltd., Weedon 
Road, Industrial Estate, Northampton. 

FANE 
The new lonophone loudspeakers 
should create much interest since they 
have no mechanical moving parts and 
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Duette equipment cabinet from GKD which 
can be used as a room divider. 

use ionized air to propagate ,sound. The 
Ionofane 601 frequency response e~tends 
from 3 kc/s-30 kc/s and is claimed to 
have a better ·transient response rthan 
conventional loudspeakers. The 602 
model includes the 601 unit and a mid­
range unit, and in the 603 model a !Sin 
bass unit is added to the 602. 

Fane Acoustics Ltd., Hick Lane, 
Batley, Yorkshire . 

FERROGRAPH 

An addition to the range of well-known 
equipment will be shown, but at the 
time of going to press details had not 
been released. 

The Ferrograph Company Ltd., 84 
Blackfriars Road, London S.E.l. 

FI-CORD 

A new tape recorder, the Fi-Cord 202A, 
i.s to be introduced at the Fair. This 
machine is to replace the 202, which was 
first seen three years ago. At the higher 
of the two speeds (7! in/ sec) the fre-
quency response of this portable .machine 
is quoted to be within 3 dB from SO to 
12,000 c/s. Other features include a 
re-designed control panel and a new 
Vu-meter. Fi-Cord will also be showing 
the first two microphones of their own 
make. Both are of studio quality and 
use the moving coil principle. 

Pi-Cord International Ltd., 40a Dover 
Street, London, W.l. 

GKD 

The Huntingdon · and Anglian series of 
cabinets have been completely redesigned 
and will now accommodate almost any 
manufacturer's equipment. A number 
of modifications have also been made to 
the remainder of the G K D range, but 
without change to styling. 

·G K D Ltd., 74 Langley Street, 

GARRARD 

In addition to the present range of pro­
ducts, the new Model SP:25 single-disc 
player will be displayed. This unit has a 
calibrated stylus pressure adjustment, a 
bias compensator and a pickup arm 
lowering device. An unusual feature for 
a single player is the automatic arm 
return. . The unit also has a balanced 
non-magnetic die-cast turntable with a 
dynamically balanced rotor. 

Garrard Engineering Ltd., Swindon, 
Wilts. 

GOLDRING 

A four-speed turntable unit with a fine 
speed adjustment of ± 10 % on each 
speed will be introduced. Designated 
G 66, the unit has a built-in lowering 
device coupled with the on/off switch, 
and the pickup arm is wired for stereo. 
The idler wheel is automatically dis­
engaged as the unit is switched off. Also 
on show will be the Pickering V 15 
cartridge and a range of three transcrip­
tion units, GL58, GL70 and GL88. 

Goldring Manufacturing Co. (Gt. 
Britain) Ltd., 486-488 High Road, 
Leytonstone, London, E.11. 

GOODMANS 

Loudspeakers from eight to eighteen­
inches in diameter are to be shown. 
Included in the selection of high-fidelity 
speakers is to be the 12-in Axiom which 
incorporates several new design features, 
such as a new pressure die-cast chassis. 
The small Maxim reproducer (10!- x 5t 
x 7tin), which was introduced at last 

year's festival is also to be shown. 
Goodmans Industries Ltd., Axiom 

~\7 arks, Lance lot Road, W embley, 
Middx. 

GRAMPIAN 

A selection of their range of micro­
phones, amplifiers and loudspeakers will 
be shown, including three new ampli­
fiers and a new 12in loudspeaker. 

Grampian Reproducers Ltd., Han­
worth Trading Estcue, Feltham, Middle-
sex. 

HAMMOND 

A custom built sound system will be 
introduced, containing an a.m./f.m. 
tuner with stereo decoder, a s•tereo am-

Luton, Beds. jordan-Watts modular loudspeaker. 
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plifier glV!ng 12 watts per channel, a 
Garrard A70 transcription turntable with 
magnetic cartridge, and loudspeakers. A 
new condenser microphone, a redesign 
of the Microkit model, includes an en­
capsulated pre-amplifier, balanced low­
impedance output and a regulated power 
supply. Also new are two loudspeaker 
uni•ts, the Europa with four drive units 
and the L. 7 with a double-cone wide-
range loudspeaker. · 

C. E. Hammond & Co. Ltd., 90 High 
Street, Windsor, Berks. 

ILFORD 

Zonatape magnetic recording tape, 
which is specially manufactured for 
amateur tape recording, is to be sl10wn. 
It is available in several grades on spools 
up to 8!in diameter, which are colour­
coded to indicate the grade of tape. 
Diacetate, p.v.c. and polyester based 
tapes are featured in the Zonatape range. 

Ilford Ltd., Ilford, Essex. 

JORDAN-WATTS 

Five examples of the Jordan-Watts 
modular loudspeaker design will be 
demonstrated. The Mini 12, with a 
single module, has a power handling 
capacity of 12 watts and a frequency 
response claimed to be level down to 
80c/s. The A 12, also one module, has 
a response level down to 40 c/ s. A 
more advanced domestic system is the 
A 25, in which the radiation pattern is 
tailored to reduce spurious effects of 
room acoustics. The B50 is similar in 
performance but has four modules in 
distributed line source array and 
handles 50 W. Radiation pattern con­
trol techniques used in the A 25 and 
B 50 are adapted in the DPS 100 to pro­
vide a more precise stereo image. 

Boosey . & Hawkes (Sales) Ltd., 
Sonorous Works, Deansbrook Road, 
Edgware, Middlesex. 

KEF ELECTRONICS 

The T.15 tweeter unit has been rede­
signed and is now claimed to provide 
an .additional octave at the top end of 
its frequency response and a smoother 
response over its whole range. Floor­
mounted and suspended versions of the 
B.B.C. monitoring loudspeakers will be 

Goldring Model G66 turntable unit. 
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Duette equipment cabinet from GKD which 
can be used as a room divider. 

use ionized air to propagate sound. The 
lonofane 601 frequency response extends 
from 3kc/s-30kc/s and is claimed to 
have a better trahsient response than 
conventional loudspeakers. The 602 
model includes the 601 unit and a mid- 
range unit, and in the 603 model a 15in 
bass unit is added to the 602. 

Fane Acoustics Ltd., Hick Lane, 
Batley, Yorkshire. 

FERROGRAPH 
An addition to the range of well-known 
equipment will be shown, but at the 
time of going to press details had not 
been released. 

The Ferrograph Company Ltd., 84 
Blackfriars Road, London S.E.I. 

A new tape recorder, the Fi-Cord 202A, 
is to be introduced at the Fair. This 
machine is to replace the 202, which was 
first seen three years ago. At the higher 
of the two speeds (7j in/sec) the fre- 
quency response of this portable machine 
is quoted to be within 3 dB from 50 to 
12,000 c/s. Other features include a 
re-designed control panel and a new 
Vu-meter. Fi-Cord will also be showing 
the first two microphones of their own 
make. Both are of studio quality and 
use the moving coil principle. 

Fi-Cord International Ltd., 40a Dover 
Street, London, W.l. 

The Huntingdon and Anglian series of 
cabinets have been completely redesigned 
and will now accommodate almost any 
manufacturer's equipment. A number 
of, modifications have also been made to 
the remainder of the GKD range, but 
without change to styling. 
•GKD Ltd., 74 Langley Street, 

Luton, Beds. 

GARRARO 
In addition to the present range of pro- 
ducts, the new Model SP25 single-disc 
player will be displayed. This unit has a 
calibrated stylus pressure adjustment, a 
bias compensator and a pickup arm 
lowering device. An unusual feature fof 
a single player is the automatic arm 
return. The unit also has a balanced 
non-magnetic die-cast turntable with a 
dynamically balanced rotor. 

Garrard Engineering Ltd., Swindon, 
Wilts. 

COLORING 
A four-speed turntable unit with a fine 
speed adjustment of + 10 % on each 
speed will be introduced. Designated 
G 66, the unit has a built-in lowering 
device coupled with the on/off switch, 
and the pickup arm is wired for stereo. 
The idler wheel is automatically dis- 
engaged as the unit is switched off. Also 
on show will be the Pickering V 15 
cartridge and a range of three transcrip- 
tion units, GL58, GL70 and GL88. 

Goldring Manufacturing Co. (Gt. 
Britain) Ltd., 486-488 High Road, 
Leytonstone, London, £.11. 

GOODMANS 
Loudspeakers from eight to eighteen- 
inches in diameter are to be shown. 
Included in the selection of high-fidelity 
speakers is to be the 12-in Axiom which 
incorporates several new design features, 
such as a new pressure die-cast chassis. 
The small Maxim reproducer (10i x 5) 
x 7iin), which was introduced at last 

year's festival is also to be shown. 
Goodmans Industries Ltd., Axiom 

Works, Lancelot Road, Wembley, 
Middx. 

GRAMPIAN 
A selection of their range of micro- 
phones, amplifiers and loudspeakers will 
be shown, including three new ampli- 
fiers and a new 12in loudspeaker. 

Grampian Reproducers Ltd., Han- 
worth Trading Estate, Feltham, Middle- 

HAMMOND 
A custom built sound system will be 
introduced, containing an a.m./f.m. 
tuner with stereo decoder, a stereo am- 

plifier giving 12 watts per channel, a 
Garrard A70 transcription turntable with 
magnetic cartridge, and loudspeakers. A 
new condenser microphone, a redesign 
of the Microkit model, includes an en- 
capsulated pre-amplifier, balanced low- 
impedance output and a regulated power 
supply. Also new are two loudspeaker 
units, the Europa with four drive units 
and the L.7 with a double-cone wide- 
range loudspeaker. 

C. E. Hammond & Co. Ltd., 90 High 
Street, Windsor, Berks. 

Zonatape magnetic recording tape, 
which is specially manufactured for 
amateur tape recording, is to be shown. 
It is available in several grades on spools 
up to S^in diameter, which are colour- 
coded to indicate the grade of tape. 
Diacetate, p.v.c. and polyester based 
tapes are featured in the Zonatape range. 

Ilford Ltd., Ilford, Essex. 
JORDAN-WATTS 

Five examples of the Jordan-Watts 
modular loudspeaker design will be 
demonstrated. The Mini 12, with a 
single module, has a power handling 
capacity of 12 watts and a frequency 
response claimed to be level down to 
80 c/s. The A 12, also one module, has 
a response level down to 40 c/s. A 
more advanced domestic system is the 
A 25, in which the radiation pattern is 
tailored to reduce spurious effects of 
room acoustics. The B50 is similar in 
performance but has four modules in 
distributed line source array and 
handles 50 W. Radiation pattern con- 
trol techniques used in the A 25 and 
B 50 are adapted in the DPS 100 to pro- 
vide a more precise stereo image. 

Boosey & Hawkes (Sales) Ltd., 
Sonorous Works, Deanshrook Road, 
Edgware, Middlesex. 

KEF ELECTRONICS 
The T.15 tweeter unit has been rede- 
signed and is now claimed to provide 
an additional octave at the top end of 
its frequency response and a smoother 
response over its whole range. Floor- 
mounted and suspended versions of the 
B.B.C. monitoring loudspeakers will be 

Jordan-Watts modular loudspeaker. Goldring Model C66 turntable unit. 
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demonstrated. The company will also 
introduce a loudspeaker system in an 0.8 
cu.ft cabinet >vhich they say comes half­
way between their existing Celeste and 
Duette models. This is their contribu­
tion to the Group 4 venture, which aims 
to offer genuine hi-fi equipment in 
attractive cabinets. 

KEF Electronics Ltd., T ovil, Maid­
stone, Kent. 

KELLY 

Kelly loudspeakers (now marketed by 
D.?cca) will include an improved ver­
sion of the well-known Mini and a 
hrger enclosure operated with an 
"acoustic lens " high-frequency diffu­
sion technique. The Mini loudspeaker 
will be demonstrated in conjunction 
with the latest turntable unit, the ffss 
Deccadec, which has a magnetic pickup, 
a pickup arm extension/adaptor with 
standard ffss head fitting and a non­
ferrous turntable. 

Decca Record Co. Ltd., 9 Alben 
Embankment, London S.E.l. 

KODAK 

A wide range of sound recording tapes 
are to be featured, including the Kodak 
P.400 quadruple-play tape which is 
claimed to be particularly good at slow 
speeds. This tape is now available on 
3-, 3;}- and 4-in spools. 

Kodak Ltd .. , Kodak House, Kingsway, 
London, W.C.2. 

L.P. RECORD LIBRARY 

The Long Playing Record Library · will 
be publishing volume 30) of its "Guide 
tn the Bargain Classics" and also a new 
edition of its " Classical Catalogue & 
Handbook" specially for the Fair. De­
tails will also be available of the Pro­
fessional Stereo Record Library. 

The Long Playing Record Library 
Ltd., Squires Gate Station Approach, 
Blackpool, Lanes. 

LEAK 

Demonstrations of the Stereo 30 two­
channel - transistor amplifier together 
with the Sandwich loudspeaker system 
will be given. In the amplifier, the 
power section following the tone con­
trol pr~-amplifier in each channel is a 
directly coupled transformerless push­
pull circuit with over 60 dB of nega­
tive feedback, giving an output of 
10 watts into a 15-n load or 15 watts 
into a 4-n load. The Sandwich loud­
speaker system comprises a treble unit 
and a bass unit, both with rigid, light­
weight cones to give improved piston 
action and freedom from cone break-up. 
The cone is constructed as a "sand­
wich" of two skins of thin aluminium 
enclosing a ~-in thick core of light ex­
panded plastics material. 

H. J. Leqk & Co. Ltd., Brunei Road, 
Westway Factory Estate, London, W.3. 

LOEWE-OPT A 

Receivers, radiograms and tape recorder~ 
will be exhibited, including the recently 
announced Optacord 408 tape recorder. 
The two-speed Optacord 416 will be on 
display for the first time in this country. 

Agents: Highgate Acoustics, 71 Great 
Portland Street, London, W.l. 

190 

LOWTHER 

This company is well known for its 
range of loudspeakers using a single 
hi!!h-fiux twin-cone drive unit in a . 
horn-loaded enclosure. These include 
the Acousta folded-horn enclosure (14in 
X 18in X 33in); corner reproducers; and 
a twin enclosure for stereo reproduc­
tion. A feature of the drive unit is a 
central stabilizer plug which . spreads the 
high frequency radiation and provides 
horn loading of the inner cone, thereby 
smoothing the response. Also on view 
will be the company's . range of power 
amplifiers, control units and f.m. tuners, 
and a battery-powered aJ. test oscillator 
for setting up sound reproducing equip­
ment. 

The Lowther Manufacturing Com­
pany, Lowther House, St. Mark's Road, 
Bromley, Kent. 

LUSTRAPHONE 

A wide range of microphones including 
dual-head stereo types, studio ribbon 
velocity microphones and moving-coil 
units, will be displayed together with 
floo-r and table stands, booms, flexible 
positioning tubes and other accessories. 
A folding mobile floor stand is a new 
addition to the range. 

Also on show will be a microphone 
and radio transmitter combination, 
called the Radiomic System, which has 
received Post Office type and specifica­
tion approval. Single- and multi­
channel receivers are available for the 
system. 

Lustraphone Ltd., St . George's 
Works, Regent's Park Road, London, 
N.W.l. 

3M 
All " Scotch " magnetic tapes to be 
shown, excluding the acetate-based stan-. 
dard type, will have the recently intro­
duced Superlife protective coating, 
claimed to increase tape life up to fifteen 
times. Also displayed will be a tape 
machine that records and plays tapes in 
cartridge form, both mono and stereo. 
Up to 20 tape cartridges may be stacked 
on the loading platform, giving up to 15 
hours playing time. Recording, replay­
ing and cartridge changing are all auto­
matic. Accessories on show will in- · 
elude a self-threading reel. 

Minnesota Mining & Manufacturing 
Co. Ltd., 3M House, Wigmore Street, 
London, W.l. 

MALLORY 

The full range of cells and batteries of 
particular value in audio equipment will 
be displayed. The 1.5V manganese­
alkaline dry ceUs have been improved 
to give a lower internal impedance. 

Mallory Batteries Ltd., Crawley, 
Sussex. 

MASTERTAPE 

Four grades of magnetic recording tape 
are featured. 'These are available on 
five reel sizes-from 3 to 7 in-and are 
to be shown with a new splicing kit and 
a wide range of accessories for the re­
cordist. Other items to be featured in-

elude the "Min-voice· letter" and the 
" Senda-message " ultra-lightweight 
postal pack on a miniature reel. 

Mastertape (Magnetic) Ltd. [formerly 
MSS ·Recording Co.], Poyle Trading 
Estate, Colnbrook, Slough, Bucks. 

MULLARD 

Valves, capacitors, new transistor equip-
. ment circuits and the new range of tran­

sistors wili .be shown. The range of 
transistors comprise·s complementary 
output pairs: the AD128/AC176 for 
3 watt class B stages and the AD161/ 
AD162 for 6 watt stages: The AD149 
can give 5 watts class A and is supplied 
in matched pairs for higher power 
stages. Also shown is a silicon planar 
epitaxial trans>istor, BC107, for high 
gain, low noise input ·stages and pre­
amplifiers. 

Mullard Ltd., Torrington Place, Lon­
don W.C.l. 

ORTOFON 

A stereo moving-coil pickup cartridge 
with the high compliance of 10 X I0- 6 
em/ dyne and an equivalent mass at the 
stylus point of 1 mgm will: be exhibi­
ted. Without a transformer (type SPU) 
ir weighs 8gm, and has an impedance of 
212 and an output of 0.05 mV /em/sec. 
With a transformer (type SPU-T) it has. 
an output impedance of 15kf2 and an 
output of 2 mV /em/sec. The stylus is 
diamond and three vers,ions are avail­
able-for stereo only, for stereo/mono, 
and elliptical-point for stereo/mono. 

Agents:-Metro-Sound (Sales) Ltd., 
Bridge Works, Wallace Road, Canon­
bury, London, N.l. 

PETO SCOTT, 

The range of Philips professional sound . 
recording equipment is to be shown this 
year, along with a new video tape re­
corder, Type EL 3400. 

Peto Scott Electrical Instruments Ltd., 
Addles tone Road, W eybridge, Surrey. 

PHILIPS 

A variety of tape recorders and acces­
sories will - be shown, including a four­
speed stereo model (EL3534) and the 
cartridge loading model (EL 3300). 
Other models to be shown are EL 3548, 
EL 3549 and EL 3552. 

Philips Electrical Ltd., Century 
House, Shaftesbury Ave., London, W.C. 

PLANET PROJECTS 

A continuously operating magnetic tape 
transport mechanism, type C.D.2, will 
be shown. Designed to provide con­
tinuous music, the mechanism auto­
matically reverses when the end of 
either reel is reached and electrically 
selects the appropriate one of the two 
heads. Using standard f-inch tape, it 
operates at either 1i in/sec or 3:f in/ 
sec and is available · for ~- or t track 
mono replay or stereo replay only. The 
deck accepts 7-inch reel:s (or smaller if 
required) and the normal international 
recording direction is used. 

Planet Projects Ltd., Goodman 
Works, Belvue Road, Northolt, Middx. 
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demonstrated. The company will also 
introduce a loudspeaker system in an 0.8 
cu.ft cabinet which they say comes half- 
way between their existing Celeste and 
Duette models. This is their contribu- 
tion to the Group 4 venture, which aims 
to offer genuine hi-fi equipment in 
attractive cabinets. 

KEF Electronics Ltd., Tovil, Maid- 
stone, Kent. 

KELLY 
Kelly loudspeakers (now marketed by 
Decca) will include an improved ver- 
sion of the well-known Mini and a 
larger enclosure operated with an 
" acoustic lens" high-frequency diffu- 
sion technique. The Mini loudspeaker 
will be demonstrated in conjunction 
with the latest turntable unit, the ffss 
Deccadec, which has a magnetic pickup, 
a pickup arm extension/adaptor with 
standard ffss head fitting and a non- 
ferrous turntable. 

Decca Record Co. Ltd., 9 Albert 
Embankment, London S.E.I. 

KODAK 
A wide range of sound recording tapes 
are to be featured, including the Kodak 
P.400 quadruple-play tape which is 
claimed to be particularly good at slow 
speeds. This tape is now available on 
3-, 3;1- and 4-in spools. 

Kodak Ltd., Kodak House, Kings-way, 
London, W.C.2. 

L.P. RECORD LIBRARY 
The Long Playing Record Library will 
be publishing volume 3(1) of its "Guide 
to the Bargain Classics " and also a new 
edition of its " Classical Catalogue & 
Handbook " specially for the Fair. De- 
tails will also be available of the Pro- 
fessional Stereo Record Library. 

The Long Playing Record Library 
Ltd., Squires Gate Station Approach, 
Blackpool, Lanes. 

LEAK 
Demonstrations of the Stereo 30 two- 
channel transistor amplifier together 
with the Sandwich loudspeaker system 
will be given. In the amplifier, the 
power section following the tone con- 
trol pre-amplifier in each channel is a 
directly coupled transformerless push- 
pull circuit with over 60 dB of nega- 
tive feedback, giving an output of 
10 watts into a 15-!1 load or 15 watts 
into a 4-1! load. The Sandwich loud- 
speaker system comprises a treble unit 
and a bass unit, both with rigid, light- 
weight cones to give improved piston 
action and freedom from cone break-up. 
The cone is constructed as a " sand- 
wich " of two skins of thin aluminium 
enclosing a |-in thick core of light ex- 
panded plastics material. 

H. J, Leak & Co. Ltd., Brunei Road, 
Westway Factory Estate, London, WA. 

LOEWE-OPTA 
Receivers, radiograms and tape recorders 
will be exhibited, including the recently 
announced Optacord 408 tape recorder. 
The two-speed Optacord 416 will be on 
display for the first time in this country. 

Agents: Highgate Acoustics, 71 Great 
Portland Street, London, 117,1. 

LOWTHER 
This company is well known for its 
range of loudspeakers using a single 
high-flux twin-cone drive unit in a 
horn-loaded enclosure. These include 
the Acousta folded-horn enclosure (14in 
Xl8inx33in); corner reproducers; and 

a twin enclosure for stereo reproduc- 
tion. A feature of the drive unit is a 
central stabilizer plug which spreads the 
high frequency radiation and provides 
horn loading of the inner cone, thereby 
smoothing the response. Also on view 
will be the company's range of power 
amplifiers, control units and f.m. tuners, 
and a battery-powered a.f, test oscillator 
for setting up sound reproducing equip- 
ment. 

The Lowther Manufacturing Com- 
pany, Lowther House, St. Mark's Road, 
Bromley, Kent. 

LUSTRAPHONE 
A wide range of microphones including 
dual-head stereo types, studio ribbon 
velocity microphones and moving-coil 
units, will be displayed together with 
floor and table stands, booms, flexible 
positioning tubes and other accessories. 
A folding mobile floor stand is a new 
addition to the range. 

Also on show will be a microphone 
and radio transmitter combination, 
called the Radiomic System, which has 
received Post Office type and specifica- 
tion approval. Single- and multi- 
channel receivers are available for the 
system. 

Lustraphone Ltd., St. George's 
Works, Regent's Park Road, London, 
N.W.I. 

3M 
All " Scotch" magnetic tapes to be 
shown, excluding the acetate-based stan- 
dard type, will have the recently intro- 
duced Superlife protective coating, 
claimed to increase tape life up to fifteen 
times. Also displayed will be a tape 
machine that records and plays tapes in 
cartridge form, both mono and stereo. 
Up to 20 tape cartridges may be stacked 
on the loading platform, giving up to 15 
hours playing time. Recording, replay- 
ing and cartridge changing are all auto- 
matic. Accessories on show will in- 
clude a self-threading reel. 

Minnesota Mining & Manufacturing 
Co. Ltd.. 3M House, Wigmore Street, 
London, W.\. 

MALLORY 
The full range of cells and batteries of 
particular value in audio equipment will 
be displayed. The 1.5V manganese- 
alkaline dry cells have been improved 
to give a lower internal impedance. 

Mallory Batteries Ltd., Crawley, 
Sussex. 

MASTERTAPE 
Four grades of magnetic recording tape 
arc featured. These are available on 
five reel sizes—from 3 to 7 in—and are 
to be shown with a new splicing kit and 
a wide range of accessories for the re- 
cordist. Other items to be featured in- 

clude the " Min-voice letter" and the 
" Senda-message " ultra-lightweight 
postal pack on a miniature reel. 

Mastertape (Alagnetic) Ltd. [formerly 
AISS Recording Co.], Poyle Trading 
Estate, Colnbrook, Slough, Bucks. 

MULLARD 
Valves, capacitors, new transistor equip- 
ment circuits and the new range of tran- 
sistors will be shown. The range of 
transistors comprises complementary 
output pairs: the AD128/AC176 for 
3 watt class B stages and the AD161/ 
AD162 for 6 watt stages. The AD149 
can give 5 watts class A and is supplied 
in matched pairs for higher power 
stages. Also shown is a silicon planar 
epitaxial transistor, BC107, for high 
gain, low noise input stages and pre- 
amplifiers. 

Mullard Ltd., Torrington Place, Lon- 
don W.C.I. 

ORTOFON 
A stereo moving-coil pickup cartridge 
with the high compliance of lOXlO -6 

cm/dyne and an equivalent mass at the 
stylus point of 1 mgm will- be exhibi- 
ted. Without a transformer (type SPU) 
it weighs Sgm, and has an impedance of 
211 and an output of 0.05 raV/cm/sec. 
With a transformer (type SPU-T) it has 
an output impedance of 15kll and an 
output of 2 mV/cm/ sec. The stylus is 
diamond and three versions are avail- 
able—for stereo only, for stereo/mono, 
and elliptical-point for stereo/mono. 

Agents:—Metro-Sound (Sales) Ltd., 
Bridge Works, Wallace Road, Canon- 
bury, London, N.i. 

PETO SCOTT 
The range of Philips professional sound 
recording equipment is to be shown this 
year, along with a new video tape re- 
corder, Type EL 3400. 

Peto Scott Electrical Instruments Ltd., 
Addlestone Road, Weybridge, Surrey. 

PHILIPS 
A variety of tape recorders and acces- 
sories will be shown, including a four- 
speed stereo model (EL3534) and the 
cartridge loading model (EL 3300). 
Other models to be shown are EL 3548, 
EL 3549 and EL 3552. 

Philips Electrical Ltd., Century 
House, Shaflesbury Ave., London, W.C. 

PLANET PROJECTS 
A continuously operating magnetic tape 
transport mechanism, type C.D.2, will 
be shown. Designed to provide con- 
tinuous music, the mechanism auto- 
matically reverses when the end of 
cither reel is reached and electrically 
selects the appropriate one of the two 
heads. Using standard 3-inch tape, it 
operates at either 1| in/sec or 3j in/ 
sec and is available for or ] track 
mono replay or stereo replay only. The 
deck accepts 7-inch reels (or smaller if 
required) and the normal international 
recording direction is used. 

Planet Projects Ltd., Goodman 
Works, Belvue Road, Northolt, Middx. 
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PYE 

A transistorized version of the well 
known " Black Box " mono record re­
producer is to be shown along with the 
" Achoic Box " stereo record reproducer 
which was first seen at last year's Radio 
Show. The current range of" Brahms" 
hi-fi equipment, which is available 
either as a complete unit or separate 
chassis, will also be shown. 

Pye Ltd., Radio Works, Cambridge. 

QUAD 

A multiplex decoder for recept!ion of 
. stereophonic broadcasts on the pilot­
tone system is now availabl,e, but for 
export only at present. Designed for 
use with the Quad [m. tuner and Quad 
22 control unit, the unit recovers the 
stereo information signal (difference be­
tween left- and right-hand channels) 
,and combines it with the sum signal, 
so that the original two channels are 
obtained separately. 

In addition, the well-known range of 
power amplifier, control unit, a.m. and 
f.m. tuners and electrostaHc loud­
speakers will he displayed. 

The AcOU$tical Manufacturing Co. 
Ltd., Huntingdon. 

RADFORD 

Items on show this year include the 
Series 3 Super Bookshelf loudspeaker 
unit with a response of 80 c/s-14 kc/s 
± 3-t dB and handling up to 25 watts 
r.m.s. A new transistor control unit will 
be on display-the SC22-and f.m. 
tuners will be introduced whh facilities 
for interstation noise suppression and 
multiplex stereo output. If the B.B.C. 
multiplex stereo transmissions are suit­
ably timed it is hoped to demonstrate 
the stereo f.m. tuner. Other established 
Radford items will also be shown. 

Radford Electronics Ltd., Ashton Vale 
Estate, Bristol 3. 

RECORD HOUSING 

Most of the range of 20 cabinets will be 
on show, including the new Hi-Flex 
units which can be placed tog~ther, ver­
tically or horizontally, to form a con-

Rogers Cadet Ill stereo ampli­
fier and control unit. 
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tinuous cabinet. The system comprises 
an equipment unit, a record unit and a 
12 in loudspeaker unit. The Nordyk 
range has been extended to include a 
Hi-Rak which is used for a shelf-mount­
ing system. Changes in style have been 
made to the Lowflex and the Lowline­
Two-both will be on show. 

N. & S. B. Field & Co., Brook Road, 
London, N.22. 

RESLOSOUND 

The complete range of Relso ribbon 
and dynamic microphones are to be 
shown with a comprehensive range of 
accessories, including floor-stands, 
table-stands, adaptors, etc. 

Reslosound Ltd., 24 Upper B1·ook 
Street, London, W.l. 

REVOX 

The model 736 stereo tape recorder, ex­
hibited at last year's Audio Fair, will be 
on show. This two-speed model accepts 
up to 10-!--in spools and incorporates 
equalization time-constants to the latest 
C.C.I.R. standard of 70 psec and 
140 tJ.sec. An automatic transparency 
pmjector unit-the Slide-o-Matic-will 
be demonstrated working in conjunction 
with the Revox tape recorder. 

Agents: C. E. Hammond & Co. Ltd., 
90 High Street, Windsor, Berks. 

ROGERS 

The latest version of the "eighty-eight" 
stereo amplifier and an f.m. receiver are 
to be shown for the first time. The re­
ceiver covers the frequency range 88 to 
108 Mc/s and has a sensitivity of 1.5 p.V. 
Other items to be shown include several 
amplifiers, f.m. tuners, speaker systems 
and equipment cabinets. 

Rogers Developments (Electronics) 
Ltd., 4-14 Barmeston Road, Catford, 
London, S.E.6. 

S.R.T. 

Two transcription units and a record 
player made by the Scandinavian Radio 
& Television Company are to be shown. 
An eight-inch diameter speaker, driven 
by a 2.5-watt ampHfier, is incorporated 
in the four-speed record player. Distor-

Quad multiplex decoder for 
stereo reception. 

tion is claimed to be less than 1 % at 
2.5 watts. The trans.crif)tion units also 
have four speeds and one is fitted with 
transistor pre-amplifiers. 
. Agents: Denham & Morley Ltd., 

Denmore House, 173-175 Cleveland 
Street, London, W.l. 

S.H.B. 

Loudspeaker units manufactured by 
Svenska Hogtalfabriken are to be shown. 
These units are quite small (i.e. a unit 
of 10 X 5~ X 7 in has a power handling 
capacity of 8 watts undistorted) and are 
hermetically sealed . 

Agents: Metro-Sound (Sales) Ltd., 
Bridge Works, Wallace Road, Canon­
bury, London, N.l. 

S.M.E. 

The Series II range of precision pickup 
arms and accessories will be on view, 
and a new addition this year will be a 
light-weight stainless steel lifting handle. 

S.M.E. Ltd., Steyning, Sussex. 

S.T.C. 

Two new microphones are to be shown 
by Standard Telephones and Cables. A 
field effect transistor head amplifier is 
incorporated in the Type 4126 capacitor 
microphone. The price of this unit, 
which is also available with a cardioid 
insert, is around £120. The other new 
microphone, Type 4119, is a tubular 
unit with a ribbon insert that has narrow 
cardioid characteristics. It has a 
spherical woven-wire windshield and a 
tubular bass chamber. A novel collap­
sible microphone floor stand is to be 
shown. 

Standard Telephones and Cables Ltd., 
29-30 Glasshouse Yard, Aldersgate 
Street, London E.C.l. 

SABA 

Two tuner amplifiers will be shown for 
the first time, the Stereo Studio T II 
with 24 watts output and the Stereo 
Studio T III with bandspreading, auto­
matic tuning and 70 watts output. Both 
are transistorized and cover long-, 
medium- and short-wave and v.h.f./f.m. 
bands. Also on show will be the TK 
230s stereo tape recorder, incorporating 
two loudspeakers. 

Saba Electronics Ltd., Eden Grove, 
Holloway, London, N.7. 

SCOTT 

The American company H. H. Scott will 
be exhibiting their 299 stereo valve am­
plifier, rated at 32 watts r.m.s. per chan­
nel at 0.8 % harmonic distortion with 
a bandwidth of 20 c/s-20 kc/s ± 1 dB. 
This amplifier can also drive a third 
centre loudspeaker, the signal being 
derived from both left and right chan­
nels. Two new amplifiers will be on 
show this year for the first time, the 
model 200 rated at 12 watts r.m.s. per 
channel at 0.8% harmonic distortion 
(I.H.F.M. power band: 25 c/s-
15 kc/s) with the derived centre chan­
nel and the model 260, a solid state 
design with silicon-output transistors 
and rated at 30 watts per channel. 

Agents: A. C. Farnell Ltd., Hereford 
House, North Court, Vicar Lane, Leeds. 
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A transistorized version of the well 
known "Black Box" mono record re- 
producer is to be shown along with the 
"Achoic Box" stereo record reproducer 
which was first seen at last year's Radio 
Show. The current range of " Brahms " 
hi-fi equipment, which is available 
either as a complete unit or separate 
chassis, will also be shown. 

Pye Ltd., Radio Works, Cambridge. 
QUAD 

A multiplex decoder for reception of 
stereophonic broadcasts on the pilot- 
tone system is now available, but for 
export only at present. Designed for 
use with the Quad f.m. tuner and Quad 
22 control unit, the unit recovers the 
stereo information signal (difference be- 
tween left- and right-hand channels) 
and combines it with the sum signal, 
so that the original two channels are 
obtained separately. 

In addition, the well-known range of 
power amplifier, control unit, a.m. and 
f.m. tuners and electrostatic loud- 
speakers will be displayed. 

The Acoustical Manufacturing Co. 
Ltd., Huntingdon. 

RAD FORD 
Items on show this year include the 
Series 3 Super Bookshelf loudspeaker 
unit with a response of 80c/s —14kc/s 
± SI dB and handling up to 25 watts 
r.m.s. A new transistor control unit will 
be on display—the SC22—and f.m. 
tuners will be introduced with facilities 
for interstation noise suppression and 
multiplex stereo output. If the B.B.C. 
multiplex stereo transmissions are suit- 
ably timed it is hoped to demonstrate 
the stereo f.m. tuner. Other established 
Radford items will also be shown. 

Radford Electronics Ltd., Ashton Vale 
Estate, Bristol 3. 

RECORD HOUSING 
Most of the range of 20 cabinets will be 
on show, including the new Hi-Flex 
units which can be placed together, ver- 
tically or horizontally, to form a con- 

tinuous cabinet. The system comprises 
an equipment unit, a record unit and a 
12 in loudspeaker unit. The Nordyk 
range has been extended to include a 
Hi-Rak which is used for a shelf-mount- 
ing system. Changes in style have been 
made to the Lowflex and the Lowline- 
Two—both will be on show. 

N. & S. B. Field & Co., Brook Road, 
London, N.22. 

RESLOSOUND 
The complete range of Relso ribbon 
and dynamic microphones are to be 
shown with a comprehensive range of 
accessories, including floor-stands, 
table-stands, adaptors, etc. 

Reslosound Ltd., 24 Upper Brook 
Street, London, W.l. 

REYOX 
The model 736 stereo tape recorder, ex- 
hibited at last year's Audio Fair, will be 
on show. This two-speed model accepts 
up to lO-J-in spools and incorporates 
equalization time-constants to the latest 
C.C.I.R. standard of 70 wsec and 
140 //.sec. An automatic transparency 
projector unit—the Slide-o-Matic—will 
be demonstrated working in conjunction 
with the Revox tape recorder. 

Agents: C. E. Hammond & Co. Ltd., 
90 High Street, Windsor, Berks. 

ROGERS 
The latest version of the " eighty-eight" 
stereo amplifier and an f.m. receiver are 
to be shown for the first time. The re- 
ceiver covers the frequency range 88 to 
108 Mc/s and has a sensitivity of 1.5 yV. 
Other items to be shown include several 
amplifiers, f.m. tuners, speaker systems 
and equipment cabinets. 

Rogers Developments (Electronics) 
Ltd., 4-14 Barmeston Road, Catford, 
London, S.E.6. 

S.R.T. 
Two transcription units and a record 
player made by the Scandinavian Radio 
& Television Company are to be shown. 
An eight-inch diameter speaker, driven 
by a 2.5-watt amplifier, is incorporated 
in the four-speed record player. Distor- 

Quad multiplex decoder for 
stereo reception. 

Rogers Cadet III stereo ampli- 
fier and control unit. 

tion is claimed to be less than 1% at 
2.5 watts. The transcription units also 
have four speeds and one is fitted with 
transistor pre-amplifiers. 

Agents; Denham & Morley Ltd., 
Denmore House, 173-175 Cleveland 
Street, London, W.l. 

S.H.B. 
Loudspeaker units manufacmred by 
Svenska Hogtalfabriken are to be shown. 
These units are quite small (i.e. a unit 
of 10x5|x7in has a power handling 
capacity of 8 watts undistorted) and are 
hermetically sealed. 

Agents: Metro-Sound (Sales) Ltd., 
Bridge Works, Wallace Road, Canon- 
bury, London, N.l. 

S.M.E. 
The Series II range of precision pickup 
arms and accessories will be on view, 
and a new addition this year will be a 
light-weight stainless steel lifting handle. 

S.M.E. Ltd., Steyning, Sussex. 
S.T.C. 

Two new microphones are to be shown 
by Standard Telephones and Cables. A 
field effect transistor head amplifier is 
incorporated in the Type 4126 capacitor 
microphone. The price of this unit, 
which is also available with a cardioid 
insert, is around £120. The other new 
microphone, Type 4119, is a tubular 
unit with a ribbon insert that has narrow 
cardioid characteristics. It has a 
spherical woven-wire windshield and a 
tubular bass chamber. A novel collap- 
sible microphone floor stand is to be 
shown. 

Standard Telephones and Cables Ltd., 
29-30 Glasshouse Yard, Aldersgate 
Street, London E.C.I. 

SABA 
Two tuner amplifiers will be shown for 
the first time, the Stereo Studio T II 
with 24 watts output and the Stereo 
Studio T III with bandspreading, auto- 
matic tuning and 70 watts output. Both 
are transistorized and cover long-, 
medium- and short-wave and v.h.f./f.m. 
bands. Also on show will be the TK 
230s stereo tape recorder, incorporating 
two loudspeakers. 

Saba Electronics Ltd., Eden Grove, 
Holloway, London, N.7. 

SCOTT 
The American company H. H. Scott will 
be exhibiting their 299 stereo valve am- 
plifier, rated at 32 watts r.m.s. per chan- 
nel at 0.8% harmonic distortion with 
a bandwidth of 20c/s-20kc/s ± IdB. 
This amplifier can also drive a third 
centre loudspeaker, the signal being 
derived from both left and right chan- 
nels. Two new amplifiers will be on 
show this year for the first time, the 
model 200 rated at 12 watts r.m.s. per 
channel at 0.8% harmonic distortion 
(I.H.F.M. power band: 25c/s— 
15 kc/s) with the derived centre chan- 
nel and the model 260, a solid state 
design with silicon-output transistors 
and rated at 30 watts per channel. 

Agents: A. C. Farnell Ltd., Hereford 
House, North Court, Vicar Lane, Leeds. 
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T annoy "Lancaster " corner loud­
speaker unit. 

SHURE 
An addition to the Dynetic range of 
stereo cartridges will be the M44-C, in­
tended for use with record reproducers 
requiring a tracking pressure of 3-Sgm, 
and the MSS-E, with elliptical stylus for . 
use with transcription unit arms track­
ing at t-1 tgm. All types in the range 
are compatible, aHowing stereo and 
mono records to be p~ayed through 
s,tereo or mono equipment. Micro­
phones not previously shown _include 
the SSOS omnidirectional dynarruc type. 

Shure Electronics Ltd., 84 Blackfriars 
Road, London, S.E.l. 

$0NOTONE 
Two stereo pickup cartridges are to be 
shown. The Type 9T A has a sensitivity 
of 80-120mV/cm/sec at 1,000c/s and 
a compliance of 5.3 X 10-6 em/dyne. 
Tracking weight is 2-4 gm, and response 
js within 3 dB from 30 to 15,000 c/s. 
The other ceramic cartridge, the 
9T AHC, has a similar specification and 
both have average channel isolation 
fioures of better than 20 dB. An elec­
trical load of . 2 Mi! and 100 pF is 
quoted for both cartridges. 

Agents: Metro-Sound Manufacturing 
Company, Bridge Works, Wallace Road, 

- Canonbury, London N.l. 

SONY 
Four tape recorders along with a preci­
sion stereo tape transport and a complete 
stereo record pre-amplifier are to be 
shown. The tape recorders are multi­
track machines -suitable for mono and 
stereo applications, with the exception 
of the TC 777 A, which is a professional 
twin-track recorder. The record pre­
amplifier has been designed primarily to 
be used with the new tape transport. 

Agents: Debenhams Electrical & 
Radio Distribution Company, Eastbrook 
Road, Eastern Avenue; Gloucester. 

TANDBERG 
Two cab~net loudspeakers will be shown 
for the first time, the Model 8 and the 
Model Hi-Fi. They have an impedance 
of 4 ohms and are suitable for use with 
the company's transistorized amplifiers, 
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Sony TC 600 four-track tape recorder. 

tape recorders and Huldra receivers. 
The Huldra receivers provide f.m. and 
a.m. reception and include stereo ampli­
fiers and loudspeakers for record repro­
duction. Mono tape recorders Series 
8 and Series 9 will be introduced, in 
two-track and four-track versions. 

Agents: Elstone Electronics Ltd., 
Edward Street, Templar Street, Leeds. 

TANNOY 
The new range of Lancaster loudspeaker 
units will be shown in addition to the 
complete range of high-fidelity equip­
ment. The corner Lancaster enclosure 
(illustrated) is availab1e as a reflex unit 
with a 12 in loudspeaker and as an 
aperiodic unit with a 15 in loudspeaker. 

Tannoy Products Ltd., Norwood 
Road, London S.E.27. 

TELEFUNKEN 
Two a.m./f.m. tuner-amplifiers are 
featured this year. Both of these cover 
four wavebands and are fitted with multi­
plex decoders. Other exhibits are to 
include two four-speed rtranscription 
units, a 30 + 30 watt ampLifier and 
speaker units. 

Agents: Welmec Corporation Ltd., 27 
Chancery Lane, London, W .C. 

THORENS 
A selection of transcription units, includ­
ing one combined with an automatic 
record changer, are to be shown. This 
novel unit, designated TD 224, does not 
carry a stack of records on the central 
spidle of the turnable, but sdects records 
(up to eight) from a separate stack at 
the side of the turntable. When the 
record on the turntable is finished, it is 
automatically returned to the bottom of 
the stack and another from the top is 
selected and placed on the turntable. 

Agents: Metro-Sound (Sales) Ltd., 
Bridge Works, WaUace Road, Canon­
bury, London, N .l. 

TRIO 
F.M. tuners, stereo amplifiers and com­
bined tuner-amplifiers with this Japan­
ese trade name are to be shown. A stereo 
multipiex adaptor which is suitable for 
all Trio tuners and can be used on many 
other makes of tuner is also to be feat­
ured. 

Agents: Winter Trading Ltd., 95-99 
Ladbroke Grove, London, W.ll. 

TRUVOX 
Amongst equipment ·that will be demon­
strated is a new stereo system, the de­
tails of which had not been announced 
at the time of going to press. 

Truvox Ltd., N easden Lane, London, . 
N.W.IO. 

VORTEXION 
The C.B.L. professional tape recorder 
aims to provide a versatile twin-channel 
equipment for mono work as well as 
stereo recording and playback. Mixing 
is provided on · both chanriels for micro­
phone and gram/radio inputs. Cross­
channel mixing allows special effects in 
monophonic work, such as a singer or 
musician accompanying himself. Echoes 
may be introduced and a monitoring 
facility allows comparison of the original 
and recorded sounds. 

Vortexion Ltd., 257-263 The Broad­
way, Wimbledon, London, S .W.19. 

WHARFEDALE 
Two new products which will be on 
show are the Dalesman and Dovedale 
enclosures, both with Sin and 12in 
loudspeakers. The . Dalesman can 
handle 10 watts r.m.s., has an imped· 
ance of 10-12 ohms and the 12iri loud­
speaker uses a ceramic magnet. The 
larger and wider range Dovedale enclo­
sure houses a bass loudspeaker with an 
open-baffle resonance of 15-18 c/s, and 
a Neoprene suspension. The Sin high­
frequency unit uses a ceramic magnet 
with cloth suspension. The impedance 
of the Dovedale is 12-15 ohms; it can 
handle 15 watts r.m.s. and incorporates 
a treble volume control. 

Wharfedale Wireless Works L td., Idle, 
Bradford, Yorks. 

WHITELEY 
Loudspeakers, f.m. tuners, amplifiers and 
ready-to-assemble bass reflex cabinets 
are to be shown by the Whiteley Elec­
trical Radio Company. The speakers 
vary in diameter from It in to 18 in and 
are available with several different cone 
constructions, speech coil impedances 
and magnetic flux densities. 

Whiteley Electrical Radio Company, 
Radio Works, Mansfield, Notts. 

WILLI MAN 
Overseas visitors will have the oppor­
tunity of seeing a selection of British 
audio equipment available to them 
through K. H. Williman & Co. This 
includes prod!J~S from Armstrong, 
Kelly, Planet and Rogers, for whom 
Willlmans are exclusive exporters. 

K. H. Williman & Company, Black­
ford House, Sutton, Surrey. 

WILMEX 
As an export house, Wilmex will be 
showing several makes of audio equip· 
ment, placing emphasis on Ferrograph. 

Wilmex Ltd., 151 Clapham High 
Street, London S.W.4. 

' WILSON STEREO LIBRARY 
. The latest edition of the Stereo Index 
will be exhibited. The book includes 
reviews of classical and popular stereo 
records by well-known critics. 

The Wilson Stereo Library Ltd., 463 
Streatham High Road, London, S.W.16 
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Tannoy "Lancaster " corner loud- 
speaker unit. 

An addition to the Dynetic range of 
stereo cartridges will be the M44-C, in- 
tended for use with record reproducers 
requiring a tracking pressure of 3-5gm, 
and the M55-E, with elliptical stylus for 
use with transcription unit arms track- 
ing at i-lJrgm. All types in the range 
are compatible, allowing stereo and 
mono records to be played through 
stereo or mono equipment. Micro- 
phones not previously shown include 
Che 550S omnidirectional dynamic type. 

Shure Electronics Ltd., 84 Blackfriars 
Road, London, S.E.I. 

SONOTONE 
Two stereo pickup cartridges are to be 
shown. The Type 9TA has a sensitivity 
of 80-120 mV/cm/sec at 1,000 c/s and 
a compliance of 5.3 X10-6 cm/dyne. 
Tracking weight is 2-4 gm, and response 
is within 3 dB from 30 to 15,000 c/s. 
The other ceramic cartridge, the 
9TAHC, has a similar specification and 
both have average channel isolation 
figures of better than 20 dB. An elec- 
trical load of 2 MO and 100 pF is 
quoted for both cartridges. 

Agents: Metro-Sound Manufacturing 
Company, Bridge Works, Wallace Road, 
Canonbury, London N.\. 

SONY 
Four tape recorders along with a preci- 
sion stereo tape transport and a complete 
stereo record pre-amplifier are to be 
shown. The tape recorders are multi- 
track machines suitable for mono and 
stereo applications, with the exception 
of the TC 111 A, which is a professional 
twin-track recorder. The record pre- 
amplifier has been designed primarily to 
be used with the new tape transport. 

Agents: Debenhams Electrical & 
Radio Distribution Company, Eastbrook 
Road, Eastern Avenue, Gloucester. 

TANDBERG 
Two cabipet loudspeakers will be shown 
for the first time, the Model 8 and the 
Model Hi-Fi. They have an impedance 
of 4 ohms and are suitable for use with 
the company's transistorized amplifiers. 

Sony TC 600 four-track tape recorder. 

tape recorders and Huldra receivers. 
The Huldra receivers provide f.m. and 
a.m. reception and include stereo ampli- 
fiers and loudspeakers for record repro- 
duction. Mono tape recorders Series 
8 and Series 9 will be introduced, in 
two-track and four-track versions. 

Agents: Elstone Electronics Ltd., 
Edward Street, Templar Street, Leeds. 

TANNOY 
The new range of Lancaster loudspeaker 
units will be shown in addition to the 
complete range of high-fidelity equip- 
ment. The corner Lancaster enclosure 
(illustrated) is available as a reflex unit 
with a 12 in loudspeaker and as an 
aperiodic unit with a 15 in loudspeaker. 

Tannoy Products Ltd., Norwood 
Road, London S.E.21. 

TELEFUNKEN 
Two a.m./f.m. tuner-amplifiers are 
featured this year. Both of these cover 
four wavebands and are fitted with multi- 
plex decoders. Other exhibits are to 
include two four-speed transcription 
units, a 30 + 30 watt amplifier and 
speaker units. 

Agents: Welmec Corporation Ltd., 27 
Chancery Lane, London, W.C. 

THORENS 
A selection of transcription units, includ- 
ing one combined with an automatic 
record changer, are to be shown. This 
novel unit, designated TD 224, does not 
carry a stack of records on the central 
spidle of the turnable, but selects records 
(up to eight) frorp a separate stack at 
the side of the turntable. When the 
record on the turntable is finished, it is 
automatically returned to the bottom of 
the stack and another from the top is 
selected and placed on the turntable. 

Agents: Metro-Sound (Sales) Ltd., 
Bridge Works, Wallace Road, Canon- 
bury, London, N.L. 

TRIO 
F.M. tuners, stereo amplifiers and com- 
bined tuner-amplifiers with this Japan- 
ese trade name are to be shown. A stereo 
multiplex adaptor which is suitable for 
all Trio tuners and can be used on many 
other makes of tuner is also to be feat- 
ured. 

Agents: Winter Trading Ltd., 95-99 
Ladbroke Grove, London, W.ll. 

TRUVOX 
Amongst equipment that will be demon- 
strated is a new stereo system, the de- 
tails of which had not been announced 
at the time of going to press. 

Truvox Ltd., Neasden Lane, London, 
AT. IF. 10. 

VORTEXIO N 
The C.B.L. professional tape recorder 
aims to provide a versatile twin-channel 
equipment for mono work as well as 
stereo recording and playback. Mixing 
is provided on both channels for micro- 
phone and gram/radio inputs. Cross- 
channel mixing allows special effects in 
monophonic work, such as a singer or 
musician accompanying himself. Echoes 
may be introduced and a monitoring 
facility allows comparison of the original 
and recorded sounds. 

Vortexion Ltd., 251-263 The Broad- 
way, Wimbledon, London, 5.W.19. 

WHARFEDALE 
Two new products which will be on 
show are the Dalesman and Dovedale 
enclosures, both with Sin and 12in 
loudspeakers. The Dalesman can 
handle 10 watts r.m.s., has an imped- 
ance of 10-12 ohms and the 12in loud- 
speaker uses a ceramic magnet. The 
larger and wider range Dovedale enclo- 
sure houses a bass loudspeaker with an 
open-baffle resonance of 15-18 c/s, and 
a Neoprene Suspension. The 5in high- 
frequency unit uses a ceramic magnet 
with cloth suspension. The impedance 
of the Dovedale is 12-15 ohms; it can 
handle 15 watts r.m.s. and incorporates 
a treble volume control. 

Wharfedate Wireless Works Ltd., Idle, 
Bradford, Yorks. 

WHITELEY 
Loudspeakers, f.m. tuners, amplifiers and 
ready-to-assemble bass reflex cabinets 
are to be shown by the Whiteley Elec- 
trical Radio Company. The speakers 
vary in diameter from If in to 18 in and 
are available with several different cone 
constructions, speech coil impedances 
and magnetic flux densities. 

Whiteley Electrical Radio Company, 
Radio Works, Mansfield, Notts. 

WILLIMAN 
Overseas visitors will have the oppor- 
tunity of seeing a selection of British 
audio equipment available to them 
through K. H. Williman & Co. This 
includes products from Armstrong, 
Kelly, Planet and Rogers, for whom 
Willimans are exclusive exporters. 

K. H. Williman & Company, Black- 
ford House, Sutton, Surrey. 

As an export house, Wilmex will be 
showing several makes of audio equip- 
ment, placing emphasis on Ferrograph. 

Wilmex Ltd., 151 Clapham High 
Street, London S.1F.4. 

WILSON STEREO LIBRARY 
The latest edition of the Stereo Index 
will be exhibited. The book includes 
reviews of classical and popular stereo 
records by well-known critics. 

The Wilson Stereo Library Ltd., 463 
Streatham High Road, London, S.W.16 
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LETTERS TO THE EDITOR 
The E.ditor does not necessarily endorse opinions expressed by his correspondent 

The Colour Situation 
MAY I correct two wrong impressions which may be given 
by the article on pages 30, 31, of your March issue. 

In the BREMA Home Viewing Trials no overall assess­
ment was made of compatibility, but, as the heading to the 
overall histogram in our report shows, a question was asked on 
the " Impairment of the monochrome picture (on a colour 
receiver) due to a colour cast." The sole purpose of this was 
to assess the effect that any convergence or misregistration 
errors in ·the shadow-mask tubes would have on th:e quality 
of the colour picture, and no conclusions on dot patterns can 
be drawn from the results. 

These trials were conducted soldy to assess. whether the 
average non-technical viewer was capable of adjusting 
N.T.S.C. receivers so as to obtain good quality pictures, and 
any other results were incidental. The fact that this was the 
only supporting evidence given with our statement in favour 
of the N.T.S.C. system does not mean that supporting evid­
ence for the other claims is not available, but that this aspect 
was thought to be of such importance as to warrant a special ' 
investigation, with a summary of the results being included 
as an appendix to our statement. 

London, W.C.l. D.P. DOO, 
Technical Secretary, 

British Radio Equipment Manuf. Assoc. 

''Applications of Metal Oxide Silicon Transistors'' 
MR. F. Butler, in his article in the February issue has pro­
vided an introductory survey of possible uses. of field effect 
transistors. I would like to point out what I regard as some 
significant omis&ions and to comment on one or two of his 
statements which seem to me to be misleading. 

He writes., " In view of the very high input impedance, 
the amplifier noise figure is exceptionally low, •.. ". In fact, 
the noise behaviour of the device is related only indirectly to 
the input .impedance. A number of theories of the origin of 
noise prevail, including the effect of high electric fields in 
the pinch-off region, channel noise, leakage noise, etc. It is 
beyond the scope of this. letter to discuss• the pertinent device 
physics. I think that Mr. Butler means, "Even when coupled 
to sources having an internal impedance of several megohms, 
the noise figure is exceptionally low, ... ". 

In my evaluation of some· ten dozen f.e.ts of United States 
manufacture while I was actively engaged at de Havilland 
Aircraft of Canada, I found that m.o.s. f.e.ts exhibited noise 
performance in the audio range much inferior to p-channel 
planar diffused silicon junction f.e.ts. However, at radio 
frequencies, the reverse is said to be true. 

This leads to another point of contention. The m.o.s. f.e.t. 
really comes into its own in high-fre·quency (r.f.) applications. 
A good m.o.s.t. should have a noise figure under 3dB at 100 
Mc/s and a neutralized power gain of, sayc lOdB. The 
applications illustrated by Mr. Butler can be carried out· by 
junction f.e.ts and do not require a wait for the availability of 
m.o.s. devices. An excellent summary of the unique fea­
tures of m.o.s. devices and their relation to junction f.e.ts is 
contained in a recent feature series·<1>. 

Does Mr. Butler seriously advocate using bias resistors as 
high as 50 megohms. Leakage currents, sufficient to bias a 
device into cut-off (or hard on) can arise so unexpectedly, 
as when a "good" blocking capacitor at the input of an 
amplifier passes a few nanoamperes of current from, say, an 
infra-red detector biased at 100 volts when the entire assembly 
is subjected to a l25°C ambient environment. Further, to 
maintain good noise performance, carbon resistors cannot be 

WIRELESS WORLD, APRIL 1965 

used (even though ideal performance should be achieved as 
the current to cause current-noise is infinitesimal); wirewound 
resistors are bulky, costly and pick up noise through their 
inductive properties; metal film resistors would have to be 
used in large quantity. 

Mr. Butler advocates bootstrapping. Experience shows that 
the transconductance of f.e.ts is nof high_ enough for this 
method to provide much increase in t}:le input impedanc~ At 
the moment, one of the facts of life is that the purchase price 
of these devices soars with the gain. Then, too, the valve 
boys will dig out their mildewed texts and show us that the 
drain resistive load (plate· load) reduces the effective p. avail­
able for bootstrapping. 

The answer to the dilemma of attaining a high input im­
pedance with components of a reasonable size and securing 
low noise performance is provided in exploiting positive and 
negative feedback together in just the manner that Mr. Butler 
described for bipolar transistors in Wireless World(2), and 
others have described elsewhere. In a recent paper<3) I 
described the advantages of a hybrid design in which input 
impedance multiplication is achieved by greater-than-unity­
gain drive for the bootstrap connection. The two-transistor 
amplifier there cited has an input impedance at the input end 
of a length of shielded cable of hundreds of megohms in 
parallel with 6pF of capacitance and an output impedance of 
les:s than three-hundred ohms at a stabilized voltage gain of 
ten. It maintains its performance over a wide temperature 
range and is independent of device differences. 

London, S.W.7. IAN H. ROWE, 
Imperial College of Science & Technology. 

(1) Electronics, VQl. 37, NQ. 30, November 30th, 1964. 

(2) F. Butler. "Analysis of the Bootstrap Follower," Wireless 
World, January, 1963. 

(3) I. H. Rowe. "Design. of Low Noise, High Impedance 
Amplifiers Using F.E.Ts,," Electronics and Communications (Canada) , 
March, 1963. 

The author replies:-
Since I wrote •this paper a number of articles on the basic 

physics of field eft;ect transistors have appeared and there 
have also been one or two accounts of practical applications, 
including a bulletin by Mullard which contains useful infor­
mation. One cannot track down and read everything and 
I fear that I missed seeing Mr. Rowe's own contribution. 
American literature deals mainly with junction-type f.e.ts. 
as distinct from the insulated-gate type. Both devices are 
equally suitable for many applications and I chose <to discuss 
the Mullard transistor because of its novelty and topical 
interest. 

Many American papers deal with choppers, low-noise 
amplifiers and voltage-controlled resistances. Application 
notes of U.S. manufacturers (Crys.talonics, Fairchild and 
Texas Instruments), tend to cover the same ground, whereas 
my chief concern was with a broader field of more general 
interest. 

As regards noise figures, I accept Mr. Rowe's correction 
to my sentence beginning " In view of the very high input 
impedance, the amplifier noise figure is very .low . . " His 
version is more nearly whUJt I meant to convey, as should 
be apparent from the context. 

I should also like to comment on the spectral distribution 
of noise power in f.e.ts. I said that the 1/f component 
seems to be absent or abnormally low but now doubt very 
much if this is true. Everybody seems to agree that the 
spectrum of f.e.t. noise is not the same as normal transistor 
noise but much more work is required by physicis•ts and 
device manufacturers before .the facts are fully known. I 
suspect that some of the noise is inherent in f.e.ts and some 
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LETTERS TO THE EDITOR 

The Editor does not necessarily endorse opinions expressed by his correspondent 

The Colour Situation 
MAY I correct two wrong impressions which may be given 
by the article on pages 30, 31, of your March issue. 

In the BREMA Home Viewing Trials no overall assess- 
ment was made of compatibility, but, as the heading to the 
overall histogram in our report shows, a question was asked on 
the " Impairment of the monochrome picture (on a colour 
receiver) due to a colour cast." The sole purpose of this was 
to assess the effect that any convergence or misregistration 
errors in the shadow-mask tubes would have on the quality 
of the colour picture, and no conclusions on dot patterns can 
be drawn from the results. 

These trials were conducted solely to assess whether the 
average non-technical viewer was capable of adjusdng 
N.T.S.C. receivers so as to obtain good quality pictures, and 
any other results were incidental. The fact that this was the 
only supporting evidence given with our statement in favour 
of the N.T.S.C. system does not mean that supporting evid- 
ence for the other claims is not available, but that this aspect 
was thought to be of such importance as to' warrant a special 
investigation, with a summary of the results being included 
as an appendix to our statement. 

London, W.C.I. D. P. DOO, 
Technical Secretary, 

British Radio Equipment Manuf. Assoc. 

"Applications of Metal Oxide Silicon Transistors" 
MR. F. Butler, in his article in the February issue has pro- 
vided an introductory survey of possible uses of field effect 
transistors. I would like to point out what I regard as some 
significant omissions and to comment on one or two of his 
statements which seem to me to be misleading. 

He writes, " In view of the very high input impedance, 
the amplifier noise figure is exceptionally low, , . .". In fact, 
the noise behaviour of the device is related only indirectly to 
the input impedance. A number of theories of the origin of 
noise prevail, including the effect of high electric fields in 
the pinch-off region, channel noise, leakage noise, etc. It is 
beyond the scope of this letter to discuss the pertinent device 
physics. I think that Mr. Butler means, " Even when coupled 
to sources having an internal impedance of several megohms, 
the noise figure is exceptionally low, . . .". 

In my evaluation of some ten dozen f.e.ts of United States 
manufacture while I was actively engaged at de Havilland 
Aircraft of Canada, I found that m.o.s. f.e.ts exhibited noise 
performance in the audio range much inferior to p-channel 
planar diffused silicon junction f.e.ts. However, at radio 
frequencies, the reverse is said to be true. 

This leads to another point of contention. The m.o.s. f.e.t. 
really comes into its own in high-frequency (r.f.) applications. 
A good m.o.s.t. should have a noise figure under 3dB at 100 
Mc/s and a neutralized power gain of, say, JOdB. The 
apphcations illustrated by Mr. Butler can be carried out by 
junction f.e.ts and do not require a wait for the availability of 
m.o.s. devices. An excellent summary of the unique fea- 
tures of m.o.s. devices and their relation to junction f.e.ts is 
contained in a recent feature series'1). 

Does Mr. Butler seriously advocate using bias resistors as 
high as 50 megohms. Leakage currents, sufficient to bias a 
device into cut-off (or hard on) can arise so unexpectedly, 
as when a " good" blocking capacitor at the input of an 
amplifier passes a few nanoamperes of current from, say, an 
infra-red detector biased at 100 volts when the entire assembly 
is subjected to a 125"C ambient environment. Further, to 
maintain good noise performance, carbon resistors cannot be 

used (even though ideal performance should be achieved as 
the current to cause current-noise is infinitesimal); wirewound 
resistors are bulky, costly and pick up noise through their 
inductive properties; metal film resistors would have to be 
used in large quantity. 

Mr. Butler advocates bootstrapping. Experience shows that 
the transconductance of f.e.ts is not high enough for this 
method to provide much increase in the input impedance At 
the moment, one of the facts of life is that the purchase price 
of these devices soars with the gain. Then, too. the valve 
boys will dig out their mildewed texts and show us that the 
drain resistive load (plate load) reduces the effective // avail- 
able for bootstrapping. 

The answer to the dilemma of attaining a high input im- 
pedance with components of a reasonable size and securing 
low noise performance is provided in exploiting positive and 
negative feedback together in just the manner that Mr. Butler 
described for bipolar transistors in Wireless World'-2'1, and 
others have described elsewhere. In a recent paper'3) I 
described the advantages of a hybrid design in which input 
impedance multiplication is achieved by greater-than-unity- 
gain drive for the bootstrap connection. The two-transistor 
amplifier there cited has an input impedance at the input end 
of a length of shielded cable of hundreds of megohms in 
parallel with 6pF of capacitance and an output impedance of 
less than three-hundred ohms at a stabilized voltage gain of 
ten. It maintains its performance over a wide temperature 
range and is independent of device differences. 

London, S.W.7. IAN H. ROWE, 
Imperial College of Science & Technology. 

(1) Electronics, Vol. 37, No. 30, November 30th, 1964. 
(2) F. Butler. " Analysis of the Bootstrap Follower," Wireless 

World, January, 1963. 
(3) I. H. Rowe. " Design of Low Noise, High Impedance 

Amplifiers Using F.E.Ts," Electronics and Communications (Canada), 
March, 1963, 

The author replies:— 
Since I wrote this paper a number of articles on the basic 

physics of field effect transistors have appeared and there 
have also been one or two accounts of practical applications, 
including a bulletin by Mullard which contains useful infor- 
mation. One cannot track down and read everything and 
I fear that I missed seeing Mr. Rowe's own contribution. 
American literature deals mainly with junction-type f.e.ts. 
as distinct from the insulated-gate type. Both devices are 
equally suitable for many applications and I chose to discuss 
the Mullard transistor because of its novelty and topical 
interest. 

Many American papers deal with choppers, low-noise 
amplifiers and voltage-controlled resistances. Application 
notes of U.S. manufacturers (Crystalonics, Fairchild and 
Texas Instruments), tend to cover the same ground, whereas 
my chief concern was with a broader field of more general 
interest. 

As regards noise figures, I accept Mr. Rowe's correction 
to my sentence beginning " In view of the very high input 
impedance, the amplifier noise figure is very low . . " His 
version is more nearly what I meant to convey, as should 
be apparent from the context. 

I should also like to comment on the spectral distribution 
of noise power in f.e.ts. I said that the 1/f component 
seems to be absent or abnormally low but now doubt very 
much if this is true. Everybody seems to agree that the 
spectrum of f.e.t. noise is not the same as normal transistor 
noise but much more work is required by physicists and 
device manufacturers before the facts are fully known. I 
suspect that some of the noise is inherent in f.e.ts and some 
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is capable of reduction by improved manufacturing 
techniques. 

Mr. Rowe's remarks on f.e.t. noise figures at high fre­
quencies are irrelevant to the subject of my paper. Since he 
has raised the point it should be said that a low noise figure 
is only one of many design requirements for a tuned r.f. 
amplifier. Others, perhaps of greater consequence, are 
linearity (absence of intermodulation), ease of applying a.g.c. 
and the possibility of wideband neutralization or unilateriza­
tion. 

I am taken •to task for suggesting the use of a 50 megohm 
bias resistor. Mr. Rowe will therefore be horrified to see 
the elegant and original electrometer circuit described by 
Mr. C. J. Mills in the letters on p. 141 of the March issue of 
Wireless World. In this a resistance of 100 kilomegohms is 
shown, though naturally one would not . put a 100-volt d .c. 
supply in series with it through a blocking capacitor. For 
normal supply voltages, many modern plastic-foil capacitors 
have sufficiently good insulation for use in this type of 
circuit. There is another point. My circuits, and 1that of 
Mr. Mills, provide automatic source bias which will do some­
thing to offset the effects of capacitor leakage. Furthermore, 
there is a simple trick for eliminating or greatly reducing 1the 
effect. Connect two input capacitors in series and from 
the junction point connect another high resistance to ground. 
At d.c. •the double CR network gives a potential-dividing 
effect, causing resistive attenuation of the leakage current. 

Mr. Rowe has a_ point concerning the noise power in 
carbon resistors, or any other resistors for that matter but 
he cannot expect me to fight the laws of nature. The r.m.s. 
noise voltage across a 100 megohm resistor at 17oC in a 
bandwidth of 100 kc/s is around 400 microvolts . For a 
carbon resistor carrying d.c. the figure is much worse. The 
situation is inescapable and the f.e.t. is not to blame. 

Because I gave the circuit diagram of a bootstrap 
amplifier it does not follow that I endorse or advocate the 
general use of this arrangement. In the past, Mr. G. W. 
Short and I have pointed out sorrie of the disadvantages of 
this connection. Moreover I am well aware of the effect of 
1the device transconductance on the performance. Almost 
the sole merit of the circuit is that its input impedance can 
exceed the physical resistances of the bias network. 

The point about the use of combined positive and nega­
tive feedback ,to give a high input impedance has no relevance 
to the subject of my article, but while I am writing I would 
like to correct an error in Fig. 9 of my paper. The high 
tension line shou1d be marked positive, not negative as 
shown. Next, I learn from Mullard Ltd. that <the substrate 
lead, left floating in all my circuits, should preferably be 
connected to the source terminal. If desir·ed, this lead may 
be used for a.g.c. purposes or for oscillator injection if the 
transistor is used as a mixer. Another point to note is that 
in later samples of the 95 BFY device, two electrode leads 
have been transposed. The base connections ·shown in my 
Fig. 1 apply only .to early samples. There is also a mistake 
in Fig. 5. The middle resistance of the three at the bottom 
of the diagram should be 560 ohms, not 560 kO. 

To conclude I would like to make a further comment 
on the electrometer amplifier described by Mr. Mills and 
on the interesdng hybrid circuit noted by Mr. Short. One 
of the drawbacks of the f.e.t. is Miller feedback through the 
gate-to..:drain capacitance. It is neatly avoided by using the 
source-follower connection. However, if the source load is 
capacitive 1there is some risk of instability as there can be 
with the ordinary cathode follower, though this cannot 
happen in the circuit described by Mr. Mills which, inciden­
ally, has almost ten times the bandwidth of more conven­
tional arrangements. The high input impedance makes 
possible a convincing demo~s~t~ation of the piezoelectric effe<:t 
in quartz merely by sandw1chmg a plate or bar between fml 
electrodes, adding two insulating outside sheets and com­
pressing the assembly with a pair of pliers. . Gentle pressure 
with a measuring micrometer is enough to show a perceptible 
reading on an output voLtmeter. Screening is required to 
prevent hum pick-up. · 

Mr. S'!:19rt's circuit* is new to me though I believe a similar 
[* In G. W. Short's letter (March, p.I41, the expression -rx/gro should be 
- 1/rx gm-Ed.] 
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arrangement was described in the Hewlett Packard Journal 
for April, 1961. It seems ideally suited for use with f.e.ts 
and could probably be used as a relaxation oscillator as well 
as 1the controlled negative resistance or sinusoidal oscillator 
which he suggests. 

F . BUTLER 

Units 
MR. D. F. Gibbs' letter (p. 85 February issue) illustrates, 
I believe, more a continuing defect in mathematical r,edagogy 
than any crankiness ,in Mr. Gibbs. "Cathode Ray ' is fully 
justified in his strictures on the matter of Mr. Gibbs' letter, 
yet the fault may properly lie with the latter's teachers. It 
is, and has been for many decades, "fashionable (and ego-

. flattering) to claim that mathematics, which ought properly 
to be called arithmetic is the school subject that demands 
thought. That claim ·has no foundation. 

Until computers became common no -self-evident rebuttal 
of the claim was available. Computers do not . think, they 
do! The fact that they do faster than man-moved pencils 
is irrelevant. The man behind the pencil need think no 
more than the computer, he need only remember and do. 

"Thinking" leads to the class of error demonstrated by 
Mr. Gibbs, viz., the overlooking of the principle that each 
arithmetical discipline becomes meaningless when any 
" foreign " axiom is allowed to creep m. There is no single, 
complete and exclusive set of axioms to link :the c.g.·s. elec­
trostatic and electromagnetic systems. The sy,stems touch, 
but do not coincide. Each is true within the boundaries 
set by its own axioms and, in practice, a change of ·scale at 
the proper place permits transfer from one ·system to the 
other and from both to ·the m.k.s. systems. 

"Cathode Ray" has explained at length in ~~veral of 
his articles that these scale changes are numencal and 
dimensional and that the axioms of the m.k.s. sy,stems are 
preferabJe t~ those of the c.g.s. system. It is an interesting 
(aLthough potentially mischievous) ~~ught rtha~ the prefer­
ence . might have been made expltc1t by . callmg the new. 
systems c.g.s. (Giorgi). 

To make explicit the implications of the above, may it be 
•suggested that our educationists strive towards improving 
our memories without ruining our ability to think. Thought 
can be a time-wasting substitute for memory, and is wast~­
fully productive without accurate memory of a [a!lr 
" quantity " of information. 

Glasgow. W. GRANT 

THE m.k.s.A system may well be the most suitable for 
present engineering purposes, and knowing how easily st~ong 
feelings are aroused, I was careful to make no d1rect 
criticism of it in my letter published in your February issue. 
"Cathode Ray," as I had fear·ed, sees the matter as a battle 
between the reactionaries and the progressives. It was rather 
tempted on reading his reply to pick up the gauntlet ~nd act 
out the villainous but not altogether unsympathetic part 
thrust upon me, no doubt disappearing down the trap in the 
final scene, to the accompaniment of red fire and hisses, ~y 
end delayed but not prevet;lted. But I wou19 prder to. suck 
to my original purpose, wh1ch was to emphas1ze the ~rbltrary 
nature of units and dimensions, and to refute suggesuons that 
the c.g.s systems ar,e unsound. . . 

There is little disagreement on the main observat10ns m 
experiments in classical electricity and magnetism. Having 
discovered certain proportionalities, we refer some of the 
quantities _measured to existing_ ~tandards, such as ~he metre, 
and define certain new quant1t1es, such as electnc charge. 
When we have a system which we find consistent and con­
venient, we all too easily assume that all other systems must 
contain some essential flaw. We are liable to feel ·that there 
" must " be some " true " dimensions for every physical 
quantity. I believe on the contrary that our systems ar.e largely 
man-made, like a monetary system, or about as arbitrary as 
our habit of doing arithmetic in the decimal system. It is, of 
course, poss~b1e to devise syst~s which are self-contra­
dictory, but between the ma:r:y 'Y~1ch are not, _we can har~ly 
choose with any degr,ee of ob)ectlvlty. In class1cal mechamcs, 
for example, the conventional choice of mass length and time 
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is capable of reduction by improved manufacturing 
techniques. 

Mr. Rowe's remarks on f.e.t. noise figures at high fre- 
quencies are irrelevant to the subject of my paper. Since he 
has raised the point it should be said that a low noise figure 
is only one of many design requirements for a tuned r.f. 
amplifier. Others, perhaps of greater consequence, are 
linearity (absence of intermodulation), ease of applying a.g.c. 
and the possibility of wideband neutralization or unilateriza- 
tion. 

I am taken to task for suggesting the use of a 50 megohm 
bias resistor. Mr. Rowe will therefore be horrified to see 
the elegant and original electrometer circuit described by 
Mr. C. J, Mills in the letters on p. 141 of the March issue of 
Wireless World. In this a resistance of 100 kilomegohms is 
shown, though naturally one would not put a 100-volt d,c. 
supply in series with it through a blocking capacitor. For 
normal supply voltages, many modern plastic-foil capacitors 
have sufficiently good insulation for use in this type of 
circuit. There is another point. My circuits, and that of 
Mr. Mills, provide automatic source bias which will do some- 
thing to offset the effects of capacitor leakage. Furthermore, 
there is a simple trick for eliminating or greatly reducing the 
effect. Connect two input capacitors in series and from 
the junction point connect another high resistance to ground. 
At d.c, the double CR network gives a potential-dividing 
effect, causing resistive attenuation of the leakage current. 

Mr. Rowe has a point concerning the noise power in 
carbon resistors, or any other resistors for that matter but 
he cannot expect me to fight the laws of nature. The r.m.s. 
noise voltage across a 100 megohm resistor at 17 °C in a 
bandwidth of lOOkc/s is around 400 microvolts. For a 
carbon resistor carrying d.c. the figure is much worse. The 
situation is inescapable and the f.e.t. is not to blame. 

Because I gave the circuit diagram of a bootstrap 
amplifier it does not follow that I endorse or advocate the 
general use of this arrangement. In the past, Mr. G. W. 
Short and I have pointed out some of the disadvantages of 
this connection. Moreover I am well aware of the effect of 
the device transconductance on the performance. Almost 
the sole merit of the circuit is that its input impedance can 
exceed the physical resistances of the bias network. 

The point about the use of combined positive and nega- 
tive feedback to give a high input impedance has no relevance 
to the subject of my article, but while I am writing I would 
like to correct an error in Fig. 9 of my paper. The high 
tension line should be marked positive, not negative as 
shown. Next, I learn from Mullard Ltd. that the substrate 
lead, left floating in all my circuits, should preferably be 
connected to the source terminal. If desired, this lead may 
be used for a.g.c. purposes or for oscillator injection if the 
transistor is used as a mixer. Another point to note is that 
in later samples of the 95 BFY device, two electrode leads 
have been transposed. The base connections shown in my 
Fig. 1 apply only to early samples. There is also a mistake 
in Fig. 5. The middle resistance of the three at the bottom 
of the diagram should be 560 ohms, not 560 kff. 

To conclude I would like to make a further comment 
on the electrometer amplifier described by Mr. Mills and 
on the interesting hybrid circuit noted by Mr. Short. One 
of the drawbacks of the f.e.t. is Miller feedback through the 
gate-to-drain capacitance. It is neatly avoided by using the 
source-follower connection. However, if the source load is 
capacitivc there is some risk of instability as there can be 
with the ordinary cathode follower, though this cannot 
happen in the circuit described by Mr. Mills which, inciden- 
ally, has almost ten times the bandwidth of more conven- 
tional arrangements. The high input impedance makes 
possible a convincing demonstration of the piezoelectric effect 
in quartz merely by sandwiching a plate or bar between foil 
electrodes, adding two insulating outside sheets and com- 
pressing the assembly with a pair of pliers. Gentle pressure 
with a measuring micrometer is enough to show a perceptible 
reading on an output voltmeter. Screening is required to 
prevent hum pick-up. 

Mr. Short's circuit* is new to me though I believe a similar 
[* In G. W. Short's letter (March, p.141, the expression —a/go, should be 
-1/oc gm—Ed.] 

arrangement was described in the Hewlett Packard Journal 
for April, 1961. It seems ideally suited for use with f.e.ts 
and could probably be used as a relaxation oscillator as well 
as the controlled negative resistance or sinusoidal oscillator 
which he suggests. 

F. BUTLER 

Units 
MR. D. F. Gibbs' letter (p. 85 February issue) illustrates, 
I believe, more a continuing defect in mathematical pedagogy 
than any crankiness in Mr. Gibbs. "Cathode Ray is fully 
justified in his strictures on the matter of Mr. Gibbs' letter, 
yet the fault may properly lie with the latter's teachers. It 
is, and has been for many decades, fashionable (and ego- 
flattering) to claim that mathematics, which ought properly 
to be called arithmetic is the school subject that demands 
thought. That claim has no foundation. 

Until computers became common no self-evident rebuttal 
of the claim was available. Computers do not think, they 
do! The fact that they do faster than man-moved pencils 
is irrelevant. The man behind the pencil need think no 
more than the computer, he need only remember and do. 

" Thinking" leads to the class of error demonstrated by 
Mr. Gibbs, viz., the overlooking of the principle that each 
arithmetical discipline becomes meaningless when any 
" foreign " axiom is allowed to creep in. There is no single, 
complete and exclusive set of axioms to link the c.g.s. elec- 
trostatic and electromagnetic systems. The systems touch, 
but do not coincide. Each is true within the boundaries 
set by its own axioms and, in practice, a change of scale at 
the proper place permits transfer from one system to the 
other and from both to the m.k.s. systems. 

" Cathode Ray" has explained at length in several of 
his articles that these scale changes are numerical and 
dimensional, and that the axioms of the m.k.s. systems are 
preferable to those of the c.g.s. system. It is an interesting 
(although potentially mischievous) thought that the prefer- 
ence might have been made explicit by calling the new 
systems c.g.s. (Giorgi). 

To make explicit the implications of the above, may it be 
suggested that our educationists strive towards improving 
our memories without ruining our ability to think. Thought 
can be a time-wasting substitute for memory, and is waste- 
fully productive without accurate memory of a fair 
" quantity " of information. 

Glasgow, W. GRANT 

THE m.k.s.A system may well be the most suitable for 
present engineering purposes, and knowing how easily strong 
feelings are aroused, I was careful to make no direct 
criticism of it in my letter published in your February issue. 
" Cathode Ray," as I had feared, sees the matter as a battle 
between the reactionaries and the progressives. It was rather 
tempted on reading his reply to pick up the gauntlet and act 
out the villainous but not altogether unsympathetic part 
thrust upon me, no doubt disappearing down the trap in the 
final scene, to the accompaniment of red fire and hisses, my 
end delayed but not prevented. But I would prefer to stick 
to my original purpose, which was to emphasize the arbitrary 
nature of units and dimensions, and to refute suggestions that 
the c.g.s systems are unsound. 

There is litde disagreement on the main observations in 
experiments in classical electricity and magnetism. Having 
discovered certain proportionalities, we refer some of the 
quantities measured to existing standards, such as the metre, 
and define certain new quantities, such as electric charge. 
When we have a system which we find consistent and con- 
venient, we all too easily assume that all other systems must 
contain some essential flaw. We are liable to feel that there 
" must" be some " true" dimensions for every physical 
quantity. I believe on the contrary that our systems are largely 
man-made, like a monetary system, or about as arbitrary as 
our habit of doing arithmetic in the decimal system. It is, of 
course, possible to devise systems which are self-contra- 
dictory, but between the many which are not, we can hardly 
choose with any degree of objectivity. In classical mechanics, 
for example, the conventional choice of mass length and time 
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as "fundamental~, dimensions is not a necessity, one may 
perfectly well regard force as fundamental and mass as 
derived. 

Perhaps "Cathode Ray's " insistence that volume must be 
of dimension L'1 demonstrat·es his own unwillingness to 
consider an unfamiliar system. I might measure volumes 
with reference to a standard pot, and decide that volume is 
an independent dimensional quantity, rel~ted to my standard 
of length by having dimensions kL3

, where k is a dimensional 
constant. The unit of volume in this system would resemble _ 
the ampere in the m.k.s.A system. 

The misunderstanding about the dimensions of e and p. is 
probably mainly verbaL In the context in which they were 
defined, I would indeed deny that "e and fJ. possess (separ­
ately) certain dimensions.~' By this denial I mean that they 

. are (separately) dimensionally indeterminate, not that they 
·are both pure numbers. The indeterminacy results from our 
intrOduction of two constants instead of one, and the further 
arbitrary assignment of a magnitude and dimension to one of 
them results in one of the many systems which seem to cause 
us so much worry. 

The analogy between the mass and volume of a quantity 
of sugar and the electrostatic and electromagnetic measures 
of an electric charge still seems to me a fair one. We perform 
diff.erent operations in ·each case, and our resultant measures 
differ in magnitude and dimensions unless we insert dimen­
sional constants in our definitions. I canQot see why it should 
be loose and unscientific to speak of a quantity of sugar if it is 
not equally so to speak of a quantity of electric charge. Why 
should electric charge be the same thing no matter how it is 
measured, while sugar is not? I would say they both remain 
the same no matter how measured, but methods of measure­
ment may differ. 

- I cannot, alas, claim any originality in expressing electrical 
quantities in terms of mechanical ones, for that we must 
thank such giants as Gauss and Weber. I do not know why 
"Cathode Ray" says this is in contradiction to Maxwell. 
In his "Treatise on Electricity and Magnetism," Part IV, 
Chapter X, the first sentence is "Every electromagnetic 
quantity may he defined with reference to the fundamental 
units of Length, Mass and Time." Some users of m.k.s. 
systems say explicitly that they regard the introduction of a 
fourth dimensional quantity as a matter of convention and 
convenience, but some, like " Cathode Ray " and your corres­
pondent Mr. Frank Smith, seem to think it a matter of 
necessity, often giving as their reasons the avoidance of frac­
tional indices, and of the appearance of different dimensions 
for different measures which they feel should be the same. 
The different dimensions may be reconcil~d, if desired, by 
the use of dimensional constants in the definitions. I do 
not understand why fractional indices are considered objec­
tionable. While the matter cannot be settled by appeal to 
authority, I would sincerely recommend anyone interested 
in the fundamentals of the subject to read " Dimensional 
Analysis" by P. W. Bridgman (Yale University Press). 

Mr. W. M. Wrigley's letter illustrates the difficulties in 
discussing this subject. I have carefully searched Condon 
and Odishaw's "handbook" for the passage which he 
implies shows that zero dimensions cannot be ascribed to 
e,,, and I do not even get the impression that this is the 
author's .belief! To be pedantic, I agree with Mr. Wrigley 
that one cannot ascribe zero dimensions to e" "any more 
than to the velocity of light for instance,'' but the latter is 
indeed possible, and is a fairly common practice among 
certain theoreticians. The resultant equations can be 
numerically and· dimensionally correct. If it is objected that 
the units us·ed are not practical, that may be true, but it 
depends on your practice, and in this age of radar and space 
travel it is not self-evident. 

I had read Mr. Bigg's paper, having as a matter of fact 
been a subscriber to the journal mentioned since its incep­
tion, but I take leave to doubt his predictions. As for being 
"forward-looking"; when I hear that word I reach for my 
revolving chair. I like to look all round. 

Bristol. D. F. GIBBS 

"CATHODE Ray" does well to advise us to use the SI 
system of units. There is little doubt as to the wisdom of his 
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advice, but I wonder if I mav comment on the reasons he has 
given in his article and in the reply (Feb. issue) to Mr. Gibbs? 
For it is not immediately clear from the article that there are 
two related issues involved; the need in electricity for 1. an 
arbitary unit of measurement, and 2. a fourth fundamental 
magnitude for dimensional analysis. . 

" Cathode Ray " does not define what he means by " dimen­
sions " (an unusual omission), and perhaps as a result, is less 
than fair to the gravitational. system of units. I take it' that the 
dimensions of .a physical quantity show how its numerical 
value will change when a change is made in the magnitude of 
the primary units. For the . British gravitational system 
convenient primary magnitudes are those · of length (ft), 
time (sec), and force (lbf). Retaining the pound, mass can be 
assig1,1ed the dimensions [F L 2 T 4]. The dimensions of 
energy are [F L] and so are the dimensions of !m.g.v.z. The 
point is that there need be nothing wrong dimensionally with 
the gravitational system, even in this curious form; though it 
is true that people are thoughtless in its use. The reasons 
against accepting the gravitational system for scientific work 
are experimental, not dimensional; the standard mass-as a 
lump of material-is more accurately reproducible than the 
standard force defined gravitationally. Surely it is for similar 
experimental reasons that the ampere is chosen as the arbitrary 
electrical unit. ·. 

If, for example, we take as the independent experimental 
equations the Coulomb laws and the expression for the force 
on a free pole due to a current element 

F = ~-- . ql.qz 
Eo r2 

F = 1- . 
fJ.o 

F = !_ . m.I~s.~~~! 
A r 2 

and for good experimental reasons assume the identity I 
dq 

dt 
we have five quantities and three equations. It is not possible 
to proceed without some assumption. In the SI system, A is 
taken to be unity leaving fJ.o to be defined. By setting fJ.o = 
47T x 10-7 (and thereby defining the magnitude of the force in 
the definition of the ampere) the SI system obtains as its 
"absolute" units those found to be of a convenient size for 
" practical " use. Is it not this simplification which is the 
great virtue of SI units in electricity? 

In dimensional analysis, however, the choice of fundamental 
magnitudes is-in theory-arbitary, ranging from one to the 
total number of quantities used. In any problem the number 
of fundamental magnitudes are chosen to extract the maximum 
information by dimensional means. Maxwell seems to . have 
believed that all phenomena were ultimately reducible to 
mechanical terms and so derived dimensional equations for 
electrical units in terms of the fundamental magnitudes of mass, 
length, and time. This leads ro inconsistency between the 
e.s. and e.m. system of units, but this reflects only the different 
way in which the quantities are defined. An alternative treat­
ment to Maxwell's was given by Rucker in 1889 and from this 
basis generally used dimensional analyses in terms of mass 
(or energy), length, time, and electric charge, have developed. 
There are other alternatives for the fundamental magnitudes: 
mass, length, time, and resistance; length, time, current, and 
resistance; length, time, charge, and magnetic flux-all have 
been used for particular problems. The important thing is 
that these methods use a primary magnitude other than M, 
L, and T. Dimensional analysis-in practice-has regard for 
the" physics of the situation". Perhaps in this light Mr. Gibbs 
is seen to be defending a theoretical position while " Cathode 
Ray" maintains an experimental one. Certainly even given the 
generally felt need for an independent electrical unit, we do 
not necessarily have to use the unit which is defined practically 
as the fourth fundamental magnitude for dimensional analysis. 

All of this may be dismissed as academic nicety, but from 
the point of view of the teacher it represents a serious practical 
problem. Efforts to introduce m.k.s. units in schools are often 
associated with independent ideas for reform in the theoretical 
structure of electricity courses. It seems to me that this is a 
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as " fundamental" dimensions is not a necessity, one may 
perfectly well regard force as fundamental and mass as 
derived. 

Perhaps " Cathode Ray's " insistence that volume must be 
of dimension L3 demonstrates his own unwillingness to 
consider an unfamiliar system. I might measure volumes 
with reference to a standard pot, and decide that volume is 
an independent dimensional quantity, related to my standard 
of length by having dimensions kL3, where k is a dimensional 
constant. The unit of volume in this system would resemble 
the ampere in the m.k.s.A system. 

The misunderstanding about the dimensions of e and a is 
probably mainly verbal. In the context in which they were 
defined, I would indeed deny that " « and ju possess (separ- 
ately) certain dimensions." By this denial I mean that they 
are (separately) dimensionally indeterminate, not that they 
are both pure numbers. The indeterminacy results from our 
introduction of two constants instead of one, and the further 
arbitrary assignment of a magnitude and dimension to one of 
them results in one of the many systems which seem to cause 
us so much worry. 

The analogy between the mass and volume of a quantity 
of sugar and the electrostatic and electromagnetic measures 
of an electric charge still seems to me a fair one. We perform 
different operations in each case, and our resultant measures 
differ in magnitude and dimensions unless we insert dimen- 
sional constants in our definitions. I cannot see why it should 
be loose and unscientific to speak of a quantity of sugar if it is 
not equally so to speak of a quantity of electric charge. Why 
should electric charge be the same thing no matter how it is 
measured, while sugar is not? I would say they both remain 
the same no matter how measured, but methods of measure- 
ment may differ. 

' I cannot, alas, claim any originality in expressing electrical 
quantities in terms of mechanical ones, for that we must 
thank such giants as Gauss and Weber. I do not know why 
" Cathode Ray" says this is in contradiction to Maxwell. 
In his " Treatise on Electricity and Magnetism," Part IV, 
Chapter X, the first sentence is " Every electromagnetic 
quantity may be defined with reference to the fundamental 
units of Length, Mass and Time." Some users of m.k.s. 
systems say explicitly that they regard the introduction of a 
fourth dimensional quantity as a matter of convention and 
convenience, but some, like " Cathode Ray " and your corres- 
pondent Mr. Frank Smith, seem to think it a matter of 
necessity, often giving as their reasons the avoidance of frac- 
tional indices, and of the appearance of different dimensions 
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the use of dimensional constants in the definitions. I do 
not understand why fractional indices are considered objec- 
tionable. While the matter cannot be settled by appeal to 
authority, I would sincerely recommend anyone interested 
in the fundamentals of the subject to read "Dimensional 
Analysis " by P. W. Bridgman (Yale University Press). 

Mr. W. M. Wriglcy's letter illustrates the difficulties in 
discussing this subject. I have carefully searched Condon 
and Odishaw's " handbook" for the passage which he 
implies shows that zero dimensions cannot be ascribed to 
e,,, and I do not even get the impression that this is the 
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that one cannot ascribe zero dimensions to ' " any more 
than to the velocity of light for instance," but the latter is 
indeed possible, and is a fairly common practice among 
certain theoreticians. The resultant equations can be 
numerically and dimensionally correct. If it is objected that 
the units used are not practical, that may be true, but it 
depends on your practice, and in this age of radar and space 
travel it is not self-evident. 

I had read Mr. Bigg's paper, having as a matter of fact 
been a subscriber to the journal mentioned since its incep- 
tion, but I take leave to doubt his predictions. As for being 
"forward-looking"; when I hear that word I reach for my 
revolving chair. I like to look all round. 

Bristol. D. F. GIBBS 
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" Cathode Ray " does not define what he means by " dimen- 
sions " (an unusual omission), and perhaps as a result, is less 
than fair to the gravitational system of units. I take it that the 
dimensions of a physical quantity show how its munerical 
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against accepting the gravitational system for scientific work 
are experimental, not dimensional; the standard mass—as a 
lump of material—is more accurately reproducible than the 
standard force defined gravitationally. Surely it is for similar 
experimental reasons that the ampere is chosen as the arbitrary 
electrical unit. 

If, for example, we take as the independent experimental 
equations the Coulomb laws and the expression for the force 
on a free pole due to a current clement 

1, 1 91-92 
eo r2 

„ 1 b • —- 
/'o r~ 
1 (H.I.Ss.sin 8 

' " A ' r2 
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we have five quantities and three equations. It is not possible 
to proceed without some assumption. In the SI system, A is 
taken to be unity leaving ho to be defined. By setting = 
4tt x lO-7 (and thereby defining the magnitude of the force in 
the definition of the ampere) the SI system obtains as its 
" absolute " units those found to be of a convenient size for 
" practical" use. Is it not this simplification which is the 
great virtue of SI units in electricity? 

In dimensional analysis, however, the choice of fundamental 
magnitudes is—in theory—arbitary, ranging from one to the 
total number of quantities used. In any problem the number 
of fundamental magnitudes are chosen to extract the maximum 
information by dimensional means. Maxwell seems to have 
believed that all phenomena were ultimately reducible to 
mechanical terms and so derived dimensional equations for 
electrical units in terms of the fundamental magnitudes of mass, 
length, and time. This leads (o inconsistency between the 
e.s. and c.m. system of units, but this reflects only the different 
way in which the quantities are defined. An alternative treat- 
ment to Maxwell's was given by Ruckcr in 1889 and from this 
basis generally used dimensional analyses in terms of mass 
(or energy), length, time, and electric charge, have developed. 
There are other alternatives for the fundamental magnitudes: 
mass, length, time, and resistance; length, time, current, and 
resistance; length, time, charge, and magnetic flux—all have 
been used for particular problems. The important thing is 
that these methods use a primary magnitude other than M, 
L, and T. Dimensional analysis—in practice—has regard for 
the " physics of the situation ". Perhaps in this light Mr. Gibbs 
is seen to be defending a theoretical position while " Cathode 
Ray" maintains an experimental one. Certainly even given the 
generally felt need for an independent electrical unit, we do 
not necessarily have to use the unit which is defined practically 
as the fourth fundamental magnitude for dimensional analysis. 

All of this may be dismissed as academic nicety, but from 
the point of view of the teacher it represents a serious practical 
problem. Efforts to introduce m.k.s. units in schools are often 
associated with independent ideas for reform in the theoretical 
structure of electricity courses. It seems to me that this is a 
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tactical mistake. The Sl system represents a convenient and 
internationally acceptable method of simplifying units in 
physics and engineerii,lg-for this reason alone, there is every 
advantage in adopting it. Whether or not we decide to retain 
magnetic poles in teaching is, by comparison, of-minor im­
portance. Unfortunately, theoretical problems similar to those 
above seem to have obscured what is fundamentally a simple 
~ru~ . 

" Cathode Ray " complains also of mental inertia in other 
fields. I sympathize. I listen hopefully to B.B.C. weather 
forecasts; someday they may change to degrees Celsius instead 
of degrees Centi.srade. Of course it is early yet, the recom­
mendation was only made in 1948. 

Uppingham. D. G. F. EASTWOOD 

The author replies:-

If I believed that there · could be only one right system of 
units I would not have said in my article that two possibilities 
exist for a coherent f.p.s. system and then gon,e on to point 
out that mass and force are alternative fundamental quantities 
-as Mr. Gibbs now also does. That is not in dispute. What 
Mr. Gibbs has to do, but so far · has not even attempted, is 
to show why the c.g.s. systems should be r.etained, when: 

(1) Abandoning them in favour of the m.k.s.A. system 
reduces the number of systems from three to one. 

(2) C.g.s. electrical units differ from those in common 
use. 

(3) Their magnitudes are in some cases quite unrelated 
to practical or even scientific purposes; e.g., the farad is 
admittedly rather too large, but the e.m.u. unit of 
capacitance is one-thousand-million times larger still. 

(4) The c.g.s. systems conceal rthe fundamental difference 
between H and B, to the confusion of ·students and some­
times their elders. 

(5) In dimensional formulre they involve fractional indices, 
which are repugnant to common sense. 

(6) The constant rr occurs where it is inappropriate and 
is missing where it would be appropriate. 

Since the m.k.s.A. system is free from all these dis­
advantages the term "reactionary" that Mr. Gibbs puts 
into my mouth for those who, like him, spring to the 
defence of the c.g.s. systems would seem to be not altogether 
undeserved. 

And is their case really strengthened by the arguments 
used by Mr. Gibbs? I said that any method of measuring 
volume that gave it dimensions other than L 3 would have 
to be looked at rathe·r carefully. Does Mr. Gibbs deny that? 
If he chooses to introduce a dimensional constant k let him, 
but I think he would have some difficulty in justifying it, let 
alone per·suading others to follow his example. There is 
no difficulty on either count as regards the ampere. 

Then how does he define "quantity" of sugar? If he 
defines 1t so as to make it dimensionally the same as mass, 
then unit " quantity" would always comprise the · same 
number of molecules. If he defined it in terms of volume, 
it would not. A "quantity" of electric charge always gives 
consistent results in terms of, say, electr<;ms. If we found 
that equal surpluses of electrons appeared to provide unequal 
charges, some investigation would seem .to be desirable. 
Certainly the mass-defined " quantity " of sugar could be 
measured by measuring the volume, but denshy has to be 
brought in, which converts the result to ma·s·s, so there is 
no dimensional difference between the two measures. 

In Art 2, of Maxwell's "Treatise " he says " The 
dimensions of each term of . . . an equation, with respect 
to each of the fundamental units, must be -the same. lf not, 
the equation is absurd, and contains some error." And in 
Art. 623, after giving equations connecting the va·rious 
electric and magnetic quantities, he says, " In order to deduce 
the dimensions of the twelve units involved, we require 
one additional equation. If, however, we take e·ither e or m 
as an independent unit, we can deduce the dimensions of 
the rest in terms of either ·of these." He, then, ;required 
an independent unit ·. as well as length, mass and time. 

I now gather that Mr. Gibbs protested against my saying 
"nobody knows what the dimensions of e and p. are" instead 
of "nobody can know. . . ." But, of course, if -" nobody 
can know" ·my statement must be true! If he can give 
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incontrovertible reasons why "nobody can know" and my 
substituting "can know" ,for "knows" . makes him any 
happier I would willingly do so. 

I do not know why Mr Eastwood thinks I was unfair to 
gravitational systems. I wrote not a word of criticism of them 
and acknowledged the foot-pound(force)-second as a coherent 
system. My criticism was directed at the British mixture of 
two systems, in which the same name is used for the ·unit of 
mass and the unit of force. 

I am well aware of the fact that other independent units 
than the ampere could have been chosen as the fourth in SI; 
in fact, until the CGPM had made up its collective mind, 1-1-o 
and Q were among those being considered. 

I had rather Mr Smith (March issue) did not credit me with 
the sugar analogy; Mr Gibbs must bear that burden alone. 
And does he (Mr Smith) deny that electric charge is the same 
kind of thing no matter how it is measured? That was all I 
said about it in the letter he criticizes. 

My surprise that physicists have, contrary to Mr Gibbs' 
impression, so largely gone over to m.k.s.A. units was due to 
the general feeling when they were introduced that if we were 
lucky they might be adopted by all electrical engineers within 
about a generation, but pure scientists could hardly be expected 
to make the change. I am glad that this forecast has proved to 
be too pessimistic. The progressive reduction of the partition 
between pure and applied scientists may wellhave contributed 
to the result. I am obliged to Mr Wrigley (March) for sub­
stantiating my statement that the c.g.s. systems are rapidly 
moving into past history. 

" CATHODE RAY " 

Darlington-Cascade Trio 
I WAS very interested to read F. Butler's article in the March 
issue on .transistor cascade amplifiers and their various forms 
that " people keep re-inventing." 

I was rather surprised to find that one permutation that I 
have often used myself, and which I feel is a bit "obvious," 
did not appear. 

w 

It derives logically from the feedback stabilized transistor 
(Fig. 1) which is well known: 

Fi.g.Z 

· Substitute a transistor for W and there appears the simple 
cascode, (Fig. 2) ·also stable. 
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Mr. Gibbs has to do, but so far has not even attempted, is 
to show why the c.g.s. systems should be retained, when: 

(1) Abandoning them in favour of the m.k.s.A. system 
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defence of the c.g.s. systems would seem to be not altogether 
undeserved. 
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I do not know why Mr Eastwood thinks I was unfair to 
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and acknowledged the foot-pound(force)-second as a coherent 
system. My criticism was directed at the British mixture of 
two systems, in which the same name is used for the unit of 
mass and the unit of force. 

I am well aware of the fact that other independent units 
than the ampere could have been chosen as the fourth in SI; 
in fact, until the CGPM had made up its collective mind, uo 
and Q were among those being considered. 

I had rather Mr Smith (March issue) did not credit me with 
the sugar analogy; Mr Gibbs must bear that burden alone. 
And does he (Mr Smith) deny that electric charge is the same 
kind of thing no matter how it is measured? That was all I 
said about it in the letter he criticizes. 

My surprise that physicists have, contrary to Mr Gibbs' 
impression, so largely gone over to m.k.s.A. units was due to 
the general feeling when they were introduced that if we were 
lucky they might be adopted by all electrical engineers within 
about a generation, but pure scientists could hardly be expected 
to make the change. I am glad that this forecast has proved to 
be too pessimistic. The progressive reduction of the partition 
between pure and applied scientists may well have contributed 
to the result. I am obliged to Mr Wrigley (March) for sub- 
stantiating my statement that the c.g.s. systems are rapidly 
moving into past history. 

"CATHODE RAY " 

Darlington-Cascode Trio 
I WAS very interested to read F. Butler's article in the March 
issue on transistor cascade amplifiers and their various forms 
that " people keep re-inventing." 

I was rather surprised to find that one permutation that I 
have often used myself, and which I feel is a bit " obvious," 
did not appear. 
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It derives logically from the feedback stabilized transistor 
(Fig. 1) which is well known. 

Fig.2 
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Substitute a transistor for W and there appears the simple 
cascode, (Fig. 2) also stable. 
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w 

Substitute a transistor for R 1 instead, and there appears the 
Darlington Pair in its stable form. 

Substitute both and there arrives that chamber-music 
ensemble, the "Darlington-Cascade Trio"! 

Both have a high imput impedance (especially S(b)) and 
this is useful for r.f. purposes where the input may well be 
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a tuned circuit that must not be damped too much. Gain is 
better than with a simple cascade (especially 5(b)) and 
although I have not had the opportunity of checking its 
band-width quantitatively, it gives, empirically good results 
and, minus C, mi·ght well give a fairly linear response. 

Perhaps Mr. Butler will favour me with one of his scholarly 
analyses in a future issue of "W.W." 

The value of Rx, by the way, needs a rather careful esti­
mate, especially fnr the 5(b) configuration. In a practical 
circuit it is high, in the -tMn neighbourhood. 

Nottingham. . D. B. PITT 

Transistor High-quality Audio Amplifier 
THE surge of joy with which I read, in the article by · Mr. 
Dinsdale (January issue), that the signal-'-io-noise ratio of a 
transistor amplifier could be improved by introducing a low 
resistance from the base of the first transistor to earth, was, 
I'm afraid, quickly damped. It is not true. It is true that 
the noise output from a transistor in common-emitter will 
usually decrease as the resistance from base to earth is 
decreased; but this ·resistance will inevitably attenuate the 
signal to at least the same extent. In the circuit of Mr. 
Dinsdale's ~1g. 6(a), I estimate that the removal of tile 1 kO 
resistor . (with appropriate adjustment of the frequency com­
pensation) would improve the signal/noise ratio by about 
lOdB. 

This is not a serious criticism of the design, as the signal­
to-noise ratio with the resistor included, assuming maximum 
output from the crystal piclmp, should still be greater than 
70 dB. 

It is fairly safe to assume, in general, that for the highest 
signal-to-noise ratio (1) resistances in parallel with the signal 
path should be as large as possible. (2) resistances in series 
with the signal path should be as small as possible. 

Such resistances would (a) attenuate the signal at least as 
much as they might reduce the noise output, and (b) intro­
duce their own thermal noise. 

Maxims (1), (a) are neatly illustrated by the examples 
in Mr. Johnson's letter in the same issue, in which the 
thermal nois·e of the resistances is evidently neglected. 
Maxims (1), (2), (b) are illustrated by the fact that with a 
low-noise valve such as the EF86 the thermal noise of 
resistors R, and R)o in Mr. Johnson's second example, would 
form the major part of the noise in the circuit, and the 
improvement due to changing Rg· would be, not 17 dB, but 
about 10 dB. 

The feedback, incidentally, has a negligible effect on the 
noise performance; the same figures would apply if the 
10 MO resistor were removed. 

Accra. F. HIBBERD 
University of Ghana, Department of Physics. 

National Certificate Courses 
IS it not time for the professional institutes and the Ministry 
of Education to take a more liberal attitude over the entry 
standards for the Higher National Certificate? 

I speak for the thousands who drift into electronics with 
"A" level qualifications. Even with three "A'' levels we 
still have to start at .the beginning of the O.N.C. if we don't 
have the correct "0 " levels. 

In my case I have three "A" levels. I have been working 
in electronics for seven years and I earn £1,400 a year purely 
because of my knowledge of electronics. Yet I can't study 
for an H.N.C. I can get £16 per week grant .if I study fm 
an H.N.D., a Dip.Tech. or a degree, but it seems that an 
H.N.C. is in a more exclusive class. 

The really annoying thing is that professional institutes 
accept the H.N.C. as an exemption for their intermediate 
examinations. This means technical colleges do not run 
cours·es for these intermediate examinations. Just to help 
things along, the professional institutes won't accept candi­
dates who have not taken these non-existent courses. · · The 
last time I pointed .this out I was informed that I <;ould take 
an external degree to exempt me from part 1 of the 
Grad.Inst.P. examinanion. 

London, N.W.S. · I. LESLIE 
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Substitute a transistor for R, instead, and there appears the 
Darlington Pair in its stable form. 

Substitute both and there arrives that chamber-music 
ensemble, the " Darlington-Cascode Trio "! 

Both have a high imput impedance (especially 5(b)) and 
this is useful for r.f. purposes where the input may well be 

Fig.5(a) 

Fi9.5(b) 

a tuned circuit that must not be damped too much. Gain is 
better than with a simple cascode (especially 5(b)) and 
although I have not had the opportunity of checking its 
band-width quantitatively, it gives, empirically good results 
and, minus C, might well give a fairly linear response. 

Perhaps Mr. Butler will favour me with one of his scholarly 
analyses in a future issue of " W.W." 

The value of Rx, by the way, needs a rather careful esti- 
mate, especially for the 5(h) configuration. In a practical 
circuit it is high, in the neighbourhood. 

Nottingham. D. B. PITT 

Transistor High-quality Audio Amplifier 
THE surge of joy with which I read, in the article by Mr. 
Dinsdale (January issue), that the signal-to-noise ratio of a 
transistor amplifier could be improved by introducing a low 
resistance from the base of the first transistor to earth, was, 
I'm afraid, quickly damped. It is not true. It is true that 
the noise output from a transistor in common-emitter will 
usually decrease as the resistance from base to earth is 
decreased; but this resistance will inevitably attenuate the 
signal to at least the same extent. In the circuit of Mr. 
Dinsdale's IJig. 6(a), I estimate that the removal of the 1 kR 
resistor (with appropriate adjustment of the frequency com- 
pensation) would improve the signal/noise ratio by about 
10 dB. 

This is not a serious criticism of the design, as the signal- 
to-noise ratio with the resistor included, assuming maximum 
output from the crystal pickup, should still be greater than 
70 dB. 

It is fairly safe to assume, in general, that for the highest 
signal-to-noise ratio (1) resistances in parallel with the signal 
path should be as large as possible. (2) resistances in series 
with the signal path should be as small as possible. 

Such resistances would (a) attenuate the signal at least as 
much as they might reduce the noise output, and (b) intro- 
duce their own thermal noise. 

Maxims (1), (a) are neatly illustrated by the examples 
in Mr. Johnson's letter in the same issue, in which the 
thermal noise of the resistances is evidently neglected. 
Maxims (1), (2), (b) are illustrated by the fact that with a 
low-noise valve such as the EF86 the thermal noise of 
resistors R, and R,,, in Mr. Johnson's second example, would 
form the major part of the noise in the circuit, and the 
improvement due to changing Ra. would be, not 17 dB, but 
about 10 dB. 

The feedback, incidentally, has a negligible effect on the 
noise performance; the same figures would apply if the 
10 MlJ resistor were removed. 

Accra. E. HIBBERD 
University of Ghana, Department of Physics. 

National Certificate Courses 
IS it not time for the professional institutes and the Ministry 
of Education to take a more liberal attitude over the entry 
standards for the Higher National Certificate? 

I speak for the thousands who drift into electronics with 
" A " level qualifications. Even with three " A " levels we 
still have to start at the beginning of the O.N.C. if we don't 
have the correct " O " levels. 

In my case I have three " A " levels. I have been working 
in electronics for seven years and I earn £1,400 a year purely 
because of my knowledge of electronics. Yet I can't study 
for an H.N.C. I can get £16 per week grant if I study for 
an H.N.D., a Dip.Tech. or a degree, but it seems that an 
H.N.C. is in a more exclusive class. 

The really annoying thing is that professional institutes 
accept the H.N.C. as an exemption for their intermediate 
examinations. This means technical colleges do not run 
courses for these intermediate examinations. Just to help 
things along, the professional institutes won't accept candi- 
dates who have not taken these non-existent courses. The 
last time I pointed this out I was informed that 1 could take 
an external degree to exempt me from part 1 of the 
Grad.Inst.P. examination. 

London, N.W.5. I- LESLIE 
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ELECTRONIC LABORATORY INSTR·UME·NT 
4.-MEASUREMENT OF ALTERNATING VOLT AGE AND CURRENT 

IN any good electronics laboratory nowadays you will 
find a rqnge . of instruments for measuring alternating 
voltages and currents · at frequencies from lOc/s to 

1,000 Mcjs. Such instruments, on wlrdtever principle 
they . work, pos·e two . ma.i . .n probLems for the. qser: how 
to check calibration easily;and how to avoid "waveform 
errors." 

Calibration checking, as we saw in an earlier article, is 
not too difficult with d.c. measurements becaus1e·d.c. stand­
ards of voltage and r·esistance (and hence current) are not 
too hard to come by. But no a.c. primary reference 
standards exist, and a.c. meters have to be calibrated 
from a d.c. standard by means of some "transfer instru­
ment." Such an instrument responds equally to a.c. and 
d.c., so that readings for a.c. can be taken and compared 
with readings from a d.c. standard. 

The other practical difficulty with a.c. measuring in­
struments is that readings can vary with the· waveform 
of the applied signal. Depending on its principle of 
operation, an a.c. meter may have a response (Le., give a 
reading) proportional to the average, the effective (i.e.; 
r.m.s.) or the peak value of a signal. Most a.c. meters, 
howev·er, are scaled to read the r.m.s. voltage of an 
assumed sinewave signal, irrespective of their real res­
ponse law. "True r.m.s. reading" instruments (i.e., with 
an r.m.s. response law), should show a correct reading, 
whatever the waveshape. On the other hand, average­
reading or peak-r·eading instruments, when scaled to read 
r.m.s., may display large errors if the waveform departs 
materially from a sinewave. In general, average-reading 
meters are likely to give mor•e accurate "r.m.s." readings 
than peak-r·eading ones. It can be shown in theory that 
for average-reading meters the error may vary from 
-100% to +II (Yo, and for peak-reading meters · from 
-100% to + 0%. 

There you have, then, the two main practical difficulties 
that beset the measurement of alternating current or volt­
age-the difficulty of calibrating, and the difficUlty of 
measuring non-sinusoidal waveforms. Keeping these in 
mind, you are now faced with the problem of "what to 
use to measure what?" 

A.C. Meter Types 
Some a.c. meters primarily measure voltage, and others 
current. The distinction is not important, however, be­
cause you can always use a current m.eter to measure 
voltage by measuring the current through a series resistor, 
or a voltage meter to measure current by measuring the 
voltage drop across a shunt resistor. 

Over the years, many different types of instruments 
have been, used to make measur·ements of alternating 
voltage or current. Those which you rna~ possibly come 
across in an electronics laboratory are: 

(1) Dynamometer, (2) moving-iron meter, (3) rectifier 
meter, (4) thermocouple meter, (5) valve voltmeter, (6) 
digital voltmeter, (7) electrostatic meter, (8) oscilloscope, 
(9) a.c. potentiometer, and (10) heterodyne-mixer meter;· 

Of these ten types, you will find three used in almost 

198 

every laboratory: (3) rectifier met~r, (5) valve voltmeter, 
and (8) oscilloscope. It is, however, useful to know 
something of the other types, particularly where the all­
important problem of calibration arises. We will there­
fore take a look at all of . them before we go on to the 
practical aspects of '' ordinary " a.c. measuremepts. 

Dynamometers 
The dynamomet·er (also known as the· "electrodynamo­
meter '~) is the basic instrument for a.c. measurements, 
just as the permanent-magnet moving-coil meter is the 
basic instrument for d.c. measurements. The dynamo­
meter comprises a movable· coil, with a pointer attached, 
suspended in the field of another fixed coil. The current 
to be measured passes through both coils in series and 
the deflection of the pointier indicates the value of cur­
rent measured. The instrument responds to d.c. as well 
as a.c. and is therefore a basic transfer instrument for 
calibrating. It has an r.m.s f!esponse, and the a.c. reading 
for any deflection can be checked by applying known d.c. 
to give the same deflection. 

The main limitations of the dynamomelier are : 
(I) Not having a strong fixed permanent magnet, it is 

much less sensitiv·e than the moving-coil meter, and its 
lower current limit tends to be in the rnA rather than the 
p.A region. 

(2) While accuracies as high as 0.1% can be achieved 
with a precision dynamomet·er at frequencies up to a few 
hundred cycles per second, it is normally not of much 
use above l,OOOc/s since its accuracy falls off rapidly 
with rising frequency. (A special form of r.f. dynamo­
meter has been developed for use into the r.f. range but 

Fig. 21. Typical commercial example of a.c.fd.c. dynamometerr 
Sangamo Weston 593 dynamometer-type ammeter. 
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4—MEASUREMENT OF ALTERNATING VOLTAGE AND CURRENT 

IN any good electronics laboratory nowadays you will 
find a range of instruments for measuring alternating 
voltages and currents at frequencies from lOc/s to 

1,000 Mc/s. Such instruments, on whatever principle 
they work, pose two main problems for the user: how 
to check calibration easily, and how to avoid " waveform 
errors." 

Calibration checking, as we saw in an earlier article, is 
not too difficult with d.c. measurements because d.c. stand- 
ards of voltage and resistance (and hence current) are not 
too hard to come by. But no a.c. primary reference 
standards exist, and a.c. meters have to be cahbrated 
from a d.c. standard by means of some " transfer instru- 
ment." Such an instrument responds equally to a.c. and 
d.c., so that readings for a.c. can be taken and compared 
with readings from a d.c. standard. 

The other practical difficulty with a.c. measuring in- 
struments is that readings can vary with the waveform 
of the applied signal. Depending on its principle of 
operation, an a.c. meter may have a response (i.e., give a 
reading) proportional to the average, the effective (i.e., 
r.m.s.) or the peak value of a signal. Most a.c. meters, 
however, are scaled to read the r.m.s. voltage of an 
assumed sinewave signal, irrespective of their real res- 
ponse law. " True r.m.s. reading " instruments (i.e., with 
an r.m.s. response law), should show a correct reading, 
whatever the waveshape. On the other hand, average- 
reading or peak-reading instruments, when scaled to read 
r.m.s., may display large errors if the waveform departs 
materially from a sinewave. In general, average-reading 
meters are likely to give more accurate " r.m.s." readings 
than peak-reading ones. It can be shown in theory that 
for average-reading meters the error may vary from 
— 100% to +11%, and for peak-reading meters from 
-100% to + 0%. 

There you have, then, the two main practical difficulties 
that beset the measurement of alternating current or volt- 
age—the difficulty of calibrating, and the difficulty of 
measuring non-sinusoidal waveforms. Keeping these in 
mind, you are now faced with the problem of " what to 
use to measure what?" 

A.C. Meter Types 
Some a.c. meters primarily measure voltage, and others 
current. The distinction is not important, however, be- 
cause you can always use a current meter to measure 
voltage by measuring the current through a series resistor, 
or a voltage meter to measure current by measuring the 
voltage drop across a shunt resistor. 

Over the years, many different types of instruments 
have been used to make measurements of alternating 
voltage or current. Those which you may possibly come 
across in an electronics laboratory are: 

(1) Dynamometer, (2) moving-iron meter, (3) rectifier 
meter, (4) thermocouple meter, (5) valve voltmeter, (6) 
digital voltmeter, (7) electrostatic meter, (8) oscilloscope, 
(9) a.c. potentiometer, and (10) heterodyne-mixer meter. 

Of these ten types, you will find three used in almost 

every laboratory: (3) rectifier meter, (5) valve voltmeter, 
and (8) oscilloscope. It is, however, useful to know 
something of the other types, particularly where the all- 
important problem of calibration arises. We will there- 
fore take a look at all of them before we go on to the 
practical aspects of " ordinary " a.c. measurements. 

Dynamometers 
The dynamometer (also known as the " electrodynamo- 
meter") is the basic instrument for a.c. measurements, 
just as the permanent-magnet moving-coil meter is the 
basic instrument for d.c. measurements. The dynamo- 
meter comprises a movable coil, with a pointer attached, 
suspended in the field of another fixed coil. The current 
to be measured passes through both coils in series and 
the deflection of the pointer indicates the value of cur- 
rent measured. The instrument responds to d.c. as well 
as a.c. and is therefore a basic transfer instrument for 
calibrating. It has an r.m.s response, and the a.c. reading 
for any deflection can be checked by applying known d.c. 
to give the same deflection. 

The main limitations of the dynamometer are : 
(1) Not having a strong fixed permanent magnet, it is 

much less sensitive than the moving-coil meter, and its 
lower current limit tends to be in the mA rather than the 
i«A region. 

(2) While accuracies as high as 0.1% can be achieved 
with a precision dynamometer at frequencies up to a few 
hundred cycles per second, it is normally not of much 
use above 1,000c/s since its accuracy falls off rapidly 
with rising frequency. (A special form of r.f. dynamo- 
meter has been developed for use into the r.f. range but 

Fig. 21. Typical commercial example of o.c./dc. dynamometer} 
Sangamo Weston S93 dynamometer-type ammeter. 
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PRACTICE 
By T. D. TOWERS,* M.B :E., A.M.I.E.E., A.M .I.E.R.E . 

it is not likely that you will come across this in the 
ordinary laboratory.) 

Dynamometers you will meet are likely to come from 
. one · of the following firms: Cambridge Instruments; 
Elliott's, Pullin, Salford and Sangamo Weston. Fig. 21 
shows a typical good example, the Sangamo West on, S93 
dynamometer type ammeter. With a guaranteed accuracy 
of 0.1 f.s.d. from 25 to 2,500c/s and a maximum sensi­
tivity of 1A f.s.d., this. instrument has a 12-in scale, is 
magnetically shielded, has a self-contained thermometer, 
and is provided with a spirit-level and levelling fe•et. 

Moving-iron Meters 

Another class of instrument widely used for a.c. measure­
ments is the moving-iron meter (also called iron-vane 
meter). This comprises a single fixed coil and a soft­
iron movable vane with a pointer attached to it. When 
current is passed through the coil, it deflects the iron 
vane and thus the pointer. 

This meter responds to both d.c. and a.c. Its response 
to a.c. is r.m.s. Without a permanein magnet, sensitivity 
again tends to be low compared with a moving-coil meter 
-only about 10 rnA at best. 

As the moving system carries no current, the moving­
iron meter can be used fa:r measuring higher currents 
than the dynamometer. Also since the moving parts can 
be designed without considerations of current carrying, 
the meter can be more ruggedly constructed and is not 
so easily liable to damage by overload. Finally, because 
a wide range of instruments can be constructed with the 
same moving system merely by changing the coil, the 
moving-iron meter tends . to be relatively inexpensive. 
In summa·ry, mo·ving-iron meters ar·e cheaper, sturdier 
and less accurate than electrodynamic meters. 

Eddy currents and coil inductances can cause fre­
quency and waveform errors in moving-iron instruments. 
Ordinary voltmeters and ammeters of this type are cali­
bra ted at a . single frequency, usually between 25 and 
125 cjs. Compensated instruments are available also 
for use up to 2,500 cj s, but it is at mains frequency 
that the moving-iron meter is most commonly used. 

The accuracy of a moving-iron instrument can vary 
from several per cent on robust portable units down to 
0·5 '.'(:, on the best lab. standards. 

Among the companies marketing moving-iron meters 
are Pullin, Salford, Sangamo Westen, Taylor, Turner 
and Weir . . No illustration of a moving-iron meter is 
given, because they look externally very similar to the 
dynamometer types discussed immediately above. 

Rectifier Meters 
Dynamometers and moving-iron a.c. meters generally 
are low in sensitivity, they load circuits unduly, and are 
limited in frequency response to a few hundred cycles 

*Newmarket Transistors, Ltd. 
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Fig. 22. Typical multimeter e;emplifying use · of rectifier meter 
arrangement in a.c. ranges : Salford Se/ectest 50. 

per second. Improvement in these respects can be 
achieved by using the inherentlymore sensitive moving­
coil d.c. meter in conjunction with an a.c. rectifier to 
produce the a.c. "rectifier moving-coil meter" or simply 
"rectifier meter." 

The moving-coil meter indicates the average value of 
the rectified a.c. signal. Usually, however, the scale is 
calibrated in terms of r.m.s. for a sinewave. Measure­
ment of non-sinusoidal waveshapes is accompanied by 
an error varying with the form factor (which was theor­
etically not present with the dynamometer and moving-
iron meters). ... 

Rectifier meters can be basically more sensitive than 
the others, and can be obtained with current sensitivities 
as high as lOOp.A f.s.d. a.c. or with · voltage sensitivities 
as high as 2·5 V f.s.d. a.c. 

The input impedance of the rectifier meter is about 
ten times higher than for dynamometers or moving-iron 
meters, typically 1,000 ohms per volt, compared with 
100 ohms p_er volt. 

The modern rectifier meter is reasonably accurate up 
to about 10,000 cj s as compared with a limit of 1,000 c j s 
for the other two types-. 

The B.S.I. Standard Specification No. 89/1954 for 
industrial grade portable moving-coil instruments speci­
fies ± 2t % f.s.d. on a.c. ranges. This is a little over 
twice as wide a tolerance as the d.c. specification for 
the same type of instrument. In practice, when an instru­
ment has been in use for a little time, it is prudent not 
to expect much better than a 5% accuracy on an a.c. 
rectifier meter. 

The main advantages of the rectifier meter are rugged­
ness, resistance to overloads, long life, small size and 
no requirement for external power supply. Its main 
disadvantages are that its accuracy is somewhat low 
except at normal room temperature and for low-fre­
quency pure sinewaves. You should look on rectifier 
meters as excellent general-purpose instruments but not 
ideally suited to precision work. 

The a.c. ranges of general-purpose multimeters use the 
rectifier meter basic arrangement. Rectifier meters are also 
available separately as single-purpose instruments. In 
a laboratory you may thus come across rectifier meters 
in instruments of such firms as Avo, Daystrom, Philips, 
Pullin, Salford, Sangamo Weston, Smith, Taylor and 
Turner. Fig. 22 illustrates one example in the well-
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it is not likely that you will come across this in the 
ordinary laboratory.) 

Dynamometers you will meet are likely to come from 
one of the following firms: Cambridge Instruments, 
Elliott's, Pullin, Salford and Sangamo Weston. Fig. 21 
shows a typical good example, the Sangamo Weston, S93 
dynamometer type ammeter. With a guaranteed accuracy 
of 0.1 f.s.d. from 25 to 2,500 c/s and a maximum sensi- 
tivity of 1A f.s.d., this instrument has a 12-in scale, is 
magnetically shielded, has a self-contained thermometer, 
and is provided with a spirit-level and levelling feet. 

Fig. 22. Typical multimeter exemplifying use of rectifier meter 
arrangement in a.c. ranges: Salford Selectest 50. 

Moving-iron Meters 
Another class of instrument widely used for a.c. measure- 
ments is the moving-iron meter (also called iron-vane 
meter). This comprises a single fixed coil and a soft- 
iron movable vane with a pointer attached to it. When 
current is passed through the coil, it deflects the iron 
vane and thus the pointer. 

This meter responds to both d.c. and a.c. Its response 
to a.c. is r.m.s. Without a permanent magnet, sensitivity 
again tends to be low compared with a moving-coil meter 
—only about 10 mA at best. 

As the moving system carries no current, the moving- 
iron meter can be used for measuring higher currents 
than the dynamometer. Also since the moving parts can 
be designed without consideration's of current carrying, 
the meter can be more ruggedly constructed and is not 
so easily liable to damage by overload. Finally, because 
a wide range of instruments can be constructed with the 
same moving system merely by changing the coil, the 
moving-iron meter tends to be relatively inexpensive. 
In summary, moving-iron meters are cheaper, sturdier 
and less accurate than electrodynamic meters. 

Eddy currents and coil inductances can cause fre- 
quency and waveform errors in moving-iron instruments. 
Ordinary voltmeters and ammeters of this type are cali- 
brated at a single frequency, usually between 25 and 
125 c/s. Compensated instruments are available also 
for use up to 2,500 c/s, but it is at mains frequency 
that the moving-iron meter is most commonly used. 

The accuracy of a moving-iron instrument can vary 
from several per cent on robust portable units down to 
0-5% on the best lab. standards. 

Among the companies marketing moving-iron meters 
are Pullin, Salford, Sangamo Weston, Taylor, Turner 
and Weir. No illustration of a moving-iron meter is 
given, because they look externally very similar to the 
dynamometer types discussed immediately above. 

Rectifier Meters 
Dynamometers and moving-iron a.c. meters generally 
are low in sensitivity, they load circuits unduly, and are 
limited in frequency response to a few hundred cycles 

* Newmarket Transistors, Ltd. 
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per second. Improvement in these respects can be 
achieved by using the inherently more sensitive moving- 
coil d.c. meter in conjunction with an a.c. rectifier to 
produce the a.c. " rectifier moving-coil meter " or simply 
"rectifier meter." 

The moving-coil meter indicates the average value of 
the rectified a.c. signal. Usually, however, the scale is 
calibrated in terms of r.m.s. for a sinewave. Measure- 
ment of non-sinusoidal waveshapes is accompanied by 
an error varying with the form factor (which was theor- 
etically not present with the dynamometer and moving- 
iron meters). 

Rectifier meters can be basically more sensitive than 
the others, and can be obtained with current sensitivities 
as high as 100;«A f.s.d. a.c. or with voltage sensitivities 
as high as 2-5 V f.s.d. a.c. 

The input impedance of the rectifier meter is about 
ten times higher than for dynamometers or moving-iron 
meters, typically 1,000 ohms per volt, compared with 
100 ohms per volt. 

The modern rectifier meter is reasonably accurate up 
to about 10,000 c/s as compared with a limit of 1,000 c/s 
for the other two types. 

The B.S.I. Standard Specification No. 89/1954 for 
industrial grade portable moving-coil instruments speci- 
fies + 2] % f.s.d. on a.c. ranges. This is a little over 
twice as wide a tolerance as the d.c. specification for 
the same type of instrument. In practice, when an instru- 
ment has been in use for a little time, it is prudent not 
to expect much better than a 5% accuracy on an a.c. 
rectifier meter. 

The main advantages of the rectifier meter are rugged- 
ness, resistance to overloads, long life, small size and 
no requirement for external power supply. Its main 
disadvantages are that its accuracy is somewhat low 
except at normal room temperature and for low-fre- 
quency pure sinewaves. You should look on rectifier 
meters as excellent general-purpose instruments but not 
ideally suited to precision work. 

The a.c. ranges of general-purpose multimeters use the 
rectifier meter basic arrangement. Rectifier meters are also 
available separately as single-purpose instruments. In 
a, laboratory you may thus come across rectifier meters 
in instruments of such firms as Avo, Daystrom, Philips, 
Pullin, Salford, Sangamo Weston, Smith, Taylor and 
Turner. Fig. 22 illustrates one example in the well- 
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Fig. 23. Example of commercial a.c. thermocouple meter: Taylor 
"Clarity'' Model 42. 

known Salford Selectest Super 50 multimeter with an 
a.c. range of voltage down to 2.5 v f.s.d. and current 
down to 25 rnA f.s.d. 

Thermocouple Meters 
Another class of a.c. instrument which may be met with 
(although a little uncommon) is the thermocouple meter. 
In this, the current to .be measured is passed through a 
thermocouple (or through a wire in close proximity to a 
thermocouple) and the resultant heat produces a thermal 
e.m.f which is measured. Since it is the heating effect 
only which is significant, either a.c. or d.c. may be 
measured. 

Such types of meters can cover from d.c. to 100 Mcjs, 
and find their principal use as transfer instruments from 
high frequency. a.c. to d.c. The usual current ranges 
are from 3 rnA to 300 A f.s.d. Accuracies are of the 
same order as other a.c. meters, i.e. about 2% for panel 
instruments, and up to 0.5% for the more expensive port­
able standard instruments . when used in the lower fre-
quency ranges. · . 

A major disadvantage of the thermocouple meter 1s 
its susceptibility to overload damage. Permissible over­
loads range only from 50% to 200% at maximum. 

200. 

Among the companies supplying thermocouple meters 
are Pullin, Sangamo Weston and Turner. Fig. 23 shows 
a typical example in the Taylor Clarity range with a 
f.s.d. of 100mA capable of operation with ±2% ac_curacy. 

Valve Voltmeters 
Probably the commonest way nowadays to measure an 
alternating signal voltage or current in the laboratory is 
to use an a.c. valve voltmeter. Like the rectifier meter, 
this functions by rectifying the alternating signal and 
reading the result on a d.c. meter. The main difference 
is that the valve voltmeter uses amplification either by 
an a.c. amplifier before rectification or by a d.c. one 
after rectification. 

Valve. voltmet-ers can be used at low·· frequencies as 
an alternative to rectifier or other type meters, but they 
come into· their own for higher frequency measure­
ments. Instruments can be obtained to operate up to 
1,000 Mc/s. 

In the lower frequency ranges, the valve voltmeter 
has a very high input impedance, normally between 0·5 
and 100 Mn, typically 10-20 MO. Input capacitances 
as low as 1 pF are possible, but 20-30 pF is more usual. 
Generally . the input impedance decreases considerably 
as the frequency rises. 
. Valve voltmeters are usuaJly scaled in terms of r.m.s. 
Since the diode rectifier responds basically to peak 
voltage, errors can occur when non..:sinusoidal waveforms 
are measured. The errors may be positive or negative 
and can vary in amount with the phase of the harmonic 
content of the measured waveshape. There is also. a 
polarity effect in that the positive and negative peaks 
may not be equal. When very short pulses are measured, 
a very large error can occur. You should always look 
carefully at the reading of a valve voltmeter and consider 
whether the waveshape can have any significant effect 
on it. 

Fig. 24 shows two good examples of commercial a.c. 
valve voltmeters in common laboratory use. (A) is the 
l\1arconi TF 2600 with 1 m V f.s.d. in its most sensitive 
range and a 5% accuracy bandwidth of 10 c/s- 5 Mc/s. 
(B) is the Advance VM78, which is transistorised. This, 
too, has a most sensitive range of 1 m V f.s.d. and a 3% 
accuracy range of 1 c/s-1Mc/s. Apart from Advance 
and Marconi, some other names in the a.c. valve volt-

(Continued on page 201) 

Fig. 24. A.C. valve-voltmeters: (A) Marconi 
TF2600; (B) Advance VM78 (transistorised). 
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Fig. 23. Example of commercial a.c. thermocouple meter : Taylor 
"Clarity" Model 42. 

known Salford Selectest Super 50 multimeter with an 
a.c. range of voltage down to 2.5 V f.s.d. and current 
down to 25 mA f.s.d. 

Thermocouple Meters 
Another class of a.c. instrument which may be met with 
(although a little uncommon) is the thermocouple meter. 
In this, the current to be measured is passed through a 
thermocouple (or through a wire in close proximity to a 
thermocouple) and the resultant heat produces a thermal 
e.m.f which is measured. Since it is the heating effect 
only which is significant, either a.c. or d.c. may be 
measured. 

Such types of meters can cover from d.c. to lOOMc/s, 
and find their principal use as transfer instruments from 
high frequency a.c. to d.c. The usual current ranges 
are from 3 mA to 300 A f.s.d. Accuracies are of the 
same order as other a.c. meters, i.e. about 2% for panel 
instruments, and up to 0.5% for the more expensive port- 
able standard instruments when used in the lower fre- 
quency ranges. 

A major disadvantage of the thermocouple meter is 
its susceptibility to overload damage. Permissible over- 
loads range only from 50% to 200% at maximum. 

Among the companies supplying thermocouple meters 
are Pullin, Sangamo Weston and Turner. Fig. 23 shows 
a typical example in the Taylor Clarity range with a 
f.s.d. of 100mA capable of operation with ±2% accuracy. 

Valve Voltmeters 
Probably the commonest way nowadays to measure an 
alternating signal voltage or current in the laboratory is 
to use an a.c. valve voltmeter. Like the rectifier meter, 
this functions by rectifying the alternating signal and 
reading the result on a d.c. meter. The main difference 
is that the valve voltmeter uses amplification either by 
an a.c. amplifier before rectification or by a d.c. one 
after rectification. 

Valve voltmeters can be used at low frequencies as 
an alternative to rectifier or other type meters, but they 
Come into their own for higher frequency measure- 
ments. Instruments can be obtained to operate up to 
1,000 Mc/s. 

In the lower frequency ranges, the valve voltmeter 
has a very high input impedance, normally between 0-5 
and 100 Mfl, typically 10-20 Mil. Input capacitances 
as low as 1 pF are possible, but 20-30 pF is more usual. 
Generally . the input impedance decreases considerably 
as the frequency rises. 

Valve voltmeters are usually scaled in terms of r.m.s. 
Since the diode rectifier responds basically to peak 
voltage, errors can occur when non-sinusoidal waveforms 
are measured. The errors may be positive or negative 
and can vary in amount with the phase of the harmonic 
content of the measured waveshape. There is also a 
polarity effect in that the positive and negative peaks 
may not be equal. When very short pulses are measured, 
a very large error can occur. You should always look 
carefully at the reading of a valve voltmeter and consider 
whether the waveshape can have any significant effect 
on it. 

Fig. 24 shows two good examples of commercial a.c. 
valve voltmeters in common laboratory use. (A) is the 
Marconi TF 2600 with ImV f.s.d. in its most sensitive 
range and a 5% accuracy bandwidth ofl0c/s-5 Mc/s. 
(B) is the Advance VM78, which is transistorised. This, 
too, has a most sensitive range of 1 mV f.s.d. and a 3% 
accuracy range of 1 c/s-lMc/s. Apart from Advance 
and Marconi, some other names in the a.c. valve volt- 
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Fig. 24. A.C. valve-voltmeters: (A) Marconi 
TF2600; (B) Advance VM78 (transistorised). 
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meter field are Airmec, Avo, Dawe, Daystrom, Furzehill 
and KLB (Paco). 

A.C. Digital Voltmeters 
The digital voltmeter (d.v.m.) is essentially a d.c. measur­
ing instrument. However, by using an a.c.-to-d.c. con­
verter, the d.c. d. v.m. can be turned into an a.c. one. 

Fig. 25. A. C.JD. C. digital valve voltmeter: Applied Developments I 055. 

The converter can be a separate unit, or can be incor­
porated in the main d.v.~. t() give the ~.c./d.~. type of 
d.v.m. that is now becommg common. Fig. 25 Illustrates 
a typical example, the Applied Developments Type 1055. 
Instruments . of this type are capable of 0.3 % accuracy 
on a.c., but for this order of accuracy are normally used 
only in the audio and supersonic frequency ranges. At 
reduced accuracy, or for accurate differential measure­
ments it can be used out to the megacycle range how­
ever. ' Other manufacturers supplying a.c. d.v.ms are 
Digital Measurements, EAL, Gloster, Hewlett-Packard, · 
Roband and Solartron. 

Electrostatic Voltmeters 
Electrostatic · attraction or repulsion forces are used in 
a type of instrument known as the electrostatic volt­
meter. This is capable of measuring voltages, d.c. or 
a.c., up to . megacycles, from millivolts to hu~dreds of 
kilovolts. As the d.c. and a.c. responses are ahke when 
the meters are suitably constructed, they may be used 
as transfer instruments. With proper design they can 
also be used as primary standards in the measurement 
of high voltage. . . . 

Electrostatic voltmeters have high mput resistances, 
often of the order of 1015 ohms. On d.c. there is thus 
practically no current drawn. However, input capacit­
ance causes a small current drain in a.c. instruments, 
and this is the limiting factor in the upper frequency 
range. . . 

The full-scale deflection in commercial units can be 
as low as 120V or as high as 100kV. One practical point 
is that the input capacitance tends to increase with 
deflection and can range from a few picofarads up to 
several hundred. . 

A good commercial example of the electrostatic volt­
meter, the W. G. Pye Type 11314, is illustrated in Fig. 
26. This instrument gives direct readings of up· to 
40kV, d.c. or r.m.s. a.c., with an absolute accuracy of 
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± 10 % full-scale deflection, regardless of waveform. 
When special mounting precautions arc taken the 
accuracy of comparative readings can be of the order of 
0.1% and the d.c.ja.c. transfer characteristic even better. 
It finds particular application in measuring the high 
voltages encountered in work on cathode-ray tubes. 

Oscilloscopes 
The oscilloscope can be used for measuring alternating 
voltage and current. It has the basic advantage that 
the waveform can be seen and consequently waveform 
errors estimated. 

The usual method of measurement is to apply the 
voltage to be measured at the Y -amplifier input ter­
minals. Where the oscilloscope has been ·calibrated, at 
its main sensitivity control, the peak voltage can be read 
immediately. Oscilloscopes afford the most accurate 
method of making true pulse peak measurements. 

Calibration can be by means of ah a.c. signal source 
of known amplitude operating within the known band­
width of the signal of the oscilloscope, or by a known 
d.c. voltage, The more common method is the d.c. 
approach, where you apply a known d. c. to the Y -ampli­
fier (direct coupled) and note the vertical shift difference 
necessary to return the trace to its original position. 
You then apply the a.c. signal to be measured, and 
measure the peak-to-peak voltage by Y -shift on the 
calibrated shift control. Cathode-ray tubes can be used 
as precision transfer instruments. 

Instead of calibrating by comparison, a slide-back 
technique may be applied with a d.c. 'scope. This uses 
a variable d.c. source in series with the unknown voltage 
to bring the peak deflection back to the zero point. 

A.c. measurements on an oscilloscope can be accurate 
over the frequency range of the Y -amplifier. The oscil­
loscope can be used beyond these limits but separate 
calibrations will have to be made at the frequencies to 
be measured. 

We have beeq discussing so far the measurement of 
alternating voltage signals on the oscilloscope, but clearly 
current may be measured by shunting the oscilloscope 
input with a known standard resistor, 

In standard oscilloscopes, the input impedance is 
generally greater than IMn, making it possible to 
measure alternating voltages in circuits of fairly high 
impedance. The in-put impedance of the oscilloscope 

Fig. 26. Commercial 
electrostatic a.c.fd.c. 
voltmeter: W. G. 
Pye 11314. 
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meter field are Airmec, Avo, Dawe, Daystrom, Furzehill 
and KLB (Paco). 

A.C. Digital Voltmeters 
The digital voltmeter (d.v.m.) is essentially a d.c. measur- 
ing instrument. However, by using an a.c.-to-d.c. con- 
verter, the d.c. d.v.m. can be turned into an a.c. one. 

Fig. 25. A.C. I D.C. digital valve voltmeter: Applied Developments 1055. 

The converter can be a separate unit, or can be incor- 
porated in the main d.v.m. to give the a.c./d.c, type of 
d.v.m. that is now becoming common. Fig. 25 illustrates 
a typical example, the Applied Developments Type 1055. 
Instruments of this type are capable of 0.3% accuracy 
on a.c., but for this order of accuracy are normally used 
only in the audio and supersonic frequency ranges. At 
reduced accuracy, or for accurate differential measure- 
ments, it can be used out to the megacycle range how- 
ever. Other manufacturers supplying a.c. d.v.ms are 
Digital Measurements, EAL, Gloster, Hewlett-Packard, 
Roband and Solartron. 

Electrostatic Voltmeters 
Electrostatic attraction or repulsion forces are used in 
a type of instrument known as the electrostatic volt- 
meter. This is capable of measuring voltages, d.c. or 
a.c., up to megacycles, from millivolts to hundreds of 
kilovolts. As the d.c. and a.c. responses are alike when 
the meters are suitably constructed, they may be used 
as transfer instruments. With proper design they can 
also be used as primary standards in the measurement 
of high voltage. 

Electrostatic voltmeters have high input resistances, 
often of the order of lO11 ohms. On d.c. there is thus 
practically no current drawn. However, input capacit- 
ance causes a small current drain in a.c. instruments, 
and this is the limiting factor in the upper frequency 
range. 

The full-scale deflection in commercial units can be 
as low as 120V or as high as lOOkV. One practical point 
is that the input capacitance tends to increase with 
deflection and can range from a few picofarads up to 
several hundred. 

A good commercial example of the electrostatic volt- 
meter, the W. G. Pye Type 11314, is illustrated in Fig. 
26. This instrument gives direct readings of up to 
40kV, d.c. or r.m.s, a.c., with an absolute accuracy of 

+ 10% full-scale deflection, regardless of waveform. 
When special mounting precautions are taken the 
accuracy of comparative readings can be of the order of 
0.1% and the d.c./a.c. transfer characteristic even better. 
It finds particular application in pleasuring the high 
voltages encountered in work on cathode-ray tubes. 

Oscilloscopes 
The oscilloscope can be used for measuring alternating 
voltage and current. It has the basic advantage that 
the waveform can be seen and consequently waveform 
errors estimated. 

The usual method of measurement is to apply the 
voltage to be measured at the Y-amplifier input ter- 
minals. Where the oscilloscope has been calibrated at 
its main sensitivity control, the peak voltage can be read 
immediately. Oscilloscopes afford the most accurate 
method of making true pulse peak measurements. 

Calibration can be by means of ah a.c. signal source 
of known amplitude operating within the known band- 
width of the signal of the oscilloscope, or by a known 
d.c. voltage. The more common method is the d.c. 
approach, where you apply a known d.c. to the Y-ampli- 
fier (direct coupled) and note the vertical shift difference 
necessary to return the trace to its original position. 
You then apply the a.c. signal to be measured, and 
measure the peak-to-peak voltage by Y-shift on the 
calibrated shift control. Cathode-ray tubes can be used 
as precision transfer instruments. 

Instead of calibrating by comparison, a slide-back 
technique may be applied with a d.c. 'scope. This uses 
a variable d.c. source in series with the unknown voltage 
to bring the peak deflection back to the zero point. 

A.c. measurements on an oscilloscope can be accurate 
over the frequency range of the Y-amplifier. The oscil- 
loscope can be used beyond these limits but separate 
calibrations will have to be made at the frequencies to 
be measured. 

We have been discussing so far the measurement of 
alternating voltage signals on the oscilloscope, but clearly 
current may be measured by shunting the oscilloscope 
input with a known standard resistor. 

In standard oscilloscopes, the input impedance is 
generally greater than lM!i, making it possible to 
measure alternating voltages in circuits of fairly high 
impedance. The input impedance of the oscilloscope 

Fig. 26. Commercial 
electrostatic a.c.jd.c. 
voltmeter: W. G. 
Pye 11314. 
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can be much greater if the signal is applied directly to 
the deflection plates rather than to the amplifier input. 

A.C. Potentiometers 
In a.c. work 'the potentiometer is not as widely used as 
in d.c. work for the accurate comparative measurement 
of voltage. This is because in the a.c. case it is necessary 
to balance phase as well as magnitude, to take stray 
pick-up and coupling jnto account, and to consider the 
effect of harmonics on one or other of the voltages being 
compared. Also, for a.c. there is no standard voltage 
source for reference corresponding to the d. c. standard 
cell. Generally · a transfer technique has to be applied 
to establish an a.c. reference voltage. Despite these 
difficulties, however, a.c. potentiometers are available 
commercially. A good example of this is the Cambridge 
Instruments A.C.jD.C. Comparator illustrated in Fig. 
27. This is designed to measure r.m.s. value of currents 
and voltages to an accuracy of ± 0.05 % over a frequency 
range of 25cjs to 20kc/s. The instrument contains its 

Fig. 27. ACJDC potentiometer: the Cambridge Instruments 
ACfDC Comparator. 

own potentiometer circuit, and the only external units 
required are a standard cell and a suitable reflecting 
galvanometer. · A meter is incorporated so that the 
approximate value of the unknown signal can be deter­
mined before . the setting of the controls. This reduces 
the probability of overloading the vacuo-junction which . 
is used as an internal a. c./ d.c. transfer standard. · The 
comparator has eight voltage and current ranges from 
0.5V to 300V full scale and from 5mA to 300A respec­
tively. 

Heterodyne-mixer Meter 
A linear mixer can be employed to reduce measurements 
over a range ·· of high frequency to measurements at a 
single low frequency. A known fraction of. the unknown 
signal is applied to a mixer together with an auxiliary 
local-oscillator signal of a much greater magnitude. The 
resulting intermediate frequency passes through a stan­
dard attenuator to a meter. A single calibration point 
is established at each frequency by feeding a known 
signal into the input. Provided signal linearity is main­
tained by keeping the unknown signal sufficiently small, 
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the change in attenuation necessary to keep the meter 
at its reference level is an indication of the desired 
measurement value. The heterodyne-mixer type of a.c. 
meter is not commonly used in ordinary laboratories. 

Special Problems of V.H.F. and U.H.F. 
Measurements 
In general the measuring instruments described so far 
have been primarily for frequencies below 150 Mc/s. 
Above 150 Mc/s difficulties creep in. In the v.h.f.ju.h.f. 
range, voltages and currents often have to be measured 
in tuned circuits, and it becomes extremely difficult to 
make measurements without disturbing the circuit un­
duly. Apart from this, circuit elements can no longer be 
treated as luniped, so that it becomes difficult to locate 
two specific circuit points across which a voltage, for 
example, can be measured. Because of thi·s, you very 
often find that at v.h.f. and higher frequencies you do 
not make a voltage or a current measurement so much 
as a power measurement. The power measurement is 
usually made by looking at the temperature rise in some 
indicator due to the dis·sipation of the r.f. power. This 
implies the use of some thermal meter such as a thermo­
couple unit. 

The other major difficulty is that at v.h.f. and higher 
frequencies, the input impedance of the meter becomes 
complex and varies with frequency; this can lead to 
calibration difficulties. 

Some specially developed versions of the basic instru­
ments referred to earlier for lower frequencies have been 
developed to operate into the v.h.f. range. In general, 
however, in the normal laboratory, voltage (and derived 
current) a.c. measurements above 150 Mc/s or so are 
normally made with some form of valve voltmeter, :;tt 
least up to 1,000 Me/ s. Above 1,000 Me/ s the field be­
comes very specialized and bolometer or other thermal­
type meters are normally .used. 

Practical Points on the Use of A.C. Meters 
(1) Always follow the "good-practice" precautions for 
instruments generally · outlined in previous chapters. In 
a.c. measurements some of the precautions take on a 
special importance, however. For example, always look 
extra carefully to the earthing of the equipment under 
test and the measuring instrument. Earth loops can 
easily give rise to inaccurate readings, particularly at 
radio frequencies . 

(2) Watch out for mains hum or other spurious fre­
quencies getting on to the signal you are testing. Mains 
hum is particularly difficult at very low level a.f. measure­
ments, i.e. in the millivolt r.m.s. region. 

(3) Always adopt some standard procedure in record­
ing measurements. Do not use r.m.s., average, peak, 
peak-to-peak interchangeably at random. Over the years · 
I have built up a consistent habit of recording the signals 
for linear amplifiers in terms of r.m.s. (i.e. in effect assum­
ing a sinusoidal waveshape), and for non-linear circuits 
(pulse, . or large-signal sinewave with some clipping) in 
terms of peak (i.e~ half peak-to-peak) because this can ·be 
read off so easily from an oscilloscope. 

( 4) Always consider the frequency of the a. c. signal 
you are measuring, and check tbat it falls within the 
specified bandwidth capabilities of your measuring in­
strument. A common failing in this is to try to measure 
signals at say 10 Mc/s with a valve voltmeter not capable 
of accurate measurement over say 1 Me/ s. This may 
seem very elementary, · but it is surprising how often you 
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can be much greater if the signal is applied directly to 
the deflection plates rather than to the amplifier input. 

A.C. Potentiometers 
In ax. work the potentiometer is not as widely used as 
in d.c. work for the accurate comparative measurement 
of voltage. This is because in the a.c. case it is necessary 
to balance phase as well as magnitude, to take stray 
pick-up and coupling into account, and to consider the 
effect of harmonics on one or other of the voltages being 
compared. Also, for a.c. there is no standard voltage 
source for reference corresponding" to the d.c. standard 
cell. Generally a transfer technique has to be applied 
to establish an a.c. reference voltage. Despite these 
difficulties, however, a.c. potentiometers are available 
commercially. A good example of this is the Cambridge 
Instruments A.C./D.C. Comparator illustrated in Fig. 
27. This is designed to measure r.m.s. value of currents 
and voltages to an accuracy of ±0.05% over a frequency 
range of 25c/s to 20kc/s. The instrument contains its 
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Fig. 27. AC/DC potentiometer: the Cambridge Instruments 
AC/DC Comparator. 

own potentiometer circuit, and the only external units 
required are a standard cell and a suitable reflecting 
galvanometer. A meter is incorporated so that the 
approximate value of the unknown signal can be deter- 
mined before the setting of the controls. This reduces 
the probability of overloading the vacuo-junction which 
is used as an internal a.c./d.c. transfer standard. The 
comparator has eight voltage and current ranges from 
0.5V to 300V full scale and from 5mA to 300A respec- 
tively. 

Heterodyne-mixer Meter 
A linear mixer can be employed to reduce measurements 
over a range of high frequency to measurements at a 
single low frequency. A known fraction of the unknown 
signal is applied to a mixer together with an auxiliary 
local-oscillator signal of a much greater magnitude. The 
resulting intermediate frequency passes through a stan- 
dard attenuator to a meter. A single calibration point 
is established at each frequency by feeding a known 
signal into the input. Provided signal linearity is main- 
tained by keeping the unknown signal sufficiently small. 

the change in attenuation necessary to keep the meter 
at its reference level is an indication of the desired 
measurement value. The heterodyne-mixer type of a.c. 
meter is not commonly used in ordinary laboratories. 

Special Problems of V.H.F. and U.H.F. 
Measurements 
In general the measuring instruments described so far 
have been primarily for frequencies below 150Mc/s. 
Above 150Mc/s difficulties creep in. In the v.h.f./u.h.f. 
range, voltages and currents often have to be measured 
in tuned circuits, and it becomes extremely difficult to 
make measurements without disturbing the circuit un- 
duly. Apart from this, circuit elements can no longer be 
treated as lumped, so that it becomes difficult to locate 
two specific circuit points across which a voltage, for 
example, can be measured. Because of this, you very 
often find that at v.h.f. and higher frequencies you do 
not make a voltage or a current measurement so much 
as a power measurement. The power measurement is 
usually made by looking at the temperature rise in some 
indicator due to the dissipation of the r.f. power. This 
implies the use of some thermal meter such as a thermo- 
couple unit. 

The other major difficulty is that at v.h.f. and higher 
frequencies, the input impedance of the meter becomes 
complex and varies with frequency; this can lead to 
calibration difficulties. 

Some specially developed versions of the basic instru- 
ments referred to earlier for lower frequencies have been 
developed to operate into the v.h.f. range. In general, 
however, in the normal laboratory, voltage (and derived 
current) a.c. measurements above 150Mc/s or so are 
normally made with some form of valve voltmeter, at 
least up to 1,000 Mc/s. Above 1,000 Mc/s the field be- 
comes very speciahzed and bolometer or other thermal- 
type meters are normally used. 

Practical Points on the Use of A.C. Meters 
(1) Always follow the "good-practice" precautions for 
instruments generally outlined in previous chapters. In 
a.c. measurements some of the precautions take on a 
special importance, however. For example, always look 
extra carefully to the earthing of the equipment under 
test and the measuring instrument. Earth loops can 
easily give rise to inaccurate readings, particularly at 
radio frequencies. 

(2) Watch out for mains hum or other spurious fre- 
quencies getting on to the signal you are testing. Mains 
hum is particularly difficult at very low level a.f. measure- 
ments, i.e. in the millivolt r.m.s. region. 

(3) Always adopt some standard procedure in record- 
ing measurements. Do not use r.m.s., average, peak, 
peak-to-peak interchangeably at random. Over the years 
I have built up a consistent habit of recording the signals 
for linear amplifiers in terms of r.m.s. (i.e. in effect assum- 
ing a sinusoidal waveshape), and for non-linear circuits 
(pulse, or large-signal sinewave with some clipping) in 
terms of peak (i.e. half peak-to-peak) because this can be 
read off so easily from an oscilloscope. 

(4) Always consider the frequency of the a.c. signal 
you are measuring, and check that it falls within the 
specified bandwidth capabilities of your measuring in- 
strument. A common failing in this is to try to measure 
signals at say lOMc/s with a valve voltmeter not capable 
of accurate measurement over say IMc/s. This may 
seem very elementary, but it is surprising how often you 
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find quite competent bench engineers doing this without 
thinking. 

(5) At r.f. always look to see that the circuit distur­
bance introduced by your measuring instrument is fully 
taken into account. 

(6) Where you are using an instrument, such as an 
Avo multimeter, with floating input, i.e. with no specified 
earth terminal, always as a precaution reverse the leads 
and take a second reading. If this does not agree with 
the first reading, something is wrong. This is a useful 
practical step which soon becomes a reflex action with a 
good engineer. It is just another illustration of always 
trying to cross-check everything you do. 

(7) Where you are trying to measure the voltage or 
current of an unknown waveshape, try if possible to 
display it on an oscilloscope at the same time, so that you 
can interpret the meter reading properly. 

BOOKS 
Transistor Ignition Systems Handbook, by Brice Ward. A 
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elementary particles, their prediction and dis:covery (the 
positron, nucleons and pions, the neutrino, muons, resonons, 
etc., together with the various ami-partiCles). Pp. 75. Per­
gamon Press Ltd. , Headington Hill Hall, Oxford. Price lOs . 
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(8) Don't rely on the mains voltage to help you with 
calibrating an a.c. instrument except as a rough check. 
Nowadays, a nominal mains voltage of 230 V a.c. can lie 
at any time anywhere between 200 and 250 V. It is not 
uncommon to find the mains even lower than 200 V on 
occasion. 

(9) Don't forget that a multimeter in its a.c. range has 
a certain d.c. input resistance. It is not capacitor-isolated 
and so may affect the d.c. bias conditions of the circuit 
being tested. This is important in the new-generation 
direct~coupled audio power amplifiers. Always look to 
see if you should d.c.-isolate the meter in its a.c. ranges 
by means of a large coupling capacitor. In other terms, 
don't forget that if a multimeter in its a.c. range is con­
nected into circuit with a standing d.c. voltage on it, the 
a~c. meter reading can be inaccurate because of the 
spurious d.c. imposed. 

RECEIVED 
Introduction to Semiconductor Devices, by M. J. Morant, 
B.Sc.(Eng.), Ph.D. Jntended to bridge the gap qetween 

. applicati<ms books and books on pure semiconductor physics. 
This concise work (pp. 126) is about equally divided between 
the physics of the subject and semiconductor devices con­
s·idered as active elements of electrical networks. Level: 
second year of a degree course in electrical engineering. 
George G. Han·a,p & Co. Ltd., 182 High Holborn, London, 
W.C.l. -Price 18s. 

Gas-Discharge Tubes, by H. L. van der Horst. A com­
prehensive review of the most important tubes in common 
use, intended to assist technicians in application problems. 
Some of the tubes described are now being superseded by 
semiconductor devices, but others, such as counter and 
indicator tubes and mercury vapour rectifiers, are still in 
wide us·e. Pp. 318. Philips Technical Library. Distributed 
in U .K. and Eire by Ma.:::millan & Co. Ltd .. , 10-15 Martin's 
Street, London, W.C.2. Price £2 17s 6d. 

ABC's of Boolean Algebra.. by Allan Lytel, expla.ins sym­
bolic logic and how electronic circuits perform logical func­
tions. The trans1ation of algebraic expressions into practical 
switching circuits is dealt with, and numbering systems are 
discussed in order to explain how logic circuits can he 
combined to perform calculations. Pp. 112. W. Foulsham & 
Co. Ltd., Yeovil Road, Slough, Bucks. Price 16s. 

Design of Low-Noise Transistor Input Circuits, by William 
A. Rheinfelder. The first half of the book discusses the 
general characteristics of noise, the noise factor concept and 
measurement of noise figure, while the second half deals with 
the design of pa·rticular classes of circuits: above 100 Mc/s; 
receiver front ends below 100 Me/ s; and audio circuits. 
Pp. 160. Published in Great Britain by Iliffe Books Ltd., 
Dorset House, Stamford Street, London, S.E.l. Price 
£1 lOs. 

Elementary Electrical Network Theory, by D. G. Tucker. 
Professor Tucker excuses himself for producing yet another 
book. on network theory by pointing out tha<t this is a 
small one (pp. 169) which aims to provide all the theory 
required by a student in the first two or three years of a uni­
versity course or in a course for a professional qualification. 
An introduction to non-linear circuit theory is included. 
Price 17s 6d. Linear Network Theory, by K. F. Sander 
is rather more advanced, covering network analysis as taught 
in the last years of an honours degree course. · Again small 
(pp. 164), it concentrates mainly on the algebra. Price £1 ls. 
Both from Pergamon Press Ltd., Headington Hill Hall, 
Oxford. 
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find quite competent bench engineers doing this without 
thinking. 

(5) At r.f. always look to see that the circuit distur- 
bance introduced by your measuring instrument is fully- 
taken into account. 

(6) Where you are using an instrument, such as an 
Avo multimeter, with floating input, i.e. with no specified 
earth terminal, always as a precaution reverse the leads 
and take a second reading. If this does not agree with 
the first reading, something is wrong. This is a useful 
practical step which soon becomes a reflex action with a 
good engineer. It is just another illustration of always 
trying to cross-check everything you do. 

(7) Where you are trying to measure the voltage or 
current of an unknown waveshape, try if possible to 
display it on an oscilloscope at the same time, so that you 
can interpret the meter reading properly. 

(8) Don't rely on the mains voltage to help you with 
calibrating an a.c. instrument except as a rough check. 
Nowadays, a nominal mains voltage of 230 V a.c. can lie 
at any time anywhere between 200 and 250 V. It is not 
uncommon to find the mains even lower than 200 V on 
occasion. 

(9) Don't forget that a multimeter in its a.c. range has 
a certain d.c. input resistance. It is not capacitor-isolated 
and so may affect the d.c. bias conditions of the circuit 
being tested. This is important in the new-generation 
direct-coupled audio power amplifiers. Always look to 
see if you should d.c.-isolate the meter in its a.c. ranges 
by means of a large coupling capacitor. In other terms, 
don't forget that if a multimeter in its a.c. range is con- 
nected into circuit with a standing d.c. voltage on it, the 
a.c. meter reading can be inaccurate because of the 
spurious d.c. imposed. 

BOOKS RECEIVED 

Transistor Ignition Systems Handbook, by Brice Ward. A 
short, down-to-earth American text, including a good deal 
of material on commercial systems already in use in the 
U.S.A. but with a sufficiently general treatment to interest 
the British reader (who is warned of possible dangers in a 
British foreword). Pp. 128. W. Foulsham & Co. Ltd., 
Yeovil Road, Slough, Bucks. Price £1. 

Simplified Modern Filter Design, by Philip R, Geffe. Nearly 
half of this 182-page book consists of tables and associated 
diagrams, compiled to enable the circuit engineer na design 
filters without the use of higher mathematics. In addition 
to the usual filter configurations, the book describes measure- 
ment techniques and the design of practical high-Q inductors. 
Published in Great Britain by Iltffe Books Ltd., Dorset 
House, Stamford Street, London, S.E.I. Price £2 10s. 

Wireless for Beginners, 5th edition, is an old book (by 
C. L. Boltz and first published in 1933) completely revised 
by Thomas Roddam, who is well known to Wireless World 
readers. The original material on television has been 
expanded and includes colour television. Transistors, sound 
teproduction and frequency modulation are dealt with. Pp. 
232. George G. Harrap & Co. Ltd., 182 High Holborn, 
London, W.C.I. Price 18s. 

Automatic Voltage Regulators and Stabilizers, 2nd edition, 
by G. N. Patchett, Ph.D., B.Sc.(Hoti!S. Lond.), M.I.E.E., 
M.I.R.E., M.Brit.I.R.E. New material on the Zener diode, 
transistor circuits, tap changers on large power transformers 
and alternator voltage regulators has been added to the 
original text, first published in 1954. There are now 80 
pages of references, indexed! Pp. 468. Price £3 5s. Sir 
Isaac Pitman & Sons Ltd., Pitman House, Parker Street, 
Kingsway, London, W.C.2. 

Writing Technical Reports, by Bruce M. Cooper. A Pelican 
paper-back, drawing on the author's experience of conduct- 
ing report-writing classes for scientists and engineers. 
Numerous extracts from typical reports are provided and 
analysed, and thete is a section on illustrating technical 
writing. Pp. 188. Penguin Books Ltd., Harmondsworth, 
Middx. Price 3s 6d. 

Elementary Particles, by A, A. Sokolov. English trans- 
lation of a short Russian guide to the more recently identified 
elementary particles, their prediction and discovery (the 
positron, nucleons and pions, the neutrino, muons, resonons, 
etc., together with the various anti-particles). Pp. 75. Per- 
gamon Press Ltd., Headington Hill Hall, Oxford. Price 10s. 

Introduction to Semiconductor Devices, by M. J. Morant, 
B.Sc.(Eng.), Ph.D. Intended to bridge the gap between 
applications books and books on pure semiconductor physics. 
This concise work (pp. 126) is about equally divided between 
the physics of the subject and semiconductor devices con- 
sidered as active elements of electrical networks. Level: 
second year of a degree course in electrical engineering. 
George G. Harrap & Co. Ltd., 182 High Holborn, London, 
W.C.I. Price 18s. 
Gas-Discharge Tubes, by H. L. van der Horst. A com- 
prehensive review of the most important tubes in common 
use, intended to assist technicians in application problems. 
Some of the tubes described are now being superseded by 
semiconductor devices, but others, such as counter and 
indicator tubes and mercury vapour rectifiers, are still in 
wide use. Pp. 318. Philips Technical Library. Distributed 
in U.K. and Eire by Macmillan & Co. Ltd., 10-15 Martin's 
Street, London, W.C.2, Price £2 17s 6d. 
ABC's of Boolean Algebra, by Allan Lytel, explains sym- 
bolic logic and how electronic circuits perform logical func- 
tions. The translation of algebraic expressions into practical 
switching circuits is dealt with, and numbering systems are 
discussed in order to explain how logic circuits can be 
combined to perform calculations. Pp. 112. W. Foulsham & 
Co. Ltd., Yeovil Road, Slough, Bucks. Price 16s. 
Design of Low-Noise Transistor Input Circuits, by William 
A. Rheinfelder. The first half of the book discusses the 
general characteristics of noise, the noise factor concept and 
measurement of noise figure, while the second half deals with 
the design of particular classes of circuits: above lOOMc/s; 
receiver front ends below lOOMc/s; and audio circuits. 
Pp. 160. Published in Great Britain by Iliffe Books Ltd., 
Dorset House, Stamford Street, London, S.E.I. Price 
£1 10s. 
Elementary Electrical Network Theory, by D. G. Tucker, 
Professor Tucker excuses himself for producing yet another 
book on network theory by pointing out that this is a 
small one (pp. 169) which aims to provide all the theory 
required by a student in the first two or three years of a uni- 
versity course or in a course for a professional qualification. 
An introduction to non-linear circuit theory is included. 
Price 17s 6d. Linear Network Theory, by K. F. Sander 
is rather more advanced, covering network analysis as taught 
in the last years of an honours degree course. Again small 
(pp. 164), it concentrates mainly on the algebra. Price £1 Is. 
Both from Pcrgamon Press Ltd., Headington Hill Hall, 
Oxford. 
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Aud.ible Rate-of-Climb Indicator 
SIMPLE ELECTRONIC DEVICE FOR GLIDER PILOTS 

By J. M. FIRTH 

IT has been recognized for ·some time that it is 
undesirable that a glider pilot should spend a great 
deal of his time concentrating on his instruments; he 

should be looking out for other aircraft. His most 
important instrument is a sensitive rate-of-climb meter, 
or variometer, usually electrical, working on a hot bead 
principle.* · 

A typical circuit is shown here, Fig. 1. The thermistors 
Th I and Th 2 are heated by the current in them. 1\ir 
flowing into or out of a Thermos bottle, due to the 

- 12V 

oV 

Fig. I. Basic '•varia­
meter" or rate-of­
climb meter circuit. 

pressure change with rise or fall, is directed by small jets 
over one thermistor or the other, hence giving an up or 
down reading on the meter. 

A recent improvement has been the addition of an 
audio circuit producing a varying tone with pitch pro­
potional to the meter reading, above a certain threshold. 
The pilot can set the threshold to bring in the audio 

*See, for example, "The Electric Variometer," by P . G . Davey, Technical 
Papers of OSTIV (Organisation Scientifique Internationale du Vol a Voile), 
June 1961. 

l k 

circuit at any desired rate of climb, thus relieving him 
of the need to glance at the meter frequently. 

There must be many other fields in which this device 
might be of use, e.g., coupled to an electrical r .p.m. meter, 
and generally in any situation where an electric meter 
presents continuous information. 

The circuit shown in Fig. 2, for a glider variometer, 
can be easily modified to accept different input levels. I t 
can be constructed using cheap transistors and no special 
components. 

The first stage is a long-tailed pair, with emitter 
resistors to raise the input impedance and stabilize the 
gain. It was designed to be driven fully by the voltage 
across the meter. Other input circuits are suggested 
later. 

Tr3 and Tr4 are current sources driven by the first 
stage. They feed current to the bases of Tr5 and Tr6 
which form an astable/bistable multivibrator. No output 
will be produced from this stage until the signal is large 
enough to turn on Tr3 and Tr4. Tr6 drives the output 
stage directly. 

The threshold is set by RVH and RV2 is a simple 
volume control which, used in series in this way, gives a 
saving in current when the volume is turned down. An 
ordinary cheap headphone can be used as the loud­
speaker. This makes quite enough noise in a glider cock­
pit on a 12 V supply. 

In this circuit the oscillation .starts at 300-400 cjs and 
continues up to 8-IOkc/s at the top of the useful range. 
Trl, Tr3, Tr5, and Tr6 can all be low-frequency, small­
signal germanium types, with the proviso that Tr5 and 
Tr6 must be able to support a reverse base bias equal 
to the supply. If Tr6 is chosen to have a higher (3 than 
Tr5, Tr6 will normally be bottomed in the quiescent 

-12V 

33k 

5k 

oV 

Fig. 2. Transistor tone generator circuit. 

204 WIRELESS WoRLD, APRIL 1965 

Audible Rate-of-Climb Indicator 

SIMPLE ELEGTRONIC DEVICE FOR GLIDER PILOTS 

By J. M. FIRTH 

IT has been recognized for some time that it is 
undesirable that a glider pilot should spend a great 
deal of his time concentrating on his instruments; he 

should be looking out for other aircraft. His most 
important instrument is a sensitive rate-of-climb meter, 
or variometer, usually electrical, working on a hot bead 
principle.* 

A typical circuit is shown here. Fig. 1. The thermistors 
Th I and Th 2 are heated by the current in them. Air 
flowing into or out of a Thermos bottle, due to the 

Fig. I. Basic "vario- 
meter" or rate-of- 
climb meter circuit. 

pressure change with rise or fall, is directed by small jets 
over one thermistor or the other, hence giving an up or 
down reading on the meter. 

A recent improvement has been the addition of an 
audio circuit producing a varying tone with pitch pro- 
potional to the meter reading, above a certain threshold. 
The pilot can set the threshold to bring in the audio 

*See, for example, ccThe Electric Variometer," by P. G. Davey, Technical 
Papers of OSTIV (Organisation Scientifique Internationale du Vol k Voile), 
June 1961. 

circuit at any desired rate of climb, thus relieving him 
of the need to glance at the meter frequently. 

There must be many other fields in which this device 
might be of use, e.g., coupled to an electrical r.p.m. meter, 
and generally in any situation where an electric meter 
presents continuous information. 

The circuit shown in Fig. 2, for a glider variometer, 
can be easily modified to accept different input levels. It 
can be constructed using cheap transistors and no special 
components. 

The first stage is a long-tailed pair, with emitter 
resistors to raise the input impedance and stabilize the 
gain. It was designed to be driven fully by the voltage 
across the meter. Other input circuits are suggested 
later. 

Tr3 and Tr4 are current sources driven by the first 
stage. They feed current to the bases of Tr5 and Tr6 
which form an astable/bistable multivibrator. No output 
will be produced from this stage until the signal is large 
enough to turn on Tr3 and Tr4. Tr6 drives the output 
stage directly. 

The threshold is set by RV,, and RV2 is a simple 
volume control which, used in series in this way, gives a 
saving in current when the volume is turned down. An 
ordinary cheap headphone can be used as the loud- 
speaker. This makes quite enough noise in a glider cock- 
pit on a 12 V supply. 

In this circuit the oscillation starts at 300-400 c/s and 
continues up to 8-10 kc/s at the top of the useful range. 
Trl, Tr3, Tr5, and Tr6 can all be low-frequency, small- 
signal germanium types, with the proviso that Tr5 and 
Tr6 must be able to support a reverse base bias equal 
to the supply. If Tr6 is chosen to have a higher /3 than 
Tr5, Tr6 will normally be bottomed in the quiescent 

Fig. 2. Transistor tone generator circuit. 
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-12V 

I k >--1------

oV 

I k 

+ZV 

Fig. 3. Modified circuit for inputs varying about, or just above the 
OV line. 

state, and Tr7 will draw no current. Tr3 and Tr4 must 
be silicon n-p-n types, but can have quite low (3's. Tr7 
does not dissipate much power, as it is switched hard on 
and off, but it must have an adequate current gain at 
full working current. Again, it can be a low-frequency 
germanium type. 

More gain can be obtained from the first stage at the _ 
expense of lowering the input impedance, by decreasing 
the emitter resistors, but care must be taken to leave 
Tr 1 and Tr2 with sufficient working collector voltage. 

Fig. 3 shows how the input circuit can be modified to 
accept an input which varies about, or just above, the OV 
rail. Fig. 4 indicates how one might eliminate the+ 2V 
rail, but can .only be useq where the source provides an 

,.------+----- 1 ?V 

68 k 

----~-~~-------oV 

Fig. 4. Alternative circuit for inputs about IV with respect to earth. 

input of about one volt as the knee voltage of the tr(lriS:­
istor must first be overcome. The 68kU resistor povides 
a little forward bias for the second stage. With the above 
disadvantage goes those of poor initial linearity and large 
temperature drift. However, this circuit may be suitable 
for use with a car r.p.m. meter, where one side of the 
meter is probably grounded. 

A word of caution here; rriany frequency ·indicating 
devices such as the r.p.m. meter, supply the meter with 
pulsed current, and the audio circuit may not cope with 
this, or may produce an objectionably modulated output. 
The addition of C' and R' shown in Fig. 2 will overcome 
this. With RC=O.l sec, suggested values are R=lOkO 
and C= lO,LF. Dl prevents the electrolytic capacitor from 
being reverse biased. 

The circuit can be used with other supply voltages, but 
the O.Ol,u.F capacitors may have to be changed to give 
accep~able audio frequencies. 

I shall be interested to hear of other ·uses which 
Wireless World readers can find for this device. 

BRITISH BROADCASTING 1927-1939 
The History of Broadcasting in the United Kingdom: 

Vol. 11.-The Golden Age of Wireless. By Asa Briggs. Pp. 
663 + xvi; 54. illustrations. Oxford Universi•ty Press, Amen 
Hous·e, Warwick Square, London, E.C.4. Price 75s. 

This volume of Professor Briggs's monumental history 
covers the period from 1927, when the British Broadcasting 
Company became the present Corporation, to the outbreak 
of war in 1939. During that epoch receiving licences rose 
from some two million •to nine miUion. The B.B.C. was in 
process of consolidating itself into a national institution. 

Though there is some emphasis on internal organization 
and policies, everything is covered-programme analyses and 
listener surveys, overseas broadcasting, the beginnings of 
television and preparations for war, wi1th just enough of the 
technical background to help the story along as each develop­
ment arises. Everything is fully documented and the history 
derives unique authority from the fact that ithe author had 
access to Lord Reith's diaries and private papers. Now we 
need no longer guess as to what really happened: Reith was 
Director-General for practically the whole period and played 
a dominant part in every impor.t,ant event. Naturally and 
properly, he overshadows the book. . 

Almost as soon as the possibilities of shortwaves for world­
wide broadcasting became evident in the 1920s, accusations 
were levelled against the B.B.C. of dragging its feet in fail­
ing to set up a service of whalt was then called Empire 
Broadcasting. Criticism would have been largely disarmed 
had all the obstacles been fully known at the time. Money 
was one . of the major troubles; the Dominions and colonies 
were not enthusiastic about contriblllting to the cost while 
the home government did not take kindly to the idea of the 
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British taxpayer footing the bill. Reith objeoted in principle 
to the use of British listeners' money for the service. In 
1930 he wrote in a private memorandum: "We are likely to 
be left with the baby to carry because everybody else is 
too selfish and we are too decent to let it drown." At that 
stage he was finding -the Post Office unhelpful hut later got 
its blessing and in 1932 a regular service was started from 
the multiple transmitter at Daventry. "The design of a 
broadcasting station to give effective world-wide coverage 
was a new concept." 

The story of experimental 30-line television transmission 
(from 1929 to 1935) is largely one of protracted triangular 
negotiations between Baird interests, the B.B.C. and the 
Pos,t Office, made still more involved by "the publicity 
seekers with whom Baird was to have so many complicated 
dealings" when television moved into the arena of high 
finance and speculation. When higher-definition television 
came on the scene the situation developed into a more 
straightforward contes,b between Baird's mechanical system 
and the "aU-electronic" Marconi-E.M.I. Clearly, the B.B.C. 
and the Post Office as umpire were still making an effort 
to give Baird every chance. But the issue did not remain 
long in doubt; as Campbell-Swinton had forecast decades 
earlier, the " weightless cathode rays" were bound to win. 

One could wish that someone \Vith Briggs's powers of 
detachment, industry and ability to ferret out sources o.f 
information had arisen to write a history of the earliest days 
of radio communication in, say, ,the mid-1930s-when many 
of the pioneers were still alive, before records were destroyed 
and late enough to get the story in perspective. 

H. F. S. 
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Fig. 3. Modified circuit for inputs varying about, or just above the 
OV' line. 

state, and Tr7 will draw no current. Tr3 and Tr4 must 
be silicon n-p-n types, but can have quite low ,/3's. Tr7 
does not dissipate much power, as it is switched hard on 
and off, but it must have an adequate current gain at 
full working current. Again, it can be a low-frequency 
germanium type. 

More gain can be obtained from the first stage at the 
expense of lowering the input impedance, by decreasing 
the emitter resistors, but care must be taken to leave 
Trl and Tr2 with sufficient working collector voltage. 

Fig. 3 shows how the input circuit can be modified to 
accept an input which varies about, or just above, the OV 
rail. Fig. 4 indicates how one might eliminate the + 2V 
rail, but can only be used where the source provides an 

input of about one volt as the knee voltage of the trans- 
istor must first be overcome. The 68kU resistor povides 
a little forward bias for the second stage. With the above 
disadvantage goes those of poor initial linearity and large 
temperature drift. However, this circuit may be suitable 
for use with a car r.p.m. meter, where one side of the 
meter is probably grounded. 

A word of caution here; many frequency indicating 
devices such as the r.p.m. meter, supply the meter with 
pulsed current, and the audio circuit may not cope with 
this, or may produce an objectionably modulated output. 
The addition of C and R' shown in Fig. 2 will overcome 
this. With RC~0.1 sec, suggested values arc R=10k!2 
and C -10"F. D1 prevents the electrolytic capacitor from 
being reverse biased. 

The circuit can be used with other supply voltages, but 
the 0.01,«F capacitors may have to be changed to give 
acceptable audio frequencies. 

I shall be interested to hear of other uses which 
Wireless World readers can find for this device. 

BRITISH BROADCASTING 1927-1939 

The History of Broadcasting in the United Kingdom: 
Vol. II.—The Golden Age of Wireless. By Asa Briggs. Pp. 
663 + xvi; 54 illustrations. Oxford Universky Press, Amen 
House, Warwick Square, London, E.C.4. Price 75s. 

This volume of Professor Briggs's monumental history 
covers the period from 1927, when the British Broadcasting 
Company became the present Corporation, to the outbreak 
of war in 1939. During that epoch receiving licences rose 
from some two million to nine million. The B.B.C. was in 
process of consolidating itself into a national institution. 

Though there is some emphasis on internal organization 
and policies, everything is covered—programme analyses and 
listener surveys, overseas broadcasting, the beginnings of 
television and preparations for war, with just enough of the 
technical background to help the story along as each develop- 
ment arises. Everything is fully documented and the history 
derives unique authority from the fact that the author had 
access to Lord Reith's diaries and private papers. Now we 
need no longer guess as to what really happened; Reith was 
Dnector-General for practically the whole period and played 
a dominant part in every important event. Naturally and 
properly, he overshadows the book. 

Almost as soon as the possibilities of shortwaves for world- 
wide broadcasting became evident in the 1920s, accusations 
were levelled against the B.B.C. of dragging its feet in fail- 
ing to set up a service of what was then called Empire 
Broadcasting. Criticism would have been largely disarmed 
had all the obstacles been fully known at the time. Money 
was one of the major troubles; the Dominions and colonies 
were not enthusiastic about contributing to the cost while 
the home government did not take kindly to the idea of the 
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British taxpayer footing the bill. Reith objected in principle 
to the use of British listeners' money for the service. In 
1930 he wrote in a private memorandum: "We are likely to 
be left with the baby to carry because everybody else is 
too selfish and we are too decent to let it drown." At that 
stage he was finding the Post Office unhelpful but later got 
its blessing and in 1932 a regular service was started from 
the multiple transmitter at Daventry. " The design of a 
broadcasting station to give effective world-wide coverage 
was a new concept." 

The story of experimental 30-line television transmission 
(from 1929 to 1935) is largely one of protracted triangular 
negotiations between Baird interests, the B.B.C. and the 
Post Office, made still more involved by " the publicity 
seekers with whom Baird was to have so many complicated 
dealings" when television moved into the arena of high 
finance and speculation. When higher-definition television 
came on the scene the situation developed into a more 
straightforward contest between Baird's mechanical system 
and the " all-electronic " Marconi-E.M.I. Clearly, the B.B.C. 
and the Post Office as umpire were still making an effort 
to give Baird every chance. But the issue did not remain 
long in doubt; as Campbcll-Swinton had forecast decades 
earlier, the " weightless cathode rays " were bound to win. 

One could wish that someone with Briggs's powers of 
detachment, industry and ability to ferret out sources of 
information had arisen to write a history of the earliest days 
of radio communication in, say, the mid-1930s—when many 
of the pioneers were still alive, before records were destroyed 
and late enough to get the story in perspective. 

H. F. S. 
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"V~" 

The Case of the Micromin Ostrich 

0 NE of the precepts which I learned at my m~ther's knee 
-or perhaps it was some other low joint-runs as 
follows:- · 
" If you can keep your head when all around you are 

losing their's-perhaps it's because you just don't under­
stand the situation? " 
Now, be it far from me to suggest that this is the reason 

behind the British electronics industry's attitude towards 
microelectronics. Perhaps it's a superb example of stiff 
upperlip':manship or-horrible thought-the hypnotized 
immobility of a rabbit when confronted by a 'weasel. What­
ever the cause, it seems to be remaining incredibly calm about 
the economic implications behind the advent of the new tech­
nology. 

Thes·e thoughts stem from a point I tried to make last 
month, namely that microelectronics is not just another step 
towards the ultimate in miniaturization, but a brand new pro­
cess of manufacture which owes nothing to the conventional 
art of making and assembling components. Its adoption 
demands completely different plant, completely new cate­
gories of engineering and completely new thinking. 

Our industry has evolved over the years on a sort of twin­
tub basis comprising two complementary units, equipment 
manufacturers and component manufacturers. To change 
the simile abruptly, this mariage de convenance has been 
established for a very long time, and the partners, despite the 
inevitable domestic tiffs, have been tolerably happy, with 
never a thought of separation, much less divorce, entering 
their heads. 

But recently the plot has thickened. Enter the villain, 
microelectronics, to make a triangle of the situation; a triangle 
with a difference, however, because the interloper is, so to 
speak, bi-sexual, and is dallying with both partners. 

This character, microelectronics,. is fast becoming irresis­
tible. To descend to our own terminology he/she is offering 
a considerable increase in equipment reliability and the mass 
production of circuits (as distinct from discrete components) 
in a shorter space of time and from a smaller manufacturing 
area. And as a dowry, these circuits come in a very small 
size; a feature which the computer and avionics boys (among 
others) are prepared to give their right arms for. All this 
at a cost which promises to be highly competitive. 

One of the potential crises in all this is that in the micro­
min world the manufacturer of discrete components vanishes 
in a puff of silicon dioxide as ·soon as integrated circuits are 
mentioned. Or, rather, he and the equipment designer sud­
denly fuse into one. The 64,000 dollar question here is, 
in which camp is this composite being to pitch his tent? 

There is much to be said on either side; no doubt it will 
be said in due course and the sooner the better, for the ostrich 
attitude never got anybody anywhere. 

In default of concerted action, three individual courses are 
possible. One is that the equipment manufacturers turn out 
their own microcircuits (this is in fact already being done on 
pilot scales). If this becomes general, then the components 
industry will lose a lot of business, thereby finding itself in 
the middle of a large creek with no paddle and · a hole in 
the bottom of the canoe. 

Secondly, the converse could materialize, with the com­
ponents industry making microcircuits for offer to the . equip­
ment people (again, this is already being done). But any 
mass attack will surely be mounted over the dead bodies of 
the equipment circuit designers, who regard it as a Divine 
Right of Kings to exereise absolute control over each and 
every individual component which goes · into their designs. 

The third potential course (and alas! only too possible) is 
the g3od old British compromise in which everybody makes 
microcircuits, the components people have a stab at the 
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equipment market and the devil takes the hindmost. This 
would be an admirable way of squandering time, money and 
effort and of killing the entire industry stone dead in one fell 
swoop. 

The advent of microele.ctronics is, in a sense, phase two of 
the transistor breakthrough, so might not its introduction be 
as orderly as that of the transistor? It might, but the two 
events are not wholly comparable. The invention of the tran­
sistor did not threaten the stability of the two-partner set-up; 
moreover, the higher price of transistorized equipment put an 
effective brake on the speed of changeover. Micromin could 
gather momentum much faster by being cheaper. · 

True, micromin techniques can't be used in all equipment, 
and so the equipment manufacturer who offers a diversity of 
products-and particularly large capital goods-it likely to 
experience a gradual transition over the years, with some 
departments in which micromin may never encroach. This in 
turn would ease the situation somewhat for the components 
people. 

But the big boys are better able to look after themselves 
anyway. It is the little boys we have to worry about, and par­
ticularly those who market a small range of products which 
happens to make ideal micromin material. Even supposing 
that their pockets are deep enough to dig into for the very 
expensive new plant, they cannot reorganize overnight; 
neither can they immediately switch to the " new thinking " 
engineering which micromin demands. What will they do 
when such competitors as the U.S.A. and Japan launch into 
the field on a vast scale, as they are likely to do any moment? 
One thing is sure; if they do nothing they will cease to be 
competitors. 

Has there been an all-out effort by the various electronics 
associations to resolve such problems? And if not, why not? 
This is not an idle question because upon the answer may 
depend the matter of whether you and I make a down pay-

. ment for an electric lawnmower this spring or whether we 
have to hock the old one. 

On the face of it, quite apart from the overall problems, 
the outlook for engineers seems mixed. The chap who will 
probably be best off in micromin is the newcomer from 
University with a mind relatively uncluttered by con­
ventional technique·s. The older engineer who has lived 
by conventional techniques for years may find the change 
more than a bit of a jolt, while those who firmly maintain 
that there's nothing to touch the thermionic valve will be well 
advised to rub their rabbit's foot and pray that micromin 
won't touch their sphere of activity until after their retire­
ment. 

For, no doubt about it, a micromin outlook has to be 
developed. The overall field of knowledge has to be very 
wide; in the U.S .A. there is a school of thought which says 
that the man who dreams up a project s4ould design it and 
take it right through production, only stopping short of 
actually posting it to the customer. 

With integrated circuits layout and breadboarding as dis­
crete operations are certainly abolished. And design 
approach is different, too. You can't take a conventional 
circuit and micromin it, because present limitations make it 
necessary to "design out " as far as possible items that 
can't be coped with (line inductors and large capacitors). 
And it is not enough to design. It has to be done with a 
much more careful eye on the economics of the thing. . · 

I could go on, but the Editor insists that I mustn't be exclu-' 
sively depressive. So let's end on a bright note. It looks as 
if there will be a lot more girls around the industry when 

· microelectronics really get going; which is another very good 
·reason why the industry should get down to some solid 
co:..operative planning without further delay. 

WIRELESS WORLD, APRIL 1965 

RuJi Aid UhAtyhMy 

The Case of the Micromin Ostrich 

ONE of the precepts which I learned at my mother's knee 
—or perhaps it was some other low joint—runs as 
follows:— 
" If you can keep your head when all around you are 

losing their's—perhaps it's because you just don't under- 
stand the situation? " 
Now, be it far from me to suggest that this is the reason 

behind the British electronics industry's attitude towards 
microelectronics. Perhaps it's a superb example of stiff 
upperlip'manship or—horrible thought—the hypnotized 
immobility of a rabbit when confronted by a 'weasel. What- 
ever the cause, it seems to be remaining incredibly calm about 
the economic implications behind the advent of the new tech- 
nology. 

These thoughts stem from a point I tried to make last 
month, namely that microelectronics is not just another step 
towards the ultimate in miniaturization, but a brand new pro- 
cess of manufacture which owes nothing to the conventional 
art of making and assembling components. Its adoption 
demands completely different plant, completely new cate- 
gories of engineering and completely new thinking. 

Our industry has evolved over the years on a sort of twin- 
tub basis comprising two complementary units, equipment 
manufacturers and component manufacturers. To change 
the simile abruptly, this manage de convenance has been 
established for a very long time, and the partners, despite the 
inevitable domestic tiffs, have been tolerably happy, with 
never a thought of separation, much less divorce, entering 
their heads. 

But recently the plot has thickened. Enter the villain, 
microelectronics, to make a triangle of the situation; a triangle 
with a difference, however, because the interloper is, so to 
speak, bi-sexual, and is dallying with both partners. 

This character, microelectronics, is fast becoming irresis- 
tible. To descend to our own terminology he/she is offering 
a considerable increase in equipment reliability and the mass 
production of circuits (as distinct from discrete components') 
in a shorter space of time and from a smaller manufacturing 
area. And as a dowry, these circuits come in a very small 
size; a feature which the computer and avionics boys (among 
others) are prepared to give their right arms for. All this 
at a cost which promises to be highly competitive. 

One of the potential crises in all this is that in the micro- 
min world the manufacturer of discrete components vanishes 
in a puff of silicon dioxide as soon as integrated circuits are 
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more than a bit of a jolt, while those who firmly maintain 
that there's nothing to touch the thermionic valve will be well 
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won't touch their sphere of activity until after their retire- 
ment. 

For, no doubt about it, a micromin outlook has to be 
developed. The overall field of knowledge has to be very 
wide; in the U.S.A. there is a school of thought which says 
that the man who dreams up a project should design it and 
take it right through production, only stopping short of 
actually posting it to the customer. 

With integrated circuits layout and breadboarding as dis- 
crete operations are certainly abolished. And design 
approach is different, too. You can't take a conventional 
circuit and micromin it, because present limitations make it 
necessary to " design out" as far as possible items that 
can't be coped with (line inductors and large capacitors). 
And it is not enough to design. It has to be done with a 
much more careful eye on the economics of the thing. 

I could go on, but the Editor insists that I mustn't be exclu- 
sively depressive. So let's end on a bright note. It looks as 
if there will be a lot more girls around the industry when 
microelectronics really get going; which is another very good 
reason why the industry should get down to some solid 
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Commercial Literature 
Signal Generator Comparison Chart. 

-A comparative list of signal genera­
tors operating below 100 Mc/s has been 
compiled by Marconi Instruments from 
the published literature of va·rious 
manufacturers. Sixteen generators are 
included on this chart, which is avail­
able on request. Many technical details 
are given along with price guidance, 
dimensions and weight. 
4WW 324 for further details 

Broadcast Equipment.-Two items of 
transistor equipment that should interest 
broadcast engineers-an equalizer and a 
video amplifier-are descr,ibed in new 
leaflets available from the broadcast and 
recording division of EMI Electronics 
Ltd., of Hayes, Middx. The equalizer 
(Type 920, leaflet No. B/920/2) is a 
twin-channel unit and the response at 
both ends of the frequency range can 
be lifted or lowered, and a peak can be 
introduced towards the centre of t'he 
range. The video amplifier (Type 254, 
leaflet No. B/254/2) contains two inde­
pendent amplifiers, each of which pro­
vide two isolated 75-ohm outputs. Sync 
pulses can be added to one or both 
outputs of each amplifier. 
4WW 325 for further details 

Literature describing transistor heat 
.sinks made by the D.T.V. Group, and 
others for Which they are representa­
tives, is now available from the Group's 
headquarters, 126 Hamilton Road, West 
Norwood, London, S.E.27. 
4WW 326 for further details 

Resistor Measurement.-Two new 
application bulletins, one covering the 
measurement of standard resistors with 
a differential voltmeter (AB-1) and the 
other covering the measurement of 
megohm resistances with a differential 
voltmeter (AB-2), have been published 
by the John Fluke Manufacturing Com­
pany Incorporated. Both of these are 
available in the U.K. from Livingston 
Laboratories Ltd., of 31 Camden Road, 
London, N.W.l. 
4WW 327 for further details 

Issue three of the precision resistor 
chart published by Alma Components 
Ltd., is now available from the com­
pany's headquarters in Park Road, Diss, 
Norfolk. Alma's "J" range of loose 
wound resistors and their metal film 
resistors are included in this edition. 
4WW 328 for further details 

Counter Details.-Circuit details of 
the Type TF2401 along with the facili­
ties this electronic counter can offeT are 
included in a publication Marconi 
Instruments have produced for this 
eight-digit, all transistor counter. The 
company's address is St. Albans, Herts. 
4WW 329 for further details 

Scattering Calculations.-A leaflet de­
scribing how electromagnetic scattering 
by bodies of any shape can be deter­
mined accurately by digital computer 
programmes developed by TRG Incm­
porated is now available from the · instru­
ment divisi0n of Claude Lyons Ltd., of 
76 Old Hall S!Ieet, Liverpool 3. 
4WW 330 for further details 

WIRELESS WORLD, APRIL 1965 

A SMALL SELECTION FROM 
LARGE RANGE OF INSTRUMENT 

OUR 
KNOBS 

Made to the highest standards and finish in high gloss black and other coloured 
thermo-setting materials. Heavy, non-rotatable brass inserts with grub or Allen 
screws. Standardised by many leading instrument roanufacturers. 

List No. KA95 List No. K.43~ List No. . K.43~ List No . K.430 

List No. K.390 List No. 1(.421 List No. K. I 07 List No. K.442 

List No. K.424 List No. K.491 List No. K.S03 .list No. K.SOO 

List No. K.464 List No. KAOO/Skirt List No. K.462 List No. K.463/Dial 

II 
List No. K.465 List No. KA6:i List No. K.438 List No. KA02/S/D 

List No. K.482 List No. K.370 + K.372 Dial List No. KA36 List No. K.473 

Send for Brochure No. 1500/C 

Illustrations approx; two-thirds full size. 

A. F. BULGIN & CO. LTD., 

Bye Pass Rd., Barking, Essex. 

MAN UFACTURERS AND SUPPLIERS OF RADIO 

AND ELECTRONIC COMPONENTS TO 

ADMIRALTY MINISTRY OF WORKS B.B.C. 

WAR OFFICE MINISTRY OF AVIATION G.P.O . 

Tel: RIPpleway 5588 (12 lines) 
AIR MINISTRY MINISTRY OF SUPPLY I T.A. 

HOME OFFICE RESEARCH ESTABLISHMENTS N .P L. 

CROWN AGENTS U K A E A O.S.I.R. 

4WW-114 FOR FURTHER DETAILS. 

207 

B 

Commercial Literature 

Signal Generator Comparison Chart. 
—A comparative list of signal genera- 
tors operating below 100 Mc/s has been 
compiled by Marconi Instruments from 
the published literature of various 
manufacturers. Sixteen generators are 
included on this chart, which is avail- 
able on request. Many technical details 
are given along with price guidance, 
dimensions and weight. 
4WW 321 for further details 

Broadcast Equipment.—Two items of 
transistor equipment that should interest 
broadcast engineers—an equalizer and a 
video amplifier—are described in new 
leaflets available from the broadcast and 
recording division of EMI Electronics 
Ltd., of Hayes, Middx. The equalizer 
(Type 920, leaflet No. B/920/2) is a 
twin-channel unit and the response at 
both ends of the frequency range can 
be lifted or lowered, and a peak can be 
introduced towards the centre of the 
range. The video amplifier (Type 254, 
leaflet No. B/254/2) contains two inde- 
pendent amplifiers, each of which pro- 
vide two isolated 75-ohm outputs. Sync 
pulses can be added to one or both 
outputs of each amplifier. 
4WW 325 for further details 

Literature describing transistor heat 
sinks made by the D.T.V. Group, and 
others for Which they are representa- 
tives, is now available from the Group's 
headquarters, 126 Hamilton Road, West 
Norwood, London, S.E.27. 
4WW 326 for further details 

Resistor Measurement.—Two new 
application bulletins, one covering the 
measurement of standard resistors with 
a differential voltmeter (AB-1) and the 
other covering the measurement of 
megohm resistances with a differential 
voltmeter (AB-2), have been published 
by the John Fluke Manufacturing Com- 
pany Incorporated. Both of these are 
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APRIL MEETINGS 
Tickets are required fo1· some meetin'gs : readers are advised, therefore, to 

~ommunicate with the secretary of the ·sor;iety concerned. 

LONDON 
1st. I.E.E.-" Ranger 8 spacecraft, with 

special reference to moon-shot camera 
systems" by B. P. Miller at 5.30 at Savoy 
Place, W.C.2. 

5th. I.E.E. & I.E.R.E.-Colloquium 
on " The design of real time computer sys­
tems" at 2.30 at Savoy Place, W.C.2. 

6th. I.E.E.-" The future impact of in­
tegrated Circuitry on the work of profes­
sional engineers" by Dr. J. T. Kendall at 
5.30 at Savoy Place, W.C.2. 

7th. I.E.E.-" The mode of use and the 
assessment of precision coaxial connectors" 
by I. A. Harris at 5.30 at Savoy Place, 
W.C.2. 

7th. I.E.R.E.-Papers on " Inertial navi­
gational systems for airborne & shipborne 
uses" at 6.0 at 9 Bedford Square, W.C.l. 

8th. Radar & Electronics Assoc.-" The 
big screen-film has a future in radar & 
electronics " by C. Barwell at 7.0 at the 
Mullard Theatre, Mullard House, Torring­
ton Place, W.C.l. 

8th. Television Soc.-" Advanced tele­
vision technical problems in Japan" by Dr. 
K. Suzuki at 7.0 at the I.T.A. 70, Brompton 
Rd., S.W.3. 

9th. I.E.E. & I.E.R.E.-Discussion on 
" Electromyography" at 2.30 at Savoy 
Place, W.C.2. 

12th.' I.E.E. & I.E.R.E.-" Solid drcuits 
in computers" by N. Miller at 5.30 ~t 
Savoy Place, W.C.2. 

13th. I.E.E.-Colloquium on "Prob­
lems and developments in electron linear 
accelerators and associated radio-frequency 
valves " at 2.30 at Savoy Place, W.C.2. 

14th. I.E.E.-" Acoustics and telephone 
transmission-examples of the problems 
of human judgement " by H. S. Leman at 
5.30 at Savoy Place_, W.C.2. 

14th. I.E.R.E.-" B.R.E.M.A. colour 
television home viewing tests " by R. N. 
Jackson, K. E. Johnson & B. J. Rogers at 
6.0 at London School of Hygiene & Tropi­
cal Medicine, Keppel Street, W.C.l. 

21st. I.E.R.E.-" Effect on , the iono­
sphere of nuclear explosions" by F. L. 
Hill, at 6.0 at the London School of Hy­
giene and Tropical Medicine, Keppel Street, 
W.C.l. 

26th. I.E.E.-" Standards and conver­
ters" by P. Rainger and E. Rout at 5.30 
at Savoy Place, W.C.2. 

28th. I.E.R.E.-" Synchronously tuned 
methods of harmonic and intermodulation 
distoDtion analysis" by D. E. O'N. Wad­
dington at 6.0 at 9 Bedford Square, W.C.l. 

29th. I.E.E.-Kelvin lecture: " The 
particles of modern physics" by Prof. R. 0. 
Frisch at 5.30 at Savoy Place, W.C.2. 

29th. S.E.R.T.-" Some problems of 
computer maintenance " by L. Baldwin at 
7.15 at London School of Hygiene & Tropi­
cal Medicine, Keppel Street, W.C.l. 

29th. Television Soc.-Fleming memorial 
lecture on " The specification of an adequate 
television signal" by Dr. R. D. A. Maurice 
at 7.0 at the Royal Institution, Albemerle 
Street, W.l. 

30th. I.E.E.-" Equipment and the re­
sults of tests with the NIMBUS meteorolo­
gical satellite" by Dr. N. E. R1der at 5.30 
at Savoy Place, W.C.2. 

208 

BEDFORD 
26th. I.E.E.-" Frequency-modulated 

stereo broadcasting" by G. D . Browne at 
7.0 at the Bridge Hotel. 

BIRMINGHAM 
1st. S.E.R.T.-" Colour television" by 

B. J. Rogers at 7.30 at the College of Ad­
vanced Technology, Gosta Green. 

6th. I.E.E. & I.E.R.E.-One-day sym­
posium on " Electronics in industry-the 
next five years" at the University. 

21st. Television Soc.-" Post office 
towers" by R. E. G. Back and P. J. Ed­
wards at 7.0 at the Col!ege of Advanced 
Technology, Gosta Green. 

26th. I.E.E.-'' Birmingham Post Office 
radio relay tower" by S. G. Young at 6.0 
at the James Watt Memorial Institute. 

BRISTOL 
12th. I.E.E.-" An introduction to ana­

logue and digital computers-their differ­
ences and their uses " by K. C. Parton at 
6.0 at Electricity House. · 

13th. Television Soc.-" Lasers in ap­
plications allied ' to television" by M. Wall 
at 7.30 at the Royal Hotel, College Green. 

24th. I.E.R.E. and Inst.P .& Phys. Soc. 
-"Microstructure and physical properties 
of thin film" by Dr. A. J. Forty at 7.0 
at the University Engineering Laboratories. 

26th. I.E.E.-" Static switching-prin­
ciples of electronic logic" by F. S. Brown 
and S. L . Hurst at 6.0 at the College of 
Science and Technology, Ashley Down. 

CHELTENHAM 
30th. I.E.R.E.-" Integrated circuits" 

by G. C. Padwick at 7:0 at North Glouces­
tershire Technical College. 

COVENTRY 
13th. I.E.E. & I.E.R.E.-" Data trans­

mission in industrial processes " by H. Cox 
and J. Adderley at 6.0 at the Lanchester 
College of Technology. 

EDINBURGH 
1st. I.E.E.-Faraday Lecture on" Colour 

television" by F . C. McLean at 7.0 at the 
Usher Hall. · 

GLASGOW 
7th. I.E.E.-" Fuel cells" by Dr. I. 

Fells at 6.0 at the Institution of Engineers 
& ·Shipbuilders, 39 Elmbank Crescent. 

12th. I.E.E.-" Speech compression" 
by Dr. J. Swaffield, at 6.0 at the University 
of Strathclyde. 

LEATHERHEAD 
7th. I.E.E.-" The measurement of 

noise" by C. M. Brownsey, at 7.30 at the 
C.E.R.L. 

LEEDS 
14th. I.E.R.E.-" 405/625 line conver­

sion systems" by C. R. Longman at 6.30 at 
the University. 

MALVERN 
1st. I.E.R.E.-" Small high-fidelity loud­

speaker systems" by K. F. Russell at 7.0 
at Abbey Hotel, Abbey Road. 

LIVERPOOL 
14th. I.E.R.E.-" Field effect transistors 

arid their applications" by C. S. den Brin­
ker at 7.30 at Walker Art Gallery. 

MIDDLESBROUGH 
7th. I.E.E.-" Computers in control of 

processes " by Dr. D. N . Truscott at 6.30 at 
Cleveland Scientific Institution. 

NEWCASTLE-ON-TYNE 
4th. I.E.R.E.-" Pulse modulation sys­

tems " by J. Balmer at -6.0 at the Institute 
of Mining & Mechanical Engineers, West­
gate Road. 

6th. I.E.E.-Faraday Lecture on 
"Colour television" by F. C. McLear at 
2.30 and 7.15 at the City Hall. 

8th. I.E.E.--" Loudspeakers" by K. F. 
Russell at 6.30 at Rutherford College of 
Te.::hnolou. 

NOTTINGHAM 
5th. S.E.R.T.-" The 625-line television 

system and its reception problems" at 7.15 
at tl)e East Midlands Gas Board, Lower 
Parliament Street. 

7th. S.E.R.T.-" U.H.F. aerials" at 
7.15 at the Midlands Design Centre, Mans­
field Rd. 

ST. ANDREWS 
9th. I.E.E.-,-Symposium on " Applica­

tion of semiconductor devices to biological 
electronics " at 11.0 at the University of St. 
Andrews. 

STONE 
26th. I.E.E. & I.P.O.E.E.-" Trunking 

and traffic principles of a P.C.M. telephone 
exchange" by E. Walker and W. T. Duer­
doth at 7.0 at Duncan Hall. 

CLUB NEWS 
BEXLEYHEATH.-At the April 8th 

meeting of the North Kent Radio Society, 
Ian Lever will ·Speak on ''Television ser­
vicing" at 8.0 at the Congregational 
Church Hall. 

HECKMONDWIKE.-Members of the 
Spen Valley Amateur Radio Society :vill 
visit the Royal Naval Reserve Commumca:­
tions Centre in Leeds on April 1st. A 
fortnight later C. R Green, of Green & 
Davis, will talk about " commercial equip­
ment " and on the 29th M. A. Browne will 
deal with " manned ·Spaceflights." Meet­
ings are held at 7.30 at the Grammar 
School, High Street. 

LEAMINGTON SPA.-The fourth in a 
series of ta:!ks on radio theory will . be 
given to members of the Mid-Wanwick­
shire Amateur Radio Society <Jn April 5th. 
It will cover valve performances. Fort­
nightly meetings are held at 7.45 at 
Harrington House, Newbold Terrace. 

NORTH MIDLANDS MOBILE 
RALLY.-The University of Kede Radio 
Society will provide an " out-station " as 
part of the "talk-in " facilities for the 
Mobile Rally which will be held at Trent­
ham Gardens on Sunday, April lith. The 
Society's .transmitters will be on 1960 kc/ s 
and 145.4 Mc/s; caH signs G3COY and 
G3SMD. 

WELLINGBOROUGH. - "Transistor­
ized TV " is the title of the talk to be given 
by K. Knibs at the April 1st meeting of 
the W ellingborough Radio Club which 
meets every Thursday at 7.45 at the Silver 
Street Club Room. 

WIRELESS WORLD, APRIL 1965 

APRIL MEETINGS 

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

LONDON 
1st. I.E.E.—" Ranger 8 spacecraft, with 

special reference to moon-shot camera 
systems" by B. P. Miller at 5.30 at Savoy 
Place, W.C.2. 

5th. I.E.E, & I.E.R.E.—Colloquium 
on " The design of real time computer sys- 
tems " at 2.30 at Savoy Place, W.C.2. 

6th. I.E.E.—" The future impact of in- 
tegrated circuitry on the work of profes- 
sional engineers" by Dr. J. T. Kendall at 
5.30 at Savoy Place, W.C.2. 

7th. I.E.E.—" The mode of use and the 
assessment of precision coaxial connectors " 
by I. A. Harris at 5.30 at Savoy Place, 
W.C.2. 

7th, I.E.R.E.—Papers on " Inertial navi- 
gational systems for airborne & shipborne 
uses" at 6.0 at 9 Bedford Square, W.C.I. 

8th. Radar & Electronics Assoc.—" The 
big screen—film has a future in radar & 
electronics" by C. Barwell at 7.0 at the 
Mullard Theatre, Mullard House, Torring- 
ton Place, W.C.I. 

8th. Television Soc.—"Advanced tele- 
vision technical problems in Japan " by Dr. 
K. Suzuki at 7.0 at the I.T.A. 70, Brompton 
Rd., S.W.3. 

9th. I.E.E. & I.E.R.E.—Discussion on 
" Electromyography" at 2.30 at Savoy 
Place, W.C.2. 

12th. I.E.E. & I.E.R.E.—" Solid circuits 
in computers" by N. Miller at 5.30 at 
Savoy Place, W.C.2. 

13th. I.E.E.—Colloquium on "Prob- 
lems and developments in electron linear 
accelerators and associated radio-frequency 
valves " at ^.30 at Savoy Place, W.C.2. 

14th. I.E.E.—" Acoustics and telephone 
transmission—examples of the problems 
of human judgement" by H. S. Leman at 
5.30 at Savoy Place, W.C.2. 

14th. I.E.R.E.—" B.R.E.M.A. colour 
television home viewing tests" by R. N. 
Jackson, K. E. Johnson & B. J. Rogers at 
6.0 at London School of Hygiene & Tropi- 
cal Medicine, Keppel Street, W.C.l. 

21st. I.E.R.E.—"Effect on the iono- 
sphere of nuclear explosions" by F. L. 
Hill, at 6.0 at the London School of Hy- 
giene and Tropical Medicine, Keppel Street, 
W.C.I. 

26th. I.E.E.—" Standards and conver- 
ters " by P. Rainger and E. Rout at 5.30 
at Savoy Place, W.C.2. 

28th. I.E.R.E.—" Synchronously tuned 
methods of harmonic and intermodulation 
distortion analysis" by D. E. O'N. Wad- 
dington at 6.0 at 9 Bedford Square, W.C.I. 

29th, I.E.E.—Kelvin lecture : " The 
particles of modern physics " by Prof. R. O. 
Frisch at 5.30 at Savoy Place, W.C.2. 

29th. S.E.R.T.—" Some problems of 
computer maintenance" by L. Baldwin at 
7.15 at London School of Hygiene & Tropi- 
cal Medicine, Keppel Street, W.C.I. 

29th. Television Soc.—Fleming memorial 
lecture on " The specification of an adequate 
television signal" by Dr. R. D. A. Maurice 
at 7.0 at the Royal Institution, Albemerle 
Street, W.l. 

30th. I.E.E.—" Equipment and the re- 
sults of tests with the NIMBUS meteorolo- 
gical satellite " by Dr. N. E. Rider at 5.30 
at Savoy Place, W.C,2. 

BEDFORD 
26th. I.E.E. — " Frequency-modulated 

stereo broadcasting " by G. D. Browne at 
7.0 at the Bridge Hotel. 

BIRMINGHAM 
1st. S.E.R.T.—" Colour television " by 

B. J. Rogers at 7.30 at the College of Ad- 
vanced Technology, Gosta Green. 

6th, I.E.E, & I.E.R.E.—One-day sym- 
posium on " Electronics in industry—the 
next five years " at the University. 

21st. Television Soc.—"Post office 
towers" by R. E. G. Back and P. J. Ed- 
wards at 7.0 at the College of Advanced 
Technology, Gosta Green. 

26th. I.E.E.—" Birmingham Post Office 
radio relay tower " by S. G. Young at 6.0 
at the James Watt Memorial Institute. 

BRISTOL 
12th. I.E.E.—-"An introduction to ana- 

logue and digital computers—their differ- 
ences and their uses " by K. C, Parton at 
6.0 at Electricity House. 

13th. Television Soc.—" Lasers in ap- 
plications allied to television " by M. Wall 
at 7.30 at the Royal Hotel, College Green. 

24th. I.E.R.E. and Inst.P .& Phys. Soc. 
—" Microstructure and physical properties 
of thin film" by Dr. A. J. Forty at 7.0 
at the University Engineering Laboratories. 

26th. I.E.E.—" Static switching—prin- 
ciples of electronic logic" by F. S. Brown 
and S. L. Hurst at 6.0 at the College of 
Science and Technology, Ashley Down. 

CHELTENHAM 
30th. I.E.R.E.—" Integrated circuits " 

by G. C. Padwick at 7.0 at North Glouces- 
tershire Technical College. 

COVENTRY 
13th. I.E.E. & I.E.R.E.—" Data trans- 

mission in industrial processes " by H. Cox 
and J. Adderley at 6.0 at the Lanchester 
College of Technology. 

EDINBURGH 
1st. I.E.E.—Faraday Lecture on " Colour 

television " by F. C. McLean at 7,0 at the 
Usher Hall. 

GLASGOW 
7th. I.E.E—"Fuel cells" by Dr. 1. 

Fells at 6.0 at the Institution of Engineers 
& Shipbuilders, 39 Elmbank Crescent. 

12th. I.E.E.—" Speech compression " 
by Dr. J. Swafficld, at 6.0 at the University 
of Strathclyde. 

LEATHERHEAD 
7th. I.E.E.—" The measurement of 

noise" by C. M. Brownsey, at 7.30 at the 
C.E.R.L. 

LEEDS 
14th. I.E.R.E.—"405/625 line conver- 

sion systems " by C. R. Longman at 6.30 at 
the University. 

MALVERN 
1st. I.E.R.E.—" Small high-fidelity loud- 

speaker systems" by K. F. Russell at 7.0 
at Abbey Hotel, Abbey Road. 

LIVERPOOL 
14th. I.E.R.E.—" Field effect transistors 

and their applications " by C. S. den Brin- 
ker at 7.30 at Walker Art Gallery. 
MIDDLESBROUGH 

7th, I.E.E.—" Computers in control of 
processes" by Dr. D. N. Truscott at 6.30 at 
Cleveland Scientific Institution. 
NEWCASTLE-ON-TYNE 

4th. I.E.R.E.—" Pulse modulation sys- 
tems " by J. Balmer at 6.0 at the Institute 
of Mining & Mechanical Engineers, West- 
gate Road. 

6th. I.E.E.—Faraday Lecture on 
" Colour television" by F. C. McLean at 
2.30 and 7.15 at the City Hall. 

8th. I.E.E.—" Loudspeakers " by K. F. 
Russell at 6.30 at Rutherford College of 
Technology, 
NOTTINGHAM 

5th. S.E.R.T.—" The 625-line television 
system and its reception problems" at 7.15 
at the East Midlands Gas Board, Lower 
Parliament Street. 

7th. S.E.R.T.—" U.H.F. aerials " at 
7.15 at the Midlands Design Centre, Mans- 
field Rd. 
ST. ANDREWS 

9th. I.E.E.—Symposium on " Applica- 
tion of semiconductor devices to biological 
electronics" at 11.0 at the University of St. 
Andrews. 
STONE 

26th. I.E.E. & I.P.O.E.E.—" Trunking 
and traffic principles of a P.C.M, telephone 
exchange " by E, Walker and W. T. Duer- 
doth at 7.0 at Duncan Hall. 

CLUB NEWS 
BEXLEYHEATH.—At the April 8th 

meeting of the North Kent Radio Society, 
Ian Lever will speak on "Television ser- 
vicing " at 8.0 at the Congregational 
Church Hall. 

HECKMONDWIKE.—Members of the 
Spcn Valley Amateur Radio Society will 
visit the Royal Naval Reserve Communica- 
tions Centre in Leeds on April 1st. A 
fortnight later C. R. Green, of Green & 
Davis, will talk about " commercial equip- 
ment " and on the 29th M. A. Browne will 
deal with " manned spaceflights." Meet- 
ings are held at 7.30 at the Grammar 
School, High Street. 

LEAMINGTON SPA.—The fourth in a 
series of talks on radio theory will be 
given to members of the Mid-Warwick- 
shire Amateur Radio Society on April 5th. 
It will cover valve performances. Fort- 
nightly meetings are held at 7.45 at 
Harrington House, Newbold Terrace. 

NORTH MIDLANDS MOBILE 
RALLY.—The University of Keele Radio 
Society will provide an " out-station" as 
part of the " talk-in" facilities for the 
Mobile Rally which will be held at Trent- 
ham Gardens on Sunday, April 11th. The 
Society's transmitters will be on 1960 kc/s 
and 145.4 Mc/s; call signs G3COY and 
G3SMD, 

WELLINGBOROUGH. — " Transistor- 
ized TV " is the title of the talk to be given 
by K. Knibs at the April 1st meeting of 
the Wellingborough Radio Club which 
meets every Thursday at 7.45 at the Silver 
Street Club Room. 
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ANOTHER STEP

FOR WA RD

THE NEW/
along the international highway

AvoMeter

MODEL

The clearly marked scale has
uniformly divided graduations to

match 100 and 30 scale markings.

International symbols are used on
panel and scale -Plate for the
convenience of those unfamiliar
with English language and symbols.

OTHER NEW FEATURES:
f used ohms circuit provides increased Improved temperature coefficient over whole
protection againscinadvertent overload. range. Now measures up to 400 amps d.c,

with the aid of a range of d.c. shunts.

Write for fully descriptive leaflet

SOrli) 31r T 331 AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1. Victoria 3404 (12 lines) Mtu,

IIWW-005 FOR FURTHER DETAILS.
A
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and Now-i
a Fully Transistorised
Walkie-Talkief

theiroBantarnTWO-WAY RADIOTELEPHONE

Once again in
the tradition of

the outstanding
Cambridge and

Vanguard Radio-
telephones, Pye

have produced the
Bantam, a brilliant

fully transistorised
Walkie-Talkie.

 Fully transistorised Transmitter and Receiver
a Long endurance with Rechargeable or Dry Batteries  Crystal Filter selectivity
a Reliability and accessibility of components 811 Very high performance Receiver
 Lightweight 4 lbs. (1.82 kg.) a Frequency Band 25474 Mc/s.  Weatherproof
a Approved by G.P.O. to soec. W6345

Tel: TEVERSHAM 3131

PYE TELECOMMUNICATIONS LTD. CAMBRIDGE,, ENGLAND Telex No, 81166
4WW-006 FLk FURTHER DETAILS.
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HOW -A high powered Portable!
At last-a compact, transistorised V.H.F. radio-
telephone with all the power and performance of
vehicle mobiles. The rechargeable battery gives up

to 60 hours duration on receive and about 18 hours

with normal use of the transmitter. The whole unit

is completely weatherproofed, and is available for

A.M. or F.M. systems. There is also a marine ver-

sion. The answers to your questions are waiting at

the address below.

Frequency range 25 to 174 Mc/s.
Fully transistorised receiver.

 Standby battery drain-200mA.
5 Watts R.F. output.
Sealed I.F. block filters.
Electronic Squelch

 25 or 50 Kc/s channelling by change of
filter.
1 to 6 channels as required.

 Available with an additional A.C.
Power Unit.
Designed to meet British, American
and European specifications.

PYE TELECOMMUNICATIONS ,LTD.
CAMBRIDGE ENGLAND  TELEPHONE: TEVERSHAM (CAMBRIDGE) 3131  TELEX 81166.

4 WW -007 FOR FURTHER DETAILS.
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THE QUALITY KITS
ANYONE CAN BUILD
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BRITISH HEATHKIT MODELS t

USE BRITISH COMPONENTS -0

1.........1.1,11ft......../...........111.0.110. ..014.....114

INSTRUMENTS FOR LABORATORY, TEST, SERVICE AND HOME WORKSHOP,....

Ei =
= a

Transistorised REGULATED POWER !>

SUPPLY
Model 1P -200U

Tremendous value! 0.5-50 volts D.C.
output at up to 1.5 A. Voltage or current
monitored on easy -to -read meter. Ad-
justable current limiter.
Relay protected against overload. Less than 150 micro-
volts ripple. Regulation less than 15 millivolts. Output
impedance less than 0.1 ohm. Compact 9fin x 61 in. x 11 in.
Weight 1 Ilb. net. Full details on request.

Kit 435.8.0 Assembled 447.8.0.

5in. Flat -face GENERAL PURPOSE
OSCILLOSCOPE Model I0 -12U

An outstanding new 'scope
" Y " sensitivity 10 mV. r.m.s. per cm. at I kcis.
bandwidth 3 c/s.-4.5 Mc/s. Frequency compensated
input attenuator XI, X10, X100. T/B. 10 c/s.-500 kcis.
in 5 steps. Two extra switch selected pre-set sweep
frequencies in TIE. range. T/ B. output approx.
10 v. peak to peak. Built-in IV calibrator. Facility
for " Z " axis modulation. Electronically stabilised
power supply. Power req. 200-250 v. A.C., 40-60 c/s.,
80 watts. Fused. Front panel silver and charcoal
grey. Cabinet, charcoal grey, size 81 x 14 x I7in.

deep. Net weight 231b. 56 -page construction and operation manual.

Kit £32.12.6 Assembled 441.10.0

5

5

5
ti

TV ALIGNMENT GENERATOR
Model HFW-1 Designed to offer the
maximum in performance, flexibility and
utility at the lowest possible cost. Frequency
coverage 3.6 Mc/s. to 220 Mc/s. on fundamentals.
Unique non -mechanical sweep oscillator system.
High level output on all ranges. Sweep devia-
tions up to 42 Mc/s. Built-in fixed and variable
marker generators. (5 MO. crystal supplied).
Power requirements: 110/200-250 v. A.C., 50 watts. Size 13 x x 7in.

Kit 434.18.0 Assembled 444.10.0

De Luxe 6in. VALVE VOLT-
METER Model 1M -13U

Modern styling. Extra features. The ideal
VVM for the Electronic Engineer. 6in. Ernest
Turner 200/JA. 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, IS, 50, 500, 1,500. Resistance range 0.1 to 1,000MLI with inc.
battery. Vernier -action zero and ohms adjustment. Roller -tinned printed circuit.
High input resistance (11 MO). Comprehensive assembly and operation manual.
Size 5 x x 41in. Complete with test prod and leads.

Kit 418.18.0 Assembled 426.18.0
H.T. and R.F. Probes available as optional extras.

11111111111111111111111111111111111111111[1111111111111111111111111111111111111111111111111111111111111111111111111111111111

OUTSTANDING EQUIPMENT FOR AUDIO ENTHUSIASTS
,,,,,,,111111111111111111111111111111111111111111111111111111,110111,111m11111iIIIII,111111,

P.A. AMPLIFIER
Model PA -I

A multi -purpose, high output, compact unit, suitable
for vocal and instrumental groups, guitars, electronic
organs etc. 4 inputs for guitars, microphones, record
players. Has many features found only in expensive
equipment, i.e. 5C watt R.M.S. output, two heavy duty
speakers, " Magic Eye " volume indicator, variable
tremolo, modern elegant cabinet.

Kit 454.15.0
(Legs optional extra 17/6 set of 4).
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STEREO AMPLIFIER
5 Models -99

Assembled (74.0.0.

9 watts per channel. Within its power rating
this amplifier is the finest available, regardless
of price. Features include: Inputs for stereo/
mono; Gram, Radio and Tape; sensitivity
to meet the requirements of any pick-up; push-button selection; variable filter
for optimum performance; excellently styled in two-tone grey perspex panel
with golden surround and matching knobs. Suitable for cabinet mounting or as a
free-standing unit. Size 13fin. x 4flin. x I21in. deep.

Kit 427.19.6

MODELS TO ENTERTAIN YOUR FAMILY AND FRIENDS

Assembled £37.19.6

s

" OXFORD " LUXURY
TRANSISTOR PORTABLE

Model UXR-2
This superb transistor radio is the ideal domestic
or personal portable Medium and Long Wave
receiver. Solid leather case and handle. Easy -to -
read tuning scale. Extra large loudspeaker.
Push button L, MW and tone. 10 semi -conductors
(7 transistors plus 3 diodes). Sockets for personal
earphone, tape recorder, car aerial. Internal 9.
volt battery (not supplied), lasts for months.
Latest printed, circuit techniques.
Comprehensive, easy -to -follow, fully illustrated Instruction Manual.

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

5

lj

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

Tuning range 88-108 Mc/s. Flywheel tuning.
Attractive Plastic Front Panel in two-tone grey
with golden trim surround and motif. Thermo -

__meter type visual tuning indicator. Pre -
aligned. I.F. transformers. Three I.F. stages,
Wide -band low distortion Ratio Detector. R.F. Unit, wired, tested and pre -
aligned. Printed circuit for I.F. Amplifiers and Ratio Detector. Built-in power
supply. Output sockets for stereophonic adaptor (for stereo transmission when
available).
TUNER UNIT Model FMT-4U with 10.7 Mc/s. I.F. output, £2/15/- (inc. P.T.).
I.F. AMPLIFIER and power supply Model FMA-4U complete with case
and valves, E13/3/.. Sold separately.

Kit Total 415.18.0

,,,T1,1111111111111111a,

Assembly can be arranged on your behalf.

DAYSTROM LTD.
DEPT. W.W.4. GLOUCESTER, ENGLAND

BRITISH HEATHKIT MODELS USE BRITISH MANUFACTURED COMPONENTS
I

4WW-008 FOR FURTHER DETAILS.
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Visit the HEATHKIT
DEMONSTRATION

AUDIO FAIR WEEK APRIL 22-25

6-W. STEREO AMPLIFIER KIT. Model S-33.
3 w. per than., 0.3', dist. at 2.5 w/chnl., 20 dB N.F.B.
Inputs for Radio (or Tape) and Gram., Stereo or
Monaural, ganged controls. Sen. 200 mV.
Kit 113 7 6 Assembled ... E18 18 0

6-W. HI-FI STEREO AMPLIFIER KIT. Model
S -33H. An inexpensive stereo/mono amplifier with
high sensitivity for lightweight miniature ceramic
pick-ups (e.g., Decca Deram).
Kit 115 17 6 Assembled ... al 7 6

5-W. HI-FI MONO AMPLIFIER KIT. Model
MA -S. A mono amplifier based on the S-33. Separate
bass and treble controls, gram. and radio inputs.
Suitable for most crystal pick-ups.
Kit 110 19 6 Assembled ... £15 10 0

HI-FI MONO POWER AMPLIFIER KIT.
Model MA -12. 10 w. output, wide freq. range.
Kit Ell 18 0 Assembled ... EIS 18 0

MONO CONTROL UNIT KIT. Model UMC-I.
For use with MA -I2 or similar amp. Output 0.25 v.
Kit DI 12 6 Assembled ... £13 12 6

t COTSWOLD
MA -I2

STEREO CONTROL UNIT KIT Model USC-I
For use with two MA -12s or similar amplifiers.
Accepts inputs from tape heads and any stereo or
mono pick-ups.
Kit El9 le 0 Assembled ... £26 10 0

SEND FOR DETAILS OF HEATHKIT RANGE
OF HI -fl CABINETS

"Gloucester " Mk. I Kit (incl. P. Tax) E17 3 6
" Malvern " Kit (incl. P. Tax) E18 1 0

"COTSWOLD" HI -F1 SPEAKER SYSTEM
KIT. Acoustically designed enclosure "in the white."
26in. x 23in. x 14fin. Complete with I2in. bass
speaker with 2in. speech coil, elliptical mid -range
speaker, pressure unit, to cover the full frequency
range of 30-20,000 c/s. Cross over unit, level controls,
etc.
Kit £23 4 0 Assembled ... 130 15 0

"COTSWOLD MFS" SPEAKER SYSTEM
KIT. Based on the standard Cotswold. Only 36in.
high, 161in. wide, I4in. deep. For those requiring
best results in small rooms.
Kit E23 4 0 Assembled ... 130 15 0

MA -SO POWER AMPLIFIER available.
Kit 119 18 0 Assembled ... E27 18 0

HI-FI SPEAKER SYSTEM KIT Model SSU-I.
The practical solution to a moderately priced, compact
modern speaker system. Two speakers.
Kit (with legs) (incl. P. Tax) El I 12 0
Kit (bookshelf) (incl. P. Tax) E10 17 6

MULTIMETER KIT. Model MM-IU. Ranges
0-1.5 to 1,500 V. A.G. and D.C.: 1504A. to 15 A.
D.C.; 0.20 to 20M0. 41in. 50µA. meter.
Kit E12 18 0 Assembled ... £18 11 6

RESISTANCE -CAPACITANCE BRIDGE KIT.
Model C -3U. Measures cap. 10 pF. to 1,000uF.
Power factor and res. 1000 to 5M0. Test voltages
5-450 V. With safety switch.
Kit EIO 10 0 Assembled ... E16 0 0

AUDIO SIGNAL GENERATOR KIT. Model
AG -9U. 10 c/s. to 100 kc/s., switch selected. 10 V.
sine wave output metered in volts and dB's.
Kit /22 10 0 Assembled . E30 10 0

 Deferred Terms available on all orders above LIO 

--DAYSTROM

WIRELESS WORLD

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

VALVE VOLTMETER KIT. Model V -7A.
7 voltage ranges d.c. volts to 1,500, a.c. to 1,500 r.m.s.
and 4,000 peak to peak. Res. 0.10 to 1,000 MD with
inc. battery. D.C. input res. is II MD and dB measure-
ment has centre -zero scale. Complete with prods,
leads and battery.
Kit £13 18 6 Assembled ... £19 18 6

R.F. PROBE KIT. Model 309 -CU. For use with
Model V -7A.
Kit LI 13 6 Assembled ... E2 2 0

HIGH VOLTAGE PROBE KIT. Model HV-336.
For use with Model V -7A.
Kit E2 19 6

21in. PORTABLE SERVICE 'SCOPE KIT.
Model OS -I. A light, compact unit, extremely
useful to any service engineer.
Kit E22 18 0
Assembled 130 8 0
includes mu -metal screen for C.R.T.
OSCILLOSCOPE TRACE DOUBLER KIT.
Model S -3U.
Kit E12 18 0 Assembled ... 118 10 0

STABILISED POWER PACK KIT. Models
MSP-IM and MSP-IW. Input 200-250 v., 40-60 c/s.
A.C., fully fused. Outputs: H.T. 200-410 V. D.C.
at 20-225 mA. in 3 switched ranges.

MSP-IM (with meters)
Kit E36 12 6 Assembled C43 12 6

MSP-IW (less meters)
Kit E29 17 6 Assembled ... /36 17 6

R.F. SIGNAL GENERATOR KIT. Model
RF-I U. Provides extended freq. coy. on six bands
from 100 kc/s-100 Mc/s. on fund. and up to 200 Mc/s.
on cal. harmonics.
Kit £13 8 0 Assembled ... £19 18 0

VALVE MILLIVOLTMETER KIT. Model
AV -3U. I mV. to 300 V. A.C. 10 c/s to 400 kc/s.
Kit /16 10 0 Assembled ... E22 18 0

GRID -DIP METER KIT. Model GD-I U. Func-
tions as oscillator or absorption wave meter. Con-
tinuous freq. cov. from 1.8 Mc/s. to 230 Mc/s.
Kit £10 19 6 Assembled .. £13 19 6
Additional Plug-in Coils Model 341-U extend coverage
down to 350 kc/s. 17 6

AG -9U V -7A

DECADE RESISTANCE BOX KIT. Model
DR -I U. Range 1-99,9990 in ISI steps. Ceramic
switches. Current rating from 500 mA. to 5 mA.
Kit 110 8 0 Assembled ... £14 8 0

DECADE CAPACITOR KIT. Model DC -I.
Covers 100µµF. to 0.111iiF. in 100.41F. steps.
Kit E7 5 0 Assembled ... £10 8 0

Q MULTIPLIER KIT. Model @PM -I. For use
with communications receivers to provide both
additional selectivity and signal rejection.
Model QPM-I for 470 kc/s. IF.
Model QPM-16 for 1.6 Mc/s. IF.

Kit Either Model E8 10 0

Assembled E12 14 0

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

DEPT. W.W.4, GLOUCESTER, ENGLAND
A subsidiary of the Weston Instruments Group, Manufacturers of the

WORLD'S LARGEST -SELLING ELECTRONIC KIT -SETS

5

)Ir GRAND HOTEL *
Southampton Row, Londan, W.C.1
Full range of models will he shown...,.11,1s.....0 o.....01,411.1111,....o.4

GENERAL COVERAGE COMMUNICATIONS
RECEfVER KIT. Model RG-I. Freq. con. from
600 kc/s. to 1.5 Mc/s. and 1.7 MO. to 32 Mc/s. in 6
switched bands. Many features include: Half -lattice
crystal filter.
Kit 139 16 0 Assembled ... £53 3 0

AMATEUR BANDS RECEIVER KIT. Model P.A.!.
10-160 m. Half -lattice crystal filter. Switched USB,
LS8 for SSB
Kit £39 6 6 Assembled ... £52 10 0

" MOHICAN " GENERAL COVERAGE RE-
CEIVER KIT. Model GC-IU. Fully transistorised.
Freq. con. 580 kc/s. to 30 Mc/s. in five bands. Electrical
band spread on five additional bands covers amateur
freq. from 80-10 m., B.F.O. tuning and Zener diode
stabiliser.
Kit £37 17 6 Assembled ... £45 17 6
AMATEUR TRANSMITTER KIT. Model
DX -100U. 150 w. D.C. input. Covers all amateur
bands from 160-10 ir). Self contained.
Kit 179 10 0 Assembled ...E104 15 0

,-......11.11.41,....110111.1....11....11.00....0/

t

I.

.1..

S HM IIU i.

SSU-1 i;..$60.40...1.1......11............s......-a
REFLECTED POWER METER KIT. Model
HM -I1 U. Indicates, reliably but inexpensisely,
whether the R.F. power output of your transmitter is
being transferred efficiently to the radiating antenna.
Kit E8 5 0 Assembled ... E10 10 0
AMATEUR TRANSMITTER KIT. Model
DX -40U. From 80-10 m. Crystal controlled. Power
input 75 w. C.W. 60 w. peak controlled carrier
'phone. Output 40 w. to aerial.
Kit £33 19 0 Assembled ... E45 8 0

SINGLE SIDEBAND ADAPTER KIT. Model
SB-IOU. May be used with most A.M. transmitters
with certain provisions.
Kit £39 5 0 Assembled ... £54 18 0

VARIABLE FREQUENCY OSCILLATOR KIT.
Model VF-IU. Calibrated 160-10 m. Fundamentals
on 160 and 40 m.
Kit £10 17 6 Assembled ... 115 19 6

TRANSISTOR PORTABLE RADIO KIT. Model
U XR-1. Pre -aligned I.F. transformers printed circuit

and a 7 x 4in. high -flux speaker. Real hide case.
Kit (incl. P. Tax) E12 II 0

A.M./F.M. TUNER KIT Tuning range 88-108
Mc/s. (F.M. 16-50, 200-550, 900-2,000 m. A.M.)
Available in two units sold separately. Tuning Heart
Model AFM-TI E4/13/6 inc. P.T. I.F. amplifier and
Power Unit (AFM-Al ). Complete with metal cabinet
and valves E21/16/6.
Total Kit E26 10 0

TRANSISTOR INTERCOM KITS. Models
XI-IU and XIR-IU. Ideal for home or business use.
Up to five Remote Stations operated with each
Master. Units housed in mahogany veneered cabinets.
9 V. battery operated.

XI -1U (Master)
Kit £10 19 6 Assembled ... E16 19 6

XIR-IU (Remote)
Kit 14 7 6 Assembled ... 15 16 0

TELEPHONE AMPLIFIER KIT. Model TTA-I.
Transistor circuit. Built-in speaker.
Kit E7 9 6 Assembled ... fl I 15 0

JUNIOR EXPERIMENTER KIT. Model EW-I.
Makes over 20 exciting experiments in electronics.
Special non -solder connections.
Kit (incl. P. Tax) a 13 6

Prices include free delivery in U.K.

Please send me FREE CATALOGUE (Yes/No)

Full details of model(s)

NAME
I (Block Capitals)
I ADDRESS

W.W.4

4WW-009 FOR FURTHER DETAILS.
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YD5 SINGLE CHANNEL RECORDERS

Model Tape Speeds Voltage Frequency

YD5A 74, 34 and 14 i.p.s. 100/250V 50 c.p.s.*
YD5AH 15 and 74 i.p.s. 100/250V 50 c.p.s.*
YD5B 74, 34 and 14 i.p.s. 100/250V 50 c.p.s.*

YD5BH 15 and 74 i.p.s. 100/250V 50 c.p.s.*

'60 c.p.s. to order

Y500 DOUBLE CHANNEL RECORDERS

Model Tape Speeds Voltage Frequency

Y532U 74, 34 and 14 i.p.s. 200/250V 50 c.p.s.

Y532A 7-I, 34 and 14 i.p.s. 117V 60 c.p.s.

Y532E 71, 34 and 14 i.p.s. 110V 50 c.p.s.

Y522UH 15 and 71 i.p.s. 200/250V 50 c.p.s.

Y522HA 15 and 74 i.p.s. 117V 60 c.p.s.

Y522HE 15 and 74 i.p.s. 110V 50 c.p.s.

Send for details to:

THE FERROGRAPH COMPANY LTD
84 BLACKFRIARS ROAD, LONDON, S.E.I
Telephone : WATerloo 1981

SERIES V

RECORDERS

Series "Y" instruments are housed in strong

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

mounted. They are intended for those engaged

in scientific research and industrial pursuits.

4WW-010 FOR FURTHER DETAILS.
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Venner
transistorised
wide range
oscillator TsA625

Frequency range 10 c/s-1 Mc/s

Sine or square wave output
Modern styling
Long scale length
Push-button range selection
Light weight
Small size

Constant fast rise time
on square wave

Price £35 Konly)

VENNER
VENNER ELECTRONICS LIMITED  KINGSTON BY-PASS  NEW MALDEN  SURREY  MALden 2442

Overseas subsidiaries:
VENNER A. G. BURGERNZIELWEG 16' 3006 BERNE  SWITZERLAND  VENNER N. V. HELMSTRAAT 3 DEN HAAG ' HOLLAND

4WW-011 FOR FURTHER DETAILS.
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HALTRON offers you the most comprehensive stock in the world. 3,000 types of receiving, special purpose, transmitting
tubes and transistors available at short notice. A permanent stock of 4,000,000 tubes always ready for prompt despatch.
Comprehensive export price list is available at your request.
MINISTRY OF AVIATION APPROVED INSPECTION AIR REGISTRATION BOARD APPROVED INSPECTION

HALTRON
HALL ELECTRIC LIMITED
flatiron House Anglers Lane London N.W,5

Tel : Gulliver 8531 (10 lines) Telex 2.2573

Gables: "HALLECTRIC LONDON NW5".
4WW-012 FOR FURTHER DE1 Ali -S.
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Photograph by courtesy of ELLIOTT AUTOMATION LIMITED

* PRECISION
SOLDERING IRONS

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

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

MEM

ANTEX
IMITE0

smos
SPECIALISTS in

Soldering Appliances I

GROSVENOR HOUSE, CROYDON, SURREY
Tel: MUNICIPAL 2774

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

NAME

ADDRESS

STATUS
ww

I

I

I

I

I

I

4WW-013 FOR FURTHER DETAILS.



10 W.)1?i 1)

We could show you the front...

...but which front do you want?

APRIL, 1965

Here at Anders we have hundreds of meters of all types. Immediate off -the -shelf delivery from the largest stocks
in the country-and a complete range of ancillaries, too. You need never be held up for a meter again. That's part
of the Anders Meter Service which will meet the most urgent and unusual demands a customer can make-fast !
If you want a meter calibrated to your own special requirements Anders can do it . and Anders experts will solve
your metering problems in detail from just a broad outline. Whatever you want in metering-leave it to Anders.

 Meters of all kinds from stock  Meter calibration/Meter mod ification,Ancillary equipment III Custom -designed
meter circuitry and components Sole U.K. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE
ANDERS ELECTRONICS LTD 103 HAMPSTEAD ROAD LONDON NW1
TELEPHONE EUSTON 1639 MINISTRY OF AVIATION APPROVED

4WW-014 FOR FURTHER DETAILS.
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to a successful career in electronics

No field of industrial technology offers a more rewarding career than
electronics. To those educationally or technically qualified to benefit
from a C.R.E.I. Home Study course, the way to progress is through
the letter -box. A course selected to meet individual requirements
gives each student the opportunity to progress at his own pace, with
the knowledge that he will receive personal attention and every
assistance from his C.R.E.I. instructors.
C.R.E.I. courses extend into every application of electronics, including
the most up-to-date developments and techniques. Special programmes
for the City and Guilds of London Institute Telecommunication Tech-
nicians' Syllabuses Nos. 49 and 300 have been prepared by C.R.E.I.
(London), who are members of the City and Guilds of London Institute.

11

C.R.E.I. (London) (Dept. WW53), WALPOLE HOUSE, 173/176 SLOANE STREET, LONDON, S.W.1
C.R.E.I. Courses I Please send tee (for my information and entirely I I Please send me (for my information and entirely
are available in:- 1 without obligation) full details of the City & Guilds

Programme. (C. & G. SUBJECT 49)
I

I
without obligation) full details of the Educational I
Programmes offered by your Institute.

 Electronic Engineering Tech-
nology

I

I

11 1st yr. [j 2nd yr. E 3rd yr. E 4th yr.
E Supplementary Studies (Subject 300).

I

I

I NAME

 Mathematics for Electronic I ADDRESS
Engineers I NAME I

I
 Telecommunications I ADDRESS I I
 Automation

I

I ELECTRONICS EXPERIENCE I
 Radar I

I
 Servo Systems I Educational and Technical Background

I
I

I

 Space Electronics I I
I

 Nuclear Engineering Tech- I
Inology I I

I City and Guilds of London
Institute Telecommunication

I C.R.E.I. (London) (Dept. WW53)
Walpole House, 173/176 Sloane Street, S.W.I.

I
I

C.R.E.I. (London) (Dept. WW53) I
Walpole House, 173/176 Sloane Street, S.W.f.

Technicians' Syllabuses. / -I I

4WW-015 FOR FURTHER DETAILS.
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SEE QUAD 0\ STA\D
65 & HEAR QUAD I\
DEMO\STRATIO\ 'ROOM
404 I\TER\ATIO\AL
AUDIO FESTIVAL at FAIR
AT THE HOTEL RUSSELL
LONDO\ - APRIL 22-25

OV1/441B for the closest approach to the original sound

ACOUSTICAL MANUFACTURING CO. LTD., HUNTINGDON, HUNTS, TEL. 361

4W W-916 FOR FURTHER DE l'AILS.
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TRANSISTOR
DECADE

OSCILLATOR
TYPE TG66A

LEVELL
PORTABLE INSTRUMENTS

COVERS THE VERY WIDE
FREQUENCY RANGE

0.2c/s to 1.22 Mc/s
Frequency is selected by means of four
in -line additive decade controls and a five -
position multiplier switch. The last of the
additive controls is continuously variable
so that any frequency may be selected with
a discrimination better than 0.03" or
1110th of the specified frequency accuracy,
whichever is the greater.
The output source voltage of the oscillator
is monitored by a meter with an expanded
scale, and a continuous control is fitted so
that the output may be set with a discrimina-
tion better than ! 0.05dB.

SPECIFICATION
ACCURACY
+0.02 cis below 6 c s.
+0.3% from 6 c s to 100 kc s.
+1% from 100 kc s to 300 kc s.
+3% above 300 kc/s.
all measured at 25°C.
STABILITY
±6% mains voltage change pro-
duces less than -0.005% frequency
change up to 100 kc s. Change of
frequency with temperature is less
than +0.025% per °C above 100 c s.
DISTORTION
Less than 0.15% from
15 c,s to 15 kc/s.
Less than 0.5% at 1.5 c's.
and 150 kc s.
OUTPUT
Continuously variable
from -94 dBm to +10
dBm into 600 ohms.
Source voltage variab;e
from 301tV to 5V. Out-
put impedance 600 ohms
at all settings. Meter
fitted with dBm and V
scales.
TEMPERATURE RANGE
-10°C. to 4 45°C.
POWER SUPPLY
" Mains "-IOU, I25V, 200 250V;
50/60 c s; 6VA.
" Batteries "-4 self-contained type
PP9, life 300 hours.
SIZE
64 -in. high x 104in. wide x 7in. deep.
WEIGHT 12 pounds.

Price complete with batteries

£150 Leather case
£5 extra

Fully detailed leaflets available on our complete
range of portable instruments.

LEVELL ELECTRONICS LTD.
PARK ROAD, HIGH BARNET, HERTS.
Telebbones BARnet 5028.

4WW-017 FOR FURTHER DETAILS.
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proudly presents

the LAB 80-
a Transcription
Turntable which
changes records
automatically

No other record player has all these advantages:

Cl Afrormosia wood, counterbalanced pick-up
arm with stabilising aluminium channel.

O Integral pick-up cueing.
Cl Adjustable pick-up arm bias compensator.
 New -design mechanism with magnetic repul-

sion auto -trip.
 Full - size non - magnetic, balanced, heavy

turntable.

 Calibrated stylus -pressure click adjustment.
 The Garrard Laboratory Series 4 -pole induc-

tion motor with special suspension system.
 Easily cleaned anti -static turntable mat.
 Plug-in pick-up head with positive locking.
 Finger-tip tab controls; illuminated record -size

indicator.
 Elegant styling by famed designer Eric Marshall.

qoull,a444 Garrard Engineering Limited
Swindon, Wiltshire

41er W-018 FOR FURTHER DETAILS. JG46A
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This company was founded as a marketing
organisation to obtain the cream of the
world's valve production, confirm the quality
of each type by exhaustive testing, overcome
the enormous complexity of valve nomencla-
ture by relating all known equivalents to a
single stock number, and thus make a selective
product available under one brand name.

This was something unique in valve distri-
bution and the idea met with success from the
start. The company was called Pinnacle
Electronic Products Ltd. and it adopted the
motto " Pick of the World's Valves ". Each

year important additions to the range found
an ever-growing market of enthusiastic users.
Well conceived literature made ordering
easy.

To -day, with a slight change of title, Pinnacle
Electronics Ltd not only provides a speedy
reliable service to manufacturers, wholesalers
and retailers of Radio and Television equip-
ment, but also makes available a comprehen-
sive range of high quality specialised types
which are new eagerly sought by all facets of
Industry, Education and Research.

Over 1,000 specific types are to be found in
the index of our master catalogue. This will
serve as an adequate testimonial to the
beliefs on which this company was founded
and will illustrate the nature of the service
which Pinnacle sets out to provide.

15

The value of
innacle

to the
Electronics
Industry
today

PINNACLE ELECTRONICS LIMITED
ACHILLES STREET NEW CROSS LONDON, S.E. 14 Tel. TlDeway 7285

4W vir-019 FOR FURTHER DETAILS.
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CLAUDE LYONS VOLTAGE STABILISERS

FINEST

PERFORMANCE

WIDEST RANGE

If you need a voltage stabiliser
contact Claude Lyons.

Claude Lyons offer the finest and most
comprehensive range of automatic voltage
stabilisers available-all backed by
nearly thirty years' experience in this
specialised field.

Advanced techniques combined with
sound engineering design provide
instruments of excellent performance
and great reliability at thoroughly
reasonable prices.

AC
High-speed distortionless servomechanical
types, Series TS. Accuracy iz 0-25%.
Unaffected by load, frequency or power
factor changes. 1 to 120 kVA single
phase, 3 to 360 kVA three phase.
Solid-state electronic types, Series BTR.
Extremely low distortion. Frequency -
insensitive basic types, accuracy :!: 0.3%.
Filtered types, accuracy !: 0.2%, Unaffected
by load changes. 400 VA to 10 kVA.
Inexpensive tap -changing types, Series VB.
No distortion. Unaffected by load,
frequency or power factor changes.
600 VA to 2.4 kVA.

DC
High -current stabilised d.c. power
supplies, Series PST and PSS.
6 to 50 volts d.c., 200 W to 10 kW.

Write for literature to Publicity Department, Hoddesdon

CLAUDE LYONS LTD
Valley Works, Hoddesdon, Herts.
Hoddesdon 4541 Telex 22724
76 Old Hall Street, Liverpool 3
MARitime 1761 Telex 62181

CL49

4WW-G20 FOR FURTHER DETAILS.
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Heard about the major
breakthrough in transformer

design and manufacture?

IT'S

THE

NEW

DOUBLE

BOBBIN

METHOD

II
designed for

speed

Lead slots

winding

I "440,
Bobbins can be
reverse fitted

Positive
Isolation of
windings

<5>

Integral tag
boards on both
bobbins

U

Illustration shows
HINCHLEY size 13
being the first
of a range to be
tooled

1

Registered design
No. 91920112.

Hinckley
ENGINEERING COMPANY LIMITED
PANS LANE DEVIZES WILTSHIRE Tel Devizes 573/5

17

For sheer quality and
reliability there has never
been anything like it. In place
of the normal winding two
entirely separate bobbins slot
together to produce
transformers with these
outstanding advantages:

1. The inner winding is
completely isolated-
insulation breakdown between
windings becomes virtually
impossible.

2. Internal soldered joints are
eliminated. Absolute reliability
is guaranteed. and full visual
inspection can be carried out
at the final test stage.

3. Impregnation is
unnecessary. The very high
grade plastics used do not
absorb moisture and the
working life of this type of
transformer exceeds that of
expensive paper insulated
types even under tropical
conditions.

Substantial Price Reductions
The unique design of Double
Bobbin Transformers permits
the use of semi -automatic
manufacturing processes
virtually independent of
operators' skill. Thus we can
offer substantial price
reductions.

(fp
LEADERS IN THE DESIGN AND MANUFACTURE OF IRON -CORED COMPONENTS

4WW-023 FOR FURTHER DETAILS.
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leaders in capacitor development for more than fifty years

DUBILIER CONDENSER COMPANY (1925) LTD.
Ducon Works, Victoria Road, North Acton, London W3.
ACOrn 8671 (6 lines)

OVER FIFTY YEARS

OF CAPACITOR

EXPERIENCE HAS BEEN

SQUEEZED INTO EVERY

DUBILIER TANTALUM

Electrolytics by Dubilier cram outstanding new materials,
the very latest constructional techniques and more
than half a century of capacitor experience into units,
in some cases, no more than three -sixteenths of an inch
in length and less than an eighth of an inch in diameter.
Power factor and leakage are low, shelf life high,
temperature range enormously wide and performance
quite remarkable. Tantalums in particular will
operate at -80 C, resist both internal and external
corrosion, whilst robust connectors practically eliminate
risk of open -circuit failures.

Dubilier electrolytics range from multiple and special
types right down to sub -miniatures and Tantalums, both
foil and solid. If you would like to know more, give us a
ring and we'll tell you exactly what's in them for you!

AND SUB -MINIATURE ELECTROLYTIC)

*Tantalum approved to DEF 5134-2

4WW-024 FOR FURTHER DETAILS.
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MARCONI INSTRUMENTS
SOLID-STATE

MF/HF AM SIGNAL GENERATOR
Type TF 2002

Once you are convinced that frequency, carrier level and
modulation depth need not be interdependent ... when
you can flip the a.m. on and off without re -setting any-
thing ... when your signal generator remains tuned for
hours without a tweak, yet tests are made so rapidly that
stability scarcely matters ... then you tend to become
inventive. External shift facilities tempt you to use the
TF 2002 as a sweep generator. Don't resist the temptation.
You devise a new way to measure deviation with an a.m.
instrument, and a quicker way to measure bandwidth.
Go ahead-the TF 2002 is intended for people like you.
No other single commercially available equipment com-
bines the wide carrier frequency range, output facilities,
modulation characteristics and all-round performance
and versatility of Marconi Instruments MF/I-IF AM Signal
Generator Type TF 2002.

Please write or telephone for full technical informa-
tion. Also send for our new free booklet-Signal
Generator and Receiver Measurements (Book I)-
which deals with AM and FM equipments up to
100 Mc/s.

- 19

* Carrier frequency 10 kc s to 72 Mc s
in 8 ranges

* Discrimination of the order of 0.005%
of carrier

* Crystal calibration 1 Mc/s, 100 kc,'s
and 10 kc, s, also 1 kc, s check points

* Output 0.2 1..tV to 2V r.m.s.
Attenuators 140 dB in 1 dB steps

* AM up to 100% depth. Internal oscil-
lator 20 c, s to 20 kc,'s

A GOOD NAME FOR GOOD MEASURE

MARCONI
INSTRUMENTS

Marconi Instruments Limited
St. Albans, Hertfordshire, England

Telephone: St. Albans 59292 Telex 23350

4WW-025 FOR FURTHER DETAILS. TC271
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0 GOODMANS demonstration
of HIGH FIDELITY LOUDSPEAKERS

at the International Audio Festival and Fair, April 22-25, 1965, The Hotel
Russell, London, W.C.1. Demonstration Room 249. Trade Room 250, Stand 68.
Hear the excellence of Goodmans High Fidelity for yourself ...
in natural surroundings... just like your own home. Visit the
Goodmans demonstration room at the Audio Festival and
be convinced that your best choice for High Fidelity is
Goodmans-naturally.
Don't despair-if you absolutely can't make it. Send the
coupon for your free copy of Goodmans Manual . . . ask your
Goodmans dealer for a demonstration.

GOODMANS INDUSTRIES LIMITED
Axiom Works  Wembley  Middx  WEM 1200

A Member of the Rentaset Group

r 1103 SRI 910 VW co era MN al In 112 In BM a MS MN IN a MN

FREE
Nani,

I
I Address
I
I
IL 

Please send me a free copy of
Goodinans High Fidelity Manual.

{SSW -026 FJR FURTHER DETAILS.
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Problem: Design and build a unit to provide continuously
variable resistance from 0 to 10002 with high resolution
and first class handling qualities.- The effect of residual
capacitance is of great importance, and must remain cot
in every position of the control. No wire -wound potentiometer
has adequate resolution and handling qualities.

Solution: A 110 -position turret mechanism carrying ten
precision 10052 resistors disposed symmetrically: peripheral
contacts ingeniously arranged to provide ten equal intervals
in each 100.0 step by selecting one to nine series milts from
a bank of precision 1.02 resistors: a potentiometer operated
by a co -axial drive through the centre of the turret median -
ism. All special electrical and mechanical components are
made in the factory. Constant capacitance is achieved by

A GOOD NAME FOR GOOD MEASURE

MARCONI
INSTRUMENTS

MARCONI INSTRUMENTS LIMITED
ST. ALBANS  HERTFORDSHIRE  ENGLAND

TEL: ST. ALBANS 59292  TELEX 23350

Full Marks

21

tile symmetry of the design. Resolution and handling
qualities are excellent.
This neat and original solution to a complex switching
problem is- a feature of Alarconi lnstru t t let its Type .1.1' 1515
Universal Bridge. L, C and R readings are given on a single
direct -reading dial, with coarse and fine concentric controls
providing steps of 1% of tie nominal range with coin tous
interpolation between steps. l;lassical bridge circuits are
used in the Ti? 1515; but the 'grand concept' of a measur-
ing instrument, the ease and rapidity of operation, the
inventiveness, the experience, skill and craftsmanship are
characteristic of a Marconi I nstrit men is design team,.
The overall accuracy of this bridge is ± /.25% of
reading: the discrimination better than + 0.02% of
range maximum.
In addition to the Type 'I'F 1515, the range of IN larconi,
Instruments bridges and Q -teeters includes a versatile and
inexpensive 1% Universal Bridge Type TF 2700; an in
Situ' Bridge capable of measuring wired components in
the presence of heavy shunting, Type TF 2701; and a
Circuit Magnification Meter, Type TI' 1245, with alterna-
tive oscillators and a wide range of accessories providing
Q measurements from 5 to 1000 at frequencies from 1 kcJs
to 500 Mc/s.

The latest edition of our handbook 'Impedance Measure-
ments with a Q -Meter' is now available. It is one of a series
of informative technical publications to be issued by Marconi
Instruments in 1965. Please send for your complimentary copy.

ViV W-027 FOR FURTHER DETAILS.
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THE AWA
TRANSMISSION
MEASURING
SET A220
An accurate, portable instrument for
th9. evaluation of audio and carrier
frequency systems.
 Compact, transistorised and ruggedly

constructed, the instrument is ideal
for field or station use.

 All major circuits are plug-in epoxy
glass -fibre printed boards.

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

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

For further particulars, please contact Engineering Products Division.

APRIL, 1965

....4414/644604.

FUNCTIONS OF THE A220 (provisional)
 Measures signal level of transmission equipment,

between 50 c/s and 250 kc/s; impedances of 75, 150, 600,
1,200 ohms. Terminating and bridging level measurements
with balanced input.

 High -impedance voltmeter (unbalanced), 50 c/s to 650
kc/s. I Mohm input, sensitivity 10 mV, F.S.D.
 A balanced frequency -selective voltmeter to measure

pilot carrier level and "Tone -on -channel" selection. Band-

pass 100 c/s.
 Measures individual channel levels (end -to -end) between

200 c/s and 3.4 kc/s.
 Wien -bridge, sine -wave oscillator, frequency continu-

ously variable over range 100 c/s to 630 kc/s. With
associated amplifier outputs to +13 dbm in 75, 150, 600,
1,200 ohms (balanced).

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

 High -sensitivity measurements (-80 dbm for trans-
mission level and noise measurement).
 Meter indicates modulation percentage on carrier

channels (8 kc/s to 250 kc/s).
 Weighted noise measurements (with optional external

plug-in unit) to C.C.I.T. Specification or other network if
required.
 Simulates broadband carrier channels with a.m.

modulation.
 Wave analyser measures harmonic distortion and inter -

modulation products down to 0.1%.
 Amplitude modulation monitor, 0 to 80%.
 Measures the bandpass characteristics of filters.
 Provides output for Pen recorder (0.1 mA 1,000n) or

head receiver for listening tests.
Dimensions and Weight:

Height: 8 inches 20.3 cm. Width: 14
inches 35.5 cm. Depth: 12.5 inches 31.75
cm. Weight: 20 lbs. 9 kg. (approx.
including power supply),

AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED
47 YORK STREET, SYDNEY -2 0233

MELBOURNE  BRISBANE  PERTH  HOBART  LAUNCESTON  WELLINGTON, N.Z.  ADELAIDE
Newton McLaren Ltd.

3 3836 2 1804 43 191 51 011167 9161 4 1631 28 3426

EP7.65
4 IN vv -02a FOR FURTHER DETAILS.
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SOVIREL have great experience
in the techniques of glasswor-
king and devote a large part of
their production facilities to the
manufacture of components or
assemblies for the electronic tu-
be industry.

Examples are :
Image converter tubes
Image storage tubes
Memory tubes
Photomultipliers
TV camera tubes
Light amplifiers

WIRELESS WORLD

SO V I R EL recommend, from
among their glasses in current
production, the four types listed
opposite. These are particularly
suitable for the manufacture of
cathode ray tubes and photo -
tubes owing to their perfect sea-
ling compatibility to each other
and to the currently -used me-
tals or alloys.
SOVIREL quality control gua-
rantees high dimensional preci-
sion and perfect optical quality.

ath

y tube

phot

GLASSES FOR

FACEPLATES

S 801-40 and S 801-51 (7056)
Optically perfect - stable
Supplied rough or with polished
surfaces.

GLASSES FOR ENVELOPES, FEET,

PUMPING TUBULATIONS AND FOR
HIGH TENSION INSULATION

S 740-01 seals to tungsten
S 747-01 seals to molybdenum
and to suitable Fe, Ni/Co alloys.

DIVISION ELECTRONIQUE-TELEVISION SOVIREL
g

a 30-304 27, rue de la Michodiere, Paris 2' - France - Tel. : 742.23.49

4WW-029 FOR FURTHER DETAILS.
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BRIMAR
To make absolutely certain that stems mate
accurately with valve electrodes prior to weld-
ing, stem wires are sent on a jigging, twisting
run through the 34 stations of the Brimar
in -line cropper and bender.

Here, wires are automatically selected, bent
and cut in a variety of complex ways with un-
varying precision, a tiny claw engaging with
each wire as the arm thrusts forward to ensure
a clean bend at the point of contact.

At the end of the run, the stem is eased from
its seating and puffed gently by compressed air
into a waiting tray a Brimar valve part as near
perfect as modern machinery (and human
ingenuity) can make it !

This ingenious in -line cropping and bending machine
was designed exclusively by Thorn -AEI development
and production engineers.

RADIO & ELECTRONICS
COMPONENTS SHOW

OLYMPIA

STAND 325 GRAND HALL

THORN -AEI RADIO VALVES & TUBES LTD

HEAD OFFICE:

155 Charing Cross Road, London WC2. GERrard 9797

EXPORT DIVISION:

Thorn House, Upper St. Martin's Lane, London WC2.

r.\

4WW---033 FOR FUR t HER DETAILS.
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INTERNATIONAL RECTIFIER CO, (GREAT BRITAIN) LTD  HURST GREEN  OXTED ' SURREY  TELEPHONE OXTED 3215  TELEX RECTIFIER OXTED 8819

WIRELESS WORLD APRIL, 1965

Over 300 of them: wicked square
corners that can't be cut. There's
one in the performance curve of
every IR zener. Ask for details of
zeners from 400mW to 50W, and
3.6V to 200V. The 1W and 10W
range is fully type approved.

metiR, INTERNATIONAL RECTIFIERNur
Immediate off -the -shelf delivery from IR distributors-phone
COLCHESTER 6173 CRAWLEY 28700 GLASGOW DOUGLAS 8671 (LANCS) TODMORDEN 602 LEEDS 35111
LEICESTER 68561 - (LONDON S.E.27.) GYPSY HILL 6166 (MIDDLESEX) SKYPORT 1314 PORTSMOUTH 20465

E ?vow.

4WW-032 FOR FURTHER DETAILS.
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HIGH VOLTAGE MEASUREMENT-
WITH NO STRINGS

Almost every engineer can remember being
taught at school the principle of the electrostatic
voltmeter.

But the textbooks sometimes leave one with the
impression that this type of movement is fragile
and unreliable, suitable only for bench use in the
laboratory.

In fact, Ernest Turner have for many years been
manufacturing panel meters with electrostatic
movements in a wide selection of ranges, and they
have been found no less robust and reliable than
other types of movement.

An electrostatic voltmeter, of course, is the
answer to many problems in the field of high
voltage measurement. Its primary, and best-
known, feature is that the load placed on the
measured circuit is negligible. For d.c. measure-
ments the meter is effectively an open circuit and
on a.c. it presents a small, measureable capacity.

It operates without the string of series resistors
associated with moving coil meters for measure-
ments in the kilovolt range, and a further minor
advantage is that accuracy is not impaired by
external magnetic fields since there is no magnetic
material in the movement.

The limitations of electrostatic meters are few,
but fundamental. They can only be used for
measuring potential, and the lowest full scale
deflection possible under normal conditions is a

few hundred volts. The scale tends towards non -
linearity at the lower end, but this point is offset
for some applications by the ease with which we
can arrange local scale expansion where necessary.

Ernest Turner electrostatic meters are avail-
able in round cases with scale lengths from 2kin.
to 5iin. and in square cases with 2tin. and 38in.
scale lengths. Maximum range depends on the
physical size of the case; in the largest size we can
supply instruments up to 20kV. d.c. or I 5kV. a.c.
f.s.d.

Naturally, all Ernest Turner electrostatic meters
are individually calibrated, in fact they are hand
built in order to achieve the well-known Ernest
Turner standard of reliability. We offer a full
service of variations to special order-dial mark-
ings, special scaling, choice of pointer shape and
so on-in fact, every facility which is at the cus-
tomer's disposal in respect of other movements.

Owing to the factor of individual manufacture,
delivery is being quoted at 10-12 weeks, but
prototypes can be produced more quickly by special
arrangement.

ERNEST TURNER

The

Page

-428.14,Z.7
OT TOUCH WHEN IN USE

The Model 455 electrostatic voltmeter
is illustrated above approximately half
full size. It is the larger of two Ernest
Turner rectangular instruments which
can be fitted with electrostatic move-
ments, and is available in ranges up to
5kV.

Other Ernest Turner instruments which
can be fitted with electrostatic move-
ments include Models 505, 23, 119, 319
and 32, the latter being produced in

ranges up to 20kV.
Full details of all these instruments are

given in Catalogue 85 25, available on
request.

ELECTRICAL INSTRUMENTS LTD

CHILTERN WORKS ' HIGH WYCOMBE ' BUCKINGHAMSHIRE ' ENGLAND

Tel: High Wycombe 1301-

4WW-033 FOR FURTHER DETAILS.
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Fasten onto `FAST F:X9

With unshakable confidence!
The unique range of 'FASTEX' plastic fasteners provide a
POSITIVE answer to all assembly problems. where cost reduction
and fixing simplicity is of prime importance,

Consider the 'FASTEX' facts:- CORROSICN RESISTANT *
IMPRESSIVE INSULATION  MINMUM FiXIkG TIME 
MAXIMUM UNSHAKABLE GRIP.

APRIL, 1965

If you appreciate the advantages of combining several operations

into one, cutting assembly costs and producing a higher quality

product; contact one of our problem solving Sales Engineers. If

he cannot immediately help solve your particular fastening

problems, our development department will. Consult 'FASTEX'

now, or at least write for free samples and further information,

you'll be glad you did.

fl
EDO

1

14)

:TM;

FAS T 111 ITW LIMITED, Fastex Division, 647 Ajax
Avenue, Trading Estate,

asSLOUGH. Bucks. Tel: SLOUGH 27441

4WW-O71 FCR FURTHER DETAILS.
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BRIEF SPECIFICATIONS
STYLE N6 N6A

Length, maximum
Diameter, maximum
Resistance range ohms
Wattage rating
Voltage rating

0.359in
0.131in

10 to 1000
%I Watt 70°C

200V d.c.

0.438in
0.162in

10 to NO.
1/8 Watt 70°C

200V d.c.

/7 /7

E2 0 0

Type N6 and N611.
INSULATED HIGH STABILITY

RESISTORS
* The world's smallest ceramic insulated

resistors.
*Special ceramic core to ensure perfect

bonding of carbon film resulting in low
inherent noise and excellent life charac-
teristics.

It( Special "heavy carbon film" to ensure
uniform high standard of stability and

*reliability
throughout resistance range.

Ceramic encased to ensure maximum pro-
tection from mechanical shock and adverse
climatic conditions.

The N6 is Defence Approved to DEF .5112A.

ELECTRONIC COMPONENTS

ERIE RESISTOR LIMITED GREAT YARMOUTH NORFOLK Telephone 4 911 Telex 1720

29
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Demonstrated at the
Audio Fair for the first
time . . . . Room 314
A revolutionary Tweeter

4,11,44111,00,0041.040,WO*0...fteWe
#.4.00400400***460*.000.1.1.0*****0
**0011,410.041.,.100.4.0404,641,11,4k0.11,
***00.....******0.41.1.10064.011101.4
.04,4004.4.11.0.M$.0100464.**71.11,01lb0
ern.001,400611,41.***.M.44111,040011.4!***
.40.,00000600****0.40.4011001114114,40,
0,111.04,11.00********041,..*11.0Mittt

THE NE1ERB I0N0FANE

LOUDSPEAKER
The IONOFANE operates on the lonophone principle
invented by Klein of Paris and is covered by British
Letters Patent No. 756546.

It is a high frequency loudspeaker having a perfectly
uniform response from 3 to 30 kilocycles, quite free
from resonances and colourations and with perfect
reproduction of transients.

It is fully guaranteed.

FANE ACOUSTICS LTD
HICK LANE - BATLEY - YORKSHIRE

Enquiries for these Speakers including the Wholesale and Retail Trade may be sent
direct to
FANE ACOUSTICS LTD., BATLEY, YORKSHIRE
or to LINEAR PROnIICTS LTD., ARM LEY, LEEDS

4WW-036 FOR FURTHER DETAILS.
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THE HEART OF THE
IONOFANE

Exploded
view of the
central electrode,
quartz cell, outer
electrode and the
ceramic bush which
forms the first section of the horn.

MODEL 601
The basic H.F. unit ready for
building into a speaker assembly.
It will handle the treble of 20
watts of music. 28 Gns.

MODEL 602
The basic lonofane H.F. unit, to-
gether with a special 5" mid range
unit, cross -over and provision for
connection to an existing bass unit
of up to 20 watts capacity. 45 Gns.

MODEL 603
A full range speaker assembly of
the highest quality consisting of
the lonofane H.F. unit, new 5" mid
range and new 15" bass unit. Will
handle up to 20 watts. 75 Gns.

WRITE NOW FOR

ILLUSTRATED CATALOGUE
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ANOTHER BRILLIANT DESIGN from BRENELL

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

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

Please write for full details to the sole manufacturer: -

INTERNATIONAL AUDIO FAIR

STAND No. 12

DEMONSTRATION ROOM 337
4WW-037 FOR FURTHER DETAILS.

BRENELL ENGINEERING CO. LTD.

231/5 Liverpool Road, London, Ni.
Telephone: NORth 8271 (5 lines) 60 998
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Enthoven Preforms. Solder preforms
make for faster, more accurate and therefore
cheaper soldering. Enthoven are leaders in
the design and manufacture of solder preforms,
and offer a wide range of alloys, both cored
and solid, in the form of rings, washers,
discs, shims, strips and ribbon.

ENTHOVEN
SOLDERS LIMITED
Sales Office & Works: Upper Ordnance Wharf,
Rotherhithe Street, London, S.E.16. BER 2014
Head Office: Dominion Buildings, South Place,

APRIL, 1965

Enthoven are always ready to discuss any
industrial soldering problem, and, if
necessary, to design special preforms in the
light of your requirements and of their long
experience of precision soldering techniques.

This free booklet
describes the com-

plete range of
Enthoven Solder
Products . . . pre-
forms among them.
Ask for a copy.

London, E.C.2. MONarch 0391
4W W-038 FOR FURTHER DETAILS.
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4

TWO CABINET MODELS
OF OUTSTANDING PERFORMANCE from WHARFEDALE
Fitted with new type of 12" bass units with NEOPRENE SURROUND giving remarkably clean
bass. Both cabinets are of modern and attractive appearance, designed by Industrial Artist,
Robert Gutmann, F.S.I.A. Both models to be introduced and demonstrated at the 1965 Audio Festival
and Fair, at the Russell Hotel, London.

W2-DOVEDALE
This is a modern
version of the W2 at
a rather higher price.
Open baffle reson-
ance of special 12"
unit is remarkably
low at 15/18 c/s.

30 cis 10 watts

The waveform shows
a clean note at 30 c/s
with 10 watts input.
Units:
WLS/ 12/Neoprene.
13,000 gauss.
Super 5, cloth surround.
14,000 gauss. Crossover frequency; 1,000 c/s.
Frcq. range; 25-17,000c/s. Impedance; 12/15 ohms.
Power handling capacity ; 15 watts rms. 30 watts peak.
Size; 24" x 14" x 12". Weight; 37 lb.
Finish; Zebrano veneer, wax polished.
Fitted treble control in back panel. PRICE £31.10.0.

WHARFEDALE WIRELESS WORKS LTD.
IDLE . BRADFORD YORKSHIRE
Tel: Idle 1235/6 Grams: "Wharfdel" Bradford

In spite of being only
6i" deep, this attractive
design will handle 8
watts at 40 c/s without
distortion, as shown in
waveform.
Open baffle resonance

40 s 8 watts
of 12" unit is 20/23/c/s.

c/

Units: WNA/12/Neoprene. 11,000 gauss.
5" silver, cloth surround. 12,000 gauss.
Crossover frequency; 1,000 c/s.
Frequency range; 30-15,000 c/s.
Impedance; 10/12 ohms.
Power handling capacity; 10 watts rms.
20 watts peak.
Size; 25" x 20" x 64". Weight 311 lb.
Finish; Zebrano veneer, wax polished.

DELIVERY DATE FOR BOTH MODELS: APRIL 196S onwards

4WW-039 FOR FURTHER DETAILS.
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the
1965

audio
festival

fair
5 11a.m-9p.m.
Hotel Russell

Russell Swam VVC 2

modern homes
need modern sounds

Hear and compare the world's finest sound

producing equipment for the home. The top

loudspeakers, amplifiers, tape -recorders,

pick-ups, tapes and accessories have been

brought together under one roof to give you

a superb Festival of Sound, Both newcomer

and expert... and everyone who takes

pleasure in using and listening to Hi- Fi

equipment must visit this International

Audio Festival Et Fair.

to obtain
complimentary tickets,
just ask at your nearest Audio, Record,
Radio or Music Shop, or write direct
(enclosing stamped and
addressed envelope) to :
AUDIO HOUSE,
42 MANCHESTER STREET,
LONDON, W.1.

4WW-040 FOR FURTHER DETAILS.

Kolectric present their
APRIL, 1965

AUTOMATIC
COIL WINDING MACHINE

Type A111 (25-50 S.W.G.)
Type A IX (19-46 S.W.G.)

incorporating ALL these refinements:

* Dustproof construction

* Provision for simultaneous winding of several coils

* Micrometer traverse setting

* Wire gauge indicator engraved with various settings to which
machine can quickly be adjusted.

* Instantaneous re -set turns counter reading up to 100,000
turns

* Efficient wire tensioning stand' supporting two reels of
wire.

* Cadmium- or chromium -plated steel parts

A fully illustrated leaflet quoting complete technical specifications is
available. We will be pleased to send it to you on request.

ECTRIC LTD
SINCLAIR HOUSE, THE AVENUE

EALING, LONDON, W.13
Tel.: PERIVALE 9066

4WW-041 FOR FURTHER DETAILS.
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the unitor that holes in one
Belling -Lee have long realised that the only solution to the problems of de-
pendability in components is-absolute precision in manufacture combined
with rigid control of materials.
Unitors are basically simple devices, but in a connector of this kind a slight
misalignment in use could cause poor connection, jamming, distortion and
even destruction of the component. Carefully controlled float on the pins is
the answer-which can only be achieved by close -tolerance tooling, moulding
and assembly. These present no problems at Belling -Lee.
Unitors, plugs and sockets-screened and unscreened-together with ter-
minals and circuit protection devices are among the 1000 and more com-
ponents set out in the Belling -Lee Technical Catalogue. Ask for a copy, and
for fuller information on any type of component which interests you.

Get down to details with

BELLING -LEE

35

Belling & Lee Limited  Great Cambridge Road  Enfield  Middlesex Enfield 5393
Most Belling -Lee products are covered by patents or registered designs or applications.

4WW-042 FOR FURTHER DETAILS.
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WHARFEDALE

 Amplifier, micro-
phone, 6 speakers.
all contained in

one case
 30 watts output
 Operated from
batteries or AC
mains 110-250 volts

 6 specially de-
signed Wharfedale
speakers
 Weighs less than
42 lb

PRICE

£69. 10. 0.
WITHOUT BATTERIES

LEATHERETTE COVERED CASE WITH VINYL
GRILLE CLOTH. Size 364 x 74 x

Ideal for schools, churches, social events,

crowd control, yacht clubs, harbours

auction sales etc. etc. etc.

LEAFLET FREE ON REQUEST

WHARFEDALE
WIRELESS WORKS LTD
ELECTRONICS DIVISION
IDLE BRADFORD YORKS
Tel : Idle 1235/6
Grams:"Wharfdel" Bradford

APRIL, 1965

EDDYSTONE COMMUNICATION RECEIVERS
For the oraffessional or Amateur user who likes the Best.

840C

L62

Communication receiver at a moderate price. MANUFACTURING
STANDARDS OF THE HIGHEST ORDER, 8 B8A valves Superhetero-
dyne circuit. FREQUENCY RANGES:

Range I 12.4-30 Mcjs. Range 4 ... 1.12-2.58 Mcfs.
Range 2 5.2-12.9 Mc/s. Range 5 ... 480-1,150 kcjs.
Range 3 2.5-6.1 Mc/s.

Ranges 4 and 5 include the International Distress Frequencies.
Sensitivity better than 10 microvolts. Selectivity 30 db down at
10 kc/s. off resonance. A.C./D.C. Internal speaker.

HIRE PURCHASE TERMS
Model No. Cash Price Deposit 12 Mthly. 24 Mthly.

Payments Payments
870A £34 8 9 E5 0 0 E2 12 6
840C E62 0 0 E12 0 0 E4 8 3 12 6 6
940 E125 0 0 E25 0 0 E8 16 6 E4 14 6
ECIO £48 0 0 Transistorised Receiver.

CONFIDENTIAL TERMS. YOU DEAL SOLELY WITH H.P. RADIO.
Carriage paid per passenger train. SATISFACTION GUARANTEED

Telephone: AINTREE 1445

The Eddystone
Specialists

SERVICES LTD.

49 51 COUNTY RD.,
LIVERPOOL, 4

ESTAB. 1935

4WW-044 FOR FURTHER DETAILS.
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VARIABLE D.C. POWER UNIT WITH

ACCUMULATOR PERFORMANCE FROM

A.C. MAINS

EFFECTIVE
RESISTANCE

LESS THAN

1 ohm.

TYPE

250VRU 30 20
PRICE

2131-5-0

FEATURES 0-30 VOLTS Variable up to 20 AMPS.
RIPPLE CONTENT negligible. IMPEDANCE and REGULA-
TION equivalent to accumulator performance. SILICON
RECTIFIERS. Inadvertent "SHORT" protection.

APPLICATIONS
Operating and Servicing transistori,ed equipment. I2v. Mobile
radio/tel. operation, D.C. Motors. relays, industrial power, etc.,
from any point of A.C. WITHOUT THE USE OF
ACCUMULATORS.

12 or 24v. FIXED OUTPUTS up to 24 Amps also available.
AVOID THE EXTRA EXPENSE OF SUPER REGULATION YOU
MAY NEVER NEED. PRICES: E14-16-0 to LI31-5-0.

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

SHOW

MAY 18-21
LIMITED

Please write to department C 3b. BROWELLS LANE,
for current literature. FELTHAM, MIDDX.

Tel.: FEL. 4837-4292
VALRADIO and STEREOSONOSCOPE are the registered trade

marks of VALRADIO LTD.

IWW-043 FOR FURTHER DETAILS. 4WW-045 FOR FURTHER DETAILS.
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M. R. SUPPLIES, Ltd.--'
(Established 1985)

Universally recognised as suppliers of UP-TO-DATE MATERIAL, which does the
job properly. Instant delivery. Satisfaction assured. Prices nett.
AIR BLOWERS. Highly efficient 'mks fitted induction totally enclosed motor, 230/
260 v. 50 c. 1 ph. Model SD.26, 80 CFM (free air) to 11.5 CFM at .15 WG, size approx.
6 x 7 x 7in. Outlet 2}in. square £81101- (des. 5/-). Model 0D27, 120 CFM (free air)
to 90 CFM at 1.2 WG, 8 x 7 x 9in. outlet Stin. sq. £11/1516 (des. 5/-). Model SD28,
260 CFM (free air) to 127 CFM at 1.5 WG, 11 x 8 x lin. outlet lie. sq. 813/1716
(des. U.K. 7/6).
COMPLETE SEWING MACHINE MOTOR OUTFITS. No better job obtainable
any price. 200/250 v. A.C./D.C. Fitted latest radio/T.V. suppressors. Comprising
motor with fixing brackets, foot control and switch, needle light with switch, belt, etc.
and instructions for easy fixing to ANY machine. The complete outfit £6/18/6
(des. 3/61.
SYNCHRONOUS TIME SWITCHES (Our very popular speciality). All for 200/250v.
50c. for accurate pre-set switching operations. Sangamo 0.254, providing up to
3 on -off operations per 24 hours at any chosen time, with day -omitting device (use
optional). Capacity 20 -amps. Compactly housed 4m. dia. 3; in. deep. With full
instruction. 88/18/6 (des. 3/-). Aim same make, same duty, Domestic Model
fitted with 13 -amp plug for easy installation, same price. Also Paragon, 220/250v.
50c. with 7 -day dial providing for operations on four separate circuits (2 makes 2
breaks) at any required time during each day, capacity 20 amps each circuit, in metal
housing 7in. x 4in. x llin, wall mount, Ell (des. 5/-). Also very limited offer
Sangamo £14/101- unite, brand new, 200/250v. 50c. with 24 -hour spring reserve.
Up to 3 on -off operations per 24 hours. 20 -amp switching, 17/10/- idea. 3/-).
FENNER CLOCKWORK DELAY SWITCHES. Variable 1 to 8 hours. Make, break
or CO. Easily set calibrated dial. 5 amp switching. Panel mounting. Sin. dia.,
21in. Long. Plea) for Parking lights. 37/6. (des. 2/.).
SMALL GEARED MOTORS. In addition to our well-known range (List GM/361)
we offer smaller open type S.P. units, 200/250 A.C., 1, 6, 12, 20 or 60 r.p.m. Size
approx. 41in. x 29in. x 2in. with lin. shaft proj. Suitable for display work and
many industrial uses. Only 69/6 (des. 2/6).
SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (as mentioned and recommended
in many national journals), 200/250 v. 50c. Fitted with spindle for hours, minutes
and central sweep seconds hands. Self-starting, central one -hole fixing. Dia. nin.
Depth behind dial only lie. With back dust cover 29/6 (des. 1/6). Set of three
hands, brass, in good plain style. For 5/7in. dial 2/6. For 8/10in. dial 3/6 set.
EXTRACTOR FANS. Final offer of this very popular and efficient model complete
with outside cowling and indoor shutter. Circular motor housing only 4iin. dia.
Easily mounted in small window pane. Silent induction motor. 200/250 v. A.C.
(no interference), 8,500 c.ft./hr. Imdructions with each. Only 69/6 each (despatch
3/6). We also supply our 8in. model at 8515/- and 10in, model at 85/12/6 (despatch
3/6). These models are not supplied with outside cowling. Details on request.
SYNCHRONOUS TIMER MOTORS (Sangamo) 200/250 v. 50 c/s. Bell starting 2in.
dia, x lfin. deep. Choice of following speeds 1 r.p.m., 12 r.p.h., 1 r.p.h., 1 rev.
12 hrs., I rev. per day. Any one 39/8 (des. 1/6). Also high -torque model (0.E.C.)
21in. x 2in. x if in., 6 r.p.m. 57/6 (des. 1/6).
IMMEDIATE DELIVERY of Stuart Centrifugal Pumps. including stainless keel
(most models). Philips Variable Transformers loll models),

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

save time energy money
with

PLANSEL
automatic

stripping
pliers

* Strips cables 0.4
mm. to 3.5 mm.
up to 1 in. in length -
in one movement.

* Strips cables over lin. in
length in two movements.

* Automatic release to protect fine
stranded conductors.

* Spare blades available.
* Approved for Joint Service use by Ministry of

Defence.

For further details please write to:
Dept. W.W.4/SP
CREATORS LIMITED, SHEERWATER, WOKING, SURREY.
Telephone: Woking 5333 Telex 85215

A PRODUCT OF THE CREATOR GROUP
4WW-046 FOR FURTHER DETAILS.

BOOKS
BY G. A. BRIGGS

WHARFEDALE
Each one constitutes a aseful reference book on the
subject involved written in Mr. Briggs's inimitable style.

AERIAL HANDBOOK
The latest Wharfedale book pub-
lished October 1964. 144 pages, 115
illustrations.
PRICE 12/6 (13/6 post free)

AUDIO AND ACOUSTICS
168 pages, 140 illustrations with
James Moir, M.I.E.E. the Acoustical
Consultant, as Sub Editor.
PRICE 12/6 (13/6 post free)

CABINET HANDBOOK
First edition (April 1962). 112 pages,
90 illustrations.
PRICE 7/6 (8/6 post free)

AUDIO BIOGRAPHIES
344 pages, 64 contributions from
pioneers and leaders in audio.
PRICE 19/6 (20/9 post free)

A TO Z IN AUDIO
224 pages, 160 illustrations.
PRICE 15/6 (16/6 post free)

LOUDSPEAKERS
Fifth edition. Third impression. 336
pages, 230 illustrations.
PRICE 25/- (26/3 post free)

MORE ABOUT LOUDSPEAKERS
First edition (15th March, 1963).
136 pages, 112 illustrations.
PRICE 8/6 (9/6 post free)

PIANOS, PIANISTS & SONICS
190 pages, 102 illustrations.
PRICE 15/- (16/- post free)

h wkJA
SOLD BY

RADIO DEALERS & BOOK-
SHOPS OR IN CASE OF
DIFFICULTY DIRECT FROM

THE PUBLISHERS

WHARFEDALE WIRELESS WORKS LTD.
IDLE BRADFORD YORKSHIRE

Telephone: Idle 1235/6 Grams: 'Wharfdel' Bradford

4WW-047 FOR FURTHER DETAILS.



lypf if Meter Unit
with Wide -band Millivoltmeter

D.C. Microvollmeter

Un.D APRIL, 1965

Now THE FIRST plug-in measuring
instruments built to
THE DYMAR SYSTEM
Dymar now offer the first of their new range of high-grade laboratory instruments
utilizing plug-in techniques.
The basis of the system is the Type 70 Meter Unit (also available for 19" rack mount-
ing) which provides a precision 5" meter movement and comprehensive, well -regulated
power supply facilities. The meter unit will accept any one of the range of plug-in
instruments, giving maximum flexibility and instrument variation at greatly reduced cost.

DYMAR
* plan production to bring you delivery on time
* have many more plug -ins under development
* back their specifications with performance
* will custom -build to your own requirements

D.C. Kilovoltmeter A.F. Signal Generator

Full details and specifications from

DYMAR ELECTRONICS LTD

Noise Factor Meter

REMBRANDT HOUSE, WHIPPENDELL ROAD, WATFORD, HERTS.
Telephone: Watford 21297

4WW-048 FOR FURTHER DETAILS.
Broadway 'D Y 501

FRE TO AMBITIOUS ENCINEERS
- THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you sent for your copy?
ENGINEERING OPPORTUNITIES
is a highly informative 156 -page guide to
the best paid engineering posts. It tells
you how you can quickly prepare at home
for a recognised engineering qualification
and outlines a wonderful range of modern
Home Study Courses in all branches of
Engineering. This unique book also gives
full details of the Practical Radio & Elec-
tronics Courses, administered by our
Specialist Electronics Training Division-
the B.I.E. T. School of Electronics, explains
the benefits of our Employment Dept. and
shows you how to qualify for five years
promotion in one year.

We definitely Guarantee
" NO PASS - NO FEE "
Whatever your age or experience, you cannot afford
to miss reading this famous book. If you are
earning less than £25. a week, send for your
copy of "ENGINEERING OPPORTUNITIES"
today-FREE.

WHICH IS YOUR
PET SUBJECT?

Mechanical Eng.,
Electrical Eng.,

Civil Engineering,
Radio Engineering.
Automobile Eng.,

Aeronautical Eng.,
Production Eng.,

Building, Plastics,
Draughtsmanship,

Television, etc.

GET SOME
LETTERS AFTER

YOUR NAME!
A.M.I.Mech.E.

A.M.I.C.E.
A.M.I.Prod.E.

A.M.I.M.I.
A.1.1).B.

B.Sc.
A.M.I.E.R.E.
City & Guilds

Gen. Cert. of Education
Etc., etc.

PRACTICAL
EQuipMENT
Basic Practical and Theore-
tic Courses for beginners in
Radio, T.Y., Electronics, Etc.,
A.M.I.E.R.E. City & Guilds

Radio Amateurs' Exam.
R.T.E.B. Certificate
P.M.G. Certificate
Practical Radio

Radio &Television Servicing
Practical Electronics

Electronics Engineering
Automation

INCLUDING
TOOLS!

..111,1
The specialist Elec-
tronics Division of
B. I.E. T. NOW
offers you a real lab-
oratory training at
home with practical
equipment.
Askfor derails,

B.I.E.T.
SCHOOL OF
ELECTRONICS

POST COUPON NOW
Please send me your FREE 156 -page

"ENGINEERING OPPORTUNITIES"

(Write if you prefer not to cut page)

II NAME

 ADDRESS

BRITISH INSTITUTE
OF ENGINEERING TECHNOLOGY II

(Dept. SE/22 ), 29 Wright's Lane, London, W.8 SUBJECT OR EXAM.
THAT INTERESTS ME

THE B.I.E.T. IS THE LEADING ORGANISATION OF ITS KIND IN THE WORLD
4WW-049 FOR FURTHER DETAILS.
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for electronic components...

ASK PALMERS

MIST
NICKEL -CADMIUM -RECHARGEABLE
NO CORROSION -NO GASSING -
NO MAINTENANCE

0

PALMER DATA REFERENCE SHEET FOR

DEAC
PERMA-SEAL
Rechargeable Accumulators

RECTANGULAR CELLS: -
CAPACITY
3.5 Ah

4.5 Ah
6.0 Ah

7.5 Ah

TYPE No.
D 3.5

D 4.5

D6
D 7.5

DIMENSIONS m.m.
34.5 x 34.5 x 86

43.5 x 50.5 x 80

13.5 x 50.5 x 94

43.5 x 50.5 x108

SINTERED PLATE RECTANGULAR CELLS: -
1.6 Ah SD 1.6 16.8 x 41.2 x 65.7
2.6 Ah SD 2.6 16.8x 41.2x102
4.0 Ah SD 4 24.2 x41.2 x102
7.0 Ah SD 7 38.2x41.2x102
6.0 Ah 6 v. 5M 6 50x90x110

BUTTON CELLS: -
150 mAh 150 DK
225 mAh 225 DK
450 mAh 450 DK

HEAVY DUTY BUTTON CELLS: -
225 mAh 225 DKZ
500 mAh 500 DKZ
1000 mAh 1000 DKZ

25 x6.6
25 x 8.7

43 x 7.3

25x 8.8
34.3 x 9.5

50.3 x10

CYLINDRICAL CELLS: -
450 mAh 450 D 13.5 x 50
900 mAh 900 D 13.5 x 90

451 mAh 451 D 13.5x 50
2 Ah BD 2.5 34 x 62

SINTERED PLATE CYLINDRICAL CELLS: -
1.5 Ah RS 1.5 25.5x49
3.5 Ah RS 3.5 34 .61
5.0 Ah RS 5.0 34 / 95

This reference sheet shows a selection of popular sizes from the extensive DEAC range. Many
types, including multicell batteries are available. Write or phone for complete Data Information.
Sole Distributors for
DEAC (Great Britain) Ltd.
CREWKERNE, SOMERSET. G. A. STANLEY PALMER LTD.
Island Farm Avenue, West Molesey Trading Estate, East Molesey, Surrey. Molesey 7254,
M & P SPD7

4WW-050 FOR FURTHER DETAILS.
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The best pick-up
arm

in the world

S.M.E. LIMITED  STEYNING  SUSSEX.
414W-051 FOR FURTHER DETAILS.
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it NEW!CAII=R
2 -WAY CB RADIOS
SOLID-STATE TRANSCEIVERS
& ACCESSORIES FOR RELIABLE,
LOW COST COMMUNICATIONS

1111111111

1111101,,

IR 9,

CADRE 5 -Watt CB Radios
5 Watt, 5 Crystal -Controlled Channels
All Transistorized Transceiver

Model 510-A--23 channel crystal -correlated tuner -
12 VDC 110-220 VAC

Model 515-A-For AC/DC operation (same as Model
110-A less 23 channel manual tuner)

Model 520 -A --DC operation mobile or field
Model 525 -A --The 520-A in special portable

nark

CADRE Hand Held CB Radios
2 Crystal -Controlled Channels
Rechargeable battery or penlite cell power

supply
All Transistor-Built-in telescoping antenna

Model C -75-I.5 Watt
Model C-60-100 Milliwatts

CADRE Consort FM
Wireless Microphone
A complete, portable wireless PA system
when used with any FM radio. A wireless
short range FM transmitter effective
up to 200 feet from FM radio. Infinite uses.

CADRE 524 Selective Call
Solid -State Encoder -Decoder
Three tones with switching provide 24 tone combinations.
Designed to work with Cadre transceivers and other
12 VDC transceivers on the market.

Write for complete Catalogue Specifications and Prices.

MGIZI-EA.1\T
EXPQR111.11\TC4- COIR.POIR.A.TICaN7
458 Broadway. New York 13. U S A. Cable Ad:1.53E. Mothaner

wesarawaranwesep

4WW-052 FOR FURTHER DETAILS.
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C'11EESTION INTRODUCE THE IDITTON16
COMPACT LOUDSPEAKER SYSTEM
(10 watts and only 124"x6rx8")
any questions?

What is the Ditton?
The Ditton is a full range compact high

fidelity loudspeaker system. It uses two new moving
coil units to produce optimum results whenever
space is at a premium.

What does this mean in terms of
actual performance?

The Ditton has a frequency response extending
from 35 - 15,000 c's with exceptionally low
distortion and yet the enclosure measures only
12i" x X 8'

Surely the bass notes are difficult to
reproduce from such a small enclosure?

Yes, this is because the efficient reproduction
of low frequencies demands the displacement of
large quantities of air. Hitherto, this has meant
using a large diameter cone with a limited movement
but the Ditton achieves the same results by making
a small cone move further.

II would expect large movements to mean
greater distortion. How is this avoided?

The bass unit in the Ditton has a very free
mechanical suspension but uses the 'aircushion'
effect of the relatively small volume of trapped air
in the enclosure to act as a low distortion
suspension.

Be in at the launching !
Hear the 'Ditton' for yourself at the
INTERNATIONAL AUDIO FAIR

Hotel Russell, London.
DEMONSTRATION ROOM 242 STAND No. 46

Celestion Studio
Series

Now, about power handling capacity?
In technical terms, the Ditton is rated at

10 watts R.M.S. The efficiency of the unit is such
that it requires an input of only 1 to 2 watts for
comfortable listening levels. An amplifier
capable of delivering at least 5 watts will be
able to deal with any overloads due to peaks in
the music signal.

What about the middle and
top frequencies?

From 1,500 c/s to 15,000 c's the Ditton employs
an ultra linear pressure loaded device which is
flat 4 2dB. This unit is used by broadcast
authorities and other professional users.

Does the Ditton have a
small box sound?

No. A small box usually means that extreme bass
is missing and in its place is a 'one note bass'
due to high and underdamped fundamental resonance
of the system. The Ditton overcomes this by having
an unusually low fundamental resonance and
a very large magnet to give a high degree
of magnetic damping.

Please fill in the coupon to obtain a booklet giving
comprehensive design details, response curves etc.

CELESTION LTD. Ferry Works, Thames Dltton, Surrey

I Name

Address

L

Please send me the booklet and
colour brochure on the 'Ditton' compact

A3

CELESTION LTD. Ferry Works, Thames Ditton, Surrey. Telephone: EM Berbrook 3402/6
4WW-053 FOR FURTHER DETAILS.
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MIDGET
Printed Circuit Relay

Supplied as standard or latching type, single or double
winding. Size gin. cube, weight 0.8 oz.
Contact. Rating 24 v. D.C. 3 pole double throw.
Voltage: 6, 12, 24, v. D.C. Power: 500 mW. Speed
10mS.
Temperature: 70 C max.

3000 TYPE
PLUG-IN

Size 4in. x 2-a'in. x
11 -in. Specification
as 3000 type 6 change
overs maximum,
light duty.

24,

S 1500 MINIATURES
A.C. or D.C. operat-
ing. Coil up to 10,000
ohms. Single or
double winding.
Contact material -
Silver, Platinum,

1'2" Spring Set - 6
change overs. Light
duty maximum.
Size : 2 II/16in. x
Iiin. x

We are manufacturers of full ranges of 3,000 type,
600 type, and plug in relays, also 12 way mounting
rack I9in. x 3fin. Further details available on request
to Mr. Clemens.

FULLY APPROVED HOUSE
7 DAY PROTOTYPE SERVICE

A. D. S. RELAYS Ltd.
89-97, ST. JOHN STREET, LONDON, E.C.I.

Telephone: CLErkenwell 3393

APRIL, 1965

A 301

MINIATURES

from

Airmed Ltd
A 303

Rugged high performance carbon microphones for com-
munication use. They can be mounted on headset booms
where small size and weight are obvious advantages.
Both types can also be mounted in various ways to meet
individual requirements.
These microphones are designed for close speaking where
the special acoustic screens, high electrical output and
tailored frequency response make an important advance
in speech transmission.
SPECIFICATION
Frequency response
Sensitivity
Load Resistance
Feed Current
Mounting

Finish

LEAD SWITCH

ARB Ref. WR650

A 301 A 303
200-5000 c/s 200-4000 cis

-50d13)Vidyne/cry0 at 1000 cis
100 to 250 ohms 100 to 250 ohms
Approx. 40 mA 60 to 85 mA sic current

By two 8 BA screws Special slip contact for
which also form the mounting on headset
contacts. boom.
High impact injection moulded case. Her-
metically sealed except for small equalising leak.
Fully tropicalised.

A spring
loaded single

pole double throw
snap -action positive

contact switch, designed
primarily as a microphone switch for
airborne telecommunication headsets.

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

EDINBURGH WAY

HARLOW ESSEX

TEL: HARLOW 24331

C
One of the

Clement Clarke
GrovP

4WW-054 FOR FURTHER DETAILS. 4% W-055 FOR FURTHER DETAILS.
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electrosil have
the resistor kit
that every
laboratory needs

one small cabinet
gives you semi -precision,
high stability,
general purpose-because
each Electrosil resistor
does three jobs
The exclusive Electrosil triple -rating concept
now gives you a compact metal oxide resistor
kit which will be of the utmost use in every
electronics laboratory and experimental unit.
Thirty values of resistor gives a choice of
three operational modes in each value. The
normal cabinet covers the E6 range of preferred

values, but special combinations of resistance
values can be supplied to order.
Now you can build Electrosil reliability into
your designs right from the start, with the
resistors you need where you want them,
when you want them.

cut out the 'bits and pieces' and get the resistor situation under control
 The Electrosil Laboratory Kit gives many advan-

tages:-Immediate availability of the best metal
oxide film resistors currently available.

 A compact stock because each resistor has three
ratings making it suitable for semi-precision,
high stability or general purpose applications.

fl Advantageous prices.
D Savings in time and effort in stores requisitions

and searching for required types and values.
 Ease of stock replenishment-just use the re -order

card.
D A permanent solidly constructed cabinet which is

either free-standing or wall -mounted as required.
4WW-056 FOR FURTHER DETAILS.

CElectrosil
LIMITED

ELECTROSIL LIMITED
PALLION SUNDERLAND. CO. DURHAM

Tel: Sunderland 71557 Telex 53273
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ITEL Y
for caustic 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 resin bonded ply and finished in a cellu-
lose enamel which makes these suitable for indoor or outdoor use.

Standard
Hood
Dimensions
25" high
201" deep
24f" wide

.......

 Fitted with loudspeakers Fitted with doors for outdoor use
Also available with internal light andl or a storage she/f be/ow hood

& directory 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 provi-
des 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
17+" high x 13+" wide x 131" deep

For further details please write or telephone.

WHITELEY ELECTRICAL RADIO CO. LTD
Mansfield  Notts. Telephone: Mansfield 1762-5

4W W-057 FOR FURTHER DETAILS. VV8178
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It costs less to
find the answers
WITH THIS NEW
LABORATORY RESEARCH TOOL

Instrumentation recording for research or laboratory use
has usually meant costly, bulky equipment. NOW, the
moderately priced EPSYLON MR800 ' LABCOR DER '
provides all the facilities you will require in a compact,
easily portable form-with simple operation and
attractive savings in cost.

The 'LABCORDER' is suitable for many industrial data
recording applications. Here are a few distinctive features

 Two Wide Band FM Channels
 Speech Channel
 Time Marker Channel
 Four Tape Speeds allowing 8:1 expansion or

compression of Data Time Scales
 Precise Tape Speed Control
 Quarter inch Magnetic Tape

For digital recording, an alternative model, the MR800D is
available. Features include four digital channels and high
packing density.

Please write or telephone for descriptive literature.

EPSYLON LABCORDER
eEPSYLON INDUSTRIES LIMITED

Faggs Road, Feltham, Middlesex, England.

Telephone: FELtham 5091/5
4WW-058 FOR FURTHER DETAILS.
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In one of the largest steel -rolling plants in Europe the problem of measuring
thickness variations between 0.5% and 2% at strip speeds of 100 to 2,000 ft/min
has been overcome. Normal thickness -gauge accuracy of about 1% was inade-
quate. The problem was solved by the employment of Racal digital instrumentation.
This equipment measures the ratio of the outgoing and incoming steel strip
velocities and presents the thickness variation on a digital read-out to an accuracy
of 0.1%. Provision is made in the system to compensate for differing diameters
of the deflector rolls. Simultaneous analogue and digital recording of the in-
formation can be provided.

w r
,4 reA A A

RACAL COUNTS DEEMRACAL INSTRUMENTS LIMITED
Dukes Ride, Crowthorne, Berkshire
Telephone Crowthorne 227213 and 3763

111472 GramslCables: Bracknell Telex 84166

45

SA.50IA
A FERRITE -

CORE

COUNTER

DESIGNED

FOR THE

INDUSTRIAL

ENVIRON-

MENT FOR

PRECISION

SPEED AND

RATIO MEAS-

UREMENT
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Magnoval/Novar

McMurdo make valveholders
for Magnoval based valves with
0.05" diam. pins and Novar
based valves with 0.04" pins
both types on same pitch circle.
Available for printed circuit or
chassis mounting. The Novar
valveholders are moulded in red
to avoid confusion.

Contact Assembly
Vibrating drum
guides contacts
into feed line
to the automatic
press

Effl©DUI pclo
McMurdo Instrument Co. Ltd.

Rodney Rd., Portsmouth, Hants.
Tel. Portsmouth 35555. Telex 8612,

Contact our Sales Office for details of our full range
4 %VW -060 FOR FURTHER DETAILS.
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ORCHARD ST, IND LIMITED
LOOSE LEAF BINDER DIVISION

Prestige Covers for all purposes, including:

Lightweight binders for-
Brochures
Specifications
Estimates
Bulletins
Catalogues

Many new types and styles of fittings

Heavy Duty Binders for Workshop
Manuals, Parts Catalogues, etc.

Write for new Catalogue

Enquiries to:

lltai1 Office,

Nort hga le, GLOUCESTER
Telephone: (OG L2) 22111 (5 lines)

LS.

PRECISION
PRESSINGS

Accurate

components at

competitive

prices

produced

by progressive
tooling and
multiform
methods

JOHN SMITH LTD.
209 SPON LANE  WEST BROMWICH  STAFFS. TELEPHONE WES 2516

"MITRE MILLS" RICHARD STREET  BIRMINGHAM 7
TELEPHONE ASTon Cross 2218 (4 lines)

4WW-062 FOR FURTHER DETAILS.
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TRANSFORMERS
for use with the

MULLARD 10 + 10
STEREO AMPLIFIER

using ECL 86 Valves

The range of Partridge Transformers for
the High Fidelity enthusiast has recently
been extended by two new types, for
use with the Mullard 10 +10 Stereo;
Output Transformer TG 1073 (price
62/6) and Mains Transformer TG 1074
(price 70/-).

 FROM STOCK AND
PARTRIDGE SUPPLIERS

PARTRIDGE TRANSFORMERS LTD.

WIRELESS WORLD

ASK FOR

TECHNICAL

DATA SHEET

No. 41

ROEBUCK ROAD, CHESSINGTON, SURREY. Telephone. LOWer Hook 4353/4/5

4WW-063 FOR FURTHER DETAILS.

Vari-Scat
THERMOSTATIC

SOLDERING IRON

FOR CONTROLLED TEMPERATURE

Miniature Model 50 watt
Weight
Heating time .. 20 secs.
"Push -in" Bit Sizes 3 32', 1,16", 1/32"
Voltage .. 250 to 12 volts
Price .

Instrument Model 70 watt
Weight
Heating
Bit Size
Voltage
Price

41 oz.
11 min.
11'64"dia.
250 to 24 volts
Mk.I (Micro -switch)
Mk. II (Magnetic 721 -Contact Breaker)

55/-

79'6

Both Models give excellent bit and element
life since the thermostat completely eliminates
overheating and controls the reserve heating
capacity, which makes possible continuous
soldering without chilling of the bit.
The consistent temperature makes these irons
ideal for printed circuit work.

CARDROSS ENGINEERING CO., LTD.
Woodyard Road, Dumbarton

Phone: Dumbarton 2655

 MICROAMMETERS
MILLIAMMETERS

AMMETERS
VOLTMETERS

This is a range of moving coil instru-
ments to B.S.89 for panel mounting.
They are supplied in four different case
sizes : 3", 2i" and 14" rectangular and
21" round. For full details of these
meters, write to the address below for
our illustrated brochure.

McMurdo Instrument Company Limited
Rodney Road, Fratton Trading Estate,

Portsmouth, Hants.
Tel : Portsmouth 35555 Telex 8612

47
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JACKSON
THE BIG NAME IN

PRECISION COMPONENTS
Precision built radio components are an important
contribution to the radio and communications
industry. Be sure of the best and buy Jackson

Precision Built Components.

"ADUP" TERMINAL STRIP

These strips, made in units of 3, 4, 5, 6, 7 or 8 can be combined to form assemblies
of any length. Special concealed movable bolts enable them to be butted close
together without gaps and without irregularities in tag spacing.

* Strip width 0.5 in.
* Tag spacing 0.25 in.
* Working voltage 1.5 kV.
* Insulation resistance over 20 million megohms.
* Test pull 10 lb.
* Capacitance to base 0.5 pF.

STAND-OFF INSULATORS
Jackson stand-off insulators are designed to perform well in rigorous en-
vironments. Their insulation resistance exceeds 20 million megohms
even when atmospheric humidity is high. (They meet British Services
test specification DEF5334.) They will withstand high steady voltages
and intense r.f. fields. Forty different types: ask for catalogue.

* Working voltages up to 10 kV.
* Stoved-on silicone treatment: water repellent.
* Ceramic bodies.
* Silver-plated tags.
* No solder. No plastic. No adhesives.

TERMINAL STRIPS
Jackson terminal strips are assembled without the use of solder, plastics, or
adhesives: this guards against breakdown in strong r.f. fields. They are moisture
proofed, mechanically strong, and easily fixed.

* Working voltage 1.5 kV. Proof test 5 kV.
* Test pull 10 lb.
* Siliconed ceramic insulation.
* Insulation resistance over 20 million megohms.
* Meet DEF5334 for Services' applications.
* Silver-plated tags, cadmium -plated base.

It's reliable if it's made by Jackson!

IACKSON BROS. (LONDON) LTD
DEPT. W.W., KINGSWAY-WADDON, CROYDON

SURREY
Phone: Croydon 2754-S Gram: Walfilco, Souphone, London

4WW-003 FOR FURTHER DETAILS.
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INFORMATION SERVICE FOR

PROFESSIONAL READERS

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

PLEASE USE CAPITAL LETTERS

Pour obtenir tout autre renseignement sur tout article
mentionne dans ('Editorial ou dans les pages pub-
licitaires de ce numero nous vous prions de remplir une ou
plusieurs des cartes ci-jointes en inscrivant le numero ou les
numeros de reference. Vos demandes de renseignement
seront transmises aux fabricants interesses qui, entemps
voulu, vous feront parvenir une reponse. II est necessaire
d'affranchir ;es cartes postees de revenger.

PRIERE D'UTILISER DES CARACTERES D'IMPRIMERIE

Weitere Einzelheiten iiber irgendwelche Artikel, die
auf redaktionellen oder Anzeigenseiten erscheinena er-
halten Sie, indem Sie eine oder mehrere der beigefugten
Karten ausfullen und die Kennummer(n) angeben. Ihre
Anfrage wird an den Hersteller weiter geleitet, und Sie
werden dann direkt von ihm heren. Karten, die imAusland
aufgegeben werden, miissen frankiert werden.

BITTE IN BLOCKSCHRIFT AUSFULLEN

Per ulteriori particolari in merito agli articoli menzionat
nel testo o nelle pagine pubblicitarie di questo numero.
Vi preghiamo di completare una o piu delle schede allegate
citando iI numero o i numeri di riferimento. La Vostra
richiesta sari inoltrata ai fabbricanti interessati the Vi
risponderanno direttamente. Le schede dall'estero devono
essere regolarmente affrancate.

SI PREGA DI COMPILARE LE SCHEDE A
STAMPATELLO

Con objeto de obtener mas detalles de caulquiera de
los articulos mencionados en las paginas editoria'es o de
annuncios de este numero sirvase rellenar una o mas de las
unidas tarjetas citando el numero o numeros de re'erencia.
Sus consultas seran transmitidas a los fabricantes interesados
de quiene stendran noticias direttamente a su debido tiempo.
Las tarjetas enviadas desde el extranjero requireren fran-
queo.

SIRVASE ESCRIBIR CON LETRAS MAYUSCULAS

Bs
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ENGLISH ELECTRIC VALVE CO., LTD.,
can now supply from stock new high sensitivity
vidicons which represent an important develop-
ment in television camera tubes.
These new separate mesh tubes are characterised
by their high sensitivity, short lag and high reso-
lution. The spectral response peaks in the blue to
provide correct panchromatic reproduction when
used with tungsten lighting yet the sensitivity is
equal to that attainable with "red sensitive" types
such as the 7735A. Although primarily intended
for broadcast television these tubes have many
industrial applications especially where fluorescent
lighting is employed. Two types are available,
differing in heater ratings.

8625 with 6.3V/0.6A heater.
8626 with 6.3V/0.095A heater.

Please write for comprehensive data on these and
other EEv vidicons.

ENGLISH ELECTRIC VALVE CO LTD CHELMSFORD ENGLAND

Telephone:Chelmsford3491,Ex262,Te1ex99103 I AGENTS THROUGHOUT THE WORLD EEV
4WW-004 FOR FURTHER DETAILS.
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MARCONI INSTRUMENTS
LABORATORY MEASURING 44

OSCILLOSCOPE
Type TF 2200A

MORE
versatile

new delaying time base circuitry provides
eighteen ranges in 1 -2-5 sequence, 10 t.tsec to 5 sec.

MORE
adaptable

new rectangular bezel accepts a wide range of cameras,
alternative graticules and viewing aids:

new B N C connectors for Y -input suit all new accessories.

MOR
accessories

new passive and active probes, new graticule projector,
new polarising filter, new instrument trolly.

BRIEF SPECIFICATION
* D.C. to 40 Mc s bandwidth at 50 mV cm
* 12 nsec rise time for less than 1% overshoot
* 10 nsec/cm writing speed
* 3 mode sweep delay from less than 1 usec to 5 sec

for detailed waveform analysis or line strobe

* Two position frequency roll -off
* Simplified triggering control
* Single -trace, dual trace and TV -differential plug -ins
* Slide -back or direct time and voltage measurement

with built in voltage calibration

4'W W-061 FOR

Are you kept fully informed about Marconi Instru-
ments activities in the oscilloscope field? Contin-
uous development of proven designs (including
important valve and circuit improvements in the
TF 2200A) is backed by specialised research
aimed atthe production of radical new instruments
and better accessories. Some of the oscilloscope
accessories represent significant advances in
themselves: an attenuator probe incorporating a
X10/X1 switching facility with a cable that is
super -flexible and practically unbreakable: a

graticule projector which eliminates parallax error,
accepts all kinds of standard and specially drawn
graticules or reference waveforms, and can be
viewed by several observers simultaneously: and
a new polarising filter which prevents surface
reflection from the face of a tube or graticule.
If you use oscilloscopes please ask to be put on
our mailing list for regular technical information-
starting with full particulars of the TF 2200A.

A GOOD N FOR GOOD NIEASLItE

MARCONI
INSTRUMENTS

MARCONI INSTRUMENTS LIMITED
ST. ALBANS HERTFORDSHIRE  ENGLAND

TEL: ST. ALBANS 59292  TELEX: 23350
FURTHER DETAILS. TC 280



52 WIRELESS WORLD

NOW! A Helipot®
for the Laboratory
saves time in experimental circuits

Based on the successful Model T -10-A, the new Beckman

HELIPOT Model LP -10 Precision Laboratory Potentio-

meter sets the same high standards, yet is priced lower.

For experimental applications, where temporary circuits

are frequently altered or rebuilt, the LP -10 can be quickly

set to a known resistance and positively locked, in one -
fifth of the time required by a five -dial decade box.

Utilising a Series A ten -turn HELIPOT precision

potentiometer and matching DUODIAL turns -counting
dial, the LP -10 provides high resolution with extremely

fine resistance and linearity tolerances.

Write for Data Sheet P,10

Beckman°

® Registered Trademark

INSTRUMENTS LIMITED
GLENROTHES FIFE SCOTLAND

Fullerton, U.S.A. Geneva Munich Paris Cape Town Tokyo
4WW-068 FOR FURTHER DETAILS. BD -OA
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After years of research, Grampian proudly
present a microphone with a really good
frequency response, high sensitivity and a
genuine cardioid pick-up pattern.
More-it is rugged enough to withstand hard
usage-and is still in the medium price range.
Especially useful under difficult conditions,
the Grampian Cardioid is fully up to the
highest Grampian standards of workman-
ship, reliability and integrity.
Frequency response 40 c/s to 12 ke/s. Avail-
able in 4 impedances: Low impedance £14;
other impedances £15. Obtainable now from
your Grampian dealer. Fullest detailS froi I

GRAMPIAN SOUND EQUIPMENT
INTEGRITY THAT YOU HEAR

GRAMPIAN REPRODUCERS LTD
Hanworth Trading Estate, FeItham, Middlesex. Feltham 2657

4WW-069 FOR FURTHER DETAILS.
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ANTI -VIBRATION DEVICES BY

SILENTBLOC
Andre Rubber Co. Ltd. is another Silentbloc Company

4WW-070

Silentbloc

will solve
your

Vibration

Problem

Take a Frustex instrument mounting ... like the one featured
on the left; or the bonded stud next to it. Perhaps the pedestal
flange type in the centre and the ring stud mounting to its
right command your interest? What do they all mean?
They, and the thousands of other components which
SILENTBLOC design and manufacture, mean the end to
most of those vibration troubles.
Combating vibration is SILENTBLOC'S business... but we're
not dogmatic about it, low -frequencies constitute a special
challenge. But, whatever your problem, give it to us - and
you can be sure of one thing: if it can be solved we'll find
the correct answer to it.

SILENTBLOC LTD  MANOR ROYAL  CRAWLEY  SUSSEX
Telephone: Crawley 27733 Telegrams: Silentbloc Crawley Telex No. 87177

SiebibMc products are also manufactured by Silentbloc (Australia) Pty. Ltd, Melbourne
FOR FURTHER DETAILS. Broadway S/503
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Measurement of

Harmonic Distortion
One of the most essential measurements necessary

in a high quality audio system is that of simple harmonic
distortion. It is impossible to do serious development
work on anything in high quality audio without
measurement of this fundamental parameter.

RADFORD make the most advanced audio equip-
ment in the world, and in order to do this it was
found necessary to develop measuring instruments
of a superior performance than those existing. The
Low Distortion Oscillator and Distortion Measuring
Set were designed by audio engineers knowing the
requirements of such apparatus in audio engineering.

The Low Distortion Oscillator generates sine waves
of extreme purity from 5 cis to 250 Kc/s. The instru-
ment also contains a valve millivoltmeter, a squareing
circuit which will produce a clean 250 Kc/s square
wave, and a switched T ' 110 dB 600 ohm attenuator
with facilities for continuous interpolation. The dis-
tortion of the oscillator is less than 0.005% at mid -
band frequencies from its 600 ohm output attenuator.
It is also capable of a very low distortion output of
about 0.001% or below from the 10K ohm output
position at mid -band frequencies.

The Distortion Measuring Set is a complementary
equipment, and is capable of measuring extremely low
distortion content. The most sensitive range on the
instrument is 0.01% f.s.d. On this range it is possible
to get an accurate measurement of 0.002% distortion
and an indication of the order of 0.001% distortion.

The design of these instruments is described in
leaflets which are available upon request.

Prices: Low Distortion Oscillator. L95.
Distortion Measuring Set. L75.

RADFORD ELECTRONICS LTD.
Ashton Vale Estate, Bristol, 3. Tel.: 662301/2

4WW-071 FOR FURTHER DETAILS.
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MECHANICAL
RELAY LATCH

FOR

!Afi% 3000
This latching device ena-
bles the P.O. 3000
type relay to be held
in the closed position
when the coil is de -
energised and until
manually released.
Does not impair the
versatility of the con-
tact arrangements, nor
affect the normal mount-
ing position.

WILL TRIP AND
HOLD ON

A.C. OR D.C.
IMPULSE

Please send for
illustrated leaflet.

Illustrations show 3000 Type
Relay fitted with "Remote "
and " Local " release latch.

EITHER TYPE CAN BE FITTED TO
YOUR EXISTING 3000 TYPE RELAYS
IN A MATTER OF MINUTES

STANDARD 3000 TYPE RELAYS
BUILT TO SPECIFICATION

Quotations by Return of Post. Prototypes within 48 hours.

THE

SPECIAL
HIGH
RENTENTIVITY
CORE

REMANENCE " RELAY
This is a 3000 type relay capable of latching in the

energised position after the supply is removed
until a suitable releasing current is applied

in the opposite direction. This
releasing current is controlled by

two methods: -
1. With a single coil,
by reducing the operat-
ing current in reverse.

2. With a double coil,
via a pair of contacts em-
ployed on the relay to
energise the second coil.
Information on any contact
arrangement to be employed
can be obtained on applica-
tion.

1

Ministry of Aviation EIDApproved Inspection
 RELAYS Type 600  Polarised  AC Relays  High Speed  Uniselectors
 Latching Relays  Magnetic Counters  Miniature Sealed Relays. Available
from stock or supplied to specification.

ELECTRO-MAGNETIC COUNTERS
TESTED AND

GUARAN-
TEED.

MAJOR TYPE
Size 6 x x
liin. 17/6.
P. & P. 1/-.

2 5 7 8

FOR ALL
D.C.

VOLTAGES

MINOR
TYPE-

HIGH SPEED
Size 4 x I a lin.
25/-. P. & P. II-.

lackOci/by (Me&
Dept. " W," 9/10, MALLOW STREET, OLD
STREET, LONDON, E.C.1 Tel. CLErkenwell 3661

4WW-072 FOR FURTHER DETAILS.
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Chassis System

The Lektrokit Construction
Systems consist of a limited
range of simple and inexpensive
components, which can be
quickly assembled to form chassis
and racks for electronic circuits
and equipment. The components
are designed for serviceability
and ease of assembly; no special
skills are called for, and the only
essential tool is a screw -driver.
The finished assemblies, which
may be of any practical size, are
suitable both for laboratory and
small production purposes, and
any assembly may be rearranged
or extended during or after
construction

APT ELECTRONIC
INDUSTRIES
LIMITED

Write to A.P.T. for free price list and booklet
of the Lektrokit Chassis System.

Name

Company

Address

Chertsey Road, Byfleet, Surrey Phone: Byfleet 41131,2 3 4 PABX Grams: Aptran, Byfleet

4WW-073 FOR FURTHER DETAILS.
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!Nth

L1TESOLD
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FIVE
ACES!

Brochure W5 post free on request.

Az,

This is a hand that can't be beaten. Five
models from our tremendous range of soldering
instruments. Superb performance. Amazingly
compact. Developed to simplify YOUR soldering.
Copper bits for greatest speed.
Permatip bits for long life. May we deal you in ?

APRIL, 1965

LIGHT SOLDERING DEVELOPMENTS LTD., 28, Sydenham Road, Croydon, Surrey.
Telephone: CROydon 8589

4WW-074 FOR FURTHER DETAILS.

WEYRAD
COILS AND I.F. TRANSFORMERS IN

LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

P.9 SERIES 10 mm. ,/ 10 mm. x 14 mm. Ferrite cores 6 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm. 12 mm. x 20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

T.41 SERIES 25 mm. 12 mm. x 20 mm. Ferrite cores 4 mm. 472 kcis operation.
Double -tuned 1st and 2nd I.F.s and Single -tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

Weymouth Radio Manufacturing Co., Ltd., School Street, Weymouth, Dorset

4WW-075 FOR FURTHER DETAILS.
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TA 3075

new
lightweight
B.P.O. APPROVED

push-button
handset

TYPICAL USES

* Provides a convenient means of switching
on and off to conserve power from
local battery.

* Short-circuits transmitter to reduce
side tone noise.

* Cuts out conversations when making '
asides.

* Switches radio transmitter when used for
radio telephony.

MICRO -SWITCH CONTROL
A fast -acting changeover speed of 5 milliseconds
makes the provision of a make -before -break action
unnecessary, since holding relays of automatic
exchanges will not release in so short a time. The
switch action is easily changed from locking to
non -locking.

RECEIVER
High -efficiency electro-dynamic as standard.

OPTIONAL TRANSMITTERS
srmimian--two carbon electrodes, or HIGH -OUTPUT
Low-DisTosmoN-three carbon electrodes, or
HIGH EFFICIENCY-electro dynamic.

LIGHT, DURABLE, ATTRACTIVE
Moulded in impact -resistant co-polymer-highly
finished in black, light ivory or elephant grey.
Basic weight with cord, only 362 gm (12k oz).

Made by AEI-specialists for many years in
press -key handsets-this versatile instrument meets
the need for modern styled handset with push-button
facilities. It has been adopted by the British Post
Office. A range of five types has been standardised.

Please write for fully descriptive leaflet 5871 -81

owl ASSOCIATED ELECTRICAL INDUSTRIES LIMITED

AN TELEPHONE APPARATUS DEPARTMENT

COMMUNICATIONS TELECOMMUNICATIONS DIVISION

Woolwich London S E1 8 (Woolwich 2020 Ext. 326)

4WW-076 FOR FURTHER DiE
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I PHASE
AND

3 PHASE

0.5 KVA
TO

250 KVA

TRANSFORMERS

RECTIFIER SETS
100 W 150 kW
FIXED OR
VARIABLE OUTPUT
I PHASE & 3 PHASE
Electro-Plating, Plasma, Arc
Welding, Electro-Magnets,
Carbon Arc, Battery Charg-
ing and other uses.
Plasma Arc Sets and other
specialized equipment for
gas, vacuum and powder
techniques. Power Control
by saturable reactors and
other methods.

Variable Output
D.C. Sources

Low Voltage High Current Rectifier Sets

Is° HIGH CURRENT

TRANSFORMERS

1 Phase and 3 Phase

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

Examples: 5V300A.
10V I ,000A
20V3,000A
5V6,000 A.

01. TirCiOja
64 STEPON LOAD

SWITCHING
AUTO -

TRANSFORMERS

Output 1.6", to I00"
or 125% of input volts
in 64 steps or 80 steps.
A control device for
many loads - resis-
tance furnaces, rec-
tifier sets, battery
charging, anodising,
heating and other uses

Phase and 3 Phase.
18 Models.
Output currents from
20 A to 200 A.

HARMSWORTH, TOWNLEY & CO.
2 Harehill, Todmorden, Lancs.

Telephone: Todmorden 602

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

specialists
since 1935

2 KW. Peak Starting.
750 W. Continuous.
50-60-400 cis. or D.C.
from12-24-50 v. Battery.
Up to 93% Efficiency. Polarity Reversal Pro-
tection. Square or Sinewave. Up to 300%
Instant Overload Capacity. Manually Controlled
Frequency. Reed Type Indicator. Remote
Control Facilities.
Applications: Static " No -Break " Standby
Power Supplies: For Vital System(s) Protec-
tion, e.g. V.H.F. Transmitters: Industrial
Processes; Control -Alarm -Warning Systems:
Mobile Use of Counters; Sig./Gen. Recorders-
U/V Sound. Oscilloscopes and Lab. Gear in
Marine and Aircraft (K114).
Range of models available Please write to department
with prices from ill -04.10.0 C.10 for transverter leaflet.
VALRADIO LIMITED
BROWELLS LANE . FELTHAM . MIDDLESEX

Telephone: FELTHAM 4837
Valradio and Stereosonoscope are the registered trade

marks of Valradio Ltd.

STAND 113, R.E.C.M.F., SHOW
18th -21st MAY

4WW-017 FOR FURTHER DETAILS.

NUMBER ONE IN ELECTRICAL CONNECTORS...

XLR AUDIO PLUGS
The industry standard for low-level
sound circuity requirements. Attrac-
tively styled with satin nickel finish.

Visit us on STAND 233 AT THE R.E.C.M.F. EXHIBITION

CANNON ELECTRIC
(GREAT BRITAIN) LTD.
25-27 Bickerton Road,
Upper Holloway, London, N.19
Telephone: ARChway 3088

C ANNON')

PLUGS

4WW-078 FOR FURTHER DETAILS.
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INDUSTRIAL SENSING DEVICES
BY

ELECTRONIC MACHINE CONTROL LIMITED

GLOSSARY OF TERMS

CAPACITY

CONTIMITOR Type CON. 1
A capacity operated monitor which provides a continuous
indication of level on a meter or recorder. A large number
of industrial and laboratory problems can be solved by its
use.

PROXITRAN Type PTR. 1
A transistorised level control switch that will sense and
control levels of solids, granules, powders or liquids in
tanks, bins, hoppers and other similar containers.

PULSIMITOR Type PUL. 1
A capacity operated electronic switch that will give a pulse
output against a very small change in input capacity that may
be used for counting on conveyors, machine and safety
control, vibration detection, bottle size sensing and the
like.

MINILIM Type ML. 1
An extremely small unit, similar in principle to the Proxi-
mitor and Limitor. It is designed for use where space is at
a premium and may be used where control, sensing and
indexing is required.

Fully descriptive leaflets ore available on request and our

PROXIMITOR Type PRO. 1
A sensitive, reliable and inexpensive capacity operated
relay that may be used for counting, level control of liquids
and solids, interface between immiscible fluids, safety devices,
sensing metal markers in paper, valve float chamber
monitoring, etc.
LIMITOR Type LS. 1
A transistorised proximity switch that will sense objects
without physical contact that does not rely on magnetic
principles for its operation. It can be used for interlock
systems, gating mechanisms, positioning, inhibition circuits
and control systems.

INCREMITOR Type INC. 1
An incremental capacity meter of extremely high sensitivity
with a very small long term drift that can be used for con -
tactless measurement and control of plastic tube extrusion,
plastic sheet processing, electrode spacing, proportional
control and moisture control measurement.
These are only a few of the devices available from our very
wide range which includes devices in the photo -cell and inductive
fields which will bs dealt with in future advertisements.

technical staff are always glad to help with your problems.

ELECTRONIC MACHINE CONTROL LIMITED
N. IL SHERMAN ROAD BROMLEY NOM H V EN i Ieleahone: RAVENSBOURNE 9933

Telex: 28566 Telegrams: EMCO - BROMLEY JACMY/15

4WW-079 FOR FURTHER DETAILS.
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THE LINEAR 'SUPER 30' HIGH FIDELITY
PUBLIC ADDRESS AMPLIFIER

TECHNICAL DETAILS:
SENSITIVITY FOR 30 WATTS
Gram. -50
Mic. I. 5 millivolts.
Mic. 2. 150 Microvolts.

FREQUENCY RESPONSE
± 2 dB 30 c.p.s.-20,000 c.p.s.

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

TREBLE CONTROL
Jr 12 dB to- 12 dB at 10 Kcs.

HUM AND NOISE
- 60 dB

HARMONIC DISTORTION
0.5% for 30 watts.

VALVES
Mullard ECC83, ECC83, ECC83,
EL34, EL34, GZ34.

NEGATIVE FEEDBACK
20 dB

DAMPING FACTOR
12

esiNver Si/per:30

RETAIL 3 "I
PRICE J Gns.

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

Trade and export enquiries invited.

LINEAR PRODUCTS LTD.
ELECTRON WORKS, ARMLEY, LEEDS.

A HIGHLY
EFFICIENT 30 WATT
GENERAL PURPOSE

PUBLIC ADDRESS
UNIT

With input mixing facilities and
outputs for 3 - 7.5 -45 and 330
ohms (100 volt line).

A special feature of the
SUPER 30 is its high
degree of stability, ensuring
that the longest output leads
can be used without fear of
the usual troubles associated
with instability.

Three high sensitivity stand-
ard Jack inputs with pro-
vision for high and low
impedance microphones.

4WW-080 FOR FURTHER DETAILS.

TECHNICAL TRAINING by
IN RADIO, TELEVISION AND

ELECTRONIC ENGINEERING'Cs
First-class opportunities in Radio and Electronics await the I C S
trained man. Let I C S train YOU for a well -paid post in this expanding
field.
I C S courses offer the keen, ambitious man the opportunity 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. SUPPLEMENTARY STUDIES.
* R.T.E.B. RADIO AND TV SERVICING CERTIFICATE.
* RADIO AMATEURS' EXAMINATION.
* P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until Successful.
NEW SELF -BUILD RADIO COURSES.
Build your own 5 -valve receiver, transistor portable, signal generator
and multi -test meter-all under expert tuition.
POST THIS COUPON TODAY and find out how I C S can help YOU
in your career. Full details of I C S courses in Radio, Television and
Electronics will be sent to you by return mail.
MEMBER OF THE ASSOCIATION
OF BRITISH CORRESPONDENCE COLLEGES.

INTERNATIONAL

CORRESPONDENCE

SCHOOLS

A WHOLE WORLD !
OF KNOWLEDGE I

-
International Correspondence Schools

(Dept. 222), Intertext House, Parkgate Road,
London, S.W.! I.

NAME

ADDRESS
Block Capitals Please
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- EDDYSTONE-
SLOW MOTION DIALS

Catalogue No. 585
EPICYCLIC DIAL

This full vision dial incorporates an
epicyclic, ball -bearing drive mechanism of
improved design and giving a reduction
ratio of approximately 10 to 1. The
movement is smooth and free from back-
lash. Dial escutcheon measures 6" long
by 4*" wide, finished ripple black. Four
lines are provided on the semi -circular
scale for individual calibrations, the outer
line being marked from 0 to 100 over
Supplied complete with black instrument
knob 2i" diameter.

A high grade assembly for preci-
sion instrument applications.
Gear driven, flywheel -loaded
mechanism, with a reduction
ratio of 140 to 1, giving smooth,
positive control.
Pointer travel is 7". A circular
vernier scale, marked 0 to 100, is
read in conjunction with the
lowest line on the main scale,
which has five lines for in-
dividual calibration. Overall
dimensions 9+" by 5,+". Diecast
escutcheon finished glossy black
to match 21r" diameter instru-
ment knob. Complete with fixing screws and

Catalogue No. 898
GEAR DRIVEN

mounting template.

Data Sheets from the Manufacturers
STRATTON & CO. LTD.
BIRMINGHAM 31

4WW-082 FOR FURTHER DETAILS.
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The Complete range of " Hatfield " instruments may be seen on
Stand No. 449 at the R.E.C.S., Olympia, May 18th -21st, 1965

Specialised
instrumentation
by.,.

HATFIELD
 UNIVERSAL SIGNALLING TEST SET TYPE S.P.O. 7803

Designed to facilitate testing and alignment of transist-
orised out -of -band signalling equipment and to enable
signalling and telegraph relays to be tested and adjusted.
An amplifier is provided so that "end -to -end" measure-
ments of signalling distortion may be made at levels
higher than nominal.

 PSOPHOMETER TYPE S.P.O. 7525
A portable, self-contained transistorised unit, operating
from internal battery or from rackside power supplies.
Provided with both Telephone and Broadcast Weighting
Networks meeting the latest requirements of C.C.I.T.T.
(1961. in the case of the "Broadcast" network) selected by
front panel switching without external networks. When
these networks are switched out of circuit, the Instru-
ment can be used as a voltmeter having a substantially
flat frequency response over the range 50 c/s to 20 K/cs.

 LOW FREQUENCY SELECTIVE LEVEL METER
TYPE S.P.O. 7820
Frequency Range: 30 e s - 30 Kc, s; Expanded Range 30 c/s -
9 Kc/s; Calibration Accuracy: ± 1% ± 5 c/s. Level Range:
+ 20 dBm to -105 dBm. Through and terminated measure-
ments may be made on 600 ohm and 140 ohm circuits,
balanced and unbalanced. Harmonic discrimination: 65
dB; Accuracy: ± 0.1 dB within range + 5 dB to -10 dB
on meter. ± 0.25 dB within range 10 dB to -15 dB on meter.
Attenuator accuracy 0 2 dB.

 LOW FREQUENCY OSCILLATOR TYPE S.P.O. 7806
Used in conjunction with the Low Frequency Selective
Level Meter, automatic tracking is provided over the
frequency range 30 c/s-20 Kc/s. Sending levels are + I to
-82 dBm with an accuracy of ± Ill dB at 1 Kc/s and 0 dBm
at 20°C. The "send level" meter accuracy is ± 0.2 dB at
other readings and the 0-70 dB attenuator accuracy is
± 0.3 dB. Level/Frequency response is ± 0.2 dB and the
error due to temperature changes in the range 0°C -40'C
is f 0.3 dB. 600 ohm and 140 ohm balanced and unbalanced
output impedances are provided. The network may be
operated from internal batteries or an external 18 to 26.5
V.D.C. supply.

These specialised instruments are manufactured by Us by
arrangement with the Transmission Division of G.E.C. ;Tele-
communications) Limited, Coventry who are responsible for
the circuit design.
Enquiries for specialised instruments of any kind are welcome.
Ask for a copy of our Catalogue or our Technical Representa-
tive will call.

HATFIELD BALUN
HATFIELD INSTRUMENTS LTD.,

Dept. W.W., Burlington Way, Plymouth, Devon.
Phone: Plymouth 7277314 Grams: Stlejen Plymouth

4 --C183 FOR FURTHER DETAILS.
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certainly
MEC Type TS Miniature Toggle Switches E the
smallest switches available, 0.25 inch diameter
El mount 9 to the square inch 1-1 Single -pole
change -over with quick make, quick break
action E Mechanical life in excess of 40,000
operations E Current rating 1 A at 50 volts d.c.
E Two models, TS70, silver contacts, 10
milliohms contact resistance, TS71, gold-plated
contacts, 6 milliohms contact resistance E
Temperature range 0°C to 85°C E Prompt
delivery E Send for full details, price list E
Miniature Electronic Components Ltd., St. Johns,
Woking, Surrey. Tel. Woking 5211.

m -e -c
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HOWELLS
RADIO

MINISTRY OF AVIATION APPROVED INSPECTION.

TRANSFORMERS
STANDARD RANGE OR TO YOUR DESIGN
TOROIDAL-' C' CORE - PULSE - MATRIX

CHASSIS -CABINETS & PRECISION METALWORK
ELECTRONIC ASSEMBLY

HOWELLS RADIO LTD.
MULBERRY STREET, MANCHESTER, 15

MOSS SIDE 2000-2434
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IMPEX ELECTRICAL LIMITED
I GOWER ST., LONDON, W.C.1 MUSeum 9777

IMPEX SEMICONDUCTORS

Supplies are available of fully tested semiconductors with slightly
relaxed specifications. Continuity of supply is always assured. Availa-
bility list upon request.
531T p -n -p audio frequency transistor similar to 0081 VCE max. =

-9V; VBE max. (lc = I.5mA) = -200mV; VBEmax. --- 300mA)
-750mV; ICBO (VCB --- -9V) <25µA; 4E> 100.

59IT silicon junction transistor similar to 0C204 VcB max. = VCEmax.
= - 14V; lEmax. = 450mA; IB max. = 90mA; !co (VCE = -6V)
<0.3µA; II (VCE = 6V, lc = I mA) = 1.5 Mcis.; hpE >14.

S3R germanium general purpose point contact diode. P.I.V. 22V.

TRADE ONLY

4WW-086 FOR FURTHER DETAILS.

SOCKETS
in short supply?

You need a

CLexor)
DIS- BOARD
DIS-BOARD is a registered trade mark.

4WW-087 FOR

THERE ARE OVER100000MBINATIONS
IN ALL TYPES OF FITTINGS

AVAILABLE FROM STOCK
Full literature and price list from

LEXOR DIS-BOARDS LTD
Allesley Old Road, Coventry. Tel. 72614.
FURTHER DETAILS.
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The Goidring-Lenco GL58
The GL58 has long been popular amongst knowing audiophiles
as the only transcription unit that provides true high fidelity
quality at a really modest price. Now, in keeping with the mod-
ern trend towards shelf and table installations, the GL58 is also
available plinth -mounted or with an elegant shallow cabinet
with Perspex cover.
GL58 TRANSCRIPTION UNIT. The GL58 incorporates a sturdy,
precision -engineered Swiss motor, a continuously variable
speed -adjustment system with four adjustable click -in positions
for standard speeds, an ingenious groove -selector -cum -
lowering -device for the arm, and an integral transcription arm of
proven performancewhich will accommodate anystandard-fitting
cartridge, on a removable 'platform'. All these features and a sur-
prisingly low price make the GL58 an outstanding buy for hi-fi
enthusiasts on a limited budget.

GL 58 TRANSCRIPTION UNIT: £14.14.0 £2.7.9 P.T.
GL 58/P unit on fabric -covered plinth: £17.4.0 -!-£2.15.11 P.T.
C58 CABINET AND COVER FOR GL58 Elegant sapele
mahogany cabinet with removable, clear Perspex dust cover. Cut
for spring or rigid mounting of unit. Size: 14"x 17"x 7". £8.19.6
+ £1,12.0 P.T.

*Recommended cartidges for the GL 58 are: Pickering 380 A,
Goldring CS 90 and Goldring 580.

GOLDRING MANUFACTURING CO (GB) LTD / 486-488 HIGH ROAD
LEYTONSTONE / LONDON El 1 TELEPHONE : LEYTONSTONE 8343

OVVV-088 FOR FURTHER DETAILS.

63

*PICKERING 380A
Moving -magnet cartridge for excep-
tional mono or stereo reproduction.
Features the exclusive V -guard push -
in diamond stylus unit which prevents
damage through accidental dropping
of arm on record. The Pickering 380A
ensures high channel separation and
virtually eliminates needle talk, hiss
or distortion. Hermetically sealed, it
tracks at 2 grams, faultlessly repro-
duces the most exacting records.
£12.12.0 £2.0.11 P.T.

*GOLDRING CS90
A stereo ceramic cartridge with excel-
lent frequency response and cross-
talk separation. Can be played at
light tracking weights and gives an
output of 50 mV. Fitted with replace
able 0.0005" tip diamond stylus.
E4.4.0 13.8 P.T.

*GOLDRING 580
A high-performance variable reluc-
tance cartridge of the turn -over type,
for mono operation. Fitted with easily
replaceable sapphire styli and en-
closed in a mu -metal shell for hum
shielding. The 580 tracks at low
pressures and has adequate output for
modern hi-fi amplifiers.
£4.4.0 13.8 P.T.
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INDUCTANCE
BRIDGE

MODEL 66

NOMBREX
* Signal Generator 27
* Power Supply Unit 61

TRANSISTORISED
INSTRUMENTATION

E9.15.9

E6.13.6

* C.R. Bridge 62 ... .

* Audio Generator 63 . . L17. 0.9

* Inductance Bridge 66 E18. 5.9

All prices include battery, post and packing. Prompt Delivery.

S.A.E. FOR TECHNICAL
LEAFLETS

TRADE & EXPORT
ENQUIRIES INVITED

!NOMBREX LTD.
ESTUARY HOUSE, CAMPERDOWN TERRACE,

EXMOUTH, DEVON. Phone:
/TERRACE, C.R..R. BRIDGE

MODEL 62

4WW-089 FOR FURTHER DETAILS.

It's easy to find small components

in an original raaco cabinet
 You can see at a glance what you want
 6 drawer sizes with movable dividers
 Stout steel frame will carry heavy loads
 Hang them up, or stack them in units
 Range of 35 different space -saving cabinets

FOR MODERN AND EFFICIENT STORAGE OF SMALL ITEMS

Write today for free illustrated leaflet
LTDBath House, 57/55 Holborn Viaduct
London, E.C.1. Tel: City 3410
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/OXLEY
TYPE 062

SUB -MINIATURE

`BARB" INSULATORS

A new OXLEY Patented sub miniature
insulator which is speedy to assemble and
with outstanding physical characteristics:

The P.T.F.E, bush, which is supplied with
the heavily silver Plated brass"barb" partly
inserted, is located in an ordinary.062" dia.
hole and the barbed spit is pressed firmly
through the assembly, thus expanding
the P.T.F.E. bush on the far side of the
chassis and locking the complete
assembly firmly in the chassis.

Working voltage 500 V.DC; Capacity less
than .5 pF; Temperature range -55°C to A00
H -200°C; Resistance to pull in either
direction 3 Ibs; Chassis thickness =22:24;

ItSWG - .0227.028' - 0.56;0.72 m;m;
Mounting hole dia..1362" = 1/16.= 1.58 m:m.

100 of these insulators mounted, occupy IN
only one square inch of chassis space.

j OXLEY
DEVELOPMENTS CO., LTD.
ULVERSTON : LANCASHIRE.
Telephone ULVERST ON 256i

4 WW -091 FOR FURTHER DETAILS.

AUDIO AMPLIFIER
12 Volt with 15 W. Output

Designed specially to give pleasing results on music and speech

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

All output and input terminations are fully floating, thus enabling layman
or skilled engineer to be equally confident in the simple matter of coupling
up for use.

FULL DETAILS OF THIS AND OTHER EQUIPMENT BY RETURN OF POST

E. K. ELECTRONICS, (IA.) LTD: Brotherton, Knottingley, Yorks
4WW-092 FOR FURTHER DETAILS.
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"Talk -Back", the smallest, lightest V.H.F'. Pocket Radio
Transmitter, weighs only 2i ounces and is entirely self-
contained. It enables Keymen to speak to base from wherever
they happen to be. The Multitone "Talk -Back" system
operates effectively both inside and outside buildings. It can
be integrated with any Paging System. Type approved by
the British General Post Office.
Two-way speech communication and acknowledging calls
is now possible, when used with Multitone Pocket Paging
or any other speech system including loudspeakers.
No establishment is too large or too small for this system
and it has been specially designed for use where intrinsic
safety regulations apply.
If you would like further particulars and details of Multitone's
"Talk -Back" fill in the coupon for your free "Instant Com-
munication" brochure.

INSTANT COMMUNICATION BY

Multitone
Please send me the brochure "Instant Communication" together
with other details of Multitone's "Talk -Back" system.

NAME.

ADDRESS

MULTITONE ELECTRIC COMPANY LTD.,
12 UNDERWOOD STREET, LONDON, N.1.

4w vi -093 FOR FURTHER DETAILS.
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RUSTRAK MINIATURE RECORDERS engineered for years of rugged service

Ere.

All over the world you can see Rustrak
recorders mounted on the cross -arms
of telegraph poles, gathering depend-
able data day and night, winter and
summer.

Because Rustrak recorders use pres-
sure sensitive paper they maintain
optimum accuracy in temperatures
from sub -zero to 160°F.; from sea level

to 100,009 ft. and under conditions of
high humidity.
In spite of low costs Rustrak recorders
are precision instruments housed in
rugged die cast aluminium cases.
Motor drive mechanism, galvanometer
and writing system all give years

of faithful service under extremely
tough conditions.
Other important features include:
NO INK. Smooth, high resolution traces

are produced without ink, heated stylus
or voltage sensitive paper.
11 SPEEDS WITH ONE MOTOR. With any

one drive motor 11 different chart
speeds are available by means of
rapidly interchangeable gearboxes.
99 CHART SPEEDS. From ilg" to 450"
per hour on all analogue (galvano-
meter) recorders.
LARGE CHART CAPACITY. At 1" per hour

a standard chart roll lasts a full
month.

AC, DC OR BATTERY DRIVE. Chart drive

powered by AC synchronous motors of
any standard voltage, DC motors which
consume only milliwatts of power, or
by rechargeable batteries.
RANGES. Models available to record
AC and DC current and voltage and
temperature.

REROLL OR TEAR-OFF.The chart is re-

wound inside the unit or in the tear -
off type it feeds out of the recorder
and may be torn off as required.
EXPERT ADVICE. Our representatives

will be glad to advise you on any
application.
LOW COST. Prices from 253 - port-
able units or for panel mounting.

Write or phone for catalogue

W\A rusFrak

WEST Instrument Limited

A Division of

GULTON INDUSTRIES (BRITAIN) LTD

The Hyde Brighton 7. Sussex England
Tel: Brighton 66271 Telex: 87171

4WW-094 FOR FURTHER DETAILS.

THE

PEMBRIDGE

COLLEGE

OF ELECTRONICS

PROVIDES TRAINING

IN RADIO

AND TELEVISION

FULL-TIME COLLEGE COURSE

IN RADIO AND TELEVISION
Our Course has now been extended to sixteen
months' duration to include theoretical and practical
instruction on transistor television receivers, U.H.F.
television receivers and colour television.
Next Course commences 27th April, 1965.
This Course is recognised by the Radio Trades
Examination Board (R.T.E.B.) for the Radio and
Television Servicing Certificate examinations.
Provides excellent practical experience on valve
and transistor radio receivers and all well-known
makes of television receivers.

To:
The Pembridge College of Electronics (Dept. P10)
34a Hereford Road, London, W.2.

Please send, without obligation, details of the
Full-time Course in Radio and Television.

Name

Address

4WW-095 FOR FURTHER DETAILS.
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Frequelex-for high -frequency insulation.

Refractories for high -temperature insulation.

Bullers porcelain for general insulation purposes.

Meticulous care in manufacture, high quality mate-
rial, with particular attention applied to dimensional
precision and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Write today for detailed particulars.

BULLERS LIMITED
Milton, Stoke-on-Trent, Staffs.

Phone: Stoke on Trent 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent

Londcn Office: 6 Laurence Pountney Hill, E.C.4
Phone: MANsion House 9971

4WW-096 FOR FURTHER DETAILS.
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Cinch "332" series laminated edge connectors (for use
with the .093" printed boards frequently specified for
more rugged applications) offer designers many advant-
ages. Any number of ways from 1 to 38 - .150" and
.156" contact pitch - Low cost - Quick, easy assembly
- Ribbed contacts - Positive operation with maximum
and minimum board thicknesses. With their comple-
mentary "Standard" and "Point 1" series, Cinch lami-
nated edge connectors offer the most comprehensive and
versatile range of designs available.

SPECIFICATION dArrent Rating -5 amps per contact
Working Voltage - 500V D.C.
Proof voltage -2 KV D.C.
Contact Resistance - 5m.O.

67

CARR al-yaza672@oayo
the firm with the best connections
Stapleford, Nottingham  Tel: Sandiacre 2661

York House, Empire Way, Wembley, M'cldlesex. Telephone DILigence 1255/9
Crossford Court, Dane Road, Sale, Cheshire. Telephone Sale 4213,4

4WW-097 FOR FURTHER DETAILS.



SOLON

GETS

THINGS

TOGETHER

FOR

GOOD

SOLON ELECTRIC
SOLDERING IRONS

are made by AEI in a
range of seven models

rated from 15 to
240 watts. Designed
for continuous duty
and unsurpassed for

industrial use. All parts
are easily replaceable,

spares always available.
Over 30 years

experience behind
every Solon.

From you, radio or
electrical supplier

SOLO
FiJE. FURTHER DETAILS. 11:7GiC

WIRELESS WORLD

NEW!
PRINTED CIRCUIT &

TRANSISTOR SOLDER

Designed specifically
for Printed Circuits
and High Temperature
Sensitive Compon-
ents. Plastic re -usable
reel contains 212 feet of
60 40 High Tin Quality
22 s.w.g. ERSIN
MULTICORE SOLDER
with 5 -cores of non-
corrosive flux. Ask for
Size 10.

15/- each (Subject)

Foi small users, the same specification is
available on a 2 6d. reel (subject).

Bib THE PROFESSIONAL

TAPE SPLICER

All metal-beautifully plated-compact in
size. Easily and permanently attached to a
tape recorder. Clamps hold the magnetic or
leader tapes in the precision cut channel-
no damage to the edges. Right angle and
oblique cutting slots.
Complete with Razor Cutter 18/6

Bib

44%

WIRE STRIPPER

AND CUTTER

This efficient tool strips insu-
lation, cuts wires cleanly and
splits plastic twin flex. It is
adjustable to most wire thick-
nesses.

3/6 each (Subject)

If you have any difficulty In obtaining these
Items they will be sent post free, (U -K  only)

MULTICORE SOLDERS LTD.
HEMEL HEMPSTEAD, HERTS.

TEL: BOXMOOR 3636,,ms255

(See also advertisement on back cover)
4WW-099 FOR FURTHER DETAILS.
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How to build a

It TRANSISTOR

TV RECEIVER
Get PRACTICAL TELEVISION for full
instructions to build this unique re-
ceiver. Power supply: 12V d.c. or 190-
250V a.c. Display: 14" 90 M36 -11W.
Tuner: 3 -Transistor. Noise figure: 5dB.
Sound: Sensitivity 3µV for 50 mW out-
put. Total distortion 3% at 1 watt. Class
AB push-pull. Vision: Overall sensitivity
10µV for 20V p -p output. Time bases:
Blocking oscillators. Flywheel sync. for
line. Linearity better than frA, (field), 5",,
(line). Wide use of etched foil circuits.
Unit construction.

Make sure of your copy now! 2'
4WW-I00 FOR FURTHER DETAILS.
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We have extended our shelf space
to take a new range of portable meters

These new meters, manufactured for us by a famous Hungarian factory, have a very definite place in industry, research
and education. The place ... all the places ... where the equation 'accuracy + robustness = high cost' has hitherto been
as depressing as it was inevitable. Here, now, is a range which includes portable D.C. and rectified A.C. moving coil meters,
moving iron ammeters and voltmeters, and dynamometer wattmeters-all built to educational standards of robustness,
laboratory standards of accuracy and realistic standards of costs. Consignments are currently going out too fast for us to
use the shelf space we've provided but of course you won't mind delivery ex -packing case instead of "off the shelf".
Either way, meters from Anders always reach you via a thoroughly painstaking inspection and testing department. If you
haven't got details of this new. Anders range, drop us a line today.

 Meters of all kinds from stock  Meter calibration/Meter modification/Ancillary equipment III Custom -designed.
meter circuitry and components  Sole U.K. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE
ANDERS ELECTRONICS LTD  103 HAMPSTEAD ROAD  LONDON NWI
TELEPHONE EUSTON 1639 MINISTRY OF AVIATION APPROVED

4WW-101 FOR FURTHER DETAILS.
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56Mc/s 4.505Mc/s 4.75
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58Mc/s 4.505Mc/s 4.754
57Mc/s c/s 9.751

6 c/s 4 c/s 4.754
57Mc/s c/s 9.751
56Mc/s /s4.754

10,000 channels between 2 and 12 Mc/s and an output of
15 watts p.e.p. have given this 22lb packset (including
battery) a range of punch and purpose far beyond that of any
existing equipment, whether it's used in jungle, fjord or wadi.
Frequency synthesis, HF SSB operation with AM
Telephony (full DSB) and CW telegraphy services are all
concentrated in this slim, lightweight equipment which
employs semi -conductors throughout, common circuitry
for transmit and receive facilities and modular construction
-all combining to make the GR.345 the greatest advance
for years in its field.
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s .
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s11.001 s11.25
1Mc/s 6.252Mcis 6
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/s 11.001 11.25
01 Mc/s 'Mc/s6

There's a lot more to know about the GR.345. Contact us
and we will be pleased to tell you.

edifon
Communications Division, Wandsworth, London, S.W.1 8
Telephone : vANdyke 7281

A Member Company of the Rediffusion Group
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Tracemanship

Telequipment type S43 and D43 oscilloscopes
can be used with any of three different plug-
in -amplifiers, including the sensational G type
wide band and differential.
S43 is a single -beam instrument, D43 double. Both
have newly developed time -base circuits, ensuring
exceptionally good linearity, and both have new 4in.
aluminised CRTs which give brighter, more accu-
rately read traces than have been offered before in
this type of instrument.
The advantages of this Telequipment oscilloscope
system are twofold. One basic oscilloscope, together
with the appropriate type of amplifier selected from
the range, provides a specialised instrument at a very
reasonable price. Or, if the range of work to be done
requires it, extra amplifiers can be added to adapt the
basic in-trim-len-I to a variety of

APRIL, 1965

amplifiers have been developed for specific applica-
tions-for example, type D Envelope Monitor for
use in the broadcast transmission industry.

Amplifiers
A (General purpose) DC -15 Mc/s at roo -rriV/cm
B (Differential) DC -75 Kc/s at rinV/cm

- ro,000 : r rejection - -

C (Ultra -high gain) DC -r5 Mc/s at roomV/cm and
3 c/s-75Kc/s at roottY/cm

D (Envelope monitor) 2.5 AiC/S-32 MC/S.
Senstivity iV/cm.

G (Wide band differ- DC-ToMc/s at 20 mV/cm.
ential) Maximum sensitivity

2mV/cm
(Bandwidths -3 dB approx.)

Full -details of this oscilloscope system will be sent on request.

843 with type A amplifier £92.
D43 with type A amplifiers £125.

TELEQUIPMENT
Telequipment Limited
313 Chase Road
Southgate, London, N.14
Fox Lane 1166
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These nine Mullard Audio Transistors cover
every application from 40mW to 40W

Mote and more transistorised equipment is becominc
available for domestic entertainment. Mullard

is helping to speed the day with a harmonious range of transistors for
all audio applications: Outputs from 40mW to 40W.

Note for equipment makers who are planning new models:
Details of the range and the usual Mullard advisory services are ready for you.

Mullard
Mullard House, Torrington Place, London, W.C.1. Telephone: Langham 6633 Telex: 22281
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Mar-coni self -tuning H.F system-
the first in the world to be station
planned from input to output.

saves 80%
floor space
Transmitters can be mounted side by
side and back to back or against a
wall. Floor -ducts are eliminated and
all power supply components are
built-in. These features lead to
smaller, simpler, cheaper buildings or
more services in existing buildings.

rugged reliability
R.F circuits have been simplified and
the number of mechanical parts re-
duced to a minimum. Highest engin-
eering standards are applied to the
design of these parts: stainless steel
shafts in ball -bearings in heavy,
rigid, machined castings; stainless
steel spur gears meshing with silicon
bronze; heavy r.f coil contacts with
high contact pressure. Specified
performance is maintained with ample
margins.

simplicity
MST reliability allows continuous
unattended operation with extended
or remote control, saving mainten-
ance and operating staff. Any fault in
the servo control circuits can quickly
be located with simple test routines.
Transistors and printed wiring give
these circuits maximum reliability.

WIRELESS WORLD

breakthrough
MST 30kW transmitter
type H1200
An h.f linear amplifier transmitter for high-grade telecommunications.
Frequency range: 4-27.5 Mc/s.
Output power: 30 kW p.e.p, 23 kW c.w.
Meets all CCIR Recommendations.

self -tuning
The H1200 has a frequency following servo
tuning system. Any frequency may be selected on
the synthesizer decade dials in the associated
MST drive equipment; the unattended transmitter
automatically tunes itself in an average time of
twenty seconds. Final stage tuning and loading
servos continuously ensure automatic compen-
sation for changes in aerial feeder impedance
caused by weather conditions. Self -tuning gives
one-man control of an entire transmitting station.

Marconi telecommunications systems
The Marconi Company Limited, Communications Division, Chelmsford, Essex, England LTDIFFI
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On the right lines with AMPLIVOX
More and more manufacturers are tracking down Amplivox components. That's because Amplivox

products are scientifically developed and precision engineered.
Go for these Amplivox components-and you're on the right lines, too.

*- Hand Microphones * Stethophone Listening Units * Miniature Microphones X Noise Excluding Headsets
* Tropicalised Microphone Inserts * Earphones * Miniature Amplifiers E Lightweight Headsets

If we had more track to spare we could show you a larger selection from our range. Write or phone for full details.

AMPLIVOX-the first and last word in communications

Amplivox Limited, Industrial Division, Beresford Avenue, Wembley, Middlesex. Tel : Wembley 8991
4WW-107 FOR FURTHER DETAILS.

AMPLIVOX



APRIL, 1965 WiRii:LESS WORLD

Frequency 0 to 50Mc/s -Time or Period, l alicrosecond to over 3 years

The Airmec High Speed Counter Type 298 is a basically
new, fully -transistorised instrument covering the fre-
quency range d.c. to over 50 Mc/s without the complica-
tion of additional plug-in units or external accessories.
It offers in one compact unit a unique combination of
facilities for time and period measurements, and for
frequency measurement either by direct or inverse
methods. The indicator is a large 8 -figure in -fine display
unit showing both the units of measurement and the
decimal point, combined with a 5 -digit resettable electro-
mechanical counter. For permanent records of readings,
there are facilities for operating an Airmec Printer Type
316 from the Counter.
The High Speed Counter Type 298 is part of the com-
prehensive range of high quality electronic instruments
produced by Airmec for use in laboratories and work-
shops.

SPECIFICATION
D.C. to 50 Mics
12 figure digital read-out
Automatic indication of decimal
point and units of measurement

MEASURES
Frequency, Time, Period

COUNTS
Pulse or Sinewave Inputs

PROVIDES
Standard Frequency Outputs at
1 and 10 Mc/s
Divider Facilities 10-1 to 10
Connection for external frequency
standard
Output to Airmec Printer Type 316
for digital print-out
Self -checking tactlities
All these features are built-in. and
are provided by the Counter withou
the need for external accessories.

Airmec for peak performance consistently
LABORATORY INSTRUMENTS DIVISION - High Speed Counters, Signal Generators,
Oscilloscopes, Wave Analysers, Phase Meters, Ohmmeters, Valve Voltmeters, etc.

AIRMEC LIMITED HIGH WYCOMBE BUCKS ENGLAND
TELEPHONE HIGH WYCOMBE 2601 (10 LINES)
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NAVAL RADIO

TRANSMITTING

SYSTEMS

APRIL, 1965

Complete flexible

systems

for any class of vessel

Adopted by the

Royal Navy and ordered

by navies in

the Commonwealth

and NATO

e Precise frequency setting and positive stability allows full
advantage to be taken of SSB which provides the most reliable
communications under difficult conditions of propagation oar
interference  Continuous frequency coverage from 240 Kc/s
to 24 Mc/s  Covers all types of signalling a Broadband amplifier
and synthesizer system provides simplest operation and almost
eliminates tuning  Aerials can be sited for maximum radiating
efficiency.

MARCONI NT 203/204 SYSTEMS

COMPLETE NAVAL RADIO AND RADAR SYSTEMS
THE MARCONI COMPANY LIMIT.D CHELMSFORD ESSEX ENGLAND

4WW-109 FOR FURTHER DETAILS.
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NEW
PHILIPS

Clear, sharp picture provided by
new "sidebyside" double -gun
10 cm (4 in) cathode ray tube with
full scale horizontal and
vertical deflection of both beams.
Clear, logical lay -out of front plate,
resulting in quick and easy operation.
19 calibrated sweep speeds from 0.5 ,u s/div
to 0.5 s/div, sweep expansion up to 5x
Jitter free triggering with simple controls
stability being preset, special TV frame position
Largely transistorized
Compact and lightweight (11 kg - 24 Ibs)
Full se; of accessories available

PHILIPS

is

electronic measuring instruments

WIRELESS WORLD

HIGH SENSITIVITY LARGE BANDWIDTH

20 mV/div
2 mV/div

(1 division = 8 mm)

0 - 10 Mc/s
0 - 1.5 Mc/s

Complete manual with full service
instructions supplied with the instrument
Sold and serviced all over the world
Compartment for mains flex provided
Transparant dust cover with
pockets for all accessories provided
Low power consumption (70 W) and wide
range of supply frequencies (50 - 400 c/s),
making it suitable for use with an inverter
Facility for photographic recording,
three preset levels of graticule illumination
for simple camera setting
All components easily
accessible for maintenance and repair

PHILIPS
For the U.K.:
The M.E.L. Equipment Ltd.,
207 Kings Cross Road, London WCI

79
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CAPACITORS
,FOR HIGHER TEMPERATURES

" Supamolds "-Paper Tubular Capacitors-are designed to

cope with the higher temperatures common in modern TV Re-

ceivers, and are available in a range of no fewer than 70 types

for 120v, to 1,000v. D.C. at 70°C with values from 0.00022 to

0.47 ti.F. The distinctive green moulded casing prevents the

ingress of moisture, and enables the I.R. to be retained at a high

level for a long period under adverse conditions.

The elements are non -inductively wound multi -

layer paper dielectric and foil which is impreg-

nated with a solidified mineral oil providing proof

against vibration, acceleration and shock.

Where space is at a premium-"Duomolds" are the

answer. They are smaller than paper capacitors of similar

ratings, and are available for up to 1,000v. D.C. at 70°C or

750v. at 85°C. The elements are of mixed dielectric, non -

inductively wound, and encapsulated in tough moulded

yellow plastic tube.

Send for the T.C.C. Supamold Bulletin 89R and Duomold Bulletin 90R for further
details of these outstanding capacitors.

THE TELEGRAPH CONDENSER CO. LTD
NORTH ACTON, LONDON, W.3
Telephone: ACOrn 0061 (16 lines)
Telegrams: Telefarad, Wesphone, London. Telex: 261383
also a. CHESSINGTON SURREY and BATHGATE SCOTLAND
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Vortexion
quality equipment

TYPE C.B.L.

TAPE RECORDER

Here is a versatile stereophonic recorder which has no equal in its price group.
IT CAN record monaurally or stereophonically with its own mixed inputs from Gram, Radio or other
sources and from high grade low impedance balanced line microphones. With good microphones, etc.
the result is a suitable master for disc manufacturers. " Before and After " monitoring is provided
together with adjustable metered bias for perfection.
IT CAN also make a recording on one track and then transfer it to the other track while measuring
and listening to it and adding one or two more signals also metered.
IT CAN repeat the process and transfer this combined signal to the first track with one or two more
signals. Composers use it for this purpose. One track may have music or commentary and the other
cueing signals or commentary and either may be altered without the other.
IT CAN playback stereophonically or monaurally with its own amplifiers of 31 watts each.

Price £160 Os. Od.
The Vortexion W.V.B. is a high quality monaural machine with " Before and After " monitoring.
The recording inputs are a high sensitivity socket for moving coil or ribbon microphone and a high
impedance socket for radio, etc. either of which can be selected by a switch. Superimposing and
echo work can be done and the playback has reserve gain for abnormal requirements. This model
cannot be converted for stereo playback, but it is a thoroughly reliable machine for the
engineer specialising on monaural work. Price £I10 3s. Od.
The Vortexion W.V.A. is a monaural machine which has a performance equal in sound quality to the other
models. It possesses all the features of the W.V.B. except for " Before and After " monitoring,
Dubbing and Echoes. The recording being made can be heard on the internal loudspeaker as in the
W.V.B. and C.B.L. The controls are uncomplicated. Price: £93 13s. Od.
All tape recorders have adjustable bias controls, low impedance mic. inputs for unlimited lengths of
cable, highly accurate position indicators and meters to measure recording level and bias.

VORTEXION LIMITED
257-263 The Broadway, Wimbledon. S.W.19
Telephone: LIBerty 2814 and 6242-3-4 Telegrams: " Vortexion London, S.W.I9 "

4WW-112 FOR FURTHER DETAILS.
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Marconi Self -Tuning H.F System
-the first in the world to be station
planned from input to output

APRIL, 1965

breakthrough

MST drive systems
for h.f transmitters
MST drive systems meet all CCIR Recommendations

H1601
Comprehensive synthesizer drive assembly for two

independent transmitter channels
Inputs: audio frequencies (6 kc/s bandwidth) or d.c
Outputs: modulated signals at radiated frequencies,

2 W p.e.p
Types of modulation: i.s.b with floating carrier, pilot

carrier or fully suppressed carrier;
d.s.b; c.w 400 bauds; f.s.k 200 bauds or
3500 bauds; frequency shift diplex

Frequency range: 2-27.9999 Mc/s
Frequency selection by decade dials on frequency

synthesizers
Stability: determined by 1 Mc/s master frequency

H1605
1 Mc/s master frequency source
Frequency stability: ± 1 part in 108

one-man control reliability
With the compact MST drive system, self -
tuning transmitters and MST control and
monitoring equipment, one man can operate
an entire transmitting station from a central
point.

H1601

All units (except the distributed amplifier)
are fully transistorized and use printed
wiring. Each unit has a separate power
supply. The 1 Mc/s master signal distribu-
tion is duplicated, and the master frequency
source uses three oscillators to ensure
immediate automatic changeover in the event
of output failure or excessive frequency drift.

versatility
Any drive channel can generate any type of
modulation. F.S.K and f.s diplex signals are
generated by shifting the frequency of 2 kis
or 4 kc/s tones-thus one transmitter can
radiate simultaneously two or more telegraph
channels and an s.s.b channel.

Plug-in modules give switch selection of
services normally required. Logic circuits
prevent selection of two conflicting services.
Extra plug-in modules can be supplied for
any other types of modulation. A wideband
amplifier simplifies frequency selection to a
single operation-adjustment of the synthe-
sizer decade dials.

Marconi telecommunications systems
The Marconi Company Limited, Communications Division, Chelmsford, Essex, England
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A MAJOR LOUDSPEAKER INVENTION THE " SANDWICH "

Price £39:18:Od.
AUDIO AND RECORD REVIEW-" ... This design must be regarded as a break-
through of fundamental and far-reaching importance."

A SUCCESSOR TO THE FAMOUS " TROUGHLINE II ":

FM " TROUGHLINE 3 " Price £31:14:6d.
HI -Fl NEWS-" To sum up, the Leak Troughline II belongs to the very limited class of
aristocrats in the tuner world."

ANOTHER MILESTONE IN AUDIO ENGINEERING "STEREO 30"

TRANSISTORISED AMPLIFIER Price £49:10:0d.
WIRELESS WORLD Editorial, May 1963-" Last autumn during his presidential address
to the British Sound Recording Association, H. J. Leak demonstrated a prototype high -quality
transistor amplifier which gave results indistinguishable from those of his valve amplifiers . . "

" People sometimes ask why there is any necessity to change to transistors. The elimina-
tion of the output transformer is, in our view, sufficient reason now that solutions of the problem
of linearity in the response of the rest of the transistor circuit have been found. As additional
bonuses we get smaller size, cooler running and the prospect of longer life."

83

the

first

name

in

High Fidelity

since 1934
If you are interested in Hi-Fi equip-
ment combining faultless presentation
with audio engineering to impeccable
standards offering studio quality repro-
duction at reasonable cost, WRITE
NOW FOR FULLY ILLUSTRATED
AND DETAILED LITERATURE.

H. J. LEAK & CO., LTD., BRUNEL ROAD, ESTWAY FACTORY ESTATE, LONDON, W.3.
Telephone: SHEpherds Bush 1173 (PBX) Telegrams: Sinusoidal, Ealux' London
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FABBRICA ITALIANA APPARECCHI RADIO
DI PARTI M E NTO ELETTRON ICA PRO FESSI 0 NALE
MILAN (Italy) - Via G. B. Grassi, 93 -Telephone: 306241 306841 - Telex : 31295

 Closed circuit television
 Sound diffusion installations
 TV transmitters

Radio transmitter/receivers

PRODUCTION

Radar and ancillary equipment 
Electronic military equipment 

Ancillary navigational equipment 
Antennae and accessories 

Italian representative and licensee of TEL EFUN K EN AG
for commercial radio equipment

APRIL, 1965
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Transistorised television repeater P 3149 Direction unit for
installations

large sound diffusion Transistorised telecamera -P 4814

4WW-116 FOR FURTHER DETAILS.

OVER 2,000 TEST LEAD COMBINATIONS
Avoncel " Beady Bade " test leads can be supplied from stock to the following specillea.
Mons:-
Heavy Duty PVC Cables In 11 distinguishing colours and 6 lengths froma3in.-361n. Nickel
Plated Crocodile Clips with axial riveted Jaws-Alternative clips. plugs and spades.
Solderless crimped terminal connections on crocodile dips. All individually tested.
Kits of " LAB -AIDS," consisting of basic laboratory requirements are available with
16, 35, and 70 assorted leads including support rack. Special leads produced to order.
Write or phone for illuetrated leaflet and price

AVON

COMMUNICATIONS

& ELECTRONICS

LIMITED
AVONCR

"LAB -AIDS" DIVISION
AVON COMMUNICATIONS
& ELECTRONICS LIMITED

14-16 HIGH STREET, CHRISTCHURCH,
HAMPSHIRE, ENGLAND.
TELEPHONE: CHRISTCHURCH 2469

4WW-117 FOR FURTHER DETAILS.

SOLDER WITII
PRIMAX and PRIMAXA

SUPER EFFICIENT SPOTLIGHT
SOLDERING GUNS

PRIMAX
IOW SPOTLIGHT

86/8 ea-
PRIMAXA
COW SrOTLrOOr

11218 ea.

Distributors: S. KEMPNER LTD., LONDON, N.W.2
384, FINCHLEY ROAD, Tel. HAM 6365
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A selection of
LONDON AREA

For the
complete
range of
Leak
products

I33 TOTTENHAM CT. RD., W.1 Tel. MUS 2605
207 EDGWARE ROAD. W.2 Tel. PAD 3271
152;'3 FLEET STREET, E.C.4 Tel. FLE 2833

LASKY'S
RADIO

hHI

n
FOR ALL
LEADING
AUDIO
EQUIPMENT
Call, write or telephone

Hampstead HIGH FIDELITY
91a, Heath St., London, N.W.3. Hampstead 6377

WE SERVE THE WORLD
with all that's Best in hi-fi

MODERN
ELECTRICS LTD.

120, SHAFTESBURY AVENUE, LONDON, W.1
Opposite Columbia Cinema Telephone: GER 9692
and close to Piccadilly Circus. and TEM 7587

-Sheen Tape Recorder Centre Ltd.-
3 & 4, STATION PARADE,

SHEEN LANE,
S.W.I4.

PRO 0985

FRANCIS of STREATHAM
 No extra for Credit
 Own service department
 Very large stocks

169-173, STREATHAM HIGH RD., LONDON, S.W.16
Open all day Saturday 'Phone: STR 0192/0466

ESSEX

SOUND SUPPLIES
(LOUGHTON) Co. Ltd.
Audio Equipment of all well-known makes.

Tapes, styli, tape -recorders, microphones, turntables,
cabinets, accessories. etc., supplied and serviced.

12 Smart's Lane, Leighton, Essex. Tel. LOU 2715

HAMPSHIRE

HAMILTON ELECTRONICS
High Fidelity and Tape Recorder

Specialists

35 LONDON ROAD, SOUTHAMPTON
Tel: 28622

WIRELESS WORLD

LEAK
LANCASHIRE

Harker & Howarth (Music) Ltd.,
7 The Arcade, Bradshawgate,

Bolton.
Telephone: 26623/4

Main Leak Stockists

Lancs. High Fidelity Ltd.
8 DEANSGATE

MANCHESTER 3
Next to the Grosvenor Hotel

MANCHESTER'S LEADING STOCKISTS

BEAVER RADIO (LIVERPOOL) LTD.

THE HI-FI SPECIALISTS

60/62 WHITECHAPEL, LIVERPOOL, I.
PHONE: ROYAL 9898

LEICESTERSHIRE

Leicester Co-op Society Ltd.
HI-FI DEPARTMENT,

High Street,
Leicester 20431

is the Largest stockist of Leak
Equipment in this area.

NOTTINGHAM

Visit the Finest Hi-Fi Theatre in the
Midlands and see and hear Leak
Equipment properly demonstrated on our
comprehensive comparator system.

THE PHOTO CENTRE
28-30 PELHAM STREET

NOTTINGHAM

WARWICKSHIRE

COVENTRY & DISTRICT CO-OPERATIVE
SOCIETY LTD.

High Fidelity Sound Section,
First Floor, Central Premises,

CORPORATION STREET, COVENTRY
Phone 24031 10 lines

The GRIFFIN RADIO LTD. ',
VI (THE HI -FIDELITY SPECIALIST) '733

V7

P) STOCKISTS OF LEAK EQUIPMENT l)
%
% 94, Bristol Street, Birmingham 5

Telephone: Midland I359 Y]
g;p,,ficmriTirt=dpffliidaftio,5,LpdpEci,,aa

85

Stockists

If you live in the Midlands you can see and hear LEAK
HI-FI EQUIPMENT

 Compare the latest HI -Fl Amplifiers, Speakers, etc.
 Cut a Disc-Tape to Disc-Tape to Tape-Disc to Tape

WHILE YOU WAIT !
 Get your Components ex stock

All at REGENCY ELECTRONICS LTD.,
29 REGENT ST., LEAMINGTON SPA. (Tel. 22590)

"IF IT'S SOUND-IT'S REGENCY"

WORCESTERSHIRE

Comprehensive Range of Equipment always
in stock.

E. J. BENTON LTD.
144 High Street, Stourbridge, Worcs.

Stourbridge 5339

YORKSHIRE

Cussions & Light Ltd.,
King's Square & Walmgate,

York.
Tel: 55666

CHRISTOPHER PRATT
AND SONS LTD.

NORTH PARADE

BRADFORD 1.

OPEN UNTIL 8 P.M. FRIDAYS

J. S. IIAMSBOTTOM & Co. Ltd.
COOK LANE, KEIGHLEY

Tel.: 5444/8

HI-FI STOCKISTS

VAI.i LANCE S
OF LEEDS & BRADFORD
HEADROW HOUSE & MARKET ST. LEEDS
ARNDALE HOUSE, MARKET ST. BRADFORD

SCOTLAND

EDINBURGH'S
HI-FI SPECIALIST
Amplifiers, F.M.Tuners,P/Ups,
Speakers, etc. Demonstrations
and Advice gladly given.
Edinburgh Leak Stockists

Hi-fi Corner
1 Haddmoton Place,
EDINBURGH.
Phone WAV 7901
W. G. Graham,

Assoc. Brit. I.R.E.
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World -challenging
1 THE ONLY CONSTRUCTIONAL AMPLIFIER

IN THE WORLD TO USE PULSE
WIDTH MODULATION

INTEGRATED 10 -WATT
AMPLIFIER AND PRE -AMP

* INPUT SENSITIVITY
1 mV into 1 K ohms

* TOTAL HARMONIC
DISTORTION <01%

* SUITABLE FOR ALL
TYPES OF PICK-UPS

* OPERATES FROM
12 to 15 V.D.C.

SQUARE WAVE

GENERATOR

INPUT

PEED BACK

INTEGRATOR

TWO STAGE
RE AMP

/V\

SIZE

6" X 3"
* 11 TRANSISTORS

* UNIQUE OUTPUT STAGE
* 10 WATT PEAK RATING
* 15 OHMS OUTPUT

Hi-Fi quality for very low cost
By using pulse width modulation, the Sinclair
X -I0 integrated amplifier and pre -amp. offers
the constructor entirely new concepts of ampli-
fier design and performance. Everything,
except the tone and volume controls, is con-
tained on the printed circuit board which
measures only 6' x 3" and, since no heat sink is
necessary, the saving in space is enormous.
This gives the constructor the opportunity to
build a modern, sleek, hi-fi installation. In per-
formance, the X -I0 is a revelation in quality

CURRENT'
ADDER

BLOCK DIAGRAM
Shows in simplified form the stages of this remark-
able amplifier. Such design with its very much bet-
ter standards of performance is made possible by
the use of the latest in transistors, high quality
components and unique circuitry

and power. There is no falling off of higher
frequencies up to 20Kcis, transient response is
superb and current consumption for the power
output obtained is appreciably less than in
comparably rated conventional amplifiers. In
fact the X -I0 will operate perfectly well from
2 6 -volt lantern batteries. The Sinclair X -I0
Manual included with every X -I0 Amplifier
explains how it functions and gives tone control
and stereo matching circuits, none of which
costs more than a few shillings.

All parts for building includ-
ing II transistors, with X -I0
Manual and instructions come to

Ready built and tested with
X -I0 Manual

X-10 Power Supply Unit (ready
built) for A.C. Mains

£5.19.6
£6.19.6

2 .14.0

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO SINCLAIR CUSTOMERS

SINCLAIR RADIONICS LTD,
COMBERTON, CAMBRIDGE

4WW-119 FOR FURTHER DETAILS,
Telephone COMBERTON 682
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Sinclair Designs
2 LONG RANGE POWERFUL RADIO

SMALLER THAN A MATCH -BOX

SINCLAIR

MICRO -6
6 -STAGE RECEIVER

THE SMALLEST IN THE WORLD
- SIZE IS" +"

No transistor set has ever yet compared with the Micro -6
for size, power performance and design and thousands upon
thousands are now in use throughout the world. Everything
except the lightweight earpiece is contained within the smart
minute white, gold and black case. Unique features include
bandspread over the higher frequency end of the medium wave-
band for easy reception of Luxembourg, powerful A.G.C. to
counteract fading of distant stations, and vernier type tuning.
Quality of reproduction is outstandingly good. Order your
Micro -6 now and prove for yourself why it cannot be too highly
recommended as an intriguing design to build and a most
practical radio to use, and you can build it in an evening.

ACTUAL SIZE
A.G.C.

1st R.F.
Amp.

2nd R.F.
Amp. Detector

1st A.F.
Amp.

2nd A.F.

J
3rd A.F.

Amp. Amp.

nix-A:the e ireui wing :3 specia Aire,,-hlkn
ei.totn 13I.A.T.. p eh, 2 ntages A

Amid .1 Pde Alecier ;nil high gain
3- ta3v :Anplitier plan Tunes over e

M WAVvi 1111 . Two seii-cont tined butteri,
give about 70 hone ' working hie.

Build it in an evening
All parts including M.A.T.s, lightweight ear
piece and instructions come to

SOV
MALLORY MERCURY CELL
Type ZM.312 (2 required) each
Pack of 6
"Transrista" Black nylon writ..
strap

III
10/6

7/6

O SINCLAIR TR 750 POWER AMPLIFIER
SIZE 2" x 2"

Another outstanding Sinclair design.
Incorporates its own volume control
and on -off switch. Used with the
Sinclair Micro -6 or makes a powerful
high quality car portable or domestic
radio. 750 milliwatt output into a
standard 25-35 ohm speaker for 10 mV
input. Frequency response from
30 to 20,000 c/s 1dB. The TR 750
will also make an excellent mono
record reproducer (paired for stereo),
baby alarm, etc.

All ports for buil- Ready built
ding with instruc- 39'6 and tested
tions come to

TOMORROW'S DESIGNS READY FORr_. a MM. IBM MMIN. IMMO

I

TRACE THAT FAULT WITH A

SINCLAIR MICRO -INJECTOR
This ingeniously designed device generates a test signal
at any frequency from I Kc/s to 30 Mc/s which is in-
jected via the probe into any part of audio or radio
equipment to enable the user to trace faults rapidly
and accurately. The case measures only 1.8" x 1.3" xi."
with self-contained battery. With full instructions.
Parts for building 27/6 Ready built 32/6
come to and tested

..4.1111MM

SINCLAIR MICRO -AMPLIFIER
Smaller than a 3d. piece!
With a frequency response from
30 to 50,000 c/s I dB and power
gaini of 60dB (1,000,000 times)

4 makes a broad band R.F. amplifier,
A.F. quality amplifier or F.M. 28'6
transmitter. Invaluable to keen
experimenters. All parts with
instructions come to

YOU TO BUILD TO -DAY
MOM OMB =NO MEM

TO SINCLAIR RADIONICS LTD., COMBERTON, CAMBRIDGE
Phone: COMBERTON 682

IPlease send items detailed below: s. d. NAME

TOTAL
Lor which I enclose cash/cheque/money order. BLOCK LETTERS

asim =Ea rim lift MINIM 1111 MI= IWN Mali
4WW-120 FOR FURTHER

ADDRESS

WW.4

DETAILS.

USE THE

COUPON

TODAY
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YOUR TAPES ON

PHILIPS
PRO 50

RECORDER
These are some of the features that make this
new series of recorders particularly suitable for
editing-although they are of course completely
versatile:
1. Models for 71/15 i.p.s. or 15/30 i.p.s.
2. One or two tracks on lin. tape, 3 or 4 tracks on

sin. tape.
3. CCIR or NARBT tape feed and equalisation.
4. Ferrite heads for long life, maintained quality,

precise alignment of multiple gaps, and easy main-
tenance.

5. Electronic tape tension control.
6. Press -button operation.
7. Finger gaps in headblock for ease of tape handling.
8. Tape lifted during rewind from all heads or in contact

with play -back head only if required.
9. Push-button cutting or marking of tape on replay

head.
10. Photo -electric tape stop, operating at end of tape

or on transparent insert.

The PRO 50 is one of a new range of Philips Tape
Recorders which covers every requirement of high grade
professional sound recording: the PRO 20 transportable;
the PRO 25 for highest quality studio recording; the
PRO 50, particularly suitable for heavy duty operation;
and the PRO 70 for multi -channel recording and for
dubbing, post -synchronising and transfer.

PETO SCOTT ELECTRICAL
INSTRUMENTS LIMITED
SOUND & VISION SYSTEMS

Addlestone Road, Weybridge, Surrey
Telephone Weybridge 45511. Telex 262319
Philips Professional TV and Sound Systems.

APRIL, 1965

POWER SUPPLY UNITS

TSV 10
Highly stabilised voltage supply unit.
5 amperes or 0-35V at 10 amperes.
Overload and short circuit proof. Remote sensing facilities.
One control covering full voltage output on each range. Rack
mounting version available.

TSV 30/5CL

Output voltage continu-
ously adjustable over the
range 0.30 volts, maxi-
mum current 5 amp.

Current limiting overload
protection automatically
reset on removal of over-
load. Remote sensing facili-
ties.

U.K.PRICE100

Two ranges -0-70V at

U.K. PRICE £182

TSV 30T/2CL
Compact twin power unit
providing two highly sta-
bilised D.C. voltage out-
puts. Each output 0-30
volts (adjustable), maxi-
mum current 2 amp.

Current limiting overload
protection automatically
reset on removal of over-
load. Simultaneous posi-
tive and negative supplies.
Outputs can be series
connected. Rack mounting
version available.

U.K.PRICErI50

The ability and knowledge of highly trained electronic and mech-
anical engineers has produced this range of stabilised voltage
supply units.
Sales engineers are based throughout the country, and will be
pleased to call and discuss these instruments, and any other
requirements in the power supply field.
Far full detailed specifications write tot -w

FARRELL INSTRUMENTS
LIMITED

SANDBECK WAY, WETHERBY, YORKS.
Tel: 2691/21314

4W W-121 FOR FURTHER DETAILS. 4WW-122 FOR FURTHER DETAILS.
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NEW NOT JUST 1 BUT 2
NEW TUNER -AMPLIFIERS

NEW
NE
NEW
NEW
NEW
NEW
NEW
NEW
AUDIO FAIR
APRIL 22nd to 25th

BOOTH 52
ROOM 347
OFFICE 363

Having AM -FM tuner sections identical to our more expensive range but with
amplifier sections designed for those whose power requirements are more modest,
these units are ideal as the basis of a relatively inexpensive high fidelity system, or
good quality radiogram.
Each unit provides for AM -FM radio, record reproduction, tape recording and
playback. With the simple addition of an Armstrong Multiplex Decoder the stereo
model is ready for stereo broadcast reception.
Either unit may be built into your own cabinet or housed in our handsome case.
For full details and list of over 300 stockists post coupon or write (quote WW.4.65).
Model 127 Stereo (top picture), £37/10/0. Model I27M Mono (bottom picture),
126/10/0. Both models. Optional case. Teak and Vinyl hide, £3/10/0.

4,48. 416

SOS 104

1:00

aYf 145

0

`0

Armstrong Audio Ltd.
Warlters Road
London N.7

telephone NORTH 3213

name

address

WW4.65

atotzritatt9
4WW-123 FOR FURTHER DETAILS.



90

11SC

ntr

0.4000, e

fi fr yr,

raor 'KU rotators
rOm. PAINTS, Ix*tsr. rfoUrrlt AU41%:S'

"AZ*1COOUB YANK*

WIRELESS WORLD

NEW!

ELECTROLUBE

2A -x cuts

maintenance

costs and

ensures

electrical

reliability

Only Electrolube keeps
contacts in new condition,

prevents pitting and contact bounce, reduces arcing
and improves conductivity. Longer life follows the
use of Electrolube. Electrolube is used world-wide on
contacts, relays, potentiometers, switches, busbars,
etc. in industry.

Available in 'drop -at -a -time' snorkel containers, pen

applicators, grease tubes and aerosols, also in bulk
cans. Available from all leading Electrical Wholesalers
in the U.K. and agents in over 30 countries abroad.
M.O.A., War Office, A.R.B., and N.A.T.O. approved.

Send for free product summary booklet.

ITRilff* D

ELECTROLUBE
"ELECTROLUBE" and "SNORKEL" are Registered Trade Marks of Electrolube Ltd. England

ELECTROLUBE LTD.

OXFORD AVE., SLOUGH, BUCKS, ENGLAND. Tel: SLOUGH 25574
4WW-124 FOR FURTHER DETAILS.
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TELEPRINTERSTERFORATORS

REPERFORATORMEREADERS "
Codes: Tnt. No.2: Ferran i 'Pegasus. El,:ott 803 rte.

2 AND 5 WIRE,
F.S.K. TERMINALS,
POWER SAMAS,
FLEXO WRITER
AND BURROUGHS

EQUIPMENT
TELEGRAPH AUTOMATION AND COMPUTER ACCESSORIES

Picture Telegraph Equipment, Desk -Fax,
Morse Equipment, Cold Cathode Matrics,
Stroboscope and Electronic Forks, Pen Re-
corders, Switchboards, Rectifiers, Tape Pullers
and Rewinders, Governed, Synchronous and
Phonic Motors, Suppressors, Teleprinter and
Teletype Tables, Silence Covers, Terminals,
V.F. and F.M. Equipment, Telephone Carriers

and Repeaters,
Multiplex Trans-
mitters, Triple
Stabilised Power
Units, Send/Re-
ceive Low and High
Pass Filters, Tele-
printer and Relay
Testers, Oscillo-
scopes, Valve

Testers, Electric Meters, Teleprinter and
Teledeltos Paper, Plugs, Sockets, Key, Push,
Miniature and other Switches, Cord Wires
and Cables, Relays and Relay Bases, Uni-
selectors, Telephone, Decimal and other
Counters, Telegraph and Mains Transformers,
Racks and Consoles, Miscellaneous Accessories.

BATEY & COMPANY
Gaiety Works, Akeman Street, Tring, Herts.

Tel.: Tring 34T8 (3 Lines) Cables: RAHNO TRING

4WW-125 FOR FURTHER DETAILS.

LARGE REDUCTIONS IN PRICES

Of COMPONENTS

FOR OLDER MODELS

from

. . . VAST SELECTION OF
TV REPLACEMENT
COMPONENTS
FOR ALL MODELS!

ALWAYS OBTAINABLE FROM
STOCK: Time Base Components,
405/625 & 625 line Line Output Trans-
formers, Chemicals for Servicing,
Capacitors, Resistors, Rectifiers, Test
Equipment, etc., etc. Retail enquiries
S.A.E., Trade enquiries on headed
paper.

LTD.
Dept. WW, 126 Hamilton Rd., West Norwood, London, 8.E.27.

Telephone: GIPsy Hill 6166 (PBX)

4WW-126 FOR FURTHER DETAILS.
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For maximum readability ...
SIFAM

The Clarity range is produced
in four sizes, Type 22 (scale
length 2.2in.), Type 23 (2.4in.
square, scale length 1.96in.),
Type 32 (scale length 2.75in.)
and Type 42 (scale length
3.75in.). The lower portions
can, be supplied in colours to
tone with equipment. A
Sifam Technical representative
will be glad to show you the
complete range, or write to us
for Data Sheets 106/C and
106/C1.

All SIFAM Instruments are made to
the highest standards of quality and
workmanship and comply with the
relevant British Standard Specifi-
cations.

WIRELESS WORLD

See the full range of instruments at the
R.E.C.S. Olympia, May 18th -21st,

Stand No. 461.

the instrument with a completely transparent front

ON sSIFAM LEADS IN VISUAL PRESENTATION 811

IN VISUAL PRE EN, ADS IN VII
Sir TATIONSI

FAM FADS IN VI
I LEADS 2 '?'> FAM

PRESEN

S IN VIS
ITION. SI

AM LEADS

VISUAL F

DS IN VI:

111ESENTA1

-'IFAM LEA

TION.SIFAnittADS-111 SUAL PRESENTATION

DECIBELS
0/

OdB. tv

Sifam Electrical Co.:,

Torquay

Woodland Torquay, Devon.

4WW-127 FOR FURTHER DETAILS.
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YOUR CAREER IN RADIO?
Big opportunities and big money await the qualified man in every
field of Electronics today-both in the U.K. and throughout the
world. We offer the finest home study training for all subjects in
radio, television, etc., especially for the CITY & GUILDS EXAMS.
(Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the Radio
Amateur's Licence; P.M.G. Certificates; the R.T.E.B. Servicing
Certificates, etc. Also courses in Television; Transistors; Radar;
Computers; Servomechanisms; Mathematics and Practical Transistor
Radio course with equipment. We have OVER 20 YEARS' ex-
perience in teaching radio subjects and an unbroken record of exam.
successes. We are the only privately run British home study Institute
specialising in electronic subjects only. Fullest details will be gladly
sent without any obligation.

SEND FOR FREE BROCHURE TO :.

BRITISH NATIONAL RADIO SCHOOL
DEPT 1 RADIO HOUSE  RUSSELL ST  READING  BERKSHIRE

4WW-128 FOR FURTHER DETAILS.

VITALITY BULBS
Tested and proven
A.I.D. and A.R.B.

Miniature and Sub -miniature
indicator bulbs, from 1 to 50v,

in sizes from 4.0 mm.

Catalogue from:-Vitality Bulbs
Ltd., Neville House, Wood Green,

N. 22. MULberry 1931.

4WW-129 FOR FURTHER DETAILS.

The

N1 all

Television Camera
101 applications

MANUFACTURED TO A HIGH SPECIFICATION
AT A REASONABLE PRICE

This camera can be supplied
with an electronic automatic
light level control which was
designed and perfected in the
Fringevision laboratories and
this item can be supplied as
an extra.

Send for full information

14;ver/Lion Ltd

RETAIL PRICE

01.0.0

(Electronics
Division)

ELCOT LANE, MARLBOROUGH, WILTS. Telephone: 657;8
4WW-130 FOR FURTHER DETAILS.
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over

frequency
characteristics

at your fingertips-each one repeatable,
quickly, visibly and accurately to within
I dB!
This wide range of equalisation is available
without insertion loss or distortion in the
LEEVERS-RICH 6 BAND AUDIO
EQUALISER, a compact, A.C. operated
unit to suit the requirements of curve
shaping and quality matching in high
grade rerecording and transcription work.
Model 46X for use on 600 ohm line-
balanced or unbalanced, bridging or
terminated. E166 complete.

Write for full information to:
LEEVERS-RICH EQUIPMENT LTD.
5191, Trinity Road, Londe', SWib Vandyke 9054

LEEVERS-RICH

4WW-131 FOR FURTHER DETAILS.

APRIL I9(-)"

wINSTON
INSTRUMENTS

DECADE RESISTOR BOXES
Range: 100 ohms to 111,000 ohms
Zero Resistance: 0.006 ohms. Accuracy

1%. Maximum current: 10's decade
100 mA. 100's decade 35mA. 1.000's
decade 10mA. Terminals: Screw Type.
Dimensions (overall): Height Sin. (7.5
cms.). Width 8in., (20 cms.). Depth
31in. (9.5 erns.). Weight 5 lb. (2.3 Kgs.).
£13.13.0

SEMI -DECADE OSCILLATOR
Frequency range: 10 C.S. to 100 Kc/s.
Calibration accuracy 1" Output:
sine wave variable from 0-10 v. peak.
Total content of harmonics and hum is
less than 1 Square Wave of fixed
amplitude of 10 v. 5" maximum drop
at 10 cps. is 2'. This rise and fall time
at 100 KO. is I Micro. sec. £39.10.0.

W/NSTON
ELECTRON/CS LIMITED

DECADE CAPACITOR BOXES
Range: .001 mfd. to 1.11 mfd. Zero
Capacitance: 50pf. Accuracy: 5",,.
Maximum Voltage 750 v. D.C. Terminals:
Screw Type. Dimensions (overall):
Height Sins. (7.5 ems.). Width Bin.
(20 cms.). Depth 3Iin. (9.5 ems.).
Weight 51b. (2.3 Kgs.). £11.11.0

Write for full particulars to Dept. W.W.
GOVETT AVE.. SHEPPERTON, MIDDLESEX.
Telephone: Walton -on -Thames 26321 8
Telegrams: WINSTON SHEPPERTON

4WI4 -132 FOR FURTHER DETAILS.

LET

SOUND COVERAGE LTD.
Cover all your sound requirements

Transistorised P.A. Amplifiers and Microphone
mixers-Line Source and Column Loudspeakers
Outdoor Column Loudspeakers fully weather-
proof-Background Music machines-Wedge
Loudspeakers-Microphones-special products
division.

Write or Telephone for further details to:

SOUND COVERAGE LTD.
Decibel House, Wellington Town Road,

East Grinstead, Sussex.
Tel: East Grinstead 213323.

4111=01111MMINIIIIIMMOSININI
4WW-I33 FOR FURTHER DETAILS.
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EVEN GREATER ACCURACY

STATION

FREQUENCY METER
AND STANDARD SIGNAL GENERATOR

331 C

* Wide range: DC -3000 me/ s.

* High Sensitivity:
5 my with magic eye zero beat detection.
50 frV using headphones for zero beat detection.

* Reference Standard Stability:
Better than 5 parts in 10" at constant ambient.
Less than :E 1 part in 10' drift per day.

* 37,000 Standard Frequencies phase locked to
crystal.

* Reading Accuracy: +1 cycle.

* Automatic Harmonic Identification.

* Direct measurement of drift about any set
frequency.

J.A.C. ELECTRONICS LIMITED
rtt member ot the Southern Instruments Grotto

ESTATE, BLACKWATER, CAMBERLEY,
Telephone : Camberley 5399

SURREY

4W W-134 FOR FURTHER DETAILS.

DIGITATION ?

Elma
AUTOMATIC BATCH COUNTING
ELECTRICAL READ-OUT
PLUG IN MODULES
" FIGURES

ELECTRICAL ZERO RESET

APPROXIMATELY L4 PER DECADE

Matched modular power units; relays;
* switches; mounting frames etc.

RADIATRON 7 SHEEN TPel(lpe, RICHMOND,8Richmond 3R2E8Y5

4WW-135 FOR FURTHER DETAILS.

LEARN ELECTRONICS

BUILD
inckiding:

AS OU

25
CIRCUITS

EXPERIMENTS
TEST GEAR

 MIMATURE CATHODE RAY OSCILLOSCOPE
 VALVE EXPEtIIMENTS  TRANSISTOR EXPERIMENT3
 BASIC AMPLIFIER  BASIC OSILLATOR
 BASIC RECTIFIER 0 ELECTRONIC SWITCH
 PHOTO ELECTRIC CIRCUIT  SIGNAL TRACER
 TIME DELAY CIRCUIT  BASIC COMPUTER CIRCUIT
 SQUARE WAVE  BASIC RADIO RECEIVER

GENERATOR  MORSE CODE OSCILLATOR,
 SIMPLE TRANSMITTER ETC., ETC.

This complete practical course will teach you all the basic
facts of electronics by making experiments and building
apparatus. You learn how to recognise and handle all types
of components-their symbols and how to read a circuit
diagram. You see how circuits are built and how they work
BY USING THE OSCILLOSCOPE PROVIDED. Applications
of all the main electronic circuits are demonstrated-radio
reception and transmission; photo-electrics; computer
basics; timers; control circuits; etc., including servicing
techniques. NO MATHS USED OR NEEDED. NO THEORY
NEEDED. NO PREVIOUS KNOWLEDGE OR EXPERI-
ENCE NEEDED. Tutor service available. No extras needed
-tools provided. Send, now, for FREE DETAILS without
obligation, to address below.- -
To: RADIOSTRUCTOR, Dept. K1, Reading, Berks.
Please send free details of your 25 circuit kit course-

NAME

ADDRESS

4WW-136 FOR FURTHER DETAILS.
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Linstead Electronics
LOW FREQUENCY SIGNAL GENERATOR
Type G.1

10c,'s to 100kc 's in four decade ranges

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

tion

2) 0 to 9v. peak to peak SQUARE WAVE with
no droop and good H.F. rise time.

3) 0 to 1 Watt into 3 ohms, 500 to 20kc/s

£20-0-0 Nett

Send Coupon, deleting as required.

To, LINSTEAD ELECTRONICS Ltd., 35c, Newington Green, London, N.16.
Please supply Low Frequency Signal Generator Type G.1. Cheque for £20 enclosed.
Please send Type G.1. Technical Leaflet.

Name

Address

4WW-142 FOR FURTHER DETAILS.

important books by

M. G. Scroggie, B.Sc., M.I.E.E.

' Cathode Ray ' of WIRELESS WORLD

Foundations of Wireless SECOND EDITION
Covers the whole basic theory, and starting from the most ele-
mentary principles and assuming no previous knowledge on the
reader's part, deals with receivers, transmitters, amplification,
valves, transistors, aerials, power suppliers and transmission
lines. The treatment of frequency changers has been brought into
line with modern practice, while common grid and cassode v.h.f.
amplifiers, e.h.t. generators and transistor d.c. voltage raisers are
also covered.

21s net by post 22s 4d 388pp. 278 diagrams.

Essays in Electronics
A sequel to SECOND THOUGHTS ON RADIO THEORY,
but widened in scope to include electronics. The essays, adapted
from the popular " Wireless World " series, are grouped according
to subject and arranged in a logical sequence. This is a book that
every electronic engineer, and for that matter every electrical
engineer, should read. It can be guaranteed that no one will fail
to " learn something to his advantage."

42s net by post 43s 2d 301 pp. 204 illustrations.

Radio & Electronic Laboratory Handbook

SEVENTH EDITION
This well-known practical handbook has been completely
revised and now covers techniques applicable to many fields
beyond that of radio. In this handbook both professional and
amateur technicians will find invaluable guidance made easily
accessible.

55s net by post 57s 3d 537pp. fully illustrated.

Second Thoughts on Radio Theory
Forty-four articles reprinted from WIRELESS WORLD
examining various aspects of elementary radio science, ex-
plaining them clearly and showing that there is more behind
them than is apparent from the usual text book.

35s net by post 36s 4d 410pp. 266 illustrations.

Principles of Semiconductors
Introduction to the properties and applications of semi-
conducting materials.
Covers the many applications of the use of semi-conduci ing
materials and does not limit itself to the study of transistors.
An invaluable, straightforward introduction to this increasingly
important subject.

2Is net by post 21s lld I 56pp. inc. 115 diagrams and 12 plates.

obtainable from leading booksellers

ILIFFE Books Ltd.
DORSET HOUSE STAM FORD STREET LONDON SE I
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MARCONI TF-390-G SIGNAL
GENERATOR. £7/10/-. Carr, £1.
Four ranges: 16-32, 32-60, 50-100 and
75-150 MO. A.C. mains operation.
AS NEW in original transit cases with
correct individual calibration and in-
struction books.

MARCONI SIGNAL GENERATOR
TF-517. Three ranges. 18 to 58 Mc/s. in
2 individually calibrated ranges and 160 to
300 MO. by DIRECTLY calibrated dial.
A.C. mains operation. AS NEW CON-
DITION. in original transit cases with
instruction book. E7/10/-. Carr. LI.

PORTABLE RECEIVER TESTER
MARCONI INSTRUMENTS TF-888/3
This instrument combines the functions
of a wide range signal generator and
output meter. Continuous frequency
coverage of 70 kc/s. to 70 me/s. in 8
wavebands by means of a rotating coil
turret. Output impedances 80 or 52
ohms or high level (500 mV) 400 Int.
Mod, at 1000 c/s. Two crystal checks at
500 kc/s. and 5 me/s. Panel meter moni-
tors carrier and also functions as output
meter full scale 10 mv., 100 mV. and I w.
Input impedances 3, 33, 150 and 6000.
Handsome grey case size 154 x 75 x 115
high. Wt. 175 lbs. Operates from A.G.
mains 100 to 250 volts. As new, tested
and guaranteed, E.39/101-. Carr. 10/,

MARCONI TF987/I NOISE GENERA-
TORS. DETERMINE NOISE FACTOR of
A.M. & F.M. receivers. A.C. mains operation.
Stabilised. H.T. AS NEW. Tested, f15,
carr. 7/6. SLIGHTLY USED (but tested),
E8/19/6, carr. 7/6.

RADIATION METERS
Portable dose rate meter containing
modern type rectangular 50 micro -amp
meter CVX 494, electrometer valves, etc.
BRAND NEW. In canvas carrying case.
E3/1916. Post 4/-.

SIGNAL GENERATOR CT -53
A precision instrument covering 8.9 to
15.5 Mc/s. and 20 to 300 Mc/s. in six
ranges. Variable attentuator from IpV to
100 millivolts. A.C. mains operation.
Good condition, tested and complete with
calibration charts. f16/10/-. Carr. I0/-.

TS -175 HETERODYNE FREQUENCY
METER

A high frequency version of the well-known
BC -221. Accuracy 0.05%. Frequency range
80 to 1,000 Mc/s. As new condition with
original calibration book. Tested and
guaranteed. £75.

BC221 FREQUENCY METER
126 Ws. 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 calibra-
tion book and are carefully tested and
guaranteed. Used condition.

Carr. 10/-. £16
Laboratory Standard £25

GENERAL RADIO LR2
HETERODYNE FREQUENCY &

CALIBRATOR EQUIPMENT.
BRAND NEW. E75

LM -14 HETERODYNE
FREQUENCY METER

Naval version of the BC -221. 125 KcIs to
20 Mc/s. Undoubtedly superior to the
BC -221 in construction and performance.
Requires 12 or 24 v. LT and between 200
and 475 v. HT (self -stabilised). A parti-
cularly useful feature is variable RF
coupling and modulation is also available.
With correct individual calibration books.
Unused and guaranteed. f25. P. & P. 7/6.
Separate power unit for A.C. (if re-
quired) £4110), P. & P. 5/-.

WIRELESS WORLD

G.E.C. RECEIVER BRT402E
14 valve superhet 150-385 Kc/s, 510 Kc/s to 30 Mc/s in six wave-
bands. Sensitivity, sig./noise ratio, freq. stability etc. of the highest
order. Six step variable selectivity, Xtal filter (Xtal phasing
control), RF, IF and AF gain, 500 Kc/s Xtal cal., Audio Filter, "S"
meter, Ae trimmer, Variable BFO, A.C. mains operation. EVERY-
THING. Reconditioned. E60. Carr. 30/-. S.A.E. for details.

RECEIVER R.107T
This receiver covers from 1.2 Mc/s to 17,5 Mc/s continuously
in three wavebands. It is completely self-contained with
built-in speaker and power unit for operation from A.C.
Mains or 12 volt battery. Those we offer are guaranteed
perfect. EIS. Carriage 30/-.

WIRELESS STATIONS B 43/R 220
This is a complete mains operated (200-250 v. 50 c/s) trans-
mitter and receiver in one metal case, size 211 x 121 x 185in.
and weight 90 lbs. They are for fixed frequency operation and
are crystal controlled. Frequencies are between 60 and
100 MO and the transmitter and receiver are not on the same
frequency each using a separate crystal. Technical handbooks
are supplied and it is not very difficult to alter the frequency
of either or both sections. Transmitter output is 12 watts,
the receiver has a built-in monitor speaker. There are 14
valves in the receiver and 8 valves in the sender. The whole
station is supplied complete with all cables, connectors,
feeder matching units, headphones, telephone hand iset, a
complete set of spare valves for receiver, transmitter and
power unit. (In addition to those fitted.) Packed in a wooden.
case (total weight about 200 lbs.). Special note. -We cannot
undertake to supply any particular frequency under any
circumstances. BRAND NEW. £25. Carr. 50/-.

HIGH STABILITY POWER UNIT
Solartron Type SRS I 56B. Designed to give 150 v. at
0-40mA. 6.3 v. 4 a. C.T., 6.3 v. I a. Operates from A.G.
mains 100 to 250 v. 40 to 60 c/s. Size 9 x 6 x high.
Ripple and noise less than 350pV. Stability factor greater
than 400 : I. Source impedances less than 2L3. BRAND
NEW. £5. Post paid.

CANADIAN CRYSTAL CALIBRATOR
As used in Wireless Set No. 52. Gives marker pips at I Mc/s.
100 KO and 10 Kc/s intervals. Harmonics are available up to
30 Mc/s. Incorporates a twin I Mc/s/100 Kc/s crystal and uses
a multivibrator circuit for 10 Kc/s. Requires 12 v. L.T. and
150 v. H.T. Complete with valves, circuit of 52 set and
operational notes. BRAND NEW. 57/6, plus 2/6 post.

MAGNETIC COUNTERS (Ex-G.P.O.). 4 figures to 9,999
Coils 5000 for 24 v. operation. Tested (No reset). Si- each.
P. & P. 1/6. SPECIAL OFFER. 10 for 30/, P. & P. 5/-.

ABSORPTION WAVEMETERS
MARCONI TF-643B. Covers from 20 to 300 Mc/s. in four
plug-in coil ranges. Complete with individual calibration charts.
Accuracy 1". Indication is on a 500A 21 -in. panel meter.
In original transit cases. Condition as new E5/19/6. Carr. 7/6.

RELAYS G.C.E. MINIATURE SEALED
M -I099. 67012 2M H/D Wire Ends
M -I052. 5,00013 2/CO. Plat. Wire Ends
M -I092 6700. 4/CO. Plat. Wire Ends
ALL BRAND NEW AND BOXED. Please add postage.

7/6
10/-
12/6

MINIATURE RELAYS. 240 v. A.G. coils. Contact assembly
2 " makes" and I C.O. 5 amps. Size 2 x 11 a 1 in. Unused and
removed from brand new equipment. 8/6 post paid.

STANDARD SIGNAL GENERATOR E16/10/-
MARCONI TF-I44G/4 Carr. 30/-.
Complete and in apparently very good condition but sold as
received from the Air Ministry, i.e., untested and less leads.
Technical manual and circuit supplied. We assure potential cus-
tomers that " untested " does NOT mean " beyond economical
repair " but are willing to supply GUARANTEED WORKING
instruments complete for E25.

HEATHKIT & JASON AGENTS

CHARLES BRITAIN (Radio) LTD
II UPPER SAINT MARTIN'S LANE
LONDON, W.C.2. TEMPLE Bar 0545
Near Leicester Sq. Station. (Opposite Thorn House)
Shop hours: 9-6 p.m. (9-I p.m. Thursdays). Open all day Saturday.

MI\
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SANGAMO
WESTON

VOLTMETERS
561. Dual range
0-5 and 0-100 v.
D.C. FSD I m/A.
Sin. scale. Recent
manufacture. Ideal
for schools. Com-
plete in super qual-
ity canvas carrying
case, with test
prods and leads.

BRAND NEW. Boxed 32/6. Post 2/6.

MICROAMMETERS
R.C.A. 0-500 microamps 21in. circular
flush panel mounting. Dials are engraved
0-15, 0-600 volts. As used in the American
version of the No. 19 set. 15/-.

INDUSTRIAL METER. Iron clad. 0 to
300 v. A.C. 50 cycles. Moving iron, 6in.
scale Fl. mtg. BRAND NEW. 59/6. P. 4/-.
KILOWATT METER 0-16 KVA. 3 phase
6in. scale. Boxed. New. ES. P. & P. 6/6.
A.G. VOLTMETER. 0-300 volts Moving
Iron. Flush panel mounting. Barrel diameter.
21i n. 22/6.

AR -88 SPARES
R.C.A. Headphones 12/6
Escutcheons (Windows) 8/6
Knobs. Medium size. Set of 8 10/ -
Block Condenser (3 x 4 mfd.) 7/6

PHASE MONITOR ME -63/U
(AN/URM-67)

Designed to measure directly the phase
angle,between two applied audio frequency
signals of from 20 to 20,000 c.o.s. 11°.
Direct indication on a panel meter. Input
can be sinusoidal or non -sinusoidal from 2
to 30 volts peak. Of recent manufacture
(1957) by Control Electronics Inc. and ex-
U.S.A. Air Force. In first class condition
with handbook. A complex instrument
with 19 valves. E40. Carr. 30/-.

MOVING COIL PHONES. Finest
quality Canadian with chamois ear -muffs
and leather -covered headband. With
lead and jack plug. Noise excluding and
supremely comfortable. 22/6. Post 1/6.
As above but complete with moving coil
microphone. 25/-. Post 2/6. DLR-5 Low
impedance headphones with attached
throat microphone. 12/6. Post 1/6. All
these items BRAND NEW.

T.C.C. VISCONAL CONDENSERS.
8 mfd. 800 v. D.C. wkg. at 71°C. CP
152 v. Size 3 x II x 5in. high. BRAND
NEW (boxed), 8/6 each. DUBILIER
NITROGOL. 8 mfd. 350 v. D.C. wkg.
at 7I'C. Size 15 x II x 4,' -in. high. With
fixing clips. BRAND NEW (boxed), 5/ -
each. T.C.C. or DUBILIER. 4 mfd.
600 v. wkg. CP 130T or similar. 15 x
15 x 44in. high. BRAND NEW (boxed),

4/6 each. All post paid.

ASSORTED CAPACITORS. Mixed
parcel of 100 all brand new, marked
value quality types. Silver mica, cera-
micon and feed through from I pF to
3,000 pF. 10/-.

STANDARD TRANSFORMERS
Vacuum impregnated. interleaved, E.S.
screen, universal mounting. Size 4 x 31 x
2fin. ALL BRAND NEW. 18/6 each.
Post 2/6.
Type I. 250-0-250 v. 80 m/a. 6.3 v. 3 a.
tapped at 4 v. 4 a. 6.3 v. I a. tapped at
4 v. and 5 v. 2 a.
Type 2. As above but 350-0-350 v.
80 in/a.
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 S. 0-6-9-15 v. 4 a. Ideal for chargers.

ADVANCE CONSTANT VOLTAGE
TRANSFORMERS. Input 190-260 v.
50 c/s. A.G. mains. Output 230 v.
150 watts. f7/10/-. Carr. 5/..

OSCILLOSCOPE TRANSFORMER
These are replacements for the Cossor
339A 'scope. BRAND NEW in original
packing. Only a limited number. 79/6.
P. & P. 5/6.
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h
NOT BUILD ONE
OF OUR PORTABLE
TRANSISTOR RADIOS . .

BACKED BY OUR SUPER AFTER SALES SERVICE

NEW TRANSONA FIVE
* 7 Stages 5 transistors and 2 diodes.

5.vms 11. and L. Waves and Trawler Bands, a feature usually
fimnd in only the most expensive radios. On test, Rome, Light,
208, and Mally Continental stations Were received loud and clear.
Designed round supersensitive Ferrite Rod Aerial and new type
line tone super dynamic 2lin. speaker, attractive case in grey
plastic with red grille. Sise e41.: Ain. approx.

Total cost of all parts NOW ONLY 42/6 r. 3/0rta price list dud easy build plaits 2/,

POCKET FIVE
* 7 Stages --5 transistors and 2 diodes. Covers Medium and
Long Waves and Trawler Band, a feature usually found in only
the most expensive radios. On test, Rome, Light, Luxembourg
and many Continental stations were received loud and clear.
Designed round supersensitive Felcite Rod Aerial and line tone
2:in. moving coil speaker, built into attractive black ease with
red speaker grille. Size 5 sit x 3l iu. (Uses 1289 Potter/

any'where.)
Total cost of all parts NOW ONLY 42/6Purls price list unit easy build plum! I/6.

ROAMER SIX NEW ! !
* 8 stages 6 transistors and 2 diodes. * 6 waveband.
* Now with Philco micro -alloy R.P. transistors.
Listen to stations half a world away with this 6 wave/mod
portable. Tunable on 31. and L. waves, Trawler Band and
three Short waves. Push-pull output. Sensitive ferrite 1.1
aerial amt telescopic aerial for short waves. Top grade Omsk -
tors. 3.ineli ipeaker, handsome case with gilt. iittints. Sig,

3; iu. * Extra band for easier tuning of LUX. etc,
Total cost of all parts ROW ONLY 13,19.6

farts (1,.l xo, sdnro. 2 -. I'oreplus Strop I , (dna.

ROAMER SEVEN Mk. III
5 WAVEBAND PORTABLE OR CAR RADIO
AMAZING PERFORMANCE AND SPECIFICATION
* NOW 111311 PH I Llo Al lc y Tli.Ly-
118TOR8.
* 9 stages -7 transistors and 2 diodes.
Covers M. and L. Waves, Trawler Baud and too Shari Waver
to approx. 15 metres. Push-pull output for room -tilling volume
from rich toned heavy duty 'Celestion' speaker. Air spaced
ganged tuning condenser. Ferrite pat aerial fm. M. & L.
Waves and telescopic aerial for 8. Waves. Real leather look
MN: with gilt trim and shoulder and band straps. Sire 9 g 7 6
4in. approx. The perfect portable and the ideal ear radio.
titses P1'7 battery available amidelc.)
Total cost of all Parts NOW ONLY £5.19.6. v.'''. 3'6'

tuds price flat
cosy build Pl.., Lt.

SUPER SEVEN
* 9 Stages ---7 transistors and 2 diodes.
rovers M. and L. Waxen and Trawler Bands. The ideal radio
for home, ear or can be lilted with carrying strap 10r OUWOOF
use. Completely portable-built-in ferrite real aerial for wonderful
reception. Speeial circuit in eorporatioa 2 RP stages. push-pull
output, aim speaker twill drive larger speaker). size
1 jin. (Uses 9v. battery, available anywhere.)

Total cost of all parts NOW ONLY
Pirls pri,e Csf mod Pee Sy build

NEW ! ! TRANSONA SIX
* 8 stages -8 transistors and 2 diodes.

A top performance receiver covering toll M. & L. Waves mid Trawler
Bands. Push-pull output. High-grade speaker makes listening a
ple.tire. Ferrite rod aerial. Many elution,. listed III one evening
including Luxmobourg loud and clear. Attractive case in grey with
red grille. Si6.0 6/ x4', e 1:in, (Uses PP/ battery, available any-
where.)

Total cost 01
l

1. all parts 59/6 I'. & 1'. 3/6.
Putt': pricei4ccil <us!, build picots 2,-.

£319.6

MELODY SIX NEW ! !
* 8 stages -8 transistors and 2 diodes. Our latest completely
portable transistor radio covering 31. and L. waves. lueorporat.
pre -tagged circuit board, 3in. heavy duty speaker, top grade
transistors, volume control, tuning condenser, wave change slide
switch, sensitive Gin. ferrite rod aerial. Push -poll output. Wom
derful reception of B.B.C. Rome and Light, 208, A.1.1. many
Continental stationa. Handsome leather look pocket Mae ease.
only 6: a 31 x llin. approx. with gilt speaker grille and hand
and shoulder straps.

Parts pries list and easy Wild pisris Total cost of all parts E3.9.6
P. A P. 3is.

All escapements used Ire sou reasiners snap be peoreAated separately if desired. Parte price Net
rid easy build plane supplied free with eels of parte or available separotele at pet's* slated.

Of is POST 10/-.

RADIO EXCHANGE
61, H IGH ST., BEDFORD. Phone: 2367

Deers side entrance Barratts Shoe Shop. Weekdays 9-5 p,m. Sags. 9-12.30.

APRIL, 1965

1 ENTLEY ACOUSTIC
CORPORA'TION LTD.
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1
THE VALVE SPECIALISTS Telephone PRIMROSE 9090

ALL GOODS LISTED BELOW IN STOCK
042 4/6 7117 5 9 )1397 10 Iti6 7/3 99V03.10 MIDGET
0112 6/- 7117 12 6 11176 3'6 E3171 15/8 35/- SILICON
OZ40 T 4/3 7Y4 5 )140 15 6 E3180 818 Q.V01/7 7/- RECTI-
1 AZI 5/-- 9 If 116 96 16 92 8 1:3181. 7/- 816 29/- FIER6
1A7GT 7/9 1001 8 9 /R96 6 6 123184 8/9 R18 9/8 Mohan!
1125 51- 10122 123 11.68 15. E3183 8/9 1119 8/6 BY100
1.126 9/6 1002 118 11.96 11 - EM87 7/6 S P41 2/- Output
11156T 7/9 10F1 10 01,810 10/6 E13/ 10/- 81'61 2/- 230 v- at -

11,4 2/8 10130 99 INTO 5/- E y 54 5/9 8025 27/2 amp.
1L135 4/- 10E18 9.9 13 sli 8/9 EY81 7/3 T41 9/- No larger
ILNiti 4/6 10P13 83 t1 a!7 8/- EY83 9/8 TDD4 7/8 than a shirt
116G T 8/6 101'14 116 -01' 24/- EY84 9/6 T9041 10/- button
1R5 4/- 1246 2.3 "xi! 24. EY86 5/9. T11233 6/9 7)- each.
184 5;-- PIACI) 8:6 -5I 'r. 10 15188 8/9 TP22 bi- TRAP -
185 3/6 12AD6 9 6 i ,o1./ 19 6 EZ40 5/8 TP25 81- SISTORS.
I T4 23 12AE6 8. 150 1,6 EZ41 8/3 TP2620 7/8 AND
1114 5/6 1221118 10,9 /176 13,9 E280 8/9 TY86P 11/3 DIODES
1115 5/3 12AT6 4,6 7ABC80 5/9 EZ81 4/8 U12/I4 7/6 AA129 4/6
2021 5;6 124176 5;9 441291 8/3 FC4 8/9 1216 16/- 411107 14/6
232 8/- 124V6 8/6 141342 7/6 (3E33 17/6 1718/20 8/6 A0127 9/6
344 3(9 121386 5/9 E1334 1j- tl Z34 10/- U19 48/6 A1)140 25/-
3A5 6;9 121111)1 4/9 EMI 4/9 0237 14/6 U22 5/9 AF/02 27/8
3137 5/- 1213117 6/- E1391 2/8 HABCSO 9/3 U29 12/6 A1,114 11/-
3116 3/9 131E1 16/9 1113C33 8/- IlL41D0 1725 8/8 AF115 10/6
394 51 12.170T 7/8 E11141 6/6 12/- U26 7/6 411111 10/-
3Q5GT 71- 121/5 10,- E13281 5/9 IlL42DD 1231 7/- AF117 5/8
304 4/6 12K7GT 8/6 E111080 5/9 12/- 1.133 13/8 AF118 20/-
304 5/3 12K8GT 9/- E111.3 7,3 1113309 26/- 1739 16/8 AF124 111-
/.114108/' 8;8 12970T 3/6 EBESO 8i- 111112 818 1337 29/- AF125 10/6
512451 4,8 12SA7 8/9 1/B121 10;6 IITR2A 8/9 1745 16/6 AF126 10/-
58/417 8/- 129(27 4/- 11C92 8,6 KT33C 4/- 1276 4/5 AF127 9/6
51'3 4,9 128K7 3,- Et332 4/-- KT36 29/1 11101 19/6 BYZ13 11/6
573 6,8 12097 3- ECC33 201 KT41 7/6 1'191 9/8 MAT100 7/9
5246 7/6 14117 91 E121234 21/7 KT44 5/- 11281 8/9 MAT101 8/8
688 5/9 19495 7/3 E0035 5/3 KT61 8/9 17282 12/8 MAT120 7/9
6405 2/6 19111 8/- E1X740 7/- KT63 8/9 U301 11/8 MAT121 3/8
6407 5/9 2001 10/- E0C131 3/8 KT66 .12/8 17329 9/- OAS 8/--
6AK5 4,9 201)2 21/- ECC82 4/8 ET88 29/- 17403 9/9 0410 6/6
6895 5/9 20132 11/6 E0033 4/6 KTW61 4/9 0404 8/- 0A70 3/ -
OATS 3/9 20L1 12/13 Ec1294 5/6 KYW62 5/8 U801 16/3 0A73 5/-
6AU6 5(3 20131 12/6 1111185 519 KTW63 5/6 114020' 6/8 0A79 31-
6AV6 5/9 201'3 12/- 03180 8/9 stirLD,112/6 VAB080 9/- 0881' 3/-
6138(1 2/6 201'4 18/6 ECC16911/6 MU14 4/6 UAF42 7/- 0.885 3/-
6BAli 4/6 201'5 12/3 Et 080715 / - N37 10/8 UB41 10/8 0A86 4/-
6E1E6 4/9 25A6G 7/8 E21580 6/6 178 26/- 1113041 8/8 0.490 Si -
61366013/8 2510 4/9 El '1182 6/3 N108 26/2 UBC81 8/3 0A91 3/-
.0016 5/3 257.40 7/- EcP86 11/6 13:12 16/- UBP80 5/9 0A95 3/6-
6E16 5/6 2525 7/3 175213804 24/- 1'4131280 6/9 1113F89 6/9 021210 9/6
6B97A 7/8 27811 23/3 ECII21 9/- PC86 10/8 UBL21 10/9 0A211 13/8
6BR7 8/8 2807 6/9 E121135 6/3 PC88 9/6 1701)12 6/8 OC16W 35/-
613138 8/- 36121 6/6 EC if 42 8,'- PC95 6/9 1712084 8/9 0C19 25/-
5/B07 25/- 30018 10;8 11111181 5/9 PC97 6/9 1102181 6/6 0022 23/ -
6BW6 8/9 30105 5/9 ECH83 6/6 PC084 5/8 1-7CP80 8/9 0023 57/-
6BW7 5/- 30L1 5/6 E11384 9/6 PCC85 6/9 1101121 8/- 0025 121-
601 4/- 301,15 9/3 ECL80 0- 130088 10/6 1708042 8/- 0026 8;-
6C00018/- 30P4 12/8 E121,89 6/6 PCC89 8/6 1101181 6/6 06228 23/-
610116 61- 301'12 7/6 ECL83 9/6 1'1212189 10/6 U0I,82 7/9 00219 16/6
6C1Y4 24/- 301'19 12/8 E121236 8/9 PC1000 6/8 I/CLSS 9/- 0(195 9/6
603 9/6 30P1.1 10/6 E109 20/8 PCF82 8/S UF41 SI 0036 21/8
6E5 9/8 30PL14 12/6 E1122 8/6 PCF84 8/8 UF42 4/9 0041 8/-
6 F1 9/8 35A5 2019 E1136 3/3 PCP86 7/9 1.71380 6/8 0042 5'-
61,614 3/8 351.60T 81- 111,374 6/- PCF80110)- U185 6/6 0043 12/6
6173 3;9 35W4 4/9 1210411 8/9 PCF80210/- 12F86 9/- 0044 4/9
0E23 6/3 3523 16/2 11141 8/9 PCL82 8/8 UM 6/- 00441'11
61.'24 9/8 35Z4GT 4/6 1/1/42 3/9 PCL83 11/- 1/I41 7/8 11/-
61133 3/6 35Z5GT 5/9 I/P50 2/6 PCL84 7/6 UL44 23/3 01245 4/9
6250 3/- 50135 6/8 10,54 3/- PCL85 7/6 UL40 8/6 004531 8/-
'/26 3/- 5005 8/8 E1,73 5/- PCL86 8/0 UL84 6/- 0005 22/6
647G 4/6 500062140/9 El,811 9/- 13E7145 7/- UM4 15/2 0006 25/-
01(70 1,3 50LOGT 8/3 111083 9,9 PEN4511D UM34 16/10 012701 6/6
tili8G 72 6/8 1/1083 4/6 12/- Dm° 8/3 ()C71 8/6
6K8GT318/6 78 4/9 Mr 8/6 PEN38310/3 URIC 6/6 0072 8/-
6E25 24/- 80 5/8 El,89 4/- PEN453DD U116 11/- 01273 16i-
613 10/- 85E12 6/6 Elaill 3/- 10/- UU8 11/6 0074 8/-
6L6GT 7/- 9040 87/6 E1092 213 PEND li UY1N 10/8 0075 0l-
i;L7CTII 5/6 90A1 67/6 1/11177 100- 4020 17/6 121221 7/9 01276 8/6
6218 10/- 900/1 42/- E1198 10/- P1.33 9/-- 17141 5/- 01177 12/-
6LD3 6/6 161CV 42/- EFIS3 7/- PL36 9/- 11Y85 5/- (9078 8/-
6N7iIT 7"-- 9001 10/- E 1,184 7/- P L38 16/- V31134B 12/- 0081 4/-
61'28 11/6 150132 16/8 Ell 00 7/- P1.81 6/9 VP4 14/8 00811) 4/.-
697G 4/- 8604 12/8 1/132 5/9 PI,82 5/3 VP4B 12/- 008111 8/-
6970 5/8 5763 7/6 E1,32 3/8 PL83 8/- VP13C 7/- 01182 12-
621L7(1T 5/3 AZ1 5/9 EL33 8/9 PL84 8/8 VP23 2/8 0083 6/ -
68N7GT 4/- AZ31 8/6 1/1,34 8/6 PL500 15/9 VP133 9/9 0084 8/-
61.14GT 8/8 AZ41 6/8 111,36 8/9 P3184 9/8 VR106 5/6 0C1.39 12/-
611514 5/- B36 4/9 EL41 7/3 1'X4 9/- VRISO 4/9 011140 19/-
6V6G 8/9 13263 10/6 111,42 7/6 PY31 V- VT61A 7/- OC170 8/8
61611T 5/6 00113512/8 E1,81 8/3 P332 8/9 W76 3/6 012171 9/-
6X4 3/9 CV85 14/0 1/1,83 6/9 1'133 8/9 W8IM 5/9 00200 10/6
6X5 4/8 CY31 5/9 EL84 416 P180 5/- 341 10/- 00/01 19/-
6/30L2 9,/- D15 18/8 11L85 7/6 PY81 5/- X61 6/3 0C202 24/6
7A7 12/8 043 17/9 EL86 7/3 P182 4/9 X65 5/8 0C203 14/-
7136 12/8 DAF96 6/- 1/691 2/6 PY83 5/2 X60 7/3 0121'71 17/6
7137 9/6 12134 12/8 ELM 5/8 P188 7/8 3.7631 9/- 01/131212/6
705 EC. 1)1341 10/8 ELL80 13/6 10Y800 6/- X78 20/6 T813 1216
7C6 6/9 DF66 15/- EM4 17/9 PY801 6/8 X79 27/- TS3 15/-
7106 14/6 DF96 6/- E3134 1118 RIO 15/- Y63 5/- XA103 15/ -

METAL RECTIFIERS. Dnisrus 13/-: DR112B and Dll 9I3B 15/6: LW7 211-; LW15 26/-1
11110 7/11; RM1 5/3; R312 6/3; 11513 7/9; 11)1412/9; RM5 17/0; 14886 17/6; 14A97
19/6; 14A108 23/-; 14Al2/ 28/8; 14A163 88/8; 1413130 31 -: 14B16111/6; Ne101 18/9;
16E01.1.16.1 8/-; WWI 21/-; 1081) 2.2.8.1 Iv.; 16 RE 2.1.8.1 8/6; 18RA.1.1.8.1 4/-;
188.A.1.8.8.1 11/-; 130110 8/-;10124 12/6.
ELECTROLYTICS. Can types:- 32 x 32/450 v. 8/-; 50 6 50/350 v. 6/-; 64 x 120/350 v. 9/-;
60 x 250/275 v. 9/8; 100 x 400/275 v. 12/8; 100/275 v. 3/-; 200/276 v. 4/-; 100 6 200/275 v.
8/6; Wire -coded types: -8/450 v. 1/9; 16/.150 v. 219; 32/450 v. 3/9; 8 X 8/450 v. 3/-; 16 x
16/450 v. 4/-; 32 x 32/350 v. 4/-; 8 x 161450 v. 3/9; 32/350 Y. 3/ -;
BRIDGE RECTIFIERS. 12 v./1 amp. 13/6; 12 v./2 amp. 9/9; 12 v./4 amp. 14/8; 12 v./6 amp.
21/9; 6 v./2 amP. 0/6; 6 v./4 amp. 9/9; 6 v./6 amp. 1416; 6 v./12 amp. 21/9; Post 1/6 each.
All goods are new, first quality brands only, and subject to maker's full guarantee. We do
not handle manufacturers seeouds nor rejects, which are often described as " new mid
tested " but have a limited and unreliable life.
Terms of liminess:- Cash with order or C.O.D. only. Post/packing 60. per item. Orders
over £3 pot/packing free. C.O.D. 3/6 extra. All orders cleared on day of receipt, and C.O.D.
orders by telephone accepted for immediate despatch until 3.30 p.m. Any parcel insured
against damage in transit for only 611. extra. Callers welcome Mon. -Fri. 8.30-030, Sate.
8.30-1 p.m. Complete natal of valvoguctia and components, with conditions 01 sale, price 0d.
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You are interested
in Radio and

T.V.-Why not -

PUT SOME LETTERS
AFTER YOUR NAME
You can rapidly qualify in your spare time
by means of an absorbingly interesting
Chambers Postal Course. We offer expert
and highly personal training backed by. a

SATISFACTION -OR -MONEY -BACK "
Guarantee. Over 75 years' experience . . .

thousands of successes.
FREE 100 -PAGE GUIDE

Choose from hundreds of Courses -
Practical Radio (apparatus supplied),
Radio & T.V. Servicing, Applied
Electronics, P.M.G. Cert., City &
Guilds, R.T.E.B., A.M.I.E.R.E.,
Radio Amateurs Exam. etc. Send
today for the informative 100 -Page
Chambers Guide To Success -
FREE. (Please state Career, Exam.
or subject of interest).

ChambersCollege
(Dept. 11) 148 Holborn, London, E.C.1.

4WW-137 FOR FURTHER DETAILS.

BULK PURCHASE OF STABILISED POWER UNITS

(1) GENERAL PURPOSE P.U. Two adjustable independent
outputs (1) - 0/250 v. at 50 mA.; (2) 0/250 or 0/500 v. at
250 mA. Also 6.3 at 9 amps, using 2-0532, 3-12E1, and
7 other valves, meter for checking output voltage or current,
both voltages adjustable. lain. rack mounting x 1011n. ONLY
214/10/-, matching case B.R.S. 10/-.
(2) TRANSISTOR P.U. Mk. 2. Two adjustable independent
outputs (1) - 0/10, - 0/100; (2) -I- 0/10, -I- 0/100 v., metered
output, and same in looks and size as above power unit, using
20 valves 214/10/-, matching ease 20/, MILS. 101-.
(3) AS ABOVE BUT 0/15, 0/150.
(4) Three outputs 200-255, 255-350, at 200 mA.; 350-400 at
150 mA. All adjustable, 6.3 C.T. 4 amps twice, 19in, rack
mounting x Slim., £811.01, matohiag case 20/-, B.R.S. 10/ -
(two meters voltage and current).
(5) OUTPUT 120-250. Variable at 50 inA., 6.3 C.T. 4 amps.
using two meters voltage, current, 19in. rack mounting x 7in.,
25/101, matching case 20/, B.R.S.
ALL ABOVE ARE NEW OR AS NEW, LESS THAN 2 YEARS
OLD. MADE BY MARCONI, OR EDISWAN, ALL INPUTS
200-50 A.C.
SCINTILLATION COUNTER 1093(B), using CV2316 Photo
Tube, plus 10 other valves, Magnetic Counter with lone, each
unit in case but made for 19in. Rack mountings x 8/in.
POWER UNIT 1093(B) for above, 200-50 AC, input, output
stabilised adjustable (1) 0-2 kV.; (2) 300 v. 120 mA.; Meter for
checking output voltages, same size as above, using 10 valves,
made by Ferranti. These two units are the complete counter,
and checked complete, but as we know very little of this type of
equipment no enquiries can be answered. 012/10/-., BEN 10/ -
or either unit £7. DRS 10/-.
SCALING UNITS. 1009 A & B. S.A.E.
50-75 WATT TAMMY AMPLIFIER. 200-50 A.C. input using
6 valves, circuit and hand mike, also 2 spare 6L6 and 2 FW4/500
valves. BRAND NEW, £10. B.R.B. 10/-.
12 -VOLT -150 Vibrator Pack made for 52 set. BRAND NEW
in sealed cartons, less 6 x 5 rectifier, 15/-. Post 2/6.

J. T. SUPPLY, 38 MEADOW LANE,
LEEDS 11
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3 -VALVE AUDIO AMPLIFIER MODEL HA34

Deigned for 11.1-11 reproduction of
records. A.C. mains operation.
Ready built on plated heavy gauge
metal chassis, size 71in. w. x
4in. el. x 41in. h. Incorporates
ECC83, EL84, EZ80 valves. Heavy
duty, double wound mains trans-

ry and output transformer
matched for 3 ohm speaker, separate
bass, treble and volume controls.

Negative feedback line. Output 45 watts. Front panel can
be detached and leads extended for remote mounting of controls.
The HA34 has been specially designed for m and our quantity
order enables us to offer them complete with knolls, valves,
etc., wired and tested for only 24/51-. P. & P. 5/ -

STEREO AMPLIFIER
Incorporating 2
ECL824 and 1

EZ80; heavy
duty, double
wound mains
transformer. Out-
put 4 watts per
channel. Full
tone and volume
controls. - Ab-
solubrlvcomplete.

BARGAIN PRICE ONLY £411918.

HIGH GAIN 9 -TRANSISTOR PRINTED
CIRCUIT AMPLIFIER KIT

Type TAI
 Peak output
in excess of 11
watts.
 All standard
British compon-
ents.
 Built on prin-
ted circuit panel,
size 6 x
 Generous size

driver and output transformers.  Output transformer tapped
for 3 ohm and 15 ohm speakers.  Transistors (GET 114 or 01
Mullard 0081D and matched pair of 0081 o/P.).  9 volt opera-
tion.  Everything supplied, wire, battery clips, solder, etc.
 Comprehensive easy to follow instructions and circuit dia-
gram 1/6 (Free with Kit). All parte sold separately. SPECIAL
PRICE 45/., P. & I'. 2/6. Al. ready built and tested, 52/6.
P. & P. 2/6. A pair of TATA are ideal for stereo.

SPECIAL OFFER!
Limited number of 4 -SPEED SINGLE RECORD

PLAYER DECKS
With unit mounted pick-up. Incorporating the following
special features: Heavy 8w, metal turntable, low flutter
performance shaded pole motor for 200/250 v. A.C. with
90 v. tap. Latest ultra lightweight pickup (5 grammes tracking
weight). High Mr) mono ceramic cartridge. Autostop.
Overall motorplate size 12in. 10in. x 21in, below and
2in. above.

UNREPEATABLE OFFER AT
89/6. Carr. 4(-.

4 -SPEED PLAYER UNIT BARGAINS
All brand new in maker's original packing.

SINGLE PLAYERS
B.S.R. TII/12 23/9/8. Carr. 4/.. Garrard SRP10 sweat
Carr. 4/-. B.S.R. GU7 with unit mounted pick-up arm. 24/18/8.
Carr. 4/..

AUTO. CHANGERS
Latest B.S.R. ITA25 Super slim
B.S.R. UA15 138/1918. D.S.M. U A 1 6
Latest GARRARD AT5
GARRARD AT6
GARRARD AutoSlim

Carr. 5/- on each
All the above units are complete with 'fa, mono head with sap-
phire styli or Call be supplied with stereo head at 12/8 extra

BRAND NEW CARTRIDGE BARGAINS!
A008 71-5. Single -aided Crystal Cartridge for Stereo and L.P.
records. Complete with diamond stylus and universal mounting
bracket. Lint price E2/614. OUR PRICE 18/6. P. & P. 1/,
GARRARD 002 Mono complete. List price 24/11, Our Price
12/8. E. & P.
RONETTE STEREO 105 CARTRIDGE. Stereo/LP/78 complete
with two sapphires. Original list price 67/9. Our pries 24/-.
P. & P. 1/,

28
£8 19
£8 8

£10 10
£8 10

6
8
0
0
0

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier. This amplifier (which
is used in a 29 gn. record player) employs heavy duty double
wound mains transformer, ECC83, EL84, EZ80 valves. Separate
bass, treble and volume controls. Complete with output trans-
former matched for 3 ohm speaker. Size 71n. w. x 21in. d. x
51in. h. Ready built and tested. PRICE 89/8. P. & P. 3/6.
ALSO AVAILABLE mounted on board with output transformer
and bin. speaker ready to fit into cabinet below. PRICE 89/8.
P. & P. 4/6.

QUALITY PORTABLE RIP. CABINET
Uncut motor board. Will take above amplifier and B.S.R.
or GARRARD Autochanger or Single Record Player Unit.
Size 18 x 14 X 81in. PRICE 28/9/B; 'Carr. 5/..

4 -WAY NON -TANGLE TELEPHONE CABLE. Latest spring -
back coil type, extends 12in. to 5tt. Complete with rubber
bushes, 4/8 each. P. & P. 1/-.

Precision 6 -minute Delay Action Switch, Clockwork actuated.
Made by Smiths. Separate switching actions at intervals
np to 6 miss. Each switch action designed for current loadi lig
up to 15 amps at 250 volts. Suitable for photographic tinier,
sequence switching operations, etc., etc. Brand new and
unused units offered at a fraction of their true value.
OUR PRICE 10/- each. Post free 2 for 1718. Special
quotations for quantity,

10/14 WATT HI -Fl AMPLIFIER KIT
A stylishly finished mon
aural amplifier with an
output of 14 watts from
2 ELS4s in push-pull.
Super reproduction of
both music and speech,
with negligible hum.
Separate Inputs for mike
and gram allow records
and announcements to
follow each other. Fully
shrouded section wound
output transformer to
match 3.1512 speaker
and Iconindependent ps-artle bass and treble controls are provided
giving good lift and cut. Valve line-up 2 EL84s, ECC83, EF86,
and EZ80 rectifier. Simple instruction booket (Free with
parts.) All parts sold separately. ONLY MU/6. r. & P.
6/6. Also available ready built and tested complete with stan-
dard input sockets, 28/151, P. & P. 6/6.
VYNAIR & EERIER SPEAKER & CABINET PRIETFCAE

13
FABRICS.

Approx, 54in. wide. /usually 35i- yard,
per yard length, P. & 1/9, (Min. 1 yard). S.A.E. for sane pl. s.

A NEW HARVERSON KIT FOR THE HONE CONSTRUCTOR
A really excellent, all purpose
A.C. main 200/340 v.

AMPLIFIER KIT.
TYPE HSI " FOUR " 3 -VALVE,
4 WATT USING ECC82, B1.64,
EZ80 VALVES.
Special features include: * Heavy
fusty double -wound mains le:in-
former with electrostatic scr.s0 * Separate bass, treble :OA
1,1111Me controls, giving fully
variable boost arid cut with

minimum insertion loss. * Heavy negative feedback loop over
2 stages ensures high output at excellent quality with very low
distortion factor. * Suitable for use with guitar, microphone
or record player. * Provision for remote mounting of controls
or direct on chassis. * All this builds on to a amide size only
7/In, wide x 4in. deep. Overall height 41in. * All components
and valves are brand new. * Very clear and concise instructtaus
enable even the inexperienced amateur to construct wilh
100% success. * Supplied complete with valves, output t

fornier (3 ohms only), screened lead, wire, nuts, bolts, ',old, 1,
etc. (No extras to buy.) PRICE 79/8. P. A P. 51.,
Comprehensive circuit diagram, practical layout mid points Idnt
2/6 (free with kit).

HARVERSON'S F.M. TURFS MIL I
 F.M. tuning head

by famous maker.
Guaranteed MM.

drift.  Permeability
tuning.  Frequency
coverage. 88.100

0A81 balaoced
diode output.  Ti:::
S.F. stages and dis-
criminator.  Attrac-
tive maroon and gold
dial (7 x 3in. glass).
 Self powered, using a
good quality mains timisfornior and
valve rectifier.  Valves used ECC85, two EF80s.
(rectifier).  Fully drill,' chassis.  Size of completed
8 x 6 X 51in.  All parts sold separately. Set ,d parts if pm 
chased at one time £5/19/8. plus 8/0 P.P. and in (31,1i;
diagram and instructions 1/0 post tree. Mark II Version
above but complete with magi.: eye, front panel and 1,c1ch, I
28/12/8. P. & P. Nal. Mark M Version a& mat& I hat
output stage (EC1.82) and tone control. S7,7 N P.
Handsome Metal Cabinets. choke of Black a T,, rn
Mark I, 25/-. P. & P. 2/ To mark II, 17 6. .'

SPECIAL PURCHASE! TURRET TUNERS
by famous maker

Brand new and noosed. Complete with PCC84 and PCF80
valves, 34-38 Me/s. IF. Biscuits for Channels 1 to 5 and 8 and
9. Circuit diagram supplied. ONLY 25/- each. P. & P. 2/6.

GoRLER F.N. TUNER HEAD
88-100 Mc/s. 10.7 Mc/s. IF. 15/- P. & P. 1/9. (ECC85 valve
8/6 extra)

TAPE DECKS
B.S.R. MONARDECK (Single speed) 31in. per see., simple control,
uses 51in. spools, 28/1.9/..., plus 5/6 care. and ins.
COLLARO STUDIO DECK. 3 motors, 3 speeds, push button
control. lip to 71a. spools 110/101, P. & 5/6. (Tapes
extra on both.)

SPECIAL OFFER!! BRAND NEW HEAVY DUTY 12 INCH
SPEAKERS

Response 45 e/a-13 keat. llin. voice coil. Available in 3 or
15 chin, Guaranteed full 15 watts British rating. Heavy
cast aluminium frame. These are current production by world
famous maker and as they are offered well below list price we
are not permitted to disclose the name.
LIMITED NUMBER ONLY. UNREPEATABLE AT $W&
P. d P. 5)-.
Also 25 w. guitar model available M

WATCHED PAIR OF 21 WATT TRANSISTOR
DRIVER AND OUTPUT TRANSFORMERS.
Stock size 11 x 15 x On. Output trans. tapped
for 3 ohm and 15 ohm output. 10/- pair, plus
2/- P. & P. Worth double.
BRAND NEW PLESSEY. 12 v. 4 pin non.
sync. vibrators. Type 12 1.40D. ONLY 8/6.
P. & P. 1/6 each.
ROLA CELEBTION. Approx. 9 x 6in. 3 ohm
Middle register speaker, 10/8. P. & P. 1(6.

HARVERSON SURPLUS CO. LTD.
170 HIGH ST., MERTON, S.W.19. CHErrywood 3985

Open all day Saturday Early closing Wed., I p.m.
A few minutes from South Wimbledon Tube Station. (Please write clearly:

Overseas P. & P. charged extra. S.A.E. with all enquiries.
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NEW LIST OF BARGAINS
Transistor ferrite rod aerial ,,Ills 111,1111ln and long
wave coils with circuit. 7/6.
Oscillator Coil and set of 3 LF, transformers for
transistor set with circuit, 12/6. Timing Condenser
to suit, air -spaced, with trimmers, 9/-.
Ditto, but min. 10 mm. 12/6 the set, two -gang
condensers to suit 8/6 (request sub. min. circuit).
Midget 3in. P.M. Loudspeaker, 3 ohm, 12/6. 80 ohm,
13/6.
Midget 206 pF -I- 176 pF two -gang Tuning Conden-
ser with trimmers for transistor set. Price 9/-.
Push -Pull Transformer. Sub -miniature, RAI

.0005 mid. Single Tuning Condenser. Solid dielectric
spindle for transistor of Crystal set, with

spindle tapped 6 BA, 216.
46 Sets (Receiver/Transmitter pack set). Unused
sets complete except for cry stale, 1948- Post 3/-.
Battery Charger Kit. Comprises 5 amp. transformer,
5 amp. rectifier, metal case and meter to charge
6 or 12 volt batteries up to 5 amps. With variable
charge rate, 39/6 each. 3/6 OSt & insurance.
Mains 'Transformer. 250-0-25m at 80 mA. 6.3 volts
5 e. (normal mains input), 12/6 each. Carr. 2/li.
Output Transformer. Standard pentode matching
type, 416 each; 48/- per doz.

Slide Switch. Sub -miniature but dpdt., 2/-; 18/-
doz.

T.C.C. or Dabilier Tubular Condensers.
mf. 500 v.

.25 mf. 500 v.

.25 mf. 350 v.

.05 ml. 500 v.

.0001 mf. 1000 v

.001 1000 v.

.002 1000 v.

.000 1000 v.

.0'2 750 v.

.01 1000 v.

10/- doe.
7/6 doz.
6i- dor.
5/- doz.
5/- doz.
61- doe.
7/6 doz.
9/- doz.

8/8 doz.
10/- doz.

Battery Charger Rectifier, Selenium 12-15 v. 5
amp. 916.
Metal Chassis. Punched for Mullett! 510 Amplifier
complete with inner screening sections and stove
enamelled. 12/6 set.
Unbreakable Mains Lead. Type of lead fitted to
electric razors makes One lead for tent meters and
any other devices where subject to continuous
bending. Twin figure eight construction, soft cream
P.V.C. covered. Normally costs 21- per yard.
Three 61t. leads for 2/-.
Filament Transformers, 6.3 v., It amp. 6/6.
Neon Lamp -midget wire ended, ideal mains
tester, etc. 2/-. Ex-Dovt. 1/6.
Philips Trimmers. 0-30 pF. 1/- each; 9/- doz.
Heavy Duty Test Prods -red and black with plug-in
lead attachments, 6/6.
Low Resistance Headphones. Ideal crystal sets,
etc. 7/6, plus 2/6.
Cold Cathode Valve CV 413. Voltage regulator or
trigger switch -unused but ex -equipment 21- each.
Tag Panels, Ideal for construction, experimental
circuits, etc., 3 of each of 12 different types, 5/-.
Post 1/6.
Slydlock Panel Mounting Fuses, with carrier, 5 amps.
2/-; each; 15 amp. 2/8 each.
.1 mid. 350 v. Small tubular metal -cased condenser
made by Dubulier, 2/6 doz.
Osone Outfit-dor removing smells and generally
improving any oppressive atmosphere. Kit con-
sists of Philips ozone lamps and mains unit, only
needs box. 19/6. plus 3/6 postage and insurance.
Black Light Unit. 125 watt intensity, comprises
quartz lamp, adjustable lamp holder and 125
watt choke. Only 29/6 plus 6/6 cairiage and in.
smance.
Packard Bell Pre -Amp. Contains a relay, push-pull
input and output transformers and many useful
spares. Less valves 6/6 each plus 2/6 post and
insurance.
Fridge Handles. With Yale type locking mechanism,
two keys, and striking plate, 3/9, plus 2/- post, 8
for 30/-. Post free.
0-1mA. Meter, made by the American Westing-
house Co., 3in. diameter, flush mounting scale
calibrated in volts. 25/-, Plus 2/- post and in-
surance.
Ferranti Fire Bar. 500 watt 10in. 3/6 each. plus 1/6
past. Three or more post free.
B79 Valve Holder. Best make (Amphenol) 3/ -
dozen, post 1/6. 3 doz. post free.
Precision Wheatstone Bridge -opportunity occurs
to build 100k. wire wound 15 watt potentiometer,
price 6/- plus 1/- postage.
Clydon Turret Toner. 34 me/a. with band 1 and band
2 coils. Brand new, 9/6 each, post 2/6.

Hi-Fi Speakers
E.M.I. Ceramic magnet 12,000 lines, size 13in. x
8tH. (roughly equivalent to 12in. round speaker).
Base frequency 40-60 c/a. Handles up to 10 watts.
Price 33/8 plus 6/. carriage and Ms. State whether
15 ohm or 3 ohm.

Where postage is not definitely stated
add 2- to all orders under £3.

n.
7 valve 5 Wave Superhet

Famous maker - has H.F.
Stage and many special features -
covers Medium and 4 Short
bands to 11 metres -offered for
less than the value of the coil
pack alone. 12 volt model 39/6, no
power pack model 27/8 unused
but a little dusty all less scale and
drive -also less valves but there
are Standard octal types 6K7, 6K8,
6Q7, 6V6, 5V4, available price
20/ -the set. DON'T MISS THIS!
Carriage and insurance 7/6.

INFRA -RED BINOCULARS
These if fed from a high voltage source
will enable objects to be seen in the
dark, providing the objects, are in the
rays of an infra -red beam. Each eye
tube contaism a complete optical lens
system as well as the infra -red cell.
These optical systems can be used as
lens for T.V. camera -light cell, etc.
(details supplied). The binoculars
form part of the Amiy night driving
(Tabby) equipment. They are unused and believed to be in good working order, but
sold without a guarantee. Price 22/17/6 plus 10/- carriage and insurance. Handbook 2/6.

THIS MONTH'S SNIP
GARRARD AUTO -SLIM RECORD

CHANGER
One of the nicest record changers that
this famous company make -Automatic
selection of records which snap be mixed
-may also be played manually. Finger
tip adjustment of Stylus pressure.
Fitted with mono head -but pickup
wired for stereo -suitable 200/250
A.C. mains -cabinet space required
141 x 115 with 4:in. above and 22in.
below. DON'T MISS THIS SPECIAL
SNIP, ONLY 25/15/-.
(Post and Ins. COI),

EX -ROYAL NAVY
SOUND -POWERED TELEPHONE

These require no batteries and will go
for long periods without attention.
Complete with generator and sounder
which gives a high-pitched note easily
heard above any other noise. Also
fitted with ass indicator lamp which
in quiet situations can be used instead
of the sounder, or, where several
telephones are used together, will
indicate which one is being called.
Size 7 x 9 x 71in. wall mounting,
designed for ship's use but equally
suitable for home, office, warehouse,
factory, garage, etc. In good order
but soiled. Price 29/6 each, plus 6/6
carriage.

RECORD PLAYER CABINET BARGAIN
Extremely well made and covered in two tone rexine. Will take
Garrard or B.S.R. units and amplifier. 32/-. (Regret callers only.)

750 mW TRANSISTOR
AMPLIFIER

4 transistors including two in push-
pull -input for crystal or magnetic micro-
phone or pick -up -feed back loops -
sensitivity 5 m/v. Price 19/6.
Post and ins. 2/6. 35 ohm speaker
12/6 extra.

MAINS POWER PACK
MAINS POWER PACK designed to operate transistor sets and amplifiers. Adjust-
able output 6 v.-9 to 12 volts for np to 500 mA. (class B working). Takes the place
of any of the following batteries. PRI, PP3, PP4, PM. PP7, PP9, and others.
Kit comprises: mains transformer -rectifier. smoothing and load resistor, 5,000
and 500 mid. condensers, rener diode and instructions. Real snip at only 14/6,
plus 2/ti post.

MAKING
AN F.M.
TUNER
Available, at
present, is a
very nice cad-
mium  plated
F.M. Tuner chassis
with holes punched for
coils and other components,
also a nicely printed perepex
front, calibrated usual F.M.
frequencies. Real bargain 6/6 plus 2/- or with two
gang tossing condenser 10/- plus 2/- postage.

SPEAKER BARGAIN
12in. High fidelity
loudspeaker, High
flux permanent
magnet type with
either 3 or 15 ohm
speech coil. Will
handle up to 10
watts. Brand new.
by famous maker. L
Price 27/8, plus 3/6 post and insurance.

Waterproof Heater Wire
16 yd. length. 70 watts. Self regulating temperature
control, UV- post free.

TRANSISTOR
SET CASE

Very modem cream cab -
Met, size 55 x 3 x
12in. with chrome
handle, tuning knob and
scale. Price 4/6. plus
1/6 postage.

Building a Scope?

3in. oscilloscope tube. American made type No.
3FP7, base 6.3 v. 6 amp. heater electrostatic deflec-
tion, brand new and guaranteed, with circuit
diagram of scope, 15/- each plus 2/6 post and
insurance.

Fluorescent Light Kits
For pelmet lighting, etc. Kit consists of: Super
silent choke; 2 chrome clips to hold tube; 2 bi-pin
holders for tube and starter with a starter holder.
Kit A for 80 watt tube at 27/8. Kit B for 40 watt
tube at 19/6. Kit C for 2 x 2ft. 20 sc, lamp 25/,
Kit D for 1 x 21t. 20 w. lamp 18/6. Post and in-
surance 2/6 per Kit.

Timer Kit
Special offer of all components except metal
box to make mains operated interval timer for
photography, etc. 12113 plus 2/6 post.

Simmerstat Heater
Regulator

Suitable to control elements, heaters, soldering
irons and boiling rings up to 2,500 watts. Complete
adjustable, normal price 55/- each. Special snip
price 12/6. Plus 1/6 postage and insurmice.

THERMOSTATS
Titre " A " 15 amp. for controlling room heaters,
greenhouse, airing cupboard. Has spindle for pointer
knob, quickly adjustable from 3080°F., 9/6 plus
1/- post. Suitable boa for wall mounting, 5/-.
P. & P. If-.
Type "B " 15 amp. This is a 17in. long rod type
made by the famous Sunvic Co. Spindle adjusts
this from 50-550'F. Internal Screw alters the
setting so this could be adjustable over 30° to
1000°F. Suitable for controlling furnace, oven, kilts,

immersion heater or to make flame -start
or fire alarm. 8/6, plus 2/6 post and
insurance.

Type " C " is a small porcelain thermostat as fitted
to electric blankets, etc. 11 amp. setting adjustable
by screw through side. 3/8. P. & P. 6d.
Type " D " We call this the Ice -state as it cuts in and
out at around freezing point 2/3 amps. Has many
uses, one of which would be to keep the loft pipes
from freezing. If a length of our blanket wire
(16 yds. 10/-) is wound around the pipes, 7/8. P. &
P. 1/..
Type " B " This is a standard refrigerator thermo-
stat. Spindle adjustments over normal refrigerator
temperature, 7/6, plus 1/. post.

ELECTRONICS (CROYDON) LIMITED
266 LONDON ROAD, WEST CROYDON, SURREY

Post orders to: 43 SILVERDALE ROAD, EASTBOURNE, SUSSEX
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UNIQUE BARGAINS MUST BE CLEARED
SPOT OR FOG LAMP

Made by Lucas, Flat or
Pencil beam 36 watt.
Suitable for car, boat,
caravan, etc. Complete
with 6 v. or 12 v. bulb,
flex cables and fixing
bolt. Remarkable bar-
gain 12/6 plus 2/6 post
and insurance.

LUCAS 12 v. IGNITION COIL
Ex-W.D. Unused, guaranteed perfect
order. Suit most cars 12/6 plus 1/6 post.

INDICATOR
LAMP
fitted perspex top.
Takes standard screw
in flash light bulb.
Price 18/- doz. Simi-
lar thing but flush,
12/- doz.

TELEPHONE JACKS & PLUGS
Jack Plugs, bakelite,
Standard size -fit
most tape recorders,
4/6 doz.

SELF ENERGISED
TELEPHONES
These require no batteries
in fact they have only to
be connected by a pair of
wires. They can thus be
fitted into existing bell
circuits. Results are
extremely good and
maintenance costs are
nothing. Handsets only
complete as illustrated.
15/- each, 2/6 post. Two
post free.

CATHODE RAY TUBES

VCR 517 6in 9/6 carr. and ins. 8/6
(replaces VCR 97 new and unissued
VCR 139A 2f in. 27/6 carr. and ins. 4/6
VCR 138 3fin. 27/6 5/6
VCR 4/1 Sin. 32/6 " 4/6
VCR 112 Sin. 27/6 5/6
CV 996 6in. 22/6 5/6
VCR 97 6in. 42/6 , 8/6
CV 1140 I2in. 27/6 12/6
CV 1590 I2in. 27/6 12/6

10 way Cable, ideal for interconnecting
units and for remote switching circuits -
each way has a flex copper core capable
of carrying 5 amps and insulated to 500 v.
The cable is P.V.C. covered overall.
Price 1/6 per yard. 10 yards post free,
otherwise add 3/6 post.
5 way Cable. Similar to 10 way, 9d. yd.,
20 yds. or more post free, otherwise
add 2/6.
Twin Rubber High Current Flex.
110 strands in each core, 250 volt grade;
carry a length of this in your car -if you
are ever stuck with a flat battery you
can join up to another car; regular
price of this cable is 3/- per yd, Our
price 17/6 for 10 yds. post paid.
Bakelite Wall Switches. Normal
household type for lighting, etc., 9/-
doz. one way or 10/- 2 way -36 or over
post free, otherwise add 2/6.
A.C. Meter, Wall or Panel Mounting.
Voltmeter 6in. dia. in metal box] for
flush mounting -install one in your work-
shop and you will always know how the
mains are. 35/- each, 3/6 post and ins.
Blower Motor. If you are thinking of
making a heater or cooler for your car
or equipment, this could be the basis -
intended for cooling aircraft equipment,
runs O.K. off 12 volt, price 12/6 plus 2/6
post and ins.
Electrical Rev. Counter, This is a

dynamo with flex drive shaft. Simply take
output to a voltmeter which you can
calibrate in R.P.M.-beautiful instrument,
must have cost a fortune, 19/6 each, post
2/6.

TETRODE TYPE VT3I TRANSMITTING VALVE
This is a high-powered
air-cooled tetrode Speci-
fication of which is as
follows: Heater volts
11.25, heater current
8 amp., maximum anode
voltage 5 KV, anode
dissipation 250 watts,
size approximately 141 in.
long and 6fin. across the bulb.
Limited quantity only at El, 4/6 P.T. each, still in original packing.

TELEPHONE REPEATER No. I MARK I. This equipment is for
amplifying telephone signals in both
directions oft, affic and also to remedy
line distortion of speech. It is in-
tended for use with two wire or four
wire circuits, has four amplifiers and is
in fact two quite independent re-
peaters mounted on the same panel
and having a common power supply.

 The power supply may be operated
from a 12 -volt car battery or from
standard A.C. Mains. The units are
absolutely new in original packing
complete with spares and instruc-

.j tional manual. Price E7/10/. each
and 12/6 P. & P.

KLYSTRON RECEIVER
Partly stripped but con-
taining valuable Klystron
with tuning mechanism and
a host of spares including
condensers (paper and
mica) transformers relay
bobbins, pot meters, resis-
tors, delay line, coils, coil
formers, knobs pye sockets,
trimmers, valve holders, a
very useful chassis and case
size approx. 15 x9 x 7f in.
and hundreds of other use-
ful sundries. Price only 9/6,
plus 7/6 carriage and pack-
ing.

AN AMPLIFIER?
Here is a buy for you! Modulator
Unit type 20. Contains parts ideal for
building a large output amplifier and
already set out in metal case. Tc
name a few: -
Four high output valves Type KT44.
Driver valve Type MH4 I. Iron
cored choke for up to 200 milli -
amps. Dozens of wire wound and
carbon resistors, paper and mica
condensers. Terminals and tag
panels, etc., etc. Three other items
of interest to everybody and well
worth the price asked for the unit
are: -

1. Transformer Reference 10K/143. This can act as auto trans-
former to convert 230 to 110 or 230 to 460, and also a sa filament
transformer 230 to 6.3 or 230 to 12.6 volts.
2. Miniature Circuit Breaker. For breaking 10 amps A.C. reset by
pushing knob.
3. Steel Case. With heavy gauge chassis, already cut out and fitted
valve holders, etc. Price for complete unit is 12/6, carriage 7/6.

UNITS FOR CONTROLLED AUTOMATIC ROTATION
Two units work together to form
a Tower rotating device, with
remote control.
Item I, known as Tower 24A, is in
fact the geared driving motor which
rotates the mast. This is quite a
heavy construction and would rotate
a heavy scanner, reflector, Beam
array, etc., etc.
Item 2, known as Indicator 1-221-A
is the remote controller which

enables the azimuth position of Tower 24A to be controlled from a
remote point. Conversely, it enables the azimuth position of the tower
to be known at any time. Both the Tower and the Indicator contain
selsyn transmitter/receivers and it is these that provide the impulses
which cause the aerial to rotate backwards or forwards. The equipment
intended for 117 volt. A.C. mains but will operate from our mains if
connected through step down transformer of I K.W. rating.
Prices I -221-A E25, TR24A E35.
Special discount of £5 for cash with order or C.O.D. if both units
purchased together.

BUILDING

THE INSTRUMENT COMPANY
43 SILVERDALE ROAD, EASTBOURNE
mail order only from this address -goods may be seen

by appointment in Oxfordshire

CHARGING SWITCHBOARDS

Type A, 550 w. 13 v. -contains three
reverse current relays, one voltmeter
rated 25 v., f.s.d., one main ammeter rate
40 amps f.s.d., one secondary ammeter
rated 15 amps f.s.d., and two secondary
meters rated 20 amps f.s.d., one 2 ohm
variable resistor, one II ohm variable
resistor and two 1.2 ohm variable resis-
tors. Complete in metal case 2ft. 6,n. x
2ft. Bin. approx. Price 12/15/-, carriage
and ins. 151,
Type B, 1260 w. 50 v., 12 amps. -contains
one 14 ohm variable resistor and four
I ohm variable resistors, one main am-
meter rated at 40 amps f.s.d., (cur
secondary meters rated at 20 amps f.s.d.,
and one voltmeter rated at 50 volts, end
two reverse current relays. Complete in
metal case -size approximately 2ft. 6in.
x 2ft. Bin. Price C4/15/-, carriage 151-.

CONTACTOR
For breaking 25 amps.
coil voltage is 24 v. D.C.,
but with a rewind or a
small rectifier these will
close off A.C. mains.
Very heavy duty contacts.
Enclosed in bakelite case.
Price 2/6, 24/- doz.

JUMBO
VALVE
BASES
Ceramic 4 pin
for transmitting
valves. Price 3/6
each.

SNIPER -
SCOPE

Famous war -time
"cats eye" used
for seeing in
the dark. This
is an infra -red
image converter cell with a silver caesium
screen which lights up (like a cathode ray
tube) when the electrons released by the
infra -red strike it. It follows that as light
from an ordinary lamp is rich in infra -red
these cells will work; burglar alarms,
counting circuits, smoke detectors and the
hundred and one other devices as will the
simpler type of photo cell. Here then is a
golden opportunity for some interesting
experiments, price 5/- each, post 1/-.
Data will be supplied with cells if re-
quested.

Spot or Fog Lamp. Made by Lucas,
Flat or Pencil beam. 36 watt. Suitable
for car, boat, caravan, etc. Complete
with 6 or 12 v. bulb, flex, cables and
fixing bolt. Remarkable bargain. 12/6
plus 2/6 post and insurance.

SLIDER RESISTORS
Heavy Duty Type. Size 7in. x
If in. I 1 ohms 4.5 amp, 22/-.
Size 91e. x !fin. 1.2 ohms 15 amp.,
15/-. Size 131 in. x !fin. 3 ohms
10 amp., 51/-. I ohm 25 amp.,
15/, 4 ohms 100 amp 10/-, plus
post.
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HI-FI 10 WATT AMPLIFIERS
BRAND NEW

Ex Guitar Amplifiers. e7.19.6(a-
A REMARKABLE OPPORTUNITY, Push-pull .output.
latest high efficiency valves. Dual separately controlled inputs
for mike and gram. Separate bass and treble controls. High
sensitivity. Output for 3 ohm or 15 ohm loudspeaker- Guaran-
teed tested and in perfect working order. For 200-260 A.C.
mains.

LINEAR TAPE PRE -AMPLIFIERS Type LP/1. 8*fiched
negative feedback equalisation. -Positions for Record 1 /in.,

75in. and Playback. EM84 Recording Level indicator.
Designed primarily as the link between Coll..., Tape Transcrip-
tor and high fidelity amplifier but suitable almost any Tape
Dock. 98 GM Send S.A.E. for leaflet.

TRANSISTORISED SOUND MIXER
Enables mixing of up to
4 inputs. Le. mic, tape,
gram., tuner, etc., into
single output. Compact

completely self-con-
tained, uses standard 9 v
battery supplied f ree.
Four standard
jack inputs. PRICE49/6
R.S.C. POWER PACKS 200-250 v. A.G. co,,,o,
enclosed in louvred enamelled case. 9 x 51 x 2)iu. 2919
Output fully ...the(' 250 v. 60 mA. and 6.3 v. 2 a. s'

SUPERHET RADIO FEEDER UNIT
Design of a high quality Radio Tuner (specially suitable for
use with any of our Amplifiers). Triode Heptrode. F changer is
used. Pentode IF. and double Diode Second Detector. Delayed
A.V.C. W. Ch. 8w. incorporates gram. position. Controls are
Tuning, W. Ch. and Vol. Simple alignment instructiom. Only
250 v. 15 mA. H.T, and L.T. or 6.3 v. t scup. required from
amplifier. Sim of unit approx. 9-6-7in. high. Send S.A.E. for
illustrated leaflet. Total building cost of 5 GNS. Point-to-point
wiring diagram. and instruction. 216.

FANE EXTRA HEAVY DUTY LOUDSPEAKERS
Total Flux 375.000 lines. Extremely high sensitivity. Excep-
tionally robust Ito. diameter Voice Coil assemblies. Impedance
15 ohms. Type 153 151n. 40 watts 18 GNS. or Deposit 37/9
and 12 monthly payments 31/6. (Total £2011519.1 Type 103
60 watt. loin. 24 GNS. Or Deposit 51/- and 12 monthly pay.
melds 42/9. (Total. 229/41,d Send S.A.E. for leaflet.

STOCKISTS OF

ARMSTRONG CHASSIS
GOODMANS, W.B. and FANE
SPEAKERS, LINEAR, LEAK,
VERDIK, ROGERS, DULCI
AMPLIFIERS, GARRARD and

GOLDRING TURNTABLES

CASH OR TERMS

Only 3 pairs of soldered
joirlto plus mains. AUDIOTRINE HI-FI TAPE RECORDER KIT

Build a high quality recorder in the GO class for only
OR DEPOSIT £3.0. 0

2 5 1/2 GNS.

Can be assembled

Sell S.A.E.lE for
and 12 monthly payments of 44: -
(Total 28 Gus.)
Cash wise if settled in 3 months.

INCORPORATING THE LATEST COLLARO STUDIO TAPE TRANSCRIPTOR THE
AUDIOTRINE HIGH QUALITY TAPE AMPLIFIER. A HIGH FLUX 7 x 4in. LOUDSPEAKER
Reel of Best Quality TAPE. Spare Tape Spool, a Portable Cabinet, size approx. 141 x 15 x Ellin.
finished in complementary shades of Resine and Vynsir. Connection diagram for wiring amplifier
to transcriptor provided. FEATURES INCLUDE:
* 3 -SPEEDS * FREQUENCY RESPONSE 5041,000 c.p.s. * SWITCHED NEGATIVE
FEEDBACK EQUALIZING FOR EACH SPEED * OUTPUT 4 WATTS * MAGIC EYE
RECORDING LEVEL INDICATOR * 3 MOTORS * Fast rewind * TAPE MEASURING
AND CALIBRATING DEVICE * TAKES FULL 7in. DIAMETER REELS OF TAPE *
NEGLIGIBLE HUM * ENTIRELY EFFECTIVE AUTOMATIC ERASURE.

R.S.C. BATTERY TO MAINS CONVERSION UNITS
Type 13911. An all -dry battery eliminator. Size 51 x 45 x Sin. approx. Completely replaces
batteries supply 1.4 v. and 90 v. where A.C. mains 200-250 v. 50 c/.. is available. Suitable for
all battery portable receivers requiring 1.4 v. and 90 v. Complete kit with diagram 39/9, or
ready for use 46/9. Type BM2. Site 8 x 55 x 25in. Supplies 120 v. 90 v. and 60 v. 40 mA.
and 2 v. 0.4 a. to 1 amp., fully smoothed THEREBY COMPLETELY REPLACING BOTH H.T.
BATTERIES AND L.T. 2 v. ACCUMULATORS when connected to A.C. mains supply 200-250 v.
60 c/s. SUITABLE FOR ALL BATTERY RECEIVERS normally using 2 v. accumulator.
Complete kit with diagrams and instructions. 49/9 or ready for sae 59/6.

ALL INTEREST CHARGES REFUNDED
ON H.P. & CREDIT SALE ACCOUNTS

SETTLED WITHIN SIX MONTHS

R.S.C. 4 WATT
GRAM.

AMPLIFIER KIT
Complete set of parts to build
a good quality compact unit
suitable for use with any record
playing unit. Mains isolated
chassis. Ham and Treble controls.
Output for 2-3 ohm speaker.
For 200-250 v. A.C.

59'9

R.S.C. A5 4-5 Watt HIGH GAIN QUALITY AMPLIFIER
A highly sensitive 4 -valve quality amplifier for the home, small club, etc. Only 50 milli -volts
input is required for full output so that it is suitable for use with the latest high fidelity pick-up
heads in addition to all other types of pick-ups and practically all makes. Separate Bass and
Treble controls are provided. These give full long playing
record equalisation. Hum -level is negligible being 71 D.B
down. 15 D.B. negative feedback is used. H.T. of 300 v.
26 mA. and L.T. of 6.3 v. 1.6 a. is available for the supply of a
Radio Feeder Unit or Tape Deck pre -amplifier. For A.C.
mains input of 200-260 V. 50 c/s. Output for 2-3 ohms speaker.
Chassis is not alive. Kit is complete in every detail and
includes fully punched chassis (with baseplate) with the blue
hammer finish and point-to-point wiring diagrams and in-
structions. Exceptional value at only £4/15/- or assembled
ready for use 25/- extra, plus 3/6 carriage. Or deposit 22/ -
and five monthly pa) meats of 22/- (Total £6/12/4 for assembled unit.

R.S.C. 3 WATT GRAM AMPLIFIER KIT
All parts to build a compact, highly sensitive amplifier suitable
for any single or autochange player. Size 12 a 2i x 211n.
Double wound Main. transformer. For 200-250 v.
A.C. mains. Output for 2-3 ohm speaker. Volume 39/9
and tone control with switch.

SELENIUM RECTIFIERS
L.T. Types
2/0 v. 5 a. H.W. - 1/9
6/12 v. I a. H.W. .. 2/9
Following F.W. (Bridge)
6/12 v. 1 a. 3/11
6/12 v. 2 a. 6/11
6/12 v. 3 a. 9/9
6/12 v. 4 a. 12/3
6/12 v. 5 a. 14/6
6/12 v. 6 a. 15/6
6/12 v. 10 a. 25/9
6/t2 v. 15 a. .. . 3519

R.T. Types H.W.
120 v. 40 mA. 3 9
260 v. 50 mA. 3/11
250 v. 60 mA. 4/11
250 v. 80 inA. 6/11
250 v. 260 rnA. 11/9
Types Below Contact cooled
250 v. 60 mA. H.W. 5/11
250 v. 70 mA. H.W. 7/11
F.W. (Bridge) Types
250 v. 50 mA. 9/11
250 v. 120 nut. 10/11

SPECIAL PURCHASE
BRAND NEW GARRARD
3000LM HIGH
STEREO MONO AUTOCHANGE
UNITS WITH LIGHTWEIGHT
PICK-UP ARM AND SPECIAL
HIGH FIDELITY HEAD

LIMITED NUMBER

AVAILABLE AT

QUALITY
NORMAL PRICE

APPROX.
£12 . 15 . 0

10
CARR.

5,6

GNS
ACOS GP67-2G HI-FI
Crystal Cartridges with
sapphirestylns. Standard re-
niaceinent for Garrard, B.B.R.
and Collam. ONLY 16/9
ACOS
Stereo Monaural 29/6

TRANSISTOR SALE
Mullard 0071 0C46
4111. 0C44 4/11. 0072
3/11. 0081 3111.
Ediswan NAM]. XA111,
X11113. X B101, XCIO1A,
3/9 ea. Postage 6d. for up to
3 Transistors.
JASON F.M. TUNERS
Type FMT1. All parts in-
cluding Dial. Escutcheon,
Punched Chassis and Valves.
Power supply required 180 v.
25 mA. and 0.3 v. 1.5 a.
Type FMT1 26/19/6
Type FMT2 . 28/19/9

R.S.C. BATTERY
HEAVY DUTY KIT

6/12 v. variable charge rate
up to 6 amps. Consisting of
Mains Trans. F.W. (Bridge),
Selenium Rectifier, 0-7 amp.
meter. Variable Charge
Selector. Fuses, fuse -holders,
panels. plugs and circuit.
Only 59/9. Poet 4/6

TRANSFORMERS
200-230-250 v. 50 c/s.
0-9-15 v. 15 a 12/9
0-9.15 v 29 a 14/9
0-9-15 v. 3 a. 16/9
0-9-15 v. 5 a. 19/9
0-9-15 v. 6 a. 23/9
0-9-15 v. 8 a. 28/9

CHARGERS & KITS
BATTERY CHARGER KITS

Consisting of Mains Transformer, F.W.
Bridge, Metal Rectifier, well ventilated
steel case. Fuses, fuse -holders, grum-
mets, panels, clips and circuit. Carr.
3/9 extra.
6 v. or 12 v. 1 amp 22/9
As above with ammeter 28/9
6 v. 2 amps. 19/9
6 v. or 12 v. 2 arum 25/9
6 v. or 12 v. 2 amps. 35/9

(inclusive of ammeter).
6 v. or 12 v. 4 amps. with
variable charge rate selector
and ammeter 52/9

for 200-230-250 v. 50 c/s. A.C. Mains Guaranteed 12 mths.
HEAVY DUTY ASSEMBLED
12 V. 10 AMP. 6v. or 12 v. 4 amps.
KIT Consists of

Mains Transformer. F.W.
(Bridged) Selenium Rec-
tifier, Ammeter, Fuses,
Variable Resistor and
Circuit. For 200-250 v.
A.C. mains. Only

£4 - 19 -9
Carr. 10/-.

Fitted Ammeter and variable
charge selector. Also selector
plug for 6 v or 12 v. charging,
fused.
Well ventilated steel case
with Grey hammer finish.

Reads for ow` with niain- and nutnIlt leads. 59/9
Or Deposit 12/ -and monthly payments Carr. 4/60112/, (Total 72/-)
As above but for 6 amp. charging ONLY`* Gas.
or Deposit 16/- and 5 monthly payments of 16/-. (Total 96/-)

SPECIAL OFFER FANE 122/10 20 WATT HEAVY DUTY
12 v. 2 amp. F.W. (Bridged) LOUDSPEAKERS Post Frei
METAL RECTIFIERS 3 for 7/9 12in. 15 ohm. With exceptionally robust 21n. diameter GNS.voice coil assembly.

EX -GOVT. SELENIUM RECTIFIERS 19/9
12 v. 15 amps. F.W. (Bridge). Only

EX. GOVT. SMOOTHING CHOKES
60 mA. 10 h. 400 ohms 3/11. 100 mA. 10 h. 100 ohms. 6/9.
150 mA. 10 h. 100 ohms 10/11. 120 mA. 12 h. 100 ohms 9/9.
200 mA. 5-10 b. 100 ohms 11/9. 250 mA. 5 h. 50 ohms 10/9.
TANNOY 8 WATT RE-ENTRANT LOUDSPEAKERS.
8 ohms for workshop. factory or outdoor use 25/9 ea.

VALVES Keen
range./ CHARGER 0.19a.,?,-.1i9:"

0.3a" 8/9

SENSATIONAL STEREO OFFER
Complete kit of parts to construct a 3 -I- 3 watt good quality
stereo amplifier providing realistic reproduction. Suitable
all stereo pick-up leads. Ganged vol. and
tone controls. Pre-set balance. For 200-250v. Carr. 4/6
A.C. mains only. Folly isolated chassis.
Or including Stereo Head 19/9 extra. GNS.

R.S.C. BABY ALARM or INTERCOM UNIT KIT
For 200-250 v. A.C. mains. Includes all parts, diagrams
and instructions. High sensitivity. Completely safe.

Controllable at
both ends.
Housed in twocabinets of
pleasing design
89/6. Cart. 6/-.
Or assembled and
tested 6 DNS.
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R.S.C.ii=a3
R.S.C. A10 30 WATT AMPLIFIER

HIGH FIDELITY ULTRA LINEAR
PUSH-PULL OUTPUT

SIX VALVES End, EF80, ECC83, 807, 807,
0234. Tone Control Pre -Amp. stages are
incorporated. Sensitivity is extremely high.
Only 12 millivolt minimum input is required
for full output. THIS ENSURES THE SUIT-
ABILITY OF ANY TYPE OR MANE OF
MICROPHONE OR PICK-UP. Separate Bass
and Treble controls give, both  lift" and
" cut " with ample tone correction for long
playing records. An extra input with associate
vol, control re provided so that two separate
inputs such as " mike " and grain. etc., can be
simultaneously applied for mixing purposes. AN
OUTPUT SOCKET WITH PLUG IS INCLUDED
FOR SUPPLY OF 800 v. 20mA. and 8.3 v. 1.5 A. FOR A RADIO FEEDER UNIT. Price in kit
form with easy to follow wiring diagram
ONLY Or factory built using latest EL34 output valves and with 12 mouthy'
"rrl 11 Gns. guarantee GNS.
10/-. and 9 monthly paymeTnEtsRMMS330/10A884.781BLED

UNITS, DEPOSIT 3416
18

Protective Cover 19/9. Type 807 output valves are used with H h Quality Sectionally Wound
output transformer specially designed for Ultra Linear operation. Negative feedback of 20 11.11.
in main loop. CERTIFIED PERFORMANCE FIGURES ARE EQUAL TO MOST EXPENSIVE
UNITS AVAILABLE. Frequency response 3.D.B. 30-20,000 c/s. Tone Controls ± 12 D.B.
at 50 c/s. + 12 D.B. to - 6 D.B. at 12,000- c/s., hum and noise 70 D.B. down. Good quality
reliable components used. Chassis nosh gold hammer. Overall size 12 x 9 x flin. approx. Pow,
consumption 150 watts. For A.C. mains 200-250 v. 50 c/s. Output for 3 and 15 ohms speakers.
EQUALLY SUITABLE FOR THE CONNOISSEUR OR FOR LARGE HALLS, CLUBS OR OUTSIDE
FUNCTIONS. IDEAL FOR USE WITH MUSICAL INSTRUMENTS, SUCH AS STRING BASS.
ELECTRONIC ORGAN, GUITAR, etc. FOR DANCE BANDS, GARRISON THEATRES. etc.. etc.
We can supply Microphone, Speakers, etc., at keen cash prices or on terms with amplifiers. EXPORT
ENQUIRIES INVITED.

MANCHESTER New larg6e0are-60 tt)rlraismessntoreewt.open at

POWER
PACK KITS
Fully smoothed out-
put 250 v. 60 mA.
H.T. and L.T. 6.3 v.
1.5 amps. Consists
of chassis, mains
Trans. 200-250 v.
Double wound,
Rectifier, Choke,
Electrolyties and
eircuit. 19/11

FANE HIGH FIDELITY SPEAKERS
All with exceptionally robust fin. diameter voice coil assemblies,

12in. 15 ohms. Cast chassis: HEAVY DUTY.
122/10 20 watts .... 2 gas. 122/10A 20 watts .. 6 ans.

..122/12 20 watts .... 7 ens. 122/12A 20 watts 8 ens.
122/14 23 watts .... 9 sus. 122/14A 22 watts .. 3.0 gas.
122/17 25 watts .. £11 17 8 122/17A 25 watts £12 17 6
15in. 15 ohms. Cast chassis: HEAVY DUTY.
152/12 20 NI. 12ess. 152/12A 20w.

1513 aging':132/14 27w. 14 gas. 152/14A 27w
152/17 35w. 16- 152/17A 35 w. .... 17 ans.

A " indicates dual one 30.17,000 c.p.s. Rend S.A.E. for
leaflets. Terms available.

R.S.C. TRANSFORMERS
FULLY GUARANTEED

INTERLEAVED and IMPREGNATED
MAINS TRANSFORMERS. Primaries 200-250 v. 50 c/s.
FULLY SHROUDED. UPRIGHT MOUNTING.
250-0230 v. 60 mA., .i.3 v. 2 a. 0.5-6.3 v. 2 a. 2I-3-3in. 17/11
250-0-250 v. 100 not., 6.3 v. 4 a., 0.5-6.3 v, 3 a. .. 28/9
300-0-300 v. 100 mA., 0.3 , 4 a., 0.5-6.3 v. 3 a. .... 28/9
300-0-300 v. 130 mA., 0.3 v. 4 a. e.t., 0.3 v. 1 a. For

Bollard 510 Amplifier 35/9
350-0-350 v. 100 mA., 0.3 v. 4 a., 0.5-6.3 r. 3 a. 29/9
330-0-350 v. 150 mA., 6.3 v. 4 a., 0.5-6.2 v. 3 a. . 37/9
425.0-425 v. 200 ntA., 6.3 v. 4 a., e.t., 5 v. 3 a. 5719
425-0-425 v. 200 mA., 6.3 v. 4 a., 6.3 v. 4 a., 5 v. 3 a 59/9
450-0-430 v. 230 mA., 6.3 v. 4 a. e.t. 3 v. 3 a. 89/9
TOP SHROUDED DROP -THROUGH TYPE
250-0-250 v. 70 mA., 6.3 v. 2 a., 0-5-6.3 v. 2 a. 17/9
250-0-250 v. 100 mA., 0.3 v. 3.5 a. 19/9
250-0200 v. 100 mA., 6.3 v 2 a., 6.3 v. 1 21/9
330-0-350 v. 80 mA., 6.3 v. 2 a. 0.5-6.3 v. 2 a. 19:9
250-0-250 , 100 mA., 6.3 v. 4 a., 0.5-6.3 v., 3 a. 27/9
300-0-300 v. 100 tuA., 6.3 v. 4 a., 0.5-6.3 v. 3 a. 27:9
300-0.300 v. 130 mA., 6.3 v. 4 a., 0.5.6.3 v. 1 a.,

suitable for Militant 510 Amplifier 33/5
350-0-350 v. 100 mA., 6.3 v. 4 a., 0.3-6,3 v. 3 a. 27/9
350-0-350 v. 150 mA., 6.3 v. 4 0. 0.5-6.3 v. 3 a. 36/9
MIDGET CLAMPED TYPE. Primaries 200-250 v,
250-0-250 v. 60 mA., 6.3 v. 2 a.. 2 x 2 x 2lin. 12/9
250 v, 60 mA., 6.3 , 2 a. Size 2 x 2 x 2Iin. 11/9
FILAMENT TRANSFORMERS 12 v. 1 a. 7/9
4.3 v. 1.5 a. 5:9 6.3 v. 3 1 8!11
6.3 v. 2 a. 718 6.3 v. 6 a. 17/9

12 v. 3 a. 01.24 v. 1.5 a. 17/9
AUTO (Step UP/Step DOWN) TRANSFORMERS
30.80 watts 110-120 v./230-250 v. 13/9
150 watts 110-120 v./200-250 v. 27/9
230 watts 110.120 v./200-250 v. 49/9
OUTPUT TRANSFORMERS
Midget Battery Pentode 66.1 for 384, etc. 4/6
Small Pentode 5,0000 to 30 4/6
Standard Pentode 5,0000 to 30 5/9
Standard Pentode 7,0000 to 311 5/9
rush pull 8 watts EL84 to 30 or 1012 8/9
Push pull 10-12 watts 6V6 to 30 or 150 18/9
Push pull 10-12 watts to match 6176 to 3-5.8 or 150 19/9
Push pull EL84 to 3 or 1511 10-12 watts 18/9
Push pull Ultra Linear for Mallard 510, etc 29/6
Push pull 15-18 watts, sectionally wound 61.6, KT66,

etc., for 3 or 150 29/9
Push pull 20 watt high -quality sectionally wound,

EL34, 6L6, KT66. etc., to 3 or 150 hilly shrouded 49/9
MICROPHONE TRANSFORMERS
120-1 High quality, clamped 8/9
SMOOTHING CHORES
250mA., 5 II., 1000 1119 80 mA., 10 II., 3500 5/6
i5OniA., 7-100,2500 11/9 60 mA., 10 IL, 4000 4(11
100mA., 10 H., 200 0 819 1 amp. 0.50 L.T. type 6/6

AMPLIFIER

Full instructions and point-to-point wiring diagrams supplied for factory
built 210/19/6 extra).  DI -.
11 required louvred metal covers with 2 carrying handles eau be supplied for 18/9. TERMS ON

r.ASSEMBLED UNITS, DEPOSIT 25/- and 9 monthly payments of 25:- (Total 212/10). ...1
2.5.k. r,... in'n, rit .-d leaflet of Cabinets, Speakers, " Mikes," etc. Cash or Terms.

R.S.C. All 12-14 WATT
HIGH FIDELITY PUSH-PULL

ULTRA LINEAR OUTPUT
"BUILT-IN" PRE -AMP STAGES

Two input s,tekets with associated eon( e,.1. ulna
mixing of ' mike " and gram. as in A.I High
,,,ensitivity. includes 5 valves ECC83, ECC83,
EL84, EL84, 61281. High Quality sectionally
wound output transformer specially ,I.,1401,1
1.,r Ultra Linear operation. Reliable small
Itondensers of current manufacture. 1 ND1V1-
DUAL CONTROLS FOR BASS AND TREBLE
" Lift" and " (Jul." Frequency response 3 D.B. 30-30.000 e,s. Si,v negative feedback loops.
linen -level 00 D.B. down. ONLY 23 millivolt INPUT required for FULL OUTPUT. Suitable
for use with all makes and types of plekups and mikes. Comparable with the very besttdesigns.
For STANDARD or LONG PLAYING RECORDS. For MUSICAL INSTRUMENTS such as STRING
BASS, GUITARS, etc. OUTPUT SOCKET with plug provides 300 V. 30 mA. and 6.3 v. 1.5 a.
For supply of a RADIO FEEDER UNIT. Size 5rpprov. 12 x 9 x Tin. For A.C. maim 200-250 v.
50 els. Output for 3 and 15 ohms speakers. Kit is complete In last not. Chassis is fully punched.

ONLY 8 Gns ("-

R.S.C. STEREO/20 HIGH FIDELITY AMPLIFIER

SUITABLE for " MIKE ", GRAM, RADIO Olt 'I' 611E.
INTENDED FOR THE HOME Olt sTi DIG 1St T
SUITABLE FOR LARGE HALLS 011 CIA ; BS.
Based on a current Mullard design and t.mploying salves
EGC83, ECC83, ECL86, ECLI16, EC1.86, Ec1.66,
Output transformers are high quality sectionally wound to required speci-
fication. Output matchings for 3 and 15 akin speakers on each channel.
FREQUENCY RESPONSE ± 2d11. 30,20.000 c.o.s.
HUM LEVEL, 63(113 down.
SENSITIVITY: 15 millivolts maximum.
HARMONIC DISTORTION (each ehansel) 0.2% For operation on
200/250 v. A.C. Maine.

R.S.C. STEREO/10
HIGH QUALITY
AMPLIFIER

Complete kit of parts including:
Valves EZ81, ECC83, EC4'83. EL84, EL84. Separate bass and
treble controls giving " out " and " Iniost " Semitivity 50 my.

watts high quality output on each channel. f'on foe used as
straight 10 watt amplifier. Controls: Stereo/Monaural switch
ganged volume, ganged treble, ganged base and
balance. Output for 3 ohms speaker. Point -to -
Point wiring diagrams and instructions. Illustra-
tion full wiring details and priced parts list 1/9.
Or supplied assembled and tested 59/8 extra.
Carr. 7/9.
Deposit 42/. and nine monthly payments of 24/2 (Total £121.91.6)

GNS.

LOUDSPEAKERS IN CABINETS. 121n
10 WATT. Walnut Veneered Cabinet
size 15 x 15 x Sin. approx. High
quality 1211,. 10 watt 12,000 line speaker,
3 ohms or 15 ohms 24119/6. Carr.
5/-. Or Deposit 11/3 and nine monthly
payments 111. Motal25/12/61. 12in.
00 WATT. High Qua.ity 15,000 line
(!speaker 15 ohms In Cabinet finished
as above. Size IS a IS x 8in.
27/19/6. Carr. 7/9. Or Deposit 17/9 and
monthly payments of 17'9. (Total

28.17.6.)
AUDIOTRINE HIGH FIDELITY SPEAKER SYSTEMS

Designed to provide a
smooth frequency response
from 40-20,000 c.o.s. con-
sisting of 12in. 12,000 line
15 ohm speaker. Crossover
Unit and Tweeter. Highly
recommended for use with '

any High Fidelity Amon.
11.,r. 10 Watt Unit
24/19/6 or Deposit 11/3
and nine monthly pay-
ments 1,t

f £6119i9 or Deposit 15/9
anal nine monthly pay-

ments of 15/9. (Total 27/17M).

GL8A MINIATURE 8 -WATT GRAM. AMPLIFIERS. For
200-250 v. 50 c.p.s. A.C. mains. Overall size only 112 x 23
x 211n. Fitted Vol. and Tone Control with mains switch. De-
signed for use with any kind of single player or record gn in
changer unit. Output for 2-3 ohm speaker. Only (1/0%,

Providing 10-14 1::1 1. 1 lila
I.inear Push -Pull Output tat
eletribel.
Hectares include:
* Four -position tone compensa-

tion switch,
* Stereo/Mono switch so that

peak monaural output of 28
watts can be obtained.'

* Separate bass "lift" and "cut"
and treble "lilt" and -cut"
controls.

* Neon panel indicator.
* Handsome Perspex Frontpiate

Care. cotopiele of

3 10,- parts with
to - pant wiring". diagrams and

instructions. or Factory assembled.
tested and supplied with .,or usual
12 months' imarank'e for 18 gas

or DEPOSIT 2 gns., mid TMr,monthly payments of 41,6. ctfil
£20i15;e.

" MIKES "
FULL RANGE

from each 1 2' 9
Also Desk and Floor Stands

COLUMN SPEAKERS
1,01' A.i. lliS, "cal
etc., Rating 15-20 watts 15 ohms. Or
330 ohms for 100 v. lima Fitted five

high tax speakers. Size approx.
42 N' 10 X Lin.
Terms: Deposit. 29,- 121 GNS., 9 monthly -

11101110 of 29/-
fi.0). Carr. 10/-

100 v. line version 33l. extra.

R.S.C. STANDARD BASS REFLEX CABINET. For lei:,.
Loudspeakers. Aoststicatly lined and ported. Size 20in.
14in.r 131n. Beautiful walnut veneer finish. Especifilb
recommended for use with Audio -
trine Speaker System. 25/19/6. Set
of four legs .ari be supplied with
brass ferrules for 19/6.
AUDIOTRINE CORNER CONSOLE
CABINETS. Strongly made.
Beautiful polished walnut veneered
finish. Pleasing design.
JUNIOR MODEL. To take up to
18.1ini;,.sra8kbe..r.

y
4a9p/p9roir. 20in. x SC

STANDARD MODEL. To take
up to 101n. speaker. Si., 27im x
18 RI.. 181o. 24/11/9.
SENIOR MODELS. To take up to
12in. speaker :old with Tweeter
cut -nut. Size approx. 30in. x 15in. x
15in. (11 eroniniended for use with
Audiotrine speaker system). 7 Gm. or terms.
W.B. "STENTORIAN " HIGH FIDELITY P.M. SPEAKERS
HF1012. 10 watts rating. Where a really good quality
speaker at low price is required, we highly recommend tiny
unit. with :01 amazing performance, 24/12/-. Please stat,
whether 3 ohm or 15 ohm required.

R.S.C. JUNIOR BASS REFLEX CABINET, Designed I.
above speaker, but suitable for any good quality 810, or 10in
speaker. Acoustically lined and ported. Polished walnut veneer
finish. Size lsin. x 12in. X 10in. Strongly made. Mandator.
appearance. Ensures superb reproduction for only 29/19/6.
Deposit 9 6 Ia 111011i hly payments of 9/6. (Total £41151-.1
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HEAVY DUTY L.T. TRANSFORMERS
All primaries 220.240 volts. Terminal block
connections.
No. Sec. Taps Price Carr.

I 25 30 35 v. 40 a. LI I 19 6 10/-
2 25 30 35 v. 20 a. E6 19 6 7/6
3 25 30 35 v. 10 a. E4 15 0 5/-
4 25 30 35 v. 2 a. El 17 6 3/6
5 10 17 18 v. 10 a. a 17 6 4/-
6 24 volts 30 amps. E7 15 0 7/6
7 20 volts 30 amps. E6 15 0 7/6

50 volts, 15 amps. E6 19 6 7/6
9 30, 40, 50 v., 5 a. E4 15 0 5/-

10 25, 36, 48 v., 8 a. E4 19 6 5/-
11 17, 16, 20 v., 20 a E4 19 6 5/-
12 6, 12 v., 20 a. L3 12 6 5/6
13 20 v., 20 a E4 15 0 7/6
14 30, 32, 34, 36 v., 5 a E2 17 6 4/-
15 6, 12 v., 10 a. E2 2 6 4/-
16 12 v., 5 a. El 9 6 3/-
17 24 v., 10 a. E3 5 0 4/-
18 24 v., 5a.LI 19 6 3/6
19 48, 56, 60 v., I a. LI 9 6 3/6
20 12, 24, 30, 48 v., 2 a. a 5 0 3/6
21 6.3 v., 15 a LI 17 6 3/6
23 12, 24 v., I a. 15 0 2/6
24 9, 15 v., 2 a. 17 6 2/6
25 6, 9. 15 v., 4 a. El 5 0 3/6
26 12, IE v., 10 a. L2 12 7 4/-
27 12, le v., 20 a. E3 19 6 5/-
28 10, 1E, 20 v., 9 a. E3 9 6 5/-
29 15 v., cc.. 5 a El 5 0 3/6
30 10, I I, 12 v., 11 a 10 6 2/ -

Multi -tapped TRANSFORMERS
Pri. T. 200-250 v. Sec. T. 3, 4, 5, 6, 8, 9, 10, 12.
15, 18, 20, 24, 30 v. 5 amps., 47/6. P.P. 4/-. 4 amps.
39/6, P.P. 3/6. 2 amps. 25/-. P.P. 31-.

AUTO TRANSFORMERS
240 v.-110 v. Completely Shrouded fitted
with 2 Two -Pin American Sockets or Terminal
Blocks. Please state which type required.
1,000 watts. E4/15/-. carr. 5/-. 500 watts,
E3/10!-, carr. 4/-. 300 watts, 47/6, P.P. 3/6.
150 watts, 37/6, P.P. 3/-. 60 watts, 29/6, P.P.
2/6. 2,000 watts. Completely enclosed in
metal case. Size 10 x 8 x 6in. Fitted with
2 American Sockets or Terminal Blocks,
L9/15/.. Carr. 7/6.

Samson's Electronics Ltd.
9 & 10 CHAPEL STREET, LONDON, N.W. I
PAD 7851 AMB 5125
We have London's largest selection of Low
Tension Transformers, Variable Voltage
Transformers, Smoothing Chokes, Cap-
acitors, Sliding Resistors, Low Tension
D.C. Supply Units. Send for lists.

SPECIAL OFFER OF BRAND NEW
ERNEST TURNER 2fin. ROUND FLUSH
PANEL D.C. INSTRUMENTS.
50-0-50 microamps 50/.. 0-50 microamps 45/,
0-200 microamps 30/-. 0-500 microamps 25/.
0-50 milliamps 19/6. 0-10 v. 15/.. 0-20 v. 15/-.
0-200 17/6. 0-500 v. 22/6. Ediswan Sin. square
instruments flush D.C. 0-50 mA. 19/6. 0-250 v.
22/6. Rectified A.C. 0-8 amps. 19/6. 2iin. round
dual purpose 200 mA. and 75 mA. or 100 mA.
75 v. with res. box 22/6. Please add 2/6 P.P. on
all meters.

RE ENTRANT LOUD HAILERS
15 ohm, 20 watt, dia. 15 in. Complete with moun-
t ingg bracket. Brand new £8/19/6. Carr. I0/ -

SPECIAL OFFER OF BRAND NEW
CAPACITORS

4 mid. 800v. wkg. at 180 deg. F. 3/9, P.P. 2/-,
5 mfd. 400 v. a.c. wkg. 400 cycles 4/9, P.P. 2/-,
5.25 mid. 660 v. a.c. wkg, 50 cycles 6/6, P.P. 2/-.
All by famous makers,

L.F. CHOKES BY FAMOUS MAKERS.
20 H. 30 mA. 20011, 17/6. P.P. 5/-. 20H. 250 mA
25012, 15/-, P.P. 4/6. I5H. 250 mA. 13012,
Sealed " C " Core, 17/6, P.P. 5/-. 10H. 250 mA.
1241), " C " Core, 12/6, P.P. 3/-. 101-1. 75 mA.
40011 Sealed " C " Core, 7/6, P.P. 2/6. IH 240
mA. 3511. Sealed, 7/6. P.P. 2/6.

WODEN A.C. CHOKES
To pass 100 Amps at 220 v. Base size 6 x 5.
Height 4in. Weight 18 lbs. Supplied Brand New
in Maker's cartons, 45/-. Carr. 7/6.

IBM DOUBLE WOUND
TRANSFORMERS

Pri. Tapped 220, 220, 240 v. Sec. Tapped. 110-
100 v., 200V. A. 47/6, Carr. 5/.. Tropically rated.

REFRIGERATION
SEALED UNITS.

a a

MON

.7-

.1111 MIN

V II
MADE BY

L. STERNE
OF GLASGOW

FREEZING COMPARTMENT

"TECUMSEH"
SEALED UNIT
CONTAINING
1/12 H.P.
MOTOR 210/
240v. A.C.
DESIGNED

FOR 4 cu. ft
REFRIGERATORS

These units are ideal as replacement units,
refrigeration cupboards and cold stores, ice
making, etc. Type P1219 sizes, unit 10 x 10 x
Sins. Freezer 12x x Sins. Condenser 19 x 2ins.

Complete in Original Packing
P. & P. I0/-. £8.10.0

THERMOSTATIC CONTROL for above 15/,
If Sold Separately, P. & P. 1/6

STC INTER-COM. TELEPHONES. Latest
type. All components, Buzzer and Battery
housed in beautifully made Hand Set. Size
9 x 2+ x nin. Effective communication up to
60 miles. Supplied brand new, E9/12/- per pair.
P.P. 4/-. Further particulars sent on request.

NO EXCUSES! NO DELAYS! FROM STOCK!
VARIABLE VOLTAGE TRANSFORMERS

PORTABLE

nput 230 v. A.C. Out-
put variable 0-260 v.
A.C. at 2.5 v. Fitted in
beautifully finished steel
case. Complete with
voltmeter, pilot lamp,
fuse, switch, carrying
handle, E9/17/6 P.&C.5/-.

I AMP. OPEN TYPE.
(Type IA)
Compact
well con-
structed
unit de-
signed for
buildingint o

equipment. Panel or
rack mounting, extend.
ing shaft. Complete
with engraved voltage
panel and control knob.
Input 250 v. A.C. Out-
put variable 0-260 v.
Ideally suited for Manu-
facturers of variable vol-
tage equipment. Price
£4/17/6 post paid.

50 AMPS.

I AMP.

INPUT 230 v. A.C. 50/60
BRAND NEW. Carriage Paid. Buy direct
from the importer, keenest prices in the
country. All Types (and Spares) from 1 to 50
amp. available from stock.
0-260 v. at + amp L3 3 0

*0-260 v. at I amp E4 10 0
*0-260 v. at 2.5 amps. LS 17 6
2.5 amps., Portable E9 17 6

*0-260 v. at 4 amps. t8 7 6
*0-260 v. at 5 am ps. L9 0 0
*0-260 v. at 8 amps. L13 10 0
*0-260 v. at I 0 amps. E17 0 0
*0-260 v. at 12 amps. £19 10 0
*0-260 v. at 20 amps. E32 10 0
*0-260 v. at 37.5 amps. 465 0 0
*0-260 v. at 50 amps. L85 0 0

*These instruments are fully shrouded.

7 AMP. A.C.; D.C. VARIABLE OUTPUT
POWER UNIT

Input 230 v. A.G.
Output continuously
VARIABLE from 0 to
260 v. A.C. OR 0 to
230 v. D.C. at 7 a.
Robustly construc-
ted in metal case,
complete with safety
fuse, neon indicator

and voltmeter. Size 17 x 12 x 7in. Weight 361b.
Price 134/10/-. Carriage 201-.

INSULATED TERMINALS
available in black, red,
white, yellow, blue and
green. New, 15/- per doz.
P. & P. 1/-. ---

R
100 WATT POWER : NEW ; AMP. FULL

(NEW) I RANGE VARIABLE
I

I

VOLTAGE
TRANSFORMER

I Input 230 v.
I A.C. Output
I

continuously
variable from

I at + amp. Size:
0 to 260 v.

1Available in the following
four values. dia. 3in., depth
50 ohm. 1.4 a., 100 ohm. I a., 1 3fin. includ-
1,000 ohm., 280 mA., 1,500 I ing shaft single hole fixing.ohm. 230 mA. Dia. 3+in. I Easily built into equipment.
Shaft length iin., dia. n., I Ideal for manufacturers or
27/6. P. & P. 1/6. : Lab. use. E3/3/0.

Ceramic con-
struction wind-
ing embeddded
in Vitreous
Enamel heavy
duty brush ass-
embly designed
for continuous
duty.

SLIDER
RESISTANCES

I ohm., 12 amp., 17/6; 1.2
ohm, 14 amp. 27/6; 75 ohm, 2
amp. 37/6; 200 ohm, 1.25 amp.
37/6; 36 ohm, 6.5 to 2.8 amp..
tapered winding, geared drive
(less knob), 37/6. P. & P. 3/6.

INSULATION
TESTERS

(NEW)

Test to I.E.E. Spec. Rugged metal
construction, suitable for bench
or field work, constant speed
clutch. Size: L. Bin., W. 4in., H.
6in. Weight 61b. 500 volt, 500
megohms. Price L22, carriage
paid. 1,000 volts, 1,000 meg-
ohms, L28, carriage paid.

SERVICE TRADING COMPANY
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SERVICE TRADING CO
ULTRA VIOLET BULBS
Easy to use source of U.V. for dozens of practical
and experimental uses.
12 volt 36 watt A.C./D.C. SBC 6/6. P. & P. II-.
12 volt 60 watt A.C./D.C. SBC 8/6. P. & P. 1/-.
Transformer to suit the above. Input 200-240 v.
A.C., 12 volt 36 watts, 16/6; P. & P. 2/6. Input
200-240 v. A.C. 12 volt 60 watt, 22/6. P. & P. 3/6.
Set of 4 Colours FLUORESCENT PAINT.
Red, yellow, green and cerise. In oz. tins.
Ideal for use with the above Ultra Violet Bulbs.
9/6, plus 1/6 P. & P.

SIEMENS SEALED HIGH
SPEED RELAYS

H96A, 2.2 ohm -1 2.2 ohm., new 12/6.
H968, 50 ohm 50 ohm, new 12/6.
H96C, 145 ohm + 145 ohm, new 12/6.
H96D, 500 ohm -1 500 ohm, new 12/6.
H96F, 1,000 + 1,000 ohm, new 12/6.
H96E, 1,700 ohm 1,700 ohm, ex.
equip., 16/6. P. & P. II- on each Relay.

CARPENTER'S POLARISED RELAY
Type 5A57, 65 ohm coil will operate on less than
.5 of a volt. 22/6. P. & P. 1/-.
Bases for Carpenter Relay. New, 3/6 each.

P.O. RELAYS, Type 3,000
200 ohm, 6 c/o. 6,500 ohm, I c/o, I break.
500 ohm, 6 c/o. 16,000 ohm, 2 make, 2 break.
500 ohm, 4 Heavy Duty Make.
2,000 ohm, 4 make, 4 break.
All at 12/6 each, plus 1/- P. & P.

G.E.C. SEALED RELAYS
M1069 5,000 ohm, 2 c/o. M1084 180 ohm, 4 00.
MI092 670 ohm, 4 c/o. M1095 670 ohm, 2 m. 2 b.
MI 100 670 ohm, 2 c/o. Ex new equipment.

All at 12/6 each plus 1/- P. & P.

7,000 OHM SEALED RELAY. High Speed
single c/o. Platinum contacts. Super -sensitive,
ideal for Transistor circuitry. Will operate
on I milliamp. 25/-. P. & P. 1/..

SPECIAL REVERSING 24 VOLT D.C. MOTOR
2 -AMPERE

Quadrant moves 90 degrees with limit switches.
Ideal for opening doors, etc. Price 32/6 P. & P. 3/-.

SOLENOID. Overall length stroke kin.
to tin. Maximum push 8 oz. 12-24 v. D.C.
operation. D.C. resistance 35 ohm. Price 8/6.
P. & P. 1/6.
SOLENOID Heavy Duty 230 v. A.C. Approx.
31b. pull. P. & P. 1/6.
SOLENOID OPERATED MAGNETIC RELAY.
Type Sc(3944, 4 Pole c/o., 10 amp. Contacts,
24 volt D.C. operation, 12/6 each. P. & P. 1/6.

S X 631 SILICON RECTIFIER. 100 v. PIV.
750 mA in air or 2 amp. on 2x2 ali. heat sink,
3/6 each, P. & P. 6d., or 4 to make bridge 12/-,
P. & P. 1/-.

WIMSHURST ELECTROSTATIC
GENERATORS

Really well constructed machine.
Ideal for School and Laboratory to
demonstrate the various effects
associated with static energy.
Will work well in any atmospheric
condition giving a spark over Sin.
long in dry weather. I lin. dia.
twin plates. 2 Leyden jars. Dis-

charge electrodes. Heavily plated fittings, mounted
on solid wooden base. Outstanding value at
£13/17/6. Carriage U.K. (B.R.S.) 10/-.
RESETTABLE HIGH SPEED COUNTER.
3 figure, 1,500 ohm coil, 40-50 v. D.C. operation.
Brand new, 50/- each, plus 1/6 P. & P.
EX P.O. MAGNETIC COUNTER (old type),
either 500 ohms for 24 volt operation or 3 ohms
for 6 volt D.C. operation. 4 figures to 9,999. Price,
either type, 8/6. P. & P. 1/6.
LATEST HIGH SPEED MAGNETIC COUN-
TERS. 4 figure, 10 impulses per second. Type
100D, 4,1 ohm coil, 3-6 v. D.C. operation. Type
100A, 500 ohm coil, 18-24 v. D.C. operation.
Type 1008, 2,300 ohm coil, 36-48 v. D.C. operation.
Any type 15/- each, plus 1/6 P. & P.

Postage and Carriage shown
below are inland only. For
overseas please ask for
quotation. We ilo not
issue a catalogue or list.

DIALS FOR AUTOMATIC TELEPHONES,
used but good condition, 12/6 ea., plus 2/6 P. & P.
ICROMPTON PARKINSON BRAND

NEW 1 h.p. MOTORS. 230/250 VOLT
A.G. 1,400 R.P.M. Fitted with 21 x fin. SPIN-
DLE. Price £3, S -. Carriage 8/6.

HIGH SPEED BLOWER UNIT
200/250 volt A.G. Powerful 2 -speed motor, 11,000
and 13,000 R.P.M. 17/6, plus P. & P. 2/6.
AUTO TRANSFORMERS. Step up, step
down. 110-200-220-240 v. Fully shrouded. New.
300 watt type £216/6 each. P. & P. 2/6. 500 watt
type E3/7/6 each. P. & P. 3/9. 1,000 watt type
E4/10/- each. P. & P. 6/6.

FIRST AGAIN ! TYPE 34R SILICON
SOLAR CELL

Four .5 volt units

styrene case, flying
high impact poly -
series connected in

/// lead connections.
Specially designed

diffusing lens system to ensure maximum light
pick-up. Output-up to 2 v. at 16-20 mA. in
bright sunlight. Wider spectral response, and
thirty times the efficiency of selenium cells. As used
to power earth satellits! 37/6, and 1/- P. & P.

230 v. A.G. RELAY. Type I. 2 c/o, 2 amp.
contacts, 9/6. Type 2. 2 n. 15 amp. break. 2 X 2
amp. make, I 2 amp. break. 116. Both types
ex new equip. P. & P. 1/6 each.

30 VOLT A.C. GEARED MOTORS
Type B I 6G 80 r.p.m. 261b. inch £2 2 -. P. & P.2 -.
Type DI6G 5 r.p.m. 1.76. inch E2/916. P. & P. 2/6.
Type I:116G 13 r.p.m. 1.451b. inch E2/12(6. P.& P. 2/6.

230 Volt AC 50 c/s, 5 -figure Veeaer-Root
Counter (not resettable)

New. Boxed. 19/6, plus 2/6 P. & P.
MINIATURE

UNISELECTOR SWITCH
3 banks of 11 positions, plus
homing bank. 40 ohm coil.
24-36 v. operation. Ex equip.
individually tested. 22/6, plus
2/6 P. & P.

20 -way STRIP containing standard Post Office
telephone Jack, Sockets, overall size I I x 3f x fin.
New. Price 15/- each. P. & P. 1/6.

LIGHT SENSITIVE SWITCH
Kit and parts including ORP.12 Cadmium
Sulphide Photocell, Relay, Transistor and
Circuit. Now supplied with new Siemens
High Speed Relay for 6 or 12 volt operation.
Price 25/-, plus 2/6 P. & P.
ORP,12 and Circuit 8/6, post paid.

SEMI -AUTOMATIC " BUG " SUPER SPEED
MORSE KEY.
7 adjustments,
precision tooled,
speed adjustable,
10 w.p.m., to as
high as desired.
Weight if lb.
Price £4/I2/6,
post paid.

KEYING LEVER
Especially designed for use with all types of electronic
keyers. Fully adjustable micro -switch action, no con-
tact bounce, precision made, finely polished parts.
Screw down base. Price E4/4/-, post paid.
TRANSISTORISED FULLY AUTOMATIC
ELECTRONIC KEYER. 230 v. A.C. or Battery
operated. Incorporates built-in monitor Oscillator,
Speaker, and Keying
Lever. Adjustable
speeds. Keying either
auto., semi -auto. or
hold. 4 diodes. 7 L 4

transistors. Price.
E116/10/-, plus 4/6 P. & P. -

TRANSISTORISED MORSE OSCILLATOR
Fitted 2Iin. Moving Coil Speaker. Uses type PP3
or equiv. 9 v. battery. Complete with latest design
Morse Key, 22/6, plus 1/6 P. & P.
BOMBSIGHT COMPUTER, Type T.I.A.
Contains hundreds in precision gears plus infinitely
variable resolving gears, worm drives, 4 repeater
motor, 4 aneroid barometers, D.C. motors, gyro.
unit, rev. counters, etc. As new, E3/12/6 plus
7/6 carriage (rail).

- -
ALL MAIL ORDERS. ALSO CALLERS AT:

47-49 HIGH STREET, KINGSTON -ON -THAMES
Telephone: KINgston 9450.

Closed Saturdays.

Inc grade TRANSISTORS Brand new
0C28 17;- 0083* 6/- 2N458 20/-
0C29 ... 181- 0C139 12/-
0C41
0C44 6/6 OCI71

0C140 19/-

0C45 0C200 ... 10/60071. 5/- 0C203 14/-

0073
0072

6%- "Get 104 6/-
0075 7/_ Get 105 ... 10/-
0076 61- Get 573 ... 12/6
0081. 8/- 2N706A ... 17/6 BCZ II

*Available in Matched Pairs.
DIODES

0A91 3/- 15111 4/-
5)(781 4/- ZSIOB 3/-

ZENERS
All f watt at 10/- each, 4.3 v., 4.7 v., 5.1 v.,
5.6 v., 6.2 v., 6.8 v., 7.5 v. 8.2 v., 9.1 v., 10 v., 12 v.,
15 v., 16 v., 22 v.

HEAVY DUTY L.T. TRANSFORMER
Very conservatively rated for continuous duty.
Input 110-260 volts, multi -tapped, 50 cycles, single
phase. Output 28, 29, 30, 31 volts at 21 amp.
Price f6/15/-. Carr. 10/-.

L.T. TRANSFORMER
Type I. Pri, 200-240 sec. tapped 30, 32, 34, 36

volt at 5 amp., 57/6. P. & P. 4/-.
Type 2. Pri. 240 sec. tapped 30, 40 and 50 volt

at 5 amp., f.41I5/.. P. & P. 4/-.
Type 3. Pri. 200-240 sec. tapped 10, 17 and 18

volt at 10 amp., 57/6. P. & P. 4/-.
Type 4. Pri. 240 sec. tapped 6 and 12 volt at 20

amp.. 72/6. P. & P. 5/-.
Type 5. 17, 18, 20y. at 20 amp., t4/19/6. 5/- P.& P.
Type 6. 6, I2v. at 20 amp., E4/15/- P. & P. 7/6.

A.C. AMMETERS
0-1, 0-5, 0-10, 0-15, 0-20 amp. F.R. 2Iin. dia.
All at 21/- each.

A.G. VOLTMETERS
0-200 v. A.G. Rect. M -Coil 3fin. Type W23 45/-
0-300 v. A.G. M.I. 2fin. F.L 22/6
0-300 v. A.C. Rect. M -Coil 2fin 29/-
0-300 v. A.C. Rect. VI -Coil 3fin. Type W23 55/-

D.C. AMMETERS
0-20 amp. D.C. M -Coil 2in. Rnd 12/6
040 amp. D.C. M -Coil 2in. Rnd 12/6
075 amp. D.C. M.I. 2fin. Rnd 11/6
0-500 Microamp. sub -min. Ifin. dia. Scaled

0-1 milliamp. 21/ -
Postage extra.

TAPLIN GEARED MOTOR. 4f volt D.C., 80
r.p.m., small and extremely powerful 12/6 P. & P. 2/--
DELCO 12-27 VOLT D.C. SHUNT WOUND
MOTOR. 5,400 r.p.m. Torque 4in. oz. double spir-
dle, smooth running ex -new equip. 12/6 P. & P. 2/6.

VAN DE GRAAFF ELECTRO-
STATIC GENERATOR, fitted
with motor drive for 230 v. A.C.
giving a potential of approx. 50,000
volts. Supplied absolutely complete,
including accessories for carrying

out a number of interesting
experiments, and full instructions.
This instrument is completely
safe, and ideally suited for School
'demonstrations. Price £616/- plus
4/- P. & P. Leaflet on request.

DECADE RESISTANCE BOX
Range 0-11, 110
ohm, XI Wire
Wound, Max.
current 300 mA.
X10
Wound. Max.
current 150 mA.
X100, X 1,000

High Stability Resistors, rated I watt Accuracy +1%.
Switches, make before break type, fitted with low
resistance silver plated contacts, polished wood
case, new, price E10/10/-, plus 6/6 P. & P. t
BUILD AN EFFICIENT STROBE UNIT FOR

ONLY " 37/6 "
The ideal instrument for workshop, lab. or factory.
This wonderful device enables you to " freeze "
motion and examine moving parts as if stationary.
We supply a simple circuit diagram and all electrical
parts, including the NSP2 Strobe tube which will
enable you to easily and quickly construct a unit
for infinite variety of speeds, from I flash in several
seconds to several thousands per minute. New,
modified circuits bring price down to 37/6, plus
3/- P. & P.
NSP2 CV2296 ST110a0TRON FLASH TUBE
made by Ferranti, brand new, 1.0. base. Price
15/, P. & P. 1/-.

(it

4 DIAL

25019 30/-
SI3315 7/6
TK2OB
AC107 14/6
AFI 14 11/-
AFII5 10/-
AF116 10/ -
AF 117 9/6

10/ -

PERSONAL CALLERS ONLY: 9 LITTLE NEWPORT
STREET, LONDON, W.C.2. Tel.: GER. 0576.

(OFF LEICESTER SQUARE)
Open till I p.m. Thursday and all day Saturday.
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and MAIL ORDER SERVICE
52 Tottenham Court Road, London, W.1.  Open 9-6, including Sots., Thurs. 9-1  LANgham 0141

MINIDRILLS Precision tools for miniature
electronic work

Superb miniature Electric Drill Kits offered at much less than hall
manufacturer's selling price. Designed to fit requirements of
model and toy making, jewellery, dental, optical and camera
repairing. radio and electronic building, miniature drilling and
polishing. British manufactme but utilising the pick of world oie.'
famous German and Japanese motors. Brand new in manufacturer's
cartons and complete with 5 drilling, polishing and grinding ten's On" -49'----11
and full instructions.
Type 8: Compact unit fitted with powerful motor and totally enclosed in white plastic
calling, aim only 3lin. long x 1 /indiameter overall. Complete with piMehuck, press switchlandlifft
connecting lead plus 5 tools. Works from any 41-12v. battery, 25/-. P. P. 2/.. Type 8:
Identical in appearance to Type 6, but fitted with more powerful motor and supplied with two
:additional chuck collets to accept larger size tool shanks. Works from any 45-131v. D.C.
supply, 36/-. P. & P. '2f.. Kit for mains operated power pack 25/- extra.

D.C. GYRO AND SERVO MOTOR -C1
Beautifully engineered Minneapolis -Honeys -ell pre-
cision gyro, totally enclosed in sealed light -alloy hom-
ing about cube. Automatic erection and pre-
cession correction. Large diameter Desy-nn type trans-
mitting potentiometers provide signals corresponding
to the magnitude of the deviation of gimbal arms.
Powerful D.C. servo motor coupled through a differ-
ential reduction gear to a 4in. spur driving gear integral
with a 3 in. diam. spiral groove cable driving drum.
Two magnetic solenoid clutches and corresponding brakes hold drum rigidly in position or set
free for " neutral '. Nominally for 26 -volt operation, but operates at 12 volts. Size 10in. x
Sin £10 each unit or £17110/0 pair c"( -

STANDARD Specially made,firforSolrovid'aien.

SOLENOIDS or 240 pull or posh operation. State

TYPICAL UNITS TYPE 1. Max. pull 9 oz. Stroke fin. to fin. Size
21n. long. Bolt dia. 1R im 12/6 Port and

Puekinq 1)..

TYPE S. Max. pull 18 oz. Stroke lin. to lin. Size 2 -Ain. Send for
list. 14/6 c,:`,7,"41.

TYPE S. Max. pull 26 m. Stroke fin. to lin. Size: 2.kin. long (bolt in) x wide x lin
high. Bolt dia. sin. 27/6 P. & P. 1/6
TYPE 4. Max. pull 26 oz. Stroke fin. to 1 lin. Size: 3 Ain. long (bolt in) x lAin. wide x
1 fain. high. Bolt dia. lin. 32/6 P. & P. 1/6

COMPUTER TEST SET £12 (re £1
Three-part hinged chassis containing enormous quantity
of expensive components, including 400 c/s. frequency
standard, 50-0-50 microaum meter, 1/100 sec. timer (large
sweep hand traverses 3in. dial once per second), geared
drum drive, x lfin. escutcheon carrying 80in. of
paper dial that can be readily replaced, 16 multi -contact
key switch., 40 modern BOG valves with screened holders
plus 2x5U4, 2 precision resolvers, helipot with vernier drive,
motorised potentiometer, many vacuum sealed relays, 2 x

pin and 2 x 40 pin au Millings and sockets plus a wealth of Vitamin Q condensers, precision
resistors, switches, ,ttor lights, fuse holders, selenium diodes and other parte. Power pack
with C -Core tramforme operated from 115 volts 50-1000 c/s. Chassis size 17in. x 15in. high. x
15in. deep. Branklow price.

RADAR ANTENNA ASSEMBLY
Z12/10/0 Carr. el

Ultra -modern, superbly engineered units made for American Jet
Aircraft by Hughes Aircraft Corp. 191in. dia. bowl is pivoted on
ball -bearing die-cast gimbal brackets mounted on heavy cast base
cod will rotate to any position within 180° solid angle. Antenna is
waveguide fed through size 16 flange fitting, otherwise assembly
...tains a wealth of gears, controller motors, 400 eIs. servo motors

and other items, Si.. oa erall '20I in. . 17Iin. 21in. high.

6-12 volt BLOWER UNIT 25/- P. & P. 2/6

Self-contained assembly of compact, continuously rated motor and encased
centrifugal fan. Smooth, silent running and providing a powerful blast of
air from lin. outlet pipe. Ideal for use with car heating and conditioning
systems or to provide local cooling of hot running equipment and machinery.

from 6Operates volts D.C. (2 in series work on 12 volts) but canalso kw
operatedfrom 12 volts with 2 ohms 20 W resistor. Size overall: MOTOR,
21in. diam x 22 in. long; FAN 611n. diam x lin. thick. In sparkling,
unused condition.

MAINS OPERATED WATER COCK
Provides instant, remote flow control

Superbly engineered. solenoid actuated flow control valve for standard
200/250 volts, 50 cycles A.C. mains operation. Solenoid is contained in
insulated cylindrical housing and completely isolated from valve
mechanism by rubber diaphragm. Valve base is heavy cast brass,
having plain tube outlet and fitted with debris filter and rotatable,
angled inlet pipe. Unit makes an excellent ready --made device to
use as a basis for automatic watering and humidity controls. flow measurement 15/.
dispensing and automatic washing machines, remote operated taps, etc. Size
overall 43 in. x ifin. a 3011. high. Fitted fin. O.D.inlet and outlet. Poe
Brand new. Folly guaranteed.Parking 2.0
ELECTRIC WATER PUMP 30' -
Uses A.C. Mains Supply, Works
Fountains, Empties Tanks
',an pact, combined unit of efficient centrifugal pump and powerful induction motor operating

from standard 200/250 50 cts , AC mains. Pump has non -corrodible metal casings and neoprene
impeller directly coupled to motor spindle. Motor is sturdily constructed with lifetime greased
bronze bearings in rigid diecast frames. Originally intended as self-contained emptying systems
for expensive washing machines and spin driers, but ideal for fountains, tank draining, lathe
suds pumps. etc. Can be entirely dismantled and reassembled for cleaning and repair in minutes.
Si7.t. overall 41in. X afin. x 3lin. high. Inlet afro. 0.D. Outlet fin. 0.D., New and guaranteed'

MINIATURE MAINS INDICATOR LIGHTS
(aye positive indication that equipment, tools instruments. apparatus, etc., is
switched nn. Complete assembly of neon, resistor, insulation and flying leads
that requires only connection to switch. Small size and insulation permit simple
fitting: just drill small hole in panel or tape or clip to equip- 4 for 5/-went. Current consumption negligible. New manufacture.

FULL 1-H.P. MAINS MOTORS
Continuously rated, silent running

Famous make Newman motors with fantastic starting torque
and giving full l-h.p. output. Can be readily installed for vertical

\a es or horizontal operation and will make an excellent drive =it for
bench saws, compressors, potters wheels, lathes, planes, lawn
mowers, and other light machinery. Heavy welded steel con-

struction with robust diecast end frames and conforming to B.8.170. Smooth, silent operation
with output speed of 1,425 r.p.m. automatically; regulated by centrifugal switch. Size overall
Gin. dia. x Olin. long plus lin. dia. x if in. long plain driving spindle with threaded end.
Flange mounting is to 3 equally spaced lugs with mounting holes pitched on Olin. dia. circle.
For '230/250 volts. 50 cycles A.C. mains. Consumption II amps. Excellent, 65/..
never used condition. Fully guaranteed. Offered at a fraction of cost. 7/6

SEMI -CONDUCTOR MODULES
Ice cube size encapsulated circuits

Solid state seini-witsluctor modules -fully transistorized and
completely wired and tested circuits that only require a 6 -volt battery
and connection to input and output to provide a compact ready-made unit.
Encapsulated types are shockproof and almost indestructible. Supplied with instructions.
PUBLIC ADDRESS AMPLIFIER -needs only carbon microphone and any speaker. Fre-
quency response designed to provide maximum intelligibility. With 15in. speaker sound cover,
hundreds of yards. Fully encapsulated. Size only 15 in. x llin. X fin. MG. P. & P. 11-.
METRONOME -requires only 2 megohm potentiometer and any P.M.speaker to produce
accurate repetitive beats at adjustable rates from 40 to more than 208 beats per minute. Lou

2 -WATT GRAM. AMPLIFIER -just connect to any crystal pick-up and it2i /86.oPh.mikspPealk/c7r.
battery drain: simple connections.

for above average output with excellent tonal quality. 1-megohm potentiometer recommended
for volume control. Extremely compact, high quality unit. CO!, P. & P. 1/ -
CODE PRACTICE OSCILLATOR -Simply connect with morse key, any P.M. speaker and any
15-6 v. battery. Fully transistorized and assembled on rigid board, size 2 x llin.

12/6 P. & P. 1/,
FIRE ALARM -Module contains temperature sensor and operates In conjunction with 8 ohm.
loudspeaker and 2 megohm potentiometer. Increase of room temperature above preset level
immediate triggers screaming syren alarm. 50/-. P. & P. 1/-.
BURGLAR ALARM -Needs only 8 ohm. loudspeaker, switch and microswitch (or reed Switch
and magnet) to complete. Operation of sensing switch trigger upward screaming siren to give
Owtant alarm. For home or motor car protection. 30/, P. & P. 1'-.

MINIATURE MERCURY SWITCH
ALMOST INDESTRUCTIBLE FEATHERLIGHT OPERATION
Encapsulated in copper -plated steel tube only dia. x fin. long line'
flange). Tube provides one contact and other contact is lin. long wire
fused into glass centre of tube base. 20 deg. movement makes or breaks
contact; vacuum sealing ensures unchanged contract resistance throughout
life. Construction permits switch to be simply clipped into position.
Rating 240v. A.C. mains operation at 1 amp., may also be used with D.C.
current from small torch battery. Can be installed almost anywhere to
operate lights automatically or to provide simple warning or safety devices.

2

for

7/6
poet free.

GUARANTEED TRANSISTORS
0.C.44 and 0.C.45 2/6. 0.C.71 3/6. 0.C.26 6/6. Matched pairs of G.E.T. 8 (max. volts 32,
output 50 w. In push-pull) 14/6 Per pair. Add packing and postage.

SILICON RECTIFIERS
X U612 50 p.i.v. 500 mA. 2/6. R.T.C.D. 1,000 p.i.v. 500 mA. 7/6. Silicon bridge 24v. D.C. 6 A.
full wave 62.

ADJUSTABLE POT CORE
Mallard Vinkor Type LA 18 mm. adjustable core, suitable for frequency range 120 KO.
to 1.2 me/a. Effective permeability 25. Turns for 1 mH. 133. Complete and brand new 416.
P. & P. 1/-.

I.A. MODEL CONTROL POWER
A complete kit -mains transformer,
rectifier, and smoothing condensers -

all the components to make a splendid 12 volts, 1 amp.
power pack for model control, charging, etc. Supplied with
full wiring Instructions. 18/6

P. 2/6.

PACK
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SIGNAL GENERATOR
Covering 100 Kc/s.-100 Mc/s. on
fundamental and 100 Mc/s. to 200
Mc/s. on harmonics. Metal case
10in. x 61in. x 51in., grey hammer
finish. Incorporating three minia-
ture valves and metal rectifier.
A.C. mains 200-250 v. Internal
modulation of 400 c.p.s. to a depth of
30%. Modulated or unmodulated
R.F. output continuously variable,
100 millivolts C.W. and mod. switch,

variable A.F. output. Incorporating magic -eye as output indicator.
Accuracy plus or minus 2",. £7/5/0 Post and packing 6/6 extra.

40w FLOURESCENT LIGHT KIT
Incorporating GEC Choke size 81 x I, x
If, 2 bi-pin holders, starter 11/6

ID. 8. p.and starter holder. 3/6.
Similar to above: 80 W Fluorescent Light Kit incorporating GEC
choke size I x x 2-bi-pin holders, starter 17/6
and starter holder.

POCKET MULTI -METER. Sizes
3i x 14in. Meter size 24 x
Gin. Sensitivity 1,000 OPV on
both A.C. and D.C. A.C. and D.C.
volts 0-15, 0 -ISO, 0-1,000. D.C.
current 0-150 mA. Resistance
0-1001C12. Complete with test
prods, battery and full instructions.
39/6, plus 1/6 P. & P.

50 MICRO -
AMP. METER
Movement by
world-famous
manufacturer.
Size Sin. x 21in.
25/-, plus 1/6

P. & P.

:5:

FIRST QUALITY

PVC TAPE
51 in. Std. 850 ft. ... 9/-
7 in. Std. 1200 ft 11/6
3 in. L.P. 240 ft. ... 4/-
51 in. L.P. 1200 ft.... 11/6
7 in. L.P. 1800 ft. ... 18/6
5 in. D.P. 850 ft. 10/6
3 in. T.P. 600 ft. ... 8/-
5 in. T.P. 1800 ft. 20/6
7 in. T.P. 3600 ft. ... 37/6

P. & P. on each 1/6, 4 or
more, post free.

TRANSISTOR INVER-
TOR. 50 v. D.C. input.
Output 240 v. A.C. 40
watts incorporating trans-
formers, choke, conden-
sers and 2 Get 573. In
solid 16 gauge aluminium
case size 15in. x 6in. x 21in.
by famous manufacturer.

19/6 Plus 611,7

FIXED FREQUENCY
SIGNAL GENERATOR
Crystal control in metal
case, size 10in. x 6in. x 6in,
incorporating 2 FC 13 valves,
mains transformer, metal
rectifier, choke, indicator
lamp, crystal and numerous
components. Modulated
and unmodulated output
sockets. Originally used for
I.T.V. frequencies. Brand
new. 39/6 plus 6/- P. & P.
A.C. mains 200-250 volts.

B.S.R. MONARCH
UAI4 WITH FUL-FI
HEAD. 4 -speed, plays
ten records, I2in., 10in. or
7in., at 16, 33, 45 or 78
r.p.m. Intermixes 7in.,
lOin. and I2in. records of
the same speed. Has
manual play position: col-
our, brown. Dimensions:
124 x 101in. Space re-
quired above baseboard
41in., below baseboard 21in.
Fitted with Ful-Fi turn-
over crystal head, £5/19/6.
P. & P. 6/6.
B.S.R. UAI6, similar to
the above, L6/12/6. P.& P.
6/6.
B.S.R. GU7, 4 -speed, sin-
gle player, complete with
pick-up on uniplate with
automatic switch. £3/19/6.
P, & P. 5/6.

   

SPECIAL OFFER -Power Supply Kit
To purchasers of "Elegant Seven" parts, incorporating mains
transformer etc. AC mains 200 250v output 9v 100 mA 7/6.

ONLY

£4.4.0
PLUS 5/6 POST & PACKING

The "Elegant Seven"
Combined Portable and Car Radio The Radio with the"Star" Features
* 7 -transistor superhet. Output * Operated from PP9 battery.

350 mW. * Fully comprehensive instruc-
* Two-tone grey wooden cabinet, Lions and point-to-point wiring

fitted handle with silver- diagram.
coloured fittings, size 12iin. * Printed circuit board, back -
134 -M. 31in. printed with all component* Horizontal tuning scale, size values.nin. in silver with * Fully tunable over mediumblack lettering. and long waveband.* All stations clearly marked.

* Ferrite -rod internal aerial. * Car aerial socket.
* IF 460 kc s. * Full after -sales service.
4in. SPEAKER. Parts list and circuit diagram 2/6. FREE with parts.

3 to 4 WATT AMPLI-
FIER KIT comprising chas-
sis 8lin. x 2fin. x tin.
Double wound mains trans-
former, output transfor-
mer, volume and tone
controls, resistors, con-
densers, etc. 6V6, ECC8I
and metal rectifier. Circuit
1/6 free with kit. 29/6
plus 4/- P. & P.

RINGO BURGLAR
ALARM. A.G. mains
200-240 volt. Fire salvage
slightly tarnished.
List price 7 gns. Our price
complete with double gong
bell, five micro. switches
and full instructions.
P. & P. 4/-.
SILICON RECTIFIERS.
250 v. P.I.V. 750 milli -
amps. Six for 7/6, post paid.

    

6 -VALVE IS WATT
PUSH - PULL AMPLI-
FIER. 15 x 7 x
A.C. mains 200-250 volts.
4 inputs with controls for
same and bass and treble
lift controls. Tapped for 3
and 15 ohm speakers,
Extra H.T. and L.T. for
P.M. Tuner supplies,
etc., built and tested. 7 gns.
plus 12/6 P. & P.

RADIO AND T.V.

it.::

COMPONENTS

(ACTON) LTD.
2IA, HIGH ST.,

ACTON,
LONDON, W.3.

Goods not despatched out-
itde U.K. All enquiries
S.A.E. Terms C.W.O.
SHOP HOURS 9a.m. -
6 p.m. EARLY CLOSING
WEDNESDAY.
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VALVES
AC/HL 4/6 1)L94 519
ACP4 6/- DL96 5/6
AC6PEN 5/- D1.810 8/-

0L.819 15/-AL60 5/- E80E 28/-
AR8 5/- E880C 12/-
ARP3 3/- E1148 2/6
ARP12 2/6 81266 50/-
A11021 7/- E1415 801-
A11M 3/6 E1524 12/6
ARP34 4/- EA -50 1/-
ARTP1 6/- EA73 7/-
ATP4 2/8 EABC80 5/-
ATP7 5/6 EAC91 3/6
.AU7 55/- EAF42 8/-
111.63 10/- EB34 1/6
1184 .. 8/- EB91 3/-
1885 ..20/- EB033 6/-
B884 4716 EBC41 7/-
B2134 16/- ERC81 5/-
BT19 25/- BEES° 5/-
67,35 95/- EBF'83 7/6
11T45 150/- EB0811 6/9
BT83 85/- 5052 4I-
CC3L 2/- EC53 18/6
CL33 9/- ECM 4/-
CV71 8/- EC90 2/-
CV77 6/- EC91 3/-
CV102 1/- 50081 4/-
CV103 4/- 50082 5/-
CV4014 7/- E0083 6/-
CV4015 5/- Bec54 5/6CV402510/- 50085 6/6
CV4046 40/- ECC91 4/-
CY31 .. 5/6 ECF82 7/ -
Dl .. 1/6 501342 8/-
D41 .. 8/3 E01181 51-
1)61 6/- 501183 7/8
D77 .. 8/8 ECL80 13/-
DA30 12/6 ECL82 7/6
DAR) 75/- RCL63 10/-
DAF96 et- ECL86 10/-
0041 4/- EF36 .. 8/6
DET5 8/- EF37 7/-DET20 2/- EF39 5/-
DET25 151- EEO 8/1-
1/1173 5/- EF41 . 6/-
DF91 3/- EE50 .. 2/6
DF'92 3/- EF52 6/-
DP96 .. 61- EF55 8/-DK92 6/6
DK96 5/6 EF71 .. 7/6
DL92 51- EF72 5/-
DL93 6/- EF53 .. 4/6

Brand new, indi-
vidually packed
and guaranteed

EF74 4/-
EF80 5/-
EF85 9/6
EF86 6/6
EF89 .. 8/9
51191 .. 2/9
EF92 2/-
EF95 5/-
EF183 8/-
EF184 81-
EHTl

.. 3/9
EL34 ..10/-
EL35 5/-
EL38 ..17/6
EL41 7/-
EL42 8/-
EL50 8/-
EL81 8/-
EL83 .. 6/3
EL84 5/-
EL85 8/-
EL91 4/6
EL95 5/-
EL360 201-
EM80 6/-
En181 7/6
EM84 8/3
EM85 9/-
5E31 10/-
5811208 6/-
EY51 5/6
EY86 8/6
EY91 8/-
5540 5/-
EZ41 6/8
EZ89 .. 5/6
EZ81 .. 3/6
F/6057 51-
F/6061 5/-
F/6063 4/-
FW4/5006/6
FW4/8008/6
01/2360 91-
01/371K

19/-
050/20 5/-
0532 10/-
0534 10/-
1163 7/-
HK54 22/6
ULM 2/6

111.23 6/-
HL23DD

51-
11L41 9/-
HVIC2 9/-
K3A ..30/-
KT8C 22/-
KTS2 8/-
KT33C 6/-
KT44 5/9
KT63 4/-
KT66 12/9
KT67 15/-
KT76 8/6
x788 20t-
KTW61 4/6
KTW63 2/-
KTZ41 6/-
KTZ63 5/-
LP2 -10/-
148100 9/-
118142 12/-
M8190 5/-
91144 . 5/-
111ILD610/-
ML6 . 6/ -
NNW.. 8/-
NE17 7/-
11GT2 11E-
OB3 .. 7/-
003 .. 5/-
003 .. 5/-
054A 5/-
PIC84 5/-
PCCd5 71-
PCC89 10/-
00E80 6.6
PCF82 6/6
PC1,84 (V-
PCL81 9/-
PCL82 6/-
pC1.83 8/3
P01.64 71-
PCL85 8/8
pC1,86 9/ -
PENIS 416
PEN46 3i-
PEN220A

3/-
PL36 .. 7/6
PL38 ..113/-
pL81 .. 71-
PL82 61-
P1,83 5/-

pL84 .. 616
01424A 5/-
PT15 _1(1/-
PT25H 7/6
PT25M 7/6
PX4 14/-
PX25 9/-
PY32 9/6
pY33 8/6
PY80 5/6
rY81. 5/8
PY82 5/-
pY83 6/-
PY800 6/6
PZ1.35 9/-
P51-75 12/-
QP2L.. 6/-
QP25 5/-
QP230 51-
Q9150-15

10/-
Q895/10 5/6
Q01202 81-
QV04/7 8/-
R3 .. 8/-
1104/1250

(10/-
RK72 6/-
81300 15/-
0130 ..12/6
802 8/6
SP41 .. 1/6
0061 .. 1/6
SP210 8/6
STV280/40

12/6
STV70/80

81-
21112150A

10/-
T41. .. 6/6
TP22 .. 5/-
TP25 -151-
TT11 .. 61-
TT15 -85/-
TTR31 45/-
TZ0520 4/-
TZ20 ..161-
T540 -MX-
U81 .. 8/-
012/14 8/-
1117 .. 51-
018 .. 6/-
U25 ..11/-

1127 .. 8/-
U52 .. 51-
ITABC80 4/6
UBC41
UBF80 5/6
UBF89 6/6
UBL21 11/-
00085 8/8
UCH42 6/6
UCH81 6/-
UCL82 8/-
UCL83 10/-
UF41 71-
uF89 6/-
111.41 6/-
1; L84 5/6
005 7/-
0119 .. 8/6
UY21 7/6
UY41 4/-
11Y85 5/-
V1120 4/-
V1507 5/-
V1924 20/-
VMP4G 12/-
VP23 8/-
VP41 51-
VP133 9/-
VR99 8/-
V11105/30

VR150/305/-
5/-

VT4C 20/-
VU33A 4/-
VU39 6/-
VX3256 4/-
W21 .. 5/-
W118 8/-
W119 .. 8/-
X66 .. 7/6
X118 .. 8/-
X145 8/-
YF 1/-
Y63 5/-
Y65 .. 4/-
Y66 .. 81-
Z21 .. 61-
58001T 20/-
7.80115 10/-
1A3 3/-
1A5GT 5/-
1B22 -30/-
1C5GT 6/-
108GT 8/-
1E70 7/6
1E2 3/-
1G6GT EV-
1L4 2/6
1LA6 6/-
1LC6 7/-

1LH4 62: ://13 610 5/9
1N21B 5/- 6
1N43 4/- 6AQ5 71- 6N70 5/9
1N70 4/- 6AQSW 9/- 6Q7G . 8/-
1E4 .. 5/- 6A96 4/- 6117 .. 5/6
1115 .. 3/6 6.A86W 9/- 68A7 71-
104 5/- 6.AB7G 20/- 68A7GT 6/6
1E35 .. 9/6 6AT6 .. 8/6 6807 .. 7/-
1T4 2/- 6AU6 7/- 6807G 5/ -
2A3 5/- 6AX4 8/- 6607 .. 5/-
2A5 6/- 6B4G 8/- 68F5GT 5/6
2B26 8/- 6E7 6/- 68217 3/-
2026 .. 7/- 62080 2/8 68J7 5/-
2C26A 3/- 6BA6 4/- 68.170T 5/8
2034 .. 2/6 6BA7 5/- 68J7Y 6/6
2043 42/6 6BE6 .. 4/3 05K7 .. 4/6
2045 22/6 6BJ7 7/- 68L7GT 5/6
2046 _30/- 611117 9/- 68N7 3/6

N35211 24" ..
9/-

rJ77 2/-
2X2 3/- 6050 2/6 61140T 9/6
3A4 4/- 6C5GT 8/- 6V6(1 . 5/-
3A/108A 606 .. 4/- 6V60T 5/6

20/- 6C6G 3/- 6V631 8/-
3A1463 35/- 6080 .. 3/- 6X4 .. 3/8
3A167/31 6021 80/- 6X50 5/-

25/- 60116.. 4/8 6X5OT 5/3
367 5/- 60L6 9/- 6Y60 6/-
3B24 5/- 606 8,- 6-301.2 10/-
3B28 ..15/- 6E5 .. 8/- 654 .. 5/-
306 .. 4/- 6F5(1 5/3 7B7 .. 7/8
3E29 ..50/- 6F5OT 5/9 7(15 .. 10/-
3Q4 8/- 6F6G .. 4/- 706 7/-
3Q5GT 7/6 6F7 . 81- 707 6/-
384 .. 4/- 6F8(1 .. 6/6 7507 .. 7/3
3V4 .. 5/9 6F13 .. 4/8 7Q7 7/-
4027 ..85/- 6F13 5/- 7V7 5/-
401 4/- 6F17 5/- 724 4/8
5A173G 5/- 6F32 4/- 81)2 .. 2/6
0A1740 5/- 6F33 .. 3/- 9D2 8/-
5R4GY 9/- 2060 2/8 9136 .. 3/6
5T4 71- 6111 .. 6/- 11E3 87/8
51140 4/6 62t651 ve 12A6 2/6
5V40 8/- 6J4WA 10/- 12A117 5/-
5X40 8/8 6J50 2/- 12A118 11/-
5113G 4/- 6J6 8/8 12AT7 4/-
5Y30T 5/- 6J6W 6/- 12AU7 5/-
5Y3WGTE RUG 5/- 12AX7 6/-

9/- 6J7M 8/- 12AY7 10/-
524G 6/6 6560T 5/8 12BA6 5/8
6AB7 4/- 6K7G 2/- 12BE6 7/-
6AC7 2/- 6K7CIT 4,9 12B117 7/-
6.A05 2/8 6K80 3/- 1208 3/-
6A0.7 6/- 6K8GT 8/8 12116 8/-
6A116 10/- 6K851 8/6 12J5GT 2/6
6A37 3/- 6025 12/- 12J7GT 8/8
OAKS 5/- 6L50 6/- 12K7GT 2/-
6AK6 61- 6L60 6/- 125891 10/-
6AK7 8/- 6L6GA 7/6 12Q7GT 3/3
6AL5 3/- 6L70 4/- 138A7 7/-
6AL5W 7/- 6L34 .. 4/8 12007 eh

12807 8/-
128117 8/-
12837 5/9
128K7GT

129N7GT
31-

5/9
128117 5/-
12E4 2/-
14L7 .. 71-
16132 .. 6/-
19E2 15/-
19G3 -10/-
1906 9/-
19G7 .. 5/-
19111 .. 6/-
19141 5/-
20P4 -13/-
21B6 9/-
25L6GT 5/8
25Y5 .. 6/-
2524G 6/6
2525 .. 7/6
25Z6GT 8/8
28137 .. 6/-
30 .... 5/-
30015 9/6
30E5 8/6
30FL1 10/6
30019 19/-
30PL1 8/-
35L6GT 7/-
35T 17/6
35W4 5/-
35Z3 8/-
35Z4GT 6/-
3555GT 8/-
37 .... 4/-
38 .... 4/-
4134P 4/-
44A/160N

80/-
50L6GT 8/-
53A. .. 7/8
57 .... 6/-
58 .... 6/-
59 .... 8/-
75 .... 5/6
76 .... 5/-
77 .... 6/6
78 .... 5/-
80 .... 5/6
81 .... 9/-
82 .... 8/-
84 .... 8/-
85A2 8/-
210VPT

7 -pin 2/6
21580 ID-
220PA 71-
220TH 4/-

225DD 9/-
307A .. 5/6
313C -25/-
357A ..70/-
368A  .5/-
393A ..15/-
446A .. 8/-
703A -30/-
705A -101-
715B -60/-
717A .. 8/-
724A ..15/-

6/-
803 ..22/6
807 .. 8/-
808 .. 8/-
813 -68/-
815 ..35/-
829A -301-
829B -50/-
830B .. 4/-
832A ..45/-
832 -15/-
837 .. 9/-
843 .. 5/-
860 -10/-
866A -14/-
884 -10/-
954
955 .. 2/8
956 .. 2/-
957 .. 5/-
958... 4/-
1612 .. 5/-
1616 .. 3/-
1619 .. 5/-
1625 .. 6/-
1626 .. 8/-
1629 .. 4/6
2051 .. 5/-
40430 18/6
4063 .. 8/-
43130 30/-
5704 .. 9/-
5726 .. 6/-
6064 .. 7/-
6065 .. 6/-
6080 -22/-
7193 .. 1/9
7475 . 2/-
8013A 25/-
8020 .. 8/-
9001 .. 3/-
9002 .. 4/6
9003 .. 6/-
9004 .. 2/8
9006 .. 2/6

MANY OTHERS IN STOCK including Cathode Ray Tube and Special Valves.
All U.K. orders below EI P. & P. 1/-: over E 12/-: orders over £3 P. & P. free: C.O.D. 3/6 extra. Overseas Postage Extra at Cost.

C.B. Tubes

C1/1596
(09J) 55/-

E4504/5/16
28/-

VCR97 28/-
VL11138

80/-
VCR13HA

40/-
VCR139A

85/-
VCR51715

40/-
VCR517C

90/-
3FP7 45/-
5001 80/-
5FP7A 12/ -

Photo
Tubes
CMGS 5/-
G816 12/6
931A 55/-
60970 850/ -

Special
Valves

ACT6 68
K301 £4
KRN2A

28/10/-
1B24 25/-
2322 22/10/-
2354 93
417A 80/-
33/92/E

237/10/-
714AY 24
723A/B 50/-
725A 30/-
726A 19/ -

Transistors
0044 8/-
0045 8/-
0071 5/-
0072 7/-
0081 7/-
0082 10/-

MARCONI COMMUNICATION
RECEIVERS
C.R.I50. Frequency coverage 2-60 Mc/s. in 5 bands.
Two I.F.s 1st 1,600 kc/s. 2nd 465 kc/s. Image signal
protecting over 40 dB up to 30 Mc/s. and 20-40 dB
from 30-60 Mc/s. Self -checking calibration (built-in
calibrator). Stabilisation of supply and temperature
compensation. Electrical and mechanical band -
spread. Metering and visual tuning indicator. Band
pass from 100 c/s. to 10 kc/s. in 5 stages. Acoustic
filter associated with 100 c/s. Bandpass position for
CW reception. Facilities for diversity reception.
Excellent checked condition, £49. Mains P.S.U. by
P.C.A. Radio, E4/10/-, carriage 30/,
C.R.I50/2. Frequency coverage 1.5-22 Mc/s. in
4 bands, all other features as in C.R. 150. Price
£35. Carriage 30/-.

SEALED HIGH SPEED SIEMENS RELAYS.
1700+1700 ohm, 15/-. P. & P. 1/6.

DUMONT MODEL 241 OSCILLOSCOPE
in fully working condition L22/10/-. P. & P. 30/...

" CONNECT AND FORGET, CANNOT
OVERCHARGE " " ESSTRON " MARK I

AUTOMATIC BATTERY CHARGER.
Initial charging rate 6-7 amps. The charging rate
automatically adjusts itself to the charge in the
battery. Automatic current and voltage control.
Patented application of magnetic amplification
to battery charging. Indicator lights show battery
fully charged, receiving charge incorrectly connec-
ted or faulty cells. Mains voltage 200/250 v. Built
for 6 or 12 v. batteries. Measurements 7 x 5 x
Weight 8+113. Price E711916. P.P. 3/6.
POWER SUPPLY & L.F. AMPLIFIER UNIT
NO. 3. Input 12 v. 3 amp. Output 145 v.50 mA.
Synchronised vibrator and extremely efficient
smoothing. Stabilized heaters supply. Valves,
IL4 and 3A4. Many practical possibilities. i.e., car
radio. etc. Diagram supplied. Brand new, 37'6.
P. & P. 8/-.
H.R.O. SENIOR TABLE MODEL in excellent,
fully checked and tested condition together with
set of 9 general coverage coils and mains P.S.U.
£28. Carriage & Packing 30/-.
NEW DHR. HIGH -RESISTANCE HEAD-
PHONES. 14/-. P. & P. 1/6.

WELL PROVEN RELIABLE COMMUNICA-
TION RECEIVER P.C.R.2.

(Made by Pye). 120 kc.-350 kc. 525 kc.-4,600 kc.
6 Mc. -22 Mc. Overall sensitivity 1-2µV. S noise
ratio 10 dB at 6µV. Circuit incorporates an R.F.
stage, two I.F. stages, tone control, A.V.C. antenna
trimmer, 6V6 output. Set in fully working condition
together with headphones and speaker plug.
E7/12/6, carriage 15/-. Ditto but with built-in power
supply for 210/250 v. A.C. E9/19/6. Carriage 15/-.

CARBON INSET MICROPHONE. G.P.O.
types 2/6. P. & P. 1/6.

TELEPHONE HANDSET. Standard G.P.O.
type, new 12/-. P. & P. 21-.
Large selection of mains and Heavy Duty L.F.
TRANSFORMERS.

EVERSHED MEGGER CIRCUIT TESTER
2 ranges. 0-1,000 ohms. 100-200,000 ohms. with
test leads, leather carrying case. Tested £4/I9/6.
P. & P. 3/6.

ARB8D RECEIVERS. Fully reconditioned, £55,
rebuilt models £85. Brand new £95. Carriage paid
U.K.

P. C. RADIO LTD.
170, GOLDHAWK RD., W.12

SHEpherd's Bush 4946

ULTRA MODERN POWER SUPPLY UNIT.
Supply voltage A.C.: 105, 110, 115, 200, 205, 210,
220, 225, 230, 240, 245, 250v. Available voltages D.C.:

(a) 1700-2050 v. (adjustable) approximately 80.5mA.
(b) 600 v. approximately 60mA.
(c) 260-350 v. (adjustable) approximately 25mA.
(d) 450 v. approximately 30mA.
(e) 100 v. approximately 150mA.
All voltages are stabilised, 5 valves, 7 silicon recti-
fiers, 4 Solenium HV rectifiers. Brand new 0/101..
Carriage 12/-.

VERY HIGH CLASS COMMUNICATION
RECEIVER TYPE BRT 402E. 150 kcs-385 kcs.,
510 kcs.-30 mcs. Fully tested E60. Carriage 30/-.

STABILISED POWER SUPPLY UNIT TYPE
1280. (EDISWAN) with 5 independent outputs.
1.0-300 v.150 mA. metered and regulated. 2.0-300 v.
75 mA. metered and regulated. 3. 200 v.25 mA.
bias voltage. 4. 6.3 v. A.C. CT 4 amps. 5. 6.3 v. A.G.
CT 4 amps. Stability 0.02% Price £48.

STABILISED POWER SUPPLY UNIT TYPE
R 1095 (EDISWAN) with 2 independent outputs.
I. D.C. 120-250 v. 50 mA. metered and regulated.
2. A.C. 6.3 v. C.T. 3 amps.
Stability 0.02%. Price E18.

STABILISED POWER SUPPLY UNIT TYPE
R 2001. (EDISWAN) with 2 independent outputs.
1.0-100 v. 50 mA metered and regulated by coarse
and fine adjustments. 2. 250 v. Bias at 5 mA.
Stability 0.02%. Price E18.

VARIOMETER for No. 19 set, 17/6. P. & P. 3/-,

WIDE RANGE MULLARD VALVE VOLT
METER TYPE E 7555/2. 100 mV -500 v. D.C. or
A.C. peak from 35 c. to 5 mc. additional range 500 v.
to 15 kc. D.C. or peak A.C. Frequency response
with probe is lever from 35 c. to MO mc. Power
supply 110/245 v. A.C. Price £25. Carriage LI.

Open 9-5.30 p.m. except Thursday 9-1 p.m. PERSONAL CALLERS WELCOME
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CARRIER FREQUENCY SHIFT
ADAPTOR. This modern equipment of
recent manufacture is in excellent con-
dition and suitable for operation with most
Service Receivers. IF frequency adjustable
internally 445-475 kc/s. The adaptor
will operate two independent Teleprinters.
Power supplies A.C. mains 230 v. or 24 v.
D.C. Price £12/101-, Carr. 25/-.

RELAY UNIT. G.P.O. 600 types 5 relays 150 ohm 1 set C/O., and 5
relays 400 ohm 2 M., 1 set C/O., in metal box 8 x 6 5in., £2, post 5 -.
FACSIMILE KEYER UNIT KY 75 SRT, 115/230 volts, £25 each.
MODULATOR MD 168/UX (for the above keyer), £12/10/-.
SIGNAL GENERATOR 1-196A. Freq. range 100-156 mc/s. Power
requirements 115 v. A.G. or batteries. £3 each. Carr. 15/-.
METERS. 0-60 amps., centre zero 6in. scale, prof. m/c., 17/6 each,
5/- post. 0-150 amps., centre zero 6in. scale, proj. m/c. (requires external
shunt), 17/6 each, 5/- post. 0-100 amps., 6in. scale, A.C./D.C., 30/- each,
6/6 post. 90-180 v., A.C./D.C., 4in. scale, £1 each, 5/- post.
BC -221 or LM 13. Freq. meter complete with original charts in good
working order. Range 125 kc/s.-20 Mc/s., £16/10/-, carr. 15/-.
SIGNAL GENERATORS
TF.144G. 230 v. A.C. 85 kc/s.-25 mc/s. In excellent condition, £16/10/ -
each, 25/- carr.
TS.12AP. Standing Wave Indicator Equipment. Complete with Amplifier
and waveguide plumbing equipment, £12/10/- each, 15/- carr.
TS.36AP Power Meter, with accessories, used for checking radar outputs,
£5 each, 10/- carr.
DE-ICER, Controller Mk. 3. Contains 10 relays D.P. changeover
heavy duty contacts, 1 relay 4P, C/O. (235 ohms coil). Stud switch 30 -way
relay operated, one five -way ditto, D.C. timing motor with Chronometric
governor 20-30 volts 12 R.P.M., geared to two 30 -way stud switches and
two Ledex solenoids, 1 delay relay, etc., sealed in steel case, size 4 5 7in.,
£3 each, post 5/-.
BC640 MODULATOR UNIT. 2 811's, mod. transformer and fit.,
trans. complete mod. unit fits 19in. rack 50 watts, £5/10/-, carr. £1.
GEARED MOTORS (Reversible).
20-30 v. D.C. 72 r.p.m., 17/6, post 2/6.
28 v. 150 r.p.m., 25/-, post 2/6.
24 v. Open gears with governor, approx. 10 r.p.m., 25/-, post 2/6.
24 v. D.C., 1.4 r.p.m., reversible with two micro switches inside gear box,
silent operation, £2 each, post 5/-.

MARCONI V. LVE
VOLTMETERS TF428-B/1.
Ranges: 0 to 1.5, 5, 15, 50 and
150 volts. Fitted with probe
unit for RF measurements.
230 v. mains input. Brand
new, £12/10/- each, carr. 10/-.

TCS MODULATION TRANSFORMER 20 w. Pri., 6,000 ohm C.T.
Sec., 6,000 ohm. 25/- each, post 3/6. MICROPHONE TRANS-
FORMER. Pri., 75 ohm. Sec., 125,000 ohm. 101- each, post 2;6.
OUTPUT TRANSFORMER. Pri., 7,500 ohm. Sec., 500 ohm. C.T.,
2.5 w. 12/6 each, post 3/-.
POWER SUPPLY unit for SENDER No. 36, 110-240 v. A.C. input,
contains Speech amplifier. Modulator and External power supplies,
3 x FW4/500 rectifiers provide H.T. for F.R. unit Speech amplifier 6C5G,
Modulator 2 6C5G and 2 x 807 output. Size 24 16 14 inches. Housed
in a fine oak case with circuit. Weight 110 lbs. As new, £6/12/6, carr. 30/-.
CONVERTERS. Type 8 a., 24 v. D.C., 115 v. A.C. at 1.8 amps. 400
cycles, 3 -phase. £5 each, carr. 7/6.
CONDENSERS. 1 mfd., 20 kv., £6/12/6 each, post 12/6 each. 0.25 mfd.,
32,500 volts Wkg. £5 each, post 12/6 each. 150 mfd., 290 volts A.C.
£5 each, post 12/6. 50 mfd., 330 volts A.C. 40/-, post 4/-. 10 mfd., 1,000 v.
12/6, post 2/6. 8 mfd., 1,500 volts, 17/6, post 2/-. 8 mfd., 1,200 volts, 12/6,
post 3/-. 8 mfd., 600 volts, 8/6, post 2/6. 0.25 mfd., 2 kv. 4/-, post 1/6.
Vacuum condenser 50 pf. 32 kv. 30/-, post 1/6. 6 pf. 20 kv. 22/6, post 1/6.
All the above are new in cartons.
POWER FACTOR CONDENSERS. 160 mfd., 290 v. A.C. working.
£5110/- each, carr. 10/-.
4 mfd., 12,500 v. D.C. working, £71l0/- each, carr. 15/-.
BLOWER MOTORS. 24 v. D.C. (small U.S.A.), 12/6, post 2;-.
TELEPRINTERS. Type 7B, used, good condition. 24 v. D.C. £12;10/ -
each, carr. £1.
OSCILLOSCOPES, Cossor 1035 and 1049, used condition, £30 each.
Hartley type 13A, £25 each. Solartron Type CT316, £20 each.
INVERTERS. Type AN3499, 28 v. D.C., 9.2 amps. input, 115 v. 400 c/s
3 phase, £5 each, post 5/-.
TX DRIVER UNIT. 100-156 Mc/s. Ideal for two meters, Valves 3C24,
in excellent condition, fits 19in. rack, £5 each, carr. 20/-.

CONTROL UNIT. 230 v. A.C., output 24 v. 2 amps., 230 v. A.C. sole-
noid switch, 15 amps., plus relays and switches, etc., £2/10/-, carr. 12/6.
RECEIVERS. HRO. Used condition, less coils, £10 each, carr. £1.
S.36, used condition, freq. 30-143 Mc/s. £25, carr. £2. S.27/U, used,
freq. 143-210 Mc/s., £25, £2 carr. C.52, used, freq. 1.75-16 Mc/s., £5,
carr. £1. H.63 (similar to 1392), 100-156 Mc/s., £5, carr. £1.

I MARINE RADAR EQUIPMENT. Complete installation for 110/
220 v., 3 cmm., made by B.T.H. Ltd. The equipment is mounted in
a weatherproof steel van 6 6 6ft., with the scanner on top to rotate
360 deg. The units are available with service manuals and some spares.

£500 each. F.O.B.
UNISELECTORS. 6 bank, 25 way, 20 ohm. coil, £2 each, post 2/6,
5 bank, 25 way, 20 ohm. coil, 35,- each, post 2/6. (Ex -new equipment.)
BOMB SELECTOR UNIT, complete with uniselector 3B., 25 watt,
22 ohms, magnetic counter 0-40, and 1 relay 500 ohm. 2 make, 50/- each
post 3/6.
HEADPHONES. DLR5, 10/- pair, 2,6 post. No. 10 headset and micro-
phone, 151-, post 2/6. ACC phones with chamois_ ear muffs and jack plug,
17/6 pair, post 2/6.

POWER AND SMOOTHING
UNITS. 100-250 v., A.C. input
24 v., D.C. at 3 amps. or 12 v.
twice at 3 amps., continuous rating,
;witched fused, etc. In metal case
19 7 7in. Smoothing two
large chokes and 0-1 ma., meter
,caled 0-50 volts. £7/10/- (pr.),
15;- carr.

APX6 TRANSPONDER. Compl to with UHF valves 2C42, 2C46 and
1B40, complete with special holders and condensers. 30 Valves, Blower
Motor, Mechanical Counters, etc.. 115 v. 400 c/s. !Suitable conversion
for 1,200 Me/s.). Price £10 each carriage 15/-.
BATTERIES. Portable in metal case with carrying strap. 6 volt, 40 amps.,new, unused, 20/-, carr. 6/6. Car type, 6 volt 75 amps., £2, carr. 10 -.
RESISTORS. Variable. 3 ohm. 10 amps., 25;-, post 1/,
ROTARY TRANSFORMERS. 24 v. input, 175 v. at 40 ma. output,
25/-, plus 2/- post. EICOR type, 12 v. input, 400 v. at 180 ma. output,
30/-, plus 4/- post. 12 v. input, 225 v. at 100 ma. output, 25/-, plus 3, -
post. (All the above are D.C. only.)
MICROPHONE Type T50. Fits the palm of hand with on/off switch
and lead (electro dynamic), 35/- each, plus 2/6.
CIRCUIT BREAKER. 150 amps. 600 v. AC., £3 each, carr. 7/6.
PLUGS. Standard two-way jack plug PL55 with 6ft. lead and trans-
former, low to high impedance, 7/6 each, plus 1/6 post. PL68 plug and
switch lead assembly, 5/- each, plus 1/6 post.
DIPOLE AERIAL. Complete set suitable for 60-100 Mc/s., 27/6, cart. 1.' -

COMPRESSOR UNIT. Aircraft cabin pressurisation unit, 28 v. D.C.,
with automatic switches, etc., £3/10;-.. post 6/-.

AR88 SPARES. Set of 14 valves and headphones and 3 pilot lamps,
new, original cartons, £3:10;- each, post 2/6. Set of 14 valves only,
£2110!-, post 2,-. Vibrator unit, 6 v., 15/-, post 4/-. Headset only
12/6, post 2 -. Speaker unit, R.C.A., £3/10/-, plus 5/- post. Blocl.
condenser unit, 3 4 mfd. at 600 v., 25,- each, post 3/-. 0.01 mt.,'
400 v. D.C., 4 for 12/6. Capacitor air trimmer, 2-20 pf., box of 3, 10 -.

1154 TRANSMITTER UNIT less power supplies (used), £4 each, plus 15, -

TRANSFORMERS. 230 to 115 v.,isolation 300 va., £3 each, plus 5/-.
230/115 auto 750 watts, £4, post 0/, 230 v. pri., 1,850-0-1,850 at
500 ma., £5 each, plus 15/- carr. 230/115 auto 300 watts, £2, post 6/-.
230 v. pri., 24 v. at 2 amp., 22/6, post 5/-. 230/115 v. pri., 275-0-275 v
at 120 ma., 6.3 v. at 4 amp., 6.3 v. at 1 amp., 25!-, post 5/-.

RADAR RECEIVER APG501. Complete Unit with Blower Moto/
40 valves, Relays, Transformers, etc. Condition as new. Price £5 eadi.
carriage 15/-.

WHEATS TONE BRIDGE in a beautiful

oak case, centre zeeo galvanometer 2.5 mA.,

1 stud switches, 0-10, 0-100 ohms, 0-inf.,

size 16 7,1 6in., 45/- each, 5/- post.

91111118111111111=grempapp

RADAR TRANSMITTER APGS01. Complete Unit in pressurised case
with Magnetron CBPV6765 and Klystron 6378 and associated crystals and
waveguides, Blower Motor and 12 valves. Power inputs 115 v. 400 c/s.
Condition as new, price £10 each, carriage 15/-.

FOR EXPORT ONLY
TRANS./REC. WIRELESS SET No. 31, complete sets with aerials,
headphones and mikes in working order. Freq. 30/40 Mc/s. 4 channel
xtal-controlled, £81101- each. WIRELESS SET No. 88. 4 channel, xtal-
controlled, complete with all valves and xtals and attachments, £10 each.
WIRELESS SET No. C52. 12 v. D.C. 1.7-16 Mc's. on three bands,
110 watts output. CW, MCW, etc. Can be used as Vehicle T/R, or base
station (as new complete set £52).

Complete installations can be
quoted for. Please write further details.
List available 6d. S.A.E. for all enquiries. W. MILLS

3-B TRULOCK ROAD, TOTTENHAM, N.17

Phone: Tottenham 9213 & 9330

4WW-I38 FOR FURTHER DETAILS.
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LOUDSPEAKERS
We supply a
complete range
of Goodmans,
Wharfedale,Stentorian,
TSL Speaker
Units and com-
plete systems.
A comprehen-
sive leaflet is
available on
request, this
covers specifica-
tions and prices

of nearly 50 types including:-
Celestion Model CX2012 (as
illustrated) £16 10 0
Stentorian HF812 5 watts

£3 16 0
Stentorian HF1012 10 watts

£4 12 0
Goodmans Axiette 8 6 watts

£5 10 11
Goodmans Axiom 10 10 watts

£6 5 11
Goodmans Axiom 201 15 watts

£10 17 4
Wharfedale Super 8/RS/12/DD
6 watts £6 14 2
Wharfedale Golden RS/DD 8
watts £7 17 5
Wharfedale RS/12/DD 15 watts

£11 10 0
Guitar Speakers include:-
Wharfedale W12EG 15 watts

£10 10 0
Goodmans Audiom 51B 15 watts

£9 2 8
Carriage and Insurance extra.

THE "TRAVLER" Mk. II
CAR RADIO

* MEDIUM AND
LONG WAVES

*12 VOLT POSITIVE
EARTH

*PUSH BUTTON WAVE CHANGE
* SIZE 7in. x 2in. x 7in.
* TRANSISTORISED

ONLY

91/2 GNS.
P. & P. 51-.

Ready built complete with
7 x 4in. speaker fitted to
baffle, fixing brackets, filter
unit, all nuts and bolts and
fitting instructions.

Optional extras: 3 -section chromium plated weatherproof
telescopic aerials. Type 1, 17in./44in. 19/6. Type 2, 2in./
43in. 29/6, both plus p. and p. 2/6 if purchased separately.

THE "HIGHWAYMAN" CAR RADIO
TO BUILD YOURSELF

Similar in appearance to above but with on/off push button
switch. Complete set of parts only E7.19.6 P "5/-

TUNER UNITS

ARMSTRONG
Mono Tuner Amp

127M £26 10 0
Stereo Tuner Amp

127 £37 10 0
AM/FM Tuner 223 £28 15 0
FM Tuner 224 £22 10 0
Carriage and Insurance 7/6.
Stem Fidelity Mk. II VHF/FM
Built and tested £14 5 0

Carr. & Ins 5/-.
JASON
FMT1 FM Tuner. Kit of parts

£6 15 0
FMT2 FM Tuner. Kit of Parts

£10 12 6
FMT3 FM Tuner for fringe
Areas:

Kit of parts £12 5 0
FMT4 Tuner £20 0 4
JTV2/FM/TV Sound. Kit of

parts £15 15 0
Built and tested £21 0 0

TRIPLETONE FM TUNER
Unpowered £13 19 6
Self -powered £15 14 6
Carriage and Insurance 5/- each.
Descriptive Leaflets free on request.
Please state model required.

STERN -
GREAT BRITAIN'S GREATEST

STERN -CLYDE HI-FI EQUIPMENT
Ready built or Kits of Parts

Stern Mono -Gram Amplifier, 3 watts
Mullard 2 -valve Audio Pre -amplifier
Mullard 3 -valve Audio Pre -amplifier
Mullard " 3-3 " Amplifier with Passive Con-

trol Unit Model 33/RC, 3 watts
Mullard " 5-10 " Main Amplifier, Model

510/M, 10 watts £10 0 0
Mullard " 5-10 " Amplifier with Passive

Control Unit, 10 watts £12 0 0
Stern Twin Three Stereo Amplifier, 3 watts

per channel
Stern Twin Three Stereo Amplifier in Portable

Case with Two Speakers and Leads
Mullard " 10+10 " Stereo Amplifier, 10 watts

per channel
Mullard " 10+10 " Stereo Amplifier with

Passive Control Unit, 10 watts per channel £20 0 0
Mullard Dual Channel Pre -amplifier £12 0 0
The above two items purchased together £27 0 0
Mullard 4 -channel Electronic Mixer Unit

Model 2H for 2 Mica, Radio and Gram £8 8 0
Mullard 4 -channel Electronic Mixer Unit

Model IL £10 5 0
HF/TR3 Tape amplifier with Power Unit £13 13 0
Type C ' Tape Pre -amplifier with Power Unit £14 0 0
STP-I Tape Pre -amplifier with Power Unit

Mono and Stereo £22 0 0 £28 0 0 8/6 5/-
CR3/S Tape Recorder with Studio Deck £33 8 0 - 15/- 3/ -

Complete
Kit
of

parts
£4 10 0
£6 6 0

£10 0 0

Ready Carr.
built and
and Ins.

tested
£6 0 0 3/6
£9 10 0 51-

£13 13 0 5/-

£8 8 0 £11 10 0 6/6

Instruction
book

available
separately

2/6
2/-
3/6

2/-

£13 10 0 6/f 2/-

£16 0 0 7/6 2/-

- £9 0 0 5/-

- £16 10 0 10/-

£16 0 0 £20 0 0 8/6 3/-

£24 0 0 10/- 3/-
£15 0 0 716 3/-
£34 0 0 15/-

- 51- 2/6

5/- 2/6
£19 0 0 7/6 3/-
£19 10 0 7/6 3/6

INDIVIDUAL DESCRIPTIVE LEAFLETS GIVING TECHNICAL SPECIFICATIONS,
DIMENSIONS, PRICES. TERMS, ETC., FREE ON REQUEST.

RECORD PLAYERS

Garrard SRP10 Single Player
£5 9 1

LATEST B.S.R. UA25
4 speed changer £5 19 6
Garrard Autoslim Autochanger

£6 10 0
B.S.R. Super Slim Changer

£9 19 6
Garrard AT6 Changer £10 19 6
Garrard AT5 LM Autochanger
(3000LM) £11 11 11
Philips AG1016 Stereo/Mono
Record Player £13 13 0
Garrard 4HF Single Player

£16 17 6
Goldring Lenco Model 88 Trans-
cription Turntable £18 18 5
Garrard Laboratory Type "A"
Autochanger £19 15 0
Garrard 301 Transcription
Turntable (Strobe) £22 0 5
Carr. and Ins. 5/- on above.
Descriptive Leaflet including prices
with alternative cartridges, dimen-
sions, terms, etc., free on request.

MICROPHONES
Extensive range available, send
S.A.E. for illus. brochure.
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ANOTHER STERN-CLYNE BARGAIN OFFER!!

SAVE £10!
STEREO AM FM

RADIOGRAM CHASSIS
BY FAMOUS MAKER
LIST PRICE [30.17.11

OUR 19 Carr.
PRICE GNS. 7 6

BRAND NEW WITH FULL GUARANTEE
Full Medium, Long and V.H.F. Coverage.
3 watts per channel output. 3 ohm output impe-
dance. Internal aerial for A.M. Provision for
Multiplex adaptor. Pick up and Tape input sockets.
A.C. mains 200/250 volts.

Two 10in. '...< 6in. matching
speakers supplied free if the following items are purchased together.
CHASSIS 19 GNS. and GARRARD Autoslim with stereo plug in
head £8/7/- (or any unit above E81710). Carr. 151- extra.

NEW LOW PRICE COMMUNICATION RECEIVERS
HE -40. 550 Kc,s.-30 Mc,s. in 4 bands.
L19/191-. Carr. 10/-.

HE -30. 550 Kcis.-30 Mc/s. in 4 bands.
£34/13/-. Carr. Paid.

KT -320. As HE -30 but offered as complete
kit of parts. £26/5/-. Carr. Paid.

HA -63. 550 Kc s.-31 Mc,s. in 4 bands.
£25141-. Carr. Paid.
STARFLITE 90 WATT TRANSMITTER
Band coverage 80-40-20-15 and 10 Metres.
£30/91-. Carr. 15/-.

H.P. Terms available.
Send S.A.E. for fully descriptive brochure.

ELECTRONIC HOBBIES ORGANISATION

DOUBLE FEATURE PRE -AMPLIFIER AND
JLIO POWER AMPLIFIER

DOUBLE FEATURE PRE -AMPLIFIER. Inputs for micro-
phone,, erysdal ssr magnetic pick-ups, Inner unit and in ad-
dition offers full facilities for tape recording and high fidelity
replay. This unique feature means that should you wish to
include tape in your hi -0 system al a later slate all that is
required is st suitable tape sleek. Push-button switching for
n tape speeds equalised.
KIT OF PARTS 11 GNS.
BUILT AND TESTED 18 GNS. (C. Ss I. slis)

MO POWER AMPLIFIER. Incorporates the latest diode/
pentode 11(11.86 valves in push-pull, PART1111)(1E ultra
linear output traushamer. PARTRIDCE maim transformer
and smoothing choke. 10 watts power output, surplus power
available for tuner.

KIT OF PARTS 91 GNS.
BUILT AND TESTED 12 GNS.
Prices it both units purchased together:
KIT OF PARTS 191 GM.
BUILT AND TESTED 29 GNS.

(C. st I. 7/6)

d'tr 1. lo

TAPE EQUIPMENT AND ACCESSORIES

AMERICAN RECORDING TAPE
5in. 600ft. Standard Acetate 8/6
5in. 900ft. Long Play Acetate 10/-
5:in. 1,200ft. Long Play Acetate 12/6
31in. 600ft. Double Play Mylar 11/6
7in. 1,200ft. Standard Play Mylar 12/6
5in. 1,200ft. Double Play Mylar 15/-
7in. 1,800ft. Long Play Mylar 20/-
5in. 1,800ft. Double Play Mylar 22/6
7in. 2,400ft. Double Play Mylar 25/-
P. & P. 11- per Reel extra, 4 or more Reels
POST FREE.
Fully Automatic Tape Splicer 14/6. P. & P. 1/6
Plastic Tape Spools 21in. 1/-; 3in. 1/3; 4in.
2/-; 5in. 2/-; 5:in. 2/3; 7in. 2/6.
Plastic Spool Containers, for spool sizes 511..
1/6; 5:in. 2/-; 7in. 2/3.
Any single item plus 6d. P. & P. Orders over £1
POST FREE.

VISIT YOUR NEAREST STERN-CLYNE ELECTRONICS CENTRE
LONDON

18, Tottenham Ct. Rd., W.I. MUSeum 5929/0095. Half day Sat.
23, Tottenham Ct. Rd., W.1. MUSeum 3451/2. Half Day Thurs.
309, Edgware Rd., W.2. PADdington 6963. Half Day Thurs.
109, Fleet St., E.C.4. FLEet St. 5812/3. Half Day Sat.
162, Holloway Rd., N.7. NORth 7941. Half Day Thurs.
9, Camberwell Church Ct., S.E.5. RODney 2875. Half Day Thurs.

CROYDON
12, Suffolk House, George St. MUNicipal 3250. Half Day Wed.

RISTOL
26, Merchant Street, Bristol, 1. Bristol 20261. Open 6 Days a week.

LIVERPOOL
52, Lord Street. Royal 7450. Open 6 Days a week.

MANCHESTER
20/22 Withy Grove, Manchester 4. BLAckfriars 5379/5246. Open

6 Days a week.

SHEFFIELD
125, The Moor, Sheffield. Sheffield 29993. Half Day Thurs.

MAIL ORDERS AND ENQUIRIES TO:
Deot.W.W. 3-5, Eden Grove, Holloway, London,N.7. NORtn 8161/5

109
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TEST METERS

30,000 OHMS PER VOLT
MODEL 500. Reads voltages
up to 1.000 D.C. at 30,000 ohms
per volt and A.C. at 15,000
o.p.v.; U.C. current to 12 amps.
Resistance to 60 Mega.; Decibels
from -- 20 to +06. Incorporates
internal buzzer for audible
warning of direct shorts and
flocking condenser for A.P.
output measurements. Size
3 z 6 x Olin. £811916

2,000 OHMS PER VOLT
MODEL TP-5S. Reads A.C.
and D.C. volts up to 1.000;
D.C. current to 500mA; Res-
sistance to 1 Meg.; Capaci-
tance to 1:21'; Decibels from
-20 to +36; Output jack
for Audio measurements.
Size: 31 x 1 3 llin. £311916

ACOS 89/1 STICK MIKE with
screened lead and table stand.
ONLY 32/6. ( Post 1/6.)

CRYSTAL DESK MIKE with
screened lead and built-in
stand. ONLY 15/-. (Post
1/6.)

ADJUSTABLE MIKE
STANDS with heavy bases,
and plated steno. Table
type 29/6. Door type 59:8.

HIGH FREQUENCY A.C.
VOLTMETER. A First tirade
Moving Iron Instrument with
gin. Mirror Scale. resoling up
to 150 v. A.C. at 400 and
1,200-2,400 cycles. 1u sub-
stantial Oak case with
removable lid, overall size
0/ x 81 x 51in. Made for
the Air Ministry by Everett
Edgeumb, and in perfect
order. Brand New and Un-
used. ONLY 99. Can also be
supplied for 50 cycles, use
either 0-150 or 0-300 volts.

20,000 OHMS PER VOLT
MODEL IT -5S. Reads vol-
tages up to 1,000 D.C. at
20,000 ohms per volt and
A.C. at 10,000 o.p.v.; D.C.
current to 500mA; Resistance
to 10 Megs.; Capacitance to
0.1µP; Decibels from -20 to
+36. Size: 31 x 52 x
25/19/6.

MOVING COIL OMNI-DIRECTIONAL
50K IMPEDANCE MIKE. Chrome
plated with diecast frame. ONLY
99/6. (Pont 2/6./

MOVING COL. 50K IMPEDANCE
STICK MIKE. A superb job. 75/-.
(Post 2/6.)

MOVING COIL STICK MIKE, com-
plete with heavy desk stand. and
screened lead. ORLY 59/6. (Poet 2/6.)

VALVE VOLTMETER
D.C. Input Impedance 11 Megohms.
7 Voltage ranges, D.C. to 1,200,
A.C. to 1,500 R.M.S., 4,500 Peak
to Peak. Resistance .2 ohm to 1,000
Megohms. Centre zero setting for
receiver alignment. Complete with
A.C./D.C. probe and leads. Full
illustrated details on request. ONLY
£13/19/6 (Post 3/2).

20,000 OHMS PER VOLT
MODEL 700. Reads A.C. and
D.C. voltages up to 5,000.
Alternating and Direct Cur-
rent up to 10 Amps, Resis-
tance up to 50 Megohms,
Decibels from -10 to -42 dB.
Internal buzzer for audible
warning of short circuits or
continuity, and fitted with
automatic overload protec-
tion for movement. Meter
size 4:in. x 2IIn., overall
dimensions 761n. x 51in. x
351n. Has rigid handle which
can be swivelled for use as a
tilt support. 217/10/0-
15 OHMS P.M. SPEAKERS.
Special Heavy Duty 12in.,

fW250rhla5Lrfleidl alae tWOarr, Eli /11201/n....

Wharfedale W13EG 15in,
for Base Guitars, 217/10/-.

ed2g2et/6.p.e s(ppelaekaez

add 5/- care. all items.)

NOMBREX INSTRUMENTS
TRANSISTORISED AUDIO GENERA-
TOR. 10-100.000 c/s. Sine or square
wave. Post paid with battery 218/15/-.
TRANSISTORISED SIGNAL GENERA-
TOR. 150 kc/s.-350 Mc/s. Better than
2%. Post paid with battery £8/10/-.
TRANSISTORISED RESISTANCE CA-
PACITY BRIDGE. 10-100 mega. 1 pi -
100µf. Leakage test and visual null
indicator. Post paid with batt. 98/51,
MAINS OPERATED TRANSISTOR
POWER SUPPLY UNIT. Regulated
output 1-15 v. up to 100 mA. Overload
protection. Post paid, 96/10/-.
TRANSISTORISED INDUCTION
BRIDGE. 1401 to 10011, £18.

S.A.E. for full details.

STANDARD TRANSFORMERS
Vacuum impregnated, interleaved, E.B.
screen, universal mounting. Size 4 x
3j x 21in. ALL BRAND NEW. 18/6
each. Post 2/6.
Type 1. '250-0-250 v. 40 mA, 6.3 v 3 a.
tapped at 4 v. 4a. 6'3 v. 1 a. tapped at
4 v. and 5 v. 2 a.
Type 2. As above but 350-0-350 v.
80 mA.

Type 3. 30 v. 2 a. tapped at 12, 15, 20
and 24v. to give 3-4-5-6.8-940 v., etc.

LINEAR AMPLIFIERS
LG-31, 4 watts, size six 41 x 21in. high, Mgt.. L45A 5 watts, size 7 x 7 x 6in. high,
25/19/6. Prdtective cover. 12/9. L5/55 5 watts stereophonic. size 101 x 8 x 6in. high.
212/12/-, cover with carrying handles 25/-. " Diatonic " 10 watts 11-P Ultra Linear
Push -full, size 9 x 7 x Din. high, 212/12/-. Cover with carrying handles, 19/6. L1/10
10 waltz Hi -Pi Ultra Linear, size 9 x 7 x Sin. high. 213/13!-. Cover with carrying handles,
19/6. "Conchord " 30 watts 111-P1 Ultra Linear, size 121 x 9 x 71in. high, 216/16/. Cover
with carrying handles, 25/-. LSO 60 watts 11.+Pi Ultra Line r, size 14 x 10 x Bin. high, 223/2/-.
Cover with carrying handles 32/6. All amplifiers for normal A.C. mains. and ex stock. Details
on

HETERODYNE FREQUENCY METERS TYPE LM14
Frequency range 125-20,000 kcis. in 2 bands. This is the United States Navy Model of
the well-known 812221 Frequency Meter. but has many additional features which increase
its usefulness. Voltage stabilisation circuits and Crystal control ensure extreme accuracy
and in addition it is fitted with an Internal Modulation switch to allow use as a Signal Gen-
erator. Size only 81 x 8 x Alin. Brand new. 999.

" TRIPLETONE " P.M. TUNER. size 11 x 6 x 3M. high. Coverage 86-104 me/s, £13/19/6
(unpowered). or 215/14/8 (self -powered). Details on request.

"T RI PLETON E" CONVERTIBLE
AMPLIFIER
Size 10 x 3 x 4lin. high. 4 watts output matched
for 2-3 ohms. OR 2 amplifiers can be coupled lovelier
for STEREO, 2,6/.9/13 each.

HARRIS ELECTRONICS (LONDON) LTD.
138 GRAY'S INN ROAD, LONDON, W.C.I Telephone: TERminus 7937
Please include carriage costs on ALL items. Trading hours 9-6 Monday to Friday, closed Saturday.
We are 2 mins. from High Holborn (Chancery Lane Station) and 5 mins. by bus from King's Cross.

IALL BRAND NEW !
SENSATIONAL SCOOP

BARGAINS'

E.M.I. 1" VIDICON
TUBES

For all C.C.T.v.
Vidicon Cameras

Excellent for all Industrial, Commercial,

Experimental purposes.
Research and

xperimental purposes. ONLY .10
(USUALLY £15.) (P. & int. 16 -.)

SCAN & FOCUS
COILS ASSEMBLY
As used in N.E.V. Cameras.
DEFINITELY AN
UNREPEATABLE OFFER.
Normally selling at £15,

OUR PRICE ONLY £6.10 Limited
Quantity

TELEPHONE ADAPTORS
Perfect for recording 2 -way telephone con-
versations, no wiring required, simply attach
to side of phone and plug into
mike socket. Normally 18/-,

OUR PRICE, EACH, ONLY
NOW AVAILABLE

"CLOSED CIRCUIT T.V. HANDBOOK
The first and only publication covering every aspect, w iv
giving Theory and Practical information with 100's of
applications and illustrations, including VIDEO-TAPE
equipment.

HORNTONS ELECTRONICS
(Next to Pan American Airways)

LOMBARD HOUSE, GT. CHARLES ST., BIRMINGHAM 3
Tel. MID 0972 & CEN 6283 111.1.M11.1111111111111

Power Supply Transformer
for I kW transmitter, input voltage 3 phase, 380-440 volts, 40/60 cycles.
Multi -wound oil immersed naturally cooled transformer.
Secondaries: I. 3,380 volts on load between lines, Star connected with
neutral point brought out 1.5 amp. 2. 940 volt on load 0.8 amp. Both
secondaries are used simultaneously. Price £20.
Brentford on load voltage regulator type ROAR 50/40 arranged for
automatic compensation for variations in an incoming supply.
Single phase, oil immersed, naturally cooled, indoor type, auto. wound,
star connected.
Input: variable 250 volts, ±5% single phase 50 cycles.
Output: Stabilised at 230 volts, within ±i%, on -load U.P.F.
Continuous maximum output 11.5 kVA speed of response l% per sec.
Price £70.
Computer Logic Units, by Mullard contains 0084, ferrite core coils.
resistances, etc., 17/6.

Counter Tubes type G.5. 10/C/S, new boxed, 15/-. Ex equipment.
Spot Welders, O. Spot Weldtrans 230v. in 4 volts 60 amps out £4/10.
Timers by Chamberlain & Hobson 1-30 sec., 1-100 sec.,E4. Spot Weld
heads E4/10. 4KVA. Spot Welder by G.E.C., £40. I kVA by Philips, no.
I kVA Unit by Sciaky, E15, and many others up to 70 kVA. 5-7 kVA
230 volt Variacs, EU. 5-7 kVA 110 volt Variacs, £20. Stoving Ovens,
24in. x 24in. x 24in., £40. Small ovens from C5 each. Vacuum Pumps
by Edwards, type 1.5-50, £12/10/.. 2.5-50, £20. Edwards early model with
3 PH motor, LIO. Guerke with motor, EIS. Large Capacity Guerke
with 4 h.p. 3 PH motor, LSO. Oil Diffusion Pumps by Edwards.
Models 203 and 403, E6. Edwards Oil Diffusion Pump, 203 with
mercury trap and flap valve, LI2/10/-. 7 kVA, Redifon E.C.H. Unit.
Furnaces of all types. For the latest in surplus electronic gear call at Yorkshire's
Newest Centre.

M.A.C. (Morley) LTD
YORKS

Shop: 126 North Street, Leeds. Phone: 26026
Works: Troy Road, Morley. Phone: 2334
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TAPE

RECORDERS

The largest, most
comprehensive selection:
2 -track, 4 -track, Mono
and Stereo
Mains and Battery
Models.

BRENELL

BUTOBA

B. & 0.

COSSOR

ELIZABETHAN

FERGUSON

FERROGRAPH

GRUNDIG

LOEWE OPTA

PHILIPS

SABA

SANYO

STANDARD

STELLA

TANDBERG

TELEFUNKEN

TRUVOX

UHER

VORTEXION

WIRELESS WORLD 1 I I

This month's
TAPE RECORDER CENTRE

Specials
VIKING TRANSISTOR SO -WATT AMPLIFIER
50 -watt output. Superb amplifier for all music and P.A. work-ideal for guitars,
groups, etc. Fully transistorised for maximum efficiency. 4 inputs with mixing
facilities plus reverberation/echo chamber. Fully built and guaranteed. In strong
wood cabinet covered in washable material, size approx. 22 x 10 x 6in. Output
imp. 15 ohms. For operation on 200/250 v. A.C. mains.
Tape Recorder Centre Price 45 Gns. P. & P. 10/- (5135 plus P. & P.).

VIKING 30 -WATT AMPLIFIER
High quality valve model. Guitar and P.A. amplifier. A.C. mains operated -30 -
watt output. 8 inputs, fitted with 4 separate volume controls for mixing, also
Bass and Treble controls. 15 ohms out. British made, highest quality com-
ponents used throughout, fully guaranteed. In strong portable case, size approx.
20 x 9 x 6in.
T.R.C. Price 35 Gns. P. & P. 7/6 extra (105 plus P. & P.).

T.R.C. 20 -WATT AMPLIFIER
2 inputs, mixing, Bass and Treble tone controls. British made. Fully guaranteed.
A.C. mains operated.
T.R.C. Price 15 Gns. (545).

PLI FULLY AUTOMATIC RECORD PLAYER
B.S.R. Changer, 2 -watt output. Attractive rexine covered cabinet. A.C.
mains. Separate Volume/Tone controls.
T.R.C. Price El 1/19/6 Tax Paid. P. & P. 101- (s33.50 plus P. & P.)

TRANSISTOR RADIOS
Pocket size: " Bestone," Medium Waveband, 6 Transistors.

Complete T.R.C. Price 59/6 (8.35) plus P. & P.
" Gold Spot " 2 Waveband, M., L., telescopic aerial. Leather carrying case.

T.R.C. Price E5/9/6 ($15.40) plus P. & P.

" Binatone " 3 Waveband, M., L., S., telescopic aerial. Attractive 2 -tone plastic
cabinet. T.R.C. Price £11/19/6 (533.50) plus P. & P.

" Empress " 3 Waveband, M., L., S., telescopic aerial, leather case.
T.R.C. Price 121 Gns. (538.50) plus P. & P.

TAPE DECKS
Collaro Studio 2 track, 3 speeds
B.S.R. TD2 2 track, 31in. per sec.

£10/10/- (530).

E7/7/- (521).

4 track, 31in. per sec. £8/19/6 (s25.10).

AUTOMATIC RECORD CHANGERS
B.S.R. UAI4, 4 speed E4/10/6 (513.30)-

B.S.R. Slim line, 4 speed £4/19/6 (513.90).

NEWMATIC CAR RADIO
All Transistor, complete with Speaker, Baffle and brackets.

113/2/6 Tax Paid (536.75)*

HI-FI

EQUIPMENT

Speakers

Amplifiers
Pre -Amps

Pick -Ups

Tuners

ARMSTRONG
GARRARD

GOLDRING-LENCO
GOODMANS

LEAKLOWTHER

LUSTRAPHONE
QUAD

ROGERS

S.M.E.

THORENS

WHARFEDALE
W.B. STENTORIAN

Tape:

AGFA
B.A.S.F.

E.M.I.

FERROGRAPH

GRUNDIG
MASTERTAPE

PHILIPS

SCOTCH BOY
TELEFUNKEN

Pre -Recorded Tape

Microphones

Styli

Accessories

L- -J

SiZr TAPE RECORDER CENTRE

THE TAPE RECORDER CENTRE LTD 82 HIGH HOLBORN LONDON WC1 TELEPHONE CHAncery 7401

Attractive H.P. Terms
{WW -139 FOR FURTHER DETAILS.
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GEE's TAPE I.

G.P.O. DESK TELEPHONES
Black, complete with bell, - ' ----.. ---- -
handset, standard. auto dial. ''''''.' 1 ,.

Guaranteed sound, ex -office 1 1

SAVE 259's AT GEE'S ! ! !

P.A. EQUIPMENT
We offer a full range of all Amplifiers, Transistor

Sin, Std, 600f t . 8/6
Tin, Std. 1 ,200ft . 12/6
Si n . L.P. 900ft . 1 0/-
51 in. L.P. 1 ,200ft. 12/6
7i n . L.P. 1 ,800ft. 15/-

4i n D.P. 600ft. 9/-

TENSLLISED
TRIPLE PLAY

31in. 600ft. 15'
4in. 900ft. 17/6
5in. 1,80011. 35/-
5f in. 2,400ft. 451-
7in. 3,600ft. 58/6

/equipment. Bargain price ,N,./...
35/- P. & P. 3/6,

COLLARD "STUDIO" TAPE TRANSCRIPTORS.
j1-3prasnd 3newmoitnorsor:gidiaglitearcoonusn. te3rspeeeteds, 1 j.4,1,7tfe

with 7in, spools, instructions and fixings, A.C.

or Valve, from 250 m/w to 50 watts output, also
Speakers, Horns, Mikes, Floor -Stands, Cabinets,
suitable for all sound applications. A small selection
below -may we quote for your requirements.
SUPER POWER LOUD HAILER MODEL 2583.
Hearing range 1,00(4t. Lightweight self-contained
portabl,vithig:teaacrhspols dyliamAciadlyctionalFttyle

Sin. D.P. 1 ,200ft. 1 5/ - SPARE SPOOLS
5.:in. D.P. 1,800ft. 22/6 2f in. 1/6; Sin. 1/-

, 3fin. 1/6; 4in. 1/87in. D.P. 2,400ft. 25/- 5in. 2/- 5)in. 2/-:
P. & P. 21- per order 7in. 2/8;' 81in. 4/6'
(Over C3 post free). 10in. 11/-.
SPECIAL DISCOUNT FOR TAPE QUANTITIES.
Send S.A.E. for Tape list.

200/230 v. operation. SPECIAL PRICE 10 DNS.
Carr. paid.

MICROPHONES
BM Crystal Stick, 39/8. P. & P. 2/-.
PA.46 Dual Imp. Dynamic 84/-. P. & P. 2/6.
PA.17 Studio Twin Crystal, 42/, P. & P. 2/6.
Telescopic Floor Stand, 551-. Carr. 5/-.
Send S.A.E. for Microphone list,

microphone
transistorisedw power amplifier.ar Long battery

diaphragm, Fully
life.

Ideal for all outdoor events. Brand new and
guaranteed. PRICE 22 Gns.

JUNIOR MODEL " BULL HORN." Range 200ft.
PRICE 84/15/- complete.
RE-ENTRANT LOUD HAILERS (Ex. Govt.) Heavy
duty 20 watts, all metal, 15 ohms. Dia. 15in.,

OUTSTANDING BUYS IN QUALITY
MULTIMETERS

100,000 o.p.v. Model 370-N. Price 214/14/,
30,000 o.p.v. Model 500. Price 98/17/6.
20,000 o.p.v. Model C.T.500. Price 25/5/-.

WANTED FOR CASH! !
Good quality modern P.A. Equipment, Test
Equipment, Hi-Fi Equipment, what have you?
Single items or quantities. Offers by return.

length 15in. (approx.). Brand new and boxed, £9.
Carr. 10/, Ditto reconditioned 96/101-. Carr. 10/-.
EXPONENTIAL HORNS BY FAMOUS MAKER OF

P.A. SYSTEMS
20 watt, 15 ohm speech coil, 30in. long, 20hi. square

4,000 o.p.v. Model H20. Price 79/6.
All complete with test leads, battery, instructions
and fully guaranteed,

AUTO TRANSFORMERS. Step up, step down,
110/115, 220/230 v. Fully shrouded terminal
block connectors. 150 w. 32/6; 300 w. 47/8; 500 w.

flare. Good condition. 27/101-. Carr. 12/6.
...,--,--,....--.,,,,...,....- TRUVOX/TANNOY LOUDP -;:.;,---- - ---,-0 HAILERS

EVERSHED & VIGNOLEE. Wee Megger 100 v.,
with leather carrying case, good working order,
NM-.

87/6; 750 w. 77/8; 1,000 w. 90/-; 1,200 w. 117/6;
1,500 w. 139/6; 1,750 w. 175/-; Carriage 5/- on each
type .

---"- - , With 180 ohm line transform-
T / er and condenser. Impedance

- -- 'f
,, -

e ' 7f ohms, handling capacity 8
EVERSHED & VIG-
ROLES Series II,
500 v. Megger in
good cond. £18!18/-.
EVERSHED & VIG-

G.P.O. STANDARD 19in. HEAVY DUTY
EQUIPMENT RACKS

5ft. Bin. Angle Uprights, £5. Carr. 15/-.
6ft. Channel Uprights, £6/10/-. Carr. 20/-.
7ft. Channel Uprights, £8. Carr. 25/-.

+, watts. Complete in slope -
1 . ,,' ' front wooden case, 30/-.

I Carr. 5/-. (Spare diaphragms
- 12/6 each.)

VIKING " 50." Superb 50
ROLES MEGGER
CIRCUIT TESTER

All with Heavy Duty Base.
TRANSISTOR -watt

amplifier for music, P.A., guitars, groups, etc.

(low reacting ohm
meter). 2 ranges
0-3, 0-30 ohm.
Complete w i t h

1 ather case and test leads.
As new, 26/6/-. Ditto 0-500,

100-5,000 ohms £6.
E.& V. BRIDGE MEGGER 500 v., with leather case.
Perfect working order, £40.

GE.Output

IS
LONDON,

LITTLE

Open

L BROS.
NEWPORT

W.C.2.
9-6 Mon. to Fri.

Adjoining Leicester

RADIO

GER.

Square
I

Tube

.LTD.

STREET,
6794/1453

p.m. Sat.

4 inputs with mixing facilities plus reverberation.
for 15 ohm speakers. A.C. 200/250 v.

operation. Size 22in. x lein. x 6in. Brand new and
fully guaranteed. GEE'S PRICE 42 Gns. Carr. 7/6.

VIKING SOUND 30. Valve model similar to above,
but with 8 inputs and 4 separate volume controls.
A.C. 200/250 v. operation. Size 20in. x gin. X Gin
Brand new and fully guaranteed. GEE'S PRICE
32 Gus. Carr, 7/6.

STOCKISTS

4WW-140 FOR FURTHER DETAILS.

MULTIM1N0 I, Ilk IV

REPAIR SERVICE
7-14 DAYS

We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
MODEL 8 MK. III cater of accuracy on request.

Suppliers of Elliott, Cambridge and Pye instruments.

LEDON INSTRUMENTS LTD
76-78 DEPTFORD HIGH STREET, LONDON, S.E.8.

TEL.: TIDeway 2689
E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT.

4WW-141 FOR FURTHER DETAILS.

Telescopic Aerial Masts. Tubular Steel Copperised spray finish ring cam locking on each
section pro, ides for full or any height required. Suitable all fixings and base locations.
Bottom seal. 11in. dia. 20ft. (4 sections). Closed 5ft. 9in. Weight 16ib 55/-
34ft. (6 sections) closed Eft- gin. Weight 20Ib. 75/., carr. 5/..
Auto Transformers 8 KVA. 110/250 v. mounted In steel case with external hand voltage
regulator. American surplus. Brand New 612/10/, earn 15/-.
AR8eirg5Receivers., New complete with spare set of valves and headphones. 875, can, and

Siemens Nigh Speed Relays. 50 ohm + 50 ohm type H96B 10/6 ea.; 500 ohm + 500 ohm
type H9611 10/6 ea.; 1,700 ohm + 1700 ohm type H96D 14/6 ea.
Siemens Miniature Relays. Size 1/- x 1 x fin. Rea 700 ohm consumption 18mA on 12 volts.
2 pole '2 way contacts, contact rating up to 2 amps., 100 v. 30 watts max., 61- ea. Heavy
Duty Type 250 ohms 12-24 v. operation 48mA on 12 v. contacts at 10 amps. max. 7/6 ea.
Headphones Moving Coil. Finest quality with Ear Muffs for noise excluding, 12/6 ea.,
wired with moving coil mike, 17/8 ea. Type DLR5 bal. armature, 9/6.
Blower Motors, Ideal for car heaters, etc. Ex R.A.F. equipment, 12.24 volt, D.C., 39/6.
also small type high speed will work from 41-6-12 volt supply. 14/6 ea.
Small Geared Motors, Final speed 80 r.p.m. Working voltage 6-12 v. Overall size 4 x 2 x 2in.

15/ca "Gi ag2u/.Pressure , 2in. round Brass ease 0-160/b., 9/6 ea.
Tanner /6o2y7LoudeaHailers. 3 watt output. Enclosed in strong wooded case, with steel protec-
tion.Carbon

Hand Mike, with replaceable insert, 7/6 ea.
Miniature Plugs and Sockets. Jones type, 8 Way 5/6 pr., 12 Way 4/6 Pr.

Part of TR S.O.R. 622 Range 100-156 Me/s. complete with all

Inverter Type 300. Input 28 v. D.C. Output 40 v. A.C. 1600 cyc. Single Pb. 23/10/-,

,Maciretor15G/e_neratOr. Type 4B Input 28 v. D.C. Output 80 v. 2000 cycle 2 kw. 1 Ph. £12,

Belling Lee. 25 Way Chassis mounting Plugs and Sockets. liin. x 111n. x lin., 8/6 ea.
Aerial Change -Over Relay. D.P.C.O. Heavy silver contacts, American Muni. 12/8 ea
Post Office Relays. 3000 sera 200; 2M; Coil Slogged 140 ohm. 2C0; 3M; 1,000 ohms 2C0;
Coil Slugged 500 ohm. all at 6/- ea. P. & P. 1/-.
Carpenters Type Relay 511E52. 160 T. at 1.2 ohm; 3,000 T. at 150 ohm; 3,000 T. at 250
ohm, complete with securing springs and plug in base. 15/- ea. P. & P. 1/'. G.E.C. type
M1095 2M; 21/: 670 ohm. 7/6 ea.
807 Valves, 6/6 ea. E. & P. 1/-.
Signal Generator, Type 106 covers 5.5-55 Meas. complete in carrying case. Munf. Salford
Inds. 25/0/0. Carr. 10/-.
Brand New Valve Voltmeters E 7555/2. Measuring range 0.1 to 15,000 D.C. or peak A.C.
in seven ranges from .5 v. to 15,000 F.B.D. Power supplies; 110 to 120 v. and 200 to 245
A.C. complete with probe and instruction manual, £17/0/0, T. & P.
Terms: CWO. SAE enquiries

SPECIAL OFFER
FIRE SALVAGE TRANSISTOR SETS

Long/medium wave coverage using 8 Sone transistors, Leather carrying case, 30/.,

B. S. RADIO AND
ELECTRICAL STORE

108 CHESTER STREET, BIRKENHEAD, CHESHIRE.
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FOR - IMMEDIATE
BUILD YOUR RECORD PLAYER
4 -Speed Players. 2 -tone
Cabinets 17 x 15 x 31 in.
High flux loudspeaker and
3 watt 2 valve 2 stage am-
plMer ready built. Quality
output. Volume and Tone
controls. All items St
together perfectly. Special
instructions enable assem-
bly in 30 minutes, only
5 wires to join. 12 months'
written guarantee.
Complete -as above.
B.S.R. Monarch Autochange Kit
Garrard Autoslim Autochange Kit .

Garrard SRP10 Single play Kit

£10'196 P.P. 5 -
£1119'6 P.P. 5 -
£10 19 6 P.P. 5 -

ALL AVAILABLE SEPARATELY
Cabinet with board cut to choice . . £3'9 6 P.P. 3'6

Amplifier with speaker £3 17 6 P.P. 38
AUTOCHANGERS (Stereo 15/- extra,

B.S.R. tlA25 Saperslim £5'19'6 P.P. 3'6
Garrard Autoslim Mono £6 10 - P.P. 3'6

SINGLE PLAYERS
Garrard SRP1C auto. stop/start .. £5 5 - P.P. 3;6
E.M.I. Latest Model Auto Stop £4/15-- P.P. 3/6

Stylus Pressure Gauge Goldring 4.1 Sapphire Stylii 5:- ea.

Q MAX CHASSIS CUTTER
Complete: a die, a punch, an Allen screw and key.

fin. 14/6 lain. 18/- Ifin. 22/6
Fn. 14/6 Ifin. I8/- tin. 34;3
lin. 15/6 lain. 18/6 in. 37/9
fin. 15;9 lain. 20'- 21in. 449
hn. 18/- I fin. 20/6 lin. sq. 31/6

CRYSTAL MIKE INSERTS. I x Ain. 7'6
ACOS MIKE INSERT If x fin 816
ACOS STICK MIKE 39-I 35' -
TELEPHONE CONTACT MIKE 10/6
GUITAR XTAL MIKE 15/6
PROFESSIONAL MAGNETIC GUITAR
MIKE with Vol. and Tone Controls 59/6
Moving Coil Mike 90/-. Floor Stand 57 -
TANNOY CARBON MIKE 5/6
TRANSISTOR 4 -CHANNEL MIXER witn
4 separate input-output controls 59,6

FULL WAVE BRIDGE SELENIUM RECTIFIERS
2. 6 or 12 v. outputs. 11 amp., 8'9; 2 a. 11'3; 4 a. 17'6.
CHARGER TRANSFORMERS. Tapped input 200:250 v. for
charging at 2, 6 or 21 v., 1! amps.. 15'6: 2 amps.. 17;6; 4 amps.,
22 6. Circuit included. Amp. meter 5 amp.. 10.6.

MAINS POWER PACKS. Ready built with
Mains Transformers, Rectifiers and Condensers,
etc., providing H.T. and L.T.
200 v. 20mA. D.C. 1 wave 6.3 v. I a. A.G. 25/6
220 v. 50mA. D.C. f wave 6.3 v. 2 a. A.G. 35/6
250 v. 8OrnA. D.C. Full wave 6.3 v. 4 a. A.G. 45/6

MOVING COIL MULTIMETER TK20A. 0-1,000 v. A.C.11.C.
ohms. 0 to 100 K., etc., 0-150 mA. Pocket size tin. scale, 49/6.
VALVE HOLDERS. EA50 6d. /312A, CRT. 1,3.
MOULDED Int. Oct. 6d. Mazda Oct. 6d.; B7G, BSA. BOG, BSA,
9d.: B7G with can 1/6. BOA with can 1/9. Ceramic types V-.
Valve base plugs B7G, BOA, Int. Oct.. 2/3.

1965 RADIOGRAM CHASSIS
£9.15.6 Car, 5 S.

Three Wavebands Five Valves: ECH81,
Long. Med, Short. Eng. EBC81. EL84, EZ80.
12 -month guarantee. .A.C. 200-250 v. Ferrite Aerial, A.V.0
P.U. and Tape Sockets Negative Feedback. 5 watts 3 ohm.
Chassis 131an. x 7in. high a 5in. deep. Glass dial size
13in. a 4in. horizontal wording. Two Pilot Lamps, Four
Knobs, Aligned calibrated. Chassis isolated from mains.
NEW MODEL VHF -FM RADIOGRAM CHASSIS.
British made with Long, Med., VHF -FM Wavebands. 6
valves. Size 15in. x 7ia.I x gin. Callers only £16,10-.
ARMSTRONG 'GRAM CHASSIS V.H.F. MODEL 12751.

MED. and F.M. £28 10., Stereo £37 18.

RETURN OF POST DESPATCH

- DESPATCH - PHONE - US - TODAY
NEW ELECTROLYTICS FAMOUS MAKES.

TUBULAR TUBULAR
1/350 v. . 2/-
2/850 V. .  2/3
4/850 v. .. 2/3
8/350 v... 2/3
16/450 v. 3/-
32/450 v. 3/9
25/25 v. 1/9
50/60 v. 2i-

10025 v.
250/25 v.
500/12 v.
1,000;12 v.
8+8/450 v.
8+16/450 v.
16+16;450 v.
32 + 32/350 v.

CAN TYPES
2:- 8/600 v. 9/-
2/6 16/600 v. 12/-
3/- 16--16/500 v... . 7/8
3,- 821-35/350 v 5/6
3/6 82+32/450 v 8/-
3/9 50+50/350 v. 7/-
4;3 04+120/350 v. 11/6
4/6 100 +200/275 v. 12/6

PAPER CONDENSERS. 0.001 mid., 7 kV., 6/6; 20 kV. 10/6;
0.1 mId., 7 kV,. 9/6; Tubular 500 v. 0 01 to 0.5. 9d.; 0.1 1/-;
0.25 1/6; 0.1/350 v. 9d.; 0.5/350 v. 1/9; 0.01 2.000 v. 2/6:
0.05/2,000 v. 3/6. CERAMIC. 500 v. 1 pF. to 0.1 mid., 9d. Disc
Ceramics 1/-. Pulse 100 pF., etc.. 12 kV., 2/6.
SILVER MICA. Close tolerance (plus or minus 1 pF.), 2.2 to 47 pF.,
1/-; ditto 1% 50 to 815 pF. 1/-; 1,000 to 5,000 pF., 1/9.
TWIN GANG. "0-0" 208 pF.- 178 pF., 10/6: 365 pF., minia-
ture 10/-; 500 pF. standard with trimmers. 9/-, midget, 7/6;
midget with trimmers, 9,-; 500 pF. slow-motion, standard 9/-;
small 3 -gang 500 pF. 1716. Single " 0 " 865 pF. 7/6.
SHORT WAVE. Single 10 pF., 25 pF., 50 pF., 75 pF., 100
160 PR, 5/6 each Can be ganged together. Couplers 9d. each.
TUNING. Solid dielectric. 100 pr.. 800 pF., 500 pF., 3/6 each.
TRIMMERS. Compression ceramic 30. 50, 70 pF., 9d.; 100 pF..
150 pF., 1/3; 250 pF.. 116: 600 pF., 750 pp.. 1/9.

MAINS TRANSFORMERS 2/ -each.
250-0-250, 80 mA. 6.3 v..35 a.. or 4 v. 4 a. Rectifier 6.3 v.
1 a. or 5 v. or 4 v. 2 a., 22.6; Ditto 350-0450, 29/6:
300-0-300 v. 120 mA., 6.3 v. CT 4 a.. 0, 5, 6.3 v. 2 a. 33/6
MINIATURE 200 v. 20 mA.. 6.3 v, 1 a 10/8
MIDGET 220 v. 45 mA., 6.3 v 2 a 15/6
SMALL, 800-0-300 v., 70 mA., 6.3 v., 4 a 19/6
STANDARD 250.0-250 65 mA., 6.3 v. 3.5 a 17/6
HEATER TRANS. 6.3 v. 1' a., 716; 6.8 v. 4 a 10/6
Ditto tapped sec. 1.9 v., 2.. 3, 4, 5, 6.3 v. 11 amp. . 8/6
GENERAL PURPOSE LOW VOLTAGE, Outputs, 3, 4, 5,
6. 8. 9. 10, 12, 15.18. 24 and 30 v. at 2 a 2216
Ditto 1 amp, 12 taps up to 60 v. 29/6
Sub -Min. Mains to 9 v. 80 mA 1 x 11 s 11 in 7/6
AUTO TRANS. 150 w.. 0.115 v.. 230 v., 2216; 500 w. 82/6

Manufacturers: Surplus
GRAM AMPLIFIERS

Valves: UY85 Rectifier and UCL82 Triode/Pen-
tode 31 watts output. Size (inc. valves) 5 x 51 x
tin. deep. New and Tested complete 3 ohm output
tone and volume
on/off controls. ONLY 37/6 P. & P. 2/6.
Ready for use 200-250 v. A.C. or can be used
with 80 v. motor tap or 160 v. motor.

BARGAIN XTAL PICK-UP ARM
Complete with ACOS LP -78 Turnover Head 20/ -

Transistor Mains Eliminators 29/6
PPI-6 v., PP9-9 v. Doubles 42/6. PP I + PPPI,
PP9 -1- PP9, PPI I (4f + 4f).

WEYRAD P 50 TRANSISTOR COILS
RA2W Bin. Ferrite Aerial Spare Corea 6d.
with oar aerial coil,. 12/6. Driver Trans. LFDT4 9/6.
Ow. P50/15C 514. Printed Circuit, PCAL Ready
1st and Snd I.F. P50,2CC 470 drilled and printed, .. 9/6.
Itc/a 5'7 each. J.B. Tinting Gang ..  .10/6.
3rd I.F. P50/3CC .... 61-. Booklet 2/-.

NEW MULLARD TRANSISTORS
0071 6/-; 0072 7'6; 00810 7'6; 0081 7/6; AF115 10/6;
A5'114 11/-: 0C44 8/-; 0C45 8/-; 0C171 9/-; 0C170 8/8;
AF117 9/6. 0C26 12/6; Transistor Holders 1/3. Sub
Miniature Condensers. 0.1 mid., 30 v. 13; 1, 2, 4, 5, 8,
16, 25, 80, 50, 100 mid.. 15 volt 2-6. Diode 0A81 3/-.

Volume Controls
Long spindles. Midget size
5 K. ohms to 2 meg. LOG or

L/S. 3/-. D.P. 4/6.
Stereo L/S. 10/6. D.P. 14'6.
Linear or Log Tracks.

80 CABLE Coax
Semi -air spaced 6d. yd.
40 yd. 17/6. 60 yd. 25/-.
Low loss 5 dB. per 10011.
at 500 me/s.
Ideal 625 lines 1/6 yd.

CAR AERIAL PLUGS 1/6. Sockets 1/3. COAXIAL PLUG 1/-.
PANEL SOCKET 1/-. COAX. OUTLET BOXES. SURFACE
OR FLUSH 4/-. BALANCED TWIN FEEDERS 6d. yd. 80 or
300 ohms. TWIN SCREENED FEEDER 11- yd. 80 ohms.
TELESCOPIC AERIALS. 12m. extends to 33in. 6/6 each.

THE "INSTANT"
BULK TAPE
ERASER AND
RECORDING

HEAD
DEMAGNETIZER

Leaflet S.A.E.
200/250 v. A.C.

dilli111111111111111

11111111111111111111111110 35/-
B.T.H. TAPE MOTORS 115 v. A.C. 28 w.
12/6 pair, for 200/250 v. (in series).

(Export -Send remittance and extra postage, no C.O.D.)

12" GUITAR HEAVY DUTY 25w.
FOR BASS, LEAD AND RHYTHM
GUITARS

5GNS.

BAKERS
Selhurst '

15 OHM VOICE COIL
20-10,000 cps
BASS RESONANCE

80 eps
GENUINE MUSICAL

INSTRUMENT
LOUDSPEAKER

I

BAKERS PUBLIC ADDRESS MODELS
12in. STANDARD HEAVY DUTY 20 w. igns.More powerful magnet 14,000 lines, special
suspension. 40-14,500 c.p.s. Recommended wherever a
high standard of reproduction is desired.
15in. AUDITORIUM MODEL 35 w.
Improved magnet aleomax with heavy plated 1 agns.
assembly, 17.000 lines, 20-12,000 c.p.s. Special coil Former

LOUDSPEAKERS. P.M. 8 OHMS FAMOUS MAKES. 21in.. Iin.,
4in., 5in., 7in. x 4in., 15/6 each: Sin. 17/6; 13/:in. 16/6; 10in.
30/-; 12in. 30/-; (15 ohms 35+); 10in. a Sim 22,6; Sin. >, 5in.
21/-; Sin, x fin. 21/-. E.M.I. Double Cone 131 Sin.. 10 w,
(Ceramic) 45/-. Horn Tweeter 104 dB 2 Kea to 16 Kohl. 29/6.
Stentorian 10in. HF1012. 87/6: Sin. HF812 72/6. Crossover
3,000 e.P.e. 30/.. 35 ohm 5 x 2Iin..15/6: 5in. 1716; 7 x 4in. 21: -
WAVE -CHANGE SWITCHES WITH LONG SPINDLES.
2 p. 2 -way or 2 p. 6 -way or 3 p. 9 -way or 1 p. 12 -way ..ca. 3/6
4 p. 2 -way or 4 p. 3 -way. 3;6; 8 p. 4 -way. 2 water 6/6
Wavethange " MAKITS " Wafers available; 1 p. 12 -way, 2
6 -way, S p. 9 -way, 4 p. 3 -way, 0 p. 2 -way. Prices include dick
spindles, adjustable stops. spacers, etc. 1 wafer, 8/6; 2 wafer,
12/6; 3 wafer 16/-. Extra wafers up to 12, 3/6 each.
TOGGLE SWITCHES, &P., 2/-; d.p., 3/6: d.p.d.t., 4+.

BOOKS (Please add postage)
"W.W." Radio Valve Data 7/6
High Fidelity Speaker Enclosures 5/ -
At a Glance Valves, CRT Equivalents 3/6
TV Fault Finding 6/
Mullard Audio Amplifier Manual 8/6
Radio Valve Guide, Books I. 2, 3, 4, or 5 5/ -
Practical Radio Inside Out 3/6
Master Colour Code 1/6
Coil Design and Construction Manual 5/
International Radio Stations List 2/6
Boys' Book of Crystal Sets 2/6
Stroboscopic Disc 33, 45, 78 r.p.m. I/ -
How to Receive Foreign T.V 5, -
Transistor Audio Amplifier Manual 6,
Shortwave Transistor Receivers
Modern Transistor Circuits, Beginners 76
Sub -Miniature Transistor Receivers 5

JACKS. Lead 6/- Standard open -circuit 2'6. closed-circuit 4 6.
Grundig type 3 -pin 1/3; Grundig Lead Type 3'6. PLIONO
PLUGS 1/-. Socket 1/-. Banana Plugs 1,-. Sockets 1;-.
JACK PLUGS STANDARD. Screened 3/, Continental 3 -pin 3'6
BULGIN NON -REV PLUGS and SOCKETS. P79 2-pio 4/3: P73
8 -pin 4/6; P194 6 -pin 6/6; P466 6 -pin 12/6; P360 3 -pin 4,-.
RESISTORS. Preferred values. 10 ohms to 10 meg. 1 w. 10", 6d.
1 w.. w., 1 w.. 20% 4d; 11 w. 8d.; 2 w. 1 '-.
HIGH STABILITY. I w. 1% 2/-. Preferred values. 10 ohms to
10 meg. Ditto 5%, 10 ome to 22 men.. 9d.

5 watt 0.5 to 8.2 ohms SW.
10 watt ). WIRE -WOUND RESISTORS - 1,9
15 watt 10 ohms 6,800 ohms - 2/-
108..15 K.. 20 K., 25 K.. 10 w 3/ -
MAINS DROPPERS. Midget. With sliders. 0.3 a. 1 K., 8/- ea.
0.2 a. 1.2 K. fp- ea. 0.15 a. 1.5 K. fti- ea. 0.1 a. 2. K., 6/- ea.
LINE CORD 100 ohms ft. 3 -way 1'- ft.
WIRE-WOUNDPots. 3 -WATT WIRE -WOUND 4 -WATT
Pre-set Min. T.V. Type. STANDARD SIZE POTS.
All values 10 ohms to 25 K., LONG SPINDLE VALUES
3i- ea.; 80 K. 4/-. 50 OHMS to 50 K., 6 6:
Carbon 30 K. to 2 meg.. 3/-. 100 K. 7.6.
SPEAKER -FRET. Tygan various colours. 52in. wide from
10/- ft.; 26in. wide from 5/- R. Samples. large, S.A.E. or 6d.
EXPANDED METAL. Gold 12 a 12in..
ARDENTE TRANSISTOR TRANSFORMERS.
D3035. 7.3 CT :1 Pnsh Pull to 8 ohms for 0072, 0081 11/-
D3034, 1.75 : 1 CT. Push Pull Driver for 0072. 0081.. 11/-
D8058. 11.5 1 Output to 3 ohms for 0072. 0081.... 11'-
D239, 9.5 1 Driver; D240, 8.5 : 1 Driver ea. 11'6
ARDENTE TRANSISTOR POTS, 5 K.. with switch

BLANK ALUMINIUM CHASSIS. 18 s.w.g. 4 sides, riveted
corners, lattice fining holes, 2Iin. sides. 7 , 4in. 5 6;
9 x 7in. 8/6; 11 x 3in. 6/6; 11 , 7in. 7/6; 13 - 9in. 9 6:
14 x Ilin. 12/6; 15 x 14in., 15/-.
ALUMINIUM PANELS 18 aw.g. 12,.12in. 5,8; 14, 9
4/6; 12 x 8in. 3/6; 10 x 7in. 2-9; 8 , Sin. 2 -: 6 4in. 1r6.

RADIO COMPONENT SPECIALISTS
12 Month Written Guarantee with every purchase Buses 133. 68, S.R. Stn Selhurst.

CALLERS WELCOME

337 WHITEHORSE ROAD,
WEST CROYDON Telephone

THO 1665

Post I List I/-, C.O.D. 2-. extra
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HENRY'S'
RADIO
LTD. FIRST AND BEST ALL TRANSISTOR PROVED AND TESTED DESIGNS

BRITISH MADE -QUALITY COMPONENTS & UNITS
 CALL IN FOR DEMONSTRATIONS  AFTER -SALES SERVICE AND GUARANTEE FOR ALL MODELS

TRANSISTOR HIGH FIDELITY EQUIPMENT
FOR MAINS OR BATTERY OPERATION

I 0 WATTS AND 20 WATTS OUTPUT

 MONO FULL FUNCTION PREAMPLIFIER
CONTROL UNIT

PRICE £5.10.0 p.p. 2/".

* Dark brown and gold front
panel plate 816.

For use with transistor power amplifiers as below or valve amplifiers-hum-
free-high sensitivity -8 inputs between 1.5 mV. and 300 mV., with full equal-
isation. For all pickups-microphones, tuners, tape replay. Separate treble
and bass with cut and boost -4 position low pass filter. Volume control, etc.
Response within 3dB, 30 c/s to 20 kcis. Output 250 mV. Overall size 9 x 24 x
2in. Battery operated (24 mA) or from power -supply. Signal to noise ratio
70 dB at 10 watts with power amplifier. Supplied built and ready to use or as a
Kit. Attractive appearance and high performance. Can be used to feed one or
two Power Amplifiers.
 MULTI -INPUT PREAMPLIFIER, AS PREVIOUSLY ADVERTISED.
8 switched inputs 1.5 mV to 300 mV. Price 65/-, P. & P. 1/6. Front Panel 6/6.

 INTEGRATED STEREO PREAMPLIFIER
Two channel version of above
with addition of balance and
mono/stereo controls. Over-
all size 9 x 34 x Iiin. deep. De-
signed to feed two 10 watt power
amplifiers as below. Supplied
built and ready to use. Battery -
operated (5 mA) or from power
supply.
* Dark brown and gold front

panel plate 12/6.
NEW! Stereo 'pick-up match' for use with above Stereo preamp, using low
output pickups (2 to 10 mV at 30k to 100k ohm) and low output high imped-
ance, as Decca Deram (25 to 75 mV 1.5 to 2 megohm).
Price built 39/6, p.p. 1/6 (Size 3 x 14 x 4in.).

TRANSISTOR STEREO HI -F110.10

PRICE L10.19.6 p.p. 3/6.

 10 WATT POWER
AMPLIFIERS

(Peak output 20 watts.)
* 15 ohm 10 watt

40 volt supply.

£5.19.6 p.p. 2/6

* 3 ohm 10 watt
24 volt supply.

£5.10.0 p.p. 2/6

Direct coupled transformerless design. Sensitivity 100 mV. from 10 K ohm
(or less) for 10 watts output. Response ± I dB 40 c/s. to 20 kc/s. 0.25% total
distortion at 10 watts. Push-pull class B output. 60 dB feedback. Available for
3/4 ohm and 15/16 ohm output. 20 watts peak music power output per channel.
Battery or mains supply operation. For use with mono or stereo preamplifiers
as above. Supplied built and ready to use. 10 watts RMS music power or 20
watts peak output per amplifier.
 MAINS U NITS. 59/6 to power one amplifier, 69/6 to power two.

DETAILS WITH CIRCUITS ON REQUEST

TRANSISTOR PACKAGED AMPLIFIERS
 6 -Transistor printed circuit designs. Push-pull output
for 3 to 5 ohm speakers. Can be battery operated. 6 mV.
into I K ohm sensitivity. Response 40 c/s to 15 kc/s.
Can be used with above preamplifiers for mono or stereo
in any application requiring a low distortion low cost
amplifier.
OVERALL SIZES 24 x 2 x 14 inches.
 4 watt version operates P.P.

from 12 to 18 volts. PRICE BUILT 79/.., 1/6
 Mains unit for 4 watt amplifier, 52/6, p.p. 1/6.
 14 watt version operates 6° / P.P.

from 9 to 12 volts. PRICE BUILT 1- 1/6

* CIRCUITS AND DETAILS ON REQUEST *

TRANSISTORS AND COMPONENTS. LARGEST POWER IN THE
COUNTRY. LET US QUOTE FOR YOUR CIRCUIT.

"REGENT 6" MW/LW POCKET RADIO
Covers all Med./Long Waves

A new printed circuit Superhet Pocket Radio design.
Features 6 matched transistors and diode with
push-pull ' Cleartone ' speaker output, geared
tuning, Hi -flux speaker. etc. Fitted phone socket,
separate wave -change switch. Easy to follow
building instructions. Moulded two-tone cabinet
size 5in. x Sin. x I fin. All parts sold separately
and guaranteed. After sales service.

CIRCUIT AND DETAILS ON REQUEST

 Total cost to build 85/- P.P.
(battery 2/2/-6 extra).

NEW !
 6 TRANSISTOR

SUPERHET

ALL TRANSISTOR
 I HOUR TO BUILD WITH PRE -

ASSEMBLED CHASSIS AND
PANELS

6 -Transistor 3 diode med. and long
wave superhet design. Features double
tuned. IFTS, AVC, permeability tuning
with geared drive. Push-pull car filling
volume. Full tuning on both wavebands.
A high sensitivity printed circuit pro-
fessional design to fit any type of vehicle.
Case size 7 x 4 x 2in. For 12 volt positive
earth or dry battery. All parts available
separately. After sales service and
guarantee.

CAR RADIO

THE " ROADSTER "
 TOTAL COST TO BUILD

£8.19.6 P.P. 3/6
 7 x 4 inch Hi -Flux speaker
with baffle and car fixing kit
20/. extra.
* CIRCUIT AND DETAILS ON

REQUEST

VHF TRANSISTOR FM TUNER
 HIGH STABILITY - HIGH

SENSITIVITY 
Features 5 -Mallard transistors with 4 diodes,
compact printed circuit, high gain, low dis-
tortion, superhet design. Full tuning from
87/105 Mc/s. with geared tuning. AVC and
AFC. 9 volt 9 mA operation. 50 dB S/N.
Output up to 1 volt audio. Easy to build and
align. Overall size in cabinet 34 x x 4in.

All parts sold separately.

After sales service and guarantee.

* CIRCUIT AND DETAILS ON REQUEST.

 Total cost to build with
front dial £6.19.6 V6''
(Cabinet Assembly 20/- extra)

" CONVAIR " PUSH-BUTTON
PORTABLE/CAR RADIO
 UNBEATABLE FOR PERFOR
MANCE AND DESIGN 
Printed circuit 6 -Transistor 2 -Diode super -
het radio with full tuning on medium and
long wave bands. Quality push-pull output
up to I watt. Attractive portable cabinet.
size 10 x 7 x 4in. with horizontal slow
motion tuning dial and push button wave
change. Easy to build with superb perform.
ance. All parts sold separately. After sales
service and guarantee.

*Total cost to build £7. 19.6
P.P. 3/6. (Batteries 6/- extra).

* CIRCUIT AND DETAILS ON REQUEST * The finest portable available.

VHF TRANSISTOR FM TUNER
 PRE -ASSEMBLED

PRINTED CIRCUITS
6 -transistor for Superhet design with
horizontal tuning. Covers 88 to 108 Mc/s.
Operates from 9 volts 12 mA. Output
100 mV to 100k ohms. Parts sold separately
in sections. Overall size 94 x 34 x 4in.

Leaflet on request.

 Total COST. to build L12.17.6 P.P. 2/6,

NEW !

For use with our Transistor
10 watt and 4 watt amplifiers.

Amplifier kit ES/19/6, built E6/19/6. Mains unit,
SINCLAIR X10 54/-. Mit o-6 Kit 59/6. TR750 amp. kit, 39/6.

Micro Injector kit, 27/6.

90 PAGES
Latest fully detailed and illustrated

components and equipment cata-
logue. Price 2/6 post paid.

HENRY'S RADIO LTD.
303EDGWARE RD., LONDON W2

PADdington 1008/9
Open Man. to Sat. 9-6. Thurs. I p.m.

Open all day Saturday
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TRANSISTORS, CRYSTALS, VALVES AND COMPONENTS
irttutuorogue tnat!:fn2spf6aotsiost

page fu

THE LARGEST RANGE OF COMPONENTS IN THE COUNTRY Trade and Export enquiries invited.

FOR
PORTABLE GEIGER COUNTERS
MEASUREMENT OF RADIO -ACTIVITY

offered at a fraction of cost Supplied
with G5H Tube, for testing Gamma
radiation. Supplied complete with
instructions, haversack, cables and probe.

£7.10.0 P.P. 101-.
(Batteries 50/. extra)

BRAND NEW
M2H Tube for Beta
Radiation measure-
ment for liquids 22/6
extra.

 BUILD A QUALITY TAPE RECORDER 
Available in 2 or 4 track versions.

* Pre -Built Equipment -6 Valves-Collaro
Studio Decks-Portable Cabinets with Speakers.
* TWO TRACK
PACKAGED DEAL 626 p.p. 8/6.

OR Deck 10 gns. P.P. 5/-; Amplifier II gns.
P.P. 3/6. Cabinet with Speaker 5 gns. P.P. 3/6.
* FOUR TRACK

PACKAGE £30 p.p. 8/6.

OR Deck £13/19/6. P.P. 5/-;
Amplifier 12 gns. P.P. 5/6.
And Cabinet with Speaker 5 gns.
P.P. 3/6.

All complete in every detail.
Illustrated leaflets on request.
Ideal for portable or domestic
equipment.

FM VHF TUNING HEART
Printed circuit construction. RF stage and osc.I
mixer stage, fully tunable 85 tc 105 Mc/s. Completefy
screened. Requires UCC85 ,(8/6). Brand new in
maker's cartons 15/-. P.P. I/ -

SUPPLIED WITH CIRCUIT

M ULTIMETERS
Multi -range test meters
featuring easy to read scales
and provided with turf
operating instructions, lead,
and batteries. Suitable fur
amateurs, designers, repair
shops, all domestic uses.

Full details and specification
in our catalogue.

* PT34, lkfIlV El 19 6
* MI, 2kIIIV E2 9 6
* THL33, 2k0./V (illus.) 23 IS 0
* EPIOK, 10kII/V* 23 19 6
* ITI-2, 20kII/V 24 9 6
* TPSS, 20k0ll/V* a 19 6
* EP3OK, 30kl.)./V* £6 10 0
* 500, 301c1I/V* a 19 6

* EP5OK, 50kfl/V* 29 10 0

* EPIOOK, 100k0jV E10 19 6

(*Leather Cases Available)

GARRARD TWO TRACK BATTERY
TAPE DECK

Two speed two track 9 volt
operated. Brand new complete
with rec./play head, and com-
bined erase/osc. coil. Supplied
with cassette and full manual.

210/10/.. P.P. 3/6.

MICROPHONES
(See Catalogue for details)

Acos 60 Stick Microphone
Acos 39-I Stick Microphone
Acos 40 Desk Microphone
Acos 45 Hand Microphone
Lapel/Hand Microphone
Acos Stick Microphone
100C Stick with Stand
BM3 Stick with Stand
Lapel/Hand Magnetic
MM7I 2k Mag. Mic.

19/6
32/6
15/-
19/6
12/6
15/-
39/6
49/6
8/6

12/6-

A SELECTION FROM OUR STOCKS
See Catalogue for full details
RECORD/REPLAY/ERASE

TAPE HEADS

Marriot Type R/RP/3 track record -replay head
and Mullard type TS erase head with mounting post.
Impedance 700 ohms at I Kc/s. Ideal for transistor
circuits. Bargain Offer. 15/- Pair.

Sinclair Alicro.6 (to build) 59/6
Sinclair T11710 Amplifier (to Imild) 39/6
Sinclair Micro Injector (to lmild) 27/6
Sinclair 10 watt 9 twins. Amp. hit £5-19-6
Sinclair 10 watt 9 thins. Amp. Kit. built £6-19-6
Tape Jack Tuner (Full sled. Wave, 29/6
10 -Watt Horn Tweeter CT10 27/6
20 -Watt Super Tweeter CT20 69/8
Two -channel Miser for Micsfifirk 15/-
I to 200 Me/a. Field/sir. Mete, 59/6
5 -hole Chassis Punch Kit 49/6
Headphones 2k0 1216: An 14/8
Stereo Stethoscope Headset 8+8 arm 25/-.
Resistor Substitution Box 32/8
Crystal Mono Stethoscope headset 10/6
Magnetic Mono Stethoscope Headset 12/6
Transistor Signal Injector 35/-
4 -channel Transistor Mixer 49/6
Folly Disappearing Car Aerial 35/ -
Test Lead Kit with Pouch 8/6
Capacitor Substitution Box 22/6
De Luxe Stereo Headsets with j omit ion lax £6
PP3 fiV Batt. Eliminator 18/8
Transistor Telephone Amplifier 59/6
8+8O Stereo Headphones 62/6
VTVM Valve Voltmeter 213-19-6
100 Me/s. EF Probe for abov. 22-2-0
Crystal Contact Microphone 12/6
2k44 i track Tape bead 15/-
2114 has. diam. Mag. MM. insert
MC1 Crystal Mir. insert
Earphones, Crystal or Milano k
Complete with Jack and Socket
Telephone Recording Attachment
10.0-50µA Edgelse Meter
6/12V Min. 2p2w 671 ohm 11i1:,
Tr! sister Coil Set with TIIIIIT. F, nib A.-Dal:dal Cilia
30W Pocket Maim Solder Iron
Sin. 11)-16 19/10 ohm Speaker
100 Reis Quartz Crystal
Twin Crystal I Mc/s. and loo kr ,.
3 Transistor mW Superhet Tu. ,

15/-
5/-
5/-

916
25/-
12/6
20/-
14/6
69/6
15;-
22'6
72;6

WIRELESS WORLD 10 -TRANSISTOR CRYS-
TAL CONTROLLED FM TUNER All parts
in stock. Total cost £8/19/6. P.P. 2/-. Complete
with 3 printed circuits and layout diagrams. (Set of
3 crystals 80/- extra-Wrotham only.)
All parts sold separately-List on request.

ZENER REFERENCE
DIODES

* IN430 8 to 8.8 volt, 0.2%
stability from -55°C to
+ 100'C 45/- each.

* 1N249 5.9 to 6.4 volt, 1%

stability from -55°C to
100IC I5/- each.

 GSI2C Dektron Display
Tubes 25/-.

 931A Photomultipliers,
60/-, with base.

 89D (CV2193) Double
Beam 'Scope Tube 59/6.

 090 (CVI596) 59/6.
Large range of special purpose

types in stock.

CATHODEON
MINIATURE

CRYSTAL OVEN

6 or 12 volt A.G./
D.C. 80°C. for
HC6U or 2M crystals.
Brand new.
22/6.

ES 19 6
E6 19 6

19 6
or Stereo Version, Auto. E7 19 6

* SRPIO 4 -speed or BSRGU7 ES 0 0
* Garrard Deccadeck with Deram 15 Gns.
* Garrerd 3000 LM Ell 19 6
* Garrard AT6 with Stereo Cartridge,

4 -speed Auto. E10 19 6
* AT6 with EV26 or Sonotone head LI I 19 6
* AT6 with Mono head, Auto. £10 10 0

P* 9 volt Star,. 485Pr..p3.1m6.any
type above

LI 19 6
* 45 and 33 r.p.m. Star, 9V E4 12 6
* 45 r.p.m. Garrard 6V II 15 0
* SRPIO 4 -speed 9 volt
* 4 -speed B.S.R. GU7, 9V
* Autoslim 6/9 volt Autochanger

P. & P. 2/6 any of above.

MAINS AND
BATTERY

RECORD PLAYER
DECKS

Complete with arm and
cartridge. Brand new,
fully guaranteed.
* BSR UAI4 4 -speed Auto.
* BSR UAIS 4 -speed Auto.
* Garrard Autoslim, unplugable head,

Auto. E6

E6 5 0
LS 5 0
£8 19 6

COLLARD.
STUDIO

TRANSCRIPTOR
TAPE DECKS

Brand new, fully
guaranteed.
* TWO 1
TRACK Gns.

TRACK1 R 613.19.6 Post and packing
5/- either type

QUALITY MICROPHONES
Large range of magnetic and crystal microphones in
stock from 8/6.
(See Catalogue for full range)
100c Crystal stick with Stand LI 9 6
BM3 Crystal stick with Stand E2 9 6
MC70 Crystal Studio E2 2 0
DM I6HL Dual impedance E4 9 6
DM I 7HL Dual impedance stick £4 2 6
Adjustable Table Stand (P.P. 2/-) El 9 6
F53 Telescopic Floor Stand (P.P. 3/6) E2/17/6

Cintel All Transistor Counter up to 1 Mt's.
PRICE E125

QUARTZ
100 Kc/s. 3 Pin 15/-
500 Kc/s. 2 Pin ... 15/-
455 Kc/s. (AR88) 12/6
HRO 456 Kc/s.... 15/-
5,000 Kc/s. 2 Pin 10/-
10 Mc/s. 2 Pin 15/ -
Over 600 frequencies in
free on request.

CRYSTALS
27.255 Mc/s. Radio
Control 15/-
I Mc/s Crystal B7G 25/ -
Twin Crystal
100 kc/s. & I mc/s 22/6
1000 Kc/s HC6U 21/6

stock. Latest crystal lists

Henry's Radio Ltd.
303 EDGWARE ROAD, LONDON, W.2.

PADdington 100819
Open Monday to Sat. 9-6. Thurs. I o'clock
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MODEL PV -S8 VACUUM TUBE
VOLTMETERS

Latest design with special
circuit for stable and accurate
measurements. Resistors
need are all with in 1"..
tolerance. Special 4leSig.,,
41u. 200trA. oiler. 31 one.
inputs.
Ranges: -- D.C.V. 0-1.5-5-
15-50-150-500-1,500 V.

D.C.V. 0-3.5-5-15-50-156-
500-1.500 V.
A.C.V. 0-1.5-3-15-50-150-
500-1,500 V.
H.M.S. 0-1.4-4-14-40-140-400-1,400-4.000 P.P.
Resistanec: 2 ohm to 1,000 meg. ohm.
Decibels: -10.11, to 65.1 IA
Operation: 220/940 volt Al'.. 7 a 41 a 4in.
Supplied brand new and Dromdeed complete
with probe and instrueliom 21.2.10/... 100.

PRECISION COMBINATION
VOLTMETER AMMETER

Two separate h.q....Ms Wood.
ease, 61n. scales with knife edge pointers. flanges
as follows: AA'. and D.C. Volts 0-160-300-600.
A.C. and D.C. Current: 0-25-50450-200 amps.
Supplied complete with shunts, leads and leather
carrying race. linind n,.. condition. £911916.
each. Carr. 7,6.

LELAND MODEL 27 BEAT FRE-
QUENCY OSCILLATORS

Frequency 0.20 KO.. on 2 ranges. Output.
5095/ or 5ka Operation 200/250 v. AC. Supplied
in perfect order 212/10/-. Can, 10',

MAINS ISOLATING
TRANSFORMERS

230 V. to 230 V. 50 W. 18/6. P.P. 3/-; 100 W.
29/6. P.P. 391;1.000 W. £5. Carr. 10/-.

CLASS D WAVEMETER
NO. I. MK. II

Crystal controlled wavemeter covering 1.9-
8 Me/s. on 2 bands. 6 v. D.C. operation. Supplied
brand new with handbook, headset and case.
59/8. Carr. 51-

R.107 COMMUNICATION
RECEIVERS

1.2-17.5 Mc/s. Maine or 12 v. operation. Supplied
in excellent condition, £15. Carr. 30/-.

AR88D RECEIVERS
550 ke/s.-32 Mels. Available in excellent. " ae
new " condition. 265. Carr. 30/-.

NATIONAL H.R.O. RECEIVERS
A good selection available. S.A.E. for d. tails.

9 -TRANSISTOR 2

WAY RADIOS
Super quality. Range up to
6 miles. Complete with all
accessories. £25 per pair.
Post extra. Also available,
3 -TRANSISTOR MODEL.
Mange up to 1 mile. Com-
plete with all accessories.
29/19/6 per pair. Post
extra. (S.A.E. log MR
details.)

RECORDING HEADS,
Reuter: 9 track. Set of 2
Mlniflux: track. Set of 3

19/8

Bradmatic. }track. Set of 2 2918
99/6

Post Extra.

AMERICAN RECORDING TAPES
First grade quality American tapes. Brand new
and guaranteed. Discounts for quantities.
Sin. 20011. L.P. mylar
891n. 00011. T P mylar
Iin. 6001t. std. plastic
51n. 900ft. L.P. acetate
51n. 1,200ft. D.P. mylar
5fin. 1,2001t. L.P. acetate
5f1n. 1,80011. D.P. mylar
'Dn. 1,200ft. std. mylar
Dn. 1,800ft. L.P. acetate
71n. 1,80011. L.P. mylar
Iin. 2,400ft. D.P. mylar
Postage 2/, Over £3 pod paid.

41-
10/-
8/6

10/-
15/-
12/6
22/6
12/6
15/-
20/-
25/ -

MINE DETECTOR No. 4A
Will detect all types of metals. Fully portable.
Compact with instructions 39/6 each. Carr.
101, Battery 8/6 extra.

sEW

MANUFACTURED
BY SHINOHARA

ELECTRICAL
INSTRU-

MENTSAPAN
FAMOUS

ALL OVER THE WORLD

FOR THE GtUALITY,
DEPENDABILITY

AND ACCURACY
OF

The comprehensive
range below

is available
estock.

Other

ranges to
special order.

Special quotations
for quantities.

THEIR NSTRUMENTS.

CLEAR PLASTIC METERS
Type MR.52P. 21in. square fronts (Cont.)
1011-0-1006iA 47/6 300V A.C. 32/6
tm A 32/6 '14' Meter 1.11A 3916
5mA 32/6 .1A A.C. .. 32/6

3216 .5A A.C. .. 32/6
32:6 .111A A.C. 32/6

10,04
100.0A
IA D.C.----326 .20A A.P. .. 32/6
:mot' DA 32 6 .30A AC. 32/6

Type MR.88P. 1 21, 32m. square fronts.
60µA 32/6 75001A 22/6
100µA . 29/6 le D.C. 22/6
2001aA 2716 IA 22/8
500µA 25/- 5A D.C. . 22/6
50-051./A 29/6 3V D.C. . 2216
100-0-10oµA 27/6 10V D.C. . 22/6
500-0.500nA 22/6 20V D.C. .. 22/6
1-0.1mA 22/6 sov D.C. 22/6

15°0°V17 DD:CC: : : 2222%86

5300001; D.C.D.0
2222//66

2mA
15mA
10mA
50mA
100mA ....22/6
150mA  22/6
200mA 22/6

16V A.C. . 22/6 51mAmA
35'-

100mA 33,65r-

:MON 11.1 . 35 -50V

A.C. ..
150% .. 22/8 60mA
300V A.C.

35 - I .,ot Dc. 35,-10mA

I50 AA' . 35 -300mA 22/6 500mA 35/-
500mA .... 22/6 'S' Meter .l .ua A2916 1A. D.C. 35/.Sov ' 35:-
Type MR.52P. 21in. square fronts. IA D.C. 35/. 150% A.C. 35/-
50µA 315A D.C. .. 35/- 300V A.C. 35/-
100µA 4577::6 "6 5'0.014-ASOttA' 57/67/6 304 D.C. 35/- 500% .. 351-

4,in. fronts.
3 amp. D.C. 45/-
15A D.C. 45/-
30.4 ay. 45/.
* A A.('
.5 t AC 45/-
io& A.C. 45/-
.20A A.C. 45/-
.30A A.C. 45/-
50V D.C. 45/.
150V A.C. 45/-
300V D.C. . 45/-
15V A.C. 45/-

22/6
22/6
22/6
22/6

Type MR.85P. 4,in.
69;6

100nA . . 59;6
200µA 55-
50011A  49-6
o-0-50µ& 69.6
100-0-100p-4 696
500-0-500µA 4516
1-elme 45/-
1mA 45/-
1.0mA 45/.
50mA 45/-
100mA - . 45/-
1 amp. D.C. 45/- 3004 At'. 45/ -
Type MR.65P. 31 X 31in. trouts.
50µA 59/6 56A D.C. 42/6
100µA. ... 49/6 'IA A.C. 35/-
50op&  39/6 'SA A.C. .. 351-
50.0 -SODA . 59/6 *10.1 A.C. 35/-
100-0-1000A 49/6 "'ox A.C.  35/ -
VII meter 59/6 k Ar 35/-

101 ft.%
35/.

BAKELITE PANEL METERS
Type MR.135. 3/in. square fronts.

65/- .30A D.C. .. 2916
50IrA 42/6 50A D.C.  29/6
100/4A 39/6 .1.A A.C. . 2943

15040050014A-0/4.A.:: 894235//166

.10A A.C. .. 29/6
1.0-ImA 29/6

'30A A.C.
: : 113

soma. 39/6
39/6 sov D.O. .. 29/6
39/6 lov D.C.  29/6

lmA. 29/6 150V D.C. .. 2916
5mA. 29/6 300% D.C. .. 29/6
10mA. 29/6 38v A.c. .. 29/6

29/6
500mA. MO
100mA.. 20/6 22991/66

IA D.C. 29/6

VU3 Meter .. 4299/166

5A D.C. 22/6 000% A.C. . , 35,._
ISA 29/6
MovIng iron, all others moving coil.

S.A.E. FOR ILLUSTRATED LEAFLET

MODEL TE.3.2 20,000
O.P.V. 0/.06/6/30/1201600/
1,200/3,000/6,000 v. D.C.
0/6/30/120/600/1,200 v.
A.C. 0/60/4A/6/60/600 MA.
0/61L/600K/6 Meg./60 Meg.
CI. MFD. 25/19/6.
P. & P. 2/6.
MODEL AR -620 10,000
O.Y.V. 0/10/50/2601500/
1,000 v. A.C. and D.C.
0/500gA/10/250mA. MOS
/100K/1 Meg. 0. 250 PF-
.01 MFD. 0-500 Henrys
92:6. P. & P. 2/6.

MULTI -METERS
Brand New - Fully Guaranteed -Lowest ever prime.

Supplied with leads, batteries, instructions
MODEL PT -84. 1,000 0.P.V. 0/10/60/250/600/1,000 v.
A.C. and D.C. 011,100/300 MA. D.C. 0/100 kn. 39/6.
P. & P. 1/6.
MODEL 500. 30,000 O.P.V. 01.5/1/2.5/10:20/100/250/500/
1,000 V. D.C.
0/2.5/10/25/100/250/500/1,000 V. A.C.
0/50µA/5/50/500mA. 12 amp D.C.
0/60/1K6 Meg/60 Meg. n 28/17/6. Post paid.

MODEL 1111201 30,000
O.P.V. 0/.25/1/10/50/250/
500/1,000 v. D.C. 0/10/50/
250/500 v. A.C. 0/50pAl
10/250 MA. 0/5/16500K/
5 Meg. n 99/6. r. & P. 2/6.

MODEL 121-2. 20,000
0.P.V. 0/5/25/250/000/
2,500 v. D.C. 0/10/50/500/
1,000 V. A.C. 0/50µA/26/
250 mA. D.C. 0/60103
Meg. a .02-3 MFD.
22(5. P. & P. 2/6.

MODEL NH -400 10,000
O.P.V. 0/.313/30/120/300/
600/1,200 v. D.C. 0/12/60/
120/300/1,200 v. A.C. 0/120
nA/30/300 MA. D.C.
0/2%/2001472 Meg. Q. 100
PF.-.2 MFD. 79/6.
P. & P. 2/6.
MODEL 2501 2,000 O.P.V.
0/10/50/500/2,500 V.D.C.
0/10/50/500/2,500 V.A.C.
0/2 Meg. 0.
0/200 mA.
-20 to +36 db.
49/8. P.P. 1/0.

MODEL ZQM
TRANSISTOR
CHECKER
It ;;;,... the fullest capacity
for checking on A, B
mi. leo. Equally

Adapt able for checking
diodes., etc.
sm.,: A: 0.7-0.9967.
It, 5-200.
lem 0-50 micro...pm,
0-5 mA.
Resistance for diode 20041 -1 MEC:. Supplied
convict,' with instructions, bat)et1 :111.1 1. ads.
£619'6. r. & P. 2/6.

PRECISION PORTABLE
VOLTMETERS

ith knife
ponder. A.C. And 0-16.1 nJc.. 59 6.
11-160-39 £5/19.6. P P. 0 -

RCA MODEL 195-A
VALVE VOLTMETERS

II inpnle. 4ni. 20001A oils. Six D.C.
mum,: 3-1,11001-. D.C. Five A.C. ranges: 10-
1,000 v. A.C. Six OHM ranges: 1 14.1.0110
megohms. 110/230 v. AC. operation. Supplied
brand new with instmetions and lest plod,
27/19/6.

CHASSIS PUNCH SET
Oct of 5 popular size hole cutters, Dn.,
:M., lin., Supplied complete with panicle--.
dies, T drive handle, tapered reamer, Oil..]
teeth, r ease and instructions. 49/6. P.P. I -

AUTO TRANSFORMERS
Step op or step down. Tapped 0/115/900,13n
250 V. 20W. 9/-; 60W. 12/8; 75W. 1516; 'bow.
18/6; 300W. 27/6; 300W. 42/6; 500W. 67:6;
1,000W., 90/-; 1,500W. 2611916; 3,001,51.
27/101-; 7,500 W. 015.
(Only tapped 0/110/230V.) Post extra.

PLUGS AND SOCKETS
Paint.. 15 pin in line printed circuit cormectors
7/6 pr. Large quantities available. Ditto 32 pin
12/6 Pr.
r&nrioN MINIATURE JONES. 4 pin 3/6 K.;
It pin 41- pr.; 8 pin 4/6 pr.; 12 pin 5/6 pr.: 18
pin 7.6 pr.; 24 pin 10/6 pr.; 33 Pin 12/6 pr.
Post extra.

TS -382 F/U AUDIO OSCILLATOR
High quality modern American Metro...hi.
Frequency coverage on 4 bands. 0-200 Ke/s.
Output impedance 1,0000. Output monitoring
meter. 7 range output attenuator from 12 micro -
...11s to 12 volts. Operation 115 v. 60-1,000 CPS.
applied 00 new. £40. Carr. 20/-.

NATIONAL H.R.O. DIALS
Brand new 27,6. 1'. P.

!FT. COLLAPSIBLE WHIP
AERIALS

Mani now 8,6. P.P. 2',

EMI WM5 CONSUL OSCILLO-
SCOPES

Available We 1101.1. I, £65

HEADSETS
DI.R5. Low imp.
W.6.88. Low imp 0 iiii lubber out plc
Chamois padded moving coil
Ditto with microph.ole
0.10.20 High Drip.
All new. Pod ,\

106
176
226
25-
116

SILICON RECTIFIERS
250 P.I.V. 750 MA
400 v. P.I.V. 3 amp.
200 v. P.I.V. 6 amp.
1,000. v. P.I.V. 650 mA.
000 v. P.I.V. 500 mA.
400 v. P.I.V. 500 mA.
200 v. P.LV. 200 mA.
95 v. P.I.V. 3 amp
70 s. P.I.V. 1 amp ........
150 I. P.I.V. 166 mA.

Discounts for quantities. Post .

3 -
7 6
567.6
5/6
3/6
3/-
56
36
1 -

G.W.SMITH&CO.
3-34, LISLE STREET, LONDON, W.C.2

SEE OPPOSITE
PAGE



APRIL, 1965 WIRELESS WORLD 117

MODEL TE.18 GRID DIP METER
COMPLETE WITH ALL COILS FOR ALL FRE-
QUENCY RANGES FROM 360 Kos to 220 Mc s.

* Compact -True one han-
ded operation. * Covers
360 kcis. to 220 Ws.
* Functions as a Grid Dip
Oscillator. Absorption wave
meter and Oscillating Detec-
tor. * Completely wired --
not a kit. The TF-18 can
determine the resonant Ire-
miencies of tuned circuits,
detect stray resonances in
transmitters, check neutrali-
zation, etc. Frequency range
360 ke/s. to 220 Me/v. in 8
accurately calibrated ranges.
Grid current meter has a

500µA movement. Uses a 6AF4A valve, powered
by a built-in transformermperated power supply
with selenium rectifier. For 220/240 v. A.C.
00-60 els. Size x 2:in. W. x 2du, D.
£12/10/- Bare- 5/,

AVO ELECTRONIC TEST METERS
Portable A.C. mains operation Valve Voltmeter.
Eight D.C. volt ranges: 5 millivolt to 1,000 v.
Twelve A.C. volt ranges: 100 millivolt to 2,500 v.
Ten D.C. current ranges: .51./A to 1 amp. A.F.
output: 5 milliwatts to 5 watts. Capacity:
300 pF.-00 mid. Resistance: .2 ohm to LQ00
megohro. Guaranteed perfect working order.
M. Carr. 10/,

NOMBREX EQUIPMENT
Trau4storised Audio Deuertuir 10-100,1/00 co.
Sine or square wave. 216/18/-.
Transistorised Signal Generator 150 keis.-350 Me/e.
89/10/,'Transistorised resistance capacity bridge 10-
100 Mega 1 pf.-100µ1''. 28/5/-.
Transistorised Induction bridge 1011 -100Th £18
Mains Operated Transistor power supply .it,
output 1.15 v. up to 100 ,nA. 26110/,

- All above post paid with battery.

MAIN LONDON AGENTS FOR
CODAR EQUIPMENT

PR.30 Preselecto- £4 19
PR.30X Self powered £7 4
HQ.10 " Q " Multiplier £8 15
ItO.10X Self powered £8 2
A.T.5 Amateur TX £16 10
A.T.S. Mains P.S.U. 0
A.T 5. 12 v. Transistor P.A.U. . 211 5
A.T.I. Remote control and Aerial

Switching I /nit £2 7
Postage extra.

ILLUMINATED "S" METERS
Cal. i n " S " units. lia basic 0 v. lamp, 1 21/32in.
sq. nont 29/6. P. & P. I Ditto, 2 in. sq.
front. 39/8. X P. If-.

DOUBLE BEAM C.R.T.'s
cosec S91) £2 19 6
Dumont K105 JP £2 19 6
I , /led Neu. Po -4

COLLARO/MAGNAVOX
STUDIO TAPE
TRANSCRIPTOR

is e'is. is:; 7.! me',
hmal eetoet. ail!' Marini le -2

TS -76 20,000 O.P.V. PUSH
BUTTON MULTI -TESTER

C1,11. PIa.I.e .sole.
tkple operation, 1).1!.

volts up to 1,000 N

A t'. volts np to 1.000 s
Resistance up to 10
ine;;ohm. Current, up to
250 mA. Decibels -20
to 36 db. Size tin. x
4 ill in. x 2/in. Complete
mill -1 leads, batteries and
instructions. £5.
P. 0 P.

BEST BUY !
Send 1,- P.O. for lull Catalogue and Lists. Open
9 a.m. to 6 p.m. every day Monday to Saturday.
Trade supplied.

41E

ALSO

SEE

NEXT

PAGE

STAR SR.40
COMMUNICATION RECEIVER
4 Bands 550 kein.-30 .11/./s. ' Meter-
BFOA 9L-Bandspread Tuning -Built-in
speaker. 200/250 v. A.C. Brand New
181 GNS.. Vat, 10,-.

PART EXCHANGE WELCOMED I

LAFAYETTE HA -63
COMMUNICATION RECEIVER
7 valves + Rectifier 4 Bands. 550 kejs.-
:: I Me/s. ' ' Meter-BFO-ANI, Band spread
Timing 200'250 v. A.C. Brand New. 24 Gus.

LAFAYETTE HE -30 RECEIVERS
rail,355 kegs -30 Me/s. Xemi kit form.

25 Goa. I:, ml 5. -built 33 gm. Both earn paid -

VOLTAGE STABILIZER TRANSFORMERS
Will stablfize your mains voltage. Ideal, for TV Receivers and
Industrial equipment.
Input 80-120 v. and 100-240 v. Constant oat pat 110 v. or 240 ,
250 watts. Brand new guaranteed £10.10 -. l'arn 7/6.

111111111111M1111111111111111111i1110
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LAFAYETTE
' PRECON '
AMATEUR PRESELECTOR/CONVERTOR
cnrnertor- 20-15-10 asap', Pre-
selector- 8040-20-15-10 metres.
Crystal controlled -1 RP stages.
200-250 v. A.C. operation. Brand
New 19 GNS. Carr. 7 ph

ERSKINE TYPE 13 DOUBLE BEAM
OSCILLOSCOPES

Timebase 2 ets.-750 kejs. Separate YI awl 42 amid ineD. 1-p to
5.5 Male. calib. at 100 kc/s. and 131c/s. 110;230 V. A .,
perfect 227401-, ears. DP-.
PROFESSIONAL 4 -TRACK STEREO
RECORD AND PLAYBACK TAPE

DECK ' .0,
Complete with 4 valve/4 transistor preampiier.
Will record and play back track stereo and traek
mono at 75 or 3/ I.P.S. Twin meter level indicators,
digital counter. Mic/gram/tuner inputs. Amlio outptit
500 MW Bias and Erase 80 ke. Response 40-18,000
C.P.R. at 75: 40-12,000 C.P.S. at 3: I.P.S. Motor 4 pol.
M.D. induction. Tape size up to Tin. 220/240 v.
Size I5in. a 101in. x 6lin. Line up: 4> 2011172.
2 x 12AT7, 1 x 12A1J7. 1 12BH7. S.A,11. 71 1.1.
DET 01 LS. PRICE 42 GNS. GARS. 15'-.

LAFAYETTE TE-46 RESISTANCE CAP-
ACITY ANALYSER

2 PF-2,000 111-11. 2 ohms -200 /neg./bias. Alm.
hope/Lance, turns ratio, insulation 200/250 v. AA'.
Brand New £15. 7 :6.

LAFAYETTE TE-20A R.F. SIGNAL
GENERATOR

11,,. n ti ranges. Varialii5 11.P. and
I. P. ea' loll-_ vicar seale. Size 75in..! 101in.
1' ill. 22. 24. ; . A.r. operation. Brand New £12/1911.

TE22 SINE SQUARE WAVE
AUDIO GENERATORS

S1111, 211 cps to 200 keis. on 4 bands. soorp
20 cps to 30 he/s. Output impedance 5,000 ;aims,
200,240 V. A.C. operation. Supplied Brand Sew
and; Onaranteed with instruction manual and

£15. 754

MARCONI TF I44G14
STANDARD SIGNAL

GENERATOR
85kris.-25 11e 1". Out /off variablo
from I DA to 1 volt. Internal

m
sine was,

abda/ ion 400 els. up to 758i, depth.
Opel at hat 200;250 Dolt Offered iII

really rseenent condition. lit new, fall/
tested and .marant vol. £25. carr. 3e

G.E.C. BRT.402 RECEIVERS
A high grade. 14 valve communication receiver
covering 150-385 be/s. and 510 keis to 30 Me/s.
in six bands. Special features include 2 RF stages,
' ' meter, Variable selectivity, B.F.O., ANI.,
AGO, 500 lee crystal calibrator, slide rule vernier
dial with logging scale. Operation for 95-130
and 195-250 v. A.C. Output for phones, speak,
or line. Offered in excellent condition, fully
tested and guar.. .1. £80, can.: 30fs.

LAFAYETTE HI-FI STEREO HEAD-
PHONES

* Air cushioned headband
* Solt rubber ear pads
* Frequency response, 25
to 15,000 cycles. * High
sensitivity. Impedance 8
ohms per phone. Supplied
complete with all cables,
wires, overload junction
bon and 3.connection plug.
82/6.1'. e P. 2,1:,

MODEL DA -I TRANSISTORISED
FULLY AUTOMATIC ELEC-

TRONIC KEYER
230v. 0.)'. tj
operated. Ineerm Ira es
built-in monitor oscil-
lator, speaker and ,"
keying le: .3. Fully
adjustable sis ;sis

r semi ;silo., or bold. t

stars..i .1 lion £16r10'-. r. 5 11. 4/11.

SEMI -AUTOMATIC " BUG "
Super speed 'Me.
7 speed mljud.-
ments. 10WPM to

I .yas high as desired.
Weight scale for
reproduct ible t

1'1. I....1..1. anti -rust nickel pni. pi
M.,. awl -1,1i111,... V.1 operating part.

2 in 1:1 ael New. £4110 1.

2 n.

COSSOR 1035 DOUBLE BEAM
OSCILLOSCOPES

C.R.T e..I .1 I Amplifier from 50 mV.
I,, 711 v. ho

Ie.,
lit/ II/ A..11.',13. Calibrated 12

Nionlillei 11,11 . .)(10 v., bandwidth up to
Ion ealibrated X shift providing

incasnivincid from 15µsec. to 150
Suppliol in guaranteed perfect working order.
£35. Carr. 20/, Also available COSSOR 1049
Double Beal° Oscilloscope. £40 each. Carr, 20,',

ARMY FIELD TELEPHONES
TYPE F

1:.11

mmionall mood
toearri

Mg`cam -

tiff batteri es. Sop -
plied talli rePt.
£4 19:8 at/ 

VARIABLE
VOLTAGE

TRANSFORMERS

Brand New Guaranteed
Fully Shrouded. Input 2,:o ;

50,60 e 010 put II -2110 N.

I la.. 241101-
2.,1 mop 25,17:6
- '.11P. 0;10/-
0 11101, ; 24/10/-
10 218/10/-
P2 4,01, 218/.5/-

20 amp- . 232/10;-

2.5 amp. poi table,
mel.11 c.oe n ill/ mot/ /-

tta, £9176.

ALL MARTIN AUDIOKITS
IN STOCK

Clv (RADIO) LIMITED
Phone. GERRARD 8204/9155
Cables. SMITHEX LESQUARE

-34 LISLE STREET, -LONDON, W.C.2
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7 VALVE AM/FM RADIOGRAM CHASSIS
Valve line-up ECC85, ECH81,
EF89, EABC80, EL84, EM81,
EZ80.
Three Waveband and Switched Gram
positions. Med. 200-550 m. Long
1.000-2,000 m. VHF/FM 88-95 Mc/s.
Phillips permeability tuning insert
on FM and combined Ald/Fal
transformers. Latest circuitry includ-
ing AVC and Neg. Feedback. Three
watt output. Sensitivity and repro-
duction of a very high standard.
Chassis size 131 x Olin. Height
71in. Edge illuminated glass dial
118 x 31in. Vertical pointer. Horizontal
station names. Gold on brown background.
A.C. 200/250 v. operation. Magic -eye timing. Circui
diagram now available.

Aligned and tested ready for use 113 .10 . 0 Carr. & Ins. 7/6,

Complete with 4 Knots -walnut or ivory to choice. Indoor FM aerial 3/6 extra. '
3 ohm P.M. Speaker only required. Recommended Quality Speakere loin. Rola 27/6. 12in.
-41.A. aoi-. 12in. R.A. with Tweeter, 42/6. E.M.1. 131 x 8in., 37/6. Carr. 2/6.

CO -AX 80 ohm CABLE
High grade low loss Cellular Air Speed Poly-
thene -1m. (limn. Stranded Cond.

Now only 6d. yard
BARGAIN PRICES -SPECIAL LENGTHS
20 yda. 9/-. P. & P. 1/6. Coax. Plugs
40 yds. 17/6. P. a P. 2/-. Sockets 1/.. 60 yds.
25/-. P. & P. 31-. Couplers 113.

BOXED VALVES ALL
GUARANTEED

IT4 3/6
SRI, 185 6/-
394,
ECC,81
ECC82}71-.
ECC83
ECL80 0/-
ECL82 101-
ECLS610/6
EF80 7/6

EF86 816
EL33 1g/6
EL34 12/6
EL84
EY51. 91-
EY86 9/-
EZ81 7/-
GZ32 9/6
PCC84 6/.
PCF80 8/-

arD:ti
PL36 10/8
PL81 9/6
PL83 0/-
PV33 10/6
PY82 7/-
1125 10/8
UL84 9/ -

TRIMMERS. Ceramic (Compression Type) -
30 pF., 50 pF., 70 pF. ird.; 100 pF., 150 pF.,
1/3; 250 PE., 1/6; 600 pF. 1/9.
PHILIPS Bee Hive Type (conc. air spaced) -
2 -8 pF. 1/-; 30 pF 1/-.
METAL RECTIFIERS-STC. Types-RMI 4/9;
11542 8/6; EM3 7/6; RM4 RM5 21/-;
RM4B 17/6: Milliard BY100 10/6.
SACK PLUGS-21in. Igranic type 2/6;
Screened ditto, Screened 213; Tran-
sistor type Kin. and Sub. -min. 1/3.
JACK SOCKETS -Moulded Igranic type, open
3/6, ditto, closed 4/-. Pax. type open 2/6;
ditto, closed 3/-. Transistor type, closed,
Mill. and Sub. -min- 1/6.
PHONO PLUGS 9d. Phono Sockets (open),
9d. Ditto (closed), 1/-. Twin Phono Sockets
(open), 1/3.
GRUNDIG CONTINENTAL. 3 p. or 5 p. plug,
3/6. Sockets, 1/6.
WAVECHANGE SWITCHES. 1 p. 12 -way,
2 p. 2 -way, 2 p. 6 -way, 3 p. 4 -way, 4 p. 2 -way,
4 p. 3 -way, long spindle, 3/6 each.
STYLUS REPLACEMENTS. Diamond Styli
for L.P. or Stereo, for all pop. types, BBL
Collars, Garrard, etc., 11/3 ea. Gtd. 12 mths.
SAPPHIRE ditto, 5/3 ea. Comp. range in
stock.

TRANSISTOR COMPONENTS
Midget I.F.'s-465 Kc/s.

diam. 5/6
Osc. Coil M/W. fain. dia 5/3
Osc. Coil M. & L.W 5/9
Midget Driver Trans. 3.5 : I 6/9
Midget Output Trans. Push

Pull -3 ohms 6/9
Elec. Condensers -Midget Type
I mfd., 50 mfd. ea. 1/9, 100 mfd.
2/, 12 v. wkg.
Condensers 150 v. working:
.01 mfd., .02 mkt.. .03 mfd., .04
mfd. 9d.; .05 mfd., .1 mfd.
.25 mfd. 1/3; .5 mfd. 1/6, etc.
Midget Tuning Condensers.
J.B. " 00 " 208 pf. and 176 pf.
8/6; ditto with trimmers 9/6.
113 220 pf. and 105 pf. conc. slow
motion 10/6. 363 pf. single 7/6.
Sub. Min. fin. Dilemin 100 pf.,
300 pf., 500 pf. 7/- each.
FERRITE AERIALS. M. & L.W.
car aerial coil 9/3.
Midget Vol. Control with edge
control knob. 4 K/ohms, with
switch, 4/9. Ditto less switch 3/9.
Speakers: P.M.: 2in. Plessey
75 ohms 15/6. Continental
8 ohms 13/6. 7 x 4in. Plessey 35
ohms 23/6. 2fin. Continental 8
ohms 13/6.

SOLDERING IRONS. Maine 200/220 v. o
230/250 v. Solon 25 watt Inst., 22/6. Spar
Elements, 4/6. Bits, 1/-. 65 watt, 27/6, etc
ALUMIN. CHASSIS. 18g. Plain Undrilled,
folded 4 sides, 2in. deep, 6in. x 4in., 4/6.
8in. x 6in., 5/9, 10in. x 7in., 619; mtn. x
6in., 7/6; 12in. x Sin., 8/-, etc.
ALUMIN. SHEET. 18g. tin. a gin., 7./-;
Ida. x 9in-, 1/6: tin. x 12in., 2/-; 12in. X

4/6. etc.

6 VALVE AM -FM TUNER UNIT
Med. and VHF 190 m.-550 m., 85 tic/s.-103 Mc/s., 6 valves and metal rectifier.
Self-contained power unit, A.C. 200/250 v. operation. Magic -eye indicator,
3 push-button controls, on/off, Med., VHF. Diode and high outputs ockets
with gain control. Illuminated 2 -col. perspex dial Ili x 4in. Chassis size
1 If x 4 x 54in. A recommended Fidelity Unit for use with Mullard " 3-3 "
or " 5-10 " Amplifiers, Available only at present as built-up units, aligned
and tested ready for use. Bargain Price 02/10/-. Carr. 5/-. We hope
to produce this popular unit in kit form very shortly.

MULLARD "3-3" HI-FI
AMPLIFIER, 3 VALVES 3 WATT

3 ohm and 15 ohm Output.
111-11 quality at reasonable cost. Bass
Boost and Treble controls, quality
sectional output transformer, 40 c/s-
25 kc/s. ±1 dB. 100 mV. for 3W., less
than 1% distortion. Bronze escutcheon
paueL Power take -off available.
Complete Kit only 26/19/6. Carr. Of..
Wired and tested 8 gnu.

MULLARD (` 5-10 " AMPLIFIER
5 valves 10W. 3 and 15 ohms output.
Mallard's famous circuit with heavy duty ultra -linear
quality output transformer. Basic amplifier kit price
2911918. & Ins. 7/6. Ready Built llt Gnu.

CONTROL PANEL KIT
Bass, Treble and Volume control with 4 -position selector switch for radio, tape and p.u. and
llim x 4in. escutcheon panel.
Amplifier Kit and Control Panel Kit £1111916. Ditto ready wired £1411916.
2 -VALVE PRE -AMP. UNIT
Based on Mallard's famous 2 -valve (2 x EF86) circuit with full equalisation, with volume,
bass, treble. and 5 -position selector switch. Size 9in. x 6in. x 21in.
Complete Kit £511916. Carr. 3/6. Ready built 27/19/6.

APRIL, 1965

ANOTHER TAPE RECORDER BARGAIN
Manufacturers end of production Surplus Offer

A. 24 gn. Tape Recorder offered at the bargain price
of only 15 gns. plus 10/- care. Supplied in 3 imits
already wired and tested. A modern Circuit for
quality recording from Mike, Gram or Radio, using
latest B.B.R. Twin Track Monar-deck Type TD2.
Valve line-up-EF86, ECL82, EM84, EZ80 and
Selenium Diode. Send for dedailed list -3d, stamp.

Complete Kit comprising items below.

BARGAIN PRICE 15 Gns. +er,r/:

2 -tone Cabinet.,, and Sin, x Sin. Speaker. Size 14in. x 10In.

Wired Amplifier complete with 4 Valves, front Panel, Knobs,
etc.

£3 10

£512
0+

6+
5/-

3/6

Can,

Carr.
B.S.R. Monardeck Type TIM
Accessories: Mike, .Tape, empty Reel, screened Lead and Plugs,

£7 7

£1 0

0+

0+
4/6

2/.

Can.

Carr.

We manufacture all types Radio
Mains, Transf. chokes, Quality
0/P. Trans., etc. Enquiries invi-
ted for specials, prototypes for
small producton runs. Quotation
by return.

RECORDING TAPE
Famous American Columbia (CBS)
Premier quality tape at NEW RE-
DUCED PRICES. A genuine recom-
mended Quality Tape -TRY IT Brand
new, boxed and fully guaranteed.
Fitted with leader and stop foils.

Standard Double Play
5114. 600ft. 131- 1,200ft. 31/8
58 in. 900f t. 161- 1,800f1. 37/6
7in. 1,200ft. 21/- 2,400ft. 47/8

Long Play Poet & Pack per
Sin. 900ft. 17/6 reel, 1/- plus 6d.
58 in. 1,200ft. 19/6 ea. for additional
7in. 1,800ft. 28/8 reels.
SPECIAL OFFER. 3in. Message tape
150ft. 3/9; 3in. L.P. 225ft. 4/9; 3M.
D.P. 300ft. 6/6; P. & P. per reel 6d.
TAPE REELS. Mnfrs.' surplus 7in.
2/3; 5Fin. 2/-; Sin. 2/-; 3in. 1/8;
Plastic spool containers, 5in. 1/9;
,fin. 2I-; 7in. 2/3.

SPEAKERS P.M. 3 chins. 21in. EMI, 15/6.
3in. Goodmans 16/6. 5in. Rola 15/8.
61n. Bloc 16/6. 7 x 4in. GOOdMeee 15/6.
81n. Rola 19/8. 10In. Elac 25/-. 10 x 6in.

24 in. E.M.I. Tweeter,
21auG27g0.1.7) 731;762..1% 8in. E.M.I. (Ceramic

ENAMELLED COPPER WIRE-Z1b. reels
14g -20g 2/6; 22g -28g, 3/-; 30g -34g, 3/9;
30g -38g, 4/3; 39840g, 4/6, etc.
TINNED COPPER WIRE 16-22g., 2/6
VALVE HOLDERS-Int. Oct. 6d. Nylon
or Ceramic, B7G, BOA unskirted, 9d. 11711
BOA skirted 1/- each; B7G with Can 1/6;
BOA with Can, 1/9, etc.
KNOBS -Modern Continental types: -Brown
or Ivory with Gold Ring. lin. dia. 9d. ea.
1;in. 1/- ea. Brown or Ivory with Gold
Centre, lin. dia. 10d. each; liin. 1/3 each.
LARGESELECTION AVAILABLE.

TYGAN FRET (Contem. pat.) 12 x 12M. 2/-;
12 x 18in. 3/-; 12 x 241n. 4/-, etc.
BONDACOUST Speaker Cabinet Acoustic
Wadding, approx. lin. thick. 18in. wide, any
length eut 2/3 ft. 6/- yd. EXPANDED
ANODIZED METAL. Attractive gilt finish.
1 x 4in. diamond mesh 4/6 eq. ft. Multiples
of Mn. cut, Max. size 4ft. x 3ft. 47/6 plus care.

JASON F.M. TUNER UNITS
Designer -approved kite available.
FMT1. 5 gars. 4 valves 20/-.
PMTS. £7. 5 valves 35/-.
JTY Mercury, 10 gos. 3 valves 22/6.
JTV2. £13/19/6. 4 valves 28/6.
NEW JASON F.M. HANDBOOK 2/6.
48 hr. Alignment Services, 7/6 Plus 2/6.

NS S-S ver ca. va ues, 2 D .
to 1,000 pf., 64. each. Ditto ceramics 9d.
Tub. 450 v. T.C.C., etc. .001 mfd., .01 and
1/350 v. 9d. .02-1/500 v., V, .25 Hunts 1/6.

.5 T.C.C. 1/9 etc, etc.
CLOSE TOL. S/MICAS, 10% 5 pf.-500 pf. 8d.
600.5,000 pf. 1/-. 1% 2 pL-100 pf. 94. 100 pf .-
500 p1. 11d. 575 pf.-5,000 pf- 1/6.

RESISTORS -Modern ratings full range
10 ohms to 10 megohms. 20% w.
3d. ea., ditto 1 w. Sd. ea., 2 w. 9d. ea.,
10% w. 4d. ea., S% Hi -stab, 4-5 w.
6d. ea. (below 100 ohms and over 1 meg.
9d. ea.). 1% Hi -stab., 1 W. 1/8 ea.
(below 100 ohms 21- ea.).
WIREWOUND. 25 ohms to 10K. 5 w.
1/3. 10 w. 1/6. 10 w. 2/,

t'RE-SET T/V POTS. W/W 25 ohms -20K,
50 K. 2 Meg. (Carbon), 3/-.

Electrolytics All Types New Stock
TUBULAR CAN TYPES

25/25v. 50/12v. 1/9 8+8/450 v. 4/6
50/50v. 100125v. 2/- 32+82/275v. 416
5/450v. 4/350v. 2/3 50+50/350v. 6/6
18/80/450 v. 5/6 80+250/275v. 17/6
32/32/450 v. 616 100+300/275v12/6
Transistor Midge types -all values 1 mfd.
to 50 mfd. 1/9 ea. 100 mfd. 2/-, 12 v.

VOLUME CONTROLS -SK -2 Meg. ohms.
31n. SPINDLES, MORGANITE MIDGET
TYPE. llin. dia. Guar. 1 year. LOG
or LIN, ratios, less Sw. 3/-. D.P. Ow.
4/6. Twin Stereo less Sue. 6/6. Some
values with DP Sw. 8/6.

DE -LUXE RECORD PLAYER KIT

Incorporating 4 Sp. Garrard Auto -Slim unit
and Mullard latest I3 watt printed circuit amplifier
(ECL86 and EZ80), vol., bass and treble
controls, with 8 x Sin. 10,000 line speaker.
Contemporary styled two-tone cabinet, char-
coal grey and off-white with matching
blue relief. Size 17iin. x I6in. x 8in.
A stylish unit capable of quality repro-
duction. Circuit and const. details 2/6
(free with kit).

COMPLETE KIT 013.19.6
Carr. and ins. 10/, dm

Illuminated Perspec control panel
escutcheon 7/6 extra. Ready wired
30/- extra. 4 contemporary mounting
legs (6 or I3in.), 12/6 per set.

Only a few
items are
listed from
our com-
prehensive
stock.
Write now
for full
bargain
lists, 3d.

Terms: C.W.O. or C.O.D. post and packing Vb. 9d., Ilb. 1/3
31b. 2/3, 5113. 2/9, 10Ib. 3/9, etc.

RADIO COMPONENT

SPECIALISTS Established

70 BRIGSTOCK RD., THORNTON HEATH, SURREY
Tel.: THO 2188: Hours 9 a.m.-6 p.m. I p.m. Wednesday.
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AC/DC

Price
ONLY

Wnirf.r s W0RLD

_IMMEDIATE DELIVERY
ALL ITEMS FULLY GUARANTEED

VALVE VOLTMETER

£35.0.0
-no extras.

Latest circuitry provides perfect stability
and sensitivity.
Professionally acknowledged.

Just Look at this specification !
*11 megohms per volt.
*5mV-I,500 V. A.C.
*100 mV -1,500 V. D.C.
*0.1 ohm-I,000 Megohms

PLUS
*I Kc Oscillator Test Source
*Complete with Test Probe with BUILT-

IN A.C4D.C. switch, no fumbling or
fiddling with out of reach knobs.

This superbly finished instrument is invaluable
in Production depts. and Labs. and is presented
in an attractive light grey crackle steel case
with satin alloy front.
Mains operated.
Size and weight: 5/in. x 3M. x 8w. high. 5-1b.

CONSTANT VOLTAGE TRANSFORMER
AUTOMATIC MAINS

STABILIZER

Complete with lead and plug,
in attractive silver hammer
metal case with handle.

PROVIDES PERFECTLY STABILIZED CON-
STANT VOLTAGE FOR ALL LABORATORY
EQUIPMENT.
* NO MOVING PARTS * NO MAIN-

TENANCE.
* NO ATTENTION.
SPEC.: INPUT: 240 v. A.C. 2011:,

OUTPUT: 240 v. A.C.-50 cycles.
CAPACITY: 250 VA.
ACCURACY: 11%. Size 10 x
5 x 7in. high.

Weight 21 lbs. Fitted signal lamp and
switch.

£11.10.0 Carr. & Pkg.

Model SBIO 10 amp.

Inset shows latest type brush
gear providing I volt vat-ie.
Lion.

PORTABLE
VARIABLE A.C.
POWER SUPPLY
UNIT DESIGNED FORENGINEER

WHOSE RE.
QUIREMENTS CALL FOR A
VISUAL INDICATION OE
VOLTS APPLIED.

OUTPUT: 0-260 v. 11 amps.

INPUT: 230 v. A.C. 50/60-- Unit
fitted with fuse, voltmeter, safety
indicator, on -off switch and lead.
Size: E x 5 x Sin. high.
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VARIABLE VOLTAGE TRANSFORMERS
World famous " SLIDUP "

* RATED CURRENT CONSISTENT
AT ALL POINTS ALONG THE
WINDING.

Output: 0-268 v. Input: 23f v. A.C.
50160-.

Shrouded fully variable transfor-
mers for bench or panel mounting.

2.f Amp. £5.17.6
5 Amp. £9. 0.0
io Amp. £18. 5.0
20 Amp. £32.10.0

Ex. works.
Carr.& Pkg. EXTRA

PRICE US 10.0 Carr.Pkg. 10/-

MMININ101.*

SOPPL 1 EC
COMPLETE
WITH VALVES
& CRYSTALS
Datails & Prices oi
all Accessories
supplied on request.

LATEST
miniature '88' Set
WALKIE TALKIE
Froduced to exacting specifications by
leading manufacturers E. K. Cole "& Co.

Only

£10.0.0
EACH

This Transmittct
/Receiver weighs
only 511b.(appx.)
and measures
31 x 51 x 9iin.

A crystal con-
trolled 4 frequency set operates
from standard dry battery-
H.T./L.T. (i.e. Vidor L5537), It
current series B7G valves used.

TRANSISTOR
TESTER

Mcde
AT- !

Carr. &0. 0.0 Pkg.T6

FULLY PORTABLE
PRECISION INSTRUMENT

MEASUREMENT RANGES:
Ice (Iciao) and the reverse current
of diodes.
PNP & NPN-C-501,A (10A per
scale).
POWER -0- I rnA (20::A per scale).
35-20C (5 per scale).
Bias Current-
(' rnA on PNP & NPN)
(5mA on POWER)

7.0.9-0.995 (from 3 %1)
Terminals: Spring Sockets and
Screw Terminals.
Meter- Sin. 50pA moving coil.

Size and Weight: 7 x S x Sin. 20b.
Powered by pen cells.

VARIABLE HIGH -VOLTAGE UNIT
DIELECTRIC BREAKDOWN TESTER

* Range: Infinitely variable up
to 3,000 volts and can be ac-
curately set. 0.1 amp.
* Entirely suitable for con-
tinuous testing.
* Built-in Automatic safety
cut-out.

Input: Mains voltage.
Robustly constructed for
bench use with 41in. x 4in.
modern styled meter, placed
at an easy to read angle.
Complete with input and
test leads with clips.
Model T30, 0-3,000 v. A.C.
E32.

TRANSISTORISED MECOHN METER

* NC WINDING!
* PUSh BUTTON

TO READ

500V.-1,000
MEGOHMS
Portable, supplied
On, batteries,
probes and carrying
case. Superb in-
strument.
ONLY

£23.10.0
Carr. & Pkg. 7/6

Also: 500 v.-500 Megohms mains operated
insulation tester. Designed for contin-
uous use. E26-5-0.

2OAMP 24VOLT

HEAVY DUTY

SUPPLY UNIT
Made at a cost of
approx. L10010/0 by
S.T. & C. LTD.
Essential equipment
for Electronic Engi.
neet ing. Research
Laboratories,Schools.
Ideal for battery
charging, etc. Guar-
anteed for 20 amps.
Output : 24 v. D.C. variable
up to 20 amps. and trickle charge.
Input: A.C. 1001260 v. 45/65
cycles. Input and output fully used.
Size: 16 x 24 x 32in. high. In Packing &
heavy gauge steel grey cabinet. Carr. 401,

ONLY

£27.10.0

WRITE FOR ILLUSTRATED BROCHURE

(Dept. WW3), 313 Edgware Road, London, W.2. PADdington 2233/4



MINIATURE SEALED RELAYS
OVER 120 TYPES IN STOCK. SEND FOR LIST.
SIEMENS 1 C.O. S.T.C.

2.211- 2.20 H96A 18'6 450 1mHD 4186EB 19/6
2012+500 H9013 19 6 1700 1mHD 4186EC 19/6

1450 -;-1450 H96C 19 6 7000 2COMD 4190HD 19/6
1 ,7tHISI ± 1,7000 H96E 22'6 2,5000 2C0 4184GE 19/6
G.E.C. 2,5000 1mHD 4190EE 19/6
', 5000 4C0 511008 19:6 ERICSSON-.
2,50011 1C0 511022 15'- 7,0000 1CO N22242A10 25/--
5,00011 2C0 511052 17 6 2600 1C0 N22372AC1 15/-

67012 2m2bHD M1095 17/6 5,0000 1CO N22372AE1 15/-
2,50012 2C2K M1417 19/6 7,5000 2C0 N22365AZ1 17/6
5,0001) 2C0 511452 17/6 LIU 4C0 N22364AA1 19/6

20 2mHD MI454 15/- 1.10 2CO2K N22366AA1 19/6
2,5C(K) 2m1-10 M1458 15/- 1,5000 2CO2K N22366AE1 19/6
2,5000 lmlbl4D M1462 15/- 2.40 2M N22371AA1 15/-

400 2CO2K 511482 19/6 1800 2M N22371AC1 15/-
1800 1C0 M1480 15/- 2,0000 2M N22371AE1 15/-
1800 2m2bHD M1487 17/6 2.40 lmlb N22370AA1 15/-
1800 2C2K M1490 19/6 520 lmlb N22370AB1 15/-
4700 2C2K M1493 19/6 1,5000 2m2b N22369AE1 17/6
6700 4K M1567 19/6 7,5000 2m2b N22369AZ1 17/6

S.T.C. POLARIZED RELAY 4192B. Coil 4 - 5500 with jack, 50/,
MINIATURE UNISELECTORS. Plug-in type. Occupies no more space than
a P.O. 3000 Relay. Siemens No. 2200A, 3 level, 12 outlets, 50 volts, 1 bridging
and 2 non -bridging wipers. Supplied complete with jack. EACH 90
STROWGER RELAYS. 15000 4 make Platinum. 35/ -each.
LONDEX RELAYS Type LE 24 v. D.C. or 440 v. A.C. 2 Break 35/- each.
RELAYS 24 % olt D.C. 4 Make, 4 Break 10 amp. 5C/3944 Dust cover. 12/6 each.

KEY SWITCHES (3 position).
P.O. 212 2C/2C Locking 6/6.
P.O. 264 2K/2K Locking 9/-.

4C/4C Non locking 13/6.
.: P.O. 295 4C/6C NL/L 17/6.

Other types available. Knobs 641.
Plates 1/-.

LEDEX SOLENOID DRIVEN WAFER SWITCHES. Size 5S. From 90/-, 11 way
and oft 3 to 24 Pole, also 4 Pole l2 Way and 54 Pole on/off. Commutating switch
section and control wafers available.
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Wiliirnsons FOR RELAYS
P.O. TYPE 3000 AND 600

BUILT TO YOUR REQUIREMENTS - QUICK DELIVERY
COMPETITIVE PRICES -VARIOUS CONTACTS

DUST COVERS -QUOTATIONS BY RETURN

41111

/-

POTENTIOMETERS, WIREWOUND AND CARBON including Sub -minia-
ture, sealed and precision types, latest addition 7.5 WATT PAINTON
SEALED in preferred values 1000 to 50K0 each, list now ready.
10 WATT BERCO 20K0 with taps at 5, 10 and 15K0, ideal for test equip-
ment etc. Complete with lin. skirted knob and dial 15/-. Post 3/-.

GEARED CAPACITOR MOTORS. 220/240 v., 50 cy., 30 watts, 300 r.p.m., also
spindle for 1,425 r.p.m. Very powerful, 75/-, post 5/-.
MAINS MOTORS. Capacitor 230 v. A.C. 1/40th h.p., 1,400 r.p.m. 55/-, post 4/6.
SYNCHRONOUS MOTOR. 200/250 v. A.C. 50 cycles with gear train driving
5 dials 1410th hr. -10,000 hrs., 22/6, post 3/-.
SYNCHRONOUS MOTOR. 200/250 volts A.C. 60 r.p.m. Synclock, 25/-, post 2/-.
SATCHWELL THERMOSTATS adjustable between 70°-190° Fahrenheit.
0-440 v. A.C., 20 amp., llin. stem. Fitted cover 19/6, post 2/8.
ROOM THERMOSTAT. Adjustable between 45 and 75 deg. Fabr., 250 v. 10
amp. A.C. Ideal for greenhouses, etc., 35/-, post 2/6d.
JACK PLUGS. Screw -on cover, 2 contacts, 2/6, post 6d.
P.O. 201 on headphone cord 10H/117 3/- ea. Post 1/-.
SPEAKERS Elac 5in. Round 30 11/6; Plessey 3in. with grille, 12/0, post 2/-.
AUTO TRANSFORMERS by S.T.C. Totally enclosed C core type, 110-250
volts, 8 tappings, 50 cycles, size 64 x x 54, 500 watts. New latest type 84.
VOLTAGE REGULATORS. Input 230 v. A.C., 21 amp. Output 57.5 V. to
230 in 16 steps with current limiting reactor, £20 each, carriage 15/-.
MAINS TRANSFORMERS. Input 200/250 volts. Output 300-0-300 volts.
250 mA., 6.3 volts, 9 amps., 25/, Post 3/9.
FANS INDUSTRIAL TYPE. 230/240 volt A.G. Capacitor, Motor 16in. blades,
adjustable louvres, filter. Ideal for paint shop, £20, carr. 25/-.
XPELAIR EXTRACTION FANS. 74in. blades, Baffle outlet 190/-. Carr. 6/-.
BLOWER MOTORS. 200/250 volt Capacitor Type 2,800 r.p.m. Cylindrical
casing 7in. x 7in. x 7in. with open flange each end 612/10/,

ONE HOLE FIXING SWITCHES
12/- per dozen 75/- per 100
SINGLE -POLE Double Throw, 3 amp. 250 A.C.
Can be used as ON/OFF or CHANGE -OVER SWITCH.

SELENIUM METAL RECTIFIERS. FULL WAVE BRIDGE
12 Volts 1 Amp. 7/6 each 24 Volts 1 Amp. 12/6 each
12 Volts 2 Amps 12/6 each 24 Volts 3 Amps 27/6 each
12 Volts 4 Amps 17/6 each 24 Volts 5 Amps 35/- each
12 Volts 6 Amps 20/- each 24 Volts 8 Amps 40/- each

VEEDER-ROOT MAGNETIC COUNTERS WITH ZERO RESET 800
COUNTS PER MINUTE. 6 FIGURES. GENERAL PURPOSE TYPE. VARI-
OUS A.C. VOLTAGES AVAILABLE FROM 110V to 250V. 65 - post 2,'6.

SMALL MAGNETIC COUNTERS

34in. x lin. 10 counts per second,

with 4 figures. The following D.C.

voltages are available, 6 v., 12 v.,
24 v., 50 v., or 100 v. 35I 17)6.!

Microammeters, Milliammeters, Voltmeters
2fin. Moving Coil Flush Round. 100 Microamp, 40/-;
10-0-10 Milliamp, 35/-; 50 Milliamp. 35/-; 100 Milli -
amp 25/-. Proj. Round 50 Microamps. Special scale
45/-. All D.C.; 100 Microamps, A.G. 85/-.
nin. MC Flush Round. 100-0-100 Microamp, 70/-; 500
Microamp 70/-. 10 amp. 45/-. 500 Milliamp 54/-.
2in. Moving Coil Flush Round. 0/1 Milliamp; 0/5 Milli -
amp.; 0/10 Milliamp.; 0/20 volts; 0/30 volts; 0/40 volts;
0/5 amp., all at 27/6 each.
MICROAMMETERS. 2in. 0/500 D.C. Flush Round, 25 -.

M.C. RECTIFIER A.G. METERS. 3fin. FR 10 Milliamps, 70/-; 50 volts, 72,'-;
100 volts 70/-; 200 volts 75/-; 1,0000 per volt.
MOVING IRON AC AMMETERS. 0/10 2}in., 44/-; 0/20 31 -in. 56/-, both flush
round 0/60 6in. Projection Round, 90/-. Postage on small meters, 2/-.
FREQUENCY METERS. 45-55 cycles per second, 230 volt, 6in. dia. Flush
round. Brand new in maker's box. 810/10/-, post 5/ -.
VOLTMETERS with alarm contacts 55/65 volts Moving Coil 9in., 150/- each.
PORTABLE VOLTMETERS 150 volts D.C. MC Of in. square by 31in., 70/- each,
post 3/6.
PORTABLE AMMETER. 0-3 amp. A.C./D.C. 3M. scale, 35/-, post 2/6.
AMMETER, reading 50-0-50 amp., 2in. Flush Square, 17/8 each, post 2/-.
VOLTMETER. A.C. 0100 2fin. Flush Round, 261-, post 2/-.

WEE MEGGER INSULATION TESTERS. 500 VOLT SERIES 3.
BRAND NEW in leather carrying case 6111'10/-.

M EGGERS. SERIES 2 ALI CASE, 500 VOLTS 100 MEGOHMS, WITH
LEATHER CASE, LEADS, KEY, ETC. BRAND NEW 537/10/-.

Few others available in good condition, 625.

AVO TEST BRIDGES. 200/240 volt A.C. Measure capacities from 5 pf. to 50
said. and resistances from 5 ohms to 50 megohms. Valve voltmeter range 0.1
to 15 volts and condenser leakage test. Full working instructions supplied
with instrument. 59/10/-. Post 5/-.
MODEL 7 AVOMETER POWER FACTOR AND WATTAGE UNIT 87, NEW
A few AVOMETERS Model 7 also available.

MINIATURE SILVER ZINC ACCUMULATOR. 1.5 volt, 1.5 ampere.
Size 2in. X 1.13in. X 0.63in. Weight If oz. Ideal for model
work 12/6 ea. 120/- doz. post 9d.MI STROBOSCOPE FORK. 125 cycles. P.O. No. 5 30/- ea., post 2/-.
MIRROR GALVANOMETERS BB 3000. N.E.P. Focal length
20 cm. MIL

MICRO SWITCH. Burgess MK4BR, robust die cast casing, 8/6 ea., post 90.
SUBMINIATURE MICRO SWITCHES HONEYWELL. 11SM1-TN13. S.P.D.T.
Size .781in. x .250in. x .356in. 6/6 each. Full details on request.
MINIATURE BUZZERS. 12 v. with adjustable tone. 7/6.
BUZZERS. 230 v. Ironclad Gents P367AC 50/-. PPst 3/6,
HIGH NOTE BUZZERS. 24 v. AC,DC, with tone adjuster

dia. Bakelite case, 10/6. Post 1/6.
CHOKES 9 Henries 100 MA. Parmeko 7/6 each, post 3/-.
RESISTORS WIREWOUND AND HIGH STABILITY CARBON inc. Erie 109,
108 and 100, ex stock in quantity. Write or phone your requirements.
LANCASTER PORTABLE ELECTRIC BRONZE WELDING AND SOLDERING
OUTFITS. 230/240 volts with 4 Position Rotary Switch and 3 terminal setting
gives 12 variations of heat. Complete with metal carrying case containing filler
rods, fluxes etc. £25.
SIGNAL GENERATOR TYPE 52A. Input 230 volt 50 cycles, complete with
leads, dummy antenna. Brand new in transit case. 5 to 52 Mc/s. inclusive in
4 bands with calibration charts. Coarse and fine attenuators. Int. and ext.
mod. Output 0.5 volt to 100 mv., impedance 70 and 1000, £10, carriage 20/-.
PRECISION SILVER MICA CAPACITORS, 0.1 mfd. 4%, 6/- ea.; 1% 5/- ea.
" VISCONOL-CATHOD RAY" CONDENSERS. .001 mfd. 10 kV. 5 /-; .002 mf 15kV.,
11/-; .02 mf 10kV, 10/-; .025mf 2.5kV, 5/-; .05trif 5 kV, 9/-; 0.1mf 4kV, 41-;
6kV, 17/6; 0.5mf 2.5kV, 17/6; lmfd 2kV., 17/6.

L. WILKINSON (CROYDON) LTD.
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY

Phone: THO 0236 Grams WILCO CROYDON
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Nothing
can stop the

information

More than 90% of scientists and technologists
who ever lived are at work today. Between them
they publish more than a million new pam-
phlets and papers every year. The sheer volume
of their output generates an 'information explo-
sion', from which the essential reading defies
available time. Yet they must be aware of pro-
gress across the entire spectrum of knowledge,
for developments in one field often inspire a
breakthrough in others.

SCIENCE JOURNAL brings the new answer. Every
month its world-wide intelligence service gives
you clearly and concisely the forward thinking
of each discipline of science and technology.

AK Aft ai oh

7.1414:1111 III ill  I =0"."'

in science and
technology

In addition to this unique world coverage,
typical features in the April issue include: Hyper-
sonic propulsion, W. R. Woods Ballard ; The
ultrasound camera, Professor J. E. Jacobs;
Biological control of pests, Sir Vincent B.

Wigglesworth, F.R.S. ; Ion pumps in the living
cell, Dr. Steven Rose; The Changing Coastline,
Professor J. A. Steers; Negative Mass, Professor
Banesh Hoffman ; Micro -evolution in man,
Don Brothwell ; The four faces of research, by
Sir Robert Cockburn, Dr. D. S. Davies, Sir Harry
Melville, F.R.S. and Professor R. S. Nyholm,
F.R.S.

SCIENCE JOURNAL is as authoritative as only
Iliffe-world's largest publishers of technical
and industrial journals-can make it, superbly
produced, profound, yet immensely readable.

April issue on sale 24 March 4s.

it is now contained by

SCIENCE
JOURNAL 2nd issue 24 March 4s.

W -I43 FOR FURTHER DETAILS.

NEW
FOR PROGRESS

IN SCIENCE AND

TECHNOLOGY
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TWO-WAY RADIO
A compact V.H.F. Trans.Ree., t hat ean be held in the hand.
Size unpin, 12in. x 3in. ". lin. Range up to three miles
under favourable conditions. Utilises 3 miniature calves and
.elf -contained standard batteries. Easy to operate, economical
to run. .Ideal for authorised fixed or mobile operation. British
manufacture. Limited numb, loft. Price 12 gns. per pair,
post free.

WANTED
1VE WISH TO PURCHASE FOR SPOT CASH, RADIO
OMMUNICATION EQUIPMENT: TRANSMITTERS.

I.OMMUNICATION RECEIVERS, TRANSCEIVERS
:overnment surplus, Commercial and Foreign). WE ARE

CURE THAT MANY ENTHUSIASTS HAVE UNWANTED
EQUIPMENT TAKING UP SPACE AND COLLECTING
DUST. SO LOOK AROUND AND TURN YOUR REDUN-
DANT EQUIPMENT INTO CASH, OFFERS MADE FOR
.tNY SUITABLE EQUIPMENT, SEND FULL DETAILS
STATING TYPE, MAKE AND CONDITION, WITH S.A.E.
FOR QUOTATION TO BUYING DEPT.

THE

Morse Keys. Morse Key Assembly. Key with base, cover and
ternyinals. complete with lead. 6:11. P/Ii '21-. 2 Morse keys
fei 12/6, it free.

M.A.T. Transistors. AI.A.T. 100. 7/9: M.A.T. 120, 7/9;
slab aerials suitable for Transistor

Operators Unit. Hoge purchase enables us to offer at .give.
.way price this unit containing standard jack wicket 280 mfd..
Ieetrolytic combineer, 4 -way telephone socket, wide.

selenium reetilier, etc. Price 3/8, p/p 9d.

Matched Mallard Transistors. One OCOII) driver. Too
0081 output stag, matched pair. Price 9/11 the set. p/p 11,

American Signal Generator V.H.F. Model. A well made
instrument with a [milt -in crystal and master use. Exceptionally
line slitiv !notion tutting with easily read scale. Stepped output
and adiustable amplitude. Ideal far 2 metres and V.H.P.
calibrat toe. Price 4916, MP 5/-.

Handy Power Pack. Housed in compact metal ease. 200/250 v.
mains input. Output 250v. D.C. 60 m.a. fully smoothed.
6.3v. at 2 amps. eau he used for powering almost any preamp
or radio tuner. Price 39/6, p/p 2/6.

Portable Mains Soldering Iron. 30 watt version. Featuree
removable handle that covers tip and barrel. Complete with
lead and plug. Only 10/6, P/P 1/ti.

6 ohm Wire Wound Miniature Potentiometers with Standard
Spindle, with many uses, L6 each, p/p lid. 2 for 3/-, post tree.

Crystal Set Kit. A wonderful educational kit for all children.
Provides hours of amusement while follow Ina the easy step by
step instructions. It is powered entirely by wireless waves,
eliminating the expense of batteries. No soldering required.
Receives all main stations, 19/6. P/p 2/6.

"THIRTY" HI-FI AMPLIFIER
A high qualil y :PI -watt amplifier developed for use in large halls and clubs, etc. Ideal for bass, lead or
rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or
pick-up. Valve line-up: two EF86; One ECC83; one GZ34; two EL34. Four separate inputs arc pro-
vided with two volume controls. Bass and Treble controls are incorporated. Amplifier operates on
standard 50 c/s. mains. 3 ohm and 15 ohm speakers may be used.
Perforated cover with carrying handles can be provided if required, price 21i,

10 Customers are invited to sec and hear this amplifier
at our shop premises in Lambert's Arcade. Send
S.A.E. for illustrated leaflet.
Carriage I5/- to be :witt. With order.

ao
TWICE THE QUALITY - HALF THE PRICE

HEAVY

DUTY

SPEAKER

CABINETS

Attractive two-tone finished speaker cabinets, else 28in.
20in. x l0yiu. Will take two 121n. loudspeakers. Excellent
acoustic, properties. Ideal for home use, group or F.A. work.
Price 10 gns. each, p/p 10/-. B.R.S.

VEHICLE
RADIOTELEPHONE
Originally used by the armed
forces for field communication.
Thin compact little unit eon be
powered by a ear battery and
two BOV or DOV H.T. bat-
teries. Communication is
possible up to a distance of
3 miles in favourable terrain,
and on testing the receiver we
were able to receive many
continental and maritime
ntations. Battery drain is less
than 5 of an amp. Output
stage de -commissioned to con-
form with regulations. Full
wiring instructions provided.
Price 5 gns. each, carriage free.
2 for 210, carriage free.

SPECIAL LINES
19 set Instruction Handbook 3/6 each, P/P 6d.
1155 Instruction Handbook 316 each, p/p 6d.
H.R.O. Instruction Handbook
3/6 each, p/p 6d.
Frequency Meter, BC 221 Instruction Handbook 3/6 each,
P/P 6d.
46 Walkie Talkie Set Circuit and Notes, 3/6 each, p/p Gd.
39 Set A.F.V. Instruction Handbook
3/6 each, p/p 6d.
R.F. Unit 24 Circuit Diagram and Detailt. Price 1/6. P/p 3d.
R.P. Unit 25 Circuit Diagram and Details.
Price 1/6. P/P
R.P. Unit 28 Circuit Diagram and Details.
Price 1/6, p/p 3d.
Receiver R1355 Circuit Diagram and Details.
Price 1/6, P/P 3d.
Receiver R1224A Circuit Diagram and Details.
Price 1/6, Ph, Id.
R.111.11/A Circuit Diagram and Details.
Price 1/9, P/P 3d.
Wave Meter Class D Handbook, Mk. 1, II and ID.
Price 3/6. p/p 6,1.

Multi Voltage Mains Transformer. Prinmry 200/250 50 c/e. High Quality Paxolin Sheets. Strong high quality Paxolin
secondary tapped as follows: 3V. 4V, IV, 6V, 8V, 9V, 10V, sheets. Size 101 x 51 x 1/10in. Three for p/p 1/-, Six
t2V, 15y, 18V, 20V, 24V and boy. All at 2 amps. Price 35/- for 10/-, poet free. Twelve for 18/6, poet free.
pin 3/6.

Battery Charge Adjuster. Charge Rate _Adjuster. Government
manufacture. Easily fitted to charging circuit. 3/6 each,
2 for 6/6, p/p 1/- each.

Resistor Colour Code Indicator. Saves time and money.
Gives the value of a resistor at a glance. Price 1/6. p/p 3d.

Tank Aerials. Frilly interlocking copper sections one foot in
length. Will make Ideal dipoles, car or scooter aerials. Price 6
sections complete with canvas carrying case, 3/6, P/P 1/6,
Additional sections 6d. each. Please include sufficient postage.

19 sot Trans/Rec. Mains Power Pack. Operate your 19 set
receiver straight off the mains. Ready built power unit, com-
plete with modification and fitting instructions. Price 49/8,
p/p 3/6. Please gate Model, Mk. 2 or Ilk. 3.

Constructors' Parcel No. 2. All brand new items, not govern-
ment surplus. 6 phone plugs, 2 continental plugs, 3 and 5 pin;
12 small trot. clips; 121arge croe. clips; 24 assorted new registore;
3 pointer knobs; 3 coax plugs; 6 sheets of paxolin, approx.
ltlin. x Sin.; 2 sturdy panel mounting fuse holders; 6 multi -
cored solder packs; 1 30 -watt lightweight soldering iron.
Price 29/11, Pin 3/6.

High Impedance Personal Listening Earpiece. Suitable far all
types of crystal sets and transistor sets. Complete with lead
and plug. Price 4/11. p/p 6d.

Mains Metal Rectifiers. Half wave, approx. rating 250 volts,
at 75 mA., price 2/6 each, p/p 9d. 2 for 4/6, poet free.

S mid Block Condensers, metal encased made to high speci-
fications. Rating 350 volts. Ideal for cross over networks.
8/11 each, post nee. 1 mfd block condensers 750 volts, working,
3/11 each, post free.

POSTAGE RATES APPLY U.K. ONLY. S.A.E. WITH ALL ENQUIRIES
NEW WALK ROUND STORE OPEN IN LAMBERT'S ARCADE, LOWER BRIGGATE, LEEDS 1. NEXT TO HALFORDS

CYCLE SHOP. OPEN ALL DAY SATURDAY.
ALL MAIL ORDERS TO OUR BRIGGATE HOUSE ADDRESS

TERMS:
CASH WITH ORDER
5/- EXTRA ON C.O.D.

ORDERS
No C.O.D. under 30 '-

SEND 1/- FOR LISTS.
TRADE SUPPLIED

ORDERS FROM
ABROAD WELCOMED

AmmlimmiSONA ELECTRONIC CO., LTD. (Dept. W.W.10), BRIGGATE HSE., 13 ALBION R., LEEDSmmagsmim,
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SOUTH SUPPLIES
(ELECTRICAL) LTD.

POST ORDERS TO OLD KENT RD. ADDRESS

95, OLD KENT RD. S.E.1 BER 5810
72, BOROUGH HIGH ST. S.E.1 HOP 2125
90, HIGH ST., EDGWARE EDG 6751
17, WOODFORD AVE., ILFORD CRE 4815

291, HIGH RD., CHISWICK, W.4 CHI 0154
EECO MODEL S.E.37B

Push button, 20,000 O.P.V.
Test Meter. D C.
Volts: 0-1-10-50-250
-500-1.000.
A.C. Volts: 0.
10 - 50 - 260 -
500 1,000
D.C.
Current: 0.50
mA., 10 mA.'
50 mA.
Resistance: 0-5
k11-600 004614ff.
Inductance: 50 H.-2,000 H.
Capacitance: 150 pF.-0.02 pF.
D.B.: -200 +22 D.B., 2011 36 D.B.
THE SIMPLEST AND MOST EFFICIENT METER
ON THE MARKET AT £35s BELOW ITS
TRUE VALUE.

at 500 mV.
150 mA.
Res stance: 0.20 m.-2 m.-200 L-20 k. 160 k..
16 L-1600. Centre scale.
Decibeht;-20 to 62 (0 db 0.775 v.).

EECO MODEL S.E.550
100,000 O.P.V. PRO-
FESSIONAL TEST
METER.
Highest Accuracy: 3%
on D.C.V.-amps. -
ohms. 4% on A.C.V.
DM. Volts: 0-0.2-2.5-
10-150-250 at 100,000
O.P.V. 0-600-1,000 at
35,000 O.P.V.
A.C. Volts: 0-2.6-10-
50-250-1,000 at 12,600
O.P.V.
D.C. Amps.: 0-10 pa.

0.200 naA.-220 mA.-10 at

27.19.0 P. & P. 3/-.

MULTI METER BARGAIN
EECO MODEL 220S

4,000 O.P.V. on Both A.C. and D.C.
D.C. Volts 0-6-25-126-600-2,600.
A.C. Volts 0-10-50-230-1,000.
D.C. Current 0-260gA-0-220 mA.
Resistance 0-10 K0-0-1 Mega.
Decibel') -20 to +22 db.
Meter else Olin. x 31in. x Ilin.
Complete with test prods and battery.
Wonderful Value at 63/- + 3/- P & P.

FANTASTIC OFFER
(Ready built and
working) 4 speed
record player. In-
corporating a 21
watt output ampti.
Ser. Sin. 10,000 line
speaker and the
latest B.S.R. single
player unit. Beauti-
fully designed wood
cabinet covered with
two tone fabric it
blue and grey
Mains voltage 320
240 Volts A.C. only
Wonderful value at
27/9/6 Pins 7/6
P. & P.
6.P.10. Clip on guitar microphone complete with
screened lead 12/6. P. & P. 1/-.

EXTENSION SPEAKERS
IN CABINETS

2in., 25!-; 7in. x 410., 2 -tone modem design
with vol. control. 35/-; Sin.. with vol. control,
35/-. P. & P. 4/6.

TRANSISTORIZED MEGOHM
METER

The finest one nand operation Megga. on the
market. Full scale reading 0.621a at 200 volts.
Walt- plus 7/6 P. & P. Complete with fully
enclosed carry case and leads.

RONETTE BINOFLUID 15.F.40
STEREO CARTRIDGE

Freq. Res. 3042,000 cis Sensitivity 180 mV./
cm./sec. Load 1 ma 100 pF. Complete with
Sapphire Stylus.
Our Peke 12/6 ea. P. & P. 1/-.

RONETTE STEREO O.V.S.
TURNOVER CARTRIDGE

With 2 Sapphire Stylus.
Our Prim 11:1/8 ea. P. & P. 1/,

Acos 45
Die-cast. hand shaped body. Special offer.
115/8 plus P. A P. 2/6.

TELEPHONE PICK UP
For nee with any type tape recorder, wonderful
value, 5/0. Poet paid.

TECH. MODEL PV -58 VACUUM TUBE

VOLTMETER
Finest design for stable and accurate measurement.
1% tolerance on all resistors. Large design 41n. 200 a.
meter for accurate readings 11 megohm input.

Ranges:
-D.C.V. 0-1.5-5-15-50-120-200-1,500 v.
+D.C.V. 0-1.2-6-12-20-120-500-1,200 v.

0-1.5-5-15-50.160-200-1,500 v. R.M.S.
04.4-4-14-40-140-400-1,400-4000 P.P.

Resistance: 2 ohms to 1.000 megohm.
Decibels: -10 db. to +65 db.
Operation: 220/240 v. A.C. Size 71n. x Olin. x 410.
Each teeter 18 supplied brand new and fully guaranteed complete with probe and operating
instructions. ff
The finest value in tester available at only £12/19/6 Complete. P. & P. 3/6 ex.

EECO MODEL S.E.I00 TRANSISTORIZED
VARIABLE D.C. POWER SUPPLY

METER BARGES Voltage Range
Volt. 0-20 V.D.C. 0-20 volts.
Current 0-20 mA. Continuously variable.

0-200 mA.

Maximum Current Cap.: 0.10 v. 200 mA. Intermittent. 0-20 v. 150 mA. continuously.
Impedance Source: Current position. 3.3 ohms. Voltage position 0.2 ohms.
Power Input: 220/240 v. Size 61n. x 351n. x 2/in.
Fuse: 0.5 amp., slow blow, in D.C. circuit.
The extremely wide variable voltage range, low A.C. ripple and source impedance of
the S.E.100 makes It a most satisfactory power supply to operate transistor radios, hearing
aids, pre -amplifiers, instruments and other electronic devices under repair. The S.E.100
can be used in television and radio servicing, as an A.V.C. or A.G.C. voltage source as a
D.C. filament supply, operate relays, recharge small batteries and light eiectro plating
as in dentistry.
26/10/0 and operating instructions.

P. & P. 4/6. Fully guaranteed and complete with test lead, croc. clips

EECO MODEL S.E.200 MINI -LAB TESTER
This remarkable meter has seven test instruments packed
into one pocket size case which can be taken and used any-
where. Resistance Sahntittaion. 1000, 1K11, 10E0. 100E11
IMO. Coporitance Saban:ion. .002 mid. -.006 mid.,
.02 mfd.; 1 mid. and 10 cold. R.F. Signal Generator. Fre-
quency fixed at 445 Re/s. (adjustable to 700 Kc/s.), output
35 my. approx. Audio Generator. Frequency 400 c/s.
Output 35 mV. approx. D.C. and d.C. Voile. 4 ranges.
0-15-20-120-200 volts at 4,000 0.P. V. B.F. Field Strength
Indicator. Frequency range 1 to 140 Me/s. Antenna 2 sections

length 10/in. Size gin. x x 341n. The Mini Lab. is completely battery operated
and suitable for quick cheeks in the service shop and Home Service calls £8/19/6 each.
Complete with Test Prods and Battery, fully guaranteed.

EECO MODEL MS4
FLOORSTAND

Height fully open 551in. Fully
closed 33in. Three sections,
fully telescopic. UM or 4in.
mic. adaptor.

39/6 ea. P. & P. 5/-.
Heavy cast iron base. Won-

,p5in derfui value.

ELAC SPEAKER OFFER
5in. Speaker 8/8
61n. Speaker

Speaker 11/-
7in. x 4in. Speaker 10/ -
sin. Rola Celestien 9/6
P. & P. 3/,

NEW I! 1 NEW ! I !

CM61-High Impedance Crystal Mic. with
built-in on/off Switch. Complete with
Table Stand, Plug -In Mic. lead and neck
Holder all in a wonderful Satin Chrome
Finish.

* VALUE AT 33/6 + 1/9 P. & P.

MD 17S

DYNAMIC
MIC.

Impedance 50 E G.
Sensitivity: 55 db
at 1,000, non -direc-
tional, latest Amer-
ican design.

EECO MODEL UD801
U NI -DIRECTIONAL

DYNAMIC MICROPHONE
DUAL IMPEDANCE (6000. 50 Ic11)

Frequency Characteristics. 1000 14,000 c/s., lb db.
Sensitivity. -75db ± Rib at 60011. -65 db ± 3db at 50 k0 Odb.,_-
1 v./p bar.

Directionality. Uni-directional (200 7,000 c/s. over 12 db at 180'). This is a new and
high class dynamic unidirectional microphone very high in sensitivity and excellent
in frequency characteristics, maintains high stability even against poor ambient con-
ditions. 119/10/0 P. & P. 3/6. Complete with 12ft. twin screened mic. cable,

folly guaranteed.

SUN ACE 4 Ready built 4 transistor new posh button
Super de -luxe Tape Recorder.Circult -4 transistors.
Recording D.C. bias 1 -track, built-in Slin. p.m. speaker.
Recording time 17 mins. approx. on 200ft. tape.
Batteries TU 2.1 PP3. Complete with crystal micro-
phone -personal earphone. 200ft. Tape and reel.
Spare spool. Carrying strap and Batteries. Wonderful
value at only 24/15/- plus 4/9 P. & P. (Fully guaran-
teed).

EECO 4 -Channel Transistorized
MICROPHONE MIXER

Give all your recordings that professional touch.
The Eeco mixer allows you to mix 4 signal.
such as MM., tape, records and tuner into a
single output. Wonderful for groups, amateur
recorders, etc.
Guaranteed to give hours of pleasure.

FAMOUS MAKE
AMPS AND PRE -AMPS
at Vastly Reduced Prices

3-4 watts, 24/19/-; 4-6 watts, 25/18/8: 5/2
Stereo, 211/18/3; 10 watts, with separate pre -
amp., 215/2/6: 30 watts, 215/2/6; 50 watts,
216/2/6: Tremolo unit, 23/1519; tape pre -
amp., 29.

Miniature Push -Pull Audio
AMPLIFIER

4 -transistor, output 200 m.w., low and high
gain, inputs to operate 30 speaker. Wonderful
value, 31/5. P. & P. 2/-. Complete with operating
'Instructions.

A GENUINE 4 -AMP.
BATTERY CHARGER

for only 49/6 P. & P. 4/6.

WWI

,....11111111

Made in England to our own specification and
fully guaranteed.
High-Low-Med. Change Rate. 6 v. or 12 v.
Selector Plug. 200/50 v. Mains Selector Plug.
4 amp. cartridge fuse protection, complete with
mains lead, charging lead and croc. clips.

Personal Callers Only
RECORD PLAYERS

The Very latest Super Slim Line Antochanger
Record Player. Built and ready to go. Incorpora-
ting the New B.B.R. UA26 Super Slim Deck in
the latest design cabinet. 21 watt output with
tone and Volume Controls.
Fully Guaranteed 11 Oni.

VANTONE MAINS RADIOS

Ready built
5 -valve mperhet
with built-in Fer-
rite tuning bar.

£3/15/ -
Plus P. & P. 3/9.
Fully guaranteed.

This wonderful little radio will receive all
stations on med./wave loud and clear inc. Luxem-
bourg. Ideal for bedrooms, kitchens, or se a
second maim radio.

EHRECORDER
Ready built
4 Translator Tape
Recorder. Easy
to operate single
lever function
control. 200 mW.
output complete
with microphone
-3in. Tape -
Spare Spool -
Personal earpiece
and batteries.
Wonderful Value
24/19/8 Plus lif
P. & P.

The Silver Ribbon 625
INDOOR AERIAL

Also for 40.5 ITV
-BBC and P.M.
Complete with
co -ax. plug. 19/6
F. & Y. 1/-.
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For The Finest Value af
THE HOME OF HI -FIDELITY
COMPLETE MONO STEREO SYSTEMS TO YOUR SPEC-
IFICATION AT LASKY'S SUPER PRIVILEGE PARCEL PRICES

DEMONSTRATION STUDIOS
Hear and compare the very latest

HI -Ft EQUIPMENT
Visit our spacious rhos, morns at 33 Tottenha»t Court Road, 207 Edgware
Road or 152-3 Fleet Street, whichever is most convenient. In our Demonstration
Studios you can see, examine, hear and compare the very latest products in the

realm of high-fidelity reproduction.
 TAPE RECORDERS  TAPE DECKS  MICROPHONES 
AMPLIFIERS  CONTROL UNITS  AM/FM TUNERS 
RECORD PLAYERS  AUTOCHANGERS  TRANSCRIPTION
TURNTABLES 5 PICK-UPS  LOUDSPEAKERS  SPEAKER
SYSTEMS  CABINETS AND ENCLOSURES  TRANSISTOR
RADIOS.
by all the well-known makes including:-
ARMSTRONG G.E.C. LORENZ STELLA
BRENELL GOLDRING LOWTHER STUZZI
CHAPMAN GOODMAN LUSTRAPHONE TANDBERG

ORTOFON TANNOY
PAMPHONIC TELEFUNKEN
PHILIPS THORENS
QUAD TRUVOX
RESLO VORTEXION
ROGERS W.B.
SIMON WEARITE
SOUND WHARFEDALE

COLL ARO
CONNOISSEUR
COSSOR
DULCI

ELIZABETHAN
FERROGR APB
FT -CHORD
GARRARD
f you sannot pm or IA e. ti ssof

t,f. saes to quote. Yes ColophO

GRUNDIG
HARTING
H.M.V.
JASON
KORTING
LEAK
LENCO
LINEAR

ol You. eholos of spapotent and See shall hs

COMPLETE SYSTEMS
Lasky's "Privilege Parcel " allows von to mochas,' the Audio System of your choice at a
th-while cash saving. We shall be pleased to rte rte our Privilege Parcel " Prices for any

6,4 ion of equipment od lour own ch.+, s. rel del ,ils of yout retmirements. H.P. Terms
can be arranged on Privilege Parcels.

RECORD PLAYERS

COLLAR() Studio C60. Wired fur
stereo with monaural cartridge.

E6 19 6

4 -SPEED AUTO -CHANGERS

B . S R. LFt AUTOCHANGERS AT
OWEST EVER PRICES !

All brans new and luny guaranteed complete with
cartridge and stylus.
1' Alti 4.spec.1 noting model £4 19 6
CA20 4 -speed £5 19 6
Add 5/- P..k.. P. on each.

GARRARD
Auto-Olim Mono
Auto -slim Stereo
Auto -Slim Mono Plug-in head
Auto -Slim Dr Luxe Mono AT6

MAGNAVOX-COLLARO lat. Auto -Slim De Luxe Stereo ATS
eat model. 4 -speed Stereo ATOP, Mono
Autoehanger. Fitted diamond ATOP. Stereo
stylus and record dust cleaning 3000LM with stereo cartridge
attachment Stereo £7 19 8 Postage on all above 5/-.

TRANSCRIPTION MOTORS LENCO GL58 617 1 9
GARRARD 411F, star. or room £16 19 LENCO 1488
G ARRARD 401 C32 10 LENCO OLIO

£18 18 5
2.1. 9 4

GARRARD Lab. 80, Mono .. £28 17 TRORmits 135

£29 15
GARRARD 301 (Strobe/ .... £21 0 Auto start and atop. With pick -op and
GARRARD A with GCS.... £19 14
GARRARD with EV26A £20 10

crystal cartridge.
GARRARD T.A. Mk. 11 Mono £7 17 3

PHILIPS A.0/10111 £12 12 GARRARD 8RP10 latest model single

CONNOISSEC It COLLAR£12 9 player with G.0 S
() JUNIOR 4 -spied motor and

BRAUN PC4L Stereo 25 9 11

croft..., II £17 2 1 pick-up ' 69/6
I ' raftsman II I ii volt battery version, 4 -speed with pick-up
Model R

£22 19
69 6

GARRARD Lab. 80, Stereo
TRORENS TD124
SINGLE PLAYERS

£6 10 0
10 0

£7 7 0
£11 9 0
£12 5 0
£10 8 2
£11 5 11
£11 11 11

4
£38 7

8

All other current models available. Postage on all above 5 - extra.

EMI 4 -SPEED SINGLE RECORD PLAYER
alit fight.

t t ts . _ tt cartridge.
v ianot i' 1,111111,1 I 12 C Sin. metal

loratable is titled with AuCO-stop. For nse on 200/250
.oft A.C. Mains. The stereo eartrialge will play all types of
M0110 Remade. 78s, L.P.s. etc., but l desired a G.P. 07
1.P/78 Mono cartridge will be supplied In ih a of the C.P73
.1 no differem.. ill

LASKY'S PRICE 79'6

HI-FI FURNITURE

Pet

by RECORD
The full range of Record Rousing equipment-eabinets, speaker enclosures, etc.

IN Delivered anywhere. Catalogue FREE on request.
stocked

TAPE RECORDERS
REFLECTOGRAPH MODEL
SEMI-PROFESSIONAL TAPE RECORDER

These recorders are new and guaranteed in
the maker's original cartons. They represent
an excellent opportunity for the professional
and the quality conscious amateur I ti acquire
the best at almost half price. Brief specifica-
tions: Frequency moon. 35 to 15,000 eis
at 71 i.p.s.; two speeds -71 and 34 i.p.s.;
3 motors; 81in. reel capacity; record level
meter; separate record and playback volume
controls; bass and treble controls; fast
forward and rewind; bnilt-in 8 x Sim speaker
with extension US. socket: monitoring
facilities provided through the internal
speaker; outlet from pre -amplifier for extra
amplifleatioig for 200/250 v. 50 c.o.s. mains
use; tape position indicator fitted; inputs
for microphone and radio/pick-up. The
recorder Is finished its grey and isno.anted
in free-standing mahogany plinth i z 16 o Sin.

List price of this Recorder is e110151,
carre,c, and insurance 30/- extra.LASKY'S PRICE 69 Gns

FEW ONLY-,'arrying CRS, for t he Refloat., tn. ot LASKY'S PRICE 6/ Gns. Post 7i-.

PAMPHONIC VR 53 STUDIO RIBBON MICROPHONE
For use with the Reflectograph Model A Recorder. Low quality. Ribbon Microphone. New
and unused in maker's original packing. Low impedance. Listed at £911916.

Pod 7/6. Post tree if ordered with the
e. ileetograph Recorder.

HIGH QUALITY TAPE RECORDERS
Chmplete with crystal microphone, reel of tape and empty spool. General apeeifleation: Tone
Control; Visual Recording Indicator; Inputs; Microphone; Radio; Record -Player; Telephone
Adaptor; Automatic Erase; Past forward and reverse; 3 ohm speaker with extension socket;
Carrying Case with detachable lid. Sir. for Models A and B: 141 x 14 x Size for Models
C and IV 14 121. x glin.

LASKY'S PRICE £4.19.6

MODEL A Fitted with Callar01-track Studio Deck. Speeds 11, 3: and 71 Spool
capacity Tin. Playing Times: up to 18 hours. Frequency Response: 12,000

i.e. at 71 i.p.s. Mains Voltage 200-250 v. 50 cis A.C. Output 3 watts.

LASKY'S PRICE 27 Gns. Carriage and Insurance 15/. extra.

MODEL B Fitted with Collar° 1 -track Studio Deck. Specification as for Pour Track
model above. Maximum Playing Time: up tog hours from one reel of tape.

LASKY'S PRICE 25 Gns. Carriage and Insurance 15/. extra.

MODEL C Fitted with B.S.R. 1 -track Deck. Specification: Single speed, 3: i.p.s'
Freq. response 10,000 c.p.s. at 34 i.p.s. Spool capacity: 511n. Mains volt-

age 200-250 v. 50/60 cis A.C. Output: :3 watts. Playing time up to 3 hours.

LASKY'S PRICE 18 Gns. Carriage and Insurance 16/- extra.

MODEL D Pitted with B.S.R. 1 -track Deck-otherwise same specification as the
Mtslel hut mayinium playing time increased up to 6 hours.

LASKY'S PRICE 21 Gns. Carriage and Insurance 15/- extra.
H.P. Terms are available on the above models,

AMPLIFIERS
PAMPHONIC TYPE 1004 AMPLIFIERS

A 10 -watt integrated !Willa nnpli-
tier with inputs for Radio, Tape.
Mk. and pick-up. Frequency
response 20 cis to 30 lic/s. Three
different equalising settings for
pick-up. Volume, bass and
treble controls fitted. also variable
,contour (dope) contra - Output
socket for tape recorder fitted.
Extra H.T. and L.T. provided
for auxiliary equipment. Output
impedance 3 and 17 ohms. For

all A.c. main,. voltages 1110;270. In fro, -tending metal eabinet finished in -brown hammer
enamel with gold escutcheon. Cabinet size 13 v 10 x 41a. List Price 25 Ong.

LASKY'S PRICE 15 Gns. Carriage and Packing 10/6.

ARMSTRONG EQUIPMENT
We dock all the latest models by this
famous manufacturer.

A.F.208 521 4 0 I.1 e £17 19 0
Model 227M £5615 0 T.4.b. £20 8 0
Model .2.23 £28 15 0 127M £26 10 0
Stereo 75 £29 18 0 127 £37 10 0

£52 15 0 8.T.3. Mk. II £25 12 0
281 0 0 x.co Stereo Amp. .. 123 12 6
£27 10 0 P.C.C. 25 Stereo Pre -amp £21 0 0
£22 10 0 Optional eases £3 10 0

H.P. Terms available.
-- VIKING GUITAR/P.A. AMPLIFIERS

" TRANSISTOR 50 "-CO watts, fully transisterieed with tremolo 45 ulna.
- SOUND 80 "-- 30 watt valve model, 8 inputs 35 Goo.
Matching Speaker System for the " Viking ' amplifiers 33 Gas.
For details and illustration see March " W.W." including special package deal offer for the
amplifiers and speaker system.

Model 2.7
Model 9.6,

.222 Atop.
M.lei 224

LASKY'S RADIO FOR FINEST VALUE and COURTEOUS SERVICE
4WW-144 FOR FURTHER DETAILS.



Apmi., 1965 WIRELESS WORLD

ervice in Great Britain
CONSTRUCTORS BARGAINS

THE WIDEST RANGE AVAILABLE TODAY FOR HOME CON-
STRUCTION OR READY BUILT TO HIGHEST STANDARDS

Le consider our Construction Parcels to be the finest value available on the home construction market. If on receipt you feel I

ot competent to build the set, you may return it as received within 7 days, when the sum paid will be refunded less postage.
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TRANSISTOR PORTABLES
THE SKYROVER AND SKYROVER DE LUXE
GENERAL SPECIFICATION
7 transistor plus 2 diode superhet, 6 waveband
portable receiver.
The SKYROVER and SKYROVER DE LUXE
cover the full Medium Waveband and Short
Waveband 31-49M.. and also 4 separate switched
band -spread ranges, 13M., 1631., 19M., and 25M.,
with Band Spread Tuning for accurate Station
Selection. The coil peek and tuning heart is
completely factory assembled, wired and tested.
The remaining assembly can be completed In
under three hours from our easy to follow,
stage by stage inetruotione. Superhet, 470 KO.
All Willard Translators and Diode. Uses 4 U2
batteries. bin. Ceramic Magnet P.M. Speaker.
Easy to read Dial Scale, 600 MW Output. Tele-
scopic Aerial and Ferrite Rod Aerial.

NEW! SKYROVER MK. III (Illustrated). New supplied with
redesigned plastic cabinet, finished

in black and grey with chrome trim, edgewise controls. Controls Waveband Selector, Volume
Control with on/off switch, Tuning Control. In plastic cabinet, size 10 x 61 x 31in. with metal
trim and carrying handle.

Can now H.P. Terms: ill deposit and Total H.P.P. I

be bullt £8.19.6 1;!"etxtra. 11 monthly payments of 16/8 £10/1/13

The SKYROVER De Luxe Tone Circuit is incorporated, with separate
Tone Control in addition to Volume Control.

Tuning Control and Waveband Selector. In a wood cabinet, size 111 x 61 a Sin. covered
with a washable material with plastic trim and carrying handle. Also car aerial socket fitted.

Can now £10.19.6 Post 6/- R.P. Terms: 251- deposit and Total H.P.P.
be built toeextra. 11 monthly payments of 20/-. 212/51 -

Data for each receiver: 2/6 extra. Refunded it you purchase the parcel. Four U2 batterie
3/4 extra. All si imponentu available separately.

* LONG WAYEn AND COVERAGE IS NOW AVAILABLE FOR THE SKYROV ER
& SKYROVE R DE LUXE A simple additional circuit provides coverage of the 1100/1950 M.
band (including 1100 11 Light programme). This is in addition to all existing Medium and
Short wavebands. Ail necessary components with construction
data.

n
Only  `./ extra. Post Free.

This conversion In tellable for Skatinni and Skyrover De Luxe receivers already constructed.

REALISTIC SEVEN
Fully tunable over long and medium wavebands. Uses 7
Mallard Transistors; pins Diode OA70.
STAR features:
* 7 Translator Superhet. * 350 Milliwatt output 4in. high
flux speaker. * All components mounted on a single printed
circuit board, size Slim x Stin., in one complete assembly.
* Plastic cabinet, with carrying handle. elm Tin. x 10in. x 31in.
in blue grey. * Hwy to read dial. * External socket for ear
aerial. * I.E.-frequency 470 Kehl. * Ferrite rod internal
aerial. * Operates from FP9 or similar battery. * Full com-
prehensive data supplied with each receiver. * ARcoils
and I.F.a, etc., fully wound ready for immediate assembly.
An outstanding Receiver.

Can

£5
be built, for

.19 . 6
Post 4/6.

REALISTIC SEVEN De Luxe By popular request s De Luxe version
of the well-known Realistic Seven

now available. Witistise mane electrical specification as standard model -PLUS A SUPERIOR
WOOD CABINET LN OONTEMI'ORARY STYLING covered in attractive washable material,
with super -chrome trim and carrying handle. Also a fell vision circular dial, externally mounted
to further enhance the pleasant styling. ONLY 41 EXTRA.
Both models: Battery 3/9 extra. (All component. available eeparately). Data and inetruotion
separately 2/8, raeogag 6 you purchase parceL

EINCLAIR SUPER MINIATURES
THE MICRO -6 Self-contained pocket radio, size only Illn. x 'Ain. x tin.

Truly amazing performance. All parts complete with earphone
and detailed construction data. Mercury cell 1/11 extra (tl. required).

CAN BE BUILT FOR 59/6
THE SLIMLINE The new 2 -transistor pocket radio size only Slim x 11M. x

liter. Micro alloy transistorised and printed circuit.
CAN BE BUILT FOB 49/6All components available separately. Eaay to assemble.

THE NEW X1010 watt power amplifier fitted with Integrated pre -amplifier.
Requires only 1 mV. for an output of 10 watts undistorted.

Size only 6 x 3 x lie. Weight 5 oz. Circuit uses 7 M.A.Ta and 4 R F power
transistors. KIT PRICE 651 9.6
AVAILABLE READY BUILT, TESTED AND GUARANTEED, 28/19/6 POST FREE.
3 pots. for vol., Bass and Treble, 7/6 the 3 extra. Mains power pack, if required, 54/-.

MINIATURE EARPIECES for Transistor Radios, Transparent ear
inserts with 3ft. cord, sub -min. jack and socket. Fully guaranteed. Post free.
CR.5. Crystal high imp 5 0
MR.4. Magnetic low imp. 6 6

CONSTRUCTORS BARGAINS
THE NEW "KUBA"
STEREO
RADIOGRAM
CHASSIS

Long, medium and short
waveband coverage, plus
V.H.F./F.M. Piano key
wavechange. Separate fly-
wheel tuning on A.M. and
P.M. Bass, treble and balance controls. Magic -eye tuning indicator. Ferrite roil aerial. The
very latest printed circuitry. Provision for mollifies. 5 valves: ECC65, E011:401,
ECC83, ELL80, EAF801. Full vision tuning scale sire 21 x Oln. Overall dimensions 21 x
61 x Sin. Made to the very highest standards. I0 output. 5 watts per channel.

LASKY'S PRICE 294- GNS., Carriage and insurance 12/6 extra.

IMPORTED AM/FM

BUILD A HIGH QUALITY TAPE RECORDER
Using the famous Collaro "STUDIO" deck and MARTIN

pre -assembled amplifiers, 2- or 4 -track models.
COLLARO STUDIO TAPE DECK.
Latest model 3 speed, 3 motors. Takes 7in. reels. Fitted with half-track heads.
New and Unused. LASKY'S PRICE 210/101- Carr.. & Pack. 7/6.
COLLAR() STUDIO TAPE DECK. A, above but fitted with the latest
quarter -track heads. LASKY'S PRICE 213/19/6. Cart. & Pack. 7/6.
MARTIN TAPE RECORDER AMPS. Designed for use with Collar° Studio
Tape Deck. In sub-aseembiles for immediate installation. 6 -valve circuit. Comprehensive
Instructions make final assembly as simple se possible. Everything supplied including valves,
etc. Monitoring belittles. 3 ohm output, speed equalising, etc. For 200-250 v. A.C. mains.
PRICES: 1 track Model 211J11/-. 1 -track Model 212/12/-. Poet 2/6.
Portable carrying case designed to take the Collar° Studio Tape Deck and the Martin Tape
Amplifier. Fitted with 9 x bin. speak,. Price complete with speaker 62/6/-. Post 5/...

HI -F1 TAPE RECORDER HEADS 10gb Low
Impirup. Recrase.ord/

Pay. .

Upper or lower track. LASKY'S PRICE 29/6. Post free per pair. State track required.
MARRIOTT " X " Type 1 -track heads LASKY'S PRICE 4 GNS. pair.
1 -track heads Record/Play and Erase LASKY'S PRICE 59/6 pair.
MICHIGAN l -track heads LASKY'S PRICE 5 GNS. pair.
BOGEN 1 -track heads LASKY'S PRICE 7 GNS. pair.

TRANSISTORS ALL BRAND NEW
AND GUARANTEED

GET SI, GET 85, GET 86 2/6; 837A, 874P 3/6; 0C45, 0071, 00810 4/6; 0044, 0070, 076,
0081 (match pair 10/61 5/6; AF117, 0075, 00200 8/6; 0042, 0C43, 0073, 0082D 7/0;
00201, 00204 15/-; 00205, 00200 19/8; 0028 24/11

TRANSFI LTE RS By BRUSH CRYSTAL CO. Available from stock.
TO -01B 466 lee/s. 2 Irc/a. I

TO -02D 470 Ws. s 1 kc/s. 6/6 EACHTO -01D 470 he/e. s- 2 kc/s. TF-0111 466 kc/s. s- 2 Ws.
TO -02B 466 Ws. r. 1 kels. TF-01D 470 kc(s. s 2 kms. Post 6d.

JASON EQUIPMENT
High quality home construction units for the discerning

Hi-Fi enthusiast. We stock the complete range of
component parts.

FROM PRE -AMP TO 20 WATT

ASSEMBLY

HI-FI STEREO
BY BUILDING WITH MARTIN AUDIOKITS-AVAIL-
ABLE FROM STOCK.

Using specially developed eircuits, the very latest transistors and printed circuits-tbese
kits are all fully checked and tested before leaving the factory.
KIT 1. 5 -stage Matching Input Selector Unit LASKY'S PRICE 22/7/6
KIT 2. Pre -amplifier with volume control LASKY'S PRICE 21/1716

ping-fn
'In.Pth' Inc individually

KIT 3. 3 -Channel Mixer, with

LASKY S PRICE 23/2/8
matching each circuit. Adaptor. 8/6 each LASKY'S PRICE 23/19/6

LASKY'S PRICE 25/12/6
HIT 4. Pre -amplifier with tone/volume control stages

LASKY'S PRICE 2£28//11.22.;66
KIT 6. 10 and 3 watt Main Amplifier
KIT 6. Power supply Converter Unit

LLAArry'fis PRICEPRICEKIT 7. 16 ohm version of Kit 5
KIT 8. Power supply fur Kit 7

TAPE DECK MOTORS Motors for the Collaro Studio
Deck -new and unused. 200-250

v. A.C. Take-up and rewind. Listed at 22/5/- each.

LASKY'S PRICE 14/11 each Post 216.

State motor required when ordering.
High quality tape deck capstan motor made
by E.M.1. Holland. Bi-directional. Size LASKY'S PRICE 19/11 Post 3/6
41n. di. x tin. high, lin. x lit. spindle.

SEED FOB OUR LATEST BARGAIN BULLETIN. 20 foolscap pages. Hundreds of
Bargains for the "ham" and service man. PRICE 6d. POST FREE.

LASKY'S FOR SPEEDY MAIL ORDER SERVICE P.T.O. FOR Ws
MORE NEWS

4WW-145 FOR FURTHER DETAILS.
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Britain's Leading Suppliers of
AUDIO & TEST EQUIPMENT
HUGE STOCKS OF COMPONENTS, TEST GEAR, READY
BUILT BARGAINS, ETC. SPEEDY MAIL ORDER SERVICE

READY BUILT BARGAINS
THE "TRANSISTOGRAM"

.4 (.11.1. Kittery °pentad fully 1 ramistorised Record Player -blade
1,y fatuous British inanufacturet folly go sauteed. Size 61 x 12 x 101in.
Weight 10 Ib, Operates 011 6 1.2 butts. 4 speeds -161. 33k, 45 and 78 r.p.m.
floldring Cygnet player Mill with lightweight pick-up fitted with CM -60
t urn over ceramic eartridgr.. Output 500 ItiNV into Sin. ceramic magnet
speaker lit ted into lid for maximum sound distribution. Cabinet,
conslrnete,1 of wood. eovered in two tone (pale blue/grey) leather
cloth. 11 igh quality :Amplifier will tone awl vol. controls gives
c reproduction. Plays 7in., 101n. and 12in. records.

:flue 12 gic..

LASKY'S PRICE £6.19.6
New and guaranteed. Carr. & Das. 7/6.
It 132 butts. 4/- extra. (Leakproof 51-)

TRANSISTOR POCKET RADIOS
Ideal Gifts -all supplied complete with personal earpiece, battery and
cam ing ea,. Fully guaranteed -ready to use. POST FREE.
BOY'S 2 TRANSISTOR In attractive plastic case. Size only

4in. x x fin. Pitted 21in.
sneaker. Socket for personal earpiece.
tees PICI battery. Tunabel over full LASKY'S PRICE 39'6
medium waveband.

BOY'S 4 TRANSISTOR MODEL LASKY'S PRICE 49'6
6 TRANSISTOR MODEL

ycrakcr. I'sc., siugl, 1'P:^. typo battery Tenable over full LASKY'S PRICE 69'6
2 Waveband (Long and Medium) Model Size 5 x 31 x Llin. LASKY'S PRICE E5.9.6

plastic Real leather carrying case.

STAAR KINDER RECORD PLAYER
45 r.p.m. 6 v. hall. operate.). Complete with pick-up fitted
erystal ,arl rige. size only 71 x dim Fitted auto. stop and
start. New and perfect. 49/6 Poet 2/0.

LASKY'S PRICE
NOW IN STOCK -2 speed model
for 334 and 45 r.p.m. (As illustrated)

En le
loot 2/0.

THE HARROW POWER PACK
Battery eliminator for portable radios, etc. Converts your battery radio to A.C. mains. Replaces
41 v..6 v. and 9 v. batts. Size only 3fit x 2in. x 21in LASKY'S PRICE 29/6 Post
State Voltage required when ordering.

GUITAR PICK-UPS
COM5 Crystal -high imp. Size only llin. x ?in. o lin. Clips to finger board -no screws.
Complete with cable. LASKY'S PRICE 15/11. P. & P. 1/..
CGM35. Magnetic -high imp. Fully adjustable pick-up position carrier. Simply fixed. ',Separate
tone and volume control. Heavy chronic finish. Pick-up size Wu, x 111n., control size 21in. x
1:in., complete with long lead and screened jack plug. LASKY'S PRICE 59/6. Post 1/6.

COMMUNICATION RECEIVERS
MODEL HE30
Covers 540 Kota. to 30 Mc/e. Faeilitiest
A.N.L., A.V.C. and M.V.C. Q Multiplier
also serves as B.F.O. H.F. stage and two
I.P. stages ensure high sensitivity
and selectivity. 9 valves. Stand-by position
for use with a transmitter, S meter
fitted. 200-250 v. A.C. mains. Brand new
with full instruction manual, steel cabinet,

15:, 10in.

LASKY'S PRICE 33 GNS. KIT PRICE 25 GNS.
POST
FREE

H.P. Terms (Ready Built); £61.3 dep. and 11 months at £2 16 -. Total H.P.P. £37'9,-*

MODEL HE40 Coves medium wave band :out 1.6.4.4 Mc/s., 4.2-11.0
Mc/s. 11.0-30.0 31c/s. in separate switched band spread

ranges. Controls B.F.O. Sensitivity, A.N.L. Receiver - . Stand-by Switch, Tone Switch, fl -Meter.
For 200/250 V. A.C. Internal loop find teleseopie antennae fitted. 4 valves and metal rectifier.
Size 131 x 81 x 51in. Full instruction manful. No Kits available.

LASKY'S PRICE 19 GNS.TotiP PIT eg21/127,"(11,"2,1g.f1118/:.
MODEL HE80 1.4 -valves. Freq. range 540 Kets.-30 Me/e. and 144-146 Me/s.

Dual conversion on 2 metres, with extra B.F. stage. Single R.F.
stage, two IF. stages on all other bands. B.P.O. and Q; multipliercircuit.. Improved A.N.L.
and voltage regulated powmpack. " meter, baud spread on amateur bands. Outputs for
speaker and phones. Steel case 17 x 71 r. 10in. For 200/250 v. A.C. mains. Brand new w it I
full instruction manual. No kits avaihible.

LASKY'S PRICE 59 GNS. klgilTrpn. !pg. 1.1(4.17- d.e.p. and 11. rr Puck. $1111E-.

TEST EQUIPMENT
TEST METER ADAPTOR
Type PE 2211- this is a fully transistorised deu De whieli enables
any 50 microamp D.C. Multimeter to be used in place of a valve
volt meter. On the 1 v. range mi impedance of 1 inegohm is offered
which increases on the 1,000 v. range to 100 megohms. 7 ranges:
1 to 1,000 v. Designed for immediate connection to Are 7, 8 and
similar size meters but quite suitable for use with any other 50
microamp meter. Size 6 X 6 0 Bin. New and boxed. List Price 7 Gas.

LASKY'S PRICE 39/6. Set
Pa 26r

Ds 7/5 extra.

TEST METERS brand new complete with test leads and bath.
HAIM 20,000 O.F.V. .. £5 19 6 P-1 2,000 O.P.V.
TE-18 1,000 0.1' V £1 19 6 P-3 4.000 0.P V171H-500 30,000 O.F.F. .... £8 17 6
SOO-H 20,000 O.P.V. £5 5 0 MT -589 50.000 O.P.V. £10 19 6
Complete range of Avo and Taylor Meters and Test Equipment in Stook, also complete
range of all Hombres and Jason Test Equipment.

£2 12- 6

£4 2 6

INTERNATIONAL TAPE
Famous American Brand Fully Guaranteed at record low
prices. Is sealed cartons.
3in. Message tape, 150ft.
3in. ?damage tape, Seat.
Sin. Message tape, 30011.
3 tin. Triple play, 600ft. Mylar base
On. Triple play, 900ft. Mylar base
Sin. Double play, 1,20021. Mylar base
Din. Long play, 900ft. Acetate base
Sin. Standard play, 60011. P.V.C. base
Sin. Triple play, 1,800ft. Mylar base
Olin. Double play, 1,800ft. Mylar base
54in. Long play, 1,200ft. Acetate base
51in. Standard play, 850ft. P.V.C. base
51in. Triple play, 2,400ft. Mylar base
7in. Standard play, 1,200ft. Mylar base
7in. Long play, 1,800ft. Mylar base
lin. Double play, 2,400ft. Mylar base
7in. Long play, 1,800ft. Acetate base
7in. Triple play, 3,600ft. Mylar base
Post 1/- extra per reel; 4 reels and over Post Free.

3/6
4/11
7/6

15/-
17/6
15/-
10/-

6
358//-
22/6
12/8
11/8
45/-
12/6
19/6
25/-
15/

581-6

TELEPHONE AMPLIFIER
Powerfully amplifies the incoming call. Fully transistorised.
Pick-up suction fixed to phone. Battery -operated. Fitted
with on/off switch and VOI. control. Size x 3 x 1/1n. Com-
plete with 1'1'3 battery. LASKY'S PRICE

69/6 2°s`.

BABY ALARM/INTERCOM
Fully transistorised miniature intercom that has all
the features of sets many times its size. Battery
consumption is exceptionally low and makes this
system particularly suitable for use as a Baby Alarm.
Specification: 2 transistor: Sensitivity; more than
55 dB. Power. one 9 v. butt. or equiv. (approx.
life 50 houn). Size of units 4 x 21 x 11in. The sturdy
plastic cabinets are finished in ivory and silver
with chrome stands. LASKY'S PRICE NM P&P.
2/6.

EXPORT MODEL -TV OFFER
625 line T.V. chassis (Export Model). For 200-250 v. LC./
D.C. mains. Fitted with Band I -I11 buret tuner. Fully
loaded with 12 sets of wile for all CC1R channels in these band
F/M sound.Made by famous British manufacturer. 15 Bullard
valves. Electrostatic focus and deflection. Will take 17in.,
19in. 21in. or 23in. CRT. All controls fitted. Supplied new
and unused with all valves. 71u. x 4iu. speaker and 17in.
CRT (km cabinet).

LASKY'S PR10E£25 Carr. & packing FREE
to any part of the World.

(Tube sent at buyer's risk.) An allowance of £3 Will be made
if the CRT is not required. Circuit data included FREE.

CRYSTAL PICK-UP CARTRIDGES
LOWEST PRICES EVER!

All Complete with Styli L.P. and Standard, lady guaranteed.
Standard Fitting will at most P.O. Arms and Heads. Postage
1/- extra each.
Aces O.P. 5.9 14/-
Acos G.P.65/3 15/-
Acos 17/-
Acos G.P.07/1 14/ -
STEREO Aeostereo 73/1, with 2 sapphires 25/-
Acostereo 73/2, with diamond LP/Stereo and sapphire

Std 29/6
Roftette Stereo 0.V. Turnover with 2 sapphires 25/-
Hone(i, Stereo type IOU and 106 with 2 sapphires 25/-
Ronctte Stereo type 105 and 106 with diamond

LP/Stereo and sapphire Std. 35/ -

AND EVEN LOWER PRICES
Save money: Some of these cartridges are cheaper than styli

Mono,2 sapphires 4/11
Collam Type C, I sapphires, stereo 15/-
condi St:1 Diamond LP, stereo 3.7/6
Sonotone 8T, stereo 19/10
Sonotone SPA, mono 15/ -
Postage 1/.. extra each.

TAPE POSITION INDICATOR
Op.. v. a. us...I 1,, ems) makers. With re -set knob.
3 DIGIT 7 6. 4 DIGIT 10/6. Post 94. on each.

207 EDGWARE ROAD, W.2.
toomm 152/3 FLEET STREET, E.C.4.
33 TOTTENHAM COURT ROAD, W.I.

-11111RIOOt
FOR

MORE NEWS

PLEASE ADDRESS ALL MAIL ORDERS TO OUR

Few yards from Praed Street. PADdington 3271/2
Open all day Saturday. Close I p.tn. Thursday.

Near " Daily Express " Building. FLEet St. 2933.
Open all day Thursday. Close I p.m. Saturday.

2 mins. Oxford Street. Nearest Station, Goodge Street. MUSeum 2605
Open all day Saturday. Close I p.m. Thursday.

HEAD OFFICE: -207 EDGWARE ROAD, W.2.

U

U

U
U

U

rLASKY''S FOR D.I.Y. CONSTRUCTION BARGAINS
4WW-146 FOR FURTHER DETAILS.
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TEST EQUIPMENT.
* Marconi Universal Impedance Bridge Type 373d.

Perfect condition gm, P.P, 151-
* Marconi Circuit Magnification Meter Type 3290.

As new. Late model ggg. P.P.. 30;
* Marconi Signal Generator Type 1440. Perfect.

£18. P.P. 40/.
* Muirhead Valve Maintained Tuning Fork Type

D -630-C incorporates stabilised power unit, Frequency
1,000 c.s. There instruments are new and comply
to laboratory standards £25.

Furzhill B.F.O. 0.10 kegs.. Perfect yowl:tom. As
new. Complete with transit case, etc. £12. 1..1'. 20i.

OSCILLOSCOPES
Coesor Double Beam Type 1035, perfect [aiad,. 227,10/,

Coerce Double Beam Type 1052, portable, condition new,
gm P.P. 20/-.
Hartley/Erscine Double Beam Type 13a, perfect condition.
gm P.P. 201,
B.P.L. ELECTRONIC FREQUENCY METER TYPE FM906.
B. Mk. 2. Range 100 ca. -10 kola. direct reading on bin. scale
meter. facilitates for output to precision recorder if required,
as new, gag. P.P. 1716.

G.R.C. V.R.F. PANORAMIC RECEIVER TYPE B.R.T.682.
Range 70.200 Mc,n. A laboratory instrument In as new
condition, £125.

* GR. type 583A Power Output Meters. range Molt. to a w.,
input impedance 2.5.20k ohms, meter calibration 0-50mW
and 047 DB, multiplier .1. 1. 10, 100 size iii x 6 x Ito in
perfect condition £121101-. P.P. 7/6.
Measurement Corporation Square Wave Generator type 71
Frequency range 5 c.p.s. to 100 Keis. for 250 v. A.C. operation.
size 15 x 8 x yin., in as new condition £35. P.P. 1716
PREC. DIRECT READING CAPACITY METER
Range 0-250 pf in three switched ranges. capaeitators can be
measured on this exceedingly accurate meter directly to
terminals or by probe, easy to set up, easy to use. indication
to flinch meter, size 12 x 8 x Sin £35. P.P. III,

COMMUNICATIONS RECEIVERS
* AR88D, as new £45. P.P. 15/-
*Hallicraftere 827 FM/AM 27.8 to 143 Me/s. from £25. P. P. 25/-
*S.T.C. 1146 1.5 to 10 Mc/s. perfect order 212. P.P. 17/0
*Hamrnertund Super Pro SP4008X, 1.25 to 40 Mole. with

power unit, in excellent condition £45. P.P. 17/6
* Marconi CR 100/2 60 Res. to 30 Mc/s. perfect condition

£25 P.P. 19/6.
All receivers and test equipment offered arc in excellent-
merating condition unless otherwise stated,

RELAYS TYPE 3000
8 C.O. double wound coil 10+66 ohms, special latching type,
a reverse polarity current to either coil releases armature.
operating voltage. 6 or 12 v. d.c.. brand new stock by famous
manufacturer 17,6 ea.
6 CO. 500 ohms, new stock 101- ea.
0 C.O. 300 ohms, new stock 10/- ea.
6 C.O. 350 ohms, new stock 10i- ea

RELAYS TYPE 400
4 C.O. 1,000 ohms. new stock
4 C.O. 500 ohms, new stook
4 CO. 500 ohms slugged type

RELAYS, MINIATURE
S.T.C. 410400, 24 v. 700 ohms. 2 C.O.
B.T.C. 418gb, 6 v. 45 chum 2 C.O.
S.T.C. 41840E 48 v. 2.700 ohms 2 C.O.
S.T.C. 4186KA. 1 v. 2 ohms, 2 C.O.
Al: above relays gig ,:act, 1,111A P.P relays

SIGNAL GENERATORS VHF:UHF
l.R. type 804 Signal (lent.] stors. Frequency rang, 8-

:330 Mobs directly calibrated in 5 sw ached bands. noel.
up to 75% at, 400 c.p.s., output from luv. to 20mv., ea.
read output and mod. per cent meters, for 250 v. A.C.
operation size 19 x 12 x 8in. this One laboratory instru-
ment at a price you can afford, in perfect condition, £25
packing and carriage paid.

POWER UNIT TYPE 234A
A source of power to operate your 1392 R/ or any
equipment that requires a fully; smoothed output of
250 v.d.c. + 6.3 v. at 6 amps.. for bench or 19in. rack
mounting, fully fused tapped input 200 to /50 v. a.c..
brand new cased units at only 55/-. P.P. 12/6.

7i-
7l -
7/6 ea.

D  w D R-

Hand operated type in perfect condition, complete with
counter wire. guides. etc. £35. P.P. 20/ -

SPECIAL OFFER

of new boxed
Weston dual
range Micro Amp
Meters 50 and
100 size 34 in.,

Busk mounting,sealed type
59/6

P.P. 3/6.

FREQUENCY METER TYPE CT49
Small ladle absorption meter frequency range 450 ce to 22
Ke/s in four directly calibrated ranges ideal for frequency check
of terminal units, F.S.K. etc. power supplies dry batteries 1,5v
and 12v. Price as new £8.10.0. P.P. 1216.
HEADSETS AND MIKES
DLR5 sound powered 10/6 P.P. 1/6
No. 4A Hand Mikes 7/6. P.P. 1/6
* RADAR RANGE CALIBRATOR TYPE 9807 (1006908) *
Complete with all accessories as new.
Wave guide 3 em. in Oft. lengths, U.S.A. manufacture, new
wrapped, 50/101- per length.

P. F. RALFE
423 GREEN LANES, HARRINGAY, LONDON, N.4.

MOUNTVIEW 6939

VIBRATION
for motors, fans.
blowers up to 1 hp.
and equipment, as
illustrated Sin. O.U.
Ain. screwed, each

ABSORBERS
end. Will make ideal
whip aerial bases.
New in maker's car-
tons, 12/6 per carton
ot tom'. P.P. 2/6.

UNIVERSAL WAVEMETER 8502
Absorption type wavemeter by S.T.C. frequency range
100 kc/s to 48 Mete with nine plug-in coils, Powered by
19 volt dry cell and triode valve, complete with all
calibration charts 260 micro amp, meter, super slow
motion dial, etc., the wavemeter coils calibration charts
are contained in a neat wooden transit case, 14 x 13 x 8in.,
excellent condition, 24J19/6, care. 7/6.

TEN TURN COLVERN HELIPOTS
30K ohms. brand new stocks 19/6. P.P. 1/3.
MARCONI SIGNAL GENERATOR TYPE

726/CI
Frequency range 200 to 400 Mc), directly calibrated. A modern
laboratory instrument, in as new condition 355. P.P. 251 -

MINIATURE RELAY BANKS
Six miniature relics :1-12 v., I mak, per relay. contained
in neat aluminium case 6 x 4 x Ilin., with six half inch
spaced crystal holders. designed to switch any desired
crystal by remote control. Relays and crystal holders
can be easily removed for other uses if ...mitred, terrific
value, only 15/8. P.P. 1/6.

SOLARTRON OSCILLOSCOPES
Type C.U. 1014 Double Beam portable, late model
price £55.

L.T. TRANSFORMER
v. C.T. three times, at b amps., 230 v. primary. These

U.S.A. transformers are excellent for charging pur-
poses. New boxed, 22/8. Car, 3/6

Western Electric Sound Level Meter type RA331 to measure
from .5db to 120db for 250 v. A.C. operation. g25, P.P. 15/
Genera Radio Portable Sound Level Meter. Battery operated.
Range 40-11003 as new condition. £25. P.P. 12/
Forzhill Micro Watt output meters, type 140 input impedanc
150 ohms, range Ito 20.000 micro watts. 55/10/- P.P. 0/
Marconi Conductance Meter, type TV/2lb battery operated.
Hewlett Packard Audio Oscillator type 205/Ag perfect con-
dition £30. P.P. 30/ -
Ws Sane in stock a fair range of tdq,thaMO MdPo..1. inefud-
inq Audio and I.F. F.S.K. units. Your enquiries are invited.

II Standard Model

E

 FOR

Super Spring Bargain for Motorists

CAR RADIO SCOOP!
BY FAMOUS BRITISH MANUFACTURER
READY TO FIT

A high quality all transistor car radio covering the full Medium waveband. For
use on all 12 v. D.C. systems -positive or negative earth. Very attractively styled in
silver and black to harmonise with all interior styles. Standard dimension steel
case 7 x 7 x 2in. complete with metal fixing brackets. Illuminated dial, " easy hold "
control knobs. Tunable over full medium waveband -200/550 metres. Leads are fitted
for battery, aerial and loudspeaker connections, a fuse is incorporated in the battery lead.
Technical details:
12 v. D.C., positive or negative earth; tuned R.F. stage superhet; fully transistorised
using 7 semi conductors; power transistor with 3 ohm output sufficient for the
largest car; permeability tuning for positive selection and stability.
Instruction book and service manual including circuit diagram supplied. New and
unused in makers original cartons. Fully guaranteed. Today's value almost double.

' ill. ):,1,1,1411
\' 11\111T u\ \,41 t\\' ,,!J i

'1 \ ,

_,

-L. ----- 4-- '

- -7's4

De Luxe Model
Incorporating push-pull out-
put providing 6 watts output
together with fully variable
tone control and five push
button station preselectors.
Ready to fit. Size -finish,
etc., as standard model.
Brand new and unused in
makers original cartons. Fully
guaranteed. Excluding speaker and aerial -see list below.

Standard
Model

LASKY'S PRICE £6.19.6 Post
5,6

Excluding speaker and aerial - see list below.

De Luxe Model

LASKY'S PRICE £8.19.6 Pat

LOUDSPEAKERS.
A SELECTION OF SUITABLE AERIALS & SPEAKERS

5in. round 10/6. 7 x 4in. elliptical 11/6.8 x 5in. elliptical 12/6. Post 1,6. AERIALS. All heavily chrome plated, complete with connecting lead and
plug. Fully retractable. Type A28 open 41in., closed 9in. 50/-. Type

SPEAKER ESCUTCHEONS. A24 open 61m., closed 16tn. 55/-. Type A20 open 41in., closedin. (with
Chrome plated with matching grille, complete with fixing bolts. New and locking device) 52/6. Wing Mounting. Type A13 opens to 48in. 25/-.
boxed. 5" round 12/6. 7" x 4 elliptical 15/6. Type A40 opens to 62in. 46/-. Post 2/-.

ADDRESSES SEE PRECEDING PAGE

E

4WW-147 FOR FURTHER DETAILS.
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BRAND NEW AM/FM (V.H.F.) RADIOGRAM

CHASSIS AT £13.13.0 (CARRIAGE PAID)

( I.V. Chassis size 15 x 61
x 3;1s. high. Ness. manufacture.
Dial 14;, 4in. in 2 col-
ours. predominantly
cream, Pick-up,
Extension Biwa-
ker, Ae., E.,
anti Dipole Soc.trots. Five

piano " push
buttons - OFF
DW., M.W., F.M.
and Grain. Aligned
and tested. With all
valves and O.P. Tnuts-
former. Tone Control lilted. ets 1,000-1,900 M; 200-500 M; 88.98 Me/s.
Valves 8580 rect.. EC1181. El 89, EABC80, EL84, ECC85.
10x Iiin. ELL' PTIt 'Al. SPEAR ER 25/- to purchasers of this chassis.
TERMS: 13/10/- down and 1) monthly payments of22/41,
ALTERNATIVE DESIGN. LW 1,000-2,000M; SW 9-15 me/s., MW 190-475M Nr 11 1,
87-100 me/s., gram position. Otherwise similar to above chassis. Price 215/15/.
(earn paid), terms 13/10/- down and ti monthly payments of 62/41,

PUSH-PULL OUTPUT MONO -AURAL AMPLIFIER
Output Transform, for 2.3 ohm speaker. Controls are bass, treble and volume. Output
8 watts. Input 200-250 v. A.C. Valves E580, ECC83 and 2-EL84. Overall size 12in. x
3Iin. (chassis) plus knobs 0 5in. over valves. The front control panel is normally screwed
to the chassis but may be removed and used as a" Hying panel ". Price £5151-. (Post 0/-).

BATTERY ELIMINATOR
For 4 low consumpt ion N:11,04196 ramp.) 90 v. 15 nA, and 1.4 v. 125 mAo 42/6 (4( Post),
200-250 v. A.C. Also Mr 230 In A. 1.4 v. aid 90 v. 15 InEk, at same prier. Two units to
replace existing, hal tern,

TAPE RECORDER AMPLIFIER
Fully until. Front panel 12!,in. x 3in. Chassis size 101in. x bin. x 4in. Valves EF80,
kitfr083 and 2EL84. controls it M1C. Vet. (2) Tuner/P.C. Vol. (3) Play hack or monitor.
N) Tone. 2 jack sockets for Tuner/P.1% and M1C-switch for superimpose. Separate
power pack containing I ransfontwr and rectifier.
For Collar° studio Ilea only. Price £8714/- 10/- &

8, mi rd. for 20 -page ilbrztrated eatalogue. All Ness Goods. Delivered by return.
(C.O.D. 2/ii extra).

ALL ITEMS GUARANTEED 12 MONTHS. VALVES 3 MONTHS
II , .,14 execute overseas orders.

GLADSTONE RADIO
50 ELMS ROAD. ALDERSHOT. HANTS. Aldershot 22240. /1 min. from station and

buses.) Closed Wednesdays.

tilt int robots ble stew
hvoIi fur Students

WORKED EXAMPLES

IN ELECTRONICS

AND

TELECOMMUNICATIONS

TWO VOLUMES B. Holdsworth, B.Sc.(Eng.), A.M.I.E.E.
and Z. E. Jaworski, Dipl. Ing., D.I.C., A.M.I.E.E.
Specially written to meet the needs of students preparing
for the B.Sc. final examinations in electronics and electrical
engineering, and for those preparing for the qualifying
examinations of the professional bodies. The problems
are taken from past examination papers-Parts 2 and 3 of
the I.ondon University Final Degree paper and the
Graduate Examinations of the Institution of Electrical
Engineers. This work will prove of great value not only to
students but also to any reader who wishes to use it as a
source of reference.
Vol. I. 25s net by post 26s 209pp. illustrated.
Vol. 2. 22s 6d net by post 23s 4d 134 pp. illustrated.

obtainable from leading booksellers

ILIFFE EGoks Ltd.
DORSET HOUSE STAMFORD STREET LONDON SEI

TRANSFORMERS
COILS
CHOKES
SPECIALISTS IN

FINE WIRE WINDINGS
MINIATURE TRANSFORMERS

RELAY AND INSTRUMENT COILS, ETC.
VACUUM IMPREGNATION TO APPROVED STANDARDS

APRIL, 1965

LARGE OR SMALL QUANTITIES

TRADC ENQUIRIES WELCOMED

ELECTRO-WINDS LTD.
CONTRACTORS TO G.P.O.. A.W.R.E., L.E.B., B.B.C., ETC.

123-5-7 PARCHMORE ROAD, THORNTON HEATH, SURREY
LIVINGSTONE 2261 EST. 1933

4WW-148 FOR FURTHER DETAILS.

SEMI KR ON Trade only

HIGH, MEDIUM & LOW POWER AVALANCHE
HIGH TENSION MINIATURE ENCAPSULATED

SILICON RECTIFIERS
MINIATURE & STACK

SELENIUM RECTIFIERS
Send for full details to sole representative in U.K.

H CD Research Ltd., LWaborokrastories and

77, Gloucester Road, Croydon, Surrey
Telephone : THOrnton Heath 7485

4WW-149 FOR FURTHER DETAILS.

THE HIGH - FIDELITY
MAIL ORDER SPECIALISTS

GOODS DESPATCHED BY RETURN
Carriage, Packing & Insurance (U.K.) FREE!!
AMPLIFIERS . TUNERS . SPEAKERS . MOTORS . PICKUPS . MICROPHONES

CABINETS TAPE RECORDERS
ACOS,. A.D.C., ARMSTRONG. B. end 01. BRENELL, CELESTION, CHAPMAN. CONNOIS-
SEUR. DECCA. DULCI. FERROGRAPH. EI-CORD, GARRARD, GOODMANS. JASON
K.E.F.. LEAK. LOWTHER, LENCO. LUSTRAPHONE. PHILIPS, PYE, QUAD. RADFORD.
RECORD HOUSING. ROGERS. RONETTE, S.M.E.. TANNOY, THORENS, TRUVOX.
T.S.L., VORTEXION. W.B., WEARITE, WHARFEDALE. ETC.
Hire Purchase terms available "Comparator" Demonstrations

WORLD WIDE EXPORTERS
OVER SEAS ORDERS SENT FREE OF PURCHASE TAX 1.
AND SHIPPED PROMPTLY AT MINIMUM COST

C. C. GOODWIN (SALES) LTD.
(Dept. W62) 7 THE BROADWAY, WOOD GREEN
LONDON, N.22. "P',, Tel: BOWes Park 0077 8

I dem x. p.iir.

4WW-150 FOR FURTHER DETAILS.

A.C.SOLENOID TYPE SBM/T
NOW FITTED WITH STAINLESS STEEL GUIDES-

SIX TIMES THE LIFE

Continuous Vbs. at I".
Instantaneous at l6lbs.

Larger and smaller sizes
available. Also-trans-
formers to 8kVA 3 phase

WEBBER LTD.R. A.
KNAPPS LANE, CLAYHILL. BRISTOL 5. PHONE 154228/9

4WW-151 FOR FURTHER DETAILS.
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BARGAINS FOR THE

RADIO ENTHUSIAST

THE SKYROVER & SKYROVER De Luxe
GENERAL SPECIFICATION FOR BOTH MODELS
7 -transistor and 2 -diode superhet-6 waveband portable receiver. covering the
full Medium Waveband (180-576 M.) and Short Waveband (32-94 M.) and 4 separate
switched Band Spread Ranges on 13M, 16M, 19M and 26M Bands -with Manual
Band Spread Tuning for accurate Station selection. L.F. frequency 470 Kc/s.
Output 600 M.W. Sin. Ceramic Magnet P.M. Speaker. Telescopic and internal Ferrite
Rod Aerial. Al Mallard Translators and Diodes. The coil pack and tuning heart is
completely factory assembled, wired and tested. The remaining assembly ran be
completed in under three hours from our detail.' and easy to follow instructions.
Operates on 1011I 1.5 v. torch batteries (U2 or equivalent).
THE SKYROVER DE LORE. Tone Control Circuit is incorporated with separate
Control. In sturdy wood cabinet, size 111 x 61 x 3in., covered in washable material
with plastic trim and carrying handle. Also Car Aerial socket.
MAY NOW RE MILT FOR 210.19 6 H.P. Terms: 25/- dep. and 11 mtha.
All parte sold separately. at 20/-. Total H.P.P. £12/5/0.

A simple additional circuit provides coverage of the 1,100/1950 M. band (in-
cluding 1,500 M. Light programme). All rue-ly 10/- extra Post Freecomponents with construction data
This conversion is, suitable for both models that have already been constructed

Circuit diagram and data for each set 2/6 extra, free if all parts bought. Four
US batteries 3/4 extra. Add 5/- P. & P. on each parcel.

NOW --THE SKYROVER Ma. III
With new redesigned cabinet in black plastid
with chrome trim and new edgewise controls.
Controls: Waveband Selector, Volume
on/off switch. Tuning Control with easy
to read Dial Scale. Cabinet star 10 x 64 x
Silo., with carrying handle.
MAY NOW BE BUILT FOR E8.19.6
All parts sold separately.
H.P. Terms: 20,- dep. & 11 mths. at 16/6.
Total H.P.P. £101116.

CAR RADIO SCOOP !!
Standard Modal (illustrated).
A high quality all transistor car radio cover: tig tle hill Moline:
waveband, For use on all 12 v. L.C. systems --positive or
negative earth. Very attractively styled in silver and black
to harmonise with all interior styles. Standard dimension
steel case 7 x 7 x ein. complete with metal fixing brackets.
Illuminated dial, " easy hold " control knobs. Tunable over
full medium waveband -200/550 metres. Leads arc fitted for
battery, aerial and loudspeaker connections, a fuse is incor-
porated in the battery lead.
Technical Details:
12 v. D.C. positive or negative earth; tuned R.F. stage superhet;
fully transistorised using 7 semi conductors; power transistor
with 3 ohm output sufficient for the largest car; permeability
tuning for positive selection and stability.
Instruction book and service manual including circuit diagram
supplied. New and unused in maker's original cartons. Fully
guaranteed. Today's value almost double.

WIRECOMP'S PRICE 1.2 1wry.  v.v. Poet 5/6.
Excluding speaker and aerial.
De Lune Modal
Incorporating push-pull output providing 6 watts output
together with fully variable tone control and live push Maim
station preselectors. Ready to fit. Size -finish, etc., an
standard modeL Brand new and unused in maker's original
cartons. Fully guaranteed.
WIRECOMP'S PRICE 28.19.6 Post 56.
Excluding speaker and aerial.

By FAMOUS BRITISH MANU-
FACTURER --READY TO FIT

iittill1111111111111111111111

89

SPEAKERS: bin, round 10/6. 7in. x 4in. elliptical
Bin. x bin. elliptical 12/6. Post 1/6.
SPEAKER ESCUTCHEONS: Chrome plated with matching grill -
complete with fixing bolts, 6. round 12/6. 7' x 4' elliptical 1541
Post 1/6 extra.
AERIALS: Heavily chrome plated, complete with lead and plug.
Folly Retractable
Type A28 open 411n., closed 9In. 50/-. Type A24 open 61in.,
closed 16in., 55/.. Type A20 open 41in., closed 9in. (with
locking device) 52/6.
Wing Mounting
Type 413 opens to 48in 25', Type A40 opens to 621n. 48/-.
Post 2/.

11/6.

PAMPHONIC 3001 INTEGRATED
STEREO
AMPLI-
FIER
New, and lolly
uneven teed.
Spec.: 7 watts.

per channel; freq. response 40 c/s to 20 kc/s.; sep. Inputs for
crystal and Magnetic pick-ups, radio and tape; 15 ohms out.
sockets for tape recording; volume, base, treble and balance con-
trols provided. For A.C. mains. 100/250 v. In free standing
housing also 13 x lb x 44in. Maker's list price 288/101,
WIRECOMP'S PRICE 23 Gas. Past 10/6.

PAMPHONIC 1002B PUSH BUTTON
CONTROL
UNIT/PRE
AMP
A correction net-
work is provided for
every important re-
cording characteristic
with separate Inputs for, radio, tape and mie. Max. output Is
1 volt. Unpowered. Volume, base, treble and filter controls.
1-EF86 and 2-ECC81 valves fitted. Size 10 x 4 x bin. New
and boxed. Maker's list price 225/41-
WIRECOMP'S PRICE 26.19.6 c. & P.2/6.

PAMPHONIC 1002A CONTROL
UNIT Inputs for pick-up, radio, tape and microphone.

Controls for volume, base, treble, filter and selector.
Fitted with 2 EEC 40 valves
WIRECOMP'S PRICE 24.19.6 Post 2/6.

PAMPHONIC 2001A PRE AMP
Sensitivity from 3 to 120 mV. for 1. v. out. Fitted with 2-ECC40
waives. Inputs for radio, tape, pick-up and microphone with
pre-set level controls. Controls for bass, treble, filter and selector
fitted. Unpowered. Size 10 x 4 x 4in.

WIRECOMP'S PRICE £5.19.6 Post 8/6.

PAMPHONIC 732A SW ITCHED
RADIO
TUNER
Instant pre-
selection of 3
medium wave

stations and 1 long wave
station family adjustable to your local frequenciea). Self powered
3 valves. For 200/250 v. A.C. Fitted with tone and volume con-
trols for use in conjunction with a power amplifier. In metal
case, size 16 x 7 x 31in.

WIRECOMP'S PRICE £5.19.6 Post 7/6.

PAMPHONIC SI SPEAKER UNIT
Cabinet type forward facng
system. Fitted with10 x bin.
ellptleal double cone
speaker. Wood cabinet
size 16 x 12 x 1 lin., finished
in medium walnut. New,
and guaranteed. List Prins
10 Gm
WIRECOMP'S
PRICE £4.19.6

Post 7/6.

3f in. Triple play, 600ft. Mylar base
din. Triple play, 900ft. Mylar base
Sin. Double play, 1,200ft. Mylar base
bin. Long play, 900ft. Acetate base
bin. Standard play, 600ft. P.V.C. base
Sin. Triple play, 1,800ft. Mylar base
Olin. Double play, 1,800ft. Mylar base
Olin. Long play, 1,2001t. Acetate base
511n. Standard play, 860ft. P.V.C. base
Olin. Triple play, 2,400ft. Mylar base
7in. Standard play, 1,200ft. Mylar base
71n. Long play, 1,800ft. Mylar base
yin. Double play, 2,400ft. Mylar base
7in. Long play, 1,800ft. Acetate bass
7in. Triple play, 3,600ft. Mylar base

WIRECOMP'S BARGAIN
STORE 48 TOTTENHAM COURT ROAD

LONDON, W.1. Thousands of
bargains - Stocks constantly changing - rock
bottom priers.

THE 'REALISTIC 7'
The famous 7 -translator
home construction receiver
-still available. Full
medium and long waveband
coverage 4in. speaker, etc.
MAY BE E5
BUILT FOR

.19.6
Post 4/6.

Battery 3/9
De luxe version with wood
cabinet full vision dial only
£1 extra. All parts available separately. Data and
instructions 2/6, refunded if your purchase parcel.

READY BUILT TRANSISTOR RADIO OFFER

THE
" STELLA"
By famous maker -
7 transistor portable
radio. High Ben-
s itivi ty, circuit

ncoverg Long.
Med., and Short
wavebands. Fitted
with tone switch

and sockets for personal earphone and external aerial.
Built-in chrome telescopic aerial. Powered by four 1.5 v.
torch butts. Attractive plastic cabinet in beige and red,
else 4 x 7 x litn. Excellent tone 3in. p.m. speaker.
Complete with leather shoulder strap and external aerial.
Full maker's guarantee. List price 17 gns.

WIRECOMP'S PRICE £9.19.6 bit

LEAK POWER AMPLIFIERS
For 200-260 v. A.C. mains. Fitted with integrated volume,
base and treble controls, with 100V line source output,
New and boxed.
TL25 Plus WireeOmp's Prioe 15 gm
TL50 Plus Wireeomp's Price 19 gm,
Carriage and Packing 7/6 extra on each.

PAMPHONIC 100W RACK MOUNTING POWER
AMPLIFIERS

For 200-250 v. A.C. mains. All controls fitted. 100V
line source output. Uses KT88 valves in output stages.
Perfect condition. Very limited stook.
WIRECOMP'S PRICE 35 gns. Carr. 15/- extra.

INTERNATIONAL TAPE
Finest Quality American brand -folly guaranteed

MIL Message tape, 1501t. 8/6
3im Menage tape, 225ft. 4/11
3M. Message tape, 300ft. 7/6

15/-
17/6
151-
10/-
8/6

35/-
22/6
12/6
11/6
45/-

12/6
19/6
25/-
15/.

58/6
Post 1/- extra per reel; 4 reels and over Post Free.

"VIKING" GUITAR/P.A. AMPLIFIERS
" Transistor 50 "-50 watts., fully transistorised

with tremolo 45 thin
" Sound 80 "-30 watt valve model, 8 inputs 35 ans.
Matching Speaker System for the " Viking "

amplifiers 33 ans.
For details and illustration see March " W. W. " including
special package deal offer for the amplifiers and speaker
system.

323 EDGWARE ROAD, LONDON, W.2. AMBassador 7115
All branches open all day Saturday. Early closing Thursday.

378 HARROW ROAD, LONDON, W.9. CUNningham 9530
Mail Orders to the above address for prompt service.

4WW-152 FOR FURTHER DETAILS.
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Z. & I. AERO SERVICES LTD.
Head Office: 44a Westbourne Grove, London, W.2

Tel.: PARk 5641/2/3 Cables: ZAERO, LONDON
A.R.B. Approved for inspection and release of electronic valves, tubes, klystrons, etc.

RETAIL BRANCH (personal callers only): 85 TOTTENHAM COURT ROAD, W.2. Tel.: LANgham 8403
Please send all enquiries, correspondence, and Mail orders to Head Office

M ULLAR D E7555'2 VALVE VOLTMETER
The voltmeter measures
D.C. and peak A.C.
voltages in the following
ranges: .5.1.5-5-15-50-150-
500-1,500-5,000-15,000
Frequency response with
probe (up to 50 v. peak)
100 me/a.; without probe
(up to 500 v. peak), 5 mei..
From 500 v. to 15 kV.
peak 50 c/s. only.
Accuracy up to 600 V.

D.C. ±29, F.B.D. 500 v.
10 kV. D.C.° F.S.D.

I, to NO v. pk. A.C. ±3%
F.S.D. 500 v..15 kV. pk.

±7%
Power supplies 113/230 v. A.C., 45-60 cych, P111511,
new and guaranteed, complete with probe, E.H.T. lead and
manual £25 0 0

Packing and carriage IN-.

MARCONI TF801 SERIES
SIGNAL GENERATORS

TF8OtA. Frequency range 10-30Q me/s. in four overlapping
bands. Calibration accuracy ±1%. Output 200 mV. max.
into 75g. Calibrated stepped attenuator 0 to - 106 tit). in
1 dB. steps. Internal sinewave (up to 80%) and square 0111,11,
(50.50) modulation at 400.1,000-5.000 cis. Provision tar
external modulation. Power requirements 100-130 and
200-250 v. A.C. Fully overhauletl and guaranteed £85 0 0
TF801AiL Generally as 1l1,00, but with frequency 01111.0,1

extended to 310 me/s. and with provision of a separate "high
Output socket gis ing unmonitored output of at least IV.
Fully overhauled and guaranteed £115 0 0

Packing and carriage Of/10/-

CT53 SIGNAL GENERATORS
Frequency oil

lt)V. to 100 lox - II E amtlula-
lion. 115 ,...12:01 y..1.1'..11.51:0. 1TC...10..11. fully 11ct1111, in
perfect condition, with new calibration (harts. £20, P.P. 17/6,

POWER UNITS
TYPE 234, 19in. rack mounted fully smooth,' and fused
for 230 v. A.C. input. H.T. output adjustable from 180 v.
to 270 v. at 80 mA. by means of primary taps and high -low
switch in the secondary winding. L.T. output )t.3 v. A.C.
at 4 amps. Fitted with M.T. meter to read A.C. input and
D.C. output volts. Secondhand, tested, in good condition.

23 19 6
DITTO, model without meter £3 10 0
Packing and carriage 15/..
TYPE E.H.T. Input '200-250 v. A.C. Output 1,200 V. D.C.
at 200 m.4., fully smoothed. Rectifies by means of metal
rectifier. On-olY relays. Floor mounted. Weight 112 lb.
Fully tested and guaranteed in 0 0
Picking and .Iii age 01/10/x

POST OFFICE TYPE
ELECTRO-MAGNETIC COUNTERS

4 -di sit nonsiancelling typo Standa.l, 11 1.' 11 x 5iti..
2,30062 coil, secondhand 5/-

Miniatiwe 1 x 1 x 31in., available ill 0111142 and
2,00042 coils. Secondhand 6/6

Miniature 1 x 1 x 31in., 4.112 coil. 6 o. new 816

R.F.T. TYPE FZI-2
FREQUENCY INDICATOR

Portable Mains operated Frequency- indicator for direct
measurements of frequencies from 10 Os. to 100 kept. The
range is covered in 8 bands, the lowest being 30 cis. FAD.
Measurement accuracy ±3% 11.0.0. Input Impedance
100 kn. The instrument is provided with internal source
of highly stable frequency for checking and reaalibration of
the scale. PRICE, new £20. Packing and carriage 15/-.

AERIALS
' ELECTRON outdoor Rod Aerials, 3 tubular light alloy
screw -in section on insulated base with wall mounting bracket,
15/-, P.P. 5/-
W/8 No. 31 2 -section collapsible aerial with flexible mounting,
33in, long extended, 7/8, p.p. 393.
1V/8 No. 31 8 -section collapsible aerial with flexible mounting,
10ft. 8in. extended, folds down to 17In., 15/-, p.p. 3/6.
Car Aerial, 3 -section telescopic, extending to 27in. and com-
pletely flush with the wing when pushed -In. Complete with
lead and plug, 27/6, pp. 3/6.
Window Clip -on Car Aerial, 2 -section telescopic, 37M. ex-
tended, complete with lead and plug, 14/6, pp. 2/6.
T.V. Indoor' V  Type Aerial for band I and 3 and for V.H.F.
and P.M.. 17/6, p.p. 3/6.

EX -AIR MINISTRY DIMMER SWITCHES
100 ohms 21 sons. .5,zen, pp.

R.P.M. INDICATOR KIT
Radio -Altimeter Intli)ator, with mooing coil Imcement of

tnA. F.S.D., easily convertible to accurate engine R.P.M.
indicators. Sappho.] complete with parte required for con-
version, and detailed instructions. Suitable for 4 -cylinder
engines with 12 s elect deal installation, 35/-, pp. 5/-.

VARIABLE A UTOTRA NSFORMERS
Input voltage 230 v. A.C. Output 0 to 260 v. Fully shrouded,
available in the following sizes:
Type 112, 2.5 A., 25/19/6, PP 716. Type 0115, 5 A.. £9,

10/- Type SHIP 1() A., 218/5/-, P.P. 12/6. Type
SB20, 20 A., maw-. p p. 10".. Unalusiuded Philips variable
Transformers, 3.5 A. output, 23/10/-. Pn. 5/, Also available:
Enshrouded Philips Variable Transformers for 115 v. A.C.
input, output 0.150 . at 4.5 amps., 22/17/6, p.p. 5/-.

SEMICONDUCTOR DIODES
IN21 4/- 1.11,,X7/1 .. 1/6
1N23 GEN54 1,6
1N2311 . 4/6 0A2 ... 416
IN25 .. 0A70 2/-
1N58 5555 20/- 0A73 1,6

4/- 0.479 2 6
1N81 4/- 0.481 2 -
CONE .. 1/6 0,18:1 3 -
C63A .... 1216 3 6

0.400 .

0A01
OAI15
8x641 ..
SX642
SX781
0A202 .

0.4210 ..
04311

21-
213
21-
3/-
3/6
4/6
5/-
6/6
9/6

CATHODE RAY TUBES
2/in. Dia.
CV1:525, long po'l'len, . 65/-
lin. Dia.
NCO (CV955) general purpose oscilloscope tube 30/-
90E041', General Purpose Oscilloscope Tube, with

P.D.A. 180/-
4in. Dia.
4EP1 general purpose oscilloscope tube with P.D.A. 100/..
SOD Split beam oscilloscope tube for double beam

display 601-
89J as above but blue trace photographic 130c-
4¢in. Dia.:
401A (CV1522, VC11522), general purpose oscilloscope

tube
408A (CV2205), blue trace photographic 60/-
408C (CV2211), close tolerance high brightness blue

trace photographic, with P.D.A. 60/ -
Tin. Dia.
1)(113-2 general purpose oscilloscope tube with P.D.A. 20/-
DP13.2 us above but long persistence
111113-34 (5ADP1) general purpose oscilloscope tube

with P.O A
1201-
220i-

5BP1 general purpose olicillscope tube 100/-
5BVP1, ditto with P.D.A. 160/ -
din. Dia.
1601A (ACR13) general putpose oscilloscope tube .. 80/-
VCR97 general purpose oscilloscope tube 40'-
VCR517B long persistence, yellow trace 40
Rectangular Tubes
DG16-22, 5/in. x 1.11a gotaual purpose 200-
4001G, 61n. x 2in. general purple" 160 -

VHF HETERODYNE PRECISION FREQUENCY METER
TYPE 183

Total Frequency Coverage 20-1,000 Mce.

The instrument consists oh Crystal Controlled Oscillator (Crystal lot kels.±5 0/1,
providing spot frequencies at 25, 60 and 100 ke/s. intervals; Fine (L.P.) Oscillator
continuously tuned from 5.0 to 6.25 Mc/s. In 9 bands; Coarse (11.10.1 Oscillator con-
tinuously tuned from 20 to 300 Mo/s.; and associated mixer and A.P. stages. By
using coarse oscillator alone quick frequency identification can be nude from 20 to
1,000 Me/s. with an accuracy of .3%. By using con ect measuring procedure, i.e.,
by calibrating fine oscillator against crystal and beating input frequency with the
former an accuracy of ±.0291, is easily obtained. Long scales graduated in Mc/s.
provide exceptional degree of discrimination. Beat detection by Magic Eye or
headphones. Dimensions: 22in. X 19Iin. x 14in. Weight 71 lb. Power require-
ments 115/230 v. A.C.

PRICE, new and fully guaranteed £85 0 0
Packing and carriage £1/10/-.

3 -CENTIMETRE ECHO BOX TYPE 100
The Echo Box (Resonator,
consists of a high " 4.4
resonant cavity adjustable
over a frequency ran., ot
9,170 to 9,445 Mc/s, 1.1

calibrated in Mc/s,
calibrated piston 'I'.,.'. -
tor coupled direct t,
cavity. A crystal del,.,.

coupled to the
detects the resonance and
the crystal current deflects
the taming meter. For
connecting to the direc-
tional coupler, a lossy
coaxial cable is provided,
having a socket at one
end and a waveguide.to-
coaxial transformer at M.
other.

PRICE, 11110801), and fully guaranteed £32 0 0
Parking and carriage 15/-.

VARIABLE A.F. ATTEN UATORS
Hidtalam,ti " pi t)p) 6000 Attenuator switches e1/11...M111,
of 21 -step stud switch and wire wound resistances. Suit)).
provides 5 time impedance steps of 4dB and intermediate
1 dB steps, giving the overall range of 0 to 20 dB at I cl I)
steps. Panel :winding, fully screened. tin. spindle. 1011'0 1

dimensions 2.1in. dia. :dn. long, 10/-, pp. 2/-.

MARCONI TF338B
VARIABLE ATTEN UATOR

Characteristic impedance 60043.. Internal/external tetv,,I.'i -
(Ion. Range 0 to 105 dB obtainable by means of slid
attenuator 0-25 dB and 4 steps of 20 dB each. Fee),
response 0 to 100 ac's £20 0

TRANSISTOR TESTER MODEL AT -I

For P.NP and N -P -N Transistors.
Measures feu and diode reverse current up to 50piA fru toe
power transistors and up to 1 mA for power transistors. II bull.
2 to 500 at 1 roA. for low power and 5 mA. for power transistot -
P. 1,1 by d:, 29/17/8, p.p. 510.

VARIABLE A.C. POWER SUPPLY UNIT

Porta,. 1'..wer FLA fitted with 1.5 amps. Variable Trans-
form, ,w ticht.1 and fused, with A.C. Voltmeter and pan, I
indicator :snip, 2745,-. p.p. 5/6.

CONSTANT VOLTAGE TRANSFORMER

Input: 110/230 v. A.C.
Output: 240 v. ±1.5%.
Max. Current 1 A.
£111111-, P.P. 12/0.

4WW-153 FOR FURTHER DETAILS.



0E1115 .. 71-
GET110 151-
GET673 201-
GET875 9/-
GET880 -12/6
JTX4A 6/.
JTX4B 6/-
MAT101 8/6
51AT121 8/8
2N410 .. 316
215412 3/6

APRIL, 1965 WIRELESS WORLD 131

TRANSISTORS
T1166

AF114 8/. 0016
AF115 .... 8/6 0024 ... 22/8
AF116 0126
AF117 7/6 04228 . . 1718AFII8 -17/6 0029 .17/60/1T114 5/6 0036 .15,6

0036 15/-
0C42
OCA4
0045
0070
0071
0072
0073
0075

 .11/-
8/ -

Set of two 0081 and one 008113

0077 .. 8/-
0078 .... 71-
007813 .. 7/-
0081 .... 71-
OC8ID
04483 6/-
0C139
00140 ....like
00170 8/-
00171 .. 9,-
0D200 -10/6
00201
OC202 -.151-
00203 -.14/-
00204 .20'-
00203 . .22/6
boson . -  22.6

12 6

ZENNER DIODES
watt: OAZ202 6/-. OAZ203 7/, DAZ204 616. OAZ206
OAZ206 OAZ208 6/-, OAZ210 6/-. 0A1211 5/6.
OAZ212 7/6, 28.2 6/6, 11844B 8/.. 18.2 6/8.

21 watt: VR425, VR475, VR575, VR7B, VH9B-all at 8/8.
51 watt, VR10A 8!-. Z8.2 6/6,

SILICON JUNCTION RECTIFIERS
81.1.102A. 100 piv/2.4A 7/8
8X631. 100 piv/.76A 41-
BYZ13, 200 piv/6A . 10/-
DD0006. 460 piv/.6A 6/6
0A210. 400 piv/.5A.. 6/6
8X634. 400 piv/.75A 7/.

18004, 800 piv/.75A.. 7/.
BY100, 700 piv/.45A 7/-
0A211, 800 piv/.4A.. 9/6
1313058. 800 piv/.5A . 12/6
BY110, 800 piv/6A 7/6

SILICON REFERENCE DIODES
RZT19, 5.3 to 5.9V. 300mV Temperature coefficient less
than .001% at 4 5u3A 80/ -

SPECIAL OFFER: Unmarked Rectifiers,
metal encapsulated, wire ended. 800 p.i.v.

500 made. 5/- each. £2110/- per doz.

PHOTOMULTIPLIERS
EMI 6094B £20 Dumont 6292.. £17 10
EMI 60950 £20 RCA 6328 ... £3 0
EMI 60970 £30 RCA 6342 .... £5 0
EMI 6099B £25 RCA 6810 .... £10 Q
EMI 62600 £25 EMI 9514B .. £30 0
EMI 6262 £30 EMI 9530B . £30 0
Please write for full details.

GERMANIUM JUNCTION RECTIFIERS
GJ3M, 200 piv, 400/800mA 3/6
01,1520, 300 piv, 400/800mA 3/6
037M, 80 piv, 500/1,000mA
Bet of four of any type

3/6
12/-

)A2 8/-
)A4G 1716
)B2 6/-
)03 6/-
303 6!-
3133 5/-
3Z4 5)-
IA3 3/-
L A5GT 51-
I A7GT 8/.
1AD4 7/-
L BUIT 7/-
ti324 30/-
LB24A 60/-

6R40Y ' 'ff,- 1 603 7/8
514'" 8,- 6134 151-
5174G 5,- 61)6 3.-
5U4C.B 56 61)0) 6,-
5V40 8/- 61184 15, .
5Y3OT 5'. 6E5 7/-
513 61- BEAR 10/-
67,401 $- 6 F.V5 121-
6/3000 10'- 696 8/-
6A3 8'- 6980 5/-
6A8 4 - 6 F7 5/-
6A7 10,- 6F9G 5/-
6A8 8.- 6911 81-
6A114 66 6F13 8/6

7E5 5,.
706 4?-
7 E7 161.
71,,, 6/6
7117 8,-
737 141-
7@7 90.
7567 1$1-
7Y4 7i-
7E4 51-
8132 3/6
9BW6 7/-
9D7 7/-
1001 10/-

14Q7 10)-
I 5 E 8'-'
I9AQ6 5,-
190(1614 71.
19E2 Mt.
1903 25/-
1905 15,-
20F2 10)-
201.1 14'-
20E1 141-
20P3 1.2' -
20P4 14/-
20P5 127
251160 5/.

FULLY GUARANTEE.n,

oRAND

TOP QUALITY VALVES

131163 8/.
DK32 8/-
DK40 11/-
Dli91 5/-
131.92 91-
13096 7/6
DL66 12/-
131,68 101-
131.69 1218
D L70 7/-
DL73 12/-
DL75 10/-
DDLL9921 451/:

EF42 8/-
EF54 6/-
EF55 8/-
EF80 5/-
EF83 10/-
EF86 8/-
EF86 71-
0989 4/6
EF91 4/-
EF93 4,9
EF94 8/-
EF96 5/6
EP98 10/-
EF183 8/-

KT61 12/6
KT63 6/-
KT66 15/-
0186 201-
KTW 62 71-
LP2 716
ME91 7/6
ME1403

40/-
111 H4 51-
MIILD6

12,6
MIA 8/-
ML6 6/-

PY82 6/-
PY83 6/-
FY98 8/6
91(600 816
P0801 8/6
E914 15/-
PX26 10/-
PZ30 10/-
QF40 60/-
QP25 5/.
Q8105/45

15/-
QQV03.10

35/-

UM4 10/-
115180 7/-

13115 81-
1/_1/7 8/-
1.709 7/-
17010 8/-
111,01/01 10/-
UY2I 8/.
UY41 6/.
UY86 5/6
UY41 6/-
1.7Y86 5/6
VGT121

151-
MK 40/- 6AB7 4:- 6017 6/- 1002 12/- 26L6GT 81 1)094 5/5 EF184 8/- M107 80/- QV04-7 10/- VP23 3/6

583 40/-
705A 10/-
7155. 30/-
71.513 60/-
717A 4/-
721B 25/.
801A 6/-
803 30/-
804 70/-
805 30/.
807 9/-
809 40)-
811 20/-
814 20/-
815 40/.
832 20/-
8324 45/.
838 12/-
860 10/.
866A 14/-
884 15/-

5750 11/-
5751 11/-
5763 10/-
678360 518
6787 10/-
58144. 10/-
5840 10/-
5842 65/-
5845 211/-.-
5852 20/-
5881 17/6
6963 10/-
5965 5/-
5993 12/-
5998 15/-
6005
6021 12/-
6057 10/.
6068 7/-
6059 17/-
6060 6/-

A2134
n81,"

46566 15,-
A2293 15/6
AC/HL/DDn,

01"AC/TH1
10/-

AC/P4 4/-
A°4/PEN,,,,,n

10AC5/PEN
1...,06AC5/P8a

DD 8/-
AC6/PENn,

6,ACT6 170/-
ACT22

,

840,AH211A ...,
24v/-

1055 45/-
LC5GT 7/-

11)611350P

8/ -
8'-

11140 6,..
1115GT 7/-
lL4 2/8
116 17/ -
IN5GT 8,-
1P21 120/-
100T 8/-
111,1 8/-
185 5/.
184 5/-
191 416
114 al-
1T501 8I-
11.14 5/-
1135 6/-
IV 5/-
1312A 7/-
1X2B 7/-

4A07 3 -
tiAF4 11'-
BAGS 2,6
651160 12/6
6AG7 6/.
6A116 10/-
6A.15 0/.
OAKS 5/6
13AK5W 8
6AK6

7/-/.

6A117 8)-
GALS 3/-
6AM6 2/6
65.516 41-
BANS 10i-
6A188 10/-
8AQ5 6/-
6AQ6 8/-
6AR5 6/-
BARE 6/-
OARS 17/6
62386 5/.

61,23 0/6
61,24 11/-
61055 11/-
6F27 103-
6928 10/-
6932 3/-
6060 2/6
6111 7/-
6116 1/6
6J4 91-
67601 4/8
6J50 4/-
636 $,16
677 9/-
6370 5/-
63701 7/6
607 5/-
6070 2/-
6K70T 5/-
6K8 8/-
4080 4/.
OK8OT 8/-

10121 7/-
10E1 141-
10F3 8/-
10F9 8/-
10E18 10/.
10L1 7/6
101.1311 10/.
10P13 12/8
10P14 13/-
10V 15/-
11139 7/-
111)5 7/-
1102 15/-
12A6 3/-
12A801 8/-
224(16 8/-
12A11701

5/-
12A118 11/.
19AL5 71-
12AT6 5/-
12AT7 4/-

25140 71-
2515 7/8- -25Z6GT 8/6

,27M1 60,-
28D7 71-
28137W 151-
2901 20/-

,, ,30 "."
30015 101-
30017 121-
30018 ,./A.....e...
3091 8/-
30901 12/-

,30L15 12,.,30L17 1o,
30P12 10/-
30919 14/-
30PL1 10/6
30P113 11/-
30PL14

12/6
32 IV-

DL95 6/6
D096 6/6
DL810 12/8
DL816 201-
DL819 16/-

7311170 5/.
DY30 7/-
DY80 7/-ppm 8/.
13Y87 9/-

E88CC 14/-
090CC 12/-

12/-
092CC 7/-
E1800C 8/-
El8OF 15/-
EA50 2/-
EA52 80/-
EA60 2/-
EABC80 71-
EAC91 4/-

EFP60 10/-
EL32 3/-
ELM 10/-
E0,36 5/.
0136 9/-
EL37 17/6
EL38 17/6
EMI 9/-8)

EMS -
11.81 8/6
EMS 7/-

5/-
EMS 81-
ELBE 7/6
EL90 81-
EL91 216
EL360 22/-
E0,821 6/-
EM4 10/.
EM31 5/-
EM34 9/6
EM80 6/6

141712/14
8/-

9178 15/-
NE88 12/8
NBP1 25/-
8113P2 22/-
OCP71 241-
ORP12 12/-
ORP60 10/-
P41 8/-
P61 3/-
PABC80

7/-
PC86 12/-
FC88 .7,2/-
P097 8/-
90084 6/.
P0085 7/.
PC088 12/-
PC089 11/-
P00189

10/-

QV3/125
160/-

02 8/-
R10 15/-
R17 8/-
018 7/6
1119 7/.
003.125082/.
01,18 12,6
8130 12/6
8P41 4/.
8P61 4/-
8172150A

10/-
TH41 10/-
T11233 6/.
T112211 7/-
TP22 5/.
TP25 5/.
TP2650 7/6
TT15 35/.

VP41 5/-
1,1t78 3/-
VT4C 30/-
VT61A 7/-
VU99 8/-
VU120A

101-
W21 5/-
W81M 61-0
X65 5/6
X66 8/-
X78 20/-
X79 20/-
XBI 12/6
X011 12/6
166 10/-
170012 4/-
1760U 41-
Z759 22/-
Z80011 21)/ -
£8011130/-
CV58 30/-

/A3 5/.
2A40 320260/-

2C34 4/-
2C42 25/-
0046 30/-
1C01 12/-
1052 12/-
21:53 60/-
2CW4 12!-
21321 6/.
2E24 40/-
0E26 30/.2021 12/-0090n,60062/2 3, -
3A/1115

35/-
3A4 4/-

&MC 22/6
6AT6 4/-
6/1116 8)-
6AV6 8/-
6AX5GT

12/6
6B7 5/-
6080 2/6
6BA6 4.19
6BA7 15/-
6004 17/6
6BE8 5/-
6016 6/.
613060 12/-

7/-
6034 8/.
611J7 7/-
68E4 20/-
60K7A 8/-

6E25 24/-
6L1 10/-
61A3GA 7/6
6L6WGB

1716
607 5/-
6L18 8/-
6N7CIT 6/.
691 11/-
OQ7GT 8/-
6Q70 6/.
4117 61-
88A7 8!-
6807 9/-
6807 6/-
68117 31-
68J7 4/-68K7 - 0/.
6131.70T 5/-

12AT7W A
6/-

12AU6 61-
10AU7 5/-
12AV6 6/.
12AV7 8/-
12.5X7 6/-
12AY7 10/-
12134A 9/-
120A6 6/-
12086 5/-
130117 $3/-
12017 10/-
1208 4/-
12E1 20/-
121501 8/.
12266

31-19.1501 al-
12JSWGT

35 55 11/-
3/-505 6/6
36L6GT 7/-
35T 40/-
35W4 5/-
95E5 10/-
35140 47
367AGT 6/-
3516GT 6/-
38 57
41 51-
42 5/-
50 55 12/.
5005 7/-
6006 6/6
5001360

25/-
50160T8/610/-
75181 5/6

929 20/-
930 30/-
936A 60/-
954 5/-
955 $/.
000 2/-
967 5/-
959 4/-
959 8/.
991 7/-
1625 6/-
1626 3/-
1635
2050 12/6501 6/-

19A /.
4000) 60/-
4033A 15/-
40430 25/-
4242A 30/.

6061 12/-
6064 8/-
6007 10/-
6073 7/6
6080 25/-
6094 28/.
6098 12/.
6100 10/-
6101 7/.
Hu 15/-
6130 30/-
6135 10/-
6136 9/.
6140 30/-
6146 27/6
6147 17/.
6159 32/.
6161 300/-
6186
6189 10/-

ARS 81-
AR P3 3/-
ARP12 3/6
ATP4 5/-
AW6 Ei--All 51/-.-AZI2 9/-
AZ41 R/R-- -B6H 15/-
D66 4/6
BD78 45/-
BL63 10/-nBMA 3v/-

,

3890 40,
B9104400/-
BT5 50/.
BT9A 60/-

,BT19 30/-
BT45 200/-
BT79 30/-

EA52 80/-
EAF42 8/6
0041 5/-
00033 7/-
EBC41 7/-
00081 6/6
011180 6/6
00E83 7/6
EBP82 6/9
EBL1 14/-
EBL21 11./.
0052 12/6
EC53 12/8
EC£{8 12/-

2/6
. 51-10929

6/6
00031 5/-
10032 4/-

EM8I 7/6
EM84 8/-
EM85 9/.
EM87 7/.
EN31 10/-
0E32 10/-
EY61 7/-
EY70 12/6
EY81 6/-
EY83 8/6
EY84 7/6
EY86 6/6
0E35 5/6
EZ40 6/-
EZ41 6/6
E Z80 5/6
9281
FA15 120/-
FvE07 15/-

PCF80 7/.
PCF82 716
PCF84 fit-
PCF86 9/.
P01801

10/-
PCF802

10/-
PCF805

10/6
PCF806

13/-
PCL81 9/-
PC1212 7/.
PC1,83 8/3
PCL84 8/-
PC1,85 9/.
901.86 IN-
PEN4A 7/6

TT21 32/-
T T22 32/-
TTR3180/-
1240 401-
1722/14 5/.
1717 5/-
1722 6/-
1.725 11/-
1'26 117
D20 57
U76 4/-
U151 11/-
U251 Me
UM 13/-
U282 14/-
U301 12/-
U403 7/-
U801 18/-
174020 7/6

CV82 40/-
0V132 6/-
CV239 30/-
CV284 5/6
CV286 5/6
0V287 8/-
CV289 40/-
CV359 10/-
CV406 15/.
CV473 12/6
CV570

700/-
0V102930/ -
CV2303

800/-
CV4003 10/-
CV4004 10/-
CV4006 18/.
CV4007 7/-

3A4 ,71.
107 81.
31122 NI_
31124 5/.
3B24 W 121.
3045 30/-
30)/10055

100,-
3E06 4/-
3E29 60/-
s@a 6/6
3(4507 6/6

6BL7GT Ilt-
61336 7/-
6BQ7A 8/.
60117 11/6n,
6E08 al"
61187 18/-
66-1/1-6 8/.
OBW7 0/.
got 2,6
60511 si.
606 4,

681,1701 4/6
6887 3/-
61740110/6
605 8/-
61.77131 7/-
608 7/6
616 9/-
6V611 5/-
61661 7/6
6X4 4/-
6X511T 5/8
616° IV.6Z3 4/-

61-
12370T 7/8
12K7GT 7/-
12K8 10/-
120701 5/-
128A7 71-
12807 4/-
1213F5GT

9/.
12907 4/-
10807 4/-
120/7 4/-
12807 5/-
12BL7GT

76 2',"77 r,-
78 0,
80 6/-
81 .10/-
830 716
84 8/-
854.1 251-
8582 816
85A3 5/6
90AV 15/-
. ,,,Al, -.0 20/-
900V 1 7/8

4687 17/6
0514 50/-
5517 6/.
5557 80/-
6659 80/.
5626 120/-
5636 10/-
5641 12/6
5651 8/.
5664 8/-
5663 7/-
6665 200/-
5870 10/-

6002 8/-
6205 10/-
6211 4/8
6263 70/-
6280 200/-
6336 go/.
6350 4/-
6442 100/-
6463 7/.
6510 30/-
6621 10/-
7044 10/-
7651 30/-

BT83 go/.
CBL1 15/.
01.33 9/-
CY81 6/6
D1 3/-
DA30 10/-
DA41 40/-
DA032 71-
DAF70 7/-
DAF91 4/6
DAF92 6/-
DA196 fp-_
"0270 BP'

EC033 8/-
00035 7/-
ECC40 9/-
10081 4/-
ECC82 5/-
ECC83 6/-
00084 6/6
ECM 616
ECC88 10/-
001180 7/8
EcF82 7/6
ECF88 10/-
ECH21 10/-
ECH35 13/-

FW4/500
7/.

FW4/600
8/6

0010/4B
20/-

0315 25/.
G.T1C 10/-
GTR 15/-
D0259 25/-
GE30 8/6
G Z32 10/-
GZ34 10/-
0137 14/-

PEN45 7/-
PEN45DD

12/-
PE5646 6/-
PEN220A

PEN383
7/.

12/-
PEN384

12/-
PEN453DD

10/8
PF86 7/6
PL36 10/-

UABC80
,

an., 6.7
17.8-e.e 0/-
UBC41 7/.
UBC51 7/-
1313 F80 6/6
17BF89 7/-
um.21 11/-
UCC84 9/-
170085 7/-
020989 8/6
0201121 8/6
UCH42 8/.
UCLI81 7/-

CV4010 8/-
CV4014 8/.
CV4033 7/-
CV4097 7/6
CV4038 5/6
CV4043 12/.
014044 7/6
014045 111/-
CV4062 8/8
0V4093 8/8
CV4054

12/-
CV4056

384 5/.
24,-4 5/6
4-125A

608, 71.
gm 100,-
6031 12/-

6Z4 51-
786 HI-
737

7/6
128N701

7/
100TH 60/-
150B2 12/-

81-

0072 7/.
5676 10/-
5694 80/-

7586 22/6
7895 22/6
81034. 28/-
8020 12/8

DCC90 7/-
DET5 10/-
DET18 40/-
DET24 70/-

EC1142 fil/.
ECH81 6/-
ECL80 6/6

1180080 8/-
11L2 3/-
HL2K 3/-

PL38 16/-
PL81 7.
1,1.82 ,

6/-
UCL82 8/-
UcL8310/-
UE41 7/6

12/-
CV4058

10/-
4.250A

2201.
4035 140/-
401250B

200,-

60114 5/-
601)60A

17/-,,,.. -.`-'"' tIl-
601/6 SP-

7B8 8/-_
7,41 10/-
706 71-707220,_5/-
7133 8/-

128117 5/
128Y7 6/-
12Y4 2/6
131/1 5/.
13.03 6/-

211 301-
22e130 10/-
250111

'242B 30/-

5691 25/-
5693 201-9003 0/.
5696 6/-
5718 7/R-5725 10/-

8026 /-
9001 4/-
90/y2 5/8
9094 2/6
9006 2/6

DET25 15/-100,ECL83
DF33 fii-
DF68 6/-
D973 7/.
DF91 3/-

ECL82 7/6'
0/-

Ecuis 8/6
0936 4/6
EF37A 8/-
EF39 5/-

111.23 6/-
HL23DD

6/-
H112 15/-DR7 151-
KT8C 20/-

P1,83 6/6014039
PL84 6/6
PL500 15/-
PM84 10/-
PT16 10/-
PY31 7/-

UF42 8/-100,-

UF43 8/-
UF80 6/0
UF86 7/-

FS6 0/I; 1 -17E89 6/-

7/8
CV4062

17/6
CV4063 10/-
C14067 10/-

4D1 4/- 6CW4 12/- Me 8/- 13E1 1901- 3130 30/- 5726 7/- A1714 251- DF92 2/6 EF40 9/- KT41 7/6 PY33 g/- 17L41 8/- 014969 8/.
41.0 A 10,- 6CY5 10/- 7D8 7,. 417A 65'- 4168 2001- 5727 10/- A1834 22/8 118.96 (V- EF41 7/6 KT44 5/- PY81 6/- UL84 6/6 CY407115/.

WHEN ORDERING BY POST PLEASE ADD 216 IN E FOR HANDLING AND POSTAGE. MINIMUM CHA

PLEASE OFFER US YOUR SURPLUS STOCK OF VALVES, KLYSTRONS, MAGNETRONS, ETC.
WE PAY 11.0.0 FOR 723A, B AND 2K2S KLYSTRONS, SUBJECT TO TEST

Z. & I. AERO SERVICES LTD.
RETAIL BRANCH: 85 TOTTENHAM COURT ROAD, W.I. Tel: Langham 8403

Please send all correspondence and Mail Orders to ADDRESS OF HEAD OFFICE AT

44a WESTBOURNE GROVE, LONDON, W.2. Tel: PARk 5641/2/3

(No personal callers are served at 44a Westbourne Grove except genuine trade orders)

4W W-154 FOR FURTHER DETAILS.
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To book panel advertisements in this section, apply to Wireless World,
(Dept. P), Dorset House, Stamford St., London, S.E.1 or telephone
WATerloo 3333, Ext. 210

30,000 LI per v.
M ULTIMETERS

A.C. volts: 0-2.5-10-25-100-250-
500-1,000.

D.C. Volts: 0-.5-1-2.5-10-25-
100-250-500-1,000.

D.C. Current: 0-500A.-5-50-
500mA.-12 amp.

Resistance: 0 -60K -6M -60M.
What more can you ask for
than all these ranges plus a

specially damped " off " position for transit
protection. Brand new, fully guaranteed, complete
with leads, batteries and instruction £7-19-6booklet. Inc. P.P.

DON'T FORGET THAT ELECTROSURE
BRAND RECORDING TAPE AS RECENTLY
REPORTED ON IS AVAILABLE ONLY
DIRECT FROM US.

DUAL
IMPEDANCE

DYNAMIC MIC.
A beautiful unit. Pro-
fessional pattern with
satin chrome finish.
Swivel mount for stan-
dard in. 26 TPI
stands. Troe Cardioid
pattern with built in
blast filter for close
voice use Low 2
6000. High 2 50K.
£5-17-6 inc. P.P.

0-300v PANEL METERS
Superior quality black
Bakelite flush mount-
ing with silver scale.
Rectifier movement for
A.C. use. Fits in twin.
dia. hole.

Inc. P.P. 301.*

CHASSIS PUNCH SETS
High quality tool steel
kit in zip leather case.
Punches iin., tin., tin.,
lin., 1 tin. dia. holes in
up to 16 swg. steel.
Amazing value.

47/6 Inc. P.P.

ELECTROSURE LTD.
FORE STREET, EXETER. Telephone: 56687

me ?VIN
gooCl/

HOLE PUNCHES
Instant Type
tin. diameter
Screw -up Type
15/32in. diameter
-'sin.

bin.
tin.

}'tin,

lin.
I lin.
Iiin.
I lin.
1 tin.
I/in.

Toggle switch

B7G
88A, BSA

Octal
 -

Meter ...
Complete Set E9/3/6.

No extra charg2 for pastage and packing
he U.K.

6)10 ea.

. 8/6 ea.
8/6 ea.
9/- ea.

.. 9/6 ea.

. . 10/2 ea.
10/8 ea.
11/8 ea.

. 13/4 ea.

. 16/2 ea.
. 18/10 ea.
. 21/8 ea.

24/4 ea.
.. 33/2 ea.

Oliver & Randall Ltd
Dept. 17

9 KELSEY PARK ROAD
BECKENHAM, KENT

Tel.: Beckenham 9262

Brand New GERMAN P.Y.C. RECORDING TAPES
Manufactured by world famous firm and offered at
less than half price.
All tapes are 100% tested, have fitted leaders, are
boxed and fully guaranteed.
(Not to be confused with used or sub -standard
tapes.)
These tapes are comparable with any other on the
British market.
S.P. Sin. 600ft. 6/-

Stin. 900ft. 7/6

7in. 1,200ft. 10)-

L.P. Sin. 900ft. 9/-

Stin. 1,200ft. II/-

7in. 1,800ft. I4/-

D.P. Sin. 1,200ft. I3/-

Stin. 1,800ft. 181 -
7in. 2,400ft. 23/6

Postage and packing 1/ per spool 4 or more post free.
STARMAN TAPES LTD.

28, LINKSCROFT AVENUE,
ASHFORD, MIDDX.

NEW DINSDALE
AMPLIFIER
PRINTED CIRCUITS
(Approved by Mr. Dinsdale)

UNDRILLED 301- set of 4.

W.W. XTAL. F.M.
UNDRILLED 1016 set of 2.

NEVIN ELECTRIC LTD.
Arkwright Road, Colnbrook, Bucks.

PRINTED CIRCUITS
A NEW SERVICE FOR THE

HOME CONSTRUCTOR
INDIVIDUAL BOARDS

Mode to your specification:
All in charge 10/- plus 1/- per sq. inch

Enquiries for quantities welcomed

EDEN ELECTRONICS
140 Eyhurst Avenue, Elm Park, Hornchurch
Essex. Phone: 47912

WHEN REPLYING TO

ADVERTISEMENTS

PLEASE MENTION

WIRELESS WORLD

Solve your communication problems with this 4-STAT lo,
COM (One MASTER and Three SUBS) housed in attra,
cabinets for desk or wall mounting. Nom -way press button calling
(buzzing) and talking from SUB units to MASTER and MASTER I.
SUB units. Buzzing system operates to call attention even when
switched off, thus saves battery. Operates on single 9 volts 1.1,
battery which lasts months. Volume control. St in. dynamic speak,
Ideal for Office, Warehouse, Works and Home. Complete with 3 per.
of cord (each 66 ft.), 45 staples, 1 role of tape and a battery, Rewiy
to operate. P. 5 I'. 4/8.

Twoway
T It AN SIS-
TOR INTER-
COM, Master
and Sub two
units in Ivory
pLastie cabinets
with Arm.
stands. Both
unite' operate
on a single bat.
tery. Also use-

ful as a BABY ALARM. Indispensable in home, office, shop and ware-
house. Size: 4 z ll in. Complete with 60 ft. wire and battery.
Ready to operate. P. & r. 2:6.

 ip using this
mbined

liARGER a
A.C. ELIMIN
ATOR you canuse your
TRANSIS-
TOR RADIO
or INTER-
COM on dom.
estie
mains. ...Most
effectively
charges Dry
Batteries 006P
or PP3 used in
TRANSISTOR RADIOS and INTERCOMS. Unheatal,1,.  -.Ili, save
your pounds on 1,:,tierie, complete with Plug, Lead, apo :map

P.

All our goods ore fully guaranteed.

WEST LONDON DIRECT SUPPLIES (Dept. WW 11)
6 CHIGNELL PLACE, WEST EALING,

LONDON, W.13

ALL ITEMS
with the exception of

M ULLARD TRANSISTORS
AND DIODES

Still available as details in the

MARCH
ISSUE OF

WIRELESS WORLD
See page 142.

Send for complete list post free.

TRANSUNITS LIMITED
79, HIGH STREET,

WALTON-ON-THAMES,
SURREY.

Telephone: Walton -on -Thames 21361
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CLASSIFIED ADVERTISEMENTS
DISPLAYED: £5 per single col. inch.
LINE advertisements (run-on): 5/6 rer line (approx. 7 words), minimum two lines.Where an advertisement includes a box number (count as 2 words) there is an additional. charge of 1/-.
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contractis placed in advance.
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, c/oWireless World, Dorset House, Stamford Street, London, S.E.1.
No responsibility accepted for errors.

Advertisements accepted
up to 15th APRIL for the
MAY issue, Subject to

space being available.

SITUATIONS VACANT
AN OVERSEAS CAREER WITH

- INTERNATIONAL AERADIO, LIMITED
TO meet the requirements of constant growth and ex-
pansion we invite applications from technicians and
engineers for an overseas career in North, West and
East Africa, the Mediterranean area, the Caribbean,the Arabian Gulf and the Far East. 0 you have
recently completed service in a trade such as Ground
Wireless Fitter in the R.A.F. or Radio Electrical Artifi-
cer in the Royal Navy or have other experience in the
maintenance of HF and VHF communications, RTT and
navigational aids, we should be interested to hear from
you. Succeastul candidates would normally spend six
weeks at our Radio Training School, Southall, Middle-
sex, before proceeding overseas, but in some cases staff
with suitable qualifications and experience may be
offered immediate posting. Overseas staff receive a
tax-free salary with married and child allowances If
appropriate and accommodation, bachelor or married,
is provided free; ether benefits include generous U.K.
leave and membership of an excellent pension and life
assurance scheme.
WRITTEN appliCations, please, to Personnel Officer. 43,
Park St., WI. [115
RADIO & Television Testers.
FOR City Factory; good rates up to 7,6 per hour;
five-day woes.
APPLY to Personnel Manager:-
ALBA (RADIO & TELEVISION), Ltd.. Tabernacle St.
London. E.C.2.
MEDICAL RESEARCH COUNCIL.

[log

ELECTRONICS TECHNICIAN.
ELECTRONICS Technician required. experience with
medical or industrial electronics or nucleonic equipment
an advantage, good prospects of promotion, salary
according to age and experience, £721 -E886 -r- qualifica-
tion allowance and London Weighting.
APPLICATIONS to -the Director, Neurcpsychiatric Re-
search Unit, Medical Research Council Laboratories,
Woodmansterne Rd., Carshalton, Surrey. 11172
TELECOMMUNICATIONS ENGINEERS.

THE EAST AFRICAN POSTS AND TELECOMMUNI-
CATIONS ADMINISTRATION has vacancies. arising
from the retirement of officers on the permanent estab-
lishment, for men to serve on contract for a tour of 24
months in the first instance. The job will present a
challenge and provide satisfaction and an opportunity
of widening experience.
SALARIES, recently substantially increased, new range
from approx. £1,940 to £2.200 a year inclusive of over-
seas addition.
A generous gratuity -25% of total emoluments-and a
disturbance allowance of E200 for -married men and
£100 for bachelors are also payable. There are also
children's educational allowances, free passages and
liberal leave on full pay.
MEN are needed in three main fields and the sub-
categories as shown,-
ASSISTANT ENGINEERS. Grade I, for 1 .H.F. Specialist
posts; Carrier & Telegraph duties; External general
duties and Automatic Exchange maintenance.
ENGINEERING INSTRUCTORS, Grade I, on the trans-
mission side: embracing H.F. and V.H.F. multi -channel
carrier and telegraph ectLpment and involving lectur-
ing and demonsttating on principles and equipment
functions.
ENGINEERING FIELD TRAINING OFFICERS to train
African staff in a wide range of duties-involving the
officer in extensive travelling in East Africa.
CANDIDATES should be aged between 28 and 45 years
and possess relevant City & Guilds Certificates, or
equivalent qualifications. together with sound experi-
ence in their particular field. Those applying for
Field Training posts must have had 10 years experi-
ence in 'telecommunications engineering.
APPLY to Crown Agents, M. Dept.. 4 Millbank, London,
S.W.1. for application form and further particulars,
stating age, name, brief details of qualifications and
experience, and quoting reference M2T/52098/WF.
UNIVERSITY OF ST. ANDREWS.

[1154

SENIOR TECHNICAL OFFICER: ELECTRONICS AND
CHEMICAL INSTRUMENTATION.
APPLICATIONS are invited from persons holding a
University degree with specialisation in electronics, or
an equivalent technical qualification, for the post of
Senior Technical Officer in the Department of Chemis-
try, St. Salvator's College, St. Andrews. The person
appointed will be required to assist with the mainten-
ance and development of instruments used in teaching
and research, and to be familiar with the high stabi-
lity power supplies, amplifiers and oscillators as used
in I.R., U.V., N.M.R., E.S.R., and Mass Spectro-
meters. Salary scale £1,300-£75-£1,600 (efficiency bar)
£75-£1975; initial placing according to qualifications
and experience; further particulars may be obtained
from-The Secretary, University of St. Andrews, Col-
lege Gate, St. Andrews, Fife, to whom applications
should be sent with the name of a referee by 17th
April. 1965. 11168

PROGRESS CHASERS

PROVISIONING CLERKS
The Decca Navigator Company wish to recruit the services

of the above personnel for work in their Production Control
Department. Applicants should be conversant with the
workings of such an office and experienced in the Electrical/
Electronics field.

These positions carry attractive salaries and excellent
opportunities for advancement.

Please write, telephone or call to the:-
Personnel Officer,

The Decca Navigator Co. Ltd.,
88 Bushey Road,

Raynes Park,
S. W.20

Phone: WIM 8011

BABCOCK & WILCOX LTD
invite applications from

ELECTRONIC ENGINEERS
for

COMPUTER MAINTENANCE
The successful applicant will be responsible for the maintenance of the
equipment in a large analogue computer centre. Education to HNC
standard or considerable experience is required, and a knowledge of
analogue computers is desirable. Opportunities for programming are
available. Salary will be commensurate with qualifications and experience.

Detailed applications should be addressed to the

Assistant Secretary (Ref TBW/RJW)
Babcock & Wilcox Ltd.,
209 Euston Road, London, N.W.I.
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Could you
trouble shoot a computer?
Keeping a computer working smoothly is only part of a Customer
Engineer's job at IBM. He works with his customers (within
daily reach of his home) in their offices, helping them to use the
equipment more effectively. He meets all levels of customer
management in different branches of commerce and industry. He
should have the ability to produce fresh ideas and have confidence
in his own judgment. He must be able to combine his engineering
skill with an understanding of his customers' needs and business
systems. The job is a challenge, so is any work worth doing. And
it's never dull,

We offer a thorough training. Starting salaries are normally in the
region of £1,000 a year, with special consideration for men with
special aptitude or specific experience. Increases are on individual
merit. As a Customer Engineer you could be earning between
£1,250 and £1,700 in three years. Promotion also is on merit and
from within the company.

Is this the kind of career you're looking for? If you are between 21
and 29 and have a working knowledge of electronics (e.g. through
a Radar/radio Fitters Course, Telecommunications experience or
ONC/HNC Electrical or Electronic) we'd like to discuss your
plans with you and show you how they could be realised in our
rapidly growing organisation.

If you're not quite old enough to have reached the standards we've
indicated, we'd still like to hear from you. If you've just left school
with 'A' level Maths and English or are studying for ONC Electrical
Engineering, we invite you to apply to us. There could be a place
for you.

Please send a summary of your education, experience, interests
and age to Mr. I. F. Bush, IBM United Kingdom Limited, 101
Wigmore Street, London, W.1., quoting
reference CE/WW/155.

You can grow with

APRIL, 196!

OF

CAMBRIDGE

\Ve re,inire trainol men for production
lestiou. Fault finding and inspection of
.`foderitt4lipittent.

* SINGLE sideband equipment
* VHF radiotelephone equipment
* ELECTRONIC telephone exchanges

\\ l vacancies for more
senior and exiv :ienced technicians with
drive, who can lead small teams. There
:ire also vacancies for men with less

perionce who can be trained for such
v er1;.

The Personnel Manager,
Cambridge Works Limited, Haig Road,

Cambridge.

WORCESTERSHIRE EDUCATION COWIMITTEE,
BROMSGROVE COLLEGE OF FURTHER EDUCATION.
APPLICATIONS are invited for the following post, the
appointment to begin on 1st September, 1965.
SCIENCE DEPARTMENT.
LECTURER IN ELECTRONICS to develop counes in
electronics in the college; the department has a well-
equipped modern electronics laboratory, applicants
should have a degree or equivalent qualification with
electronics, together with industrial experience in this
field.
SALARY scales: Lecturer-E1,670 p.a. to £1,895 P.a..
starting point on scale according to qualifications and
experience.
APPLICATION forms and further details obtainable
from the Principal. College of Further Education, Strat-
ford Rd., Bromsgrove, Worcs., and completed applica-
tion forms should be returned to him within two weeks
of the date of this advertisement. Please enclose
stamped. addressed foolscap envelope. [1180
CITY and County of Bristol Education Committee.
Bristol Technical College.
Principal: E. Poole, B.Sc.(Eng.), M.I.Mech.E.,
M.I.Prod.E.
Applications are invited for the following new post.
Appointment from 1st September, 1965.
Department of Navigation. Radio and Radar Lecturer
in Marine and/or Aircraft Radio and Radar.
Applicants should preferably hold one or more of the
following qualifications, and should bave suitable ex-
perience in Marine or Aircraft Radio Communications
or Electronic equipment in general.
(a) 1st Class P.M.G. Certificate with M.o.T. Radar

Maintenance Certificate.
(b) Aircraft Radio Maintenance Engineers' Licences,

categories A & B with Radar endorsement.
(c) A Higher National Certificate in Electronics and/

or Electrical Engineering, or equivalent.
Salary on scale £1,670-E1.895 (at present under re-
view).
Further particulars and application forms, returnable
by 8th April, from Registrar, Bristol Technical College,
Ashley Down, Bristol, 7.
Please quote ref, no. T65/14/1. [1165
SOUND reproduction and acoustics: Junior engineer of

H.N.C. standard required in small laboratory near
Watford.-Rine Kings Langley 2955. (1123

SALES ENGINEER
U.S.A. International manufacturers require a
Sales Engineer to establish and maintain liaison
with designers of radio and other equipment.
He will be required to travel extensively and will
be based in Philadelphia, Pennsylvania. There
is an excellent pension scheme and generous
home leave. A moving allowance will be made.
Qualifications: science Degree or other technical
qualification. Experience of radio design or
similar. Some selling experience would be
beneficial.
Interviews will be held in London in the early
part of April.
Please send details regarding qualifications, age,
experience, and present salary to: Box No. 5012,
cfo " WIRELESS WORLD."
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ELECTRONIC TESTERS and
SERVICE ENGINEERS

REQUIRED
for interesting work on Radio Trans-
mitters, Receivers, Amplifiers, Test
Instruments and General Electronic
Apparatus.

If you have a monotonous job and
want to better yourself, apply for a post
with us which offers:-

Secure Employment.
Scope for Advancement.
Five Day Week.
Staff Status.
Holiday and Sick Pay allowance.
Congenial Working Conditions.

Apply to Personnel Department.
LABGEAR LTD.,

CROMWELL ROAD,
CAMBRIDGE.

THE LONDON HOSPITAL. WiLtet'llapel. E.I.

'CLECTROENCEPHALOGRAPHIC department requires
electronic engineer to take over electronic side of

brain research programme together with development
of associated equipment. Applicant will also be re-
quired to surpervise maintenance of electronic equip-
ment in the department. Salary dependent on experience
and qualiticaticns.-Tel. Bishopsgate 5454, ext. 211, or
write, g.v.ng names of 2 referees, to the House Gover-
nor, immediately. [1177
ELECTRONICS DEVELOPMENT STAFF.
IMPERIAL COLLEGE, LONDON.
WE have technical staff vacancies for interesting and
varied duties in the construction and maintenance of
the most modern electronic equipment Used in our
research p7ogra,rnmes. If you have a good practical
knowledge of e.ectronies or are a young man working
for ONC or HNC. write to me giving full details of
your education and career to date. Information about
vacant POStS In the salary range L630-£1,135 will then
be sent to you.
PROFESSOR G. R. Hall, Department of Chemical En-
gineering and Chemical TeChnology, Imperial College,
London. S.W.7. [1186

PYE
CAMBRIDGE WORKS, Ltd.. Haig Rd., Cam-

bridge.
 SINGLE sideband equipment.
 VHF radiotelephone equipment.
 HI-FI reproduction equipment.
WE require trained personnel for production testing
and fault finding of modern equipment.
WE have limited vacancies for more senior and ex-
perienced men with drive, who can lead small teams
engaged on this work.
WE have also limited vacancies for persons of less
experience who can be trained for such work.
APPLY to: The Personnel ManaTer.

[131
TVsevi;e engineerrequirrd, godp5day;eesGida3wthpcy-gge;s

Ltd., 261, Harrow Rd.. London, W.2. Cunningham
0707. [138
SERVICE engineer required for 16mm sound film

projectors; knowledge of amplifiers essential; must
be driver.-BurgeSs Lane & Co. Ltd., Thornton Works,
Thornton Ave., Chiswick. Chi. 5752. [1132

PROFESSIONAL ENGINEERS
AND TECHNICIANS

with at leaat two years' experience in British
Industry are Invited to avail themselves of our
Confidential and Free Service.

E.A.L. offers the moat efficient and satisfactory
way of obtaining alternative employment in the
Eleotronics Industry.

E.A.L. is in contact with all firms is S.E.
England and undertakes a complete and thorough
survey of any area for suitable vacanciee for
every engineer registered with us.

For further information please phone or write
to:

Electronics
Appointments Ltd..

22 Gloucester Mu,
Cambridge Cucus.

London. W.C.2

Phone: TEMple Bar

5557 8

YORKSHIRE IMPERIAL METALS LIMITED

have two vacancies in their

ELECTRICAL ENGINEERING DEPARTMENT

1. Electronic Maintenance Supervisor

2. Electronic Maintenance Technician

The work will involve the maintenance, calibration and installation of a wide
variety of industrial electronic equipment.

Applicants must have a knowledge of solid state circuiting for the supervisory
post. Some experience is also desirable in one or more of the following fields:

I. Non destructive testing equipment
2. Machine Control
3. Communications

Consideration will also be given to men with experience of electronics in the
Services.

The Company is the largest of its kind in Europe and offers attractive conditions
of employment which include a Pension and Life Assurance Scheme and Profit
Sharing Scheme.

Applications, giving details of age, experience, qualifications and present salary,
should be marked " Reference 6168-Confidential " and addressed to:

The Personnel Officer (Leeds),
YORKSHIRE IMPERIAL METALS LIMITED,
P.O. BOX 166, LEEDS.

Numerical Methods for

High Speed Computers

G. N. Lance, M.Sc., Ph.D.,
M.I.A.S., A.F.R.Ae.S.

Collects those methods of solving compli-
cated problems which have been developed
by research mathematicians to make the
fullest use of all types of modern automatic
high speed computing machines. The
book should prove invaluable to pro-
grammers, mathematicians, engineers,
physicists, chemists and scientists who
are interested in the applications of
electronic computers to the solution of
their own problems.

42s net, by post 42s I Id.

from leading booksellers

ILIFFE Books Ltd., Dorset House.

Introduction to

Laplace Transforms

for radio and electronic
engineers

W. D. Day, A.M.I.E.E., A.M.I.E.R.E.

Presents the theory of the Laplace
transformation in easily understood lan-
guage, dealing with electrical circuits
from the very first paragraph to the stage
when transforms are used to investigate
transient conditions. The first part of
the book is designed for home study while
the second half is designed as an introduc-
tion to more advanced texts.

32s 6d net, by post 33s 6d.

full list free on request from

Stamford Street, London, S.E.I.
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H.M. GOVT. COMMUNICATIONS CENTRE
A CHALLENGING and PROGRESSIVE CAREER
is offered in the Engineering of ADVANCED
COMMUNICATIONS SYSTEMS
and allied techniques

APRIL, 1965

ENGINEER required to assist In development of
hospital electronic equipMent; arply in writing.

full details. experience, age, etc.-Electro Medical
Supplies, Ltd.. Retcar St., N.19.
clUALIFIED engineer required for responsible andEllin83-
'1/4e t e rest n g work on specialised audio -frequency
equipment.-A. Peters & Sons, Ltd., 51, Gell St., Shef-
field, 3.
JUNIOR recording engineer required by London studio,

keen interest in audio and ability to drive essential;
apply stating age and experience to-Box WW 1171,
Wireless World.
SERVICING of electronic test gear, O.N.C. or equiva-

lent experience, weekly salary.-Apply Personnel
Officer, Dubilier Condenser Co. (1925), Ltd.. Ducon
Works, Victoria Rd., N. Acton, W.3. [1045
SERVICE technicians and trainees for maintenance

work on all kinds of audio equipment, required
in the London area; pension scheme.-Apply. Mr. J.
Vaughan, Dictograph Telephones, Ltd_, Abbey House,
Victoria St.. London. S.W.1, Tel: ABB 5572. 11131
ELECTRONICS technician required for the mainten-

ance of a wide range of research equipment, ex-
perience of eleefronics other than radio desirable, per-
manent, pensionable post; senior technician grade
E720-E1.030.-Physical Chemistry Laboratory, South
Parks Rd., Oxford. [80
RADIO Engineers and Mechanics with specific work-

shop experience in ADP/HP, VHF or ILS/VOR.
40 -hour week, salary according to experience and
ability. pension scheme.-Apply: Managing Director. Air
Transport t Charter)(C.I ), Ltd., Willow Rd., Payle

'T'EST engineers.-Applications are invited fromr1t1e8s2t

Trading Estate. Colnbrook. Bucks.

IL engineers with previous industrial experience of
testing radio communications, receivers and trans-
mitters; successful applicants will be offered positions

Candidates for EXPERIMENTAL OFFICER appointment will normally be at least 26 years on the company's permanent staff; starting salaries
commensurate with qualifications and experience.-of age, hold a Pass degree, Dip. Tech., or H.N.C. and have several years' experience in corn- Apply in writing, giving full details, to Personnel

munications or general electronics. Salary commensurate with age and ability up to £1675 Officer, Redifon, Ltd., Bromhill Rd., S.W.18. [124
CIRAMPIAN REPRODUCERS, Ltd., require Seniorper annum. %..." Test Engineer to take charge of test department;

Candidates for ASSISTANT EXPERIMENTAL OFFICER appointment will be at least 18 years must be fully conversant with sound
systems.- Apply Dept. R.B Hanworth Tradin Estateof age and have passed two G.C.E. 'A' levels in scientific subjects. Salary commensurate with Feltham, Middlesex. " g

age and ability up to £1201 per annum. -Iry relay senior engineers required, able to control1 small teams installing co -axial aerial systems,
North London area, very good rates of pay, bonus, over-
time, etc.-Apply: Mr. Henderson, Imhof's, 9a, Mild -
may Grove, N.1. Can. 1281. [1181

H.M.G.C.C.
invites Applications from Candidates

for Appointment as Experimental Officers
or Assistant Experimental Officers in an expanding

Engineering Group at Hanslope Park, Buckinghamshire.

Hanslope Park is situated in pleasant country surroundings where houses
are readily available. Easy access to London by road or rail.

Encouragement is given to staff who wish to
extend their knowledge by attending
specialist courses.

Write to: -
The Personnel Officer,

H.M.G.C.C., Hanslope Park,
Wolverton, Bucks. - giving age,

qualifications and a summary of experience. Candidates and
both their parents must have been British subjects at all times since birth.

TESTERS
required for interesting work
on L.F. and H.F. Transmitters.
Previous fault-finding experi-

ence essential.
The positions available would be of
special interest to persons employed
in the fault-finding and repair of
television who ace keen to establish
themselves in a position that offers:

* Satisfactory employment
* Five-day week
* Good prospects of advance-

ment
* Staff status
* Sick pay
* Generous salary

Apply: Personnel Manager

lvtultitone Electric Co. ltd.
12-20 Underwood St.. London, N.1

TELEVISION

DEVELOPMENT ENGINEER

Applications are invited from elec-
tronics Engineers for development of
television receivers and associated
electronic equipment from conception,
following through all phases to produc-
tion. Applicants should preferably
have experience in a similar capacity,
i.e. radio or television design/develop-
ment. Engineers who have a wide
experience of servicing will be given
consideration, depending on standard
attained. Applicants should be in age
group 25/35 years and must be capable
of working on own initiative. Housing
assistance may be given.

Apply giving details of age, ex-
perience, qualifications, if any, present
salary etc., Personnel Manager,
Ultra Radio & Television Ltd.,
Fareham Road, Gosport.

EXPERIENCED technical authors and specification
writers required for well paid staff appointments

in Reading and Manchester offices, and various parts
of the country; we are an expanding company operat-
ing good sickness, pensions and life assurance schemes.
-Apply to Engineering & Technical Publications. Ltd..
1-3, Greyfriars Rd.. Reading. or 3, Chepstow St..
Manchester. 1. [139

MINISTRY OF DEFENCE (NAVAL)
VACANCIES FOR PRODUCTION INSPECTORS
There are vacancies in the Navy Department

Production Pool for Production Inspectors (Technical
Class Grade II) and Assistant Production Inspectors
(Technical Class Grade III) for a wide range of
duties concerned with the production of equipment
in the fields of Ship Propulsion, Radio Communication,
Sonar, Radar. Missile and Weapon Control and
Computers. The work in general includes the
preparation of production specifications, technical
liaison with production contractors, test/ and inspec-
tion, system test, calibration, qualification approval
and liaison with research and development teams.
There are also vacancies for Technical Authors
(Technical Class Grade II) who are required to
prepare technical handbooks used in the maintenance
of the above equipment in the Fleet.

LOCATION: The posts are at Portsmouth, Bath,
Copenacre (Wilts), Portland and :certain posts con-
cerned with inspection during manufacture are mainly
in the London, Midland and Northern areas. The
posts at Portland are mainly concerned with the
production of Sonar Equipment whilst those at
Portsmouth are mainly concerned with Radar and
Communication Equipment. The posts at Bath and
Copenacre cover the whole range of equipment but the
work at Copenacre is mainly concerned with test,
inspection and calibration.

QUALIFICATIONS: Full apprenticeship plus
practical experience in the above field(s), and posses-
sion of an ONC (or equivalent) in mechanical and/or
Electrical Engineering. Possession of a higher techni-
cal qualification, eg. HNC, would be an advantage.

SALARY SCALE: National rates are:-
Technical Class £1,091 by four annual

Grade II increments to £1,244.
Technical Class £913 (age 26) by six

Grade Ill annual increments to
£1,091

(The above rates are under reviewand posts in
the London area attract an allowance)

Prospects of pensionable employment and of
promotion to higher grade posts.

APPLICATIONS: Write to SUPERINTEN-
DENT OF THE PRODUCTION POOL MIN-
ISTRY OF DEFENCE (NAVY) OFFICES,
EMPIRE HOTEL, BATH, SOMERSET, stating
age, nationality and full details of qualifications and
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GET INTO

COMPUTERS

NOW

Opportunities in
English Electric Leo Marconi's

Field Engineering Services

Commissioning Engineers are needed for the
final testing and installation of real-time computers
and industrial process control equipment. Relevant
experience is desirable. The jobs are based in

Kidsgrove but periods away will be necessary
including perhaps the opportunity of short stays
overseas. Kidsgrove is in pleasant countryside on
the border of Cheshire and Staffordshire housing
in the area is inexpensive and easy to find.

Maintenance Engineers are needed at bases in
London or Kidsgrove. The work is concerned
with real-time computers and industrial process
control equipment and is interesting and varied.
Applicants must be willing to travel on call from base.

Site Computer Engineers are needed to main-
tain computers on sites in the London area, Home
Counties, South Glasgow and elsewhere. Previous
experience is not essential and men who have been
trained on radar equipment are especially invited to
apply. Those who work shifts receive financial
compensation.

These posts offer good training, attractive allow-
ances, excellent prospects, staff status and volun-
tary participation in a good pension scheme.
Essential qualifications are keenness, willingness to
take responsibility, electronic experience and
general intelligence. Experience with transistors
and pulse circuitry would be an advantage. The
suggested age range is 25 to 35 but others would
be considered.

To arrange an interview if you are in London,
please telephone Mr. C. G. Ashby on ELGar
2894 any working day between 2 p.m. and
5 p.m. Otherwise please write giving brief
details of age, qualifications and experience to:

The Technical Staff Officer,
Dept. WW.L. 39,
English Electric -Leo -Marconi Computers Ltd.,
Kidsgrove, Stoke-on-Trent, Staffordshire.

ENGLISH ELECTRIC LEO MARCONI



138 WIRELESS WORLD APRIL, 1965

ELECTRONIC INSPECTORS
and

TEST ENGINEERS
required by

DECCA RADAR LIMITED
at Chessington, Surrey.

SECURITY
WIDER EXPERIENCE
REAL PROSPECTS
FRIENDLY TEAM -WORK
HIGH WORK STANDARDS
If these factors are high priorities for you, they are for us too, and we are

proud of our record.
We have an extensive and interesting programme of work with vacancies for

experienced staff at many levels.
There are new buildings and equipment, and good conditions of employment.
Please apply for interview giving brief particulars of experience, qualifications

and present salary to:
Personnel Officer, 9 Davis Road, Chessington, Surrey.

WEST HAM COLLEGE OF TECHNOLOGY
Rornford Road, Stratford, E.15.

A one day symposium on
FIELD EFFECT TRANSISTORS

will be held on Wednesday, 19th May. 1965.
Papers will be read by representatives from

industrial firms engaged in the fabrication of Field
Effect Transistors, and time will be allocated for
discussion.

The subjects to be covered will be as follows.-
The Theory of the Operation of Field Effect
Transistors
Present Day Field Effect Transistors
The future for Field Effect Transistors
Application of Field Effect Transistors

Full details may be obtained from the Head of the
Electrical Engineering Department, West Ham
College of Technology. Rumford Road. London.
E.15.
95, The Grove, R. Openshaw,
Stratford, E. I 5. Chief Education Officer

AIRCRAFT Radio Maintenance Engineer (preferably
with " A " licence and with aircraft electrical and

instrumentation experience) required for work onH.S.748 and D.C.3 aircraft. National Joint Council
wages and conditions and pension scheme. Applications
should be addressed to the Technical Manager. Skyways
Coach Air Ltd., Lympne Airport, Near Hythe, Kent.

f1155

THE LONDON HOSPITAL, Whitechapel, E.1, requires
a young man about 18-20 to assist with maintenance

and construction of electronic equipment in E.E.G.
department. Previous medical experience not necessary,
but familiarity with electronic techniques essential.
Salary up to £714 according to age and experience.
CONTINUED study encouraged, and facilities provided.
-Tel. Bishopsgate 5454, ext. 211. or write with names
of 2 referees, 10 the House Governor. immediately.

[1176

SEMI -CONDUCTOR Power Conversion Equipment.-A
young engineer or technical assistant is required

for the development work on transistor and thyristor
inverters and allied equipment, in the London area; the
programme calls for a very substantial expansion of
this side of the Company's activities; an H.N.C. or
an O.N.C. with the intention to proceed to the H.N.C.
is desirable.-Apply to Box WW 1169, Wireless World.

RADIO
MECHANICS

SOUTH AFRICA
STANDARD TELEPHONES & CABLES (SA) (PTV) LTD.

have several vacancies for Radio Mechanics who have experience in Naval Shore Wireless High Power
Transmitters or similar equipment who will undertake maintenance of a major installation in the
Cape Area.
We can offer a five year renewable contract, a five day working week with additional pay for overtime
and shift work, and three weeks' paid holiday each year.
The company operates a pension scheme, sick benefits and other fringe benefit schemes.
Low income tax and cost of living ensure a reasonably high standard of living.
South Africa Settlement Association (1820 British Settlers Association), will advise successful candi-
dates on all questions relating to emigration, housing, living conditions, passages, other formalities.

STARTING SALARY RANGE FROM LI,000-11.500 p.a.
Write for an application form to:

Box No. BR 620
Austin Knight Ltd., John Kirk House, 31-32 John Street, London, W.C.I.

ELECTRONIC WIREMEN

required for the construction, wiring
and modification of a varied range of
Radio and T.V. Test Equipment.
Good workmanship is essential and
applicants are required to have previous
experience of similar work together
with a basic theoretical knowledge.
5 -day week, sick benefits and superan-
nuation scheme. Please apply in writing
to the Production Supervisor, Radio
Rentals (U.K.) Limited, Works Centre,
14, Beresford Avenue, Wembley,
Middlesex.

SERVICE engineers required for installation ant
maintenance of telephone answering and record

ing equipment in the London area, vehicle provided
interviews locally; please write stating age apd salar
required to.-Personnel Officer, Ansafone. Ltd., Fran
les Rd.. Camberley, Surrey. [116

EVELOPMENT engineers, senior and junior wit.
experience in circuit design of radio receivers, audi

equipment and tape recorder; particular emphasis i
transistor applications, qualifications desirable, but goo
experience in these competitive fields important, MUM
tive to complete projects through to production essen
Mal, staff appointments, excellent salaries for candidate
of right qualifications or experience.-Write with fu
details to: Technical Director, Halroy Products, Ltd
Headstone Lane. Harrow, Middlesex. [117

AVIONICS
Engineer.-Applications are invited t

take charge of radio, electrical and instrumen
maintenance of small fleet of modern prop -jet aircrai
based in South of England. Applicants should posses
at least an " A " Aircraft Fadio Maintenance En
gineers Licence and have aircraft electrical and instru
mentation experience acceptable to the Air Registratio
Board to enable them to obtain applicable " X " Air
craft Maintenance Engineers Licences in due courts
Good salary for successful applicant with qualification
and experience. Apply giving full  experience an
salary expected to-Box WW 1167, Wireless World.
A SSISTANT Lecturer. Grade B, in Electronic EngineetA ing required at Cambridgeshire College of Arts an

Technology from 1st September, 1965, to teach i
Electrical Technicians and CGLI Electronic Servicin
courses. Candidates must have at least an HNC or
CGLI full Technological Certificate, together wit
industrial experience in the development or servicing
electronic Instruments. Some teaching experience
also desirable. Salary will be in accordance with th
Burnham Scale for Grade B Assistant Lecturers: £.831
£1,450. Further Particulars and application forms fro;
the Principal, Cambridgeshire College of Arts an
Technology, Collier Road, Cambridge. [11E

INSTRUMENT
MECHANIC required at Stourport Pow,

Station, Worcestershire. Excellent conditions of se:
vice. Basic salary £875 per annum (£16 Os 3d Pi
week) plus 6/- per week productivity bonus. Deper
dent upon the working pattern the salary earned coul
he £1,094 per annum. A service increment of 8/- ps
week is payable after 2 years' service. Applican
should have had experience of the maintenance an
calibration of a wide range of electronic and/or physic:
industrial instruments. Men with experience of aircra
instrument maintenance will be considered. Apply i

writing quoting vacancy number 150/65MR and givir
details of age, experience and present position to ti
Station Superintendent, Stourport Power Stefan!
Severn Side, Stourport-on-Severn, Worcs, by 29)
March, 1965. [111

SITUATIONS WANTED
ELECTRICAL instrument mechanic seeks sub contra.

work, assembly /wiring, electroimeclianical equil
ment.-Box WW 85, Wireless World.

MINISTRY OF DEFENCE (ARMY DEPT.)
requires

TECHNICALS GRADE III
for a wide variety of duties dealing with optical
electrical, telecommunication and electronic equipment, in
service with the Army. Vacancies exist within the RENE
organisation in or near the following locations:

WOOLWICH: Experience in optical instruments required
for some vacancies. READING, MELTON MOWBRAY,
MALVERN, NOTTINGHAM, BURSCOUGH (RAM),
DONN1NGVON (Salop), ANGLESEY, MIDDLE WALLOP,
Hants -Army Air Corps Centre. Experience in mechanical
aircraft engineering required.

Applicants should have served an apprenticeship (or have
bad an equivalent period of training) followed by 3 years'
practical experience.

Applicants must possess O.N.C. or hold an equiv. gusto.
flucceadul completion of an Artificers Course in SEWS or
Foreman of Signals course may be accepted in lieu.

National salary scale for a Technical Grade III is £913 to
E1,691 p.a. (minimum linked to age 26) plus London Weight-
ing of £45 to £50 where applicable.

APPLICATION FORMS from Manager (P8.1707).
Ministry of Labour, Professional & Executive Register,
Atlantic House, Farringdon St., London, E.C.4.
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SALES MANAGER
Owing to internal promotion we wish to appoint
a Sales Manager for the expanding Acoustic
Division of Plessey -UK Limited at Havant.

Applicants should have sound technical and
specialised knowledge of loudspeaker and other
acoustic devices. This position involves high
level commercial and technical liaison in the
U.K. with major manufacturers, and therefore,
commercial experience in this field is essential.

A good salary and a car will be provided for the
successful applicant, together with the normal

[Plessey TM
0 0 41 0 41 0 41 0 0 0 0 0

SYSTEM TEST

ENGINEERS
PYE TELECOMMUNICATIONS

LTD. have vacancies for varied and

interesting test work on custom-
built Control Systems for VHF/UHF

Radio Schemes.

Knowledge of radio and, or line

communications techniques is

essential.

Apply to the Personnel Manager,

Pye Telecommunications,

Newmarket Road, Cambridge

fringe benefits associated with a modern organ-
isation. It will be an advantage if the person
appointed is resident in the Greater London
area.

Applicants are invited to send brief relevant
details to the

Regional Personnel Manager,

Plessey -UK Limited,

New Lane, Havant, Hants.

41 41 41 0 0 0 0 41 0 0 41 0 41 41 41 0 0 41

(fp
SYSTEMS ENGINEERS

PYE TELECOMMUNICATIONS LTD.
of CAMBRIDGE

Have vacancies in a department which
is engineering line and control systems
associated with Radio -telephone
Schemes.
Experience of line communications
and some knowledge of radio -telephone
equipment is essential.
A good salary will be paid and there
is excellent opportunity for advance-
ment in this rapidly expanding Corn-
pany.

Apply :- Personnel Manager,
Pye Telecommunications Ltd.
Newmarket Road,
Cambridge.
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(IP SYSTEMS DESIGN ENGINEERS
PYE TELECOMMUNICATIONS

require:

SYSTEMS ENGINEERS FOR THE DESIGN
OF CONTROL SYSTEMS FOR USE WITH
RADIO COMMUNICATIONS NETWORKS

Applicants must be experienced in the design and maintenance of
telephone switching equipment or multi -channel telephone systems and
be familiar with the principles involved.
Experience of the application of such systems to radio bearer circuits
is desirable but not essential.
Corporate membership of the I.E.E. or equivalent is desirable but
applicants without such qualifications who can prove wide experience
up to a recent date will be considered.

Apply to: Personnel Manager
Pye Telecommunications Ltd.
Newmarket Road, Cambridge

SO.S. from Sweden! Engineer. 35, Hungarian in
exile. entirely devoted to sound, seeks position with -

In the British Hi-Fi. record or broadcasting industry
due to the minimal audio activity in Sweden: has
mechanical and electrical qualifications and more than
ten years of private practice; special interest: tape
recorders: for more information contact-B, Tary, Var.
ingavagen 16, Djursholm 1. Sweden. [81

BOOKS, INSTRUCTIONS, ETC.
TWENTY-SIX bound volumes Wireless World "

1932 to 1953, 1954 to 1960 complete: unindexed.
loose, as issued.-Offers to Box W.W.74, Wireless
World.

WEBB'S log books for recording signals heard and
worked. 112 pages, 93/, x8in. approved format,

semi -stiff covers, excellent value 7/6 post free. or
callers 6/5.-Webb's Radio, 14. Soho St.. London, W.I.

1106

MANUALS. circuits of all British ex-W.D. 1939-45
wireless equipment and instruments, from original

R.E.M E. instructions; s.a.e. for list. over 70 types.-
W, H. Bailey. 167a. Moffat Rd.. Thornton Heath. Sur-
rey. (143

ARTICLES FOR SALE
ERROGRAPH 5/AN (March 1964, £62. no offersF (London).-Box WW 110, Wireless World.

1 ARGE quantity miscellaneous radio and electronicL spares. offers.-Ham 9632. [1166
PHILIPS X-rav image intensifier with P.S.V.; evce1-

lent condition, tube very good; £300.-Box WW
76 Wireless World.

VIBRATOR G.E.C. Vem 5.2. complete with 2 lkW
amplifiers, driver unit and audio osscillators; £350.-

Romford 44473. [1157
TELEVISION sets. not working, for callers only, 17in

61/10. 2101 63/10, 14in mains portables £2/10.-
'Phone Bournemouth 26849 [1178

AEI

INDUSTRIAL

TEST TECHNICIANS
AEI Industrial Group has vacancies at Rugby for men to undertake
testing and fault finding of

ELECTRICAL AND ELECTRONIC CONTROL GEAR
being manufactured for automated Mining Equipment, Power Stations,
Rolling Mills, Ship Propulsion, Machine Tools, and Automated
Industrial Systems.

Those with experience of T.V., Radio, Telecommunication, Electronic
and Control Circuitry, preferably holding ONC, HNC or a similar
qualification are required.

A period of training will be given where necessary. Pensionable
posts under staff conditions will be offered to suitable applicants.

Good prospects of advancement.

Applicants are invited to write to -
Staff Manager (Manufacture)

Associated Electrical Industries Ltd
RUGBY

y AFAYETTE International 'Tape; example: 72,400ft. polyester, 22/6: P. & P. 2/-: wide rant
s.a.e. list.-Leda Tapes, 27, Baker St., W.1.
PHILIPS relay bargains: e.g. 800+4000 6 gold c7/6, silver and platinum also in stock, s.a.e.list.-J. Taylor, 26, Bewlay St., York.

SPIRE, plain, self locking nuts, screws and rivelarge quantities wanted for cash.-L. Kayser, 1'
Highbury Quadrant, London, N.5. Canonbury 67i

RADIO Luxembourg (London), Ltd., have for sale
E M.I. 5 -channel mixer and a Philips EL 35

7i/:,in/sec recorder. -38, Hertford St., London, W.1
TRANSISTORS: AF.114/115/116/117, 4/- ea.;_ 2501210/- ea.; AF.127, 5/- ea.; silicon diodes. 200P.1.

4anip 2/6 ach.-Pattrick & Kinnie, 81. Park La,Hornchurch, Essex. Romford 44473. 111
700,000 semiconductors, radio manufacturer's surpl,

AF/RF transistors, silicon rect., diodes. etc.. offi
accepted for part lots; lists and details to Box W.W.'
Wireless Word.
QUAD complete stereo system, electrostatic speake
of GL7OP transcription, Empire 880P head, M1C.
2n8oew8. and guaranteed; £240. value nearest £170.--I

METERS 7KV electrostatic 31/2in £3 ea ; 3.5 1

21/2in rd. 30/- ea.; 500 Micro -Amp 21Ain rd. 1!
ea.; 115V 400 g.p.s. 21/2in rd. 25/- ea.; 1-0-1 M
4in rd. 25/- ea.: P.p. 2/6.-Pattrick & Kmnie, 81, Pi -
Lane, Hornchurch, Essex. Romford 44473.

UNISELECTORS (ex. equipment) 25 way, 4 -bat
22/6; 6 -bank, 27/6; 8 -bank, 32/6 ea.; p.p. 2,

latest type (smoke grey) telephone handsets, 10/-
p.p. 1/--Pattrick & Kinnie, 81, Park Lane, Hot
church. Essex. Romford 44473. [11

ARTICLES WANTED
WANTED. Air Ministry .surplus aerial masts t'

50, 30tt high. reference No. 1013,1600.-Starani
Ltd.. King's Ride, Ascot, Berks. [1:

WANTED, C.R.T. regunning Glasswork mach
details 'and price required.-Midland TV Servic

High St., Harbury, Leamington Spa., Warwicks.
WANTED. all types of communications receiv

and lest equipment.-Details to R. T. &
Electronics, Ltd., Ashville Old Hall, Ashville Rd., Lc
don, E.11. Ley, 4986.

URGENTLY wanted, new valves, transisters, radi
cameras, binoculars, tape recorder and tap

watches, any quantity.-S. N. Willetts, 43, Spon La:
West Bromwich, Staffs. Tel. Wes: 2392. ri

TAPE RECORDING ETC.
SAVE on cost of hi -fl. See Audio Supply notice (adve

No. 111).
" sLnePadleapretig:-"

people. --Send
b6c7o6k toess4noVial for all t

dersfleld.
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RADAR and
RADIO TECHNICIANS

The Australian Meteorological Bureau, an organisation of high international standing, controls weather stations
throughout the Australian continent and adjacent territories. The World Meteorological Organisation has recently
decided to locate the only weather information centre for the Southern Hemisphere at Melbourne. Because of the
rapid expansion of the Bureau, and the even more rapid development of forecasting techniques, there are vacancies
for Observers (Radio) with excellent prospects for advancement.

SALARY RANGE

£1227-E1395 (Australian)

QUALIFICATIONS

Passes in Mathematics and Physics at least to third year
secondary school level, preferably at G.C.E. " 0 "
levels. Qualified as Technician in radar, television,
radio or associated fields; experience in the maintenance
of electronic equipment, involving one or more UHF,
VHF, and microwave frequencies, pulse techniques,
frequency modulation.

ELIGIBILITY
Applicants must be British subjects, eligible for per-
manent residence in Australia, and in good health.

TRAINING

Free training for 31 weeks will be conducted on full
salary in Melbourne. Temporary accommodation will
be available upon arrival at Melbourne.

DUTIES

Maintain and operate electronic equipment; take
meteorological observations. The equipment comprises
weather surveillance and wind finding radars, atmos-
pheric D/F equipment, radiosonde and other telemetry
equipment.

TRAVEL

Travel to Australia will be arranged.

COMPLETION OF TRAINING

Upon satisfactory completion of training, othccrs will
be transferred to field offices. Residences are provided
at most of these posts, except in the seven capital cities,
and a suitable district allowance is paid at remote or
difficult posts. Trainees who hold G.C.E. " 0 " level
in a suitable range of subjects or the equivalent, will be
eligible to apply for six months' supplementary training
in aeronautical meteorology, to qualify for promotion
to higher positions.

GENERAL

Shift allowances are payable in addition to salary. Recreation Leave of four weeks per annum plus additional leave
and assistance with fares to proceed on leave from remote areas is provided. Selected applicants will be permanently
appointed to Commonwealth Public Service. Long service, sick leave and superannuation benefits applicable.

ADDITIONAL INFORMATION

and application forms may be obtained from the Public Service Board Representative,
Reference R.1, Australia House, Strand, LONDON, W.C.2.
(Telephone TEMple Bar 2435, Ext. 586 or 461) with whom applications close on
19th April, 1965.
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'441PP PYE TELECOMMUNICATIONS LTDqo Have vacancies in

CAMBRIDGE

VHF TEST ENGINEERS
Experience of V.H.F. Transmitters and Receivers essen-
tial. Men who have had training in the Services would
be suitable. Good rates of pay and promotion. Appli-
cants who wish to seek a career with Europe's leading
Radiotelephone manufacturers should apply to:-

Personnel Manager
Pye Telecommunications Limited.
Newmarket Road,
Cambridge.

Tel: Teversham 3131

INSTRUMENT MECHANICS

required by the Central Electricity Generating
Board at WEST THURROCK Generating
Station, Grays, Essex.
Salary £871/101- per annum (£16/14/4 per
week) plus 6s. per week Productivity Bonus
plus a Service Increment after two years'
service of 8s. per week.
Conditions include a 42 -hour week, optional
superannuation scheme, generous holidays and
sick pay and good canteen facilities.
Applications to be sent to the STATION
SUPERINTENDENT, CENTRAL ELEC-
TRICITY GENERATING BOARD, WEST
THURROCK GENERATING STATION,
STONE NESS ROAD, GRAYS, FSSEX.

AUNIQUE Buy! Recording tape, top brand, 7in
2,400ft D.P.. 25/-: 5s4in 1,200ft, 19/6: P. & P.

1/6 per spool; bargains in all sizes; s.a.e. for list:
we repair, buy and sell recorders.-E. C. Kingsley &
Co.. Ltd., 132. Tottenham Court Rd.. London. W.1.
Euston 6500. 1113

TAPE/DISC/TAPE transfer editing; duplicating: if
quality and durability matter (especially with LPs

horn your precious tapes) consult Britain's oldest
transfer service.-Fund raising records published for
schools, musical societies (tax free/.-Sound News Pro-
ductions. 10. Clifford St.. London. W.1. Reg. 2745.

[108

NEW GRAM AND SOUND
EQUIPMENT

GLASGOW.-Recorders bought, sold, exchanged:
cameras, etc., exchanged for recorders or vice -versa.

-Victor Morris, 343, Argyle St., Glasgow. C.2. [120

RETURN of post service: record changers. players
and tape decks, some at special prices: speakers.

Martin type kits, Mullard amplifier kits, Jason tuners.
test meters. all in stock. H.P. available: send for free
Llustrated lists, postal only.-Watts Radio. Ltd.. 54.
Church St.. Weybridge Surrey. Tel. 47556. [114

* TECHNICAL ASSISTANTS

REDIFFUSION TELEVISION LIMITED
have vacancies for

for training as

TELEVISION BROADCASTING ENGINEERS

Minimum acceptable qualification is a good Higher
National Certificate (Electronics). Commencing
salary £1,062 per annum. Apply in writing to:-

Assistant General Manager (Staff),
Rediffusion Television Limited,
Television House, Kingsway, London, W.C.2.

MINISTRY OF DEFENCE
(Air Force Department)

requires Examiners (Technical Class
Grade HI) in the Radio division of the
Aeronautical Inspection Service.

LOCATION. Vacancies exist mainly at Hen -
low, Western and Northern England, S. Wales
and N. Ireland.

DUTIES. At Henlow the calibration of a wide
range of electronic equipment and the compila-
tion of calibration manuals. At other units, the
technical supervision of staff, the inspection and
testing of equipment and submission of in-
spection schedules.

QUALIFICATIONS. Applicants must be
British subjects. A full five year apprenticeship
or equivalent training. Experience in the
development, manufacture, inspection, main-
tenance or testing of wireless or radar equip-
nient. O.N.C. (Elect.) or City and Guilds
Intermediate Certificate plus Radio II or an
equivalent qualification. Applicants must be
prepared to serve a tour or tours of 2 or 3 years
duration overseas.

APPOINTMENTS will be unestablished.
Establishment is by open competitions which are
held periodically.

SALARY. National scale £798-£1,091. Age
28 and over start at £975. Prospects of promo-
tion to higher grades with a maximum of £1,767.
Applications and further details from Ministry
of Defence C.E. 3f (Air), Sentinel House,
Southampton Row, W.C.1.

THE MINISTRY OF DEFENCE
(ARMY DEPARTMENT) invites
applications for interesting Grade V
ENGINEERING appointments in the
BRITISH FORCES BROADCAST-
ING SERVICE overseas in Aden,
Benghazi, Tobruk, Tripoli and Cyprus.

DUTIES & QUALIFICATIONS
Operation and maintenance of MF,
HF, VHF, Transmitters, Studio
equipment and generating equip-
ment. Appropriate ONC, City and
Guilds, or equivalent qualifications
are necessary.

SALARY SCALE (under review) for
Grade V staff is £739 to £1,039 p.a.
In addition generous non-taxable
Foreign Service Allowances are paid
according to location. Candidates
must be at least 21 years of age.
For further details and Application
Form please write to:-
The Director (EW),
British Forces Broadcasting Service,
Kings Buildings,
Dean Stanley Street,
London, S.W.1.
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SOLARTRON SERVICE ENGINEER

Resulting from the unification of our Service Department on one location, vacancies have arisen at our Farnborough
factory for Engineers to service electronic instruments. These include thermionic power supplies, transistorised power
supplies, digital voltmeters, signal generators, oscilloscopes, and servo equipment. We would welcome applications
from experienced T.V. Service Engineers qualified to C. & G. final standard or R.T.E.B. standard.

Please apply:

Miss C. J. Read, Personnel Officer,

THE SOLARTRON ELECTRONIC GROUP LTD.,
Victoria Road, Farnborough, Hants.
Telephone: Farnborough 3000

FOR the best in Hi-Fi sound and tape recording
equipment. Sound reinforcement systems for

schools, ohurches and professional organizations. Rapid
Postal service anywhere in the world. Good quality
cart exchanges welcome. H.p. facilities. Specialist
Audio Service Dept. Records all labels. Suppliers
to schools. universities, atomic energy authority. lead-
ing architects and broadcasting organizations.-Visit us
at No. 70. Lambda Record Company Limited. 70.
Liverpool Rd.. Liverpool, 23. Tel.: Great Crosby 4012.

12868
NEW COMPONENTS

MAINS transformers for sale due to uncompleted
project, input 0-205-225-245V 50 c/s, output

350-0-350 at 200 M/A, 6.3V at 4A, 5V at 3A, 50 avail-
able at £2 each or £90 the lot.-Write: Music Hire
(Yorks.), Ltd., 40. St. Paul's St., Leeds, 1. [1162
ALL T/V spares, LOPTs our speciality, any make

Alba -Ultra, mostly makers' exact replacements, e.g
EKCO T221/231/284/310/311, 69/9; T330/331, 72
Murphy V240/250, 75/-; 270/280/310/470/540, 85/-; p.P.
4/-, c.w.o. or c.o.d.; Ekco/Ferranti Shrouds will save
you REBs, standard 14/9, de luxe 19/6; s.a.e. for en-
quiries or telephone Tid. 5394 (day), Rod. 7917 (night);
orders despatched same day; T.C.S. Mail Order Depart-
ment now at Brockley T/V, 28, Brockley Cross, S.E.4.
Callers welcome. :144

vormosonwomer

VACANCIES IN THE
COMPOSITE SIGNALS

ORGANISATION
A number of vacancies offering ,00d
career prospects, exist for

RADIO OPERATORS(Male)
Candidates should have a minimum of

two years' practical Radio Operating
experience.

Write, giving details of Education and
Qualifications to:-
Recruitment Officer (CSO 3),
Government Communications Head-
quarters, A Block,
Priors Road, Cheltenham, Glos.

B.B.C.2. TV, RADIO. TAPE REC., SPARES.
D B.C.2 625. Complete conversion kits, or tuners

and IF panels eeparate.y: send for free lists. TV
.;;;a1 Booster Units, Labgear B1, 3, or UHF 75-,

masthead 105,-. Perch° UHF 70'-. post free: L.O.P.Ts..
Philips. Stella 1768, 8617. etc. 98/-. Ekco/Ferranti U25
types 48/6, Ekeo,Ferranti U26 and Perspex types 62,6,
Ferguson 306. 308 48/6. 406, etc. 65/6. Sobell. TS17
48/6. 171, etc. 67,6, Pye V4 to V700, etc. 62/6, post
3/-; also Alba. Cossot, Decca, G.E.C., K.B., Invicta,
Pam, Philco. McMichael. R.G.D., Dynatron, Emerson,
Regentone, ultra, H.M.V.. Marconi, etc.; Scan coils,
frame 0, P. Frame ose_ Line osc. mains.. sound 0/1.
transformers, width/lin coils, mains droppers. dual
controls etc.: Tuner Units, Fireball, incremental, tur-
rets, channel CRTS, Mullard. Mazda, Brinier,
Emiscope 14in and 17in 85/-, 21in 120,'-, etc., carriage
10/-; Tape Recorders, belts, heads, motors, etc.; sal-
vaged components-large selection clean, servicable tur-
rets, transformers, etc.; enquiries invited, C.O.D. 2.'6.
MANOR Supplies, 64, Golders Manor Drive, London,
N.W.11. Callers. 589b, High Rd. (near Granville Rd.),
N. Finchley. N.12. Hit. 9118 (day), Sne. 4032 (eve.):
open all week incl. Sat. 1101

VALVES
JALVE cartons by return at keen prices: send

v for all samples and list.-J. & A., Boxmakers 75a,
St., Bradford. 1. 1116

-----

SOLARTRON, PROTOTYPE WIREMEN

At our new Farnborough factory we are selecting Prototype Wiremen for posts in our Data Handling, Data Logging
and Analogue Computer Systems Assembly areas.
Applications are invited from experienced wiremen able to work from circuit diagrams and engineers' sketches.
Salaries are progressive and will commence in the range of £15 to £18 15s. per week according to experience.
We work a 5 day, 40 hour week. Membership of our non-contributory pension fund and sick pay scheme is automatic.

Please apply:

Miss C. J. Read, Personnel Officer,

THE SOLARTRON ELECTRONIC GROUP LTD.,
Victoria Road, Farnborough, Hants.
Telephone: Farnborough 3000
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IMPERIAL CHEMICAL INDUSTRIES LIMITED

VACANCIES ON TEES -SIDE

INSTRUMENT MANAGERS
Ner

Heavy Organic Chemicals Division has vacancies at both Billingham and Wilton for Instrument Managers
on its petroleum -chemical plants and for work in its Instrument Development Group. On a plant an Instru-
ment Manager usually controls a team of craftsmen, is expected to be familiar with the principles and practice
of control engineering and instrument technology and in due course will work with others on the application
of " on-line " digital computers to chemical plants.

In the Development Group he would be concerned with one of three specialist fields of Instrument
Engineering-either Control, " on-line " Process Analysis or Electronics. The group offers a specialist
service to all Departments of the Division and develops advanced instruments to meet unusual process
requirements. The basic qualification required is a good Degree in Physics, Electrical Engineering or
Chemical Engineering. Previous similar experience would be an advantage though appropriate training will
be given to suitable candidates. There are good career prospects and there is interchange of personnel
between instrument lobs within the organisation including opportunities for advancement outside the
instrument field. Pension Fund and Profit-sharing Schemes are in operation. Please write giving age and
brief details of qualifications and experience to:-
Engineering Personnel Officer, Imperial Chemical Industries Limited, Heavy Organic Chemicals
Division, Wilton Castle, Nr. Middlesbrough, Yorkshire.

Quoting Reference No. 784.

TEST ENGINEERS
With a view to Company expansion, applications are invited from Test Engineers who wish to
be engaged in testing a wide range of valve and semi -conductor industrial control equipment,
including digital systems. A working knowledge of electrical/electronic circuitry is essential.
These are interesting permanent staff situations with a well established Organisation in the
industrial electronics field.
The salary paid will be commensurate with ability and experience.
Apply in confidence, in writing or by appointment, to:-

Personnel Manager,
LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LTD.,

RUGELEY, Staffs. Telephone No. Rugeley 371
(A Member of the Metal Industries Group of Companies)

AMC
TELECOMMUNICATION TRANSMISSION

EXPANSION in the TEST SECTION creates
VACANCIES in all grades.
PERMANENT PROGRESSIVE appointments are
offered to:

1 Panel and Unit Testers
2 Rack and System Testers
3 Maintenance Engineers
4 Laboratory Engineers
5 Specification Engineers

For vacancies 1 and 2, Transmission or Radio experience is required; ONC
an advantage (ref. 251).
For vacancies 3 and 4, experience of electronic test equipment is required;
HNC or ONC an advantage (ref. 374).

Please apply giving full relevant details and quoting appropriate reference
to the Personnel Department, Associated Electrical Industries Ltd.,
Woolwich Road, Woolwich, S.E.18. Telephone: WOO 2020.

THE COLLEGE OF ADVANCED
TECHNOLOGY

TEE UNIVERSITY OF ASTON
IN BIRMINGHAM

designate
DEPARTMENT OF ELECTRICAL

ENGINEERING
A Specialist Course of Ten Lectures on

RADIO GUIDANCE SYSTEMS
To be held at the College on Wednesdays
7-9 p.m., commencing 21st April 1965.
The Course deals with the Radio Navi-
gation Systems for Aircraft and Missiles
and includes Tracking Aerial Systems,
Weather Detection, Terrain Mapping,
Blind Landing Systems, Automatic
Direction Finders and Air Traffic Control

Course Fee ... 3 guineas
Further particulars and application forms
can be obtained from the Department of
Electrical Engineering, The College of
Advanced Technology, Gosta Green,
Birmingham, 4. Tel. ASTon Cross 3611.

VALVES WANTED
VALVES wanted, type 30L15 only, reclaimed. tested,

state quantity and price.-J. S. Rawlings, 25, Lans-
downe Rd., Bournemouth, Hants. L1179

ALL types of valves British or American, trans-
mitting and receiving; keenest cash prices paid.

What have you got to offer?-Write or call Lowe Bros.,
95-97. Redchurch St., London. E.2. Tel. Shoreditch
4415-6. [2882
WE buy valves for cash, large or small quantities,

old types or the latest; send details. quotations
by return.-Waltons Wireless Stores. 15, Church St..
Wolverhampton. f134

RECEIVERS AND AMPLIFIERS-
SURPLUS AND SECONDHAND

HRO Rx's etc.. AR88, CR100, BRT400, G209, S640,
etc.. etc.. in stock.-R. T. & I. Electronics, Ltd..

Ashville Old Hall. Ashville Rd., London, E.11. Ley.
4986. [142

TEST EQUIPMENT - SURPLUS
AND SECONDHAND

MARCONI Q meter, TF 329G, excellent condition
with 18 cased inductances; £49/10.-B. L. Cedar.

2a, Convent Hill, London. S.E.19. Tel. Liv. 8489. 182
SIGNAL generators, oscilloscopes, output meters, wave

voltmeters, frequency meters. multi -range meters.
etc., etc., in stock.-R. T. & I. Electronics. Ltd.. Ash-
ville Old Hall, Ashville Rd.. London, E.11. Ley. 4986.

[141

RADIO TECHNICIAN
A number of suitably qualified candidates
will be required for training, leading to
permanent and pensionable employment.
(Normally at Cheltenham but with oppor-
tunities for service abroad or appointment
to other U.K. stations.)
Applicants must be 19 or over and be
familiar with the use of Test Gear and have
had Radio/Electronic workshop experience.
They must offer at least " 0 " level G.C.E.
passes in English Language, Maths, and/or
Physics, or hold the City and Guilds Tele-
communications Technician Intermediate Cer-
tificate or equivalent technical qualifications.
Pay according to age, e.g., at 19, £722; at 25,
£929 (highest pay on entry) rising by four
increments to £1,067.
Prospects of promotion to grades in salary
range £997- £1,634.
Annual leave allowance of 3 weeks, 3 days,
rising to 4 weeks 2 days.
Normal Civil Service sick leave regulations.
Apply:

Recruitment Officer (RT/3),
Government Communication
Headquarters,
Oakley, Priors Road, Cheltenham.
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A
THE RACAL. GROUP Due to continued Company expansion vacancies have arisen ton

ELECTRONIC TESTERS
Progressive positions for electronic testers engaged on wide

range of communications equipment, including transmitters

and receivers. Applicants should have technical knowledge

equivalent to C. and G. with previous experience of testing

communications equipment.

CONTRIBUTORY SUPERANNUATION
SCHEME

Applications enclosing brief details of qualifications
and present salary to: -

RACAL ELECTRONICS LIMITED

WESTERN ROAD  BRACKNELL  BERKSHIRE

ENTHUSIASTS
for tape recording
subscribe to the
Magazine with the
ZEBRA stripes !

Monthly 25/. (U.S.A. $3.75)II I yrly incl. postage.
 FREE SPECIMEN COPY ON REQUEST

7 TUDOR STREET, LONDON, E.C.4. FLE. 1455

4WW-155 FOR FURTHER DETAILS.

DI NSDALE AMPLIFIER
PRINTED CIRCUITS and parts available for Mono and Stereo
units. Also Prints and all parts for " W.W." P.M. TUNER
including R.F. Assembly. An alternative variable tuned version
is inn available at a total building cart of £11 including ready-
aoond ,Hilo for easy assembly.
8 for Lists.

HART ELECTRONICS
193 Hart Road. Blancheater, 14.

4WW-156 FOR FURTHER DETAILS.

SITUATIONS VACANT
DESIGNER/DRAUGHTSMAN
for development work on
COIL WINDING MACHINES
and allied equipment.
Some experience in this field preferable,
also good electrical background.
South London, good prospects.
Box WW 5013 Wireless World

F329G circuit magnification meter (50kCis-5Oline/s)T with complete set of 18 iTM1438) inductors. £95;
N.S.F. 2 -pole 15 -way instrument switches 7/6; mains
panel neons 20/- dozen; 6211 valves 24;- dozen.-J.Ay913.fres,9. Park Rd., Kingston -on -Thames, Surrey. Kin.
2 83

VALVE Voltmeters: Dawe 613C £17 10, A,'S 575
E12,10, Marconi TF 428 CS,' 10, TS -487 U £3;

signal generators: TF 1440 85kc/s-25mc/s £12,'10.
Wayne -Kerr XT66 8-300mc/s). with charts £15,
Marconi TF 517 £5, TS-45AMP3 (" X " band) £10,
TS-13/AP 45/10: power meters: type 17 140 watts R.F.
75 ohms input) 35/-. Marconi TF 912 £5, L0031
microwave £3/10. Ericsson telephones input decade
(with counter tube and mains unit) type 101A £5.
s.a.e for lists, mail order onlv.-Worthing Radio. 7,
Coronation Buildings. Brougham Road. Worthing.

[1184
EXCHANGES

WE purchase for spot cash, modern used hi-fi equip-
ment, quality tape recorders, communication

RXS, stereo gear, etc., etc.; call, write or telephone,
best prices given.-Miller's Radio, 38a, Newport Court, '

few yards from Leicester Square Underground ..station.
Ger. 4638. Est. 20 years, Buyer can collect within
100 miles radius. 1137

SERVICES OFFERED
JOIN Audio Supply Service, 7 ii ilin-page photo-

graphically illustrated, non -advertising), hi -fl cata-
logues. 4/6; your best guide for safe buying. -10.
Clifford St., London, W.1. 1111

SERVICE & REPAIRS
SPEAKER repairs, cones titled. guaranteed satisfac-

tion.---L.S. Repair Services. P.uckley, Ashford.
Kent. [132

REPAIRS to all Waiter models. and other discon-
tinued makes. AKAI specalists, all enquiries wel-

comed.-Specialist Tape Recorder Co. Virginia 9637.
[86

SPEEDY and expert tape recorder and hi-fi repairs
by England's leading hi-fi specialists.-Telesonic,

Ltd., 92, Tottenham Ct. Rd., London, W.I. Mus.
8177. 1126

TAPE Recorder, dictating machine. gramophone and
Hi -El repairs, facilities for obsolete equipment.

apparatus constructed, P.A. installations. By " AKAI
and Cambridge Instrument Co. trained engineers.-
Specialist Tape Recorder Co., 34, Dollis Park, N.3.
Virginia 9637. [84

CAPACITY AVAILABLE
RECTIFIERS, Selenium and Silicon units supplied

for all applications, keen prices, good deliveries.
J. R. SERVICES & DEVELOPMENTS, 231, Rivermill,
Harlow, Essex. Tel. Harlow 26481. [112

AIRTRONICS. Ltd., for coil winding, assembly and
wiring of electronic equipment, transistorised sub-

units, sheet metal work. -4, Ashmead Rd., London.
5.5.8. Tel, Tideway 2249. [107

TO ALL
Manufacturers, Wholesalers, Importers,
etc. of the Radio and Electronic Indus-
tries
We are spot cash purchasers for all types
of redundant and surplus stocks.
Phone or write Hillside 2713

Stonegrove 7624
Broadfields Disposals Ltd.,

8, Broadfields Avenue,
Edgware, Middx.
Or

Mayco Products Ltd.,
21 Lodge Lane,

N. Finchley, N.12

4 %VW -157 FOR FURTHER DETAILS.

AVIONICS EQUIPMENT

TRICITAIR COVENTRY AIRPORT

TOLLBAR 3688 OFFER
R 1475 receivers 2-20 mc/s with 230 AC and 12
DC Power supply. Tested working, £15. BC
348s £25. RCA 710 A UHF Signal generators,
£35. Marconi TF 885 A video oscillators £38.
*Bendix V.O.R. receivers R 252C/ARNI4 (MN85-
DB) Tacan Indicators ID307 and 301/ARN,
Voltage regulators 40E23 -1-C, Fuel flow Amps
16501-1-C, Oxygen regulators 2880 -5B -D I. Stand-
ing Wave Indicators 1M81/UP, 100 micro amp
meters 10S/16379, BC 1333 marker receivers.
Relays 5909-84HPX, PEC 6001-9 G.E.C. Z 530010.
Export only: AN/ART 13s AN/APX6, BC 788 AM,
ARC.*
*Prices on appliralien. All items plus carriage.

4WW-158 FOR FURTHER DETAILS.
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NEW STANDARD CASES FROM OLSON

Quotations gladly given for customers' own specifications and special requirement.
OLSON ELECTRONIC LIMITED, 54, Myddieton Street,

WRITE FOR FURTHER DETAILS TO:- LONDON, E.C.I.Telephone: TERminus 8081

4WW-159 FOR FURTHER DETAILS.

TESTED TRANSISTORS
0A202, 1/ -each. 0C44, 0C45 0081,
0081D, 3/- each. AF 114 5/7, SX658,
0C170/ I, 4/- each. 2S013, 0C26/28/35,
GET57 I, 10/- each. XA 101/2, X13103/4,
XAIII/2, 2/- each. RED OR WHITE
SPOTS, 1/- each. 0C139, BYI00,
GETS, 5/- each. ZENERS ,+ watt, 3'6
each. 1.5 watt, -each. 7 watt, 6 -each.

S.A.E. LIST AND COMP. EQ. CHART
FREE.

B. W. CURSONS
78 BROAD STREET CANTERBURY

4WW-160 FOR FURTHER DETAILS.

MISCELLANEOUS
TNINSDALE amplifier. set of printed circuits, drilled

and fitted with so.der tags, 35/-.--P. nc M. Ser-
vices, 126, Ramsay St., Rochdale. Lancs. [1156

METALWORK, all types cabinets, chassis, racks,
etc., 'to your own specification, capacity available

I
for small milling and capstan work up to lin bar.
PHILPOTT'S METAL WORKS, Ltd., Chapman St.,
Loughborough. [123

BENSON'S better bargains, send s.a.e. for free cata-
logue of Government and manufacturers' electronic

surplus, to-Superadio (W.), Ltd., 116. Whitechapel,
Liverpool, 1. [100

THE trade Mark No. 772762 consisting of the device
of spokes radiating from a black centre and regis-

tered in respect of photographic anti cinematographic
films prepared for exhibition; and wireless, telephonic.
television. telegraphic, sound recording and sound
reproducing instruments and parts thereof included

I in Class 9. was assigned on 29th July, 1964.
Associated-Rediffusion Limited of Television House
Kingsway, London, W.C.2. to-Rediffusion Television
Limited of Television House, Kingsway. London
W.C.2. Without the goodwill of the business in which
it was then in use. [115

SOUTHERN RADIO
SUPPLY LTD.

11, LITTLE NEWPORT STREET,
LONDON, W.C.2. GERrard 6653

GOODS AS PREVIOUSLY
ADVERTISED STILL AVAILABLE

Bombsight Computers; Frequency
Crystals; Test Meters No. 1 ;

Accessories for Type "38" and
"18" Transreceivers, etc., etc.

TRADE ENQUIRIES
RADIO CLEARANCE LTD.

27 TOTTENHAM COURT, RD., LONDON, W.I Telephone: MUSEUM 9188
INVITED The oldest Component Specialists In the Trade EST. 35 YEARS

BARGAINS STILL AVAILABLE IN LOUDSPEAKERS
Enormous purchases of Brand New and guaranteed Plessep loudspeakers enable us to offer these 01114E AI CBE LOWEST PRICES EVER.
Don't miss this golden opportunity to obtain a first -grade permanent magnet LOUDSPEAKER nn the production Ina at LESS THAN MANUFACTURER'S COST.
Read carefully the prepared list below and choose just the right speaker for the lob -COMPARE THE PRICES ANYWHERE.

SCHEDULE OF LOUDSPEAKERS AVAILABLE
Diameter Gauss Impedance Price Diameter Gams Impedance Price Diameter
in Inches in Lines In Ohms In inches in Lines in Ohms in inches

2 7,000 80 EV- 3} 9.000 3 10/8
25 7,000 35 8/6 35 9.500 8 10/8
25 7,000 50 8/6 3f 7,000 35 816
25 7,000 80 8/- 31 9,500 60 10/6
3 8,500 3 10/- 4 9,500 26 11/8
3 6.000 5 8/6 4 9,000 30 11/6
3 6,500 80 9/6 4 9,600 15 19/-
3 7,000 5 91- 4 7,500 b 9/6
3 7,000 35 9/- 4 7,000 25 11/6 I
31 6,000 15 10/- 4 6,000 35 10/6 i
31 7,000 3 9/6 4 7,000 35 11/ -

Gauss
in Lines
9,500
6,000
7,000
7,600
9,500
9,500
8,600
9,500
7,000
7,000

Impedance Price
in Ohms
35 11/6

3 81-
3 8/6
3 9/-
3 10/6

15 12/6
25 10/6
35 11/8

3 111-
5 11/ -

Elliptical Gauss Impedance Price Elliptical Gums Impedance Price Elliptical Impedance Price
in Lines in Lines to Lineain OhmsShe la ins. la Ohms Sim in ins. in Ohms

6 x 3 6,000 3 7/6 6 x 4 9,500 3 10/-
Size in ins.

8 6,000 15 13/6
5 x 3 7,000 3 8/- 6 x 4 9,600 35 12/- 8 x 21 6,000 3 8/6
5 x 3 9,000 35 12/- 7 x 35 7,000 3 9/6 8 x2} 8,500 5 9/6
5 x 3 9,000 3 8/8 7 x 3} 9,400 3

112111166-

8 x 21 9,500 5 10/-

1151/6-

5 x 3 3 91- 7 x 4 3 8 x 5 39,500
5 x 3 9,000 4 816 7 x 4 30 8 x 5 15
6 x 4 8,500 3 916

99:050000 98;45000

ALLOW 2/- each speaker for P. & P- /handling charges, and please specify the exact requirements -the nearest available will be sent.
SELECTED BARGAINS

Beautifully geared AM/FM 2 -Gang Condensers 4/6; 451/FM IFT's 465 kc/s. and 10.7 Mc's. 4/6 pair: Magnavox Crystal Tape Recorder Mikes 1216: 3 watt Stereo Amplifiers complete
ready to switch on. 79/6: Sentemell rectifiers R3/2D: 3D -3-2.1Y, 2/8 each. DIODES- 0A70, 0A79, 0A90, CG46H, 0D10, 2/- each. TRANSISTORS: 0C45 4/6; PXA 101 8/6; AF115 4/6,
S1TBMIN GERMANIUM DIODES 1/3. M.I. DIODES 8d. each. Silicon Diodes, 200 P1V-200 mA. 1/- each; 400 PIV 330 mA. 2/6 each.
Please send STAMPED AND ADDRESSED envelope with any enquiry. We regret no catalogues -our stocks move too quickly! Kindly make provision
for sufficient postage and packing charges to avoid delay. TERMS: Cash with order or C.O.D. on orders over 10/-
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°NOON CENT -RA
RADIO STORES

°LONDON EXCHANGE TELEPHONE DIALS, Chrome, Nee
and boxed. 25/ -
TWIN GONG TELEPHONE, extension bells 21/-.
TELEPHONE TYPE HAND GENERATORS. 50 v. bell ringing

WIRELESS SET NO. 38 A.F.V. Freq. range 7.3 to 9.0 Me/s.
Working range lo 2 mill-, Size 101in. g din. x Weight
,wbs. !indult, power supply S lbs.-and spare rah es and rib-

otoe, else rick ial v. it h ie ee. £6 per pair or £3 single. Callers
0111),

EX EQUIPMENT COLLAR°. 3 speed auto changers complete
with arm and p.o. Hi -Fidelity Model RC54 also Model
RC331. A.C. main.. Approx. size 13in. x Min. Height
Tin. £3. P. X P. IC',

00 -WAY PRESS -BUTTON INTER-COM TELEPHONES in
Bakelite ea,,e with junction Ism Thoroughly overhauled.
Guaranteed. Eng/. per Unit. Complete installation £135.
10 -WAY PRESS -BUTTON INTER-COM. TELEPHONES in
Bakelite with junction box. Thoroughly overhauled.
Guaranteed. 26/15/- per Unit. Complete Installation £60.
Wiring Diagrams for 10 and 20 ways on application.
10 -WAY PUSH-BUTTON KEY TYPE STRIP. Size approx
1OHn. 32in. 10/-.
P.M. MOVING COIL SPEAKERS.
3M, 9/6. Sin. 3 ohm. NA Elliptical 7 x tin. :1 ohm 10/6.
SUPERIOR TYPE DESK PHONES. Black Bakelite cases. Com-
plete with Hand Sot. Dial 0-9 and internal bell. £3/7/6.
G.P.O. TELEPHONE TYPE CARBON HANDSETS 10/8.
ELECTRICITY SLOT METERS (1/- in slot) for A.C. malt.. Fixed
tariff to your requirements. Suitable for hotels, etc. 200/250 v.
10 A 234(7; 15 A. 94/-; 20 A. 104/-; other amperages available.
Reconditioned as new. 2 years' guarantee.
QUARTERLY ELECTRIC CHECK METERS. Reconditioned as
new. 200/230 v. 10 A. 42/6; 15 A. 52/6; 20 A 57/6. Other
amperages available. 2 years' guarantee.
8 -BANK UNISELECTOR SWITCHES. .25 contacts, alternate
wiping 22/15/- A bank half wipe £2/15/-. ti banks, half wipe,
25 contacts, 47/6.
HIGH-SPEED ELECTRO-MAGNETIC COUNTERS. Ex -Govt.
0,999, 25/30 v. D.C. Size dxlx lin. Single coil 2,30012.
Single coil 2000 151-.

All prices include carriage in United Kingdom except
where otherwise stated.

23 LISLE ST. (GER. 2969) LONDON, W.C.2
Closed Thursday 1 p.m. Open all day Saturday

SPECIAL OFFERS
NO INTEREST ON 12 MONTHLY

PAYMENTS

......,....,,,

THE FULL ARMSTRONG RANGE
Monthly

ARMSTRONG Cash Dep. 12 pyts. 16 orb.
227 Mono £36 15 74/- 55/1 39/5
227 Stereo £52 15 106/- 79/1 56/9
223 AM/FM Toner £28 15 43/2 30/10
224 FM Tuner £22 10 ti/: 33/9 24/3
127 AmpMono
127 Stereo

£27
£26
£37

10
10
10

55/- 41/3 29/7
531- 39/9 28/40/64

75/- 56/3
GARRARD
4HF/EV26A £18 1 36/4 27/1 19/5
301 Strobe £25 6 50/4 38/- 27/3
ATI) de Luxe £13 15 26/5 20/9 14/11
Lab. A/EVSSA .. 220 15 45/2 30/10 22/1
LEAK
Stereo 30 £49 10 99/- 74/3 53/3
Stereo 20 Vert II.. 257 10 115/- 86/8 61/9
T1412/Vari £35 15 72/- 53/7 38/5
Troughline 3 £31 14 63/6 47/7 34/1
Sandwich £39 18 sq/- 59/10 43/-
LENCO
GL58 £17 1 35/9 25/6 18/4
01.311 £27 9 55/4 41/2 29/6
GL88 £18 18 38/5 28/4 20/4
MISCELLANEOUS
Goodmans Maxim £17 10 35/6 26/3 18/10
GoodmansElegannia11£27 10 55/- 41/3 29/7
Celeston CX1512 £11 10 23/- 17/3 12/5
Deccadec £15 15 32/- 23/7 16/11
Kef Celeste £24 19 50/- 37/5 26/10
Jordan Watts Al2 £22 0 44/- 331- 23/8
Cadet Stereo £26 15 54/- 40/1 28110
Deceit Dream AR1 £11 11 23/- 1714 1216
Showroom hours: Monday-Satur ay 10 a.m.-5 p.m. Directions:
No. 6 bus from Liverpool St. Station to Odeon, Hackney Rd.,
walk back two turnings.

A. L. STAMFORD Ltd. i,D,17 V,)0 5003
98 Weymouth Terrace. London. E.2.

WIRELESS WORLD

RESISTANCE WIRES
EUREKA-CONSTAN TAN

Most Gauges Available

NICKEL -CHROME MANGANIN
NICKEL -SILVER

COPPER WIRE
ENAMELLED, TINNED, LITZ,

COTTON AND SILK COVERED
SMALL ORDERS PROMPTLY DESPATCHED

B.A. SCREWS, NUTS, WASHERS
soldering tags, eyelets, and rivets
EBONITE and BAKELITE PANELS.

TUFNOL ROD, PAXOLIN TYPE COIL
FORMERS AND TUBES, ALL DIAMETERS.
SEND STAMP FOR LIST. TRADE SUPPLIED.

POST RADIO SUPPLIES
33 Bourne Gardens, London, E.4

Phone: Clissold 4688

4WW-161 FOR FURTHER DETAILS.

WAREHOUSE premises to let: 1.200 set ft group'
and basement, 600 sq ft 2nd floor, leases to t

assigned. ideal position for all services.-Tel. or 41.1
to: Mr. H. Freedman, 10. Minories. E.C.3 . Royal 4.8.

TUITION
NORTHERN POLYTECHNIC
HOLLOWAY ROAD, LONDON, N.7.
THE Physics and Technology of Electronics. The 4 -
year Sandwich course, which previously led to the
award of the Dip. Tech., will now lead to B.Sc.
(Honours). and as before will carry exemption from
examination requirements of the Institute of Physics
and the Institution of Electrical Engineers..
APPLICATIONS will be considered from students with a
good general background who are well qualified in
Physics and Mathematics through G.C.E. A -level or
O.N.C.
ENQUIRIES may be made through a firm or in the
first place to the Head of the Department of Physics.

[1151
T.E.R.E.. City & Guilds and R.T.E.B. exams.: speci-

alised I.C.S. home -study course will ensure success
-For details of wide range of exam. and diploma
courses in radio, TV and electronics. also new practice
courses with kits, write to I.C.S. (Dept. 522), Parkgate
Rd., London, S.W.11. [119
STUDY radio, television and electronics with the

world's largest home study organisation, I.E.R.E.,
City & Guilds. R.T.E.B., etc.: also practical courses
with equipment: all books supplied.-Write for free
Prospectus, stating subject, to I.C.S. (Dept. 422). In-
tertext House, Parkgate Rd.. London, S.W.11. [117
THE Incorporated Practitioners in Radio & Elec-

tronics (I.P.R.E.), Ltd., Membership Conditions
booklet. 1/-; sample copy of I.P.R.E. Official Journal,
2/- post free.-Secretary, Dept. A, 32, Kidmore Rd.,
Caversham Rd., Caversham, Reading. Berks. [104

RA DIO officers see the world. Sea going and shore
appointments. Our many recent successes provide

a,.u.tmnal trainee vacancies during 1965. Grants avail-
able. Day and boarding students. Stamp for pros-
pectus.-Wireless College, Colwyn Bay. [128
BECOME " Technically Qualified " in your spare

time, guaranteed diploma and exam. home -study
courses in radio, TV, servicing and maintenance,
R.T.E.B., City and Guilds, etc.: highly informative
120 -page Guide-free!-Chambers College (Dept. 433),
148. Holborn, London. E.C.1. [121

LEARN practical Radio . . at home! The National
Extension College offers a unique home study

course using the very latest teaching technniques with
optional residential study at week -ends. Course covers
radio practice and theory based on the student's con-
struction of a transistor from parts supplied by the
college. An ideal starting place for higher technical
skills-and a better paid job in radio! Send for full
details by return to.-National Extension College (Dept
11), Burlington House, Cambridge. [1153

SOUND SYSTEMS
AUDIO EQUIPMENT

MANUFACTURES

STANSTED, ESSEX.
Phone: STANSTED 3132

147

EXCLUSIVE
OFFERS

AMERICAN AVIONIC EQUIPMENT
* AN ARC -3 * AN. ARC -27
* AN ANC -5 * ANi ARC -33
* AN ARC -34 * AN/ARC-52
* AN ARN-6 * AN/ARN-7
* AKARN-14 * AN/ARE-21
* AN GRC-27 * AN/IIRC-32
* AN/FRC-27 * AN/VRC-19

AMERICAN TEST EQUIPMENT
* ZM-3 Shalleross. Capacitance Analysers
* ZM-4 Shallcross Resistance Bridges.
* BC -378 75 mc41 Oscillators.
* SPERRY T101007 Tachometer -Oscilloscopes.
* TS -323 Frequency Meters 20/400 me,',
* TS -359 Voltage Dividers.
* BALLENTINE Model 300 VT Voltmeters.
* TAEAN Test Sets. Ts pc N
* GENERAL RADIO Strobotacs.
* HEWLETT PACKARD Model 2007 Oscillators.
Se AN URM-14 Test Sets.
* OS 8 OSCILLOSCOPES Models A, B. & C.
* AN,U531-3 Signal Tracers.
* NE -11 R.F. Wattmeters.
* 1-193 Polar Relay Test Sets.
* TV -4 Tube Testers.
* 1-181 Western Electric Current Flow meters.
* SIERRA 219B Transistor Testers.
* TS -270B Echo Bones.
* TDA-2 Distortion Analysers.
* TS -147 Spectrum Analysers .1470/9300 mete.
* TS -148 Radar Testers, M470)9360 mo..
* TS -197 Oscilloscopes, general purpose.
* TS -198 Signal Generators, general purpose.
* TS -382 Audio Oscillators 20/20,000 eye.

I 40 -page List of over 1,000 items in stock available
keep one by you.

* AN: UPM-33 (TS -148 UP) Radar general purpose
Test Sets s,4:1,9,440 me/s.

* WATERMAN S58 portable general purpose Nn. Oscillo-
scopes.

* TS -352,U Multimeter Test Sets. (ME -9B).
* TS -382C Audio Oscillators 20/20,000 eye.
* TS -686 AP Potentiometers.
* T-281" ARC -21 Test Sets.
* AN/PDR-39 Radiac.
* AN/UPM-11 Range Calibrators (T8 -738A).
* AM-URM-36 Signal Generators 7,805/10,750 me/s.
* POLARAD URM-36 Signal Generators, 7,850/10,750mcie
* MUNSTON 288D Crystal Rectifier Test Sets.
* HICKOK TV -7,1I Mutual Conductance Valve Testers.
* PRESS WIRELESS portable Voltage Dividers minimum

3 ke,., ina.ininin :15 kV. 20 nunfd.).
* SPERRY T101002 Amplifier Analyser Test Equip-

ments.
* LAVOIE 239A High Speed Oscilloscopes. AN/USM-50
* ALUPM-1 Teat Sets 150-550 me/s.
* TS -497B ORR Signal Generators 2/440 me/s,
* 113-505D,11 V.T.V.M. Multimeters.
* AN'ARM-7 R.F. Wattmeters.
* AN,13R111-84 Sig. Generators 900;2,000 mcfs.
* TS -29741 Multimeters.
* AN,.17PM-6B Test Equipments.
* 863A Airport control tower Monitors.
* 447G Airport control tower Amplifying equipment,

AMERICAN TELETYPE EQUIPMENT
* TT-5,FG page printers.
* TT-18FG reperforators.
* TD -30 tape readers.
* Teletype Coder -Decoder Privacy Equipments.

Carriage extra on all above.

We have a large quantity of " bits and pieces we
cannot list --please send us your requirements as
we can probably help all enquiries answered.

P. HARRIS
ORGANPORD-DORSET

WESTBOURNE 65051.

4WW-162 FOR FURTHER DETAILS. 4WW-163 FOR FURTHER DETAILS.
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Radio pares Ltd.
FOR ELECTRONIC COMPONENTS -BY RETURN

wx1.
4WW-164 FOR FURTHER DETAILS.

TRADE
ONLY

APRIL, 1965

LAWSON HIRANO NEW
TELEVISION TUBES

Double Guarantee. 7 day
Money Back Guarantee plus
12 months full Replacement
Guarantee.

Today's Orders dispatched
Today, and full fitting instruc-
tions are supplied with every
tube.

Terms: C.O.D. or C.W.O.
Carriage and insurance 8/6.

TWELVE MONTHS

FULL REPLACEMENT

GUARANTEE

The continually increasing demand for tubes of the very highest
performance and reliability is now being met by the new Lawson

Century 99 " range of C.R.T.'s.
" Century 99 " are absolutely brand new tubes throughout,
manufactured by Britain's largest CRT manufacturers. They
are guaranteed to give absolutely superb performance, needle
sharp definition, screens of the very latest types giving maximum
Contrast and Light output; together wish high reliability and
very long life.
" Century 99 " are a complete range of tubes, in all sines

for all British sets manufactured 1947-1964,
Our stock, are very large and we can supply the EXACT tube
you require by return.

12" - L4 :10 :0
14" - £5 :10 :0
17" - i5 :19 :0

19"-21" - : 15 :0
4WW-165 FOR FURTHER DETAILS.

LAWSON
TUBES

2, PEACHFIELD CLOSE,
MALVERN, WORCS.

Tel. 2100

Record
Cleaning &
Maintenance
Equipment

Send stamps value 9d. for post free copy
of 16 page booklet "A Guide to the better
care of your L.P. and Stereo Records".

CECIL E. WATTS LTD.
Consultant & Sound Engineer

DARBY HOUSE, SUNBURY-ON-THAMES, MIDDX
4WW-169 FOR FURTHER DETAILS.

'CULL -TIME courses for P.M.G. certificates and the
radar maintenance certificate, also in electrical

and electronic engineering.-Information from College
of Technology, Kingston upon Hull. 1122

PATENTS
THE proprietor of patent no. 823538 for " Improve-

ments in or relating to Single Side -Band Trans-
mission Systems," desires to secure commercial ex-
ploitation by licence or otherwise in the United King-
dom.-Reply to Box WW 1161, Wirelesss World.

HAMMER FINISH PAINT
The modern finish for electronics

Can be brushed or sprayed. Blue or Silver
24 oz. tins 3s. 6d, # pint 7s. 6d., I pint ISs.

Post 6d. on any order. Trade supplied.

FINNIGAN SPECIALITY PAINTS, (W),
Mickley Square, Stocksfield, Northumberland

4WW-166 FOR FURTHER DETAILS.

' WIRELESS WORLD" TEST INSTRUMENTS
Complete sets of Metalwork, machine engraved Front
Fanels, Special Tag Boards and all specified 1st grade
components. For professional appearance and perform-
ance.

Send 6d. in stamps for lists.
MALVYN ENGINEERING WORKS

Engineers to the Radio and Electronic Industries
7 CURRIE STREET, HERTFORD, HERTS.

TELEPHONE: HERTFORD 2264.
4WW-167 FOR FURTHER DETAILS.

CABINETS CASES
CHASSIS

Anything in metal. ONE OFFS " a pleasure.
Send your drawings for Quote

Stove enamelled in any professional finish

MOSS, WATSON
40 MOUNT PLEASANT STREET OLDHAM,
LANCS. MAIN 9400

4WW-170 FOR FURTHER DETAILS.

PARKER'S SHEET METAL FOLDING MACHINES
NEW BENCH MODEL

Capacity 36irt. 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 C23, carr. free. Also the well-known vice models of:
36in. x 18 -gauge capacity
24in. x 18 -gauge capacity

I I 10 0
C6 15 0 Carriage

I 8in. x 16 -gauge capacity £6 15 0 free
One year's guarantee: money refunded without question if not satis-
fied. Send for details:

A. B. PARKER, Wheatcroft Works
WELLINGTON STREET, BATLEY, YORKS. Tel.: 426

ONE EACH
TRANSMITTER T216/GR

RECEIVER R278B/GR

225 TO 339'9Mcis
1750 CHANNELS .1Mcis SPACED
115v or 230v A.C. Mains Imput

NEW with instruction Manuals
Enquiries invited BOX No. 5011 c/o "Wireless World"

4WW-168 FOR FURTHER DETAILS.
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RADIO RECEIVER
DESIGN PART 1

RADIO FREQUENCY
AMPLIFICATION AND

110' DETECTION
IP. Completely revised and enlarged, the pres-

ent edition contains a full treatment of both
Ir transistor and valve circuits. By K. R. Sturley.
0 105/- Post free

k RADIO AMATEUR HANDBOOK, 1965,
r by A.R.R.L. 40/-. Postage 2 3.

II0 INTER GEC. TRANSISTOR MANUAL, 7th
ed. 181-. Postage 1/6.

rRADIO WAVE PROPAGATION VHF &
ABOVE, by P. A. Matthews, 28/-. Postage 1/..

NON-LINEAR & PARAMETRIC PHENO-
MENA IN RADIO ENGINEERING, by A.
A. Kharkevich, 35/-. Postage II-.

PRACTICAL OSCILLOSCOPE HAND-
L,BOOK, by R. P. Turner. 25/-. Postage 1/,
ANALOGUE COMPUTING FOR BEGIN-
NERS, by K. A. Key. 25/-. Postage 1/,
WIRELESS & ELECTRICAL TRADER YEAR
BOOK, 1965. 27/6. Postage 1/-.

WORLD RADIO TV HANDBOOK 1965,
26/-. Postage 1/,

COMPLETE CATALOGUE 1/ -

THE MODERN BOOK CO.
BRITAIN'S LARGEST STOCKISTS

of British and American Technical Books

19-21 PRAED STREET,
LONDON, W.2

Phone: PADdington 4185.
OPen 6 days 9 6 p.m.

NYLON P.T.F.E.
ROD, BAR, SHEET. TUBE, STRIP, WIRE
No quantity too small. List on application.

BRASS . COPPER . BRONZE
ALUMINIUM . LIGHT ALLOYS

STAINLESS STEEL
H. ROLLET & Co. Ltd.

Howie Street, S.W.I I. BATterseo 7872
ALSO AT LIVERPOOL. BIRMINGHAM,

MANCHESTER, LEEDS, GLASGOW

4WW-171 FOR FURTHER DETAILS.

MEASURE HIGH VOLTAGES 3 to
with EASE, ACCURACY ant riAPETv  30

Po tclicPize KILOVOLTER icy
Ideal for checking TV, Radar, Car Ignition, etc.
Only 97/6d, Trade discount Or ask for leaflet.

WAVEFORMS LTD.
72 Vauxhall Bridge Road, London, S.W.I.

Phone: VICtoria 3404-9
4WW-172 FOR FURTHER DETAILS.

DAMAGED METER?
Have it repaired by Glaser

Reduce overheads by having your damaged Electrical
Measuring Instruments repaired by L. Glaser & Co. Ltd.

We specialise in the repair
of all types and makes of
Voltmeters, Ammeters, Micro -
ammeters, Multirange Test
Meters, Electrical Thermo-
meters, Recording Instruments,
etc.

As contractors to various Government Departments,
we are the leading Electrical Instrument Repairers in
the Industry. For prompt estimate and speedy delivery
send detective instrument by registered post, or write
to Dept. W.W.:--

L. GLASER & CO. LTD.
14 Berry Street, London, E.0.1.

Tel.: Clerkenwell 5481-2

INSTRUMENT

REPAIRS

4WW-173 FOR FURTHER DETAILS.

Quartz Crystal Units

For

ACCURACY

RELIABILITY

PRICE ECONOMY
you can

Write for

DEPEND illustrated
Brochure &

on Price List.

THE QUARTZ CRYSTAL CO. LTD.
Q.C.C. Works, Wellington Crescent,

New Malden. Surrey (MALden 0334 & 2988)
mosommmim.

4WW-174 FOR FURTHER DETAILS.

TECHNICAL TRAINING
RIO and TV exams, and courses by Britain's

finest home study school: coaching for LE.R.E..
City & Guilds, Amateurs Licence. R.T.E.B., P.M.G.
Cert., etc.; free brochure from -British National Radio
School, Russell St., Reading. 1136

P.M.°, Certificates, City R:Guilds Examinations.
I.E.R.E., also many non -examination courses In

radio, TV and electronics; study at home with world
famous I.C.S.-Write for free prospectus, stating sub-
ject, to International Correspondence Schools (Dept.
443), Intertext House, Parkgate Rd., London, S.W.I1.

1116

BOOKS
TLTRASONIC Delay Tines." C. F. Brockelsby,

V B.Sc., A. R .C.S.. A . M ,LE .E.. J. R. Pelf reeman
R. W. Gibson, B.Sc (Eng.), Grad .I.Mech.E. The
authors are members of a team which has been work-
ing on ultrasonic delay lines. since the early days,
at the hrullard Research Laboratories. This is the
first book to be written specifically on the subject,
which has important applications in radar, radio and
television, electronic computers, pulse -forming net-
works, correlation techniques and multi -channel com-
munication systems. The early chapters discuss basic
principles and the various types of delay lines are
then covered. The chapter on electronics for delay
lines deals fully with the design of broad -band ampli-
fiers, oscillators, etc., either with transistors or valves.
The last two chapters are devoted to the delay line
measurements and the many applications of delay
lines. Among the five appendices there is one con-
taining nearly 60 curves which give the characteristics
of many delay line materials. The final appendix
discusses one of the latest developments, ceramic
transducers. 65/- net, 66/3 by post.
"INTRODUCTION to Valves.- By R. W. Hallows.

M.A.Cantab., M.I.E.E., and Se. K. Milward.
B.Se.Lcnd., A.M.I.E.E. Describes the principles, con-
struction, characteristics and uses of most types of
radio valves. The approach is simple and, as far
as possible. non -mathematical. but the book provides
the student with a thorough understanding of valves
and how they work. 8/6 net from all booksellers. By
past 9/4 from Iliffe Books Ltd., Dorset House, Stam-
ford St.. London. S.E.I.

AMIinME HrTOUSE* it
THE BEST &-NEWEST
IN HI-FI, TAPE &

ELECTRONIC EQUIPMENT;
 25, HIGH HOLBORN, LONDO ,WC1

4WW-175 FOR FURLHER DETAHLS.

CABINETS AT SENSIBLE

PRICES FROM

£5 . 17 . 6d!
You can be sure of meeting the exact cabinet you
require when you examine the most extensive range
in the country at Lewis Radio, here are just .wo
examples:

cios-

THE BRAHMS
Price 27 gns.

This new elegant Brahms
cabinet is available in
medium walnut and medium
mahogany with 9in. legs
and will take any tope deck,
turntable, tuner and pre-
amplifier, the largest stereo
amplifier plus record and
tope storage.

THE LOWBOY
Price 27 gns.

This rigidly constructed
cabinet will accommodate
even the largest Hi-Fi unit.i-
available in teak, walnut or .stripey
sopele mahogany-size
53in. long by I8in. deep by
26in. high including
12in. legs.

THE NEW LEWIS CATALOGUE

Designed to assist your choice of cabinet.

THE new Lewis Radio Cabinet Catalogue-the most
comprehensive ever prepared. Sent absolutely
Free.

Please send your free 24 -page colour cabinet
catalogue.

NAME

ADDRESS

CAPITALS PLEASE
(Dept. W 4165)

NO CHASE SiDE, SOUTHGATE LONDON, N.14
Telephone: Palmers Green 3733/9666

4WW-176 FOR FURTHER DETAILS.
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NOW READY !
A modern way of instrument case assembly using our "Die
Strip." The strip has been specially made for us at Bir-
mingham on quantity production, for low price to the
public. It is made of high strength alloy and will enable
anyone to assemble an instrument case or cabinet in
minutes. Full details of these products will be sent free.
Please send envelope self addressed.
Also available Key Switches. 4 -pole 2 -throw, 3/6 each,
or 3 -position D.P plus D.P. centre off, 51-, or rotary
switch 6 -pole 3 -way, 3/-.

Send for Surplus Lists.
Copper Laminate Board single or double sided, 5'- per
square foot panels, either type, 3ft. by 4ft., 33/-.

E. R. NICHOLLS,
Mail Order and Retail Shop,

46 Low field Road, off Shaw Heath,
Stockport, Cheshire.

4 WW -177 FOR FURTHER DE FAILS.

"POPULAR" 12A DRAWER UNIT
S'Ten,".ESXX,o1.03,

71mrs572

The perfect unit for the storage of nuts, bolts, valves, etc. Free delivery on
mainland. Money refunded if not satisfied. Overall 35in. wide x 9in. high x 12in.
deep 12 steel drawers 5fin. x Sin. x 10{in. 12 free dividers, and identification
cards. Only heavy gauge steel used, stove enamelled dark green.

N. C. BROWN LTD.
(Dept. E29), Eagle Steelworks, Heywood, LANCS.
LONDON: (Dept. E29), 5'6 Staple Inn, W.C.I.

£4.15.0

Tel.: 69018
Tel.: HOL 5223

4WW-181 FOR FURTHER DETAILS

THE
FERRITE -WINDING

WIZARDS
NEWPORT

INSTRUMENTS

(Scientific & Mobile)LTD
Newport PagnII, Bucks. Tel: 40112

N;i1t40:78:rw:f
SNITCH CORES

V.41.0

MgTgIX 0,:s
4WW-178 FOR FURTHER DETAILS.

The RADIO AMATEURS

HANDBOOK 40'-
1965 Ed. by A.R.R.L. Postage 216.
World Radio and T.V. Handbook 26:-.
1965 ed. by Johansen. P. & P. I)-.
How to Listen to the World 17/..., new ed by
Johansen. P & P I;-.
Transistor Substitution Handbook 12,6,
by the Sams Eng. Staff. P. & P. 1/..

Transistor Radio Servicing made easy I8'-,
by Lemons P. & P. 1/..

101 Ways to use your Oscilloscope 21!-,
by Middleton. P. & P. 1/...

ABCs, of Computers, by Lyrel 16!.. P. & P. 1/...

British Transistor Directory 8/6, by Bradley.
P. & P. 6c1(

Amateur Radio Circuits Book, 7/6, new ed. by
R.S.G.B. P. & P. 9d.
T.V. Fault Finding 6/.., new ed. by Data. P. & P.
6d.

UNIVERSAL BOOK CO.
12 LITTLE NEWPORT STREET

LONDON, W.C.2.
(adjoining Lisle Street)

ABACS of Nomograms." By A. Giet. Translated
from the French by H. D. Phippen and J. W.

Head. Most engineers have made use of nomgrams at
some time in their careers, and are fully alive to the
fact that they are a very convenient tool when the
same formula has to be solved repeatedly for several
sets of variables. It is fair to say, however, that
only a small proportion of even those who habitually
employ nomograms know how to construct them for
their own use. Most of the comparatively small litera-
ture on the subject is written for mathematicians and
is extremely difficult for the practical engineer to
comprehend. This book is essentially practical, and
not only demonstrates the many and varied applica-
tions of the abac of nomogram. but shows how even
those without highly specialized mathematical know-
ledge may construct their own charts. 35,- net from
all booksellers. By post 36/- from Iliffe Books Ltd.,
Dorset House, Stamford St., London, S.E 1.

2401,,ELECTRIC POWER

EN= from 12 1011 CAR BATTERY
AMERICAN DYNAMOTOR UNIT

liputl2y.output 200/25011.4 150 le 220watts.

Redact for TELEVISION. POWER TOOLS and all

universal AC/DC ELECTRICAL MI TIE NI. giro

waiderbil malts. Price ONLYI8 nA cameo.
Seed stamped envelope for full illustrated details
ORREDSaENTIFIC PRODUCTS, [LEVELERS, Law

4t11,14 -180 FOR FURTHER DETAILS.

'!uoi ADIO Designer's Handbook." Editor, F. Lang-
ford -Smith, B.Sc., B.E., Senior Member I.R.E.

(Aust.), a comprehensive reference
book, the work of 10 authors and 23 collaborating en-
gineers, containing a vast amount of data in a readily
accessible form; the book is intended especially for
those interested in the design and application of radio
receivers or audio amplifiers. Television, radio trans-
mission and industrial electronics have been excluded
in order to limit the work to a reasonable size. 65/ -
net from all booksellers. By post 67/9 from Iliffe
Books Ltd.. Dorset House, Stamford St., London, S.E.1.

"
WIRELESS Servicing Manual." W. T. Cocking,

M.I.E.E. This is the tenth edition of a book
which since 1936 has been known to radio servicemen
everywhere as a reliable, thorough and comprehensive
guide to solving most of the problems that arise in the
repair, maintenance and adjustment of the modern
radio receiver. In the present edition a major addi-
tion is a chapter devoted to transistors and transistor
sets. The author of " Wireless Servicing Manual "
is well known to a wide circle of readers as former
editor of " Electronic Technology " and now of " In-
dustrial Electronics." His crisp lucid style makes this
handbook of utmost value to the service man and
amateur alike. 25/- net, 26/- by post from Iliffe
Books Ltd., Dorset House, Stamford St., London,
S.E.1.
" 11ASIC Mathematics for Radio and Electronics."

Li By F. M. Colebrook, B.Sc., D.I.C.A.C.G.I. Re-
vised and enlarged by J. M. Head, M.A. (Cantab.)
presents in readable form a complete course in basic
mathematics from engineering students of all kinds
and leads on to the more advanced branches of
mathematics of increased importance to radio en-
gineers. In this edition the chapter covering the
application of mathematics to radio has been revised
and enlarged, while new subjects covered include
Stability, Linar Differential Equations, Elementary
Statistics, Short Cuts to Numerical Calculations and an
Introduction to Matrices. Will be invaluable to those 
without previous knowledge of the subject. 17/6 net
from all booksellers. By post 18/6 from Mlle Books.
Ltd.. Dorset House, Stamford St., London, S.E.1.

*T,ANNOY 4/

For sound sense
WEST NORWOOD LONDON SE27

GIPSY HILL 1131
4WW-182 FOR FURTHER DETAILS.

TEXAS INSTRUMENTS

SEMICONDUCTORS
are available ex -stock from

QUARNDON
Our latest catalogue gives data on
the range available

QUARNDON ELECTRONICS LIMITED
SLACK LANE, DERBY Tel: 46695

CAR DRIVING AS AN ART
A guide for learners and advanced drivers
S. C. H. DAVIS of " Au tocar " 3rd EDITION
This book teaches roadcraft-the higher art of proficient
and well-mannered motoring-in a vivid, readable and
even light-hearted style. The book, which is extensively
re -illustrated, is for every motorist; each chapter contains
instances of those refinements which point the difference
between the mere road user and the real driver with a
pride in his accomplishment.
15s net by post 16s I 92pp. 24pp plates,

obtainable from leading booksellers

ILIFFE Books Ltd.
DORSET HOUSE STAMFORD STREET LONDON SE I

4WW-179 FOR FURTHER DETAILS.
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LARGE
STOCKS

P.O.

RELAYS
TYPES

KEEN* PRICES

3000 & 600

_i_ QUICK
W DELIVERIES

SEALED
FROM STOCK OR BUILT
TO SPECIFICATION.
COILS - SINGLE, TWIN,
SLUGGED BUILD - UPS -
MAKE, BREAKS C/O's, etc..
etc. SILVER - PLATINUM-

G.E.C.
SIEMENS

S.T.C.

HIGH SPEED
HEAVYDUTYCOMPON ENT
PARTS SOLD SEPARATELY.

- write us your requirements
SIEMENS-

ROTARY TRANSFORMERS
H.T.3I

Input 11.5 v.D.C.
Output 250v. at
125 mA. D.C.

= Apply for prices
H.T.32

Input I I.5v. D.C.
Output 490v. at
65 mA. D.C.

Other types in stock -write for lists.

SPECIAL OFFER - TO CLEAR
RELAYS -POST OFFICE 3000 TYPE

Complete tested and guaranteed relays -Ex Unit.
All coil values.
1 C/O 7/6 2 C/O 9/-
4 C/O 10/6 6 C/O 12/6

Postage 1/6 each.
Also many other combinations of contacts.
N.B. Special Prices for lots of over 100.

DEPENDABLE RADIO SUPPLIES
I2A TOTTENHAM ST., LONDON, W.I.

Telephone: LAN 7391/2
WRITE - CALL - PHONE

AMERICAN
Test & Communications Equipment
TS-27/TSM Precision R -C Bridges.
TS-34/AP High Speed Oscilloscopes.
TS -90/U Radar Modulator Dummy Loads.
TS-140/PCM A.F. Gain/Loss Test Sets.
TS -297/U Precision Built Multimeters.
TS-402A/U AF/RF Attenuators, 0/81 DB.
TS -776/U Battery Testers.
TS-917A/GG (Stelma TDA-2) Telegraph

Distortion Analysers.
AN/PDR-27A Radiac Meters.
1-181 (D162269) Teletype Relay

Testers.
Dumont 5in. Oscillographs, 304A, 304H,

2559A, 3000.
Minneapolis & Honeywell Pot. -Pyrometers.
AN/FPN-13 X Band Radar Beacon. Twin

Installations.
AN/TRC-34 FM. Transreceivers 152/174

Mc/s PO, 50W, 115/230 V.
AC. Price £17/10/-.

AN/VRC-19 Mobile FM Transreceivers,
and -19X freq., as above, P0.20/25W.

Supply/V 24 and 12 respectively.
Price £10 and £12.

BC -640/B V.H.F. Transmitters P.O. 50W.
CU-168/FRR 21 valve Antenna Couplers,

to operate up to 5 receivers from
1 aerial. Freq. 2/32 Mc/s.,
Price £10.

CF -2B Telegraph Carrier Terminals.
TT-21A/FG (UA14) Teletype TX Distrs.
AN/FGQ-1M Teletype Cipher/Decipher eqp.

Nortban Rad. F.S. Keyers
Type 105 Mod. 4A.
AN/ARC-3 AN/URC-11
AN/ARC-36 AN/ARN-7
AN/PRC-21 AN /ARN- 14
AN/GRC-32 AN/APS-23
AN/FRT-15 AN/APX-25

Full description of the latest releases in U.S.A.F.
Airborne and Ground -support equipment are
included in our current catalogue available on
request. Please quote MIL. -Type or Federal .

Stock numbers in all correspondence.
SUTTON ELECTRONICS

Salthouse, Nr. Holt, Norfolk. Cley 289

FOR ALL YOUR PANEL WORK
WRITE FOR ILLUSTRATED
BROCHURE OF PARALEX
& LUFBRA ADJUSTABLE

HOLECUTTERS

WITH MORSE
TAPER

SHANK
UP TO NO. 4

OR STRAIGHT
SHANK DIA.

TO e DIA.

HOLES ACCURATELY BORED
FROM I in. DIA. TO 124in. DIA.

AKURATE ENGINEERING Co. Ltd.
CROSS LANE, LONDON, N.8

TEL. FITZROY 2670

4WW-183 FOR FURTHER DETAILS.

SMALL TRANSFORMERS
Microphone, Pickup, Line input, Output, Com-
puter Rectifier, High Fidelity, Midget, Transistor
Vibration, Seismic, Instrument, Photocell,
Recorder, Bridge and Experimental Trans-
formers of all kinds. Quick delivery. Large
or small quantities.

E. A. SOWTER LTD.,
7 Dedham Place, Fore Street, Ipswich,

Suffolk. Tel.: Ipswich 52794

4WW-184 FOR FURTHER DETAILS.

TECHNICAL TRADING CO.
11/12 NORTH ROAD, BRIGHTON

TEL.: 67999

VALVES - dive teeds
the May issue still available

Other Retail Shops : 72 East Street,
Southampton & 350 Fratton Road, Portsmouth

DALY
Electrolytic
Capacitors
* Electronic Flash
* Energy Storage
* Motor Starters
DALY (Condensers) LTD
Ealing Green  Ealing  London W5
EAL 3127. Cables: DalyoonLOndon

DALY
4WW-185 FOR FURTHER DETAILS.

THE SOTONIAN TRADING CO.
AMPLIFIERS
TANNOY portable loud speaking ampli-
fiers with power microphone. Four 6L6G's
in output, with sufficient power for 10
speakers. Further details on application.
Price £22, plus carriage.
CABLES
Circular rubber covered twin leads, suit-
able for battery chargers, etc., 30ft. long 8/6
Coaxial cable, .45" diameter, 2/- per yard.
CHOKES
Small L.F. smoothing chokes, 50 m.a. 61 -
Small L.F. smoothing chokes, 60 m.a. 8/-
Cossor miniature, H.F. chokes 1 3
CONDENSERS
TCC " Metalpack " tubular, .1 mfd.,
350 v. D.C. working 9d.
TCC " Metalpack " tubular, .05 mfd.,
350 v. D.C. working 9d.
Dubilier metal tubular, 1 mfd., 35v D.C.
working 1/9
TCC " Metalpack " tubular .25 mfd.,
350 v. D.C. working 1/6
Sprague tubular, .1 mfd., 500 v D.C.
working 9d.
B.I. Cables moulded tubular, .01 mfd.,
5,000 v. D.C. working 2/6
TCC tubular condensers, 75 pf., 5,000 v.
D.C. working 119
TCC base mounting condensers, .02 mfd.,
11,000 v. D.C. working 25/-
TCC base mounting condensers, 2 mfd.,
10,000 v. D.C. working £11
TCC base mounting condensers, .1 mfd.,
11,000 D.C. working £i
Hunts moulded mica condensers, .002
mfd. 9d.
Laboratory type variable condensers,
dimensions approx. 9 5 5in., and suit-
able for use on transmitters, etc £3
Jackson Bros., single variable condenser,
132 p.f. 6/-
TCC base mounting electrolytic conden-
sers, 2,000 mfd., 25 v. D.C. working 12/6
INDUCTANCES
Transmitter inductance units by Redifon,
with 10 turns approx. 5in. diameter, and
sliding clip. Very suitable for laboratory
use £3
METERS
Switchboard moving iron projecting type
meters. A.C./D.C., 4in. dia. approx.,
0-150 v., and 10 amps., each
POTENTIOMETERS
Miniature potentiometers, carbon track,

w., semi -log, 1 meg. 21 -
Reliance 400 ohm wire wound potentio-
meters, Ilin. diameter, with knob 4/3
Colvern 2 ohm wire wound potentio-
meters 2;9
Colvern wire wound potentiometers,
20,000 ohms, pre-set type 3/ -
RECTIFIERS
Westinghouse 12 v., 3 amp. metal recti-
fiers 12/6
SIGNAL GENERATORS
Marconi type TF517F/1, covering 18-58
me/s., and 150-300 me/s. These are offered
by us brand new, and as received from
Government sources, at £25 each with in-
struction book. Carr. and packing 35/- extra.
TRANSFORMERS
Heavy duty unit in sealed container.
Nominal input voltages, 117/234 v.
Outputs 330-0-330 v., 200 m.a., 5 v., 2
amps. 6.4 v., 4 amps. Price 35/ -
Heavy duty unit, input 230 v. Outputs
4.5 v. C.T. at 6 amps., 4.5 v. C.T. at 6
amps., 4.5 v. at 20 amps., C.T. Price £3110
Telephone transformers, type 34 or 35 5/-
Transformers, fitted with terminals. Input
230 v. outputs 365-0-365 v. at 180 m.a.
0-5.75/6.75 v. at 12 amps. 0-5.75/6.75 v.
at 12 amps. 0-5.75/6.75 v. at 12 amps.,
0-5.75/6.75 v. at 12 amps. Price £3/10/-,
plus carriage.
Postage or carriage extra. Prompt despatch.

SOTONIAN TRADING CO.,
53, The Avenue, Southampton.

Tel. 56537
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AUSTRALIAN ASSOCIATES. ADCOLA PRODUCTS PTY LTD., 12 CHURCHILL STREET, MONT ALBERT MELBOURNE
AGENTS IN ALL LEADING COUNTRIES
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At the two leading European radio and elec-
tronic component shows, Ersin Multicore-the
World's Finest Cored Solder, will be prominently
exhibited.
In Paris and London, Technical, Laboratory and
Management personnel from the Multicore
Works will be in attendance to meet Manufac-
turers' staffs. Club facilities will be available to
the Trade at both shows.
A full range of Ersin Multicore 5 -core Solders
will be shown, including Savbit Alloy, which
prolongs the life of soldering iron bits by 10
times. Extra fine gauges of solder, as thin as 34
s.w.g., 0.23 mm., incorporating 5 -cores of non-
corrosive flux, will also be shown.
Daily demonstrations will be given of the Multi -
core Solderability Test Machine, developed by
the Electronic Engineering Association in col-
laboration with the International Electrotech-
nical Commission, with a view to establishing it
as a standard for testing the solderability of
round wires.

The Finest
Cored Solder
in the World

April 8th -13th

ELECTRONIC COMPONENTS

SHOW

PARC DES EXPOSITIONS

PORTE DE VERSAILLES

PARIS

STAND 5-C
ELECTRO-ACOUSTIC SECTION

May 18th 21st

RADIO & ELECTRONIC

COMPONENTS SHOW

OLYMPIA- LONDON

STAND 168
REAR SECTION OF MAIN HALL

MULTICORE SOLDERS LTD MULTICORE WORKS HEMEL HEMPSTEAD HERTS  TELEPHONE: BOXMOOR 3636
CMMS 32

4WW -002 FOR FURTHER DETAILS.


