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Ferrograph Y and P - 
tape recorders for 
science, industry, broadcasting. 

Ferrograph tape recorders 
are world- famous for their 
superb quality and many 
recording facilities. 
Ferrograph reliability is a 
by -word. Now Ferrograph 
introduce a new series of 
instruments, providing exactly 
what technical users have 
been asking for. 

All are suitable for 
full- track, half -track and 
twin -track operation, all have 
3 speeds, solid -state 
electronics, 3 motors, 3 heads, 
built -in loudspeakers, 81in. 
dia. reels with adjustable reel 
height using standard }in. 
tape, quick start and stop, 
time -switch operation and 

remote control. 
Series Y recorders are 

designed specifically for use 
in laboratories and monitoring 
services where long -term 
reliability and consistency of 
performance are essential. 
Three models cover the entire 
speed range from }$ to 
15in /sec. A 4-channel }in. 
in -line head reproducer 
having 4 low -level equalised 
outputs is also available. 

Series P instruments have 
been evolved for radio, TV 
and film recording in studios 
and for field work. All have 
600 Ohm balanced input and 
output per channel. Plus 
everything else you expect 

from a Ferrograph recorder - 
excellent performance, 
robust construction, careful 
screening, reliability for years 
on end. Ring or write for 
details: 
The Ferrograph Co Ltd, 
The Hyde, Edgware Road, 
Colindale, London NW9, 
Tel: 01 -205 2241, Telex: 27774, 
or any of the following. 
International Distributors 
Leroya Industries Pty, 
266 Hay Street, Subiaco, 
Western Australia 6008,Australia; 
Matelectric, 
Boulevard Leopold II, 199, 
1080 Brussels, Belgium; 
H Roy Gray Ltd, 
14 Laidlaw Boulevard, 
Markham, Ontario, Canada; 
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Cineco, 
72 Avenue des Champs Elysees, 
Paris8e. France: 
Henry Wells & Co, KG, 
1040 Wien 4, Danhausergasse 3, 
A'.. Istria; 
Ferropilot GmbH & Co., KG, 
Hamburg 39, Sierichstrasse 43, 
West Germany; 
Hi -Fi Installations, 
P.O. Box 2430, 276 Andries Street, 
Pretoria, South Africa; 
Elpa Marketing Industries Inc, 
New Hyde Park, New York 11040, 
New York, U.S.A. 
There are Ferrograph Distributors 
also in most other countries. 
Please obtain details from the 
London office. 

Ferrograph 
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Sixtieth year of publication 

Communications receivers being the theme 
of the first article in this issue, our cover 
illustration is of part of the chassis of the 
Racal RA1220 on which is superimposed 
the "Racalok" digital frequency readout. 

IN OUR NEXT ISSUE 
Constructional details for a simple stereo pre - 
amplifier based on two integrated circuits. 
Class AB audio amplifier. Having discussed 
the pros and cons of class A and B amplifiers 
in this issue (p.278) J. L. Linsley Hood gives 
details of an amplifier with class A performance 
but reduced thermal dissipation. 
Understanding and using operational 
amplifiers. 

ibpa 
1 

I.Y.C. Electrical- Electronic Press Ltd 
Managing Director: Kenneth Tett 
Editorial Director: George H. Mansell 
Advertisement Director: George Fowkes 
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Brief extracts or comments are allowed provided 
acknowledgement to the journal is given. 

Wireless World 
Electronics, Television, Radio, Audio 

June 1970 Volume 76 Number 1416 

Contents 

255 Electronics in Medicine -the Future 

256 Communications Receivers by Pat Hawker 

261 Transistor Tester by D. E. O'N Waddington 

262 H. F. Predictions 

263 Ralph West reviews the Low -Cost Horn Speaker 

264 News of the Month 

266 Announcements 

267 Letters to the Editor 

269 Crystal Oven and Frequency Standard by L. Nelson Jones 

274 Cecilia -Saint or Temple Prostitute? 

275 Books Received 

276 Which Type of Microcircuit? 

277 Electronic Building Bricks by James Franklin 

278 Class Distinction in Audio Amplifiers by J. L. Linsley Hood 

281 Root Hog or Die by Thomas Roddam 

284 Conferences & Exhibitions 

285 Active Filters -Il by F. E. J. Girling & E. F. Good 

288 Modern Direct Voltage Calibration System by H. Stern 

291 New Books 

292 Circuit Ideas 

293 Electric Field Probe by J. Thickpenny 

295 Metal Glaze Resistors by K. L. Dove 

297 World of Amateur Radio 

298 Personalities 

299 New Products 

304 Literature Received 

305 Communications Receivers -Tabulated Specifications 

A107 SITUATIONS VACANT 

A122 INDEX TO ADVERTISERS 

Overseas; 1 year D Os Od. (Canada and U.S.A.; $7.2). 3 years ,(7 13s Od. (Canada and U.S.A.; $18.50). Second -Class 

PUBLISHED MONTHLY (3rd Monday of preceding month). Telephone: 01 -928 3333 (70 lines). Telegrams /Telex: 
Wiworld Iliffepres 25137 London. Cables: "Ethaworld, London, S.E.1." Annual Subscriptions: Home. 13 Os Od. 

mail privileges authorised at New York N.Y. Subscribers are requested to notify a change of address four weeks in 

advance and to return wrapper bearing previous address. BRANCH OFFICES: BIRMINGHAM: 202, Lynton House, 
Walsall Road, 22b. Telephone: 021 -356 4838. BRISTOL: 11, Elnxiale Road, Clifton, 8. Telephone: OBR2 21204/5. 
GLASGOW: 2 -3 Clairmont Gardens, C.3. Telephone: 041 -332 3792. MANCHESTER: Statham House, Talbot Road, 
Stretford, M32 OEP. Telephone: 061 -872 4211. NEW YORK OFFICE U.S.A.: 205 Fast 42nd Street, New York 10017. 
Telephone: (212) 689 -3250. 

www.americanradiohistory.com

www.americanradiohistory.com


a\l Wireless World, June 1970 

How radio 
manufacturers 
benefit from 
ceramic 
resonators 

While semiconductor technology 
has made good progress, the 
intermediate frequency (IF) sections 
of domestic and professional radio- 
sets have changed little since 
transistors were first used in this 
field. Most receivers are still using 
IF `chains' built up from coils and 
transistor amplifier stages but with 
the introduction of Mullard ceramic 
resonators, the `micro' revolution 
has hit the IF section too. 

Improved performance. Ceramic 
resonators are the result of a six -year 
research and development 
programme, and two million of 
them are now in use. They hardly 
change the.: r characteristics at all 
over a wide temperature range. 
This means listeners do not have to 
re- adjust their sets half a minute or 

so after switching on. Due to the 
improved shape of the IF response 
curve, the selectivity is considerably 
improved. This means that 
interference from adjacent stations 
is significantly reduced. Unlike 
conventional IF coils, the new device 
is unaffected by magnetic fields. 
So no shielding is needed. 

Smaller size. These new devices 
result in a big reduction in the size of 
IF sections of both a.m. and f.m. 
radios. They are complementary in 
size to modern IC circuits- single 
resonators measure only about 
11 x8x3.5mm. 

Long -term stability. A device 
working at 470 kHz has a typical 
`Quality' value several times better 
than conventional IF circuits. 
The working frequency is maintained 
for more than 10 years to + 1 kHz. 

Assembly time saving. The number 
of connections that set -makers have 
to cope with is drastically reduced. 
When using an integrated circuit and 
a resonator filter module, like the 
Mullard LP1175, the benefits 
are even greater, with a reduction 
of over 30 % in the required 
connections. And there's no 
alignment on installation or at any 
other time. 

More robust. The discs that are the 
heart of ceramic resonators are 
hard, chemically inert, and immune 
to humidity and other atmospheric 
conditions.The electrical connections 
are gold -to -gold to ensure good 
performance even under adverse 
conditions. 

Worth it. The Industry thinks so. 
We have built our reputation 
by consistently raising quality and 
lowering costs. Our unique 
experience in component 
manufacture allows us to bring many 
resoLrces to bear on individual 
problems. We can also be sure that 
our products give continuous and 
consistent service, because our 
detailed knowledge of their use helps 
us relate the highest quality with 
the best possible price. This is 
something which applies across the 
very wide Mullard component range. 

Mullard 
components for 

consumer electronics 
Mullard Limited, 
Conscmer Electronics Division, 
Mullard House, Torrington Place, 
London, WC I 

CED94 
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Wireless World 

Electronics in medicine -the future 
The recently published report by the Electronics `Little Neddy' giving an economic assessment of 
the U.K. electronics industry, to which we referred in last month's leader, includes a section 
headed "A strategy for the 1970s ". In this the E.D.C. suggests potential growth areas; it has not 
however, attempted to give an analysis of the areas of concentration as this would involve a "full 
scale technological forecasting exercise and a detailed assessment of the international competitive- 
ness of the entire industry". None the less, it is interesting to see that one of the growth areas is 

medical electronics. 
The report cites evidence given to the Zuckermann Committee on Hospital Scientific and 

Technical Services in support of its forecast that the main growth is likely to be in the spread of 
automation in the fields of biochemistry, hematology and microbiology; the development of 
engineering technology and instrumentation in medical physics; and the application of computer 
techniques to medical practice. 

The E.D.C. states, however, that there are a number of serious weaknesses which are hamper- 
ing "the development of a viable U.K. capability in this growing market ". 

The first is a weakness in maker -user relations. It is pointed out that technologists are not 
spread thickly or widely enough through the Health Service to facilitate the widespread appli- 
cation of advanced techniques. This sometimes results in a failure to exploit effectively the results 
of specialized research teams, and research alone cannot constitute an adequate demand on which 
to build up a U.K. industry. The recommendation of the Zuckermann report to create a Hospitals 
Scientific Service and to give scientists and technologists a greater say in the running of the Health 
Service should help to improve maker -user relations. Although the E.D.C. understands that the 
report is still under discussion within government, it urges the rapid implementation of the main 
proposals. 

The second is the problem of finance. Limits on the money available for hospitals are said to be 
a powerful encouragement to the use of equipment which reduces costs. Finally, the E.D.C. says, 
there is a serious weakness in the industrial structure of this part of the industry and rationalization 
is urgently required. Some firms in this field are the traditional suppliers of medical equipment with 
little or no capability in the newer technologies involved. Others are large concerns primarily 
engaged in other areas of electronic engineering for whom this market is a residual one in which 
they have little specialist expertise. The object of rationalization should be the grouping of 
specialist firms producing broad ranges of related products and systems. 

Dr. Vladimir Zworykin, who has devoted much of his later life to furthering the applications 
of electronics in the field of medicine, has spoken of the gap which exists in the application of 
engineering knowledge to medical problems. This gap is primarily in the development of new de- 
vices for large -scale use in clinical practice and Dr. Zworykin has suggested that it may be atm- 
butable to the long period of testing and evaluation which, in medicine, must intervene between the 
construction of an engineering model and the large -scale distribution of the final device. He point- 
ed out in an article in Wireless World in 1965 that the resulting expense and delay in marketing, 
which finds no counterpart in other branches of industry, discourages private enterprise from 
ventures in the development of medical instrumentation. He suggested the setting up of specialized 
institutions "to close the gap between theoretical understanding and practical utilization in the 
application of engineering knowledge to medicine ". 

With the very limited budgets at the disposal of most hospitals and medical research estab- 
lishments they are unable to finance major new electronic projects. It is, therefore, understandable 
that manufacturers find it difficult, if not impracticable, to maintain an expensive R & D depart- 
ment with little or no prospect of seeing any return. One must not, however, think solely in terms 
of electronic equipment designed and developed specifically for biological purposes. There are 
many electronic devices used in other fields which are applicable to medicine. It would appear, 
however, from correspondence we have had with one medical research establishment that the 
attitude of major manufacturers to orders for closed- circuit TV and associated sound equipment 
was anything but encouraging. Perhaps the £50,000 budget was considered small fry by com- 
parison with the vast sums being spent in the entertainment field. 

In the early days of wireless it was seen as the saviour of the man of the sea; when will the 
potential of electronics in medicine be fully exploited? 
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Communications Receivers 
An examination of the extent to which circuit design and cost are 
being influenced by increasingly stringent performance requirements 

by Pat Hawker*, G3VA 

Many of the basic features of m.f./h.f. 
communications receivers originated 35 to 
40 years ago, initially in large part to meet 
the requirements of amateur radio 
operators. In the early 'thirties, 
single- conversion superhets were deve- 
loped, with adequate signal- frequency 
amplification to overcome the high ncise 
of the early multi -electrode frequency - 
changer valves. The application by Lamb 
of the Robinson "stenode" crystal filter to 
provide "single signal" reception of c.w. 
signals, coupled with electrical and 
mechanical band- spreading, resulted in a 
new class of radio receiver designed for 
communications purposes. Costs were not 
excessively above those of good domestic 
receivers. By the mid -thirties, the National 
HRO, the Hammarlund Comet -pro and 
Super -pro, several Hallicrafters' models, 
some early professional -user models by 
RCA had all appeared, and were soon 
followed in the U.K. by receivers for 
similar applications by Peto -Scott and 
Eddystone. 

With the outbreak of war in 1939, 
receivers of this category were soon found 
useful for many communications 
applications: the HRO was even paid the 
compliment of being closely copied by 
both the Gerníans and the Japanese. Since 
then, increasing emphasis on the 
professional users has resulted in a 
succession of designs of increasing 
complexity, and the blurring of the former 
distinction between 'communications' and 
the more complex 'commercial' receivers 
used on point -to -point circuits. 

While, in some respects, the 
requirements of the h.f. amateur remain 
every bit as rigorous as those of other 
communications services, the professional 
user has demanded ever -higher standards 
of stability, dynamic range, adjacent 
channel selectivity, accuracy of tuning and 
frequency read -out, resulting in receivers 
at prices well beyond the reach of most 
amateurs. There has thus been a marked 
tendency for communications receiver 
designs to split into several categories: 
simple and relatively cheap general 
purpose receivers primarily intended for 
the keen "short- wave -listener "; more 
advanced amateur -bands -only receivers in 
which high -performance at medium cost 

* Independent Television Authority. 

can be achieved by limiting the total 
frequency coverage; and higher -cost 
general -purpose l.f. /m.f. /h.f. receivers for 
professional users at prices ranging up to 
well over £1000. A further professional 
category is the v.h.f./u.h.f. receiver for 
monitoring and surveillance, with 
Eddystone as the main U.K. firm in this 
field. 

The merging of 'communications' and 
`commercial' receivers is still continuing 
with modern techniques making it possible 
to build receivers of the highest attainable 
performance in quite compact units. For 
example, the recently announced Marconi 
2900 -series, intended for the most 
demanding commercial circuits, is 
packaged virtually in the style and size of 
a general purpose communications 
receiver. It can be tuned in steps as 
small as 0.1 Hz. 

It might be thought that, after some 35 
years of continuous development, the 
design of each of these classes of receiver 
would by now have reached the ultimate 
either in performance or in cost- 
effectiveness, and that few significant 
improvements can be expected. In reality, 
this is far from the case. Each advance in 
receiver design has been accompanied (or 

Out put 
load 

Input 

Fig. I Monolithic hi. crystal bandpass 
filter. 

Electrode pair 
resonator 

Crystal water 

Fig. 2. Multi- conversion superhet hav- 
ing crystal -controlled first oscillator. 

preceded) by increasingly stringent user 
demands in terms of stability, ease of 
tuning, dynamic range, and absence of 
spurious responses and reliability under 
arduous conditions. 

Not all design changes have been 
uniformly beneficial. Although the 
development of h.f. semiconductors (and 
more recently integrated circuits) has 
opened the way to compact receivers of 
extremely high stability and impressive 
"mean time between failures ", these 
devices have posed serious "front- end "_ 

problems. These include limitations to 
dynamic range due to increased 
susceptibility to cross -modulation and 
inter -modulation, and damage from static 
charges and local transmitters. Other 
drawbacks are increased loading of tuned 
circuits, lower stage isolation and greater 
spread of characteristics. The availability, 
during the past few years, of single- and 
dual -gate field effect transistors, with near 
square -law transfer characteristics, and 
the increasing impact of hot -carrier 
(Schottky) diodes in wideband, double - 
balanced mixers are reducing these 
problems. 

In some respects, the concentration on 
all- semiconductor designs came at an 
unfortunate time, when, for example, the 
availability of beam -deflection valves 
(7360, 6JH8 etc) for use as low -noise 
mixers made possiblé the elimination of 
signal -frequency amplification and offered 
a useful improvement in dynamic range; 
factors which have been exploited in only 
a very few designs. An exception was the 
Squires- Sanders SSR1 receiver for the 
amateur market. 

Even today, in the lowest price ranges, 
it is usually possible to achieve a higher 
standard of front -end Performance with 
valves than with semiconductor devices. 
The continuing demand for low -cost valve 
or "hybrid" designs of sufficient stability 
and low- enough tuning rate for s.s.b. 
reception has increasingly been met by 
Japanese firms. British, European and 
American firms tend to concentrate more 
on the professional user. 

A marketing problem in all these fields 
is that, to achieve financial viability, the 
receiver design needs to remain basically 
unchanged for a time -span approaching a 
decade (often spawning many variations 
on the basic chassis). More complex 
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receivers may take several years to reach 
production. This means that, at the initial 
planning stage, the needs of users for at 
least a decade ahead must be taken into 
account. No easy matter when device, 
filter and component developments 
continue to follow in rapid succession. 

In the past, impressive operational 
lifetimes have been achieved: models 
dating from the early 'forties (RCA AR88 
National HRO etc) continue in use in vast 
numbers; the G.E.C. BRT400 series, 
introduced in 1947, were marketed for 20 
years. The Racal RA 17- series, which 
pioneered the 1950 Wadley triple -mix, 
drift- cancelling loop, came out in 1954 
and remained in production for more than 
10 years. Several current amateur designs 
(for example the Collins 75S series) date 
back 10 years. 

Long operational lifetimes often depend 
as much on the mechanical as on the 
circuit design. It was no accident that 
James Millen, designer of the original 
HRO, had studied mechanical rather than 
electrical engineering. The need to 
combine good mechanical with good 
electrical characteristics, to achieve a 
receiver which is ergonomically pleasant 
to operate, is still not always appreciated. 
One of the more successful basic designs 
of recent years -the Plessey PR155 
series -resulted from extensive investiga- 
tion into control features required by 
operators. 

Choice of intermediate frequencies 
The continuously -tunable superhet 
receiver, whether single- or multi - 
conversion, must have its first i.f. outside 
its tuning range. For a typical receiver 
covering say 2 to 30MHz, this limits 
choice to below 2 or above 30MHz. On 
the other hand, models with a 
non -continuous tuning range (such as 
amateur -bands -only designs) have a far 
more flexible choice, and often adopt 
frequencies between 3 and 9MHz. To 
reduce image response, without increasing 
pre -mixer selectivity, the professional 
designs are increasingly using a first i.f. 
above 30MHz, resulting in up- conversion 
in the first mixer. 

This trend has been encouraged by the 
development of h.f. and v.h.f. crystal filters 
having good selectivity characteristics and 
suitable for use as `roofing filters' (filters 
included early in a receiver to reject 
out -of -band signals but with final 
selectivity characteristics usually deter- 
mined by a subsequent filter). Several 
current designs use initial crystal filters 
above 30 MHz -as high as 40.5 and 73 
MHz in some Rohde & Schwarz models. 

Recent filter developments have 
included multi- section ceramic filters 
having good "shape factor" (ratio of 
bandwidths at - 60dB to that at - 6dB) and 
the introduction of monolithic crystal. 
filters. The monolithic crystal filter (MXF) 
promises to reduce size and cost of 
high- frequency s.s.b. filters by a significarft 
factor. It consists of a quartz wafer on 
which pairs of metal electrodes are 
deposited on opposite sides of the plate. 

Fig. 3. Synthesis of 1MHz signals in 
Plessey PR 155 series. 
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Fig. 4. Wadley drift-cancelling loop technique as used in many Racal receivers. 

The quartz acts as a piezo -electric 
transducer, converting input signals into 
mechanical vibrations, and vice versa. The 
quartz also provides the coupling medium 
between the pairs. The metal electrodes 
lower the resonant frequency of the 
transverse shear -wave in the plated regions 
only, so that this resonance does not 
extend into the areas without electrodes, 
but remains "trapped" under the thin 
metal film electrodes. Filters having 12 
coupled resonators may have a shape 
factor of about 1.5 to 1 in the upper h.f. 
region, and the technique can be applied to 
filters up to u.h.f. 

Stability 
The resolution of s.s.b. speech requires 
that a receiver should be capable of being. 
set. and remain, within about 30Hz of the 
nominal frequency: about one part in 106 

at 30MHz. For commercial applications 
both long - and short-term stability are 
important; for amateur use good 
short -term stability is the main 
requirement. 

It has been the need for stability of this 
order which has brought about many of 
the receiver developments of the past 
decade or so. It led initially to much 
greater use of the form of multi- conversion 
superhet having switched crystal - 
controlled first oscillator and tunable first 
i.f., a form of receiver popularized by 
Collins and Drake and now widely used. 
The tuning rate remains the same on all 
frequencies, with a degree cf electrical 
bandspreading determined by the tuning 
range of the i.f. which may be 1MHz, 
200kHz or even 100kHz. The reduction of 
the tuning range requires progressively the 
use of more crystals, until -at least for 
general coverage models -it becomes 

RF 

Phase-lOCked 
Oscillator 

ti 

Variable 
division 

Phase 
comparator Reference 

signal 

Fig. 5. Phase- locked synthesizer using 
digital techniques. 

more economical (and offering potentially 
higher stability) to replace the individual 
crystals with some form of frequency 
synthesizer to provide the spaced 
first -oscillator frequencies. 

With this type of arrangement, the 
second local oscillator providing the 
tuning span, remains a simple LC 
oscillator. Such a system is often called 
"partial synthesis ". One of the first 
all- semiconductor general -purpose receiv- 
ers of this type, using a phased -locked 
synthesizer, was the National HRO -500 
although this was soon followed by many 
alternative designs using synthesis based 
on phase -locked oscillators (often 
including a variable digital divider) or 
variations of the Wadley drift -cancelling 
loop as in the Racal RA217 and 
subsequent all- semiconductor designs. 

A rather different simple partial - 
synthesis technique, providing a stable 
variable -frequency. oscillator for the first 
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(and sometimes only) frequency changer 
has been used in several amateur - 
bands -only receivers, including the 
Hallicrafters SX146 and Drake R4 series. 
This synthesizes the injection frequency 
from a relatively low- frequency tunable 
oscillator combined with a series of 
crystal -oscillator frequencies chosen for 
the band in use, forming what is often 
termed a heterodyne -type v.f.o. with equal 
tuning rate on all wavebands. 

The stability of a partial- synthesis 
receiver is usually adequate for 
conventional s.s.b. reception. However, 
increasing use is being made of 
narrow -band frequency shit keying, 
phase -coded data transmissions and 
signal -processing techniques such as 
Lincompex and Piccolo. Several of these 
systems demand a frequency stability in 
the receiver of from I to 3Hz, or at 
30MHz, a few parts in 108. Long -term 
stability of this order cannot normally be 

achieved with partial synthesis although 
techniques for stabilizing a v.f.o. to within 
one part in 10' have been developed (e.g. 
Racalok). A Racalok unit forms a built -in 
facility in the latest Racal RA 1220 
receiver and frequency locking to within 
± 2Hz is also provided in the Plessey 
PR1551 and PR1553. 

The more conventional method of 
achieving stability beyond that available 
with partial- synthesis is by means of full 
synthesis. in which all high- frequency 
oscillator frequencies are derived from a 

single temperature -compensated crystal 
standard. Until recently, such synthesizers 
have usually been built as separate units to 
the receiver proper, but G.E.C. achieved 
the distinction of developing the first 
general purpose h.f. receiver (type RC410) 
to use full frequency synthesis in such a 
manner that the tuning has much the same 
'feel' as a normal continuously tuned 
receiver. The synthesizer, of the variable 
ratio divider type, is controlled by 
mechanical gearing of the synthesizer 
'switches' in conjunction with servo -motor 
control of the signal- frequency tuned 
circuits. A similar facility is provided in 
the Collins 65I -S. which can also be 

remote -tuned by computer techniques. 
Tuning in steps of only 1Hz, and with a 

stability of 0.5Hz, has been achieved in 
the Marconi H2900 series, in which a 
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Fig. 8. Rohde & Schwarz variable- bandwidth i.f. filter shown set for ± 2kHz 
bandwidth. 

highly stable LC oscillator is controlled by 
means of assembly and subtraction of 
pulses. 

A possible limitatión on adjacent 
channel operation of any receiver is 
oscillator `noise' or `jitter', although, in 
practice, this characteristic becomes 
important only after a large dynamic 
range and high order of frequency stability 
have been achieved. In general terms, the 
noise sidebands associated with low -power 
oscillators appear to be about 6dB higher 
for bipolar transistors than for valves, 
which in turn appear to be about 6dB 
more noisy than field- effect transistors. For 
these and other reasons increasing use is 
likely to be made in future of f.e.t. devices 
for oscillators as well as in the signal path. 
The phase -locked oscillator has an 
inherent jitter which can impose 
limitations, and digital synthesizers also 
involve high- frequency pulses which must 
be carefully screened from the signal path. 
Noise, jitter and spurious response levels 
of synthesized oscillators are likely to be 
of increasing importance in the coming 
decade. 

Frequency read -out 
Accurate setting and read -out of 
frequency has always been a problem on 
h.f. Traditionally, the slow- motion dial, 
using mechanisms of varying degrees of 
ingenuity. often in association with a 

considerable degree of electrical band - 
spreading, has been the solution. The 
practical problems have included 
limitations of scale length of the dial and 
the backlash and discontinuities associated 
with reduction gearing. The film strip, 
or -as in the recent Eddystone 958 -a 
finely printed film disc optically projected 
and magnified, can provide a film scale the 
equivalent of several feet in length. Veeder 
Root and other counter -type read -out 
mechanisms have been used, for example 
by Racal and Collins. A significant 
advance, however, has come with the 
widespread introduction of built -in or 

add -on digital frequency counters 
providing direct read -out of frequency on 
numerical display (Nixie -type) tubes, even 
though this approach adds appreciably to 
the cost of a receiver. 

Dynamic range 
The extremely wide range of 
signals -from fractions of a microvolt up 
to volts from a local transmitter - 
demands good cross -modulation and 
inter- modulation characteristics particu- 
larly where broadband input filters are 
used. This calls for an extremely high 
degree of linearity in all signal -path 
stages up to the final selectivity 
shaping filter (for extreme narrow -band 
reception using a.f. filters this implies the 
need for a detector with extremely good 
linearity). Unless the selective filter can be 
placed early in the receiver (usually 
possible only with single- conversion 
designs), this means careful distribution of 
gain, keeping signal levels low at least as 
far as the roofing filter. The limiting factor 
is often the signal handling capabilities of 
the first mixer, although where extremely 
strong signals are present, the linearity of 
the signal- frequency stages, if any, become 
important. 

The limited performance of the bipolar 
transistor as mixer and amplifier has led 
to a determined search for alternative 
techniques (for valve receivers the beam 
deflection valve and balanced triode 
mixers have good dynamic performance). 
Bipolar mixer performance is improved by 
using a high level of local oscillator 
injection, so that the device operates in the 
switching mode. 

One means of dispensing with 
signal- frequency amplification and achiev- 
ng a mixer dynamic range of over 130dB 
is the use of parametric diode 
up- conversion: this technique has been 
used in American designs by National, 
Avco, RCA, etc. The parametric 
up- converter can be likened to a cross 
between a balanced modulator and a 
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coupled pair of circuits. This approach is 
limited to up- conversion; and to achieve 
maximum linearity requires substantial 
pump power. The parametric up- converter 
can pass up to a few volts of input signal. 
A possible future alternative for both up- 
and down- conversion, with low -power 
oscillator injection, is the square -law 
resistor (space- charge -limited diode) which 
follows an accurate square law 
characteristic. 

At present, a more practical approach 
consists of using a special f.e.t. amplifier in 
conjunction with a wideband double - 
balanced diode ring mixer using 
hot -carrier diodes. Amplifiers of this type, 
capable of handling linearily signals up to 
over a volt, have been introduced by 
Comdel. Several current receivers use 
field -effect r.f. amplifiers employing the 
cascode arrangement, either with dual -gate 
m.o.s.f.e.t. devices or with two separate 
f.e.t. devices, since the junction f.e.t. 
appears to be less susceptible to static 
puncture than the dual -gate m.o.s.f.e.t. 

Where bipolar transistors are used in 
r.f. amplifiers a useful extension of 
dynamic range can often be achieved by 
the use of r.f. overlay power transistors, an 
approach found in some recent Redifon 
receivers, which also make use of 
voltage -controlled diode attenuators in the 
input circuits. Manual attenuators are 
fitted in many semiconductor designs. 

Front -ends 
The protection of front -end devices 
remains a difficult problem, since the 
widely adopted solution of incorporating 
back -to -back diodes across the tuned 
circuit can introduce cross -modulation on 
strong local signals. Silicon diodes are 
much better in this respect than 
germanium diodes, but a more satisfactory 
solution may be the use of neon tubes in 
the receiver, or gas -filled surge arrestors in 
the feeder lines. 

Electronic tuning diodes represent 
another possible source of non -linearity, 
and this is one reason why mechanical 
tuning remains popular, except for 
receivers for frequency- hopping and 
similar military techniques. 

Little need be said about the basic noise 
performance of receiver front -ends. In 

Sub -unit construc- 
tional techniques used 
in Plessey PR155 
series. 

practice, for many years, there has been 

no difficulty in achieving the lowest usable 
noise factor, since over most of the 
I.f. /m.f. /h.f. spectrum galactic and site 
noise makes it pointless to strive for a 

noise factor of less than about 10dB 
(where emphasis is on performance 
between 20 and 30MHz this can be 

usefully reduced to about 8dB). 
Since any improvement in the noise 

performance of an amplifier usually 
involves a reduction of dynamic range, 
most receivers have a noise figure of about 
10dB. For the reception of extremely weak 
signals, it is better to limit the noise 

bandwidth to the minimum appropriate to 
the information rate. Correlation detection 
and integrating techniques can result in 
recovery of information from below the 
noise level. 

A valid reason for including r.f. 
amplification in front of a low -noise mixer 
is to facilitate the provision of pre -mixer 
selectivity. Several designs now use 

double -tuned input circuits with a cascode 
f.e.t. amplifier. 

Spurious responses 
The susceptibility of the superhet to 
various spurious responses, of which 

o 

Signal 

o 4, 
Oscilla ton á 

o 

0 

Fig. 9. Balanced mixer using 7360 beam deflection valve can provide low -noise and 
extremely wide dynamic range. 

image response is the best known, to 
direct i.f. breakthrough and to internally 
generated 'birdies' calls for careful choice 
of intermediate and oscillator frequencies, 
effective pre -mixer selectivity and 
generous use of screening within the 
receiver. Recent years have seen 
increasing use of wideband and sub -octave 
filters in the input circuits; this approach 
imposes even more stringent linearity 
requirements. Screening, however, has 
been facilitated by the wider adoption of 
modular sub -unit construction with 
low- impedance coaxial interconnections. 

While image, direct i.f. breakthrough 
and other forms of spurious response 
should ideally be better than 120dB down 
on the desired signal, most users would be 
happy with 80 to 100dB of protection. In 
practice, even for high -performance 
receivers, image may be only 50 or 60dB 
down at 30MHz, and on the lower cost 
models may be restricted to about 35 to 
50dB. 

Especially severe conditions exist on 
board naval vessels where several 
transmitters may be operating in close 
proximity to the receiver. It is worth 
recalling that a G.E.C. h.f. receiver 
developed for the Navy in the early 'sixties 
achieved an image and spurious response 
better than 130dB down by using six 
signal- frequency tuned circuits with single 
conversion (i.f. 1600kHz). This had two 
low -gain cascode valve amplifiers and a 

double -triode balanced mixer. It seems 
doubtful whether this performance has yet 
been bettered with conventional forms of 
all- semiconductor front -end, despite the 
benefit of up- conversion to v.h.f.: special 
selectivity units are offered by some firms 
for use near powerful transmitters. 

Variable i.f. filters 
The final selectivity characteristics of most 
modern receivers are determined by one or 
more crystal or mechanical i.f. filters 
(although some lower -cost models still 
depend on a final i.f. of about 50kHz). 
High -grade s.s.b. filters have a shape 
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Fig. 10. Claimed selectivity curves for 
one of the Rohde & Schwarz filters. 
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Fig. 11. Philco combined a.m. /s.s.b. 
demodulator. 

8 

factor approaching unity with low pass - 
band ripple; even with such filters it is 

important that there is no signal leakage 
around the filter, or any sudden fall -off 
below the 60dB level. Typically. 
however, an overall s.s.b. shape factor 
below about 4 must be considered good. 

There are still attractions in a 

continuously variable bandwidth filter, and 
several techniques to achieve this have 
been developed, mostly involving some 
form of pass -band i.f. tuning to stagger the 
relative position of successive bandpass 
filters, for example in the Redifon R408 
marine receiver. 

An arrangement capable of providing 
almost ideal selectivity characteristics is 

used in several Rohde & Schwarz 
receivers, based on a dual -mix system in 
conjunction with high -grade 30kHz 
low -pass filters. The incoming i.f. signals 
can be shifted away from or towards the 
sharp cut -off edges of the two filters, using 
sideband inversion to permit the slicing 
action to occur on the upper and lower 
sideband: see Fig. 8. At ±6 kHz a 
shape factor of 1.07 is claimed. 

Demodulation and a.g.c. 
Almost all recent designs have 
incorporated heterodyne (product) detec- 
tors for s.s.b. and c.w. reception, although 
egvelope detection must usually also be 

provided for a.m. Fig. 11 shows a com- 
bined s.s.b. /a.m. detector developed by 
Philco for valve receivers. High -per- 
formance product detectors have also 
used 7360 beam -deflection valves and 
hot - carrier diodes. 
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Fig. 12. Block diagram (a) of phase -lock loop synchronous demodulator; (b) 
bi -aural demodulator. Matrix switch positions; a.m. /ds.b. right A.F.I., left A.F.I.; 
u.s.b. both A + B; both sidebands right A + B, left A - B; l.s.b. both A - B. fm. 
both Q. 

Double- balanced 
diode mixer 

Stable 
VFO 

Fig. 13. Basic outline of simple 
homodyne (direct conversion) receiver for 
s.s.b. lc. w. reception. 

Considerably greater flexibility and 
improved performance on some modes is 
possible, though at an increase in 
complexity. by the use of lock -loop 
synchronous demodulation (or preferably 
by bi -aural demodulation comprising a 

lock -loop demodulator with independent 
presentation and selection of the two 
sidebands). Such demodulation can be 
highly effective not only on s.s.b., c.w. and 
a.m. but also on narrow -band f.m. 
and double -sideband- suppressed- carrier 
modes. Synchronous demodulation is 
incorporated in the recent Marconi H2900 
series. 

The coming of integrated circuits has 
almost certainly opened the way to much 
greater use of synchronous detection, 
since almost all components for a 

phase -lock loop can be provided on a 

single chip. 
Synchronous demodulation also makes 

possible an extension of interest in 
homodyne (direct- conversion) and synch - 
rodyne type of receivers as an alternative 
to the superhet. Already simple forms of 
direct conversion receivers (including 
some which phase -cut the audio image) 
have been developed for s.s.b. and c.w. 
reception by amateurs, providing 
reasonably good performance at relatively 
low -cost. Many have used hot -carrier 
diode ring mixers to heterodyne the 
incoming signal directly to audio 
frequency. 

Another receiver function which lends 
itself to the use of integrated circuits is 

audio -derived a.g.c. with `pedestal' or 
`hang' characteristics. Hang a.g.c. systems 

using discrete components have been 
widely used, but the development of 
integrated- circuit generators, such as the 
Plessey SL621, makes possible sophisti- 
cated systems with a minimum of 
contructional problems. Timing charac- 
teristics are governed by the values of the 

few external components. 

Microelectronics 
Digital integrated circuits are widely used 
in frequency synthesizers and in frequency 
locking and digital readout counters. The 
development of linear integrated circuits, 
monolithic and thin -film, has resulted in 
high -performance `pocket' communica- 
tions receivers (prototype models of this 
type have been described by MEL 
Equipment and by Avco). 

Recent price reductions in linear 
integrated circuits, however, now make 
this form of construction increasingly 
attractive for almost all classes of receiver. 
There are still a few functions where the 
advantages remain with discrete devices, 
so that a hybrid discrete /integrated 
approach can be anticipated. One 
practical problem has been the rapid 
development in this field, often making it 
necessary to reconsider ideas during the 
development of new models. A major 
advantage, now that linear integrated 
circuits are becoming standardized, will be 

the appreciable reduction in design and 
development time, since many receivers 
will be variations of discrete components 
fashioned around a set of linear modules. 

For example, the Plessey SL600 series 

of linear integrated circuits make possible 
receivers using SL610 r.f. amplifier; SL641 
diode -ring frequency changer; block 
crystal filter; untuned SL6I2 i.f. amplifier; 
SL641 product detector; SL621 a.g.c. 
system and SL630 a.f. amplifier. By 
utilising such combinations a great deal of 
the detail design work is eliminated. Indeed, 
this factor could well encourage, in the 

coming decade, more home -construction 
of high -performance receivers, meeting 
individual requirements with a minimum 
of design problems. 

Abridged specifications of some 50 communications 
receivers are given on pages 305 -310. 
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Transistor Tester 
A simple instrument which measures beta and leakage, and 
indicates how faulty transistors have failed 

by D. E. O'N. Waddington*, M.I.E.R.E. 

The way in which a transistor failed is often 
important in the diagnosis of circuit faults. 
The simple tester described in this article 
indicates which junction has failed and in 
what fashion. Good transistors can be 
tested for leakage, and beta from 20 to 1000 
can be measured. Additionally rectifiers 
and low- voltage zener diodes can be 
checked. 

The range of transistor testers currently 
available is quite large and, as expected, 
they are all designed specifically to test for 
good transistors. Some of the more sophis- 
ticated testers, notably the curve tracer 
variety, are also capable of diagnosing what 
is wrong with a faulty transistor. This kind 
of information can be quite valuable and 
the tester to be described was designed with 
this in mind. However, it does test good 
transistors as well! 

Beta test circuit 
The tester is based on the emitter follower 
circuit of Fig. 1. The measurement of beta 
is made by adjusting the value of the base 
resistor RV, so that the meter reads 25 
of full -scale deflection (f.s.d.). Under these 
conditions the circuit can be approximated 
by the equivalent circuit shown in Fig. 2 
which can be analysed as follows: 

VE = VB /3 (Condition set by adjusting R V, ) 

(114-1)R2 
VE 

VBR1 +RVI +R2(ß +1) 
3R2(ß +1) = R, +RVI +(ß +1)R2 

3R2(ß +1) - R2(ß +1) = R, +RVI 

ß +1 = (RI +RV,) /2R2 

ß = RI /2R2 +RVI /2R2 -1 
(R1 = 2R2 or RI /2R2 = 1) 

ß = RVi /2R2. 

Thus, if a value of 500 i2 is chosen for R2 
and 1 kfl for R, a linear variable resistor 
of 250 kû can be used to give a linear beta 
measurement range up to 250. If a higher 
beta range is needed, a higher value of 
variable resistor could be employed for RV,. 
Alternatively, the method of use could be 
modified; instead of setting RV, so that the 
meter reads 25 % of ts.d. it is set so that the 
meter reads 50 % of fs.d. By an analysis 

similar to the one above it can be shown that 
under these conditions: 

4 = (VR1/2R2) +0.75. 

The effective measuring range is multiplied 
by a factor. of four times. (The 0.75 in the 
equation is so small that it can be ignored.) 

This method of measurement is obviously 
not precise as it ignores the effects of VEB 

and rE. In the practical circuit shown in 
Fig. 3, VB is slightly increased to reduce the 
error caused by VEB. The inaccuracy of 
measurement using this modification is of 
the order of ± 5 % although it could be 
reduced if the tester were designed to test 
only silicon transistors or only germanium 
transistors. Another source of error is 

'ceo flowing through RVI and causing an 
apparent change in the value of VB. With 
silicon transistors this error will be negli- 
gible but with germanium devices the error 
can become quite appreciable. 

The measurement conditions have been 
chosen so that they are suitable for most 
small -signal transistors. The supply voltage 
is 9 V. On the normal beta range (meter set 
to 25 % of f.s.d.) the voltage drop across the 
transistor under test is 6.75 V and the 
current through it 4.5 mA. With the x 4 
range, the voltage falls to 4.5 V and the 
current rises to 9 mA. This change in 
operating conditions will probably cause 
the beta readings on the "normal" and 
" x 4" ranges to disagree slightly. However, 

Fig. 1. The basic measuring circuit. 

Marconi Instruments Ltd. Fig. 2. Simplified equivalent circuit. 

for most practical purposes, this is not 
important. 

Leakage current 
Go is measured in the conventional 
manner with the base of the transistor 
disconnected. In order to simplify the 
construction of the tester, the basic leakage 
range is the same as that for the beta 
measurement -18 mA. Germanium tran- 
sistors will usually show some leakage on 
this range but only a very bad silicon 
transistor will give any reading. For lower - 
leakage measurements, a push- button 
switch, S2, is used to disconnect the meter 
shunt giving a full -scale deflection of 50µA. 

Constructional details 
The circuit of the tester is so simple that 

very few precautions are necessary. How- 
ever, one or two details may help. The 
battery used is an Ever Ready type PP9 
which has a comparatively stable output 
voltage and a good shelf life. In practice 
the life of the battery in the tester is essen- 
tially the same as its shelf life. To ensure 
this is so, the on /off switch should be of the 
biased type -it is too easy to leave an 
ordinary toggle switch on. 

High- frequency transistors sometimes 
oscillate when connected as emitter - 
followers. To reduce this possibility, slip a 
ferrite bead over each"lead to the transistor 
test terminals as close as possible to the 
terminals. Better still, slip the beads over 
the transistor leads if oscillation is suspected. 
It is usually possible to detect whether a 
transistor is oscillating in the tester as 
touching the transistor will cause the meter 
reading to change. The only consolation 
is that an oscillating transistor must have 
a beta even if it cannot be measured! 

RV, has to be calibrated. The best way 
to do this is to measure its resistance and 
divide by 1000 (2R4: Fig. 3). The controls 
are self explanatory but do not forget to set 
S3 to "Calibrate" and adjust R V2 for f.s.d. 
before starting tests. 

Transistor faults 
With the "Function Switch" S1 set to the 
"Test" position, a good transistor (i.e. one 
with a beta of 20 or more) will give a reading 
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nf annrnvimatrly 750/ nf f c ri Th r Pxart wrong. For example, it is not unknown for 
p -n -p transistors to be marked with an 
n -p -n type number! When this occurs, the 
tester will give a reading which is propor- 
tional to the reverse emitter -base break- 
down voltage of the transistor. 

Base open circuit: The meter will read zero 
(leakage current /CEO). This fault can some- 
times be identified by reversing the n -p -n/ 
p -n -p switch 54. The meter will give a 
reading depending on the zener break -down 
voltage of the base -emitter junction in 

series with the forward- biased collector - 
base junction. 

Wireless World, June 1970 

H.F. Predictions 
reading will depend upon the beta of the 
transistor and whether it is made of silicon 
or germanium. (The base -emitter voltage 
of a silicon transistor is approximately 
0.6 V while that for germanium is approxi- 
mately 0.2 V). Specific fault conditions will 

be indicated as follows: 

Collector- emitter short- circuit: The meter 
will read full scale. 

Collector -base short- circuit: The meter will 

read f.s.d. less the base -emitter voltage of 
the transistor. 

Collector open circuit: The meter will read 
fractionally less than 25% of f.s.d. This is 

because the emitter -base junction of the 
transistor acts as a forward -biased diode 
so that current from the junction of RI and 
R2 can flow through R3 and R4. 

Base -emitter short- circuit: The meter will 

read 25% of full -scale. To positively dis- 
tinguish this fault from a collector open 
circuit reverse the n- p- n /p -n -p switch S4. 

If the fault is an open -circuit collector the 
meter reading will fall to near zero, the 
actual reading depending upon the zener 
break -down voltage of the base- emitter 
junction. But if the fault is a base- emitter 
short -circuit, the meter reading will be 
substantially unchanged. 

Emitter open circuit: The meter will read 
zero ; even if the n- p- n /p-n -p switch is 

reversed. 
Occasionally faulty transistors will cause 

the meter to give completely unpredictable 
readings. When this happens it is not at all 
easy to identify the fault although it is 
sometimes possible to find out what is 

Fig. 3. Complete 
circuit diagram. 
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Zener diode testing 
The tester can be used for making rough 
measurements on zener diodes with vol- 

tages of up to 8.9 V. For this purpose the 
meter is calibrated linearly from 9 to 0 V 

with the 9 V point at zero deflection and 
0 V at f.s.d. (See Fig. 4.) The anode of the 
diode to be tested is connected to the 
"collector" terminal and the cathode is 

connected to the emitter terminal of the 
tester. With S4 set to p -n -p the zener voltage 
can be read directly from the meter scale. 
This type of test can also be applied to 
diodes to check whether they are working 
and to identify silicon diodes from ger- 
manium. The main differences are that 
silicon diodes generally show a greater 
forward voltage drop (0.6 V approx.) than 
do germanium (02 V approx.) and that 
silicon diodes normally have negligible 
leakage current when reverse biased whereas 
the leakage of the germanium diodes is 

usually measurable. This is not true for 
microwave diodes which should not be 
tested on this instrument. 
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Fig. 4. The meter scale required. 
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June 
The prediction charts show median 
standard MUF, optimum traffic fre- 
quency (FOT is taken as 85% of MUF) 
and lowest usable frequency for reception 
in the U.K. Unlike MUF, the LUF is 

closely dependent on e.r.p., atmospheric 
noise and type of service. Those shown 
were drawn by Cable and Wireless Ltd 
for commercial telegraphy using several 
kilowatts of power with rhombic type 
aerials. 

Predictions are based on an Iono- 
spheric Index (IF2) of 94 and comparison 
with June 1969 (for which the measured 
IF2 was 119) shows that FOTs are lower 
and closer to LUFs. Without the auroral 
correction Montreal LUF would be about 
3MHz lower. 

Ionospheric and magnetic disturbances 
have been fairly frequent in recent months 
and can be expected to continue, without 
serious effects. 
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Ralph West reviews the 

Low -cost Horn Speaker 

Having long been an admirer of Voigt and 
his teaching, and a keen follower of 
subsequent work on horn loading and 
allied techniques, it was with great interest 
that I read the recent articles by Klipsch, 
Harwood, and "Toneburst" (February, 
April and May issues of Wireless World). 
The big surprise came when I was invited 
to hear, criticize and write about the new 
baby'. 

The first test was to connect up a tape 
machine and listen. First impressions with 
a known input signal give very valuable 
information, not the whole story, but little 
subtle clues to peculiarities and 
shortcomings that may not be sorted out 
and recognized until after hours and hours 
of investigation both objective and 
subjective. This first burst of reproduced 
sound catches the ear in its most sensitive 
state as regards artificiality or unreality. 

The first impression was good, 
surprisingly good when one considered the 
low cost, simplicity and numerous 
compromises in design. The word that 
came to mind was `wholesome' and this 
impression persisted throughout the 
session. 

To digress for a moment, what do we 
expect of a loudspeaker? On the 
assumption that no loudspeaker can be 
perfect, all loudspeakers then have 
something wrong. Of all the possible 
wrong things, some worry our senses, and 
some do not worry them unduly, 
sometimes not at all. A little buzz or tizz 
from the loudspeaker cone would worry 
everybody. On the c ther hand, except 
when we are out in open country, we are x 
inches away from some reflecting surface 
or other. This upsets the frequency 
response, boosting some frequencies a 
little, and attenuating others a little, but 
our senses are not the least bit disturbed. 
If a loudspeaker does this (they all do!), 
then our senses should be equally happy. 
They are, if this is all that is wrong. 

The recipe for a good loudspeaker then 
is a design that incorporates only those 
wrong things that do not worry our senses. 
It is on this basis that "Toneburst's" 
loudspeaker was judged. 

The bass performance was checked 
both by listening and by measurement. 
Apart from the last few notes of the 
"Low -cost Horn Loudspeaker System ", by 
Toneburst ", Wireless World, May 1970. 

bottom (organ pedal) octave, nothing was 
missing. With the sound level meter close 
up to the speaker, and with a 
low- distortion audio generator as source, it 
was possible to take valid readings over 
the lower end of the spectrum. Down to 
about 100Hz, where the horn as such 
more or less stops working, the level 
remained within a range cf about 6dB. 
Including the range down to 40Hz 
extended the meter needle excursions to a 
total range of 10 -11dB. This is very 
good, as some of these dips and 
peaks are due more to the room than the 
speaker itself -as Harwood points out in 
his April article. Below 40Hz response fell 
off rapidly, but nevertheless at one or two 
points in the room there was useful output 
down to 35Hz, or below. In rooms of just 
the right size - length or diagonal about 
18 feet -30Hz would probably be O.K., 
though one must listen at the right place, 
and this is not in the middle of the room! 

I had heard the speaker for a short time 
before the back of it was closed in to 
form what Klipsch calls the compression 
chamber. 

Below the cut -off frequency the horn no 
longer provides a nice meaty acoustic 
impedance for the cone to push against. 
The cone therefore moves much farther, in 
fact more or less as it would on an open 
baffle. It therefore starts pumping large 
amounts of almost out -of -phase sound 
from its rear. As the horn, fed from the 
front of the cone, is folded into a compact 
space and moreover opens up to the 
outside air very close to the rear of the 
cone, it amounts to a pretty complete 
acoustic short circuit. Hence the original 
dramatic fall off below about 100Hz. (The 
reported earlier 40Hz performance is as 
yet unexplained.) Boxing up the rear of the 
cone of course stops this cancellation but 
one has to be careful to use the correct 
volume. In this range the speaker 
`deteriorates' to an infinite baffle type. 
`Deteriorates' is in quotes, because 
though this is a perfectly satisfactory 
system it has a much lower efficiency. In 
this range, transient response will be 
inferior, but fortunately this is of little 
consequence as most sounds in this range 
start and stop gradually any way! In other 
words, the necessary compromise in the 
design at the very bottom of the frequency 
scale, causes negligible degradation. A 
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little bit of bass lift can be used -say not 
more than + 1 on most pre -amplifiers. 

The only detectable slight colouration 
was in the 150 -200Hz region. This was 
not serious, adding a little extra warmth to 
the sound. Whether it was due to speaker 
design or the room was not ascertained 
and not worth doing. Corner mounting of 
any sound source always throws up a few 
irregularities. Though I would thus agree 
with Harwood, in general I would agree 
with Klipsch. Corner mounting always 
improves bass in quantity, and in quality 
too, as the speaker is enjoying better 
acoustic loading. If there is a honk -the 
troublesome frequency usually lies 
somewhere between 140Hz and 
200Hz -then it can easily be attenuated 
and effectively lost by a suitably damped 
tuned circuit in series with the speaker. 

At the top end, the performance was 
equally dramatic. It is amazing how horn 
loading `cleans up' a response and makes 
a reasonable but by no means outstanding 
drive unit into a first -class performer. The 
sound was more like that from some of the 
recent electrostatic arrays on the score of 
smoothness. This was confirmed again 
with the sound level meter, close to the 
horn mouth. Above the frequency where 
the drive Speaker diameter (horn throat 
strictly) is about a wavelength (3 -4kHz) 
horn loading is again lost and efficiency . 

falls to something nearer its `open air' 
performance. Not enough to upset 
balance, but making the use of slight top 
boost worthwhile. This Eagle unit is 
smooth enough to take this without any 
need to worry about crossing over to a 
third super tweeter unit. 

Most of the listening was done with 
15 -in and 7-1--in master tape recordings 
plus a few superb copies dubbed by Terry 
Long. These covered a fairly wide variety 
of material, all in stereo of course. 

One very revealing test (learned from 
Joseph Enoch) is to sit with one's back 
towards the speakers. If it sounds and 
feels like an orchestra, or choir, etc. 
behind one, there is not much wrong. 
"Toneburst's" speakers produced a most 
realistic sensation. 

Another very valuable clue comes from 
the incidental background noises in 
between items -- people turning over 
pages, moving in their seats etc. The pages 
were obviously made of paper, not tinfoil! 

Applause too shows up resonances and 
any large frequency irregularities. The 
audience rarely wears protective gloves, 
leather or tinplate covered, during a 
concert and with this speaker they 
were heard to be properly dressed! 

Another telling observation was the fact 
that one was never conscious of the 
loudspeakers themselves. One's whole 
attention was always drawn to `between 
and beyond', where it should be. 

This design shows that for a modest 
outlay (£34, plus a little hard work, for a 
stereo pair) it is possible to produce results 
truly comparable with those obtained from 
first grade commercial designs, provided 
the essential requirements are met. There 
is no doubt that horn loading really does 
do something nothing else quite manages 
to do. 
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News of the Month obvious that it is a wonder nobody has 

Emley Moor 
aerial contract 
The Independent Television Authority has 
placed orders worth approximately 
£ 120,000 with E.M.I. for the u.h.f. and 
v.h.f. aerials for the new tower at Emley 
Moor, Yorkshire. The contracts cover the 
supply of two u.h.f. aerials (for I.T.A. and 
B.B.C. services) and a v.h.f. aerial for the 
I.T.A. service. The u.h.f. aerial panels and 
the full -wave v.h.f. dipoles will be mounted 
on a 180-ft triangular supporting lattice. 
The lattice will be erected on a 
self- supporting concrete tower 900-ft high, 
80-ft in diameter at its base, tapering to 
20-ft at the top. E.M.I. collaborated in the 
design of the lattice aerial support 
structure with Ove Arup and Partners, 
consulting engineers who were responsible 
for the construction of the tower (Wireless 
World Aug. 1969, p.358). 

The two two -channel u.h.f. aerials on 
the top 50-ft sections will each radiate 800 
kW per programme. The upper is for 
BBC -1 and BBC -2 colour services, the 
lower for the I.T.A. colour service, with 
provision for an additional colour service 
later. The I.T.A. v.h.f. aerial below these is 
designed to give a directional pattern 
specified to match the coverage of the 
original Emley Moor aerial. It occupies a 
40-ft length of the lattice. The remaining 

40-ft section is left free for the addition of 
another system later. 

Shrouding cylinders of glass- reinforced 
plastic will enclose the structure but will 
allow access in all weathers. A replica of a 
section of the 180 -ft supporting lattice has 
been erected by E.M.I. at Hayes and 
performance testing of the aerials has 
begun. Erection of the system at Emley 
Moor is due to start in August this year. 

Printed through circuits 
Logic Designs Ltd, of Ringwood, 
Hampshire, have invented a new method 
of interconnecting integrated circuit chips 
which provides an alternative to the 
beam -lead process. The company are 
being very guarded at the moment 
although they have provided just enough 
information to whet the appetite. The 
reason for this is understandable; they are 
waiting for their patent application to be 
processed. 

In essence an interconnection pattern is 
printed on a dielectric. The conductors 
"can be persuaded to come through to the 
other side of the dielectric at any desired 
point ". One drawing shows the conductors 
in the centre of a dielectric sheet with 
connection pads on both sides of the 
sheet. 

Logic Designs say that the process is so 

Bending a laser beam using a lightguide formed by depositing a crystal film on a 
glass sheet at Bell Telephone Laboratories in America. Such techniques may be 
used in the future to form light circuits to carry out computing and communication 
functions 

tried it before; it employs standard 
semiconductor Production machinery and 
materials that may be found in any basic 
chemistry laboratory. Cost of the 
interconnect patterns is less than £10 per 
square foot. 

The technique may be used in place of 
wire bonding to connect a monolithic 
integrated circuit chip to its package 
connections or it may be used to form 
sub -systems by interconnecting many chips 
on a single substrate. Single side or 
multi -layer interconnection patterns can be 
formed. 

British weather 
experiment in space 
succeeds 
A British meteorological experiment is 
now circling the earth on the American 
Nimbus -D weather satellite, sending back 
continuous temperature information to 
help improve the accuracy of weather 
forecasts. Developed and built by 
GEC - Elliott Space and Weapon Systems 
(at Frimley, Berks) for scientists at the 
Universities of Oxford and Reading under 
a grant from the Science Research 
Council, it is the first British experiment to 
be included in an American Nimbus 
project. 

The experiment is designed to measure 
the temperature at six different levels in 
the earth's atmosphere, by observation of 
tl'e infra -red radiation emitted from 
atmospheric carbon dioxide. The 
frequency of this radiation changes for 
different altitudes, and the temperature at 
various levels of the atmosphere can 
therefore be derived by radiation 
measurements over this range of 
frequencies. 

A very sensitive selective chopper 
radiometer is used, which detects tiny 
amounts of radiation over six very narrow 
frequency bands, and amplifies them, 
using a 'chopper' technique, to provide a 
measurable signal. The wavelength of the 
radiation is in the region of 15 microns, 
and temperatures are measured at altitudes 
of up to 50 kilometres. 

Antigua station closing 
The National Aeronautics and Space 
Administration of America has notified 
the governments of the U.K. and Antigua 
of its decision to close its tracking station 
in Antigua as the station is no longer 
required for support of the N.A.S.A. 
manned space flight programme. 

Established under an international 
agreement signed in 1967, the station has 
been operated by N.A.S.A's Goddard 
Space Flight Center as a unit of the 
Manned Space Flight Network. The 
station includes an S -band radar and a 
30 -foot dish aerial. 

Since it became operational the station 
has played a major role in tracking 
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A corner of a new avionic equipment service department recently opened by L. C. 
Hunting, vice -chairman of the Hunting Group, at London airport. The new 
department is owned by Fieldtech Lid and is primarily intended to support the 
company's marketing activities although it will also be employed to service other 
equipment 

functions for all Apollo flights up to 
Apollo 11. Following that event N.A.S.A. 
reduced tracking requirements for the 
Apollo Programme and the Antigua 
station reverted to a standby role. The 
agency has since determined that the 
station will no longer be required. 

At peak operation, the Antigua tracking 
statio had a complement of 92 persons. 
Equipment from the site will be employed 
elsewhere. 

Award for p.c.m. inventor 
The International Telephone and 
Telegraph Corporation has awarded Alec 
Reeves, of Standard Telecommunication 
Laboratories (a subsidiary of I.T.T.) 
f 5000 and a trophy for his invention 
of pulse code modulation. 

The award -"In recognition of his 
contribution to the progress of 
telecommunication technology through the 
concept and development of pulse code 
modulation " -is the third given to Mr. 
Reeves in recent months. In 1969, not 
only was he made a Commander of the 
Order of the British Empire but also the 
Post Office honoured his invention with a 

special postage stamp and first -day cover. 

B.B.C. local radio 
Twelve new B.B.C. local radio stations are 
due to open in 1970. Their locations and 
operating frequencies (in MHz), are as 
follows: Birmingham (95.6), Blackburn 
(96.4), Bristol (95.4), Derby (96.5). 
Humberside (95.3), London (95.3), 
Manchester (95.1), Medway (97), 
Newcastle (95.4), Oxford (95), Solent 
(96.1) and Teesside (96.6). It is planned to 

provide reinforcement for the service on 
medium waves. The frequencies given are 
subject to approval by the Minister of 
Posts and Telecommunications. 

Binocular head -up display 
Elliott Flight Automation has delivered to 
the Royal Aircraft Establishment, 
Farnborough. a binocular head -up display 
which is at present being tested in a 

ground -based simulator prior to flight 
trials in a Comet. scheduled to start later 
this year. 

The binocular head -up display projects 
two identical groups of symbols from two 
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parallel cathode -ray tubes onto a wide, 
shallow reflector placed close to the pilot's 
eyes. The two groups are aligned so that 
they appear to the pilot as a single image. 
Main advantages of the system are that it 
provides a wider field of view than 
monocular systems and that it does not 
take up a great deal of space in the cockpit 
coaming. 

Use of two cathode -ray tubes and lens 
systems makes possible a dual, 
fail -operative head -up display which is a 

necessity where the system is an integral 
part of, say, an automatic landing system. 
Should one tube fail, the full symbol 
pattern remains visible and brightness is 
hardly reduced. Only the field of vies is 
reduced. 

Bright future 
for electro /optics 
By 1980 it is expected that 70% of 
Mullard's component output will be in 
optical and microwave devices. As early 
as 1975 44% of electronic devices will be 
totally new, not yet having seen the light 
of day. These predictions were given last 
month by B. R. Overton, plant director of 
N ullard Mitcham, when the technical 
press were invited to a preview of a number 
of new developments taking place at the 
Mitcham works. One ( f the new optical 
devices was an image intensifier being 
developed for military purposes but which 
is now off the secret list. Simply, it is a 

passive see -in- the -dark device which 
requires no more than starlight 
illumination of the ( bject to be viewed. 
The image is seen by the observer on a 

small (25mm) screen. Using a u ide 
diameter objective lens, the image 
intensifier collects as much reflected light 
as possible from the object under 
observation. Collected light is then 
focussed on to a photoemissive surface 
which converts the energy into electron 
emission. Emitted electrons are acceler- 
ated by a high voltage and are directed on 

Mullard image intensifiers being assembled with a voltage multiplier unit 
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to a phosphor screen where they produce 
a larger light output than was received at 
the photocathode. The light intensity is 
further increased by adding two 
succeeding stages of amplification. All 
three stages are built into a single compact 
unit. 

centenary and is called "The 
International Telecommunication Union ". 
It lasts 20 minutes and is available with a 

commentary in English, French, Spanish, 
Arabic or German. A copy of the film can 
be obtained on loan, or bought for S 25 

for non -commercial showings. 
The second film (ONU -3), also made in 

1965, is called "In Signal Honour" and it 
commemorates the development of 
telecommunications over the past 100 
years. It lasts for 30 minutes and can be 

obtained on loan, or bought for S 40. 
Enquiries should be addressed to the 

United Nations Office of Public 
Information, Radio and Visual Services 
Division, Place des Nations. 1211 Geneva 
20. 

Bell & Howell has set up an Audio Products Division 
to market hi -fi equipment. They began by introducing 
at the recent Sonex 70 exhibition the range of 
products manufactured by Acoustic Research Inc., 
of Cambridge. Massachusetts, U.S.A. 

Colour receiver production 
When presenting the annual report of the 
British Radio Equipment Manufacturers' 
Association to members. the president 
(Lord Thorneycroft) commented on the 
slow rate of production of colour 
television receivers in the U.K. in 
comparison with other European 
countries. For example, Germany, which 
started a colour service at approximately 
the same time as we did, is currently 
producing over a million sets a 

year- -three times our own rate. 
Incidentally, Japan is said to be producing 
over six million a year. Lord Thorneycroft 
went on to remind manufacturers that 
they must "take advantage of the oppor- 
tunities that entry into the European 
Common Market will afford whilst 
being fully aware of the growth of com- 
petition which will exist ". 

Referring to the home front the 
president spoke of the question of the 
timing and organization of exhibitions. It 
is almost certain that next year there will 
be a combined trade show in May. 

Colour television 
deliveries still up 
U.K. colour television deliveries for the 
first quarter of 1970 show no sign of any 
slackening in demand. according to the 
Economic and Statistical Division of the 
British Radio Equipment Manufacturers' 
Association. 84.000 colour sets were 
delivered in the first three months, a 

record 30.000 of these during March. 
Monochrome television deliveries 

recovered slightly but continued the 
downward trend recorded in the latter half 
of 1969; 410.000 sets were delivered in the 
first three months compared with 416,000 
in the same period of 1969. 

The decline in deliveries of U.K. 
manufactured radio receivers, car radios 
and radiograms is continuing. Deliveries 
of 153,000 radio sets for the first quarter 
(161,000 in 1969) were down 5%; car 
radios showed a fall of 13%- 75,000 in 
1970 against 86,000 in the first three 
months of 1969; and radiogram deliveries 
of 41,000 up to March compared with 
44,000 in 1969, a drop of 7 %. 

Telecommunication films 
The International Telecommunication 
Union (I.T.U.), has a library of about 100 
films available for loan. Some of these 
films were provided by the administrations 
of member countries and some were 
provided by telecommunication compan- 
ies. 

Two of the films from the catalogue 
(which is available) are devoted to the 
I.T.U. The first (ONU -4) was made in 
1965 on the occasion of the union's 

Avionic conference 
For the second time meetings of the U.S. 
Airlines Electronic Engineering Committee 
are to be held in Europe concurrently with 
meetings of the European Airlines 
Electronic Committee. The venue is the 
Royal Garden Hotel. London. in 
November. The first European meetings 
of the A.E.E.C. were held in Brussels in 
October 1964. 

The meetings will be arranged as 
follows: Airlines Electronic Engineering 
Committee General Session. November 
4th -6th; European Airlines Electronics 
Meeting, 9th -11th. Readers interested in 
attending the meetings should contact D. 
M. O'Hanlon, Manager Avionics Design 
and Development Branch, Engineering 
Head Office, British European Airways, 
London Airport, Hounslow. 

EXPO '70 with I.C.E. 
Our sister journal. Instrument and Control 
Engineering, has arranged a visit to 
EXPO '70 in Japan departing June 13th 
and arriving hack June 25th which will 
cost £446 IOs. per person. This sum 
covers the cost of bed and breakfast in 
first class hotels. travel by air, two days at 
EXP0'70, sightseeing and excursions, the 
services of an English- speaking guide and 
a full range of technical visits. Interested 
readers should write to the editor, 
Instrument and Control Engineering, 
Dorset House, Stamford Street. London 
S.E.I. 

Announcements 
A three -day residential conference on industrial 
microwave and laser applications and instrumenta- 
tion Is being organized by our associate journal 
Design Electronics, in association with Sheffield 
University. The conference will be held from 22nd 
to 24th September at Ranmoor House. Sheffield 
University. Further details are available from R. A. 
Ganderton, Design Electronics, Room 121. Dorset 
House, Stamford Street, London S.E.I. 

A vacation school, organized by the I.E.E., on 
radio frequency electrical measurement practice will 
be held at The University of Kent, Canterbury, from 
September 6th to 18th. Further details from the 
secretary, LS(SE), I.E.E., Savoy Place, London 
WC2R OBL. 

John ,E. Dallas & Sons are buying electrical 
equipment from Hitachi, of Japan. for sale in the 
U.K. Much of the equipment will be marketed under 
the Elizabethan label. 

The Philco -Ford range of solid -state microwave 
products is now being handled in the U.K. by the 

Microwave Division of Auriema Ltd. 

The Advance Filmcap division of Advance 
Electronics Ltd has signed an agreement with Societe 
Seco -Novea et Cie, the French electrolytic capacitor 
manufacturers allowing Advance to manufacture 
capacitors under licence at their plant in North 
Wales. 

J. H. Associates Ltd, I Church Street, Bishop's 

Stortford. Herts, have been appointed U.K. agents 
for the range of relays and components 
manufactured by Alois Zettler GmbH. of Munich, 
W. Germany. 

FieldTech Ltd, has been appointed exclusive U.K. 
distributor for the range of high -frequency aerials 
manufactured by Technology for Communications 
International (TCI), of California, U.S.A. 

Techmation Ltd, 58 Edgware Way. Edgware. 
Middlesex. have been appointed sole distributors in 
the U.K. and Eire for Fabri-Tek Instruments Inc, of 
Wisconsin, U.S.A., manufacturers of modular digital 
signal averaging computers. 

Ceta Electronics Ltd. 312 Bournemouth Road, 
Parkstone. Dorset, have been appointed exclusive 
U.K. agents for TeleSciences Inc., and their 
subsidiary. Pulse Monitors Inc. American 
manufacturers of test equipment. 

The Plessey Company has announced that the name 
of its subsidiary, Plessey B T R Ltd, has been 
changed to Plessey Telecommunications Research 
Ltd. 

The Marine Division of Dymar Electronics Ltd, of 
Watford. has received an order worth over $260,000 
from the Kelvin Hughes Division, Smiths Industries 
Inc., Maryland, U.S.A. The order is for the model 
822 f.m. v.h.f. marine radio -telephone. 

Labgear Ltd, has received two contracts, valued at 
£250.000, from the Nigerian Government for the 
supply of 400 single- sideband man -pack radio 
telephones. The company has also received a 

£160,000 contract from the Iraq Government for 
250 s.s.b. radiocommunications pack -sets for use by 
the Iraq mobile police force. 

Pye Telecommunications Ltd has received an order 
from the Government of Jamaica. worth £75,000, for 
the supply of racliotelephone equipment for use with 
the Jamaican police force. 

Aircraft Supplies Ltd, of Bournemouth. have received 
an order to supply their digital flight data recorder 
for Air Canada's Boeing 747 jumbo jet fleet and 
Lockheed 101 I Tristar aircraft. 

The Electronics & Instruments Group of Bell & 
Howell Ltd, Basingstoke, have been appointed 
exclusive U.K. agents for the range of high output 
piezo -resistive transducer elements and pressure 
transducers manufactured by A. S. Akers Electronics, 
of Horten, Norway. 

Electrotech Instruments, the instrument division 
of Coutant Electronics, have moved to new premises 
at 7 Trafford Road, Reading, Berks. (Tel: Reading 
582677). 

Celdis Ltd has moved from Milford Road to 37 -39 
Loverock Road, Reading, RG3 1ED. (Tel: Reading 
582211). 
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Letters to the Editor 
The Editor does not necessarily endorse opinions expressed by his correspondents 

Some improvements in class B 
After reading Mr. Johnson's useful article in 

the April issue, describing his improvements 
to the basic Lin circuit, his omission of a 
neat modification surprises me. My interest 
was aroused after comparing para. 2 col. 1 

page 160 with para. 2 col. 2 p.161 of his 
article. 

In the former he defends the use of diodes 
D, and Dz by stating that the signal to 
Tr, and Tr6 is a current and that voltages 
are relatively unimportant: whereas the 
latter contains an analysis of the resistance 
levels in these stages which shows that 
the "current source" sees a resistance 
roughly equal to its own source resistance! 
I think that I have interpreted Mr. Johnson's 
figures correctly because he allows for a 
loss in gain of 0.55 to 0.45 at this point. 
If this is the case then we have a generator 
with non -linear internal resistance feeding 
driver stages with comparable, non -linear, 
input resistances. This is hardly a desirable 
situation for "current drive ". 

In view of this I would like to refer to a 
letter from Mr. Baxandall,' in which he 
suggests that the current drive transistor 
could be profitably replaced by a pair 
if a higher output resistance were sought 

4.7k 

T 

and this modification I respectfully suggest 
might be useful in Mr. Johnson's circuit. 
This would result in two extra transistors 
being needed. 

P. J. Baxandall's improved Lin circuit. 
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K. C.- Johnson's circuit. 
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Mr. Baxandall's letter is also the source 
of another refinement. The diode -dodge, 
which is the main topic of his letter, may not 
bring such a pronounced improvement 
to K. C. Johnson's circuit (due to the 
different quiescent driver- currents in the 
different circuits Mr. Johnson's power 
transistors cut out at much lower signal 
levels) but it may be worth trying- partic- 
ularly since the components are so few. 

In conclusion I would like to thank Mr 
Johnson for his interesting account and 
apologize for so pedantically analysing the 
article. Unfortunately, I have been unable 
to build the circuit (and discover that all 
my fears are groundless) but Dr. A. R. 
Bailey' (who noted Early -effect distortion 
and some allied problems in 1968) does not 
use an enhanced common -emitter stage and 
so I can only conclude that the extra ex- 
pense is not warranted at higher quiescent 
currents. 
M. J. HAMER, 
Ullingswick, 
Hereford. 

' "Symmetry in a class B amplifier" P. J. Baxandall. 
Letter to the Editor, W. W. Sept. 1969, pp.416 -4I7 
' "30 -Watt High Fidelity Amplifier" Dr. A. R. 
Bailey, W. W. May 1968, pp.94 -98 

The author replies: 
Mr. Hamer's letter raises a very interesting 
point concerning the fundamental theory 
of transistor circuits. Are the devices 
to be thought of as current- or voltage - 
controlled? In his letter in last September's 
issue P. J. Baxandall says that he has felt 
for many years that the almost universal 
tendency to regard transistors as basically 
current- operated devices has exerted a 
major retarding influence on progress. 
On this point I agree with him entirely. 
Indeed I wrote an article in this journal 
almost twelve years ago' in which just this 
point was made quite specifically, and I 

have repeated it many times since. Why 
then am I now advocating a current - 
controlled approach to the design of audio 
amplifiers? 

The answer is that neither way of think- 
ing should be followed regardless in all 
circumstances. When the base of a tran- 
sistor is fed from a low- impedance source, 
that is to say one that is thought of naturally 
as a voltage, then its action will in general 
be faster and the various circuit tolerances 
easier. For switching circuits this is 
advantageous and voltage -control is the 
best way to think in their design. If, on the 
other hand, the base is left at high 
impedance, so that it is natural to think 
in terms of current, then more gain will 
normally be available together with better 
linearity particularly if modern transistors 
are being used. It is hardly surprising that 
most low frequency amplifiers have been 
designed on this latter basis. 

With modern diffused silicon transistors 
the cut -off frequency is so high that even 
with current- controlled operation the speed 
is still perfectly adequate to cover the a.f. 
range and also leave a margin sufficient 

"On Understanding Transistors" K. C. Johnson 
W. W. Sept. -Oct. 1958 
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for rolling -off a large factor of negative 
feedback. This feedback takes care of much 
of the tolerancing difficulty, but in any 
case it is quite customary to select the final 
transistors for gain and to adjust the cross- 
over current on test with amplifiers of this 
type. Thus in this audio amplifier circuit the 
disadvantages of current -controlled work- 
ing are not serious, whilst the advantages 
in gain and linearity are considerable, 
so that there is a strong case for considering 
the design on this basis. Once this con- 
clusion is accepted then all the essential 
features of my circuit follow almost 
automatically. 

But the extra diode in the emitter of Tr 
that both Mr. Baxandall and Mr. Hamer 
advocate, now appears merely as a source 
of extra unnecessary distortion. It is not 
needed in my circuit for the protection of 
the emitter junction of Try against surges 
of reverse voltage, and on the current - 
controlled theory it simply raises the input 
impedance of the final stages over just that 
part of the voltage swing where the output 
impedance of TR, is falling lower than we 
would like. Thus it seems to me that there 
is a positive advantage in leaving it out. 

As regards the suggestion that extra 
transistors could usefully be added in such 
a way as to increase the effective output 
impedance of Tr2, this is the very possibility 
that I envisaged in the last sentence of the 
section "choice of cross -over current" 
(p. 161). Such an addition would certainly 
give an improvement, making the distor- 
tion both smaller and more symmetrical, 
but I decided on balance that the level of 
distortion is already so low in comparison 
with other parts of the system that the extra 
complexity was not justified. I have not 
tried any such arrangement, therefore, 
but suspect that there might be difficulties 
due to extra time -constants being brought 
into the feedback loop. 
K.C. JOHNSON. 

Electronic dice 
Prompted by Mr. Crank's invitation to 
readers in his article "An Electronic Dice" 
(W. W., April 1970), I have found an 
improved circuit. 

By slight alteration of two of the 
"classical" dice patterns (Fig. 1, where the 
new ones are, I feel, equally aesthetically 
acceptable) the number of outputs 
required is reduced to three, and the 
Johnson counter outputs may be used 
directly. This leads to a saving of one 

J .. 
(a) 

(b) 

(C) 

... s.. ... 

s. 
... 

Fig. 1. (a) Classical dice patterns; (b) 
amended dice patterns; (c) the three 
patterns required to form (b). 

Fig. 2. Simplified circuit for the electronic 
dice suggested by S. E. Oliver. 

Lamp supply 

From multivibrator 

lamp driver and the NOR gate (Fig. 2). 
Dice score Patterns on/off patterns 

required 

1 

2 

3 

4 
5 

6 

Rearranging 
of y, 
Dice score x z 

2 0 0 0 
3 I 0 0 
1 1 1 0 
5 1 1 1 

4 0 1 1 

6 0 0 1 

x y z 
x 1 0 0 
y 0 1 0 
xy 1 1 0 
z 0 0 1 

xz I O I 

yz 0 1 1 

and using the complement 

S. E. OLIVER, 
Newport, 
Mon. 

The author replies: 
Mr. Oliver has produced a very elegant 
solution to the problem of designing an 
electronic dice using logic circuitry. While 
I set myself the task of producing a circuit 
which would display the classical dice 
patterns Mr. Oliver's alternative patterns 
are very acceptable and many readers will 
consider that the saving in components 
justifies the alteration. 

In answer to those readers who have 
complained about my use of "dice" 
instead of "die" I plead common usage. 
BRIAN CRANK. 

Industry and research 
in universities 
I would like to object to part of your editoral 
on "Technology versus Education" in the 
April issue. In this article you stated "At 
Warwick itself, for example, the School 
of Engineering Science does research in 
microwave integrated circuits partly sup- 
ported by G.E.C. -A.E.I. and Racal (and 
employees of these firms work in the 
School) ". You must be referring to me when 
you mentioned support by Racal as I am 
the only person in the University who 
receives support from Racal *. I am working 
as a research student, on a Ph.D. thesis on 
"The Computer Aided Design of Micro- 
wave Circuits" and I have obtained a joint 
grant from the Science Research Council 
and Racal for an industrial studentship. 

I think I should explain why I wished 

to obtain an industrial studentship. I joined 
the University about six months ago on a 
Science Research Council grant to study 
for a Ph.D. degree after working in industry 
for five years as a student apprentice and 
two years as a graduate engineer. I found 
that the move to University resulted in a 
huge drop in salary. I considered that, 
as well as obtaining a Ph.D. degree, I should 
be able to provide some useful knowledge 
to society through my thesis. Thus in this 
case I considered I was grossly underpaid. 
Also my final thesis may be lost in the 
archives of the University Library, or, if 
my work was finally published, it may be 
of no use as someone, possibly in industry, 
may have done the same work and made 
full use of it. 
Thus I considered the only alternative 
was to obtain industrial support during my 
research work for a Ph.D. degree. The 
industrial studentship I now have gives me 
a higher salary, but still much less than I 

would be earning in industry, the security 
of a long -term job which will continue 
after I obtain my degree (not at the Univers- 
ity) and I should be able to see my research 
work put to good use. 

There are a few points which are essential 
with industrial support. These are that 
industry should not interfere too much 
with the research work, although I am 
always very pleased to accept advice 
and help from industry, and the research 
student should be able to publish any part 
of his research work. The amount each 
industry interferes with the work of the 
research student depends on the industry 
or on his particular managing director. 
At one extreme the research student may be 
left to do whatever research work he wishes 
and just told that he may take up a job in 
that industry when he leaves the University 
if he wishes to. At the other extreme the 
company may decide precisely what 
research work the student does at the 
University and may recall him back to 
industry to do some different work for them 
whenever they choose. Fortunately my 
industrial sponsor is much closer to the first 
extreme. 
B. G. MARCHENT, 
School of Engineering Science, 
University of Warwick. 

* We were told of the companies helping to support 
research but not the names of students involved. 
Incidentally, the disquiet expressed in our leader has 
been underlined in a book "Warwick University Ltd" 
(Penguin, 6s Od) edited and written by people at that 
university. ED. 
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Crystal Oven and Frequency Standard 
Easily built temperature -controlled oven, containing 
quartz crystal of 1 -MHz reference oscillator 

by L. Nelson -Jones, M.I.E.R.E. 

The frequency standard described here 
was designed to provide a 1 -MHz 
reference frequency for a digital 
counter -timer. It has automatic control of 
the crystal oven temperature, with a very 
simple circuit using an i.c. operational 
amplifier to provide the gain in the control 
system. The temperature sensor is a sealed 
thermistor. Full proportional control is 
provided, despite the simple circuit. The 
performance of the controller is of a high 
order for this type of circuit, as can be 
seen from the table. 

In the design, emphasis has been kept 
on reliability and economy and on ease of 
manufacture of the crystal oven. This oven 
can be made using readily available parts, 
and needs only normal hand tools for 
assembly. 

With a normal I -MHz parallel resonant 
crystal an overall frequency stability 
performance of 0.008 part /million has 
been obtained, as against 1.1 parts /million 
for the uncontrolled crystal, for each 
degree centigrade change of ambient 
temperature. 

Temperature control systems 
Bi- metallic thermostat. A bi- metallic 
thermostat with contacts in series with the 
oven heater is a common method of 
control. Such a system must always `hunt' 
because it is an on -off system. The 
amplitude of the oven temperature 
oscillation can to some extent be 
controlled by careful attention to the 
structural design of the oven but, despite 
the simplicity of the system, the design 
of an oven is often difficult if high 
performance is needed. 
Contact thermometers. Some of the 
shortcomings of the bi- metallic thermostat 
can be overcome by the use of a 

mercury-in -glass contact thermometer. 
This is a normal thermometer with wires 
sealed into the wall of the capillary so that 
a circuit is completed at the desired 
control temperature by the rising mercury 
thread. 

A more complex system results, since 
the thermometer cannot be used directly 
to control the oven heater, first because it 
operates in the wrong sense (i.e. it closes 
at the operating temperature and above, 
and opens below the operating 
temperature) and secondly because the 

Completed 1 -MHz 
frequency standard on a 
single -side printed circuit 
board. The crystal oven is 
enclosed in the white 
metal case in the middle 
of the board. Components 
on the right are the 
oscillator while those on 
the left are the power 
supply regulator. 
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PERFORMANCE OF COMPLETE SYSTEM 
Temperature coefficient of frequency of oscillator and oven controller + 8 parts in 10' per °C. 

Effect of variations to the oven controller supply only. with 
constant supply to oscillator too small to be measured (10 -14V) 
Effect of variation of 5V supply on oscillator frequency + 0.37 part in 10' per volt 
Crystal ageing rate 1 part in 10' per 1000h (after 

approx. 500h -from new) 
N.B. The crystal ageing rate gradually reduces with age 

Setting accuracy better than 1 part in 10' using 
trimmer specified 

Warm -up time 12 minutes to within 1 part in 10' 
Short term stability better than 5 parts in 10' total 

spread 
Supply requirements 250mA at 12V to controller at 

switch -on. falling to 100mA ay. 
during normal operation at 20 °C. 
Approx. 7mA at 5V for oscillator 

current carrying capacity of the mercury 
thread is very limited. 

The contact thermometer is much more 
expensive than the simpler bi- metallic 
thermostat, but has a very much higher 
long term stability and reliability. 
Change -of -state controllers. A control 
system which gives a much better 
performance, but still uses a simple on -off 
control of the heating current, is the 
Marconi change -of -state oven. 

The oven uses the melting point of 
naphthalene as the temperature reference. 
The expansion that occurs when the 
naphthalene melts is used with a metallic 
bellows system to operate a microswitch, 
which in turn controls the heater current. 
Little or no hunting occurs with this 
system since, provided both liquid and 
solid states are present at one and the 
same time in the naphthalene, an increase 
or decrease in heat applied to the system 
can only change the ratio of liquid to solid 
content. 

The one shortcoming of the system is 
that it can he made to operate only at one 
temperature, namely the melting point of 
naphthalene (approximately 80 °C). Other 
substances can be used but do not all give 
the performance achieved by naphthalene. 

Despite the excellent performance 
achieved, it was felt that the difficulties of 
construction were beyond the average 
experimenter unless he was unusually well 
equipped with specialized tools. There are, 
in addition, patent rights involved. 
Resistance thermometers. Resistance 
thermometers can be used to obtain a very 
close control of temperature, and allow 
fully proportional control. Furthermore, it 
is possible to make the resistors forming 
the sensor to also act as the heater. This 
combining of heater and sensor eliminates 
one major cause of hunting, namely the 
delay in the heat reaching the sensor due 
to their separation. Some years ago the 
author was involved in the design of such 
a system which, with a double skin 
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system, achieved a temperature control to 
within 0.001 °C, over a wide range of 
external ambient temperature. 
Semiconductor temperature sensors. The 
variations of the parameters of a 
semiconductor junction may be used to 
control temperature. Such a technique is 
used in certain integrated circuits to 
control the substrate temperature of a 
matched transistor pair (e.g. the SGS 
uA726). 

The author has recently described the 
use of the variation of forward voltage 
drop in a diode to measure temperature', 
and this method can easily be extended to 
the control of temperature. It was felt, 
however, that the system was too complex 
for crystal oven control. 
Thermistor sensors. Thermistors probably 
provide the most sensitive temperature 
sensor system for general use, and 
therefore can be used in relatively simple 
systems for the control of crystal ovens. 
Both negative and positive temperature 
coefficients are now available, and both 
may be used for the purpose. The positive 
coefficient thermistor has a sharp change 
of resistance, but only over a narrow 
range of temperature, so a different type of 
thermistor must be used for each 
temperature chosen. Most commonly 
available positive coefficient thermistors 
have a sharp change in the range 100 ° to 
120 °C, though some manufacturers 
produce types suitable for use down to 
about 50 °C. 

Because of the high temperatures at 
which most positive temperature 
coefficient thermistors operate satisfac- 
torily, it was decided to use the more 
freely available negative temperature 
coefficient type of thermistor. 

Temperature control circuit 
Initially the work on the crystal oven 
was carried out using the control circuit of 
Fig. 1. This circuit uses the thermistor in a 
bridge circuit in order to eliminate the 
effects of supply voltage variations, at 
least to a first order. To reduce still further 
any effect due to supply variations the 
bridge was supplied from a 4.7 -volt zener 
diode, which was also used to stabilize the 
supply to the crystal oscillator circuit. The 
relatively high current at which the zener 
diode was run, together with the high slope 
resistance of a 4.7 -volt type, resulted in the 
stabilized supply being close to 5 volts. 

The thermistor chosen is one with a 
resistance at 20 °C of 1 MU, which falls 
to 150kí at approximately 60°C (the 
temperature chosen for the operation of 
the oven). The three fixed resistors making 
up the remainder of the bridge are 
therefore of 150kí2 each. No method of 
adjustment was included since the exact 
temperature at which the oven operates is 
not important, provided it is not too near 
the highest ambient temperature likely to 
be encountered in use. In addition too high 
a temperature would be likely to impair 
reliability. With the components specified 
the estimated spread of temperature with 
different samples of thermistor amounts to 
perhaps ± 5 °C, hence the decision not to 
use any adjustment in the bridge. Three 

samples tried by the author gave 
controlled temperatures of 57.6 °, 59 °, and 
62°C. 

The reason for the choice of a high 
value thermistor is that with a high ohmic 
value, the self heating of the thermistor 
bead with normal supply voltages is 
reduced to a negligible amount, again 
reducing the effect of supply voltage 
variations -a point which is important in 
the final circuit, where the bridge operates 
directly from a 12 -volt line. 

The operation of the Fig. 1 circuit is as 
follows. At switch -on the thermistor 
resistance is at around 1 Mfg and hence 
the base of Tr2 is at a much lower 
potential than the base of Tr,. The whole 
of the current in this long- tailed pair 
therefore passes through Tr,, and as most 
of this current passes through the 
base- emitter junction of Tr3, transistors 
Tr3 and Tr, are switched full on, and the 
heater receives the full supply voltage, less 
only the bottoming voltage of Tr,. 

As the heater warms the oven, the 
thermistor's resistance drops until it equals 
that of the other resistors in the bridge. At 
this point the long -tailed pair is balanced 
with equal inputs to both bases, and close 
to this point the complementary 
Darlington pair Try -Tr, ceases to be 
saturated, reducing the heater voltage. In 
practice, of course, the heater voltage 
adjusts itself so that the power input to the 
heater just equals the heat losses of the 
oven. The loop gain of this system is not 
high enough to make the system hunt 
when used with the oven structure 
described below, but is high enough to 
give quite a good performance. 

To improve the performance it was 
decided to increase the loop gain of the 
circuit. This can be done by (a) increasing 
the voltage on the bridge and (b) 
increasing the voltage gain of the 
amplifier. The control system that resulted 
is shown in Fig. 2. 

The bridge remains as before but the 
supply is now the full 12 volts. At first it 

might be thought that the use of the 
unregulated supply for the sensing bridge 
would make the controller very sensitive 
to supply variations, but this is not so, as 
the bridge operates very close to its 
balance point with the much increased 
loop gain. With the bridge at balance no 
variation occurs at its output whatever the 
energisation voltage, provided there is no 
appreciable self heating of the thermistor. 

The mode of operation of the Fig. 2 
circuit is very similar to that of Fig. 1. The 
bridge feeds the differential input of the 
operational amplifier IC, with a diode D, 
to prevent excessive inputs when the oven 
is switched on from cold, and by this 
means the input level of the operational 
amplifier is held close to half the supply 
voltage, the operating condition for which 
it was designed. Without the diode the 
operating point of the amplifier might be 
taken outside the differential range of the 
amplifier, particularly with respect to 
reverse bias of one of the input transistors. 

The output of the operational amplifier 
feeds the transistor controlling the heater 
current, through a 1 kí2 limiting resistor to 
protect the operational amplifier output 

*21. 1/2W metal oxide resistors. 
all others 1/4W to',. carbon 

Fig. 1. Initial experimental temperature 
control circuit for the crystal oven. 

oV 

+12V 

:50 

'-1 
(-) 22}t 

*metal oxide 2/.1/2W oV 

Fig. 2. Temperature control circuit 
actually used Improved performance is 
obtained because of the higher loop gain. 

Therm i stor Fine wire 
connections 
to crystal 

Polyurethane 
foam pad 

Heater 
winding 

Low capacitance 
feed-through 
insulators 

(PTFE) 

Fig. 3. Cross -sectional diagram of 
construction of the oven. 

stage, and through a zener diode to ensure 
that when the output of the operational 
amplifier is low the output transistor is 
cut off although the operational amplifier 
output may not reach the lower supply 
rail. The input of the operational amplifier, 
and the output transistor, both have 
capacitors connected to severely limit the 
frequency response of the loop, to prevent 
high frequency oscillation resulting from 
stray coupling between output and input, 
other than through the thermal coupling 
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Fig. 4. (a) The oven with the heater winding in place over the insulating paper tape. (b) The heater and thermistor in place, 

with connecting wires attached. (c) Completed oven, opened to show the crystal in position in its socket. 

between heater and thermistor. With this 
severe limitation of frequency response no 
screening of heater or thermistor leads is 

necessary, nor is a screen needed between 
the heater winding and the thermistor 
bead. The operational amplifier -type 
709CN -needs no further frequency 
compensation when used in this way. The 
total voltage loop gain of this controller is 

approximately 3 X 10' as against some 
3 x 101 for the Fig. l circuit. There is a 

further gain of just over 2 times due to the 
higher bridge energisation voltage in Fig. 
2. 

At the operating point of the thermistor 
its resistance changes approximately 
-6ko for each degree centigrade, so that 
with the gains quoted the circuit controls 
the temperature very closely indeed to the 
required value. and the performance of the 

complete crystal oven system depends 
mainly on the oven construction rather 
than on the controller. The calculated 
change of temperature to switch the 
controller from full -off to full -on is, in fact, 
only approximately 0.0015 °C. 

It must by now have become clear to 
anyone with experience of this type of 
oven that, with such tight control, it would 
be almost impossible to avoid hunting, and 
indeed the system hunts violently, with the 
output transistor switching between 
saturation and cut -off. 

The system is. however, completely 
satisfactory, since owing to the 
construction of the oven with the 
thermistor in direct contact with the 
heater, the frequency of the hunting is 

approximately 1 Hz and the amplitude of 
the temperature swing is only about 
0.03 °C peak -peak. 

An immediate advantage of this 
switching mode of operation is a 

considerable improvement in the overall 
electrical efficiency, since almost all the 
power is now dissipated in the oven heater. 
There is an almost 2 -times increase in 

efficiency over the circuit of Fig. 1. 

In normal use the on -off periods of the 
circuit vary with the demands of the oven, 
so that at low ambient temperatures the 
'off' period is short and the `on' long, while 
at high ambient temperatures the 'off 
period is long, and the 'on' short. The 
actual switching frequency does not vary a 

great deal with ambient temperature. 
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Fig. 5. Warm -up curves for the oven, obtained with a calibrated thermistor. 

During the run -up from cold the switching 
does not, of course, take place -the heater 
being full on, until the bridge balance 
temperature is reached, when switching 
starts abruptly. 

Crystal oven construction 

Several models of the oven were built 
before a simple construction of good 
performance was arrived at. The follow- 
ing points became evident as the develop- 
ment proceeded: 

(a) The thermistor must be in intimate 
contact with the heater element to ensure 
that the hunting frequency is high and 
hence the amplitude of the temperature 
oscillation is low. 

(b) The crystal must be totally 
enclosed within the oven. 

(c) The connections to the crystal or 
crystal socket must not provide a good 
thermal path to the outside world. 

(d) The thermal mass of the oven must 
be great enough to ensure that all parts 
of the oven are at almost equal 
temperatures. The mass must not be too 
great or the warm -up will be too slow. 

(e) The heater element must be in 
intimate contact with the walls of the 
oven to ensure that the thermistor, 
heater, and oven are all at the same 
temperature. 

(f) To achieve the best performance. 
with minimum power consumption and 
fastest warm -up, the oven must be well 
lagged. 

The most important aspects of the 
design are undoubtedly (a), (b), (c). and 
(e). Early models of the oven were simply 

-- 57.6 °C 

= 12V 

t = 17t 

Fig. 6. Basic circuit of the oscillator. 

tight fitting covers for the crystal with one 

end left open for the insertion of the 
crystal. It was soon found, however. that 
the heat losses through the pins of the 

crystal can, via the crystal socket, led 

to a variation of the heat loss of the 

system such that the crystal temperature 
changed at about 1 /10th of the rate of 
ambient temperature change, despite a 

good control of the oven temperature. 
The final model constructed is 

illustrated in Figs. 3, 4(a), 4(b), and 
4(c). This oven has closed ends and the 
crystal and its holder are fully enclosed, 
with only fine wires leading from the 
crystal connecting pins to the feed - 

through insulators placed in the end 
wall of the oven, thus greatly increasing 
the thermal resistance between the 
crystal and the outside world. The 
result has been to increase the control 
factor of the oven from 10 to 130 -the 
control factor being the ratio of change 
of crystal temperature to ambient tem- 
perature, with the oven inside its lagging. 
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The oven walls are entirely of copper, 
the body being made of finch i.d. 
water pipe. The end caps are formed 
from standard 'Yorkshire' fittings, made 
specifically to cap -off such pipes. The 
fittings are modified by shortening them 
to the dimensions shown. One of the 
end caps is sweated onto the body 
using normal soldering techniques. The 
other cap is secured to the body by two 
screws as shown. The author's model 
was finished by fully tinning all surfaces 
of the body. An earthing tag is fixed to 
the screw securing the crystal socket to 
the end cap. 

The heating element is wound onto the 
tubular oven wall, over a layer of 
adhesive paper tape applied first for 
insulation. The winding is then varnished 
to secure the turns in place. The 
thermistor, which is a miniature glass 
encased type, is placed directly on top of 
this winding. It may be secured by any 
suitable adhesive, or another small piece 
of adhesive tape, and a further coat of 
varnish applied to lock the device in 
position. Next the leads of the thermistor 
are sleeved to avoid shorts to the oven 
body. The winding and thermistor are 
covered with a further layer of paper 
tape, and the ends of the heater 
winding and the thermistor leads are 
soldered to 7 /.0076 twisted pairs of 
p.v.c. insulated wire, as shown in 
Fig. 4(b). The whole is then again 
covered with paper tape, and varnished. 
Frequency 
control 

Input 

R1 
150k 

R* 2 
68k 

1 MHz i C1 
Crystal I 330p 

VC1 1 C2 
60Prm loop 

max 

The completed oven is shown in Fig. 
4(c) with the end cap removed to show 
the mounting of the crystal and its 
socket. 

The design should be easily adaptable 
to other forms of crystal such as those 
in B7G encapsulation, but the resistance 
of the heater winding should be inversely 
proportional to the surface area of the 
finished oven body. Such changes in 
turn may mean, with large ovens having 
low values of winding resistance, that a 
different output stage with greater 
current gain and current carrying 
capacity may be needed following the 
operational amplifier. 

The wound heating element may be 
replaced with four or five i -watt 
metal oxide resistors arranged round the 
tubular body of the oven, provided the 
thermistor is in close contact with one 
of the resistors and the body of the 
oven. The resistors must be evenly 
spaced and also in good contact with 
the oven body. Five such resistors of 
100 value in series may be used. 
Suitable resistors are Radiospares '2 watt 
oxide', Electrosil TR.5, and Welwyn 
MR.5. The resistors and thermistor 
should be given several coats of varnish 
to ensure the best thermal contact, after 
they have been secured to the oven body . 
with a narrow band of paper tape. 
Fuller details of the materials used in the 
construction of the oven are included in 
the appendix. 

R35 
68k 

Tr1 
BC1O8 

R4* 

150 

R6 
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R5* 
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3.3k 470 

C3 
15p 

+5V 

Tr2 

2N8296 

Tra 
BSx20 
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* Metal oxide 2°1.112W 

Fig. 7. Complete circuit of the 1MHz oscillator. The final two transistors form 
a shaping circuit to provide the required square -wave output. 

rOShr - 

C4 

Output 

oV 

(+4 I I I I 

INIT AL 
WARM-UP 

Ñ +20 
2 

c 0 
m With n ppm 

~`o 
at 12 mins 

IL 20 

X00 6 12 18 24 30 
Minutes 

(b) 

Days 

+2 

+1 
_ 
ó 
CO 

2 

+5V 

OV 

O= 1.OMHz 

LONG TERM DRIFT p 

:. 
3 

ó 

__; 
Ott 

..-1ohr 
on 

Fig. 8. Results of a 500 -hour frequency 
drift test on the frequency standard (a), 
showing in detail the initial warm -up 
phase (b). 

100 200 300 
TIme (hours) 

(a) 

400 500 

Wireless World, June 1970 

The 1MHz oscillator circuit 

The basic oscillator circuit is shown 
in Fig. 6. It is a frequently used circuit 
for parallel resonant crystals but in its 
simplest form as shown is not sufficiently 
stable for the frequency standard of a 
digital counter -timer. The main problem 
is the temperature dependence of the 
transistor parameters, in particular the 
capacitance of the junctions. 

One solution that has been used in a 
commercial instrument is to swamp the 
transistor capacitances with large values 
for C,, and C2. In that particular case 
and C2, were each 470pF. This process 
cannot be taken too far, because of the 
reduction of the coupling between the 
crystal and the rest of the circuit. 

The author's solution to the problem is 
to use lower values for C, (330pF) and C2 
(100 pF), and then to decrease the loop 
gain by emitter circuit degeneration. The 
value used is approximately half the 
resistance value at which the oscillator just 
starts, so that oscillation is assured under 
all circumstances. This method gives good 
results, and reduces the effects of all the 
major parameter changes in the active 
device, as well as those due to supply 
variations. It is essential in determining the 
value of this resistor that it should be done 
with VC, set at its minimum value 
(approximately 2pF with the type quoted 
in the appendix), since the coupling in the 
Circuit is then at a minimum. 

The complete circuit of the oscillator is 
shown in Fig. 7. The output of the 
oscillator is applied to a two -stage direct 
coupled shaping circuit. Positive feedback 
is applied, via a I5pF capacitor, to ensure 
sharp transitions at the pulse edges. The 
current level in the output stage and the 
drive available from the driver stage 
ensure an adequate 'fan-out' (when driving 
t.t.l. or d.t.l. 5 -volt logic elements) of up to 
15 standard loads. The output waveform 

is a square wave of approximately I:1 
on -off ratio and 5 volts amplitude. 

Fig. 8 shows the results of a 500 -hour 
drift test, including the initial warm up 
phase. It will be seen that there is close 
agreement between the initial warm -up 
curve and the warm -up curve for the oven, 
as determined with a calibrated thermistor 
in place of the crystal (Fig. 5), assuming 
the crystal's temperature coefficient to be 
- 1.1 parts in 106. At 400 hours the whole 
system was switched off to check the 
effect of this on the crystal stability. After 
a period of exactly 10 hours the system 
was switched on again and, as can be 
seen, there was little if any effect. 

All measurements were made against 
the Droitwich 200 -kHz standard 
frequency transmission, using the author's 
locked frequency standard'. The stability 
of this transmission is better than 1 part in 
1010. Measurements of the relative drift 
were made over 50 beat periods which, 
with the typical error of -1 to - 1.4 Hz 
shown on the curve, means a 
measurement period of some 35 -50 
seconds. Assuming these figures, a 
measurement accuracy of I part in 108 
can be claimed with reasonable 
confidence. 
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+12V +5V 
Input to logic 

Rs r^, 
R1 

1.2k; 

Set 5V 

Fig. 9. Circuit of +5V shunt stabilizer 
for oscillator supply and for dt.L or ti.l. 
logic of a counter - timer. 

Electronic frequency control 

The oscillator circuit of Fig. 7 includes 
a varicap (variable capacitance) diode 
which may be linked into circuit as shown 
to enable the oscillator to be pulled onto 
frequency with a positive control voltage 
via the 150 kS1 resistor. The intention of 
adding this diode was to enable the 
standard to be placed in a phase lock loop, 
such as that in the author's frequency 
standard referred to above 2. The control 
may, of course, be used with a suitable 
variable supply to control the frequency, 
without a phase lock loop, but the stability 
of the standard will then be considerably 
degraded by the temperature coefficient of 
the varicap diode. The diode may be 
selected from normal diodes for a 
capacitance at -1.5 V of about 12 pF. 
The diode used by the author is a selected 
HS 1010, similar to the 0A200. The Q 
factor of the diode need not be high. The 
diode was selected on a bridge, by 
connecting a 1.5 V battery in series with 
the diode to produce sufficient reverse bias 
to prevent forward conduction due to the 
bridge energization voltage. 

Construction of the standard 
The prototype was assembled on a 
single -sided printed circuit board, as 
shown in the photograph at the beginning 
of the article. The board carries the crystal 
in its oven, which is surrounded by 
approximately inch of polystyrene foam 
and enclosed in a white painted metal 
case. 

The oven controller is that part of the 
circuit mounted between the TO -66 power 
transistor, the oven, and the 250 µF 
capacitor, occupying a space of I X 1.5 

inches. No heat sink is needed on the 
TO -5 transistor in series with the oven 
heater, owing to the switching mode of 
operation which greatly reduces dissipa- 
tion in this device. 

The oscillator circuit is to the right of 
the oven, and the remainder of the board 
is taken up by a high performance shunt 
regulator, controlling the 5 V supply to the 
logic elements of the counter -timer and to 
the oscillator circuit on the board. The 
potentiometer is the voltage setting control 
of the stabilizer. A shunt regulator is used 

since, although there is little to choose, on 
the grounds of efficiency, between series 
and shunt regulators at these low voltage 
and current levels, the shunt regulator is 

almost completely free from voltage surges 
at switch -on and at switch -off. An 
additional advantage of the particular 
shunt circuit used is that it is a two - 
terminal device, and needs no additional 
voltage supplies. The series resistor of this 
shunt regulator (which may be a lamp for 
better regulation) is external to the board. 
The circuit is, to all intents, a high power 
zener diode with a very low slope 
impedance. The circuit is included in the 
appendix. 

REFERENCES 
I. "Surface Temperature Thermometer" by L. 

Nelson-Jones. Wireless World. April 1969, 

pp.180-183. 
2. "Portable 1MHz Frequency Standard ", by 
L. Nelson -Jones. Wireless World February 
1968, pp.666 -671. Reprint available from 
Trade Counter. Dorset House, Stamford 
Street, London S.E.1. Reprint No. 3. price 3s 
including postage. 

Appendix 
Oven controller 
R R2, R, 150kí1, 2 %, +W 

metal oxide Radiospares +W Oxide, 
Electrosil TR.5, Welwyn MR.5 

R, (1k5á) 
R, (2.2k SÌ) } or ;W, 10% 

carbon 
C, 0 22µF, 20V, Radio- 

spares ceramic disc 
C2 0.01µF, 500V, 

Radiospares, ceramic tubular 
D, 0A200, HS1010, 

etc. Almost any silicon diode is 
suitable 

ZD, 3 9V, 250 or 400 
mW, zener diode Radiospares, 
Mullard, Texas, etc. 

IC, National Semicon- 
ductors LM709CN, 14 -pin dual -in- 
line package. Athena Semiconductor 
Marketing Co. Ltd., 140 High Street, 
Egham, Surrey 

Tr, SGS C426, TO -5 
transistor. Basic requirement is for 
less than 0.5VcE..t at Ic= 250mA, 
and hFE greater than 60 at 250mA 

Crystal oscillator 
Crystal STC Style D can. 

1MHz (with 30pF), parallel reson- 
ance, to drawing ITA 202443 NATO 
Ref: 5955 -99- 194 -5332. Frequency 
tolerance ±0.005% from -40° 
to +85 °C. Electroniques, Edin- 
burgh Way, Harlow, Essex, supply a 

1 -MHz crystal similar to the above 
type at a much lower price, with a 
reduced specification on temperature 
coefficient. This cheaper type was 
used in the prototype, and is quite 
adequate in view of the oven per- 
formance. The full specification 
represents approximately 0.4 part/ 
106 per °C, as against that used 
by the author of 1.1 parts/106 per 
°C, with which all the above results 
were obtained. 
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R, 15002 R6 1Ok11 

R2 68k(1* R, 3 3k51 
R3 68kQ' Rs 470Q 
R4 150.x` R9 4751 
R, 2 7kS1* 
*4-W, 2% metal oxide, Radiospares, Elec- 

trosil TR.5 or Welwyn MR.5. Other 
resistors }W, 10% carbon. 
C, (330pF) 
C2 (100pF) Radiospares silvered 

mica 1% 
C3 (15pF) polystyrene, ceramic 

or silvered mica types are suitable, 
10% tolerance or better 

C4 (0.1µF) Radiospares 20V 
ceramic discs 

D, 0A200 etc. selected 
for varicap use (see text) 

Tr, BC 108, BC168 etc. 
Tr2, 2N2369A, BSX20 
VC, 2 -60pF Mullard 

trimmer COIOAA/60E 
Crystal oven 
Thermistor Radiospares TH- 

B 11 used in prototype. Equivalent 
to STC GL 16. 

Heater Wound with silk - 
or cotton -covered 42 s.w.g. cupro- 
nickel (Eureka) wire (Figure 4(a)), 
50D total 

Body ¡ inch i.d. copper 

PiPe 
End caps Yorkshire stop end, 

Cu61 / +in 
Paper tape Masking tape (Sel- 

lotape, Scotchtape etc) 
5 -volt stabilizer 
R, 12k.í1* 
R2 1 í7" 

Q R3 
5klk 

* }W, 2 %, metal 
carbon 
C, (250µF) 15V electrolytic 
RV, (11ED) wirewound potent- 

iometer (Radiospares, preset) 
Tr 2 Texas 2N4058 high 

gain p -n -p 
Tr3 BC 108, BC168 high 

gain n -p -n 

R, 22kQ 
R, 330D 
R6 6805 
oxide; rest +W, 10% 

Tr4 2N3054, TO -66 
n -p -n silicon power 

ZD, (3.3V) 250 or 400mW 5% 
(at 5mA) zener diode 

Rs series resistor (wire 
wound) dropping resistor. Minimum 
value approximately 1511 with 12V 
supply. Limit is set by heat -sink 
area of power transistor and current 
gains, but the former is likely to be 
the greatest limitation. The dissipation 
in Tr3 also should not be ignored. 
Series resistor chosen for maximum 
demand current of logic elements 
+ 20% + 7mA (for oscillator on 
board). 

Warning. Wires should not be soldered 
direct to the pins of any crystal, unless 
this is of the wire ended type, in which 
case a heat shunt should be used. A crystal 
socket should always be used with types 
designed to plug in. Failure to observe 
this precaution will lead to large and 
unpredictable drift rates for a considerable 
period after soldering. With glass encap- 
sulated crystals there is the additional 
risk of glass fracture. 
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Cecilia -Saint or Temple Prostitute? 
An impression of Sonex '70 

The journey from central London to the 
Skyway Hotel at Heathrow proved easy 
but slow. The idea of simply "dropping in" 
was therefore not entertainable and the 
tickets that were readily available before- 
hand (but which had to be given up 
at the door) need never have been printed. 
Entrance as such was free, but the 
"Official Catalogue" cost 4s. 

Exhibition rooms were on each side of a 
long narrow corridor on the ground and 
first floors. Demonstrations took place 
in rooms facing out of the hotel, each 
exhibitor having a room (or two) for this. 
Discussion of technical points and the 
inspection of equipment could take place 
in quiet rooms on the other side of the 
corridor. 

The type and quality of the 
demonstrations (designed, one presumes, 
to give sonic evidence of quality) varied 
considerably. There were three broad 
categories: 

1. Exhibitors with a single component 
for demonstration in conjunction with 
other equipment the characteristics of 
which may or may not be known. Ex- 
amples in this group include J. E. Sugden 
(class A amplifiers performing into Quad 
electrostatic speakers), I.M.F. (trans- 
mission line speakers driven by Dynaco 
amplifiers), and Acos (a ceramic cartridge 
type 104). 

2. Demonstrations of a range of similar 
items requiring the same ancillary 

"We believe that the general public have 
realized the deficiencies of bookshelf 
loudspeakers, and therefore.... " 

equipment. This was characteristic of 
loudspeaker manufacturers with a wide 
range of models (K.E.F., Wharfedale and 
Richard Allan). 

3. Demonstrations involving two or 
more items of a manufacturer's 
equipment, where the characteristics of the 
components could not always meaning- 
fully be separated by the listener. An 
example here is Cambridge Audio's P100 
amplifier driving their transmission line 
speaker. 

Problem of judgement 
Though these categories are badly 

defined there is an underlying problem to 
which we drew attention with respect to 
the Audio Fair. How is the visitor to judge 
performance when there is more than one 
unknown factor? For example, if you can 
(or think you can) hear the difference 
between class A and class 1 performance 
with a given speaker are you likely to be 
able to differentiate the quality of two very 
good loudspeakers, one being driven by a 
class A amplifier and the other by a class 
B? If you found a given loudspeaker 
demonstration fatiguing could it be the 
amplifier's fault? If you came to the 
exhibition with the intention of selecting a 
speaker might you not pass over a good 
specimen whose performance was "poor" 
because of a weak link earlier in the 
chain? These are possibilities that point to 
an obvious lack of sophistication in the 
demonstration methods. Not that this is a 
call for proof -by- oscilloscope methods. 

Ideally there should be available 
standard reference equipment -a standard 
pickup, amplifier, speaker and, possibly, 
tape recorder -enabling the listener to 
relax knowing that each item in the 
chain, save that being demonstrated, 
was a standard. This standard could be a 
non -commercial piece cf engineering or a 
generally available unit. Without the 
emergence of some such standards we 
think that the success of better equipment 
could be retarded and the visiting public 
may well become increasingly perplexed if 
not exactly dissatisfied. 

We have discussed the types of 
demonstration but not their quality, which 
ranged from impeccable to banal. The 
standard for all was set by J. E. Sugden in 
the demonstration of the A21 and the 
A51 /C51 class A amplifiers. There were 

no cant phrases or fierce technical terms 
to be heard in the listening room. The 
visitor was played a short but excellently 
selected range of musically complete 
examples, each one introduced simply and 
without gush. For those with ears to hear 
all that was revealable was revealed. If 
you wished to be technically informed you 
were free to trip across the corridor but the 
technically innocent needed to endure no 
embarrassing onslaught. Cecilia, who is 
surely the patron saint of hi -fi, was paid 
such homage in very few other rooms. She 
was frequently buffeted, knocked off her 
pedestal, mauled and ravished. In K.E.F.'s 
room the whole range cf speakers, 
including the new Chorale, was gone 
through with obvious disregard for the 
music. Enormous contrasts of apparent 
source size and perspective, tonal balance 
and coloration, left the listener high and 
dry. It was quite impossible to come to 
terms with anything for lack of bearings. 

Very interesting is the similarity in 

performance of the Cambridge Audio and 
I.M.F. transmission line speakers. 

Cambridge Audio, in characteristic 
style, employed unselected records taken 
from private collections of the company's 
engineers to show up the noise -peak 
clipping ability of their amplifiers. This 
was risky as one tends these days to 
assume that performance deficiencies 
(especially "coloration ") are attributes of 
the speaker rather than the record. The 
abnormally low frequency response, and 
"neutral" sound of the C.A. R50W 
speakers are characteristics of the 
transmission line principle. They have 
been constructed as tall narrow structures 
to take up little floor space and to disperse 
the sound over a wide angle. The bass is 
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supplied by a K.E.F. B139 driver in a 

damped tapered pipe which crosses over 

to a B 1 10 driver at 400Hz also in a pipe. 

The two tweeters are one Celestion and 

one S.T.C. unit. 
I.M.F. demonstrated the "Monitor" and 

the "Studio" speakers -both built on 

transmission line principles. The claim for 
these speakers is that they produce a 

"plane sound source" (whatever this 
means). The image produced is very 

forward. Demonstration was from a 

prepared tape which contained incomplete 
musical examples, interrupted by a variety 
of assertions. Had the tape been shorter, 
the musical examples complete, and the 
commentary less ornate this could have 

been a valuable "lesson ". 
The transmission line principle 

results in such low electrical efficiency that 
for very figh acoustic output there is the 

problem of cone break -up. In the 

mid -range this will have very tiring effects 

and the only solution likely (in the absence 

of even stiffer cone materials than at 

present available) is the use of say four 
small -cone driver units acting as one unit. 
This involves the expense of four magnet 
structures. The bass performance (flat to 

subsonic frequencies) must be achieved by 

feeding into the room at relatively high 
pressure, otherwise how can there be any 

large movement of air at low frequencies? 
Anyhow transmission line bass has a 

characteristic all its own -one person's 
description is "toothpaste bass ". 

Improved stereophony 
The American company Acoustic 

Research, now having their products 
distributed in this country by Bell & 
Howell, provided a demonstration of 
4- channel stereophony. To those who 

attend a fair number of live concerts the 

improvement over two channel stereo in 

getting closer to the real thing must have 

been immediately obvious. It is just as one 

would expect from the physics of sound 

propagation. However, having the 
information channelled into four speakers 

from four microphone sources does 

involve compromise. You cannot walk 

about in the sound field as you can in a 

concert hall and get the right 
effect- moving close to the rear speakers 

reversed the sound field because they were 

true sound sources and not the media for 
reverberation alone. 

Moving on from the 4- channel stereo to 

the Lowther demonstration room afforded 
a very valuable lesson. Donald Chave 
produced a completely convincing "audi- 
torium sound" using four speakers and 

two channels. Instead of single speakers 

to left and right, two were used in each 

channel. One speaker of each pair had a 

forward presentation; the other (an 

Acousta) delivered the sound as from a 

greater distance. The effect was 

immediately acceptable as a true solid 
sound source that was independent of 
listener position and did not require 
precise speaker siting. In our opinion this 
was nearer the true sound than anything 
previously heard at any time. A similar 
experimental system was described 

recently in Hi -Fi News*. Lowther hope to 

bring out, later this year, a simple 

enclosure combining a forward and a 

rearward sound source. The rearward 
sound source need only supply frequencies 

down to about 200Hz to give the full 

spatial effect. 
How can the exhibition be summed up? 

As a deliberate break away from the 

Olympia Audio Fair, Sonex '70 seemed, on 

balance, to be the same thing less the 

post- radiogram unit -audio lines. The 
rcoms were small, identical in size, and 

had solid walls. Sound from other 

demonstrations did penetrate to about the 

same extent as at Olympia -but there 

were several unnecessarily loud demon- 
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strations going on. The idea of a 

demonstration room and a technical -talk 

room for each exhibitor is excellent: in the 

one room let complete musical examples 

be heard at reasonable volume; in the 

other let inspection of component layout 
and arguments between the pundits 
proceed unhindered. Never again let a 

Schubert song compete with a discussion 

of complementary symmetry. No more 

ever -open doors (Decca, Celestion, Sinclair 

Shure etc. etc.) with organ and string 
quartet competing in the corridor and 

streams of visitors pushing to get near 

enough to the speakers to hear clearly 

above the clatter from outside. 
A professional standard must soon 

emerge along with the above outlined 

conditions for real musical appreciation. 

The engineer (as engineer) must stay in the 

second room and not commit sacrilege. 

If standard items of equipment could be 

agreed upon, judgments would be sounder 

and both visitors and manufacturers 
would benefit. 

We entered the mine and found gold, 
some silver and a lot of base metal. A little 

alchemy -not involving any philosopher's 
stone-could yield riches indeed. 

* "Bi- amplification" by Peter Bouwer. Hi -Ft News, 

April, 1970, p.518. 
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Books 
Received 

Weather Radar for Pilots, by Captain G. E. 

Manning, is a specially commissioned 
handbook. published for the Board of Trade 
Directorate of Flight Safety. It describes the 

use of radar in the avoidance of turbulence 
associated with thunderstorms. Airborne 
weather radar provides the pilot with a 'picture' 
of turbulence -producing clouds in his path. 

and indicates the areas of intense activity 
which he should avoid. Detailed information 
from many sources is brought together to guide 

pilots in using weather radar. The nature of 
atmospheric turbulence and the use of radar 

for ground mapping purposes is described. 

Guidance is also given for safe flight in 

occasionally unavoidable turbulence. Pp.102. 

Price 13s (13s 8d by post). H.M.S.O.. 49 High 

Holborn, London W.C.I. 

BBC Handbook 1970. As might be expected, 

most of the space in this annual publication by 

the B.B.C. is devoted to programme news and 

past and future policies. In his foreword, Lord 
Hill (chairman) deals with the effect of the 

changes in network radio and the B.B.C's 
financial problem. There are, however, 44 

pages under the "engineering" section, full of 
useful reference material. Half of these pages 

contain local area maps giving TV transmitter 
locations and coverage, both v.h.f. and u.h.f. In 
the case of u.h.f. locations, these also include 

co -sited I.T.A. transmitters. Another set of 
maps gives similar data for v.h.f. radio stations. 
Next come tables showing the location, 
frequency /wavelength, power of and areas 

served by, all long- and medium -wave stations, 

The maps and tables are supported by a short 
article giving information on the B.B.C. 

engineering services and another offering 
advice on how to get good reception in the 

radio and television bands. Readers may be 

surprised to learn that the B.B.C. currently 
operates 281 studios and 469 transmitters in 

the U.K. Pp. 303. Price 10s. BBC Publications, 
London WIA IAR. 

Computer Weekly Yearbook 1970, edited by 

Malcolm Butler, is a "guide to computer 
services, peripherals, suppliers, bureaux and 

consultants." The main contents (which follow 
a short appraisal of the computer and data 

processing service industry in the U.K.) fall 
into four sections. A 'Selected Review' gives 

information on equipment and techniques, and 

'Services Guide' provides an alphabetical list of 
organizations offering services to the data 
processing industry. The third main section 

concerns 'Mainframe. Ancillary and Peripheral 
Equipment and Supplies'. Finally there is an 

'Alphabetical list of names and addresses'. 

Pp.196. Price 40s. I.P.C. Electrical- Electronic 

Press Ltd, Dorset House. Stamford Street, 

London S.E.I. 

Trader Year Book 1970. The 41st edition of 
this legal. technical and buying guide for the 

radio, television and domestic electrical 
industries, is available price 40s from I.P.C. 
Electrical - Electronic Press Ltd, Dorset House, 

Stamford Street, London S.E.1. 
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Which Type of Microcircuit? 

An impression of a recent London microelectronics conference 

No printed conference papers and a 
completely "off the record" approach 
certainly encouraged the speakers and 
delegates to speak their minds, in the early 
sessions at least, at the recent conference 
"Use of Microelectronics" held at the 
Royal Garden Hotel. London. The 
conference was sponsored by the journals 
Microelectronics and Electronic Equip- 
ment News. Some extremely forthright 
statements were made as users and 
semiconductor manufacturers crossed 
swords. 

Manufacturers extolled the virtues of 
their products and bipolar battled with 
m.o.s, custom design took on "off the 
shelf" standard ranges, hybrids challenged 
monolithics and equipment manufacturers 
took on the lot in an effort to find the best 
solutions to their problems. 

Consider the problems of an equipment 
manufacturer about to embark on a new 
digital design. Which technology should he 
use? He might decide on m.o.s. circuitry, 
but which type of m.o.s. is best suited to 
his needs? (One man's m.o.s.t. is another 
man's least!) High threshold, low 
threshold, silicon gate, the nitride process 
or complementary silicon gate? With 
m.o.s. technology he can enjoy low power 
dissipation per gate which allows more 
gates per chip, fewer wire bonds, less 
packages per system, fewer inter -package 
connections with the extra reliability that 
this affords. Cost can be low at around the 
fourpence per gate mark. 

But what about the reliability of the 
m.o.s. circuit itself? Early problems with 
the stability of the gate threshold, mainly 
due to contamination of the region below 
the gate, have largely been solved by 
improved processing methods, but no one 
knows much about the long term reliability 
of the m.o.s. circuit. Try getting some 
literature on the subject -you will find it 

difficult. 
If m.o.s. is to be used is the equipment 

manufacturer going to employ a standard 
range of microcircuits or is he going to 
plump for custom design? With the 
former, a recommended approach is to use 
m.s.i. blocks "individualized" by a 
programme contained in an m.o.s. read - 
only memory, the bit -pattern in the 
memory being specified by the equipment 
manufacturer. 

If the equipment manufacturer decides 
that the product he is designing will enjoy 

a large number of sales, or if- in the case 
of low volume equipment -a particular 
need cannot be met by standard circuits 
and cost is of secondary consideration, he 
may decide that the large capital outlay 
required for a custom designed m.o.s. 
microcircuit is justified. In which-case he 
has to choose between designing the 
circuit himself, according to rules laid 
down by the semiconductor manufacturer, 
or he can let the semiconductor manu- 
facturer perform this task. In either 
case he has to make arrangements for a 
second source of supply. 

It could be that m.o.s. is not fast enough 
for the equipment in mind, although m.o.s. 
manufacturers are quick to point out that 
circuit speed is not system speed. Using 
clever circuit "quirks" system speed can 
be made quite fast. Shift registers up to 
25MHz and logic between 6 and 8MHz 
are on the cards. 

However, if this is not fast enough the 
equipment manufacturer will have to put 
up with the higher power dissipation of 
bipolar circuits and face another set of 
problems. Cost will be higher and custom 
design more difficult. In fact many bipolar 
custom design houses want to take the 
job of design right out of the hands of the 
equipment manufacturer; as one put it, 
"we must have the last shout ". 

A third choice open to the equipment 
manufacturer is the hybrid microcircuit 
(thick or thin film). He can have 
combinations of transistors, operational 
amplifiers, normal or m.s.i. logic circuits, 
power transistors, passive components in 
film or standard form laid down on a 
single substrate. Custom design costs are 
less than for custom monolithic circuits 
and the process, from initiation to 
production, is quicker. 

One speaker said that before very long 
50% of all run -of -the -mill circuitry 
will be made in hybrid form ". His 
mention of three- transistor amplifiers 
practically brought laughter from the 1000 - 
plus transistors - per -chip digital men. 
Another speaker said that 50% of all 
semiconductor memories made will 
employ some kind of printed film 
interconnection system ( "zero resistance 
hybrids "). 

We feel that both speakers understated 
the case for hybrid microcircuits and are 
convinced that hybrid techniques are 

going to be used more and more right 
across the board from three- transistor 
amplifiers to complex multi -chip digital, or 
digital /analogue, systems. Evidence of this 
was seen at the recent Paris Components 
Show (see last month's issue). 

There are a number of problems to be 
solved. Should the monolithic chips be 
encapsulated separately or should they 
be fixed to the substrate in their "naked" 
form? If the latter course is adopted should 
beam lead or wire bonding chip-to- 
substrate connections be employed? 

As one speaker pointed out. beam lead 
chips are bound to be more expensive 
because of the general adoption of the wire 
bonding techniques in normal packages. 
(TO -18, TO -5, dual -in -line, etc.) Beam 
lead chips are made only for hybrids 
so any surplus cannot be used for 
normal components and therefore they 
cannot enjoy the price advantage of large 
scale production. 

A solution to this problem was 
suggested by a speaker who said that 
normal wire bonded chips could be 
supplied mounted on a "spider ", the legs 
of the spider being bent down for 
connection to the hybrid substrate. 

The bonding of the chip connections is 
also a problem in multi -chip hybrid 
assemblies. Even if the bonding machine 
was so good as to make only one faulty 
bond in a hundred, complex circuits could 
be expected to have more than one fault 
per substrate. Expensive fault chasing and 
repair would have to be applied to every 
substrate. 

Another difficulty -how much should 
be placed on a single substrate? Such 
hybrids would not be repairable after 
encapsulation and therefore would make 
very expensive throw -away items indeed. 

In spite of these difficulties hybrid 
techniques will be employed more and 
more in the future. Looking into the 
crystal ball we feel that as the speed of 
m.o.s. circuits increases and as the 
manufacturing processes for m.o.s. 
microcircuits is simpler and cheaper per 
function (lending itself more readily to 
custom design) m.o.s. will gradually oust 
bipolar monolithic circuits in many areas 
and that the thing for the future will be 
m.o.s. monolithic circuitry used in 
conjunction with film interconnections and 
film passive components. 
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Electronic Building Bricks 

1. What is electronics 

by James Franklin 

Every time you watch television, listen to 
the radio, travel in an aeroplane, or shud- 
der at your bank statement or your elec- 
tricity bill you are experiencing in a fairly 
direct way the impact of electronics on 
your life. Every time you use a manufac- 
tured commodity, such as sugar, petrol, 
detergent, or some mass -produced item 
such as a motor car or a pair of shoes, 
there is a good chance that electronics has 
figured somewhere in its production. Yet, 
probably, you are hardly aware of all this. 

The contradiction, that electronic tech- 
nology is all- pervading and yet unnoticed, 
is explained by the fact that it is largely 
concerned with operations on an invis- 
ible, intangible commodity -information. 
When electronically processed information 
is eventually made visible -say, on a tele- 
vision screen or a computer print- out-it 
is, of course, in a different form, suitable 
for human perception. This series of 
articles explains how electronic techniques 

Aerial 

Radio 
signal Mixer Amplifier 

amplifier 

Oscillator 

are used to transmit and process informa- 
tion before it is made perceptible. 

In practice this means that the informa- 
tion is represented by electrical quantities 
and that various operations are performed 
on them -coding, storage, magnification, 
attenuation, comparison, counting, integra- 
tion and so on. Most of these operations 
-as concepts -will be already under- 
stood by the intelligent non -technical 
reader, at least intuitively if not in precise 
detail, so the approach will be to emphas- 
ize this operational aspect: what the elec- 
tronic devices do rather than what they 
are. Any non -technical person who tries 
to get some idea of what electronics is 
about simply by examining pieces of elec- 
tronic equipment will end by being com- 
pletely baffled and demoralized: the con- 
struction gives hardly any clue to the 
function. It is better to forget the "hard- 
ware", at least to begin with, and concen- 
trate on the functions that it performs. 
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separator 
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Block diagram of a black -and -white television set. 
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the mental processes of electronics 
engineers, who, before they get down to 
detail, think of the systems they are 
designing as groups of functions and draw 
what they call block diagrams. Two 
examples are shown here -a television set 

and an electronic computer. As can be 

seen, each block in these diagrams has 
written in it the operation it performs. 
(Don't worry about the meanings of the 
labels at this stage.) The lines connecting 
the blocks represent paths for information 
and indicate that the separate functions are 

acting. on each other through this informa- 
tion. 

Such functional blocks, and the elec- 

trical representations of information, are 
what we have called "electronic building 
bricks" in the title. It is important to get 

this clear straight away, and not assume 
automatically that the "building bricks" 
are the transistors, resistors, capacitors, 
switches, dials and other devices that 
make up the electronic hardware. 

Before attempting a cut -and -dried 
answer to the question "what is electron- 
ics?" it might be as well to remind our- 
selves that from the human, organizational 
point of view electronics is both a science 

and an engineering activity. The scientist 
studies electronic phenomena for his 

own interest and for what they tell him 

about the nature of the universe: the 
engineer makes use of the discoveries of 
the scientist in order to serve human ends. 
This is an over -simplification because the 
activities of the scientist and the engineer 
do tend to merge and become interdepen- 
dent. For example the stimulus to invent 
new things that arises from the business of 
engineering sometimes results in the dis- 

covery of new physical phenomena. 
In this series of articles we are largely 

concerned with the engineering side -the 
uses to which electronics may be put -but 
in order to do so we must know a little 

about the basic phenomena. Fortunately 
this does not demand a rigorous study of 
the physics of electronics. The non- 
technical reader would be surprised to find 

how much electronic equipment is 

designed and made to work without the 
designer having thought very deeply about 
basic principles. Amateur experimenters 
tend to jump straight in and get things 
working by trial -and -error -and why not! 
Professional engineers, although they have 
probably studied the fundamentals at one 
time, design largely from practical formu- 
lae, data and other "packaged" informa- 
tion in text -books and manufacturers' 
literature -and from experience of what 
has been found successful in the past. Thus 
a practical understanding of "electronic 
building bricks" can be obtained with only 
a nodding acquaintanceship with the 
physics of electronics. 

We shall make our nods to the basic 
phenomena as the series goes along. For 
example, electronics is so called because it 

is concerned with the use of electrons, so 
we shall consider the electron a little, and 
discuss electron movements and flow 

rates. Meanwhile our answer to the ques- 
tion "what is electronics ?" is, at this stage: 
the use of electrons to represent and 
process information for human purposes. 
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Class Distinction in Audio Amplifiers 
A discussion of design problems and how to overcome them 

by J. L. Linsley Hood' 

Since the publication of "Simple Class A Amplifier" the author 
has received numerous letters asking whether it would be feasible 
to increase the power output to 15W, or even 20W, to provide a 
greater reserve for use with inefficient loudspeaker systems. 

Whilst it would be possible, the problems associated with 
increased heat dissipaticn and the provision of suitable power 
supplies makes this unattractive. In view of the low average power 
required for normal listening, the question inevitably arose 
whether it would be practicable to design an output stage which 
would operate in class A with an inherently low level of 
high order distortion up to a watt or two, but progress further 
into class B operation if and when higher powers were 
momentarily demanded. 

There are, unfortunately, a number of snags with the class B 
operation of transistor output stages, to which the answers are not 
fully known. 

It was pointed out some years ago, by Bailey' and others, that 
the use of quasi complementary symmetry in such output stages 
led to an increase in high -order harmonic distortion, associated 
with the non -linearities in the crossover characteristics at low 
volume levels, and although the level of total harmonic distortion 
at maximum power output could be quite low, the distortion 
content at typical listening levels could be many times greater 
than this, and would also be of an audibly objectionable type. 

A number of schemes have been proposed to overcome this 
problem, including the use of full complementary symmetry 34, 
and various methods of ensuring that there are an equivalent 
number of forward biased junctions in each limb have been 
described' 6, including the ingenious semi -complementary triples 
arrangement used in the "Quad" amplifier'. 

However, in the author's experience, some class B transistor 
amplifiers -including those employing full symmetry, which is 

Fig. 1. Crossover distortion in a class B stage employing transistors with an fr of about 2MHz. (a) Lowfrequency sine wave at 10mA. (b) High 
frequency sine wave showing the effect of hole storage on the crossover discontinuity under light load conditions. (c) Influence of hole storage 
and n p -n/p -n p asymmetry under high current conditions at 200kHz. (d) Improvement of conditions in (c) by reducing source impedance. 
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presumed to eliminate the major fundamental snags of this type of 
operation- having an impeccable performance on paper, did not 

have the tonal quality which had been expected. Since harmonic 
distortion at both high and low power levels had been found to be 

well below the level at which audible effects might reasonably be 

expected in some of the designs tested, it seemed more probable 
that the audible ill- effects were due either to transient instabilities 

associated with loudspeaker loads- perhaps related to changes in 

the reactance of the base -emitter junction at the current cut -off 
point -or to high -frequency crossover -type distortion arising from 

hole- storage effects. Hole- storage depends on the presence of holes 

produced when current flows in a semiconductor -even though 
the current is due to majority carriers (electron flow). The greater 

the current the greater the number of holes and the worse the 

problems of hole storage. 

Hole- storage phenomena 
The expected result of hole storage in the base region of a 

transistor, following the attempted termination of a high 
emitter collector current, is that the transistor remains in a 

conducting state after the forward base bias has been removed. 
This has the effect, amongst other things, that the normal 
crossover discontinuity shown in Fig. 1 (a) becomes displaced 
from the mid -point of the transfer waveform as the frequency is 

increased, as shown in Fig. 1 (b). 
These waveforms were generated in a simple complementary 

pair emitter -follower circuit, without additional negative feedback, 

driving a resistive load. (In order to assist its display the crossover 
effect was deliberately exaggerated by the use of an inadequate 
quiescent current.) Provided that the peak currents flowing 
through the transistors are small, this effect is innocuous. 
However, if the peak currents are increased, by reducing the load 

resistance, the crossover waveform rapidly deteriorates as shown 
in Fig. 1 (c), and increasing the forward bias to give a more 
suitable quiescent current has little effect in removing this 
prominent notch, until the forward bias is almost equivalent to 
that of class A operation. 

It is known from experience that these effects can be minimized 
by the use of transistors with good high- frequency characteristics 
and low- impedance base -emitter return paths. A low- impedance 
driver stage will also be effective provided that it does not become 

cut off (as in the case of the Darlington pair) when the input signal 

reverses polarity. 
The effect of reducing the driver circuit impedance from 

2000Q to 10051 is shown in Fig. 1 (d). 
The lack of effective symmetry between the upper n -p -n device 

and the lower p -n -p is also shown in Fig. 1 (c). This effective 
asymmetry is reduced if the source impedance is reduced. 

It was noted that this effect did not become apparent, even 

under high emitter current conditions, until the operating 
frequency approached 0.05 fT. At 0.1 fT, the problem was severe 

and this argues that the occurrence of high transient 
currents -which may arise with certain loudspeaker 
systems -and high driver stage output impedances, is most 

undesirable unless the highest frequency components of the 

waveform are low in relation to the transition frequency of the 

output transistors. With the availability of power transistors 
having transition frequencies of the order of 4MHz (such as the 

MJ480/490 series) it is unlikely that hole- storage phenomena will 
be troublesome at the rates -of- change of signal voltage likely to be 

encountered in audio amplifier practice so long as the driver stage 

does not leave the output transistor base open- circuited on cut -off. 
However, the use of a driver output, or base circuit, impedance 
not in excess of a few hundred ohms appears prudent. With earlier 
designs using germanium diffused junction power output 
transistors, which usually have very poor h.f. performance, this 
problem could be important, and Dinsdale has referred to a 

"subjective audible improvement" resulting from the replacement 
of low transition frequency output transistors with types having 
better h.f. characteristics. 

Transient instabilities on loudspeaker loads 
Phase -angle measurements made with a variable frequency 
sine wave input, from a high impedance source, reveal that even a 

simple single -unit loudspeaker can present quite complex 
characteristics. The reactance -which is normally inductive 
-changes rapidly, and sometimes even becomes capacitive, at 

Fig. 2. Circuit for 
generating the test 
waveform shown in 
Fig. 3. 

Silicon diodes 

WM 
11 NM IA 

!1IiI 
Fig. 3. Test waveform for providing arrested transient input. 

Fig. 4. Amplifier performance using 10kHz test waveform. 
(a) Response of amplifier showing inadequate stability with 

reactive load. (b) Response of improved amplifier with 

reactive load. 

frequencies in proximity to cone and structure resonances. 

In general, the characteristics o' most of the common designs of 
transistor power amplifiers are such that instability problems do 

not arise with inductive loads, and the inclusion of a small choke, 
of a few microphenries inductance, in the speaker output lead is a 

well known technique for avoiding instabilities under adverse load 

conditions. However, capacitive loads can frequently impair the 

stability margins of the feedback loop, and it is in this respect that 

www.americanradiohistory.com

www.americanradiohistory.com


280 

the reactive characteristics of the loudspeaker load are most 
significant. Since it was suspected that the region of the output 
waveform where this might arise most readily was that at which 
the output transistors were being driven from the conducting to 
the cut -off state, an input waveform which provided a transient of 
controllable steepness (by varying the input amplitude), but 
arrested at the mid -point, was provided by the circuit of Fig. 2. 

The waveform generated by this device is shown in Fig. 3 and 
the result of introducing such a waveform into an amplifier of poor 
stability margins, coupled to a resistive load shunted by an 
appropriate value of capacitance is shown in Fig. 4(a). (The 
broadening of the oscilloscope trace in the horizontal regions at 
the mid -point of the waveform was due to inadequately recorded 
h.s. oscillation.) 

The output waveform obtainable from a design with better 
stability margins and improved bandwidth is shown in Fig. 4(b). In 
both cases the magnitude of the input signal was adjusted so that 
clipping occurred on both negative- and positive -going peaks. 

Since the h.f. instability shown in Fig. 4(a) -which did not 
occur in the absence of a large input signal, and which required a 
particular range of shunt capacitance to provoke it at all -also 
occurred on parts of the waveform preceding the arrested 
transient, it was concluded that the change in reactance of the 
base -emitter junction at cut -off or switch -on, was not a major 
cause of the transient induced instability observed in this 
particular design. 

Square -wave performance and tonal quality 
In view of the fact that a loudspeaker system can present a 
reactive load, of a type which is found in certain circumstances to 
cause signal induced instability, and since this instability could be 
provoked by a square -wave input into an amplifier with a suitable 

Fig. 5. Amplifier response driving a reactive load (15D, 
0.47µF) with a 10kHz square wave. (a) The ringing gives 
evidence of instability. (b) No transient ring indicates 
better stability. 
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reactive load, a series of tests and comparative listening trials was 
conducted to determine whether there was any audible relationship 
between the two. In the event, it was found, beyond doubt, that an 
amplifier system which did not show any sign of instability over 
the range of load shunt capacitances up to, say, 0.33 µF had a 
better tonal quality on even a simple loudspeaker system than one 
in which some shunt capacitor value could cause h.f. oscillation. 
Moreover, in a more complex loudspeaker system, with a 
crossover network and high -frequency capacitively coupled 
"tweeter ", it was possible to hear the difference between systems 
which would, in the lab., with some RC load combination, give a 
square -wave response such as that of Fig. 5(a) and those which 
had a response like that shown in Fig. 5(b). No positive distinction 
could be drawn in listening trials between a system giving a 
waveform such as Fig. 5(b) and one in which a square -wave input 
could produce a single overshoot "spike ". 

Since the frequency of the "ring" waveform in Fig. 5(a) is well 
beyond the upper limits of the audible spectrum, it is clear that it is 
not this of itself which produces the undesired sound quality, but 
rather that this type of behaviour is symptomatic of a different 
and more objectionable effect when the amplifier is used with a 
loudspeaker load. 

The conclusions which have been drawn from this series of 
experiments are these: (1) that it is desirable to employ output 
power transistors in which the transition frequency is at least 
ten times higher than the highest signal frequency component 
which is passed to the amplifier from preceding stages; (2) that it 
is preferable to drive the output transistors from a source which 
has a low impedance over the whole signal voltage swing, or at 
least to provide a reasonably low- resistance base -emitter current 
path; and (3) that the phase /frequency characteristics of the 
feedback loop should be such that a square -wave output devoid of 
overshoots is obtained when the amplifier is bench tested with a 
wide range of shunt capacitance values in an RC dummy load. 
This latter requirement probably implies either a fairly limited 
number of stages within the feedback loop or a relatively restricted 
h.f. bandwidth. 

When these requirements had been met, and when the harmonic 
distortion levels over the range 40mW up to the maximum rated 
power output were of a suitably low level, there was no audible 
difference, in the most careful listening trials, between several 
different designs. However, it is difficult in class B systems to 
obtain the desired low level of harmonic distortion at low signal 
levels without the use of substantial amounts of negative feedback, 
and this leads to a worsening of the amplifier response to signals 
containing transients. 

The use of a class AB system, if the problems in maintaining 
the correct forward bias level can be solved satisfactorily, should 
facilitate the attainment of these desired standards, particularly if 
the h.f. negative- feedback loop can be made fairly simple. 

Next month full details will be given of a 15 -20W class AB 
amplifier with the following characteristics: - 
Power output: 15W into 1552, or 18W into 8Q (20W with 
modified output circuit component values.) 
Bandwidth: 10Hz - 100kHz ± 0.5dB at 2V output; 20Hz - 
50kHz ± 1.0dB at maximum power output. 
Output impedance: 0.030 (at 1kHz). 
Total harmonic distortion: 0.02% at 15W/15D or 18W/8D; less 
than 0.02% at all power levels below maximum output. 
Intermodulation distortion: Less than 0.1% at 10W (12.3V r.m.s. 
into 15 II) and 70Hz, and at 1V r.m.s. at 10kHz. 
Square-wave transfer distortion: Less than 0.2% at 10kHz. 
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Root Hog or Die 

Frequency in two dimensions 

by Thomas Roddam 

The title expresses a rather stronger attach- 
ment to the root analysis method of 
studying circuits than I feel myself. This is 
probably because it is used for certain 
classes of problem which I have normally 
managed to dodge. I had intended to quote 
rather more of a folk -song, but by chance 
I discovered that "root hog, or die" crops 
up in a number of the songs of the bull- 
whackers on the Santa Fe and Oregon 
trails and seems to have originated in the 
hill country near the Finger Lakes, where 
they used to dig for ginseng. 

Back in March we examined the natural 
behaviour of a circuit made up of induc- 
tance, capacitance and resistance. The object 
was to find out what sort of waveform a 
circuit will produce if given the chance. 
This is obviously the sensible waveform to 
apply to such circuits. The political philo- 
sopher will recognize this as the Maoist 
doctrine of the revolutionary swimming 
among the peasants like a fish in the lake. 
We, however, cannot always use the charac- 
teristic frequency, which I suppose amounts 
to dropping a herring, or a Maoist, in the 
Round Pond. 

The essential result, using the same 
symbols as before, is 

R r l (R 
m' 

2f. LLC 2L.) 

R z 

m2 2L-1 LLC -(2f.) 
For the particular case where L /C> R2/4 

we wrote the overall waveform as E-°' cos 
wt, in which 

a = R /2L 

w - z LC 2 
Usually w is the term we call the fre- 

quency, and a is the decrement factor, 
which also has units (sec-1). 

Suppose that we write 

si = -a +jw 

s2 = -a +jw 

We are dealing with 

exp (a +jw) +exp (a -jw) = exp si + exp s2 

Now we concentrate our attention on 
the single thing s. This is a complex number, 
and can be represented as a point in a plane. 
Because we happen to have two of these 

Real -a 
negative 

Imaginary 
positive 

+4) 

Real 
positive 

Imaginary 
negative 

Fig. 1. Frequencies in the complex plane. 

things here, we show them both in Fig. 1. 

Here we see the two points si and s2, 

expressed both as points in the complex 
plane and as vectors. Because the two 
complex frequencies were obtained by 
finding the roots of the current or voltage 
equation, this is a plot of the roots. Each of 
these is the solution of a very simple 
equation : s = si or s = s2. Using the first 
of these, 

(s -s1) = 0 

This particular kind of root is called 
a zero. We also encounter the form 
1 /(s -s1) = O. We should get this, for 
example, if we worked with the admittance 
of a series LCR circuit instead of the 
impedance. The root at si is now called a 
pole. 

Concentrating on the one root, we can 
find some interesting and important features. 
Let us consider the root shown in Fig. 2. 

We are free to move this about. If we move 
it sideways, we shall be keeping w constant, 
and altering the value of a. Now a is the 
decrement term. It tells us how quickly the 
ringing dies away. It has, as we have seen, 
the dimensions of "per second" and the 
nearer the point s is brought to the value 
-a = 0 the smaller the decay per second, 
the longer the time taken for the ringing to 
die away. 

Moving up and down, by changing w 
and keeping a constant, varies the ringing 
frequency, but each train lasts for the same' 
time, because the time is fixed by a. 

Along tie line OD we have quite a 
different co-rdition. We are varying both a 
and w, while keeping a/w constant. This 
ratio has zero dimensions, and gives us a 
line of constant "decay per cycle ". For 
various reasons it is not expressed in quite 
this form. I have marked in the point 
wo = (az +co2) +, which for the LCR circuit 
is, in fact, 

wo = (1/1C)4 

The decrement factor, C, is defined as 

C = a/wo 

This is expressed in more familiar terms 
for. the LCR circuit by writing a = R /2L, 
so that 

{ = R /2WoL 

= 112Q0 

where Q0 is the well -known w0L /R, com- 
monly called Q. 

Fig. 1. Features ofa root. 

Frequency in two dimensions-cont. 

'I began with the LCR circuit because it 

has roots which are out in the open spaces 
of the diagram. Let us consider now the 
simpler case of a resistance and inductance 
in series. The impedance can be written 
down immediately as 

Z = R +jwL 

= L(R /L +jw) 

The "frequency" obtained by solving the 
differential equation 

Ldt =V 

and so on, which we went through in the 
February issue, is described by the term 
exp [- t/(L/R)]. It gives us quite simply a 
form exp (-at) where a = R /L, and no j 
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«,111 al all. Figure 3 shows this root, on the 
negative part of the real axis. It is a very dull 
looking diagram indeed. The equation for 
Z, the impedance, is, as you see, very simple 
and is rather convenient for showing how, 

-a 
o 

Fig. 3. Root for an LR circuit. 

in most circuits, we can avoid working 
through the differential equation. If we 
substitute p, or s, or A, for jw we arrive at the 
expression 

Z = R+pL 
and if Z = 0 

p = R/L 

Which symbol you use depends to some 
extent on the way you were brought up. 
There are, indeed, some subtle differences 
in definitions, but these are so subtle that if 
you need to understand them you would 
not be tackling that sort of problem unless 
you could understand them. This substitu- 
tion makes writing down the equation, 
though not necessarily finding the roots, 
fairly easy. For the series LCR circuit, 

Z = R +jwL+ 1 /jwC 

1- w2LC +jwCR 
jwC 

= pC(1+pCR+pzLC) 

and ifZ =O 

p2LC +pCR +1 = 0 

giving as we know, 

- CR ±C2R2 -4LC 
P 2LC 

There is also a slightly embarrassing 
term, which gives us an alternative solution, 
p oo. It does not really matter which way 

v'I 

o b o 

V2 

Fig. 4. A way of studying the LCR circuit. 

p goes off to infinity. A way of dodging this 
is to consider the circuit of Fig. 4. In this 
the current will be 

I = V, /Z. 

The voltage across the capacitance will be 

V2 = I /j(0 C 

jwC 1 

- V` 1-w2 LC+jwCR jwC 

sv 1.11d1, 

V= 1 +pCR +p2LC 

By this conjuring trick I have got rid of a 
root which looked like being a nuisance. It 
will appear later that this term would, in 
some ways, have looked after itself, but we 
do not want to carry it around at this stage. 

We have an equation for V, /V2, which we 
can write as 

V, 1 

V2 PIPz 
(1)-Pi)(P-P2) 

where p,, P2 are the two roots we have 
already found. In order to breathe some life 
into this let us look at one term by itself, 
and consider the factor (p -p1). We have 
seen that p, is a term of the form ( -a +jw, ), 
in which I am writing w, to show that it is 

a fixed value obtained from the actual values 
of L, C and R. The plus sign is arbitrary : if 
p, has the plus sign, P2 will have the term 
-jw,. The variable is p, or jai, which can 
have any value, although we are almost 
always concerned with the situation in 
which w is positive and real. Consider the 
rather bare Fig. 5. This shows the root p, 

Fig. 5. One root and its effect for 
sinusoidal excitation. 

at P, which can be written either as 
( -cc +jw,) or as ( - cc, col) depending on 
whether you think in algebraic terms or 
trigonometric terms. The point p lies on the 
vertical axis, at (O +jw). We have 

OP= O +jw =p 

Now 

so that 

OP, = -a+jail = p, 

OP1+P1P = OP 

Pip = (P-Pi) 
The vector joining P1 to P represents the 

term (p- pi). For the LCR circuit, however, 
we have a pair of roots, and these are plotted 
in Fig. 6. Since 

P,P = (p -pi) and 

P2P = (P-P2) 
we take the product, P,P x P2P to give us, 
apart from the constant, the ratio V, /V2. 

The constant, 1 /p, p2, can be found from the 
diagram, because it is simply 1 /OP, OP2. 

Before going on any further with the 
meaning of Fig. 6 let us look at Fig. 7. Here 
we have 

' - 1+,/wR 
R(L+7w 

I 

z / 
L 

= -pi ), where p, = -R/L 

Wireless World, June 1970 

Fig. 6. A pair of roots. 

1 
tV2 

Fig. 7. The simple LR circuit, which has 
only one root. 

This has only a single root, at the point 
( -R /L, O), on the negative real axis. The 
reader is left to draw the root diagram for 
himself. The situation with the LCR circuit 
when R2 >4L /C is rather similar. This 
highly damped condition gives us, in our 
equation for the roots, 

R /Rz_ 1 

P = -2Lt 4L2 LC 

in which the term under the square root 
sign is positive. We do not get a term in j. 
However, the term under the square root 
sign is always less than R2 /4L2, if C is 
positive, and thus both p, and P2 are 
negative. If we vary the value of C we get a 
rather interesting behaviour pattern. When 
C is very large indeed, the two roots are 
very near to - R/L and O. These are the two 
points C, and C2 in Fig. 8. As C is reduced, 

Cl 

R 

L 

c;' 

C2 

Fig. 8. Locus of roots as C is varied. 

the roots move inwards, to points like C,' 
and C2' until when C = 4L /R2 they coalesce 
at the point C ", (- R /2L, O). It is here that 
the term under the square root is passing 
through zero to become negative for smaller 
values of C. The real part of p now remains 
constant, and for these smaller values of C 
we have a j term appearing. The roots head 
off along the lines C "C, ", and C "C2 ", 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, June 1970 

remaining symmetrically spaced. There is 
no real significance in the arrows showing 
C1' moving round to C1 ": when the roots 
coalesce you can't tell one from t'other. It 
is the lines C1C1'C1" and C2C2 "C2" which 
are the root loci. 

An alternative way of moving the roots 
about is to vary the value of R while keeping 
L and C constant. If we begin by taking R 
very large indeed, the two roots are on the 
real axis at very nearly 

i- 2i. +2L -bl -, -b 
where 6 is à small quantit 

/ty, 
and 

-R /4L -+ - o0 

Reducing R towards the critical damping 
value brings the roots in towards -R/2L 
as before. The appearance of the imaginary 
term, however, gives us roots at (x±jy), 
with 

x = -R /2L 

1 R2 f 

Y - (LC 4L2 

Notice that in taking the ( -1)} outside 
the y bracket we have had to turn the 
expression round. 

Now x2 +y2 = 1 /LC = const. 

This is the equation of a circle. The roots 
turn off the real axis in the paths shown in 
Fig. 9. When R falls to zero the roots reach 

Fig. 9. Locus of roots as R is varied. 

the imaginary axis at w = f 1 /(LC)4. If R 
becomes negative the roots will penetrate 
into the right -hand side of the plane, in 
which the transient "ring" of the circuit 
grows steadily in amplitude. I do not think 
I shall have space to follow them there, at 
least not this month. Very often we try to 
get this class of system to straddle the 
imaginary axis, sitting, like the Liberal 
Party, on the fence until the iron has entered 
its heart. This is the steady state class -A 
oscillation condition, in which R is con- 
trolled by a thermistor or an a.g.c. circuit. 
We may, alternatively, let the roots jump 
from side to side, in the oscillator circuits 
which use some clipping arrangement for 
maintaining the steady state. 

All this discussion of the way in which the 
roots associated with a rather simple circuit 
move about as we change the element 
values can now be related to the result 
pictured in Fig. 6. The equation we use has 

dB 
+20 

+10 

V2 0 

Vi 

-10 

-20 

01 
0.05 

03 0.2 

0.5 

07 
10 

01 ,I 

mite 
2 

Fig. 10(a). 
V2 = P1P2 for various values of 1/2Q0. 
Vt (P- P1)(P -P2) 

already been given: 

V1_ 1 -(P-P1)(P -P2) 
V2 PIP2 

and (p- pi) = the length P1P 
(p- p2) = the length P2P 

When P1 is very close to the imaginary 
axis the term (p -pi) will dominate the 
behaviour in the region around co = 1 /(LC) }. 

This is the high -Q situation, in which the 
resonance curve is symmetrical. As the Q 
is reduced, and P1 moves to the left, the 
contribution of the second root at P2 
becomes more important and the response 
is no longer symmetrical. Indeed, the circuit 
is slowly transformed from tuned -circuit 
behaviour to low -pass filter behaviour. 
This is shown in Fig. 10, which gives a good 
idea of how, as the roots approach the axis, 
the response peak becomes the most im- 
portant characteristic. 

Most engineers who are designing equip- 
ment professionally are required to design 
to a specification, and most systems which 
can be related, sometimes in a rather 
roundabout way, to the second order 
network are specified in terms of frequency 
response. I do not think that, for practical 
design purposes, the root treatment is the 
most convenient. In operation, and this is 
particularly true of video systems and some 
mechanical systems, the transient response 
is really what matters, even though it is not 
such a tidy thing to put into a specification. 
Figure 11 shows the way in which the output 
varies with time when a unit step is applied 
to the input of our LCR circuit. 

1 am not going to work through the 
mathematics, but will simply quote the 
results. The roots, just to remind you, are 
at 

-a ±Jw1 

in which w1 is the diminished frequency, 

= (LC- ) }' always less than 

wo = (1 /1-04 

w1 

The time from the switch -on to the first 
peak is 

t, = it/co 

1 =r 
2Qo 
1.0 

0.7 

0.5 
0.3 
02 
0.1 

005 

Roots 

A 
B 
C 
D 
E 
F 
G 

3 10 
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Fig. 10(b). Roots corresponding to 
responses in 10(a). 

Fig. 11. Response of second order circuit to 
a step input. 

The size of the first peak, that is to say the 
value reached at tp, is 

exp- (Zn /(1 -C2) }) 

This depends only on 

= R /2woL = a /wo 

In the special case of C = 0 this has a 
value of 2, for Ç = 0.7, 1-04 and for C = 0, 
1-00. 

When the system has a substantial ring 
the mechanical people look for this ring to 
decay to 5 %, for the amplitude to lie 
between 0.55 and 1 -05. This will occur after 
a time t where 

t, = 3 /two = 6L /R = 3/a 

All this analysis of the LCR circuit is 
really only of value because it relates a new 
technique to a well -known way of behaving. 
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The technique itself is useful when the 
system is too flexible for the simple alge- 
braic treatment to be economical. The root 
locus technique, introduced by Evans for 
servomechanism analysis, really does use 
the roots. A servo system is simply a feed- 
back amplifier, except that very often the 
feedback network has unity gain. For such 
a system the equation 

µf = µl(1 +µß) 
reduces to 

= µl(1 +µ) 
Here µ is the forward open -loop gain 

and µf the gain when the feedback loop is 
connected. The problems all arise because 
µ is frequency -dependent and can be written, 
in general, as 

µ = 
n(1)) 

where m(p) and n(p) are polynomials in 
frequency. Typically, if there is one capa- 
citive coupling and one stray capacitance, 

fort 
µ = µ"((1 +jwt1)(1 +jwt2) 

showing a 6dB /octave tail off at low and 
high frequencies. 

If we take a rather simpler system. which 
only rolls off at high frequencies, 

= 

(1 

1 +fan 

m(p) 

or µ = 11',,, 

with a root atp= -1 /t. 
Now connect the feedback : 

(H!pt) 

µ 
Pf 1 +pí'(1 + 1 +P1' (l +µp.)+ pt 

The root is now at p = -t /(1 +µ",) and 
by altering ¡z,. we can move this root about. 
We are only moving it along the negative 
real axis, which is pretty dull, but still, it 
moves. 

Two stages of this general kind give us 

µ = µ"11 +1)1'1)(1 +Pí2) 
and pf = µ /(l + p) 

µ," +(1 +pí1)(1 +pí2) 

We now look for the roots of 

(l +ptl)(1 +pí2) +µ" = 0 

Expanding 

í1í2p2 +(íl +í2)p +(l +µ,") = O 

Now, of course, there are two roots. For 
= 0 they are at p = -T1, -T2- As p,,, 

is increased they begin to move towards 
the common value 

-(1'1 +1'2) 
2t1í2 

and when 

4t1í2(1 +p.)> (t1 +t2)2 

they acquire an imaginary component. 
These roots move in much the same way as 
the roots in Fig. 8 except that here we are 
varying the gain of an amplifier. The roots 

stay safely in the left-hand half of the plane, 
so that the system is always,stable. 

I am going to cheat a little here. As the 
roots are moving independently, I am going 
to start them off together. In the example 
of two roots this means that I lose the 
region where they are approaching each 
other along the real axis. With three roots 
the equation is then 

p3í3 +3p2í2 +3pt +(l +µ",) = O. 

We are interested in the way the roots 
behave as we change p", because we fear, 
indeed in this example we know, that if 
µ", is chosen incorrectly the system will be 
unstable. For the special case of p, = O the 
roots all lie at p = -1 /t, safely in the left- 
hand side of the plane, where transients die 
quietly away. The cubic equation has one 
real root and two roots which may be real 
or may be a complex conjugate pair, 
a+ j11. It is soluble by formula, but as a 
guide to the tricks which are employed for 
more complicated systems we can work 
rather differently. The first thing is to see 
what Routh's criterion can tell us. We 
tabulate the coefficients, like this: 

t3 

3t2 

3r 

1+ µ," 

9t3- í3(l +pm) 
3t2 

The last term is (a1a2- a0a3) /a1, where the 
original equation was 

aop3 +a1p2 +a2p +a3 = O. 

If all the terms in the left -hand column 
have the same sign the system is stable. 
Now t3 and 3t2 are positive, so that 

9t3- 1'3(1 +µ",) must be positive too. 

For stability, p", <8, or, to put it another 
way, if p", = 8 there must be a root on the 
imaginary axis. As p = 0 is not a root, there 
must be a complex conjugate pair, p = ±jw. 
The equation is now 

í3p3 +3í2p2 +3tp +9 = 0 

and the roots give us 

(P-Po)(P2 -Pí2) = O 

P3-PoP2-Pi2P+PoPi2 = O 

compared with 

p3 +(3 /í)p2 +(3/í2)p +9 /t3 

Thus Po = - 3/r 

Pi = .J -3 /t = ±.k/3 /t. 

This information enables us to sketch in 
the root locus of Fig. 12, which shows how 
the 3 roots diverge from the starting point 
at p," = O. It can be seen that even with p", 
less than 8 the roots are getting rather near 
the axis, and we would expect a substantial 
overshoot. We need to follow the roots in 
detail. At this point I must quote from the 
preface to Bode, "Network Analysis and 
Feedback Amplifiers ": 

"Invincible fatigue set in before these 
chapters could be written." 

Actually, space, not fatigue, is the pro- 
blem. It seems more important to leave the 
construction of the locus patterns until, say, 
Christmas, and to remind the reader of the 

Fig. 12. Movement of three roots. 

physical realities. All this talk about roots 
is fine for the mathematicians, but what 
does it mean to the man who is slaving over 
a hot oscilloscope all day? A root is simply 
a normal frequency of the system, what 
comes naturally if you give it some energy 
to play with. The fact that the frequency 
defined in this way is not just the w of 
sin wt, but is the complex number (a +jw) 
is the reminder that transients will either 
die away, in a passive circuit, or grow, in an 
unstable feedback system. If they grow, 

they go on growing, theoretically, for ever. 
Practically, the system equations are 
changed by one mechanism or another. 
Pure sine waves are special and, as every 
oscillator designer knows, cost extra. 

1 began this article with words sung on 
the trails to the Far West : the appropriate 
ending would seem to be: "There's a long 
long trail awinding...." 

Conferences 
and Exhibitions 
Further details are obtainable from the 
addresses in parentheses 

LONDON 
June 1-4 New Horticultural Hall 

Inventions & New Products Exhibition 
(Business Conferences & Exhibitions, Mercury 
House, Waterloo Rd, London S.E.I.) 

June 9 -11 Savoy Place 
Eledrical Interference In Instrumentation 
(I.E.E., Savoy Pl.. London W.C.2.) 

June 12 & 13 Waldorf Hotel 
Professional Recording Equipment 
(J. N. Borwick, Association of Professional 
Recording Studios, 47 Wattendon Road, Kenley, 
Surrey) 

UXBRIDGE 
June 30-July 2 Brunel University 

Mobile Radiocommunication Systems 
(Soc. of Electronic and Radio Technicians, 
Faraday House, 8 -10 Charing Cross Road, 
London W.C.2.) 

OVERSEAS 
June 2 -5 Boulder 

Precision Electromagnetic Measurements 
(National Bureau of Standards, Boulder, 
Colorado) 

June 8-10 San Francisco 
International Conference on Communications 
(I.E.E.E., Suite 2210, 701 Welch Road, Palo 
Alto, California 94304) 

June 18 & 19 Minneapolis 
Solid State Sensors 
(R. S. Dyck. Fairchild Semiconductor. 4001 
Miranda Ave., Palo Alto, California 94304) 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, June 1970 

Active Filters 
11. More on the parallel -T network 

by F. E. J. Girling* and E. F. Good* 

Variable tuning with constant 
bandwidth 
Since the balanced parallel -tee network has 
the short -circuit output currents of the 
phase -lag and phase -advance branches, I, 
and 13, always at a constant 180° phase 
difference, it follows that balance (zero 
transmission) may be obtained at a new 
frequency by varying only the relative 
amplitudes of II and 13. This principle is 
employed in the circuit shown in Fig. I(a), 
in which varying the fraction x applied to 
the phase -lag branch gives coo oc f and 
q oc coo, i.e. constant bandwidth. With the 
input at VI tuned -circuit response is ob- 
tained, Fig. 1(b). Using only simple tran- 

(a) 

(b) 
0125 0.25 0'5 

co (log scale) - 
Fig. 1. Use of a potentiometer to give 
variable tuning with constant bandwidth. 

sistor amplifiers the useful tuning range 
may be restricted to some 3 or 4:1. (Because 
of the increasing reactance of the capacitance 
of the input arm as frequency is reduced, 
there is a tendency with amplifiers of only 
moderate internal gain and input impedance 
for the peak gain to fall off as x is reduced.) 

Royal Radar Establishment. 

With the input at V2 the response is a 
constant -bandwidth variable -frequency 
symmetrical notch response, with - 3dB 
points the same as for the corresponding 
tuned -circuit response. The same principle 
of variable tuning may be applied to circuits 
in the "virtual- earth" arrangement. 

Third order systems 
From any of the low -pass or high -pass con- 
figurations described an output may be 
taken from the junction of the two com- 
ponents in the damping branch (via a 
buffer amplifier if necessary ). This will give 
a response VV,,,' = V/(1 + pT) for the low - 
pass connection, Fig. 2(a), or V,,, = 
pT /(1 +pT) for the high -pass, Fig. 2(b). In 

- il/ 
h-p 

1 l-p 

C ' 

qT' 
(b) i (a) ¡ 

q 

Fig. 2. Use of damping branch to give 
3rd -order response. 

vaut 

Vou; 

o 

this way, for example, the additional simple 
lag (or lead) circuit that is required for odd - 
order Butterworth responses can be pro- 
vided with the saving of a CR network. 

Using a parallel -tee network with T1 = 
T2 = T necessarily means that the time 
constant of the additional lag (or lead) is T 
also. This restriction can be removed by 
using a parallel -tee network in which com- 
ponent values are chosen to make T1 = T /y, 
T2 = yT (so that T = 7,T2). Then 

Fig. 3. Network in which T1 T2. 
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V = V,,,,/(1 +pyT) for the low -pass con- 
nection shown in Fig. 3, or V' = 
pyT /(1 +pyT) for high -pass. It is easily 
shown however that the residual loss due to 
finite gain is now given by 

9.= fly +y) (I) 

and it is necessary to check that any 
required value of y does not impair the 
performance unacceptably (e.g. if y >q the 
performance will be worse than that ob- 
tained from the lag -lead circuits described 
in Part 6). 

(a) 

z 
I G (co)I 

05 

(b) 

. 
q-2 

q 5g -10 

h -p. q -5 

0.5 1 

ro (log scale) 

Fig. 4. 3rd -order responses obtainable 
from active parallel -T system. Note 
linear power scale. 

A third order low -pass system, Fig. 4(a), 
with a special characteristic is defined by 
the transfer function 

1 -(1- 1/q) p2T2 1 

G(P) 
1 +pT /q +p2T2 1 +pT (2) 

The response is given by 

IG(w)I = 11+ [(1- 1 /q)- w2T2]2w2T21 -t 
l [1- (1- 1 /q)w2T2] Jj 

(3) 

which shows that IG(w)I = 1 at a frequency 
wt = (1- 1 /q) + /T, as well as at w = 0, and 
that, as well as at w moo, IG(a/ = 0 at the 
notch frequency co. = 1 /(1- 1 /q) }T. If it 
is required to build a filter to separate two 
signals so that one is passed without attenua- 
tion and the other rejected, this particular 
response will do this with the minimum 
value of q. If the signal to be rejected is the 
higher of the two frequencies a low -pass 
filter is used, and tuned so that w is at this 
signal frequency and wt is at the frequency 
of the signal to be transmitted. These re- 
quirements are satisfied by 

T = 1/ wtw (4) 

I (5) 
q w 

For the opposite requirement the corres- 
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ponding high -pass response is used and the 
positions of w1 and w,° are interchanged. 
It will be noted that the low -pass and high - 
pass responses cross over at the half power 
points, and that they are complementary on 
a power basis (V2), Fig. 4(b). 

Analysis of the parallel -T network 
Consider I1 and /3, the short- circuit output 
currents of the tees, Fig. 5. In the absence 
of C2 the resistors R' and R" form a potential 
divider, and the voltage at their junction 
would be V1R' /(R' +R "). When C2 is present 
this voltage falls at higher frequencies, being 
modified by a factor which is the transfer 
function for a CR lag network, 1 /(1 +pT2), 
where T2 is the time constant of a network 
consisting of C2, R', and R ", all in parallel, 
as equn. (2), Part 10. Consequently I1, 
which is the current through R', is given by 

V1 1 

I' R' +R "x 1 +pT2 
( 6 ) 

-R^ 

Fig. 5. General parallel -T network. 

180° 

(d) 135° 

90° 

(c) 1 

11 +13 

o° 

(o) -45° 

(a) 

2 

Fig. 6. Phase and amplitude plots of the 

short -circuit output currents of the two tees 

for constant input voltage. 

R (1 +pT2)' 
if R' +R" = R. (7) 

For constant V1 , therefore, the amplitude 
and phase of I1 vary with frequency as 
shown in Figs. 6(a) and (b). 

Similarly in the absence of R2 the capaci- 
tors C' and C' form a potential divider, and 
the voltage at their junction would be 
V1C " /(C' +C "). When R2 is present the 
voltage falls of at lower frequencies, being 
modified by a factor which is the transfer 
function of a CR lead network, pT2'/ 
(1 +pT2'), where T2' is the constant of a 
network consisting of R2, C', and C ", all in 
parallel, equn. (3), Part 10. Consequently I3, 
the current through C', is given by 

V1C" pC'pT2' 
I3 

C'+ C" 1 +pT2' 
(8) 

which, by substitution from equn. (4), 
Part 10, becomes 

V1 p2T1T2 
13 Rxl +pTí 

For constant V1, therefore, the amplitude 
and phase of 13 would vary with frequency 
as shown in Figs. 6(c) and (d), curves (1) 
and (2) corresponding to T1 < T2' and 
Ti > T2' respectively. It will be noted that 
although the amplitude changes with change 
of T1 the phase is unaffected. 

By making the substitution p = jw, the 
frequency -dependent factors of the expres- 
sions for I1 and /3 become 

1 
and 

(jw)2T1T2' 

1 +jwT2 1 +jwT2' 

When T2 = T2' these two factors differ 
only in the numerators, and the j2 in the 
second compared with no j in the first means 
that then /3 has a constant 180° phase 
advance on I1 (i.e. at all frequencies). In 
other words: when T2 = T2' the corner 
frequencies for the amplitude curves in 
Figs. 6(a) and (c) are the same, and the two 
phase curves, Figs. 6(b) and (d), which are 
the same shape, lie directly one above the 
other and 180° apart. Consequently, where 
the amplitudes of 11 and /3 are equal, and 
a look at the amplitude curves shows that 
there must always be such a frequency, the 
net output current is zero. 

Thus the condition for a null is 

T2 = T2', (10) 

and, if this is satisfied, the frequency of the 
null, wo, is given by equating II1I and II3I, 
obtained from equns. (7) and (8) by sub- 
stituting p = jw, 

wo = l /.j(T1T2) (11) 

When the network has the commonly 
used component values which make T1 = 
T2 = T, 

(9) 

V1 1 

/1 = R x 
+pT 

(12) 

p2 T2 
and 13 = 

V1 

x 1 +p7` (13) 

Whence coo = 1/T (14) 

and at the null frequency 11 is 45° lagging 
with respect to V1 and 13 135° leading. The 
phase and amplitude plots are shown in 

Fig. 7. 

180° 

135° 

45° 

45° 

1 
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Fig. 7. Phase and amplitude plots when 

T2' = T2. 

25 

20 0.3 05 
X 

8. Plot of eque. (19). 

2 3 4 

To find the open -circuit output voltage, 
the short- circuit output current may be 
multiplied by the output impedance (the 
impedance seen by looking in at the output 
terminals with the input shorted). For the 
symmetrical network shown in Fig. 2, 
Part 10, this is easily found and is 

R(1 +pT) 
(15) 

Z°°` 1 +4pT +p2T2. 

Consequently the open -circuit output volt- 
age, (I 1 + /2) z° is obtained by substituting 
from equns. (12) and (13) as 

Vo 1 +p2T2 
16 

V1 1 +4pT +p2T2' ( ) 

For the general case, Fig. 1, Part 10, 

R(1 +pT2) 
Zo" 1 +p(T1 /6' +T2 /b) +p2T1T2 

(17) 

where = R' /(R' +R ")and 6' = C' /(C +C"). 
The transfer function may then be found as 
above, using equns. (7) and (8), and the Q 
factor obtained, 

90 (6b')l \6'T2/ } +\6T1) l (18) 

Dependence of q0 on the ratio T1/T2 
With an adequate margin of loop gain, the 
value of q is not much affected by small 
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changes to the value of go. Advantage may 
be taken of this when selecting components 
to satisfy a design value for T. The expres- 
sion for go, equn. (18), can be written 1/go 
= Y / bb', where Y is of the form 

Y = X + +1 /X} (19) 

Maximum value of go (for any particular 
values of b and b') is obtained when Y has 
minimum value, which is Y = 2 when X = 1. 

But Fig. 8 shows that there can be appre- 
ciable latitude in the value of X without 
much increase in Y and, hence, decrease in 
go. Little is lost provided that X is kept 
within the bounds, say, 

} <X<2 (20) 

(when b = b'. X = T, /T2). 

The eight- component parallel -T 
network 
For experimental purposes it is worth noting 

(a) 

T - jC'R'C"R~ 

Rd -g R R (Fie + C f 

Cd q (jj) 
Fig. 9. Balanced parallel -T network 
constructed from matched pairs of 
components. 

R 

(b) 

Fig. Ill. Particular case of Fig. 9. 

r 

..tom 

Fig. I I. Parallel -T selective amplifier. 

that a parallel -tee network may be built 
using eight components, arranged as in 
Fig. 9, made up of two pairs of matched 
resistors and two pairs of matched capaci- 
tors, and that it will automatically satisfy 
the necessary condition for balance. This is 
evidently so, since both T2 and T2' are now 
formed by a parallel combination of resistors 
R' and R" with a parallel combination of 
capacitors C' and C ", i.e. 

T2 = 
R' R" (C +C ") (21) 

R' + R' 

Ti , defined in the same manner as for equn. 
(4), Part 10, is now given by 

C'C" (R' +R ") 
T1 C +C" 

and, therefore 

T = T1T2 = .JC'R'C "R" 

which gives the possibility of meeting a 
design value of T by manipulation of the 
values of four independent variables. It is, 
however, necessary to check that the result- 
ing value of go is satisfactory. A quick 
answer can be obtained by putting k1 = 
R'/R" and k2 = C " /C; and substituting in 
the equation 

(22) 

(23) 

1 2 +k1 +k2 
(24) 

qo klk2 

For the best result the components should 
be positioned to make both k1 and k2 > 1. 

The values of the components in the 
corresponding damping branch are shown 
in Fig. 9(b). 

A particular case of the eight component 
parallel -tee network, Fig. 10, uses four equal 
resistors and four equal capacitors, i.e. 
R' =R " =R and C' =C " =C, giving 
T = CR and go = I. To reduce the effect of 
scatter in the values of the components, they 
should be grouped in pairs of most nearly 
equal values and disposed as in Fig. 9(a). 

The advantage of the eight component 
network is that simple bridge methods may 
be used to select, or make up, matched pairs 
of components. This takes care of the most 
important requirement that T2 should equal 
T2'. However if the absolute values are too 
much in error, some adjustment may be 
needed to T (= Tl 2 ). Small adjustments 
can be made to T, without affecting the 
balance T2 = T2', by making equal incre- 
mental adjustments to both components of 
any pair of components. 

The parallel -T filter considered as a 
3rd -order loop 
The filter shown in solid lines in Fig. 11 

gives, when the circuit values are correct, 
tuned -circuit response with infinite Q. If it is 
redrawn as in Fig. 12, it can be seen that 
there is a loop containing a modified inter 
grator and a simple lag. The frequency - 
dependent part of the transfer function of 
the modified integrator (output voltage /in- 
put current) is of the form (1 +pT2) /p2T22, 
and for the simple lag the corresponding 
relevant function (short- circuit output cur- 
rent /input voltage) is 1/(1 +pT1). In terms 
of the standard diagram, Fig. 13, therefore, 

Fig. 12. Circuit of Fig. 11 re-drawn. 

Fig. /3. Standard diagram of feedback loop. 

- g8 

-190° 

° 

-90 

T2 

432 

F 

.\ 

Fig. 14. Phase and asymptotic gain 
diagrams for the two portions of the loop. 

T >T2 

T2>Tt 
Damping branch 

added 

Fig. 15. Nyquist diagrams or loci of µß. 

1+ pT2 1 

µß = kik2 p 
1 +pT,. 

(25) 

When T1 = T2 = T, this reduces to 
k1k2 /p2T2, the same form as for two inte- 
grators in cascade, corresponding to a 
constant phase shift of 180 °. As may be seen 
from the phase diagrams, Fig. 14, when 
T1 > T2, (.01<a)2 and the phase shift at 
frequencies between 0 and oo is greater than 
180° : the system is therefore unstable. 
When T2>T1, w2<w1 and the phase shift 
at frequencies between 0 and oo is less than 
180 °. The Nyquist plot therefore passes the 
- 1, J0 point on the safe side, Fig. 15, and the 
system is stable. The damping branch when 
connected introduces phase advance, mak- 
ing the loop stable even when T1 = T2 and 
the shape of the Nyquist plot becomes 
approximately as shown in the diagram. 
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Modern Direct Voltage 
Calibration System 
A look at a precision commercial measuring equipment 

by H. Stern, B. Sc. 

Today we have available transportable 
instruments readable to a precision pre- 
viously only attainable in the standards 
room. This improved accuracy brings 
with it the necessity of checking the instru- 
ments concerned regularly to maintain the 
claimed performance. The classical 
methods of checking voltmeters are, of 
course, still available, but to secure the 
highest accuracy considerable skill and 
time are necessary. In consequence, new 
techniques, which have been derived from 
the classical ones and which allow rapid 
re- calibration by persons other than a 
standards engineer, are being developed. 
One such approach is described in this 
article. 

Voltage calibrator 

The heart of any voltmeter calibration 
system is a stable voltage source -a voltage 
calibrator. Basically this is a very stable 
and accurately calibrated variable power 
unit. To cover the range of most voltage 
measurements it needs to go up to 1100V. It 
must be easily varied over its range and 

ideally should incorporate means of protect- 
ing both itself and the voltmeter on test 
from inadvertent damage. 

A typical high grade voltage calibrator 
will have a calibration accuracy ± 0.002% 
plus a small "floor" of between 10pV and 
40 W. The stability of the unit, with regard 
to mains and load variations, must be of a 
higher order than this accuracy. The basic 
voltage control circuit (Fig. 1), constitutes 
a series regulator controlling the output 
from an unregulated d.c. supply. The error 
amplifier in combination with the series 
pass element (the section in the shaded 
portion) can be regarded as an operational 
amplifier, the gain of which is determined by 
Ra and Rb; the junction of Ra and Rb is the 
summing junction. Ere is the input voltage 
to the amplifier so that the output E0,,,will be 
(Eref Ra) /R61, 2. Thus these three elements 
determine the output voltage from the 
calibrator and on them depends the stability 
of the output. In practice Ere- is constant 
while Ra and Rb can be varied. Ra deter- 
mines the precise value of E0,,, while Rb 
determines the range. 

The accuracy and stability of the refer- 
ence voltage is vital to the performance of 

0,2,4,6,8,X $t 
1 3 5 79 

0,1 
X / 

$ia %d4.3 
04.5 

6,7 
8,9 

Link 

Link 

Fig. 1 (left). Voltage 
control block diagram 
-voltage calibrator. 
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Complete calibration system. 

the calibrator. A zener diode is used as the 
reference element and is housed in a pro- 
portionally controlled oven. The zener 
controlled voltage is fed via the range 
resistor to the summing junction. 

Ra consists of sets of resistors, one set 
per decade, in cascade, so that the total 
value is determined by the settings of all the 
decades. Fig. 2 shows, in simplified form, 
one decade. All resistors in the decade 
have the same value and the value of resis- 
tance selected by S1, is changed on alternate 
settings only. Sib brings R, into circuit on 
the odd settings of the decade. This reduces 
the number of resistors required per decade 
and the number of adjustments needed 
when setting up. The final value can be set 
by means of a small variable resistor (typi- 
cally 0.1% of the total value of the 

Fig. 2. Typical decade -voltage control feedback resistor. 

To Hatt 
decode 
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particular section), in series with the major 
fixed resistor. Since the variable component 
is such a small proportion of the whole, 
the effect of its stability is negligible as a 
component of the instrument performance 
specification. 

Pre -regulator: When a series regulator 
is used at low output settings a large portion 
of the power supplied from the raw d.c. 
supply must be dissipated in the series 
element. The efficiency of the device is then 
low, and heat, affecting both reliability and 
drift, is generated in this element. This can 
be eliminated by use of a pre -regulator 
(Fig. 3). 

From error 
amplifier 

To rectifiers 
D etc. 
D 
D 

Fig. 3. Pre- regulator. 

An oscillator shunts the series pass 
element and provides a control voltage 
varying with the voltage across the pass 
element. This control voltage is coupled via 
T, to the pre -regulator, in series with the 
mains transformer T2. The pre -regulator 
switches off the supply to T2 for a portion of 
the mains cycle depending on the voltage 
across the pass element; the greater this volt- 
age the lower the duty cycle of the supply to 
T2. Thus the energy supplied to T2 and 
hence the raw d.c. supply voltage is 
reduced as the voltage across the series 
pass element tends to rise. 

Remote sensing: One possible source of 
error is the voltage drop in the leads to the 
voltmeter on test. Even small loads and 
short leads may have appreciable effect 
when working at this high accuracy. For 
example, the drop in leads with a resistance 
of 30 milliohms at ImA will be 30t<V 
which may be equal to the calibrator 
accuracy when working on the 1 V setting. 

The problem is easily avoided by using a 
four wire system, removing the links shown 
in Fig. 1 and transferring their junction to 
the voltmeter on test. 

Protection: A high voltage unit capable of 
such high accuracy needs protection 
against damage to itself and to the meter 
on test. Three different protective devices 
are employed: a variable current limiter, 
a current trip and a variable voltage 
trip. 

The current limiter sets the maximum 
current drawn by the load so as to protect 
the voltmeter on test. Should the pre -set 
level be exceeded the calibrator acts as a 
constant current device and a panel 
warning light is illuminated. Should the 

limiter, for any reason, fail to operate and 
a severe overload, likely to damage the 
calibrator, occur, the current trip 
automatically switches the calibrator to 
a stand -by condition. 

The load current is sensed by Re in the 
positive output lead (Fig. 1) and the resultant 
voltage fed to the current limiter (Fig. 4). 
VR, is the current limiter adjustment, 
setting the base -emitter voltage of Tr 
which is normally non -conducting. When 
over -current conditions occur, Tr, is 
rendered conducting by the voltage sensed 
across Re and causes Tr, and Tr, to 
conduct. Tr, causes Tr4 to draw current 
from the error amplifier bypassing part 
of the sampling resistor chain current. 
This causes a drop in the calibrator out- 
put voltage limiting the output current. 
Simultaneously the output from Tr, 
switches on the warning lamp circuit. 

The current trip also uses Re to sense 
the output current. In the case of severe 
current overload, this voltage switches 
over a monostable circuit which operates 
a relay de- energising the high voltage 
transformer. After removing the over- 
load the calibrator may be restored to 
normal operation. 

The purpose of the voltage trip is to 
protect the voltmeter on test from 
excessive voltage. Should a pre -set voltage 
be exceeded the high voltage is removed 
in a similar way to the current trip 

Common 

Rc 
( t g.1 ) 

To warning 
lamp circuit Common 

Fig. 4. Simplified current limit circuit. 

operation. The variable control on the 
voltage trip circuit is provided by 
controlling a reference bias on a transistor 
which is normally non -conducting. If the 
main output rises sufficiently high the 
transistor conducts to operate the trip 
circuitry. 

Checking calibration: However stable 
a calibrator may be it is essential that its 
calibration should be checked regularly 
The unit should be, as far as possible, self - 
checking and any equipment needed to 
check it should be readily available. The 
particular calibrator under discussion 
can be checked using a null detector 
(preferably with high input resistance), 
a standard cell and a stable voltmeter 
with adequate resolution. 

Unknown 
voltage 

Null 
detector 

+ Vs 

Stonda'd 
- cell 

(a) 

voltage 
cal ['rotor 

(b) 

Vout-Vs 

Fig. S. Voltage calibrator and null 
detector used as (a) high resolution 
differentia, voltmeter (b) power standard 
cell. 

It has already been noted that the sample 
decade (Fi.. 2) has a `10' position, that is 

to say a 0% over -range. To distinguish 
this from the normal 10 using the I on the 
next decade up, it will, in the following, be 
designated X. This over -range facility 
means that there are two ways to arrive at 
most voltages, e.g. 20 = IO + X, 
30 = 20 + X, etc. The division accuracy 
is therefore checked by setting up each 
voltage in two ways, monitoring 
them using the voltmeter mentioned above 
and then adjusting one to equal the other 
by means of the pre -set controls. Only the 
even values are adjusted, since the design 
of the resistor chain implies that adjusting 
these resistors automatically sets the odd 
values. 

There remains the necessity of checking 
the absolute accuracy of the calibrator. 
A standard cell and a high resistance null 
detector are connected as show in Fig. 5(b). 
The calibrator on its lowest range (10V) is 
set to the nominal standard cell e.m.f. and 
the reference circuit on the calibrator 
adjusted to give a null indication against 
the standard cell. Then, using a voltmeter 
as previously, the upper ranges may, in 
turn, be checked against the over -range 
voltages on the next lowest range, e.g. 1 1 V 
on the 100V range against 1 1 V on the 10V 
range, and the appropriate range divider 
adjusted. 

This procedure allows the accuracy of the 
calibrator to be referred back to a standard 
cell which can be certified by the 
appropriate national laboratory (e.g. 
N.P.L.) while the equipment, apart from 
the cell, stays in the user's laboratory. 

Null detector 
Many measurements involve nulling a 
known voltage or resistor against an 
unknown. For this purpose an electronic 
null detector is of great value since it can 
combine high sensitivity with high input 
resistance. 

The null detector consists basically of 
high sensitivity transistor voltmeter with 
a centre zero. 

Apart from being used independently, it 
may be connected to the calibrator to form 
a high resolution differential voltmeter 

www.americanradiohistory.com

www.americanradiohistory.com


290 Wireless World, June 1970 

(Fig. 5a). An extension on this arrange- 
ment is the "power standard cell" (Fig. 5b) 
wherein a voltage equal to that of the 
standard cell, but of low source resistance 
is obtained. This is achieved by nulling the 
output of the calibrator against the stan- 
dard cell and then using the calibrator 
output as the voltage source. Variations in 
the calibrator voltage are continuously 
monitored by the null detector. The high 
input resistance of the null detector protects 
the standard cell. 

Reference Divider 

The calibrator described may be used on its 
own; this divider complements it and serves 
as an aid to checking the calibrator output. 
A simplified circuit diagram is shown in 
Fig. 6. The upper portion is a simple voltage 
divider while the lower, associated with 
the standard cell voltage, is a Kelvin -Varley 
divider. The output from this K -V divider 
is fed to a standard cell in series with a high 
resistance null detector. The ratios are such 
that, when a nominal voltage is fed directly 
into any higher tap, the voltage across the 
`standard cell' portion should be equal to 
that cell e.m.f. as set up on the K -V divider 
and can be compared with the cell e.m.f. 

Normally, the input is fed in via the over - 
voltage circuit, the two adjustment rheostats 
and the input voltage switch. The input 
voltage can then be nulled against the 
standard cell either by means of the two 
adjustment rheostats or at the source. In 
either case a slightly higher voltage than the 

nominal input voltage at the divider will 
be required to compensate for the drop in 
the rheostats and the protection circuit. 

The unit can now be used as a voltmeter 
calibrator; a suitable voltage is fed in and 
the output from this and lower taps used 

to check the cardinal points on the volt- 
meter. If the meter draws current when 

connected to a lower tap, the standardisa- 
tion procedure must be performed with the 
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Fig. 7. Kelvin - Varley divider -basic configuration. 

voltmeter in circuit, to allow for the voltage 
drop in the intermediate section of the 
divider. 

The divider may also be used to check 
power supply or voltage calibrator output 
voltages. The input voltage is fed to the 
`output' connections to avoid voltage drop 
in the rheostats and protection circuit. 
Care must be taken to avoid overloading 
the divider in these circumstances. The 
power unit output is adjusted by nulling 
against the standard cell. 

This procedure forms part of the more 
detailed calibration for the voltage cali- 
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Fig. 6. Reference divider 
-simplified circuit. 
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brator mentioned earlier. Its advantage 
is that all ranges on the calibrator are 
checked directly against the standard cell 
and a greater accuracy may be achieved. 
Moreover, the checks can be performed at a 

variety of voltages including the full scale 
value on any range of the calibrator. 

Resistive ratio standard Kelvin -Varley 
divider 
This unit serves a variety of purposes, 
including that of providing a standard 
against which to check the reference divider. 
Because ratios are unitless quantities they 
may be set up and checked without recourse 
to certification by outside bodies. This 
makes a ratio device a very useful tool in 
the standards laboratory. 

The most widely used types of ratio 
standard are the universal ratio set and the 
Kelvin -Varley divider. When used for 
resistance measurements with conventional 
galvanometers the former is more responsive 
at low values of resistance, while the K -V 
divider has advantages at high values. 
However, if a high input resistance null 
detector is employed the K -V divider can 
be used over a wider range than the 
universal resistance set and, because of its 
higher resistance (between 10 and 100kQ 
compared with 2k S2 for the U.R.S.), can 
handle higher voltages (1kV compared with 
about 50V). It is also less complex and 
therefore less expensive. 

Fig. 7 shows the basic K -V divider. 
Each decade, except for the lowest, consists 
of eleven equal resistors and the total 
resistance looking back into successive 
decades is equal to the value of two of the 
resistors in the preceding decade. Thus, 
the first decade contains eleven 10k S2 

resistors and the next decade has a total 
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resistance of 20k51.(At first sight it appears 
to be 22k 0--but read on.) 

A pair of switches shunts each decade 
across two adjacent resistors in the previous 
decade, so halving their effective value. 
Thus the resistance between the high and 
low input terminals in Fig. 7 is 100k Q. 
Similarly, the next decade has a total 
resistance of 20k Q instead of 22k Q because 
of the shunting effect of the third decade. 
And so on down the chain. The last decade 
contains only ten resistors. The load on the 
output should have a high resistance corn - 
pared with this decade if errors are not to 
occur. The input resistance of the divider 
will then be constant at all settings. 

Although only four decades are illustrat- 
ed, it is possible to cascade a large number 
if desired. The divider used in the system 
under discussion has seven decades. 

If the simple circuit of Fig. 7 was used 
for a seven decade unit the value of each 
resistor in the last decade would be 0.64 Q. 
This is inconveniently low, since wiring and 
switch resistance can have a serious effect 
on accuracy. Using a higher set of values 
in the top decade would result in an 
excessive value there. The problem is over- 
come by using higher values for the 
resistors in lower decades and then shunting 
the whole decade with a resistor to bring 
the total resistance, looking back into it, 
down to the correct value. For example, 
11x2 resistors are used in the three lowest 
decades and each decade is shunted by a 
2.5k Q resistor to bring its total resistance 
down to 2k Q. 

There remains the problem of checking 
and re- setting the division accuracy of the 
divider. The most important resistors are 
those in the highest decades and each 
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Fig. 8. Linearizing Kelvin - Varley divider. 
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Fig. 9. Tracing measurement to the 
national standard of voltage. 

resistor in the top three decades may be 
adjusted by means of a small rheostat in 
series with it. The value of the rheostat is 
sufficiently small for any instabilities not to 
affect the overall performance. 

To set up the divider we adjust the 
appropriate resistors in each of the three 
principal decades to equality with one 
another and adjust the shunt resistors on 
the second to fourth decades to render the 
resistance of the appropriate decade equal 
to two of the resistors in the preceding 
decade. Adjustment of individual resistors 
in the four lowest decades is not needed 
since the effects of normal variations in 
their values is insignificant. This procedure 
is facilitated by turning the appropriate 
section of the divider into a Wheatstone 
bridge (Fig. 8a). R, is the lowest resistor in 
the decade under test, RA and Rc are extra 
resistors used only for this purpose. The 
bridge is balanced using RA, then R, is 
replaced by R2, the next resistor in the 
decade, and the bridge re- balanced by 
adjusting R2. The process is repeated up the 
decade, adjusting R, to R in turn. The 
result is that each resistor in the chain has 
been adjusted to equality with R,. Similarly 
with the next two decades. To adjust the 
shunt resistors the circuit is slightly re- 
arranged (Fig. 8b) and, without altering the 
bridge balance control, the shunt resistor for 
the appropriate decade is adjusted so that 
the parallel combination of R, and R2, and 
subsequent decades is made equal in value 
to R,. 

The K -V divider has several applications; 
e.g. by dividing down an unknown voltage 
the unknown may be compared with a 
standard cell as with the reference divider, 
but without the unknown voltage needing 
to correspond to a cardinal point. In con- 
junction with a standard resistance, the 
K -V divider may be built into a bridge, 
the divider forming two arms, to allow 
accurate resistance measurements to be 
performed. 

Particularly important is its use to check 
the division accuracy of the reference 
divider. The reference divider and the K -V 
divider are connected into a bridge circuit, 
each forming two arms of the bridge. Both 
dividers are set to the same nominal ratio 
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and the appropriate adjustments made on 
the reference divider to balance the bridge. 
One other item which facilitates this process 
is a lead compensator. 

The complete system 
The units described together form a com- 
plete calibration system which, apart from 
the standard cell, can be checked and 
adjusted in -house to give accurate voltage 
and resistance ratio measurements traceable 
to the national standards. Fig. 9 illustrates 
the route through which the voltage 
standard's output can be traced to the 
standard cell which, in turn, can be checked 
by the national laboratory against their 
standards. Although the system reduces 
considerably the skill needed care must be 
taken to avoid errors due to thermal e.m.fs, 
(for example by using special interconnect- 
ing leads) and large ambient temperature 
variations. Last, but not least, care needs 
to be taken with earth connections,' so as 
to avoid anomalies due to common mode 
interference. 
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New Books 
Principles of Pulse Code Modulation, by K. W. 
Cattermole, aims "to give a clear exposition of 
the principles and properties that are essential 
to a full understanding of the mechanism and 
quantitative appraisal of the performance of 
p.c.m." Mathematical complexity has been 
avoided and both physical explanation and links 
with the general theory of signal presentation 
are given. The discussion of quantizing 
includes, besides the elementary theory, 
spectral distribution, optimization. prediction 
and the effect of irregularities. The section on 
coding exhibits the diversity of mechanisms. 
The author was recently appointed Professor of 
Telecommunication Systems at the University 
of Essex, in 1968. Pp. 447 including index. 182 

illustrations. Price 95s in U.K. Iliffe Books, 
Butterworth & Co., 88 Kingsway, London, 
W.C.2. 

20 Solid State Projects for the Home, by R. M. 
Marston, includes circuits for motor speed 
control. photographic timing. and metal 
detection. Besides silicon planar bipolar 
transistors the circuits employ s.c.rs, triacs, 
i.cs. and unijunction and field effect transistors. 
Helpful constructional comments are made and 
detailed component lists given. Pp.105 and 54 
illustrations. Price 25s for hard back and I8s 
for soft. Iliffe Books, Butterworth & Co., 
88 Kingsway, London. W.C.2. 
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Circuit Ideas 

Generating fast 
complementary pulses 
The circuit of Fig. 1 provides equal ampli- 
tude positive and negative pulses. The 
control voltage has no critical level. The 
zener diode provides a path for the current 
created by generators Tr, and Tr,. Poles 
a and b of the so formed unearthed source 
can be earthed by Tr, and Tr2, provided 
that the absolute value of the potential at the 
emitters of Tr, and Tr, is greater than the 
zener voltage. When the input voltage is 
negative Tr, is saturated and b is earthed. 
When the control voltage reverses polarity 
Tr, saturates and a is earthed. With the 
collector currents of Tr, and Tr, made 
equal (by adjusting VR,) the only current 
flowing through the saturated transistor is 
the current taken from the output. With a 
5.6V zener diode and an offset of under 
1mV for Tr, and Tr, the output pulses are 
equal to within 0.02 %. Greater accuracy 
can be attained using a higher voltage 
zener and with transistors having a smaller 

offset voltage. Fig. 2 shows the rise and fall 
time of the pulses at the outputs when the 
input voltage is ± 4V. 
A. IVANOV, 
Sofia, 
Bulgaria. 

Triangular waveform 
generator 
Tr, is a switching transistor which, during 
the time it is cut off due to the gating wave- 
form going negative, allows the current to 
flow into C(0.33pF) from the positive rail 
through the diode and 22k Q. The collector 
load of 100k Q adds to the resistance of the 
cut -off stage. The voltage rise across the 
capacitor is linearized in the conventional 
bootstrap manner by means of the emitter 
follower TR, and the `floating battery' of 
100pF. The diode is reverse biased due to 
this. When the gating waveform goes posi- 
tive Tr, saturates, allowing the charged 

Fig. 1. Circuit of complementary pulse 
generator. 
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capacitor to discharge through it. Here 

again, the collector load of Tr, (100k Q) 
allows Tr, to saturate easily. The rate of 
discharge of C through Tr when made 
equal to the charge rate, generates the 
triangular waveform. The output from the 
capacitor is picked off by another emitter 
follower Tr, for the purpose of providing a 
low output impedance to the load. The 
p -p amplitude of the waveform is limited 
due to the same drawback confronting the 
usual bootstrap circuit -a time is 
required for the recovery process of the 
`floating battery', when recurrent charging 
and discharging take place. Here a p -p 
amplitude of 3.0V was obtained. The com- 

Generator circuit with charge time equal 
to flyback time. 

ponent values of the circuit given provide 
a frequency of 50Hz. With suitable changes 
in value of C and adequate fast measures to 
recharge the `floating battery' the operation 
can be extended to higher audio frequencies 
as well.. Transistors used were 2N911. 
S. NAGARAJAN, 
Hyderabad, 
India. 

`Proportional' output stage 
for temperature control 
The main feature of the circuit is the high 
on/off power ratio obtained, typically 
80dB. It is basically a power phase - 
sensitive detector, and may be driven from 
the amplified output of an a.c. Wheatstone 
bridge, which is energized from the same 
supply as the output stage. The circuit 

Control circuit with low power dissipation 
when of 
shown delivers 30W into 30Q and is highly 
stable under all conditions provided that the 
heat sink for the power transistors has a 
thermal resistance not greater than about 

56V 

3 °C/W. Output power is typically about 

n sec 
0.3pW in the off state. 
M. GLUYAS and B. W. JAMES, 
University of Salford, 

Fig. 2. Rise and fall times of the circuit. Lancs. 
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Electric Field Probe 

High -impedance paper leads avoid field disturbance 

by J. Thickpenny 

Recently an active probe has been developed 
by Green' using high -impedance leads in 
the frequency range 150 kHz -30 MHz to 
measure the near ( <A) electromagnetic 
field. The r.f. signal is amplified and rectified 
inside a hollow dipole and the resulting 
d.c. voltage, which is proportional to the 
electric field intensity, is transmitted via 
high impedance leads (distributed resis- 
tance 25 ki2/ft) to a remote d.c. voltmeter. 
An impedance of this magnitude is necessary 
since metallic leads would perturb the field 
being measured. The leads used by Green 
were 30 ft long and 0.03 in. in diameter and 
comprised carbon fused into polytetra- 
fluoroethylene ( p.t.f.e.). This-type of lead 
proved to be very efficient and field measure- 
ments have been made to within I dB. How- 
ever, to date, this carbon /p.t.f.e. lead is 

unavailable on the British market so a simi- 
lar probe was constructed with leads made 
out of high impedance paper (Teledeltos 
pen recording paper). This paper -lead probe 
was very sensitive to small field changes 
and exhibited a cross field rejection >40 dB 
when tested in a capacitive field. Also 
measurements recorded in an arbitrary 
electromagnetic field were repeatable 
(± 1 dB) for any lead position as long as the 
first foot is approximately perpendicular to 
the probe length. 

The probe was constructed as shown in 

RF. Amplifier 

TABLE 1 

Results 

Probe in vertical position and 
batteries disconnected 

Mean of ten readings taken in 
horizontal plane (EH) 

Vertical measurement (Ev) 

Therefore cross field rejection 

D.V.M. 
reading 

1 7 mV 

85mV 

1077 V 

>40 dB 

Fig. 1. The r.f. amplifier, balanced rectifier 
and the two 9 -V batteries were positioned 
inside a brass tube (balanced dipole). The 
rectifier output was connected to the two 
paper leads approximately >; in. from the 
Tufnol bush. Adequate contact was made 
by wrapping the paper around the two 
protruding 20 s.w.g. output wires located 
in the Tufnol bush with plasticine and then 
covering with at least six turns of 35 s.w.g. 
wire. 

Apart from the probe end, where the 
paper was tapered, the width of the paper 
was approximately 1.25 in. and two lengths 
of 15 ft had a d.c. resistance >0-75 Mil. 
Small croc. clips were used to connect the 
paper leads to a high impedance digital 
voltmeter( > 25 MO). When taking measure- 
ments greater lead flexibility was obtained 
by folding the paper lengthwise into a "V" 

Fig. 1. Probe circuitry and dimensions. 

Balanced rectifier 

shape. The a.c. -d.c. response of the r.f. 

amplifier, rectifier, leads etc. (not including 
dipole), is shown in Fig. 2. 

Polarization tests in capacitive field 
The probe was positioned between the 
plates of a capacitor which comprised two 
90 x 110 cm pieces of metal situated 130 cm 
apart, Fig. 3. 

Due to the probe size relative to the plate 
dimensions no attempt was made to cali- 
brate the probe. However, the cross field 

polarization can be determined from this 
simple arrangement since, although plate 
fringing will distort the ideal linear vertical 
voltage distribution, the horizontal corn - 
ponent at the centre will remain effectively 
zero. 

The results are given in Table 1 and show 
a considerable improvement when com- 
pared with a dipole of the same physical 
length using metallic leads -15 dB being 
the measured cross field rejection. 

Measurements in an arbitrary 
electromagnetic field 
Due to space required at 7.7 MHz it was 
not possible to test the probe in a standard 
field. However, the effects of the paper leads, 
etc., can be shown by taking measurements 

R R .7 
:A7 

lC 
TC 

oA C 
1lC 

1.5k 

R R 

R= look 
C= 100p 

Resistors 5°/., ¡W 
Transistors 2N3983 

Digital 
voltmeter (E) 
(input>25Mf1) 

rs 

OV 

Dipole, brass tube 
o.d. 3 2cm 

thickness0-15crn 

Amplifier and rectifier 

Paper ¡cods 

Paper leads 

Tufnol bush 
+9V,-9V 

Batteries 

7 

30cm 

1.. 2mm 
p 

,1 

11.5cm 

30cm 
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9 

15 

10 

o-5 

2V max. output 

Frequency = 7.7MHz 

0 5 10 15 
Ar- "!,er input (mV) 

Fig. 2. A.c./d.c. response of electronic 
circuits. 

77MHz 
source 

20 

90 x 110cm plate 

90 x110 cm plate 

Fig. 3. Diagram of capacitor. 

ti 

Source 

20mal 

7 7MHz 

.Z. 

0.075Jí 

o 

9o° 

18o° 

270 ,x 

,y. 

Fig. 4. Diagram showing probe location. 

r' 

TABLE 2 

Results of one measurement run 

B' E(V) B° E (V) 

0 0295 180 0263 
10 0.442 190 0391 
20 0625 200 0572 
30 0775 210 0695 
40 0909 220 0856 
50 1.004 230 0979 
60 1108 240 1059 
70 1162 250 1125 
80 1187 260 1155 
90 1.188 270 1146 

100 1.162 280 1.054 
110 1.075 290 0.973 
120 0972 300 0862 
130 0835 310 0741 
140 0659 320 0567 
150 0428 330 0388 
160 0271 340 0245 
165 0-216 345 0212 
170 0180 350 0204 
175 0183 355 0.225 

Noise voltage with batteries disconnected 2 mV 

Wireless World, June 1970 

Fig. 5. The probe with its "paper" leads (0 = 2700). The assistance given by J. Bruce in 

constructing the probe is gratefully acknowledged. 

in one plane 0.075 1. from an electric source 
and rotated by 360" as shown in Fig. 4. 

The paper leads for the first foot were 
positioned parallel to the angle of rotation 
0 plus 90', and at 0 = 270` (photograph) 
they point towards the source before turn- 
ing back around the probe in the "y" 
direction (digital voltmeter situated approxi- 
mately 10 ft in "y" direction and 2 ft below 
the xy plane. The selected measurement 
plane was convenient since there was a 
max /min voltage ratio of about 6. The 
results in Table 2 from one measurement 
run give an estimation of the repeatability. 
At any one position a complete rearrange- 
ment of the paper leads only produced 
voltage variations of ± 10 %. (This is a 
random error which can be minimized by 
making many measurement runs.) 

The results show that it is possible to 
make sensible near- electric -field measure- 
ments using paper high impedance leads to 
transmit a d.c. voltage from the probe to a 
remote indicator. It has been suggested that 
silver paint would produce a better paper - 
to -wire connection but experiments made 
with a thermal- setting silver paint weakened 
the paper to breaking point under the 
slightest pressure. 

Measurement runs have also been made 
at 1000 MHz in the aperture of a 11-dB 
pyramidal horn by strapping the paper 
leads (0.25 in. wide; 100 kit per 6 in.) 
directly on to a backward diode. The elec- 
tric field distributions have not yet been 
thoroughly compared with the theoretical 
distributions but the repeatability was of 
the same order as that experienced at 
7.7 MHz. At 1000 MHz and above, due to 
the theoretical difficulties involved in cal- 
culating the electric field, especially around 
the horn aperture rim, a better assessment 
of the paper leads could probably be 
determined by cotnparing the field distri- 
butions with those obtained from another 
measurement system, e.g., the modulated 
scattering technique.' 

A further possible use for this type of 
paper would be to supply the d.c. power for 
a telemetric probe (probe which re- radiates 
a signal on the same receiving dipole), 
where at frequencies above 500 MHz the 
size of the batteries is a limitation on the 
size of the probe. 

REFERENCES 

1. Green, F. M.: "Near Zone E; M Field 
Measurement Studies," NBS Report 9191, 
March 1966. 

2. Richmond, J. H.: "A Modulated Scattering 
Technique for Measurement of Field Dis- 
tribution," I.R.E. Transaction M.T.T., July 
1955. 

Correction 
"Simple Audio Pre- amplifier" (May 1970): 
Readers may have noticed a contradiction 
between the text at the beginning of p.209 and 
the circuit diagram of Fig.4. The junction 
of C10 and R6 should go to the collector of 
Tr2 not to the emitter. The correct connec- 
tions are shown below. 

C4 
2p ( Polyester) 

Sta 
4 

R11 
560 

R14 
8.2k 

VR4 
100k 
(yin) 
Boss 
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Metal Glaze Resistors 
How metal glaze resistors are made and how they compare with 
other types 

by K. L. Dove* 

For many years circuit designers had to 
rely mainly on wire wound or carbon 
composition resistors. The former are still 
in use today when high power dissipation 
is important. Wire wound resistors are of 
high stability and can be made to close 
tolerances. The parameters can be changed 
by varying the type of wire, the former and 
encapsulation employed. The main disad- 
vantages of this type of resistor are high - 
cost, large -size and the difficulty of pro- 
ducing resistors of high ohmic value. 

Carbon composition resistors are less 
expensive because of the method of con- 
struction and the cheaper materials employ- 
ed. They have improved over the years 
and 5% tolerance is about the best that 
can be obtained at present although stability 
during life cannot be expected to be better 
than about 10%. Throughout the world 
many hundreds of millions of these resistors 
have been used annually in the less 
critical applications. However, for more de- 
manding purposes there is now a complete 
range of resistors including cracked carbon, 
metal film, tin oxide, and now thick film 
metal glaze. Table 1 shows some of the 
more important attributes of glaze resis- 
tors compared with the current limits of 
Defence Specification DEF5115 for other 
types of resistor. 

The construction of one type of carbon 
composition resistor is worth noting, as the 
glaze resistors described here are similarly 
made. Conducting carbon is dispersed 
with an insulating filler in a varnish, the ratio 
of the materials determining the resistance 
value. This coating is applied to a substrate 
and cured to form the resistor. In the glaze 

*Dubilier Condenser Co. (1925) Ltd. 

High- temperature 
soldered termination 

Tin -lead 
electroplated 
copper leods4 

Spiralled 
thick film element , 

Ceramic substrate 

Plated -on copper end -cap 

Fig. I. The construction 
glaze resistor. 

of a metal 

resistor more stable materials are used; 
metals and stable metal compounds are 
employed in place of the carbon, and fused 
glass replaces the varnish binder, resulting 
in a component of far superior stability. 

A considerable amount of development 
work has been carried out on different 
glaze materials intended for silk screen 
printed thick film circuitry. Several papers 
have shown the excellent performance of 
the glaze type of resistor although much of 
this work cannot be fully utilized because 
other components, such as high value 
capacitors. are difficult to manufacture 
using compatible printing techniques. For 
this reason, glaze resistors are being manu- 
factured by the Dubilier Condenser Co. 
(1925) Ltd., as discrete components to 
enable users to benefit from their excellent 
properties without the high cost of develop- 
ment and tooling required for the produc- 
tion of hybrid thick film circuits. 

This article describes these discrete 
resistors constructed as shown in Fig. 1. 

The ceramic substrate is coated with a 

glaze consisting primarily of a glass powder 
and a metal dispersed in an organic solvent. 
After drying the glaze is fired at tempera- 
tures up to 1150'C for up to half an hour 
so that the glass will melt and re -flow. 
After termination of the element ends the 
glassy resistive coating has a spiral cut 
in it to increase the resistance to the 
required value. The wires are then soldered 
and the assembly moulded in a silicon modi- 

fied phenolic resin to impart mechanical 
strength, uniform shape and to enhance 
the tropical characteristics. 

Design 

The choice of ceramic substrate is impor- 
tant because it has a major influence on the 
final properties of the resistor, since during 
manufacture, the glass is fused to the sub- 
strate to form an integral element. The 
ceramic substrate is usually alumina, but 
the final choice will depend on the purity, 
smoothness, inertness, strength, thermal 
conductivity, cost, resistivity, thermal ex- 
pansion and consistency. All these, in turn, 
affect the properties of the finished 
resistor. For instance the thermal conduc- 
tivity affects temperature rise. The thermal 
expansion must be similar to that of the 
fired glaze in order to prevent cracking and 
crazing of the glass coating. 

The glaze employed is of great impor- 
tance. The first glazes used as resistive 
inks were made from noble metals and 
borosilicate glass. The use of noble metals 
is undesirable due to cost although glaze 
inks containing palladium silver have been 
commercially available for several years. 
Many other metal compound glazes have 

Type of resistor 
Carbon 
Composition 

TABLE 1 
Cracked 
Carbon 

Metal 
Oxide 

Metal Glaze Metal Win 
Wound 

Service Commercial 
Pattern RFG1 RFG3 RFG5 Rating Rating RFG7 RFP1 

Length mm* 10.7 15.6 7.1 6.7 6.7 17.8 20.7 
Diameter mm* 2.7 6.4 2.5 2.5 2.5 8.0 7.1 
Watts at 70 °C 0.25 0.25 0.25 0.25 0.5 0.25 0.25 
Load life stability 15% 2% 3% 0.5% 1% 0.5% 0.05% 
Selection tolerances % 5. 10, 2 1,2,5 1,2,5 1.2,5 0.1. 0.5 0.1. 0.5 
Temp. coeff. max. ppm / °C -1200 -1200 250 100 100 50 20 
Max. surface temp °C 125 150 180 150 150 150 120 
Resistance range 100-22M0 100-2MQ 1011-150KQ 100-150K1 1012-150111? 1001-1MQ 10Q-510K0 
Humidity class H515% H62% H61% H61% H61% H60.5% H60.05% 

Max. temp. rise 55°C 80°C 110°C 25°C 50°C 80°C 30°C 

O,mens,ons to nearest 0.1 mm 
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been investigated some of which are com- 
mercially available for printing thick film 
circuits. These include titanium, chromium, 
tin, zirconium, molybdenum, tantalum, 
indium, tungsten, ruthenium, and thallium, 
used in combination with oxides, carbides 
and nitrides. 

The claims of various glaze manufac- 
turers differ widely, but the essential proper- 
ties of any metal used are that it shall not 
dissolve in glass and it should be chemically 
stable. The metal particles are divided down 
to micron sizes, and mixed with glass 
powder of a similar size and an organic 
vehicle- various other additives can be 
used to control the viscosity and thixo- 
trophy of the glaze mix, and to control the 
flow characteristics both during the appli- 
cation of the ink and during the firing oper- 
ation. Additives can also be used to control 
the properties of the finished resistor, and 
this is one of the advantages of metal glaze 
resistors, since with continued research 
and development, the properties which the 
resistor user looks for will be achieved 
and continually improved. 

The sheet resistance obtained from 
glazes 0.5 to 1 mil in thickness can now be 
varied from as low as 1052 /sq* to 10652 /sq 
and other properties such as temperature 
coefficient are continually being improved. 

The change of sheet resistivity with per- 
centage weight of metal varies considerably 
with the materials chosen for the glaze ink. 
As the percentage of glass is increased the 
resistance increases, and for a pure metal 
such as silver, the rise in resistance is very 
rapid. As the glass content increases there 
is little change in resistance until a point 
is reached where the silver particles are 
no longer in close contact and then the 
resistance rise is extremely rapid. This state 
of affairs is not satisfactory for the resistor 
designer since a reasonably linear change of 
resistance, with conductor concentration 
over a fairly wide band, is what is really 
wanted. A change of one resistance decade 
for a change of about 10% in the conductor 
concentration and a resistivity running 
from about 100 S2 /sq to 100k S2 /sq is 
usually satisfactory. 

The conductive particles in an ideal 
glaze mix are embedded in a continuous 
mixture and should, therefore, possess 
a very high degree of stability. Very low 
resistance values can, however, be less 
stable because of the lack of glass and it is 
therefore necessary to change to a metal 
which is a better conductor. Conversely, in 
order to obtain high values of sheet resis- 
tivity, a change in the metal compound 
may be preferred to a further increase in 
glass content which is likely to give an inter- 
mittent nature to the conducting particles 
in the fired glaze. Generally, it is best to keep 
the metal content between 25% and 75% 
of the total weight of the solids in the glaze. 
In order to obtain accurate and repro- 
ducible results, the firing of the glaze is done 
in a conveyor furnace as the maximum 

4 /sq the resistance of a square of resistive material 
of uniform thickness as measured between two edges 
will be the same whatever the dimensions of the square. 
As the distance between edges increases the cross - 
sectioned area of the resistive material also increases; 
one effect exactly cancels the other. -ED. 

temperature distribution and firing time 
play a critical part in the value of sheet 
resistance, temperature coefficient and 
other properties of the finished resistor. 
The atmosphere of the furnace also affects 
the resistor and certain glazes require air 
or oxygen to form oxides in the resistor, 
whilst other glazes must be fired in an inert 
atmosphere. 

After the glaze is fired to the ceramic rod, 
the terminations are applied and the element 
then forms a usable resistor. The glaze sur- 
face is then spirally cut with a diamond 
wheel to adjust the resistance value. By 
using a close pitch and more turns, the res- 
istance value can be increased by up to 
150 times the value before the spiralling. 
Besides increasing the resistance range of 
the glaze, the spiralling has the added ad- 
vantage of being able to trim the resistor to 
a very close tolerance, and resistor toler- 
ances of 2% or even 1% can be obtained 
with good yields. The temperature co- 
efficient is influenced by the aspect ratio as 
well as the glaze formulation and care must 
be taken to ensure that the resistance 
track is not made too long at the expense of 
track width as instability can result. 

Characteristics 
The temperature coefficient usually varies 
with sheet resistivity, i.e. the metal content 
and type of metal in the glaze. Pure metals 
usually exhibit a positive temperature co- 
efficient while semiconductors have nega- 
tive temperature coefficients. The values 
for metal glaze resistors may be either posi- 
tive or negative depending on the ratio of 
metal-to -metal compound and the glass 
content, and can generally be controlled 
within ±200p.p.m./ °C and some glazes 
and concentrations yield ±50p.p.m. 

Because of the method of construction 
and the extremely high temperature used for 
firing, metal glaze resistors may be run at 
very high temperatures and loads. Several 
papers have been published which indicate 
that ratings of 10W per square inch of 
film area are readily available with inter- 
mittent loading to 100W at temperatures up 
to 225 °C. 

The film in the discrete resistor described 
here can be rated at 25 to 50W per square 
inch, but it must be remembered that this 
is due to the good heat conductivity of the 
ceramic substrate, the quality of the term- 
ination joint to the element and finally dissi- 
pation by the wires. 

Metal glaze resistors constructed in the 
manner described meet fully all the require- 

60 

P 50 

;7, ao 
0 

30 

E 20 

10 % of rating 
40 60 80 100 200 
01 (32 3 0.4 0-5 

Watts 

Fig. 2. Typical temperature rise with 
power dissipation for the RGO7 resistor. 

o 

(a) (b) (c) 

1/2 0 1/2 
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°lc 

1/2 O h 

Fig. 3. Typical test results showing the 
percentage change of resistance for given 
conditions. (a) Conditions as per 
DEF5115 /RFG5F at rated volts at 
70 °C for 2000 hours; spec. limit ±3 %. 
(b) Same conditions as (a) but for 
10,000 hours. (c) Tropical exposure with 
light load for 1,344 hrs; spec. limit 
+ 1 %. 

ments of DEF 5115 -1 Pattern RFG5 and 
have superior performance under condi- 
tions of overload due to the thick robust 
film surface and alumina ceramic which 
dissipates the heat more readily than other 
substrates. (The thermal conductivity of 
ceramic is 5 to 10 times that of glass.) 
Fig. 2 shows the increase in surface tempera- 
ture with percentage of rated power input 
which demonstrates how cool this type of 
resistor will run. 

It is a well known fact that an increase 
in temperature increases the degradation 
rate of electronic components and the fact 
that this metal glaze resistor runs cooler 
than equivalent types, under the same con- 
ditions of loading, contributes to the excel- 
lent life test data shown in Fig. 3. It can be 
seen that when the metal glaze resistors are 
tested at rated wattage and 70 °C for 1.5 
hours on load 0.5 hour off, in accordance 
with DEF 5115, that the change of resis- 
tance value is well within the limit of ± 3% 
allowed at 2000 hours of testing. A histo- 
gram after 10,000 hours (i.e. 5 times the 
normal specification limit) shows the per- 
centage change of resistance is still well 
within the specified limit of ± 3 %. 

47th Edition 
The Radio Amateur's Handbook, the 47th 
(1970) edition by the American Radio Relay 
League, has new material throughout. The 
portable /mobile and aerial chapters have been 
completely rewritten. Semiconductor tables 
have been much expanded. Among the new 
construction projects are universal power 
supplies (for all voltages from 3 to 3000V); 
solid -state receivers, transmitters and 
converters. Two new linear amplifiers are 
described in the transmitting chapter. Pp. 710. 
American Radio Relay League, Newington, 
Conn., 0611 U.S.A. Price 48s from The 
Modern Book Co., 19 -21 Praed Street, London 
W.2. 
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World of Amateur Radio 

Amateurs seek more space 
facilities 
The recent meeting in Brussels of the 
I.A.R.U. Region 1 v.h.f. working group 
has been concerned with preparations for 
next year's I.T.U. world administrative 
conference on space communications. 
While amateurs are concerned primarily 
with retaining their present frequency 
allocations in the face of increasing pres- 
sures from other services, they also want 
to obtain less restrictive regulations on their 
space activities. At present international 
regulations permit the use of artificial satel- 
lites in the band 144 to 146MHz only. 
Official support is being sought for widening 
both the definition of amateur space com- 
munication activities and for the extension 
of facilities to all u.h.f. bands up to 10GHz. 
While such proposals already appear to 
have official backing in the United States, 
the response from Region 1 countries is 
considered disappointing. 

The American organization A.M.S.A.T. 
is planning a long -life, multi -channel active 
transposer -type satellite for Oscar VI 
(to be known as Oscar B until launch) 
carrying experimental packages from other 
groups. The British "Project Trident" group 
is hoping to build a transposer -type 
satellite with 144MHz for the up path and 
433MHz down. 

B.A.T.C.'s 21st Anniversary 
Convention 
In 1949, a young British amateur, Mike 
Barlow, G3CVO (now a professional 
television broadcast engineer in Canada), 
began circulating a duplicated newsheet 
called "CQ -TV" and so launched the 
British Amateur Television Club. The 
following year, Ivan Howard, G2DUS, 
exhibited an amateur -built camera channel 
at the R.S.G.B. exhibition and soon after 
assisted in 430 -MHz tests which resulted 
in the Post Office agreeing to grant amateur 
TV licences. 

Since then many forms of amateur TV 
activity have continued to appeal to a group 
which, although never amounting to more 
than a few per cent of licensed amateurs 
(there are currently about 180 stations 
licensed for amateur TV in the U.K.), make 
up for this by the quality of their efforts. 

B.A.T.C. membership ranges from young 
amateur enthusiasts to senior engineers 
professionally engaged in television. Much 
of the appeal stems from the chance to 
pursue independent activities, free from 
professional direction, and the achievement 
of making for a few pounds equipment 
which would cost perhaps £500 to buy. 

To mark its 21st anniversary the club 
is holding a two -day convention on 
amateur TV at Churchill College, Cam- 
bridge, on July 25th & 26th, featuring lec- 
tures, films and video tapes, visits to an 
equipment manufacturer and to amateur 
stations, an exhibition of amateur equip- 
ment, and a convention dinner on the 
Saturday evening. It is expected that 
demonstrations of the reception ofanumber 
of amateur TV stations will be possible at 
the College. Residential accommodation 
will be available from the Friday or 
Saturday evening until Sunday tea -time. 
Ladies will be welcome at all events. 

For a still relatively small group the 
programme is an ambitious one. Con- 
vention forms available from D. S. Reid, 
71A Rose Valley, Brentwood, Essex. 

Illegal operation 
The Minpostel and the Post Office appear 
to have stepped up their efforts recently 
to break up the blatant "pirate" operation 
which has been going on for a long time 
around 6.5MHz. Until quite recently this 
part of the spectrum has appeared at times 
to have been virtually taken over for 
"amateur- type" operation by pirates, 
often posing as part of Army Cadet 
networks. 

Telecommunications Day 
Among the special- activity stations 
expected to commemorate the second 
World Telecommunications Day (May 
17th) are 4U7ITU in Geneva and GB2ITU 
and GB3ITU in London. The theme of the 
day is the use of telecommunications for 
educational purposes and the training of 
telecommunications specialists. A special 
c.w. contest on May 16th and a phone 
contest on May 17th (all h.f. bands) has 
been sponsored by the Brazilian Ministry 
of Communications. An I.T.U. Trophy 

will go for one year to the national 
society of the country whose top ten con- 
testants score the most points, with a gold, 
silver and bronze medal to the three 
highest scoring amateurs. 

Mobile rallies 
The 1970 mobile rally season is now in 

full swing, and the following are among 
the many events planned for June. A tenth 
anniversary rally at H.M.S. Mercury, 
Petersfield. Hants, on June 14th organized 
by the Royal Navy Amateur Radio Society 
and the Portsmouth and Fareham radio 
clubs. An Anglian rally at the Suffolk 
Showground, Ipswich, on June 20th -21st. 
The annual rally of the University College 
of Swansea amateur radio society at 
Singleton Park, Swansea, on June 21st. 
The Longleat Safari rally (Longleat House, 
near Warminster) on June 28th organized 
by Bristol R.S.G.B. group. 

An Edwardian amateur 
A link extending back 54 years to the early 
amateur radio era of 1906 -1914 has been 
broken with the death, at the age of 82, 
of Maurice Child. He founded the London 
Telegraphic Training College at Earls 
Court and held such callsigns as ECX 
and, in the early 'twenties, 2DC. The 1 -kW 
spark transmitter at his training school 
became one of the best -known amateur 
stations in the pre -1914 period, his licence 
officially permitting contacts up to ten 
miles. He had witnessed the early Marconi 
experiments between Poole and the Isle 
of Wight. He was associated with many 
pioneering events, including the radio coach 
"6ZZ" attached to an L.N.E.R. train in 

July, 1924, to investigate the feasibility of 
radio communication with trains. 

In Brief: The Morse proficiency trans- 
missions (20 to 40 words per minute) on 
G3BZU have been restarted on the first 
Tuesday of each month at 20.00 B.S.T. on 
3520kHz. Certificates are issued for correct 
copy (QRQ Manager, Royal Navy Amateur 
Radio Society, H.M.S. Mercury, Peters - 
field, Hants.) .... JA3XPO is the callsign 
of the official EXPO 70 station at Osaka, 
active on all h.f. bands on c.w. and s.s.b. 
.... The address of the QSL Bureau of the 
Irish Radio Transmitters Society has been 
changed to: P.O. Box 462. 12 Stella 
Avenue, Dublir First station to gain 
the new five -band "worked all states" award 
was W 1AX (formerly W 1JYH) .... During 
1969, the A.R.R.L. issued 2000 "worked 
all continents" awards . . . . Rhodesian 
beacon station, ZE2AZE, is operating on a 
24 -hour basis on 69.998 MHz .... Ever 
heard of a country called "Market "? The 
A.R.R.L. has recently added this little 
known island, located exactly on the 
boundary between Finland and Sweden, 
to the official DXCC country list ... . 

A portable station operated by the Cam- 
bridge University Wireless Society has 
made the first 1296 MHz contacts between 
the Isle of Man and England and Wales. 

PAT HAWKER, G3VA 
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Personalities 

Data Recognition Ltd, of Reading, 
has announced the appointment of 
David J. B. Carter, A.M.I.E.E., 
Grad.I.E.R.E., and Brian F. 
Bradford, A.M.I.E.E., as senior 
sales executives. Mr. Carter was 
with Trend Electronics for 21 
years as home sales manager prior 
to joining Data Recognition. 
Before that he worked for Elliott 
Automation as a systems sales 
engineer and for I.C.I. as an 
electronics development engineer. 
David Carter was awarded a 
Thoroughgood scholarship in 1959 
and studied electrical /electronics 
engineering at Reading Technical 

David Carter 

College. Mr. Bradford was. until 
recently. with I.B.M.. where he was 
a systems engineer specializing in 
document readers. Prior to that, he 
was a product marketing manager 
with SGS- Fairchild Semiconduc- 
tors, which he joined in 1966 after 
spending seven years with 
Solartron Ltd. Data Recognition 
has also appointed P. J. Pullen, 
who joined the engineering service 
department two years ago, a sales 
executive. Mr. Pullen, who is 31, 
was a service engineer with 
Ohrtronics Ltd and Kode 
Electronics before joining Data 
Recognition. 

Clive Hollins has joined Brookdeal 
Electronics Ltd as chief of test at 
their new factory in Market Street, 
Bracknell. Much of Mr. Hollins' 
experience of electronics was 
gained in the Navy in which he 
enlisted in 1955 as junior radio 

electrician's mate (Air). After 
initial training he moved to the 
Fleet Air Arm where he worked on 
airborne radar and radio 
equipment and, for the last two 
and a half years of his service. on 
ground installations at R.N.A.S., 
Lossiemouth in Scotland. On 
leaving the Fleet Air Arm in 1968 
he was employed by Racal -BCC 
as an electronics tester and 
subsequently as test engineer. Mr. 
Hollins, who is 31, is an amateur 
radio transmitter (G8BOU) and 
acts as radio instructor and 
communications officer to Wind- 
sor and Eton Sea Cadets Corps. 
Brookdeal have also announced 
the appointment of 29- year -old Ian 
Stimpson as senior product 
development engineer at the 
Bracknell factory. Mr. Stimpson 
gained his early experience of the 
electronics industry with Ultra 
Electronics which he joined in 
1959 as a student apprentice. 
During his apprenticeship he took 
a sandwich course at Southall 
Technical College, obtaining his 
Higher National Diploma. From 
1964 until his present appointment 
he had been with Strand Electric, 
initially as design engineer and 
later as head of their electronic 
design section. 

Harold Stem, B.Sc.. recently joined 
Techmation Ltd, of Edgware, to 
co- ordinate and control the 
company's marketing activities. 
Mr. Stern. who contributes an 
article on a modern direct voltage 
calibration system in this issue, 
graduated in physics and 
mathematics from Queen Mary 
College. London University, in 
1953. He has served with several 
companies, including E.M.I. 
Electronics, Cawkell Research & 
Electronics, Honeywell Controls 
and latterly with Fluke Interna- 
tional Corporation where he was 
sales manager. Techmation have 
also announced the appointment of 
Vic Holmes as service manager, 
with full responsibility for 
customer liaison and the running 
of the Electronic Service Depart- 
ment. He joined the company di 
July 1969 having previously 
worked for Caps Research and 
Advance Electronics. 

Robert Hirst, M.I.E.R.E., has been 
appointed director of engineering 
to Audits of Great Britain Ltd. 
the company which carries out 
national television audience 
measurement surveys. Mr. Hirst, 
aged 35, who has frequently 

Robert Hirst 

contributed to Wireless World 
was with Standard Telephones and 
Cables where he was initially an 
engineering group leader on design, 
development and planning of h.f. 
products and latterly manager of 
special assignments in the Aviation 
Division. 

Dr. George H. Brown, executive 
vice -president (patents and licens- 
ing) of RCA Corporation, has 
accepted the invitation of the 
Royal Television Society to 
become a fellow. Dr. Brown has 
been with RCA since 1933 where 
his early work was on the 
development of the turnstile aerial 
for television and v.h.f. sound 
broadcasting. From 1948 to 1957 
Dr. Brown played a leading part in 
the development of the N.T.S.C. 
colour television system. 

R. M. Denny, M.I.E.R.E., has 
joined the London executive staff 
of Rediffusion Ltd with a view to 
his being appointed, in due course, 
to the boards of companies in the 
Rediffusion Group. From 1955 
until last month, Mr. Denny, who 
is 43. served with A.T.V. Network 
Ltd where he was at one time head 
of the sound department and since 
1967 had been general manager 
(Elstree). Prior to joining ATV Mr. 
Denny was with the B.B.C. for 
nine years and also spent three 
years in the Royal Navy. 

A Ministry Liaison Officer has 
been appointed by Cambridge 
Consultants. He is Wing 
Commander Alec Cross, O.B.E., 
who joined the R.A.F. in 1926 as a 

technical apprentice. and was 
commissioned in the Flying 
Branch in 1939. Since 1949, he 
has held a number of appointments 
including Commander of the 
Underwater Missiles Unit at 
Gosport. Commander R.A.F. 
Porton and Commander of the 

Strategic Bombing Group at 
Boscombe Down. For two and a 

half years he did research work 
with the United States Air Force in 
Florida. Cambridge Consultants 
claims to be the largest 
independent contract R & D 
company in Britain. 

Bernard Ness is joining The 
Plessey Company Ltd on July 1st 
as a divisional director within the 
Components Group. He will 
assume responsibility for the 
development of the Garrard 
operation and other Plessey 
consumer activities in audio /visual 
communications. Mr. Ness, who is 
45, was formerly with E.M.I., the 
Rank Organization and R.C.A. 

Ronald M. White, has been 
appointed marketing director of 
Advance Filmcap Ltd, of 
Wrexham, the capacitor subsidiary 
of Advance Electronics. He joined 
the company just over a year ago 
from Electrosil where he was a 
Northern Area sales manager for a 
number of years. Mr. White 
previously spent three years with 
Plessey as a sales engineer having 
started his engineering career with 
G.E.C. in Coventry. 

Frank Clements, who has been in 
charge of all engineering and 
development work at Teleng since 
he joined the company 15 years 
ago. has been appointed chief 
engineer. Mr. Clements, who was 
for 2+ years a lecturer in electronic 
experimentation at St. Xavier's 
College. Bombay. where he 
graduated. joined Teleng shortly 
after its formation as Telefusion 
Engineering Ltd in 1955. The 
company. which operates from 
South Ockendon. Essex, special- 
izes in television distribution 
systems. 

The Dubilier Condenser Company 
has announced the appointment of 
Bernard V. Sargent, A.M.I.E.E., as 

Bernard Sargent 

marketing manager. Prior to 
joining Dubilier he held executive 
appointments with Flectrosil, 
M.E.C. and The Plessey Co. 
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New Products 

F.M. /A.M. 
Demodulator I.C. 
Two integrated circuits from Signetics 
International, the first of their kind, will 

precisely duplicate the frequency of a signal 
and can demodulate f.m. and a.m. wave- 
forms without tuned circuits. These new 
products represent the first of a family of 
phase -locked -loop linear integrated cir- 
cuits. Categorized as NE560B and 
NE561B, the frequency range is from 
1Hz to 30MHz and the lock range is 

adjustable from ± 1% to ± 15 %. These 
circuits will operate with signals of 100pV 
to IV, with best operation at an input of 
5mV. Signetics International, Trident 
House, Station Road, Hayes, Middx. 
WW 301 for further details 

PAL Delay Line 
A miniature solid delay line specially 
designed for use with PAL systems is 

available from Impectron. Dimensions are: 
height 44.2mm, width 49.2mm and depth 
7.3mm. Called the MS9P, it has a delay 
time tolerance of ± 3ns at a nominal 
frequency of 4.433619MHz on the 
nominal delay time of 63,943ps. Impectron 
Ltd, Impectron House, 29/31 King Street, 
London W.3. 
WW 302 for further details 

Broadband "Discone" Aerial 
A vertically polarized "discone" aerial 
designed for field communication is avail- 
able from Microwave International. The 
unit is mounted on a ground plane of 12 

radials. A cylindrical radome encloses the 

vertex of the cone for structural strength 
and waterproofing. It is supplied with a 

base flange for mounting. The frequency 
range is 250- 1000MHz, radiation pattern 
omnidirectional, input impedance 5052, 

input power 750W, and weight 4kg. 
Microwave International (U.K.) Ltd., 
33 -37 Cowleaze Road, Kingston upon 
Thames, Surrey. 
WW 304 for further details 

Inverter Assemblies 
The M48 E.H.S. augments the standard 
range of low -power output inverter modules 
introduced last year by Gardners Trans- 
formers. It offers power ratings up to 30 W 
stabilized or 50 W unstabilized in a standard 
mechanical assembly. The assembly in- 

corporates a single power stabilizer which 
would be fitted in the d.c. output line for 

single output inverters or in the input to the 
inverter where multiple outputs are speci- 
fied. The whole assembly is encased in resin 
which is highly conductive thermally and 
shock absorbent. Input and output con- 
nections are by flying leads. Gardners 
Transformers Limited, Christchurch. 
Hants. 
WW 312 for further details 

High -speed Switching 
Transistor 
A silicon transistor, type MM4049, with an 
extremely high switching speed, is now 
available from Motorola. Claimed to repre- 
sent a significant advance in p -n -p current - 
mode switches, the device has a minimumfT 
of 4GHz and a typical Cob of 0.8pF. These 
values are respectively double and half the 
values for previous similar switching 
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devices. Other important characteristics of 
the MM4049 include a maximum leakage 
current of 10nA (at 10V) and a d.c. current 
gain of 20 to 80 (at 25mA and 2V). 

Primarily designed for use as a high - 
frequency current -mode switch in digital 

circuit applications such as pulse generators, 
counters, radar receivers and computers, 
the device will also be useful as an r.f. 

amplifier and oscillator due to its extremely 
high current -gain/bandwidth. Its low 
collector -base time constant (15ps max.) 
also enables it Io be applied in some u.h.f. 
linear applications. The device is packaged 
in a TO -72 can and exhibits a high degree 
of resistance to neutron radiation. Cost is 

93s I1 d each for quantities of 100. Motorola 
Semiconductors Ltd, York House, Empire 
Way, Wembley, Middx. 
WW 311 for further details 

Frequency Converter 
Most electronic equipment will operate 
equally well from 50Hz or 60Hz supplies 
but some devices, such as chart drive 
motors, or constant voltage transformers, 

J-Tr. 

must be fed with the correct frequency. 
Other devices cannot tolerate the short- 
term variations of local mains supply. 
The frequency converter unit shown here, 
type FC 110 / -i -, provides a supply of 
110W at the required frequency and is 

powered by local mains. The unit in the 
photograph is an export version, accept- 
ing either 110V or 220V input at 60Hz, 
and delivering either 115V or 230V at 
50Hz. Variants are available for opera- 
tion from 50Hz supplies, to deliver 
60Hz and to deliver 50Hz with a 
stability of a few parts in one thousand. 
It is possible to lock these to an external 
signal. Other variants provide crystal 
control of frequency, 50Hz/60Hz interlock 
to permit synchronization in a mixed 
Anglo-American system, 400Hz output. 
The distortion figure for this particular 
unit is under 10%, but lower distortion 
levels can be provided. A square wave 
output can be offered at a slightly lower 
cost. R. Gilfillan & Co. Ltd, Southdown - 
view Road, Worthing, Sussex. 
WW 305 for further details 

I.C. for TV 
Sound Systems 
The CA3065 from RCA is a 14 -lead dual - 
in -line plastic package incorporating a 
monolithic integrated circuit which corn- 
bines a multi -stage i.f. amplifier limiter, an 
f.m. detector, an attenuator, a zener diode 
power- supply regulator and an audio 
amplifier- driver. Drive to the audio output 
stage of a television receiver is achieved via 
the audio amplifier -driver which is designed 
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so that it may be directly counled with either 
an n -p -n power transistor or a high- trans- 
conductance valve. Replacing the conven- 
tional volume control is the "electronic" 
attenuator in which the bias levels are 
changed by means of a variable resistor 
connected between the control terminal and 
earth. There is no audio signal present at this 
terminal and therefore hum and noise can 
be bypassed. The audio drive capability is 
6mA pk -pk and the undistorted audio 
output voltage is 7V pk -pk. Electronic 
Components Division, RCA Ltd, Sunbury - 
on- Thames, Middlesex. 
WW 309 for further details 

Heatsink for Lc. Module 
To give extra power handling ability to 
integrated circuit modules Redpoint has 
produced heatsinks type DIP 14/1 and 
DIP 14/4. The sink is of finned aluminium, 
and heat resistant silicon rubber springs 

ensure good thermal contact between the 
sink and the module. The DIP14 /1 and 
DIPI4 /4 are rated at 30 °C and 28 °C per 
watt respectively. Redpoint Ltd, Lynton 
Road, Cheney Manor, Swindon, Wilts. 
WW 316 for further details 

Op -amp Power Unit 
Type 705 dual power supply from Micro- 
test, is a low -cost unit for analogue and 
digital integrated circuits. The output 
voltages are independently adjustable from 
± 12V to ± 15V at 100mA. For series 
connection the output is variable from 24 to 
30V. Mains regulation is 0.01% and load 
regulation better than 0.02%. Ripple and 
noise amount to less than 2501./V peak -to- 
peak. Current protection takes the form of 
foldback limiting. Price £ 18. Microtest Ltd, 
28 Walker Lines. Bodmin, Cornwall. 
WW 310 for further details 

I.Cs for Data 
Communication Interfaces 
Motorola have available a quad d.t.l. line 
driver (type MC 1488L) and quad d.t.l. line 
receiver (type MC 1489L), which have been 
specifically designed for interfacing data - 
transmission lines with ancillary equip- 
ment. Principal characteristics of the 
MC 1488L driver include a current -limited 
output of IOmA maximum, an output 
resistance of 300Q minimum, a flexible 
operating supply range, and simple slew - 
rate control by means of an external capa- 
citor. The MC 1489L receiver has an input 

resistance of 3 to 7 k Q_ an innert cional ranor 
of ± 30V, good input threshold hysteresis, 
and response control for logic threshold 
and noise filtering. Up to four lines can be 
driven (or received), by the two devices, 
which each contain four integrated cir- 
cuits. 

Both the MC 1488L and MC 1489L are 
available in four -circuit 14 -pin dual -in -line 
ceramic packages, and have an operating 
temperature range of 0 to 70 °C. Prices for 
100 or more are 93s l Id and 83s 6d each 
respectively. Motorola Semiconductors 
Ltd, York House, Empire Way, Wembley, 
Middx. 
WW330 for further details 

Miniature Wafer Switches 
A range of miniature rotary moulded 
wafer switches is being produced by Lorlin 
Electronic Co. Only 25mm in diameter 
each switch is made up of self -spacing 
wafers with a diecast indexing mechanism. 
The range of wafers extends from 1 -pole 
12 -way to 6 -pole 2 -way, and indexing 
can be 30 °, 45° or 90 °. Prices range from 
6s 9d each for a single wafer switch to 
24s each for a six wafer assembly -in 
quantities of 500. Lorlin Electronic Co. 
Ltd, Billingshurst, Sussex. 
WW306 for further details 

2O0W Heatsink Resistors 
C.G.S. have now increased the HS range of 
aluminium housed, power wirewound 
resistors to include 100 and 200W sizes. 
The HSC 100 and HSC200 are designed 
for direct chassis attachment and are 

under half the physical size of existing high - 
wattage vitreous resistors of equivalent 
power rating. Resistance values are avail- 
able between 0.10 and 50kO. The C.G.S. 
Resistance Co. Ltd. Marsh Lane, Gosport 
Street, Lymington, Hants. 
WW307 for further details 

Microwave Aerial Feed 
A 2- channel monopulse aerial feed which 
operates over the range 1,425 to 2,300 
MHz is now available from Microwave 
International. It is suitable for exciting 
nearly any size of parabolic reflector. 
Sidelobe levels of less than -22dB have 
been achieved for both sum and difference 

channels over the full frequency band 
thereby minimizing ground reflections. 
Other main specifications are: impedance 
500 coaxial, null depth 40dB min.. 
v.s.w.r. 2 max., sum channel axial ratio 
2dB max., and sum /difference isolation 
35dB max. The unit weighs less than 
3.18kg and will handle 50W. Gain is 
26 -30dB and beamwidth 7 -5 °. Microwave 
International (U.K.) Ltd, 33 -37 Cowleaze 
Road, Kinston -upon- Thames, Surrey. 
WW303 for further details 

Miniature Tantalum 
Capacitors 
A range of miniature tubular sintered -anode 
tantalum capacitors has been introduced 
by Sprague. They are designed for operation 
over the temperature range - 55 °C to 

tI 
+ 85 °C without voltage derating, and are 
protected against electrolyte leakage and 
lead breakage. Sprague Electric (U.K.) 
Ltd., Sprague House, 159 High Street, 
Yiewsley, West Drayton, Middx. 
WW 314 for further details 

TV Boost Amplifier 
A wide -band TV boost amplifier with a 
12dB gain and a complementary power unit 
are introduced by Teleng. The amplifier, 
type SX5341, is fitted to the aerial mast- 
head to boost aerial output in areas of low 
signal strength. It receives its power from 
the separate power unit, type SX5342, 
which can be installed in any convenient 
position where a mains supply is available. 
The screened transistor amplifier has sep- 
arate input circuits for u.h.f. and v.h.f. 
signals, which are then diplexed together by 
low -loss filter sections. The v.h.f. input cir- 
cuit incorporates two filter traps covering 
the 70 to 170MHz band which can be tuned 
to reduce the effect of interfering signals. 
The units each measure 136 X 96 X 
54 mm. Teleng Ltd, South Ockendon, 
Essex. 
WW 315 for further details 

U.H.F. Wired 
TV Amplifier 
A solid -state u.h.f. amplifier, in the TA900 
series, by Thorn Bendix, is available with 
gains of 19dB or 38dB and can be a.c. or 
d.c. powered. The amplifier module has a 
bandwidth of 470 - 860MHz and offers a 
high output with low noise level. Input and 
output impedances are 75a Operating 
from 12V d.c., the TA90I has a gain of 
19dB + 1dB and the TA902 a gain of 
38dB ± 2dB; power requirements are 
40mA and 80mA respectively. Of the mains - 

operated units the TA9I 1 and the TA912 
have similar gains but power requirements 
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are 5W and 7W a.c. respectively. The 
TA900 series amplifiers provide com- 
panions to the existing TA200 and TT 100 
series, in that together they form a complete 
system suitable for the distribution of u.h.f. 
and v.h.f. signals at fundamental frequen- 
cies, in blocks of flats and small estates. 
The d.c. units TA90I and TA902 can be 

powered from the companion TA200 or 
TT 100 units. Thorn Bendix Ltd, Industrial 
Electronics Division, Beech Avenue. New 
Basford, Nottingham NG7 7JJ. 
WW 313 for further details 

Logic -state Indicator 
An electronic device, in custom hybrid 
form, which gives visual indication of the 
state of binary logic circuits is announced 
by Newmarket Transistors. This device 
uses a gallium phosphide electro- 
luminescent diode attached to a thick film 
hybrid microcircuit. It has three leads and 
is encapsulated within maximum 

dimensions of 5mm. The circuit contains 
one transistor, one diode and two resistors 
and is designed to operate from a 5 -V 
4 -mA supply. It indicates logic states of 
"0" (0.5V lamp of]) and "1" (2.5V lamp 
on) with input currents of 51.4A and 
30 ,2A respectively. Newmarket Transis- 
tors Ltd. Exning Road, Newmarket. 
Suffolk. 
WW 317 for further details 

Moulded Power Resistors 
The PM range of wirewound miniature 
resistors from the C.G.S. Resistance 
Company, provides low resistance values 
down to 0.055 in four wattage ratings - 
3.5, 7, 10 and 14W. The units have small, 
insulated bodies and tolerances down to 
+ 1 %. Prices are from is 7d each. The 
C.G.S. Resistance Company Limited, 
Marsh Lane, Gosport Street, Lymington, 
Hampshire SO4 9YQ. 
WW325 for further details 

C.C.TV Monitors 
A new range of closed- circuit TV monitors 
are being produced by Cotron Electronics 
with most of the components mounted on 
p.c. boards. This allows for easy servicing 
by replacing boards, and also enables 
boards to be sold as separate units for 
incorporation in custom -built display 

cabinets. A range of c.r.ts from 280 to 610 
mm, with 70, 90 or 11C° deflection can be 

accommodated provided the e.h.t. required 
is 16kV and the neck diameter 28mm. The 
standard unit is based on a 280 -mm c.r.t. 
It is constructed of aluminium with the 
two main printed boards hinged on 
either side of the unit. The front panel is 

removable and the c.r.t. can be withdrawn 
through the front. The only front panel 
controls are 'contrast', 'brightness' and 
'on /off'. Two versions are available -for 
625 -line 50 field /sec and 525 -line 60 
field /sec. Signal inputs required are 0.5- 
2V video. composite or non -composite. 
positive- going, and IOmV -2V synchroniz- 
ing. negative - going. Frequency response is 

-3dB at 8MHz ( -3dB at 10MHz if 
required). Geometry and linearity is less 

than 2% from ideal. Line synchronization 
incorporates flywheel lock with a hold -in 
range of ± 1kHz. and a black -level clamp 
is used in the form of a gated d.c. restorer. 
The monitor in its standard form measures 
245 X 315 X 305 mm and weighs 8.5kg. 
Price £155. Cotron Electronics Ltd, 12 

Harecroft Crescent. Sapcote, Leicester. 
WW 322 for further details 

Waveguide Balanced Mixer 
A waveguide balanced microwave mixer 
which the makers call the Micromode 
Mixer is available from Micro 
Metalsmiths, in either brass or aluminium 
alloys. It is obtainable in the frequency 
ranges 9- 10GHz, v.s.w.r. 2 (max). or 
9.2- 9.6GHz, v.s.w.r. 1.7 (max). Isolation is 

20dB (min). The device measures 49mm 
across the flanges which are situated at 
180° from each other, with the crystals 
and mixing strip mounted between them. 
Although basically broad -band, the mixer 
can be optimized electrically for better 
v.s.w.r. over restricted bandwidths within 
the complete waveguide band. Micro 
Metalsmiths Ltd, Kirby Moorside. York 
YO6 6DW. 
WW 320 for further details 

Low -cost I.C. Amplifiers 
Motorola Semiconductors have 
announced a range of low -cost integrated 
circuits for the consumer- equipment field. 
Known as MFC units, these plastic - 
encapsulated devices use smaller chips and 
contain fewer circuit elements than the 
professional- equipment range of i.cs. They 

also have wider pin spacing to make them 
suitable for the printed -circuit boards used 

in consumer products. The first two 
devices in the range to be introduced are a 

low -power audio amplifier and a 

wide -band amplifier. Type MFC4000, is a 

250 -mW a.f. amplifier with a low total 
harmonic distortion (typically, 0.7% at 

50mW output) and is designed for pocket 
radio receivers. Contained in a four -lead 

package. it includes six transistors, three 
diodes and five resistors and requires no 

output transformer to match to a 16 -n 
load. The input sensitivity is 15mV r.m.s. 
for 50mW output. It requires a 9 -V d.c. 

supply and the quiescent current is 3.5mA. 
The second unit, type MFC4010, is a 

high -gain (60dB) wide -band (100Hz to 
4MHz. -6dB points) amplifier that could 

be used either as a general -purpose a.f. 

amplifier or as an i.f. amplifier at 465kHz. 
Typical output noise is lmV r.m.s. 
Maximum power supply potential is 18V 
and typical current drain is 3mA. This i.c. 
contains three transistors and five 
resistors. Motorola Semiconductors Ltd, 
York House, Empire Way, Wembley, 
Middx. 
WW 321 for further details 

Mobile Communication 
Aerial 
The ASP629 whip aerial from Antenna 
Specialists for vehicle mounted v.h.f. 
communciation systems offers 2.5dB gain 
relative to a :-wave aerial. It consists of 
a stainless steel whip and matching trans- 
former assembly. The frequency range is 

130- 174MHz, and interference suppression 
ratio better than 6dB relative to +-wave 
aerial. The mounting hole required is 

in diameter. No access is required to 
inside of car. The overall length at 170MHz 
is 1 metre. The price is £3.6.0. Antenna 
Specialists UK Ltd, 66 Bolsover Street, 
London W.I. 
WW308 for further details 

Instant P.C. Boards 
What are called Bishop Circuit Zaps are 
pre- etched, pressure- sensitive, copper 
component patterns, pads, and conductor 
paths designed to eliminate most of 
the conventional processes in prototype 
circuit development. They comprise 28gm 
copper on 0.6mm glass epoxy film backed 
by a pressure -sensitive adhesive. This 
enables printed wiring boards and test 
circuits to be made directly from the 
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component layout in one operation. It can 
be laid down on a standard epoxy p.c. 
base board in the same manner as 
pressure- sensitive drafting aids, and 
adjusted until the design matches the 
schematic drawing. Holes are then drilled 
for inserting terminal stakes which 
requires the use of a special spring -loaded 
insertion tool and anvil. Holes for 
component insertion are drilled in the 
normal manner. Free samples are 
obtainable from the supplier: Oswald E. 
Boll, 4a Commercial Road, Woking, 
Surrey. 
WW 323 for further details 

Miniature Electrolytic 
Capacitors 
A new design of miniature electrolytic 
capacitor is announced by ITT. The 
capacitors, coded Type EN 12.35 cover 
voltage ranges from 6.3 to 50V d.c. and 
capacitances from 0.47 to 1000u F. They 

are fitted with insulating sleeves which, 
together with the single -ended design, 
allow close arrangement on printed circuit 
boards. Temperature rating is from - 25° 
to +85 °C. ITT Components Group 
Europe, Capacitor Product Division, 
Brixham Road, Paignton, Devon. 
WW307 for further details 

Trimmer Capacitors 
Polar announce two new additions to their 
range of trimmers. The S5801 /8 is a 

vertically mounted printed circuit trimmer 
with a capacity up to 15pF and the 
S5801 /9 a horizontally mounted version 
of the same trimmer. Both have a low 
temperature coefficient and are suitable for 
u.h.f. applications. Wingrove & Rogers 
Ltd, 95b High Street, Great Missenden, 
Buckinghamshire. 
WW 318 for further details 

Current Source 
Keithley Instruments has introduced 
model 225 current source which provides 
a predetermined amount of current that 
will not vary more than ± 0.005% of full 
range, despite a wide variation of 
operating conditions. It will automatically 
establish any output terminal voltage 
necessary to maintain the chosen output 
current, from 10 -' to 10 -' A within the 
compliance voltage range, which may be 
selected from + 10 to + 100V. If the 

.Q CllnnlNT OUC! 
6 t. . n . 171 . -0 

* ® 
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voltage necessary to maintain the desired 
current level exceeds the chosen 
compliance limit, the 225 automatically 
changes its operating mode from 
constant -current to constant -voltage, 
thereby protecting voltage- sensitive loads. 
A light on the front panel signals that this 
has occurred. For making precise dynamic 
measurements, an external a.c. signal 
generator can be conveniently used to 
modulate the current output by means of a 
transformer -coupled input on the rear 
panel. Applying a 10-V r.m.s. sinewave at 
a frequency of 50Hz would produce 40% 
modulation peak -to -peak, decreasing 
to 8% modulation at 500Hz. This 
arrangement of superimposing modula- 
tion on a precise d.c. bias can 
simplify measurement of forward 
current- voltage characteristics and other 
parameters of semiconductors. An output 
current range switch on the front panel 
selects milli -, micro -, or nano -ampere 
ranges. Output current value within these 
ranges is selected by means of three 
decade switches, which provide a 
three -digit in -line display of the value 
selected. A resolution of 0.02% is provided 
by a vernier trim knob. A polarity 
selector switch on the front panel 
eliminates changing leads to reverse 
output polarity, a feature which makes 
floating unnecessary in many applications. 
When desirable the output can be floated 
up to ± 500V off earth. Stable to 0.02 %, 
output current provided is regulated to 
within 0.005% of full range, from no -load 
to full -load on the 10 -' to 10 -6 ampere 
range, ± 0.05% on the 10 -' ampere 
range. A noise level less than 0.01% 
of full range reduces the possibility 
of extraneous signal generation. Model 
225 weighs 3.5kg and measures 140 X 
220 X .255mm. Operation is from 
105 -125 and 210 -250V 50 -60Hz a.c. 
mains. Price in America $ 595. Keithley 
Instruments Inc. 28775 Aurora Road, 
Cleveland, Ohio 44139, U.S.A. 
W W 332 for further details 

Differential -input Op. Amp. 
Three new chopper -stabilized amplifiers 
from Burr -Brown combine a differential 
input with low voltage drift, low input 
current and long term d.c. level stability. 
The three versions, 3354/25, 3355 /25 and 
3356 /25 feature respectively, a voltage 
drift of 0.2 V, 0,5 V and l V /degC 
(max) and input bias currents of 20, 50 
and 50pA (max). Other features include 
high open loop gain and common mode 
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rejection. These are typically 140dB at d.c. 
and 100dB up to 100Hz and are two 
parameters which combine to give linear 
amplification in non -inverting circuits. 
Output is ± 10V d.c. at ± 5mA. Minimum 
full -power response is 100kHz and 
minimum unity gain bandwidth is 3MHz. 
Input impedance for common mode 
signals is typically 10" g. U.K. 
distributors, Fluke International Corpora- 
tion, Garnett Close, Watford, Herts. WD2 
4TT. 
WW319 for further details 

Instrumentation Recorder 
It has been announced that the new 
Tandberg Series 100 instrumentation tape 
recorder will be marketed in the U.K. by 
Farnell Instruments. The recorder features 
4 channels of i.r.i.g. standard f.m. 
recording on ;in. tape at speeds of 7Z, 
3 and 1j-in /sec. Signal -to -noise ratio at 
7 =in /sec is better than 48dB. Although 
figures for flutter are claimed to be low, 

they can be further improved with 
electronic flutter compensation. Channel 4 
has three modes of operation: data only, 
voice only and data interrupted by voice. 
A useful built -in feature is a c.r.t. monitor, 
which displays the deviation of all four 
channels simultaneously and facilitates 
selection of the appropriate input range. 
The instrument weighs 11.3kg and 
measures 330 X 240 X 270mm. Farnell 
Instruments Ltd, Sandbeck Way, 
Wetherby, Yorks, LS22 4D1-1. 
WW331 for further details 

Reed Microswitch 
Long operating life, high switching 
frequency and accuracy are features 
claimed for a new type of microswitch 
with hermetically sealed reed contacts. 
Endurance tests, say the makers, have 
revealed a service life of over 100 X 106 

switching cycles, a switching frequency of 
up to 50Hz and a repetitive accuracy of 
better than 0.01mm. The reed contacts are 
sealed in a glass capsule filled with inert 
gas and the switch is housed in a glass 
fibre reinforced synthetic resin. The unit, 
designated FBR -Robo I, weighs 14gm 
and it can be fastened by screws in any 
position. Voltage rating is either 50 or 
380V a.c. or d.c. and current rating is 
0.5A. Switching power rating is 10W 
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(12VA) and maximum initial contact 
resistance 200m52. R. C. Knight Ltd., 20 
Solent Avenue, Lymington, Hants, SO4 
9SD. 
WW329 for further details 

Cable Identity Tester 
Information Computer Systems Ltd, have 
announced a new instrument designed to 
save time and cost whenever complex 
cable forms or harnesses are to be checked 
or assembled. Immediate identification of 
any single wire in a group of up to 999 
wires is claimed, the wire identity being 
displayed by numbers. Variations of the 
instrument include models for up to 99 
wires, models expansible in 100 -wire 
increments up to 999 wires, and 

self -powered versions for use inside 
aircraft or where mains supplies may not 
be available. The instrument is not 
affected by cable capacitance, resistance, 
or inductance, and no damage can be 
caused to low -power components which 
are joined to the wires under test. 
Information Computer Systems Ltd, Mill 
Street, Crewe, Cheshire. 
W W 328 for further details 

Noise Generator 
Model NS I O has been added to the range 
of solid state random noise generators 
from ADM Electronics. Random noise is 
produced in the band 300kHz- 1,000MHz. 
Over the range 1 -50MHz the noise is 
within ± 0.3dB. Operation can be from 
9 -24V supply and at 9V the excess noise 
ratio is 43dB. Consumption is less than 
40mW. Voltage sensitivity is 0.6dB /V and 
the source impedance 3752. The unit is 
primarily intended for in- service communi- 
cations receiver tests and as a primary 
source for video test equipment. It is 
available in small quantities for £2. ADM 
Electronics, P.O. Box 3, Merthyr Tydfil, 
Glam. 
WW324 for further details 

D.I.L. Reed Relay 
A reed relay mounted in a 14 -pin 
dual -in -line package is announced by 
ERG. Designed specifically to have fast 
closure with low bounce, the relay's 5V 
9mA operating coil is suitable for 
low- output i.c. logic. Typical operating 
time is 300 vs. Dielectric strength is 200V 
d.c. and insulation resistance (coil to 
contact) 10105. Optional variations are 

available. ERG Industrial Corporation 
Ltd. Luton Road. Dunstable, Beds. 
WW327 for further details 

Electronic Isolator /Coupler 
An electronic device for low -level data 
handling. where it is required to couple 
systems working at different voltage levels, 
is being offered by Cole Electronics. It is 
the Rafi isolator /coupler providing d.c. 
separation of circuits which have a level 
difference of 300V d.c. (in a vacuum 
encapsulated version, up to 2,000V a.c.). 
Input is applied to an iron -cored coil with 
a magneto- resistor placed in the air -gap. 
The magneto- resistor is connected 
between base and emitter of a transistor 
which provides the outputs. When the coil 
is energized the magnetic field produced in 
the air -gap causes the resistance of the 
magneto- resistor to increase. The 
transistor base will become more positive 
and the transistor will conduct. The coil, 
magneto- resistor and transistor are 
contained in a case with connecting wires 
brought out through the bottom at 2.5mm 
spacing. Units are available with 5, 12 or 
24V coils. Output current is 50mA (max) 
and output voltage 3 -30V. Rise time can be 
0.2 -0.5ms and delay time 0.3 -0.4ms 
depending on the configuration of input 
and output circuits. Cole Electronics Ltd, 
7/15 Lansdowne Road, Croydon, Surrey 
CR9 2HB. 
WW333 for further details 

U.H.F. Portable Transceiver 
GEC -AEI (Electronics) have announced 
their first u.h.f. portable f.m. transceiver 
for mobile radio which will be available 
later this year. It is type RC850 /TR -P 
which operates on up to 10 channels in the 
450 -470M Hz band and is intended to 
provide a personal communication link 
instead of the conventional link between 
base and vehicle. In its portable mode it is 
provided with re- chargeable batteries, 
loudspeaker, microphone and aerial, but it 

can also be slotted into an adaptor in a 
vehicle when it utilizes the vehicle battery, 
loudspeaker and aerial. Solid -state 
circuitry is used throughout and the 
weight of the transceiver in portable form 
is about 3.2kg.' Space is provided for the 
addition of selective calling from base to 
mobile and from mobile to base by coder 
and decoder modules, either or both of 
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which may be fitted. The signalling system 
comprises two single sequential tones. A 

total of 100 different codes can be handled 
by the decoder; the coder is able to 
provide nine different call codes. Channel 
separation can be 25kHz with ± 5kHz f.m. 
deviation or 50 kHz with ± 15kHz 
deviation. Ambient temperature range is 

-30 to +60'C or -10 to +60'C (two 
versions). Transmitter power output is 5W 
and receiver a.f. output I W with less than 
5% distortion. Spurious response better 
than -80dB relative to wanted signal. 
Approximate unit dimensions are 210 X 

248 X 70mm. GEC -AEI (Electronics) 
Ltd, Mobile Communications Division 
Spon Street, Coventry, Warks., CV1 3AZ. 
W W 334 for further details 

Single -film Silvered Mica 
Capacitors 
Sprague Electric have introduced 
single -film silvered mica capacitors which 
have lead spacings interchangeable with 
those of conventional ceramic disc 
capacitors. They permit substitution of 
stable mica capacitors for various types of 
ceramic dielectric capacitors when the 
characteristics of silvered mica dielectric 
are required for improved circuit stability 
without the need for complete revision of 
printed wiring boards. The new capacitors, 
type 91M, are available in 45 ratings 
ranging from 10 -680pF at 500V. 

Graduated case sizes are offered to 
ensure minimum size and cost in each 
rating. 
Standard capacitance tolerance is ± 5% 

or ± 5pF, whichever is greater. Sprague 
Electric (U.K.) Ltd. 159 High Street. 
Yiewsley, West Drayton, Middx. 
WW335 for further details 

Power Amplifier 
An amplifier specially designed for 
servo -systems or other inductive loads has 
been announced by Ancom. The 
encapsulated module, type 40P -1, 
measures 52 X 29 X 16mm and is 

internally protected against transient 
short -circuits and inductive loads, a.c. or 
d.c. Supply voltage is ± 40V. 
Characteristics include input voltage of 
± 10V and output of ± 36V into 36052 at 

± 150mA (max). Open loop gain is 5,000 
(It load= 1 k 52) and closed loop gain 50. 
Input offset voltage is 5mV (max) and the 
c.m.r.r. 1,000. Maximum operating 
frequency is 5kHz at full output. Typically 
the 40P -1 could be used to drive the field 
coil of a d.c. servo motor where the 
armature is fed with a constant current 
and the field coil is driven between ± 40V. 
Ancom Ltd, Devonshire Street, Chelten- 
ham, Glos. GL50 3LT. 
WW326 for further details 
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It costs 16s 6d by post from Mullard Ltd. Mullard 
House, Torrington Place, London W.C.1. Literature Received 

For further information on any item include the 
WW number on the reader reply card 

ACTIVE DEVICES 
We have received a large amount of literature 
from Fairchild (U.K.) Ltd, Kingmaker House. 
Station Rd. New Barnet, Herts. concerned with 
their range of m.s.i. integrated circuits. 

"Total capability 
blocks " 
"System design 

with m.s.i. /I.s.i. building 
WW401 

with m.s.i. building blocks" 
WW402 

9300 four -bit shift register WW403 
9301 one -of -ten decoder WW404 
9304 dual full adder WW405 
9306 up/down b.c.d. counter WW406 
9307 seven segment decoder WW407 
9308 dual four -bit latch ....... WW408 
9309 dual four input multiplexer WW409 
9310 b.c.d. decade counter WW410 
9311 one -of- sixteen decoder WW411 
9312 eight -input multiplexer WW412 
9314 quad latch WW413 
9315 one -of -ten decoder /driver WW414 
9316 four -bit binary counter WW415 
9317 seven segment decoder /driver WW416 
9318 eight input priority encoder .. , WW41 7 

9328 dual eight -bit shift register WW418 
9601 retriggerable monostable multivibrator 

WW419 
4510 dual four -bit comparator WW420 
MpL4027 128 -bit read /write random access 

memory WW421 
My L9034 256 -bit read only memory WW422 
M4L9035 64 -bit read write memory WW423 
Application note 9300 shift register WW424 
Applications of the 9301 decoder WW425 
Applications of the 9304 dual adder WW426 
Applications of the 9311 decoder WW427 
Applications of the 9601 one -shot WW428 

SGS (United Kingdom) Ltd. Planar House. Walton 
St. Aylesbury. Bucks, have produced a large 
catalogue devoted to integrated circuits which 
costs 21s. Digital and linear circuits are included. 

We have received the literature listed below from 
the Semiconductor Division, Westinghouse Brake 
and Signal Company Ltd.. 82 York Way. King's 
Cross, London N.1. 

"High -power ceramic capsule thyristors" 
WW429 

data sheets for the following capsule thyristors: 
Type 342Tx. 540amps WW430 
Type 344Tx. 580amps WW431 
Type 358Tx. 775amps WW432 
Type 362Tx. 805amps WW433 
Type 364Tx. 845amps WW434 
Type 366Tx. 905amps WW435 
"Westinghouse thyristors" WW436 
data sheets for thyristors: 
Type 71Tx. 250amps WW437 
Type 73Tx. 275amps WW438 
Type 74Tx. 300amps WW439 
Type 80Tx. 325amps WW440 
Type 81Tx. 350amps WW441 

Sprague Electric Company have produced an 
88 -page brochure (engineering bulletin 25645) 
devoted to the 54H/74H series oft.t.l. logic circuits. 
The three sections in the publication deal with 
general design characteristics for reliable system 
design, electrical characteristics detailing test 
and limiting conditions, and finally, parameter 

measurement information. The brochure may be 
obtained from SDS (Portsmouth) Ltd. Gunstore 
Road, Hilsea Industrial Estate, Portsmouth. 
Hants. WW442 

A short-form catalogue (PG110) published by 
Pirgo Electronics Inc. describes a range of power 
transistors capable of handling up to 90A and 
triacs intended for use up to 250A. The catalogue 
is available from Sprague Electric (U.K.) Ltd. 
Sprague House, 159 High Street, Yiewsley, 
Middlesex WW443 

We have received from Technical Publications 
Department. R.C.A. Ltd., Sunbury-on- Thames, 
Middlesex, reprints of two papers by R.C.A. 
engineers. 

ST -4150. "MOS dual -gate transistor for u.h,f. 
applications" WW444 

ST -4128. "RF integrated amplifiers in high - 

power broadband structures" .. . , WW445 

The second in a series of application notes being 
produced by Hivac Ltd, Stonefield Way. Ruislip. 
Middlesex, HA4 OJT, is now available. It describes 
the use of glow diodes in timing circuits, gives 
performance curves for tungsten filament lamps 
and describes a sub -miniature neon lamp WW446 

A.E.G. Telefunken, Fachbereich Rdhren, Vertrieb. 
7900 Ulm. Soflinger StraBe 100, West Germany, 
have available a 486 -page data book covering 
valves. tubes and photo -electric devices WW447 

PASSIVE COMPONENTS 

"Liquid Crystals and their Applications" is a title 
of a book available from the Optosonic Press, 
Box 883, Ansonia Station, New York. N.Y.10023, 
U.S.A., at $12 per copy. The book contains a 

bibliography of over 600 entries and descriptions 
of 25 patents concerned with liquid crystal appli- 
cations. 

A marine aerial catalogue for the h,f. and v,h,f. 
bands may be obtained from Antenna Specialists 
U.K. Ltd. 66 Bolsover Street. London W.1 WW461 

Reed relays are the subject of a new catalogue 
from Electrothermal Engineering Ltd, 270 Neville 
Road, London E.7 WW462 

A leaflet (MB /4/69) mentioning some of the com- 
pany's varied products (insulators, sockets, indi- 
cators. variable capacitors, programme boards. 
etc.) may be obtained from Oxley Developments 
Co Ltd, Ulverston, Lancs. WW463 

The latest, enlarged, Radiospares Catalogue 
(April -July '70) is now available. Radiospares. 
P.O. Box 427, 13 -17 Epworth Street, London 
E.C,2 WW464 

The following literature is available from Best & 
Raynor Ltd. 27 Homesdale Road. Bromley. Kent. 

Indicator lamp and lampholders by Guest Inter- 
national WW465 

Ten -way rotary thumbwheel switches WW466 

"Magnadur magnets for d.c. motors" (TP1 139) is 

the title of a 50 -page book intended for students, 
lecturers and designers of small electric motors. 

A range of indicator lamps. including one with an 
arrow -shaped head for mimic diagrams, is described 
in leaflets (LS5 and LS14) from J.H. Associates 
Ltd, 1 Church Street, Bishops Stortford, Herts 

WW467 

Timers, relays etc.. are described in a catalogue 
from Intertechnique Ltd., Unit 5, Victoria Road, 
Portslade. Sussex BN4 1X0 WW468 

Details of a new logic training aid, which uses 
discrete components on a printed circuit card and 
miniature wire -ended bulbs are given in a leaflet 
from Limrose Electronics, Lymm, Cheshire WW479 

Supplementary list 11IF of used scientific equip- 
ment for sale may be obtained from V.N. Barrett 
& Co. Ltd. 1 Mayo Road. Croydon. CRO 20P, 
Surrey WW480 

A short-form catalogue of oscilloscopes. a counter/ 
timer. digital voltmeter and stroboscopes has 
been produced by SE Laboratories (Engineering) 
Ltd. North Feltham Trading Estate. Feltham. 
Middlesex WW481 

Reference, comparison and measurement instru- 
ments, bridges. potentiometers and resistive net- 
works are included in the current Guildline Instru- 
ment's condensed catalogue (11 -69) which may 
be obtained from Lyons Instruments Ltd. Hoddes- 
don. Herts WW482 

We have received a price list and leaflets describing 
the Mk -2 Norkit system. This is a logic tutor 
employing discrete components, r.t.l. and solder - 
less interconnections WW483 

A leaflet describing a logic test probe which indi- 
cates 0. 1 or open circuit has been produced by 
Electronic Equipment Manufacturers, Bromham, 
Chippenham, Wilts WW484 

We have received the following literature from 
Millbank Electronics. The Square. Forest Row. 
Sussex. 

Catalogue 2520. "Turner microphones" 
WW485 

Leaflet 2570. "Turner balladier microphones" 
WW486 

Leaflet. "Amplifiers for professional use" 
WW487 

Leaflet. "Loudspeakers for internal and external 
use" WW488 

Leaflet. "Sound mixers" WW489 
Leaflet. "Audio modules" WW490 
Leaflet. "Sound system accessories" WW491 

Nore Microwave, of Southend -on -Sea, Essex. 
have published two data sheets. 

Solid state noise generators WW492 
Noise generator supply WW493 

A new catalogue. bulletin 7501. called "Airpax 
Tachometry" describes equipment for speed 
measurement, sensing and control, Airpax Elec- 
tronics. Seminole Division, P.O. Box 8488, Fort 
Lauderdale, Florida 33310, U.S.A. WW494 

A Kelvin bridge ohmeter for measuring low 
resistance values is the subject of a leaflet from 
the Croydon Precision Instrument Company. 
Hampton Rd. Croydon CR9 2RU WW495 

GENERAL INFORMATION 
The Metrication Board has produced a leaflet 
"Going Metric- Everyday Units ". Metrication 
Board. 22 Kingsway. London W.C.2. 

"Know How. No.7" from Pye Group (Radio and 
Television) Ltd, P.O. Box 49, St. Andrews Rd, 
Cambridge, CB4 105, is a guide to servicing Pye 
single- standard monochrome television receivers 
fitted with the 169 or 569 chassis WW502 

Another book in the "Concept series" is available 
from Tektronix U.K. Ltd, Beaverton House, P.O. 

Box 69. Harpenden. Herts. It is called "Vertical 
Amplifier Circuits" and consists of some 460 
pages. The cost is 10s per copy including postage. 
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M 
why the 

ULTIMINOR 
is 

IiH 
the 

IIeI 
m 1 n 

It's still an Avometer 
yet fits in the pocket /held 
easily in one hand 

Has a d.c. sensitivity of 
i 0,000sß / V 

Measures up to 25kV and 25A 
with optional accessories 

Accuracy conforms to 
B.S.S. 89/54. 

¡-meler 
Get your own Multimeter 

today (complete with plastic case, 
leads, instruction booklet and 

a full year's guarantee) 
from your local supplier, or ask for 

details direct from Avo. 

THORN 

Avo Limited 
Avocet House, Dover, Kent 
Telephone: Dover 2626 
Telex: 96283 

WW-006 FOR FURTHER DETAILS 
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Vortexion 
These electronic Stereo Mixers range from 
2+2 to 5+5 input channels, with left and right 
outputs at 500 millivolts into 20K ohms up to 
infinity. 
Separate control knobs are provided for L & R 

signals on each stereo channel so that a Mono/ 
Stereo changeover switch provided can give 

from four to ten channels for monaural opera- 
tion, in which state the L & R outputs provide 
identical signals. 
A single knob ganged Master Volume control is 

fitted, plus a pilot indicator. 
The units are mains powered and have the same 
overall dimensions as monaural mixers. 

Wireless World, June 1970 

STEREO MIXERS 

Also available Monaural Electronic Mixers:- 
4 Way Monaural Mixers 

6 Way Monaural Mixers 

8 Way Monaural Mixers 

10 Way Monaural Mixers 

3 Way Monaural Mixers with P.P.M. 

4 Way Monaural Mixers with P.P.M. 

6 Way Monaural Mixers with P.P.M. 

8 Way Monaural Mixers with P.P.M. 

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT -IN 4 WAY MIXER USING F.E.T.'s. This is a high fidelity 

amplifier (0.3% intermodulation distortion) using the circuit of our 100% reliable 100 Watt Amplifier (no failures to date) with its elaborate 

protection against short and overload, etc. To this is allied our latest development of F.E.T. Mixer amplifier, again fully protected against 

overload and completely free from radio breakthrough. The mixer is arranged for 3 -30/60 LI balanced line microphones, and a high 

impedance line or gram. input followed by bass and treble controls. Since the unit is completely free from the input rectification distortion 

of ordinary transistors, this unit gives that clean high quality that has tended to be lost with most solid state amplifiers. 

100uV on 30/60 ohm mic. input. 100mV to 100 volts on gram/auxiliary input 100 KO. 

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own battery and 

automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs for 8 ohms -15 ohms and 

100 volt line. Bass and treble controls fitted. Models available with 1 gram and 2 low mic. inputs. 1 grain and 3 low mic. inputs or 4 low 

mic. inputs. 

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms -15 ohms and 100 volt line output for A. 

Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4v on 100K ohms. 

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 as-20 Kc/s ± 1 db. Less than 0.2% 

distortion at 1 Kc /s. Can be used to drive mechanical devices for which power is over 120 watt on continuous sine wave. Input 1 m W 600 

ohms. Output 100 -120v or 200 -240v. Additional matching transformers for other impedances are available. 

30/50 WATT AMPLIFIER. With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and music or over 

30 watts on continuous sine wave. Main amplifier has a response of 30 as- 20Kc /s± ldb. 0.15% distortion. Outputs 4, 7.5, 15 ohms and 

100 volt line. Models are available with two, three or four mixed inputs for low impedance balanced line microphones, pick -up or guitar. 

VORTEXION LIMITED, 257 -263 The Broadway, Wimbledon, London, S.W.19 

Telephone: 01 -542 2814 & 01 -542 6242/3/4 Telegrams: "Vortexion London S.W.19" 

WW-007-FOR FURTHER DETAILS 
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EEV flash flash flash tubes 
make light of the toughest jobs 

For pumping lasers. For strobing. For photography. 
For any application in which quality, reliability and 
performance are vital, that's where you'll find EEV 
flash tubes. 

There's almost certainly a flash tube in the EEV range 
that has the right characteristics for your application - 
and if there isn't we can probably make one ! 

EEV flash tubes have extra heavy -duty electrodes. 
They give you long life, with up to 106 flashes, and they 

give you high conversion efficiency. Our air -cooled 
xenon flash tubes have a wide range of input energy 
levels and can operate at high repetition rates. 

Isn't it time you had the full facts about EEV flash 
tubes ? Just post the coupon. 

English Electric Valve Co Ltd, Chelmsford, Essex, 
England. Telephone : 0245 61777 Telex : 99103 
Grams : Enelectico Chelmsford 

Type 

Energy 
input per 
/lash max 
(J) 

Arc 
length 
(in.) 

Bore 
diameter 
(mm) 

Typical operating conditions 

Voltage 
(kV) 

Series 
inductance 
(pH) 

F /ash 
rate 

Trigger 
voltage 
(kV) 

XL615/4/3 400 3 4.0 2.5 400 1 per 30sec. 12-16 

XL615/7/3 600 3 7.0 2.5 400 1 perl5sec. 12-16 

XL615/9/4 1500 4 9.0 2.5 400 1 per 30 sec. 16 -20 

XL615/10/5.5 3500 5.5 10.0 2.5 400 1 per 60 sec. 16 -20 

XL615/10/6.5 5000 6.5 10.0 2.5 800 1 per 2 min. 20 -25 

XL615/10/12 9000 12 10.0 2.5 800 1 per 2 min. 25 

XL615/13/6.5 10000 6.5 13.0 2.5 800 1 per 2 min. 25 

XL615/13/12 18000 12 13.0 2.5 800 1 per 2 min. 25 

At maximum input levels (air- cooled) 

To : English Electric Valve Co Ltd, Chelmsford, Essex, England 

Send for full data on EEV flash tubes. 

I am interested in 

Name 

Position 

Company 

Address 

(application) 

Tel. exchange or code 

Number Ext. 

ENGLISH ELECTRIC VALVE CO LTD 

CRC 6 

WW -008 FOR FURTHER DETAILS 
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This was a Morganite type 
81 E Cermet Trimming 
Potentiometer that 
didn't make it. 

Shame really. 
The more so because this 
particular specimen had 
already survived several 
rigorous mechanical and 
electrical tests. But then, 
we are unusually strict at 

Crash Dive 
Morganite, because our 
customers like it that way. 

Another thing they like is 
having the right products at 
the right time, complete 
with full technical 
information to match. So our 
constant research and 
development is more than an 
ivory -tower luxury -it's a 

common -sense necessity. 

We reckon that reliable 
delivery makes sense too. 
As you'll see when you ring 
us for samples for evaluation 
or development projects. 
Then you can put our Cermet 
Trimming Potentiometers 
through your test routine 
and watch how they stand 
up to it. 

You'll like what you see. 

c) 
MORGANITE RESISTORS LIMITED 

Bede Industrial Estate, Jarrow, County Durham 

Telephone : Jarrow 897771 Telex : 53353 

c Morgan 

WW-009 FOR FURTHER DETAILS 
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UHF klystron efficiency? 
You can rely on it with EEV. 

For reliable UHF klystron performance 
choose from the largest range available toda 
The EEV range. 40kW, 25kW, 10kW, 7kW 
and 5kW. 

Each one offers economy and ease 
of use, solid -state compatibility and, 
above all, efficiency -even at low 
drives. 

Broadcasting authorities 
around the world are using 

y. 

EEV klystrons for UHF television 
- proving their operational flexi- 
bility, reliability and efficiency in 

climatic conditions as varied as those 
of Australia and Finland. 

To get the full facts about the tube you 
need, please post the coupon. 

English Electric Valve Co Ltd, Chelmsford, 
Essex, England. Telephone 0245 61777. 

Telex: 99103. Grams:EnelecticoChelmsford VW 

To: English Electric Valve Co Ltd, Chelmsford, Essex, England 
Please send EEV data on UHF television amplifier klystrons. 
I am interested in a klystron with the following parameters: 
Frequency Bandwidth Power 

Name & position 

Company 

Address 

Tel. exchange or code 

Number Extension 

ENGLISH ELECTRIC VALVE CO LTD 

WW-010 FOR FURTHER DETAILS 
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Wide range 
Universal Bridge 

Direct readout accurate to 0.1 

Wayne Kerr B224 is a new audio -frequency 
bridge giving accurate values for the resistive 
and reactive terms of any component or complex 
impedance in the range 2 micro -ohms to 500 gigohms. 
Accuracy: +0.1% (±0.3% for impedances below 1052). 
Frequency: Internal Source 1592Hz ()=104). 
200Hz -20kHz using external source with internal 
wide -band detector. 
Connections: 2- terminal for isolated components. 
3- terminal for in -situ measurements. 4- terminal 
below 1052; cuts lead errors. 

Readout: G/R and C/L terms simultaneously. 
In -line displays with decimal point illuminated. 
Null meter also indicates correct range. 
Power: From internal rechargeable battery. 
Ask for B224 data sheet. 

WAYNE KERB 
Innovation in Electronic Measurement 
THE WAYNE KERR COMPANY LIMITED NEW MALDEN SURREY ENGLAND 
Telephone, 01 -942 2202 Telex. 262333 Cables: Waynkerr. Malden 

WW-011 FOR FURTHER DETAILS 
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Experience: 
Since the beginning of industrial r.f. heating, EEV 

have been the pace- setters. With this experience, 
backed by our equal know -how in the transmitter 
valve field, is it any wonder that we are so well 
known for power triodes? 

EEV make power triodes for industrial heating 
applications from 1kW up to 250 kW. They are all 
conservatively rated and realistically designed to 
give good length of life. Whatever your application 
-for drying paper, baking biscuits, welding plastic, 

treating metal -r.f. heating the EEV way is econom- 
ical and dependable. 

Our sales engineers are at your service to dis- 
cuss designs and to recommend the best tube or 
combination of tubes for your particular application. 

For full details just post the coupon or telephone 
Mr. M. J. Pitt. 

English Electric Valve Co Ltd. Chelmsford 
Essex. England. Telephone: 0245 61777. Telex . 
99103. Grams: Enelectico Chelmsford 

the vital factor of 
EEV's industrial ri. heating 

power triode range 

To: English Electric Valve Co Ltd, Chelmsford, Essex, England. 

Please send full data on power triodes for industrial heating. 
Please recommend triodes for an equipment with these ratings. 

Output power (kW) Anode voltage max. (kV) Frequency (MHz) 

Name 8 Position 

Company 

Address 

Telephone exchange or STD code 

Number Extension 

L 

WW-014 FOR FURTHER DETAILS 
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INCREASE 

THE SENSITIVITY OF 

YOUR OSCILLOSCOPE, 

VOLTMETER 

OR 

COUNTER 

The TA401 
is similar to 
the TA601 

(as illustrated) 

% 

,rí / . 

ii% / i i!/, 
TA605 
ACTUAL 6 

SIZE 

#,f,*,. 
D rCs.lr 1 LAK 1 IVIYJ' 

TYPE TA401 TYPE TA601 TYPE TA605 

GAIN 40dB ±0.1dB 60dB ±0.1dB 20. 30. 40. 50 and 60dB ±0.2áB. 

BANDWIDTH 
3dB 

1 Hz -3MHz 3Hz- 1.2MHz 20 -40dB, 1Hz -3MHz: 50dB. 2Hz -2MHz: 60dB, 
4Hz- 1.5MHz. 

BANDWIDTH 
0.3dB 

4Hz -1MHz 10Hz- 300kHz 20 -40dB, 4Hz-1MHz: 60dB, 10Hz- 300kHz. 

INPUT 
IMPEDANCE 

>5MA. <40pF 
from 100Hz to 1MHz 

>IMQ. <50pF 
from 100Hz to 300kHz 

>5MS?, <40pF 
from 100Hz to 300kHz. 

INPUT NOISE <15 p V. zero source: 
<50 p V, 100k S? source 

<15 p V, zero source: 
<40 p V. 100k S? source 

As TA401 and TA601 at 40dB and 60dB. 

POWER SUPPLY PP3 battery, life 100 hours PP9 battery. life 1.000 hours, or A.C. Power Unit. 

AVAILABLE 
OUTPUT 

IV up to IMHz. 300mV at 3MHz. into load of 
100kS?and 50pF 

1.5V up to 2MHz. IV at 3MHz. into 100kS?and 50pF. 

OUTPUT IMPEDANCE 100 Ain series with 6.4 p F 

SIZE AND WEIGHT 3 "x1} "x } "7oz. 2 + "x4 "x5 -1-"2+ lb. 

PRICE with Battery 
and input lead 

£17 .0 .0 £17 .0 .0 £27 . 0 . 0 
(Optional A.C. Power Unit £7.10.0 extra). 

LEVELL 
PORTABLE INSTRUMENTS 

We are exhibiting a :- 
ELECTRONICS EXHIBITION STAND C.7. 

LEEDS UNIVERSITY -30th JUNE -2nd JULY 

Fully detailed leaflets are available on our complete range of portable instruments 

LEVELL ELECTRONICS LIMITED 
Park Road, High Barnet. Herts. Telephone: 01 -449 5028 

WW -015 FOR FURTHER DETAILS 
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QUAD 50 is a single channel 50 Watt amplifier 
designed for Broadcast, Recording and other 
applications in the Audio industry, completely 
proof against misuse and giving the highest 
quality of reproduction. 

QUAD 
for the 
closest 
to the 
original 

approach 

sound 

INPUTS -0.5 Vrms unbalanced with provision for an optional 
plug -in transformer for bridging 600 ohms lines. 
OUTPUTS - isolated providing 50 watts into almost any 
impedance from 4 to 200 ohms. 
DIMENSIONS -12;" x 6,'-" x 41" 

Complete the coupon and post today. 

Please send me full details of the QUAD 50 Amplifier 

NAME 

POSITION 

COMPANY 

ADDRESS 

(BLOCK CAPITALS) 

ACOUSTICAL MANUFACTURING CO. LTD., I 

HUNTINGDON. Telephone: Huntingdon (0480) 2561;2 I I--- ww -----li-------- 
WW -016 FOR FURTHER DETAILS 
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SSW 

S INGLE 
S OURCE 
S ENSE 
OR 

How to get What you Want 
without Having to Try Very Hard 

If your parts requirements are small, and your 
call -off irregular, you have a problem. If, as often 
happens, you want parts quickly, you have 
another problem. 
We are in business to help you solve both, 
quickly. 
As stockholders of an enormous range of 
Radio, Electronic and Electrical Components, 
Metal Pressings, Clips, Fasteners and 
Assemblies by Cinch Dot and FT, we are the 
"single source" for pretty well everything of this 
kind you want in whatever quantity you want 
and at short notice. 
Two illustrated catalogues. Thousands 
of stock items are detailed in our two fully 
illustrated catalogues- Fasteners and 
Electronics- either of which will be sent, 
post -free, to firms and organisations. 
Send for yours now, 
stating which catalogue you require. 

Make United -Carr Supplies 
your 

S INGLE 
S OURCE 
for Cinch Dot and FT Radio, Electronic and 
Electrical Components, Metal Pressings, Clips, 
Fasteners and Assemblies. 

United -Carr Supplies Ltd., 
Frederick Road, Stapleford, Notts. 
Sandiacre 2828 STD 060 239 2828 

0 STOCKISTS 

01' I uR FURTHER DETAILS 
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FRE TO AMBITIOUS ENGINEERS 
-THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy? 
ENGINEERING OPPORTUNITIES 
is a highly informative 164 -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; 
explains the benefits ofour Appointments 
Dept. and shows you how to qualify 
for five years' promotion in one year. 

SATISFACTION OR 
REFUND OF FEE 
Whatever your age or experience, you cannot 
afford to miss reading this famous book. Send 
for your copy of "ENGINEERING OPPOR- 
TUNITIES" today -FREE. 

WHICH IS YOUR 
PET SUBJECT? 

Radio 
Television 
Electronics 
Electrical 

Mechanical 
Civil 

Production 
Automobile 

Aeronautical 
Plastics 
Building 

Draughtsmanship 
B.Sc. 

City & Guilds 
Gen. Cert. of 

Education 
etc., etc. 

BRITISH INSTITUTE 
OF ENGINEERING TECHNOLOGY 

(Dept. 303B), Aldermaston Court, Aldermaston, Berkshire 

PRACTICAL INCLUDING 

EQUIPMENT TOOLS I 

Basic Practical and Theor- 
etic Courses for beginners in 
Radio, T.V., Electronics, etc. 
A.M.I.E.R.E. City & Guilds 

Radio Amateur's Exam. 
R.T.E.B. Certificate 
P.M.G. Certificate 
Practical Radio 

Radio & Television Servicing 
Practical Electronics 

Electronics Engineering 
Automation 

The specialist Elec- 
tronics Division of 
B.I.E.T. NOW 
offers you a real lab- 
oratory training at 
home with practical 
equipment. 
Ask for details. 

POST COUPON NOW! 

Please send me your FREE I64 -page 
"ENGINEERING OPPORTUNITIES" 

(Write if you prefer not to cut page) 

ADDRESS 

SUBJECT OR EXAM 
THAT INTERESTS ME 

NAME 

303B 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 
WW -018 FOR FURTHER DETAILS 

MICROPHONES 
£t ACCESSORIES 
Our range of microphones includes all types, ribbon, 
omnidirectional and cardioid, with or without 
switches, for hand or stand use. All microphones are 
manufactured in a special section of our works, 
under strictly controlled conditions with stringent 
test and inspection at every stage. Each and every 
microphone is individually tested both aurally and 
on Bruel & Kjoer visual and graphic recording test 
equipment for conformity to a prescribed perform- 
ance. Accessories such as desk or floor stands, wind 
shields and parabolic reflectors are also well 
catered for. 
Besides microphones, every need of Public Address 
is met by a wide range of amplifiers, both mains and 
battery operated, mixers and ambiophonic units, 
loudspeakers and associated equipment, disc 
recorder amplifiers and cutter heads. 

;lea, srkd l-t deoc>ve.e l!t -a-tu sk tó tau fr-4- st. 44.7-4.0 6,R 
y&te w SERv /GE 

¿ÇjrampkJnJ 

SOUND EQUIPMENT 

GRAMPIAN REPRODUCERS LID 
HANWORTH TRADING ESTATE 

EELTHAM MIDDLESEX 
TELEPHONE 01 894 9141 

DP4 GR1 GC2 

JACW/X/59 (M22) WW -019 FOR FURTHER DETAILS 
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i ronsformers, Chokes 

Saturable Reactors 

Voltmobile voltage reuIotors 

Rectifier Sets 

Transformers 
Air cooled power transformers from 0.5 to 300kVA at 

voltages up to 2kV. 1 or 3 phase, double or auto wound. 

step -up or step -down. We have manufactured 

transformers to over 5,000 different designs for many 

applications and the experience which has been 

accumulated from these designs is built into every 

Harmsworth, Townley transformer 

High Current Transformers 
Years of experience have gone into the design and 

production techniques used in the manufacture of our 

low voltage. high current transformers for use in 

furnaces, high temperature research, heating and 

other applications. These techniques enable us to 

produce transformers with output currents up to tens 

of thousands of amps at economical prices 

Vohmobiles 
The most robust and useful control device for loads 

such as furnaces, ovens, bar heating and high 

temperature research. Our Voltmobiles are in use in 

their thousands to control transformers and rectifier 

sets or they can be used directly between supply and 

load. 64 step on load switching. Voltmobiles are 

auto -transformers which give control from 1.6% to 

100% of input volts. Over -Volts up to 125% of input 

is also available. Standard models are made for single 

and 3 phase supply and for outputs from 20 Amps to 

200 Amps with on -load switching. 

Rectifiers 
Sturdily built air cooled equipment from 50W to 500kW 
for plating, plasma arc welding. electrolytic machining 

and many other applications. Equipment incorporates 

either silicon or selenium rectifiers and can be built with 
fixed or variable output. Variable outputs are obtained 

by the use of continuously variable auto transformers, 

saturable reactors or Voltmobile regulator. 

Saturable Reactors 
From 5kVA up to 300kVA for controlling the outputs from transformers or rectifier units. 
Saturable reactors are infinitely variable reactors which can control outputs from transformers 
etc, from 10% to 100% of full output. 

Chokes 
A. C. and D.C. chokes 

specific enquiries are invited 

HARMSWORTH, TOWNLEY & CO. LTD. 

2 Hare Hill, Todmorden, Lancs. 

Telephone Todmorden 2601 Extension 22 
WW-020 FOR FURTHER DETAILS 
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do a 
'which" 
hunt on 

m'nï meters 1 
Which has a d.c. sensitivity of 20,000 ohms per volt? 

Which has an a.c. sensitivity of 2,000 ohms per volt? 
Which has a d.c. accuracy ± 2 +% F.S.D.? 

Which has an a.c. accuracy ± 21% F.S.D.? 
Which maintains a.c. accuracy to 20 kc /s? 

Which provides high voltage probes to 
extend the range to 25 or 30 kV d.c. 

for testing electronic equipment 
with high source impedance? 

Which provides probes that can be 
used with any other meter of 

similar sensitivity? 
Which type of case would you like? 

Leather or Vinyl. Both available. 
Which meter makes every user a devil's 

advocate for its performance 
and handiness? 

The pocket size Minitest 
Get the catalogue for a full briefing. 

SALFORD ELECTRICAL INSTRUMENTS LIMITED 
Peel Works, Barton Lane, Eccles, 
Manchester M30 OHL CjsZJ 
Telephone 061-789 5081 Telex 6671 1 

A Member Company of GEC Electrical (Sege) 
Components Ltd. 

WW-02 1 FOR FURTHER DETAILS 
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Cut the crackle 
theysaid- 
sowedid! 

And now Erie have added the NEW 500 
SERIES to their wide range of hot moulded 
track potentiometers. Quiet potentiometers 
that retain low noise levels through a long 
operational life (upwards of 100,000 
cycles). 
With the 500 Series comes reduction in size, 
improved mechanical construction and 
improved reliability PLUS all the advantages 
of the standard range : hot moulded track 
element of large cross -sectional area giving 
low current densities, high voltage ratings 
and eliminating local high spots and 

over -heating. Less wear, longer life. The 500 
Series includes single and dual ganged, and 
dual concentric versions. With or without 
mains switch. 
The NEW DOUBLE BRUSH MECHANISM 
glides over the large cross sectional area hot 
moulded track with low noise, low torque 
and increased reliability. 
An integral moulding of base, track and 
terminals gets rid of solders, rivets, welds; 
provides excellent humidity characteristics 
and fewer mechanical joints. And Erie 
provide you with a good choice of resistance 

values, from 4752 to 2.2Mí2 linear 1W, and 
from 1 kit to 1 Mil non -linear ¡W. 
Cases are in glass filled nylon ; spindles are 
of plastic or steel. 

Let us send you the 500 
Series data today. We'll also 
include details of our full 
range. 

ERIE 

ELECTRONICS 

LIMITED 

ERIE ELECTRONICS LTD 
Great Yarmouth, Norfolk, 
Telephone : 0493 4911 
Telex : 97421 

ERIE MOULDED TRACK POTENTIOMETERS 
P6 

WW -022 FOR FURTHER DETAILS 
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EMI 
varian 

Reflex 
klystrons 
REFLEX KLYSTRONS are among 
the range of microwave tubes avail- 
able from EMI -Varian. Frequencies 
from 1.5 C Hz to40 G Hz are available 
and, CW power outputs range from 
10 mW to 4 W. Applications include 
radar, industrial and military re- 
search, communications, education, 
and Doppler techniques. 
The example illustrated is the R9546, 
a Q(KA) band signal source mech- 
anically tunable over 32 3 GHz to 
37.5 GHz. Power output at 2 kV is 
-ypically 50 mW to 70 mW CW 

Tuner design provides a high degree 
of frequency stability and freedom 
from microphony. British Services 
flange is normally supplied, Inter- 
national standard (large if requested. 
The unique capability of EMI -Varian 
in research, design development 
and manufacture of microwave 
tubes and devices and associated 
components is at your service. 
To ensure that you are kept continu- 
ously in touch with the latest 
developments in microwave tube 
technology, contact: 

EMI -VARIAN LTD HAYES MIDDLESEX TEL 01 -573 3888 EXT. 2740 TELEX 22417 CABLES EMIVAR LONDON 

WW-023 FOR FURTHER DETAILS 
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LJdÎX 
"Studio 80" amplifier 

The "Studio 80"' Power Amplifier has been produced to high per- 
formance standards for Studio and Laboratory applications. 

Its proven characteristics puts it in a class beyond anything yet 
available in power, performance, and price, and is the ultimate in 

economic functional engineering design Write for full details of 
guaranteed performance specification. 

POWER OUTPUT: 

POWER BANDWIDTH: 

FREOUENCY RESPONSE: 

TOTAL DISTORTION: 

SIGNAL TO NOISE RATIO: 

POWER SUPPLY: 

aem 
.2D 

» 
IR 

Max 80W into 8 ohm. 
5 Hz to 35 KHz at 80 W. 

+5dB20Hzto20KHz. 

Less than 0.05 at 1 KHz. 

Better than -95 dB below maximum output. 
100/120- 200/250 A/C 50 -60 Hz. 

IO 

05 
% OE 

TND 00 
02 
01 

05 
04 

ND 02 
02 
01 

20 AO 

20 A0 

RSN 

01 

*tan, ROWER V 
FREOUENCY 

5 u LOAD) 

Nt 

V 

100 200 500 1 25 5K 'OR 200 35K 

DISTORTION 
FREQUENCY 
AT SO WATTS 

Nt 

DISTORTION V 

100 200 500 10 25 SR 10R 20K 

ROWER LEVEL 
(E u LOAD) 

WATTS 05 10 20 so 100 

I 

SOUND STANSTED ESSEX 
D 

SYSTEMSTIVTIF0A2NST3111 3132;13437 
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arnell 

Modular Pulse Generating System 
PR.F.- 0.01Hz tolOMHz 

POWER SUPPEY TRIGGER UNIT PRE GENERATOR NUL Si DEI AV OUTPUT UNIT 

50(41. ANY 

PUL SE DELAY PULSE WO] el 

} UY u1 moor .u+ENi+I D í 1 WitteI 

OUTPUT WV' 

ICU 

Oath)* IXT 

TWORt FOI AR1tT RuIT"R IOW 11I 1I 

*VE AREL ORE 
A4 M. AAW WIh)T 

SINGLE OR DOUBLE PULSE OUTPUT 'TRUE DOUBLE 
PULSE OPERATION with independent control of output 
width, delay, amplitude and polarity. RISE TIME 10 
NANOSECONDS. MAXIMUM PULSE AMPLITUDE 
is 20V into 'open circuit', or 10 V into 5052 PRICES 
FROM £118. 
Component modules available: Power Supply, Trigger 
Unit, PRF Generator, PRF Divider, Delay Unit, Pulse 
Width Unit, Output Unit. Variable Slope Output Unit. 

For full details, please contact us at the address below. (Please 
state if you require literature on Full Range of Power Supplies, 

Electronic Instruments and Digital Logic Equipment). 

FARNELL INSTRUMENTS LIMITED, 
Sandbeck Way, Wetherby, LS22 4DH, Yorks. 

Telephone : 0937 35416 
London Office : Telephone: 01 802/5359 
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* Lightweight 
* Tropicalized 
* Practically unbreakable 
* High impedence, high level 

phones * Carbon microphones 
available * Extremely comfortable 

* Simple to service. 

The new 'Astrolite' headset has been adopted 
by many of the leading Television, Bròdcasting 
and Programme companies for studio and . ÿpr, 0 . use, and no wonder. 

It's fully interchangeable with all known carbon 
level systems. No more of the 'snap, crackle and 
pop', just the message, clear and reliable, using 
our new noise -cancelling high quality moving -coil 
microphone with integral amplifiers. 

AMPLIVOX 
COMMUNICATIONS 

LIMITED 

AMPLIVOX COMMUNICATIONS LTD. 
BERESFORD AVENUE WEMBLEY MIDDX. 
TELEPHONE 01 -902 8991 
GRAMS AND CABLES AMPLIVOX WEMBLEY 

E 
For noise -free communications, without 'carbon' crackles. Write or telephone for a 
tree demonstration, at your premises, without any obligation. 

I Name 

Title 

Address 
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GNØlinSolder 
ENTHOVENoffers you Europe's Widest Range 

One good reason for soldering with 
Enthoven whatever your needs is the 
Enthoven range. It gives you a wide 
choice of high quality products developed 
for use with modern techniques. It in- 
cludes Flux Cored Solder Wires, Solder 
Pre -forms, Solid Solders, selective Fluxes, 
solder specialities, materials for printed 
Circuitry and for soldering Aluminium. 
For complete technical details of Europe's 
widest range, ask Enthoven Solders Lim- 
ited, Dominion Buildings, South Place, 
r 

LL 

London EC2. Telephone 01 -628 
`- - 8030 ; telex 21457 ; cables : 

` 1 ENTHOVEN LONDONEC2 

SOLDER PRE -FORMS 

WASHERS DISCS PELLETS 

RINGS RIVETS SHIMS 
GASKETS COLLARS TAPE 

STRIP SHEET RIBBONS 
SPIRALS CROPPINGS COILS 
SPHERES ARMATURE WEIGHTS 
DIAPHRAGM WEIGHTS 
LEAD WEIGHTS 

Available in a wide range of sizes and 
specifications -flux cored and 
solid- standard grade or high purity 
Cup to 99.99995 %) P 

WW-027 FOR FURTHER DETAILS 

resonant 
reed 
FREQUENCY 

used as standards in many industries 
Accurate to * 0.3% or 0.1% as 
specified 

Not sensitive to voltage or temperature 
changes, within wide limits 

Unaffected by waveform errors, load, 
power factor or phase shift 

Operational on A.C., pulsating or 
interrupted D.C., and superimposed 
circuits 

Need only low input power 

Compact and self- contained 

Rugged and dependable 

Anders means meters 

FRAHM Resonant Reed 
Frequency Meters are available 
in plastic and hermetically 
sealed cases to British and 
U.S. Government approved 
specification. Ranges 
10 -1700 Hz. Literature on 
these meters and Frahm 
Resonant Reed Tachometers 
available on request. 
Manufacture and Distribution 
of Electrical Measuring 
Instruments and Electronic 
Equipment. The largest stocks 
,n ,r.,. I! K for off f -the ,-h,.ir r!,.''vr,ry 

IIIIDERS ELEETRDHICS LIMITED 

48, 56 Bayham Place, Bayham Street, 
London NW1. Tel. 01 -387 9092 
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Nombrex accuracy! 

R.F. SIGNAL GENERATOR MODEL 31 
Price £12. 10. Od 

We consider this instrument to be the best R.F. Signal 
Generator on the market today at its price. No amateur radio 
enthusiast or educational establishment should be without one. 

Note a few of the specification details below : - 
Wide range 150 KHz -350 MHz. 
Accuracy better than 2 %. 

R.F. Output, or modulated 400 Hz. 

A.F. Signal available externally. 
Output average 100 mV overall. 
Continuously variable attenuator. 
Fully transistorised circuitry. 
Provision for external supply. 

All Nombrex instruments are guaranteed against defective 
parts or faulty manufacture for 12 months. 

Trade b Export enquiries welcome. Send for full 

technical leaflets. Post and Packing 616d. extra. 

I ;A' I 
NOMBREX (1969) LTD. EXMOUTH DEVON 
Tel : 03 -952 3515 

WW-029 FOR FURTHER DETAILS 
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What's so special about the Jump Jet? 

The answer -everything. 
It took years of intensive research and development to perfect every little part 
that goes to make the Hawker Harrier. 

And these specially developed components include Gardners Transformers. 

Many people seem to think that Gardners only provide 'off- the -shelf' equipment. 
It isn't true -80% of our production is for special components. 

We design and develop highly specialised transformers for Defence projects, Radar, Sonar, 
electronics, control systems and similar sophisticated equipments. 

Of course, we don't expect everyone to be making things like aircraft that don't need runways. 

They wouldn't be special any more. 

Incidentally, Gardners manufacture the largest 
standard range of transformers in Europe. 
So even our un- specials are special ! 

Comprehensive publications available on request include. 

Microphone and Line Matching Transformers GT22. 
Microminiature Transformers GT12. 
Audio Transformers GT4. 
Inverters GT21. 
Saturable Reactors GT1. 
Low Voltage, Isolating and Audio Transformers GT17. 
Transformers for Tube Type Circuits GT24. 

Gardrers 
GARDNERS TRANSFORMERS LIMITED, 
Christchurch, Hampshire BH23 3PN. 
Tel: Christchurch 2284. (STD 0201 5 2284) 
Telex 41276 GARDNERS XCH. 

WW-033 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


a24 Wireless World, June 1970 

This 
new 
range of 
AIR SPACED 

VARIABLE 

CAPACITORS 

and TRIMMERS ... 

J 

L 

CATALOGUE AVAILABLE NOW! 

Send today for our NEW LIST 300 
detailing our wide range -from 
miniature air spaced trimmers up to 

large high voltage 

transmitting capacitors. 

SUB MINIATURETRANSFORMERS 
We have facilities for the manufacture of miniature transformers to 

customers' own designs -and would welcome any enquiries. 

1ïTl N SLIT 
Write today for complete details 

H. TINSLEY £r CO LTD WERNDEE HALL 

SOUTH NORWOOD LONDON SE25 01 -654 6046 
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HKT 
leaders in the field of custom hybrid microcircuits 

.............. 

BECAUSE 
17 .ears as semiconductor deuce 

manufacturers and solid state 

engineers hate gi.en as the unique 

combination of 

On complete semiconductor range 
Own thick film production plant 
()Ion three -sear actite hhrid production 
On direct chip bonding facilities 
Own encapsulation facility 
Own experienced liastm Field Force 
Own expertise in specialist requirements 
Own discrete component assemble experience 

xM r« , fitw cap, d our ('uuan Werra (:uoance Manual no. 

NKT NEWMARKET TRANSISTORS LTD. 

EXNING ROAD, NEWMARKET. SUFFOLK TM. 063113381 Telex S13a1 

member of th. IVE OF CAUalIDGE 
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STOCKISTS 

MODEL 8 MIL. Ili 

REPAIR SERVICE 
7 -14 DAYS 

We specialise in repair, 
calibration and conversion 
of all types of instruments, 
industrial and precision 
grade to BSS.89. 

Release notes and certifi- 
cates of accuracy on request. 

Suppliers of Elliott, Cambridge and Pye instruments 

LEDON INSTRUMENTS LTD 
76 -78 DEPTFORD HIGH STREET, LONDON, S.E.8 

Tel.: 01 -692 2689 

E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT. 

WW-O36 FOR FURTHER DETAILS 
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We 
talk 

valves 

We can't, and don't, 

disregard current advancements 

in sophisticated electronics 

We can, and do, 

cater to an undiminishing requirement 

for, replacement valves from all quarters of 

Industry, Education and Research. 

This requirement has been built up over 

many years past. 

So has Pinnacle 

WW -037 FOR FURTHER DETAILS 

Pinnacle 

Pinnacle Electronics Limited 
Achilles Street, New Cross, London, S.E.14. 
Phone: All departments 01 -692 7285 
Direct orders: 01 -692 7714 
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ATTRACTIVE 

NEW MODELS 

Three of them shown are part of the new 
family of Power Packs in the 
Series 10 range. These compact power 
supply units give you high performance 
and top quality at an economical price. 
It's worth finding out more about the 
Series 10, so write to -day. P.S. Our other 
model illustrated is for display only. 

It] 
A.P.T. ELECTRONIC 
INDUSTRIES LTD., 
CHERTSEY ROAD BYFLEET SURREY 
TEL: BYFLEET 41131/4 

WW-038 FOR FURTHER DETAILS 

\l ircle. AC wld. lune 19- 

Now you can get 

a fully equipped CCTV 

studio from GVS 

for as little as £3,000 

`??fûL LIP SV 800 EC Video 
Taperecorder with 
built in 9' monitor 

EA 101 Mixer and effects generator 

F P100 Studio Camera 
with 5 viewfinder 

SV 707 Battery powered 
portable 625 -Line Camera and 
Video Taperecorder 

HV 15 S Compact 
Camera 

No matter what your CCTV requirements are, General 
Video Systems have the answer - with their wonderful 
range of SHIBADEN equipment. The result of extensive 
Research and Development, SHIBADEN equipment has 
been designed to a modular concept which means that 
you can fit and furnish your own CCTV studio for as little 
as £3,000. 

The widespread need for this type of package deal within 
industry, commerce and education fields are numerous. 
And each individual requirement can be met from the 
simplest operation to a full broadcast studio. 
If you are about to invest in CCTV equipment or would 
like to discuss your requirements, let GVS "put you in the 
picture" 

Write or telephone: 

GENERAL VIDEO SYSTEMS LTD. 
Main Distributors of SHIBADEN Equipment 
61 -63 Watford Way, Hendon. London N W4. 
Telephone .01 202 8056 
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the variable 
transformer 

range from 
the company 

with 35 years 
experience... 

Claude 
l ons 
TEguinc® 
With every Claude Lyons Regu ac comes the 
benefit of 35 years' experience in variable trans- 
formers. Regulacs come in iund-eds of models 
from small single units for laboratoiyor instrument 
use to large ganged assemblies for 1-igh -power 
3 -phase operation at outputs from 210VA to 
28.8 kVA and above. 
The range includes portable, dual -output and oil - 
immersed models plus many high- frequency and 

special types and is constantly being extended. 

A Registered trade mark of Claude Lyons Limited 

Regulacs provide smooth, continuous adjust- 
ment of voltage output from zero to line voltage 
and above, either hand -operated or motor -driven. 
No device is more useful, versatile and reliable for 
the control of AC voltage. 

L For lull details write to Publicity Department, Hoddesdon 
Claude Lyons Limited 
Hoddesdon, Herts. Hoddesdon 67161 Telex 22724 
76 Old Hall St., Liverpool L3 9PX.051- 227 1761 Te /ex62161 

cvt 
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Headsets 
have come 
a long way 
since the 
old days of 
"2 LO 
calling" 

in the forefront then 
in the forefront now .. 
S G BROWN 
present superlative 
examples from the 
CURRENT 
RANGE OF 
FINE AUDIO 
EQUIPMENT 

Wireless World, June 1970 

Why are you wise to choose head- 
phones by Brown? You invest in half 
a century's experience! From radio's 

cradle days - with "2L0 
calling" cat's whisker and 

crystal - S G Brown 
have led the way. 
More than ever today 
they supply the need for 
the newest and best in 
head set design. Send 
today for further details 

"CANADA" 
HA 10 Series 

Paragons of high 
performance, these pro- 

fessional studio type headsets 
bring the orchestra into your 

home. Circum -aurel earpieces, 
with liquid seal carpads defeat 

outside noise. Highly commended 
for recording studios; instrument 
musical training and all personal 
listening applications. Frequency 
responses from 20 - 20,000 Hz 

from £20. Is. -d 

4C100 Series 
Military Lightweight 
Boom 
Micro- 
phone and 
Headset 
assembly. 
Designed to meet NATO Standards. 
Widely used in Military and Civil 
Applications. 

Prices on application 

rip HAWKER SIDDELEY 

COMMUNICATIONS 

ENVOY 40600 Series' 
Lightweight and robust the 
ENVOY is built to withstand 
vigorous uscage yet elegantly 
designed to suit the most 
discerning user. Specially 
recommended for Air Traffic 
Controllers, Air Crew and Teachers in 
Language Laboratory applications. 

S O BROWN LTD Ki.O GEORGE a AVEsoE WATFORD HERTFORDSHIRE 
TEL WATFORD 23301 'ELEA 23412 TELEGRAMS RADIOLINK wATFORO 

Hawker Siddeley Group supplies mechanical, electrical and aerospace equipment with world -wide sales and service 
WW -041 FOR FURTHER DETAILS 

(biiiioissew 
Precision in Sound 

B.D.2 COMBINED TURNTABLE 

AND PICK -UP ASSEMBLY. 

QUALITY PERFORMANCE AT A 

REALISTIC PRICE 

Featuring. 

* Belt drive turntable with S.A.U.2 arm operated 
hydraulic lift and with lowering device. 

* 333 and 45 r.p.m. 

* Virtually silent. 

* Anti -vibration 
springs. 

* Available as chassis 
only or on teak 
plinth. 

by 

* Features S.A.U.2 arm 
adjustment. 

with new headshell and 

Prices and full details from: 

lateral 

A. R. SUGDEN Co. (Engineers) Ltd. 
Market Street, Brighouse, HD61 DX, Yorkshire. TeI.2142 
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STAN !no BENDING 
DARD 

CLAMP 

An easily adjusted hand tool for the accurate bending of 
resistor, capacitor, diode leads, etc., for printed circuits. 
Will bend leads to within ,' -e" of ends of components and 

up to 3 -t4" centres. 
Infinitely adjustable between 0" and 
1 ¡" to suit component body length. 
All type lead diameters accom- 
modated. Overall Dimensions 
é 31" 

Price : 57/6d. 

TRIO INSTRUMENTS LTD., 
BURNHAM ROAD, 
DARTFORD, KENT. Telephone: Farningham 2082 
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Enter Sansui, and a new era 
in tape deck performance. 

This is the all -new Sansui SD -7000. 
A quality 2 -speed 4 -track tape deck, 
it is the end product of three years of 
research and 10 prototype models. 
Our reputation as Japan's foremost 
audio -onry specialist goes on the line 
with it. But we're confident that 
reputation is secure. 

The SD-?000 compares favorably 
with the most expensive taping units 
on the market. Very favorably. Here's 
how it shapes up: 

Three motors, four heads. Auto- 
matic Reverse, Repeat and Rewind 

either by recording 20Hz signals or 
attaching sensing strips. Special Tape 
Protection Circuit and built -in Tape 
Tension Switch. FET- equipped 3- 
stage equalizer circuit, separate 
Volume controls for two line inputs, 
plus a headphone Volume control. 
Automatic resetting reel clampers. 
Self- locking Pause switch. Sleep 
switch that automatically cuts off 
power. Tape travel direction lamps. 
All pushbutton operation. Rear illu- 
minated VU meters. Source /Play- 
back tape monitor switch and Stereo/ 

Mono L +R recording mode switch. 
Six -position voltage selector. Output 
level attenuator switch. 

The SD -7000 takes an honored 
place in the ranks of quality audio 
products, and presages a new era in 
tape deck performance. 

But for those who know Sansui, 
it is no less an achievement than 
what was to be expected. Available 
soon at authorized dealers. 

sun sui 

England: BRUSH CLEVITE COMPANY LIMITED Thornhill, Southampton 509 1QX Tel: Southampton 45166/ Ireland: RADIO CENTRE 122A, St. Stephen's Green, 
Dublin 2 / West Germany: COMPO HI -FI G.M.B.H. 6 Frankfurt am Main, Reuterweg 65 / Switzerland & Liechtenstein: EGLI, FISCHER & CO. LTD. ZURICH 8022 
Zurich, Gotthardstr. 6, Claridenhof / France: HENRI COTTE & CIE 77, Rue J. -R. Thorelle, 77, 92Bourg- Ia-Reine / Luxembourg: MICHAEL SHEN, EUROTEX 12, Route 
de Thionville / Austria: THE VIENNA HIGH FIDELITY & STEREO CO. 1070 Wien, Burggasse 114 / Belgium: MATELECTRIC S.P.R.L. Boulevard Leopold II, 199, 1080 
Brussels / Netherlands: TEMPOFOON BRITISH IMPORT COMPANY N.V. Tilburg, Kapitein Hatterasstraat 8, Postbus 540 / South Africa: GLENS (PTY) LTD. P.O. Box 6406 
Johannesburg / Southern Yemen: BHICAJEE COWASJEE LTD. Steamer Point, Aden / Italy: GILBERTO GAUDI s.a.s. Piazza Mirabello 1, 20121 Milano Tel. 664981/ 
SANSUI ELECTRIC CO., LTD. FRANKFURT OFFICE 6 Frankfurt am Main, Reuterweg 93, West Germany / SANSUI ELECTRIC CO., LTD. 14 -1, 2- chome, Izumi, 
Suginami -ku, Tokyo, Japan 
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SHRINK YOUR 
SWITGH1 116 
PROES[IEMS.S. 
with 4 new improved miniature relays from 

Associated Automation 

Mercury Wetted Contact Relay Type EBRM: 
Height only iOmm for low profile pcb 
mounting; 20mW bi- stable, 40mW single - 
side- stable; operate time Ims nominal at 
max. coil power; life over 25 x 109 operations 
at rated load of 100VA; bounce -free for both 
Form C or D contact resistance. 

Hermetically Sealed Relay Type TF: 
All- welded, T.0.5 transistor can envelope 
giving high isolation switching with high shock 
and vibration characteristics; full CPL approval 
for standard versions; switching capability 
1 amp at 28V D.C. to low level; single and 
double pole; operate powers down to 40mW. 

Dry Reed Relay Type ERMC /D /E: 
Miniature open, shielded and encapsulated 
styles with up to 5 poles, offering all the 
advantages of reeds at low cost; standard 
relays operate from 35mW depending on 
contact arrangement; electrostatic shielding, 
high voltage insulation and low thermal types 
can be specified; life expectancy 10 x 10" 
operations at full load, contact rating 10VA. 

4 

Enclosed Industrial Relay Series 20: 
Wide range of coils, contact arrangements and 
mountings; up to 6 poles, up to 5 amp 100W; 
life over 10 x 10' operations; single or twin 
contacts in wide range of materials; low- priced, 
readily available, easy to apply. 

All these illustrations are fu // size. 
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Whatever your switching 
problem - we can reduce it to 
size. These new additions 
increase an already 
comprehensive range of 
switches and relays for all 
communication and control 
purposes. All competitively 
priced and backed by Britain's 
most outstanding applications 
engineering service. Try us 
... for size. 

T0: ASSOCIATED AUTOMATION LIMITED 
ELECTROMAGNETICS, 
70, DUDDEN HILL LANE, 
LONDON, N.W.10. Tel: 01 -459 8070. 
Manufacturers of Clare Elliott and Elliott Relays 

Please send me your fully illustrated literature 
on (tick box applicable) 

1 2113 4 

NAME 

COMPANY 

ADDRESS 

Lmember of the G.E.C. Group of Companies W W 6/70 

T A 1 o u 
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Sansui defines 
definitive stereo. 

Over the years, a lot of people 
have expended a lot of words trying 
to come up with the answer to just 
what constitutes truly definitive 
stereo. 

At Sansui, we spent those years 
differently. Researching, experi- 
menting, testing and evolving. And 
we can now tell you in all honesty 
that we feel we have the answer. 
Actually, we came up with a num- 
ber of answers, but among the best 
is this system which incorporates the 
60 watt AU -555 Solid State Control 
Amplifier and the matching TO -555 
AM /FM Multiplex Stereo Tuner. 

There's a lot of meaning in those 
letters and numbers. AU -555, for 

example, means a power bandwidth 
of from 20 to 30,000Hz, a distortion 
factor of 0.5% or less, advanced 
SEPP- ITL -OTL circuitry and more 
versatility than any other control 
amplifier in its power and price 
range. 

TU -555, engineered for complete 
compatibility with the AU -555, 
means among other things, advanced 
FET circuitry for new standards in 
FM sensitivity and selectivity, auto- 
matic stereo switching, channel sep- 
aration of 35dB, an 'mproved noise 
canceler and a unique round tuning 
dial for easier station selection. 

Together, they ccnstitute part of 
the answer. But the full significance 

doesn't emerge until you add the 25 
watt 2 -way 2- speaker SP -50 stereo 
speaker systems, professional model 
2 -speed turntable SR- 3030BC, and 2- 
way 4- speaker SS -20 stereo head- 
phone set. 

Nothing ill- defined about any of 
those components. And taken as a 

system, they constitute a very ad- 
vanced, very complete answer to 
just what definitive stereo should be. 

But you've got to hear the answer 
to appreciate it. At your nearest 
authorized Sansui dealer soon. 

1(l1tS -l[L_ 

England: BRUSH CLEVITE COMPANY LIMITED Thornhill, Southampton S09 1QX TrI: Southampton 45166 / Ireland: RADIO CENTRE 122A, St. Stephen's Green, 
Dublin 2 / West Germany: COMPO HI -Fl G.M.B.H. 6 Frankfurt am Main, Reuterweg 65 / Switzerland & Liechtenstein: EGLI, FISCHER & CO. LTD. ZURICH 8022 
Zurich, Gotthardstr. 6, Claridenhof / France: HENRI COTTE & CIE 77, Rue 1. -R. Thorele, 77, 92Bourg- la-Reine / Luxembourg: MICHAEL SHEN, EUROTEX 12, Route 
de Thionville / Austria: THE VIENNA HIGH FIDELITY & STEREO CO. 1070 Wien, Burgtasse 114 / Be.gium: MATELECTRIC S.P.R.L. Boulevard Léopold II, 199, 1080 
Brussels / Netherlands: TEMPOFOON BRITISH IMPORT COMPANY N.V. Tilburg, Kapitein Hatterasstraat 8, Postbus 540 / South Africa: GLENS (PTY) LTD. P.O. Box 6406 
Johannesburg / Southern Yemen: BHICAIEE COWAS,FE LTD. Steamer Point, Aden / Italy: GILBERTO GAUDI s.a.s. Piazza Mirabello 1, 20121 Milano Tel. 664981/ 
SANSUI ELECTRIC CO., LTD. FRANKFURT OFFICE é Frankfurt am Main, Reuterweg 93, West Germany /SANSUI ELECTRIC CO., LTD. 14 -1, 2- chome, Izumi, 
Suginami -kú, Tokyd, Japan 
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JACKSON 
THE BIG NAME IN 

PRECISION COMPONENTS 
JACKSON BROTHERS 
have acquired the manufacturing rights of 

WAVEMASTER 
S»swiiÑw./ I 

Type 95 S.L.C. Law 
Ball bearings, fir' dia. 
fixing bush. Front area 
I {- w. 14- h. 

Type 87 S.L.C. Law Plain 
bearings, i- fixing bush. 
Front area I w. % I {' h. 

'Wavemaster' variable capacitors 
have brass vanes and a single 
ceramic end plate. All have 0.248" 
spindles, extended both ends for 
ganging by means of our Universal 
Couplings. All are designed for 
S.W. working and for one hole 
fixing. 6mm spindles to order if 
required. Various capacitances. 
Largest vane packs 300 pF 0.017 
air gap, 50 pF 0.64 air gap. 

Type92 Modified S.L.C. Law(S.W. 
Tuning) Plain bearings, }' dia. fix- 
ing bush.Front area I }I' w. X I {' h. 

STAND -OFF INSULATORS 
Jackson stand -off insulators are de- 
signed to perform well in rigorous 
environments. Their insulation 
resistance exceeds 20 million meg- 
ohms even when atmospheric 
humidity is high. (They meet 
British Services test specification 
DEF5334.) They will withstand 
high steady voltages and intense ri. 
fields. Forty different types: ask 

for catalogue. 

* Working voltages up to 10kV. 

* Stoved -on silicone treatment: water repellent. 
* Ceramic bodies. 
* Silver- plated tags. * No solder. No plastic. No adhesives. 

NEW FLEXIBLE 
SHAFT COUPLING 
This new shaft coupling embodies 
the same well tried principles used 

in our Couplings. Only }in. diameter, 
¡in. long, permits constant velocity 
coupling and mis- alignment of 005in. 
and I5'. Robust too. Can take 
151bs in. torque. 

TYPE C2I VHF FM 
GANG CAPACITOR 
C21 Miniature VHF 

2, 3 or 4 Gang Front 
.55- X 8I ". 
Solid brass silver - 
plated stators 500 v 

test. 14 pF per section. 

It's reliable if it's 

3 : I Gear Drive. 

made by Jackson! 

Write for literature 

JACKSON BROS. (London) LTD 
DEPT. W.W. KINGSWAY -WADDON 

CROYDON, CR9 4DG 

Phone: Croydon 2754 -5 (01 -688) 'Grams: Walf Ico, Croydon 

U.S. office : M. Swedgal, 258 Broadway, N. York, N.Y.10007 
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MICRO 

SOLDERING 

INSTRUMENTS 

A range of micro soldering instru- 
ments combining high performance 
with really small dimensions and 
providing exceptional versatility. 

Weighing about 2 oz. (less flex) 
these miniature tools ensure the 
utmost accuracy and safety in use, 
resulting in consistently high 
standards of soldering with mini- 
mum operator fatigue. 

Ultra -slim unbreakable nylon 
handles give a cool, comfortable 
grip for sustained delicacy of 
operation. 

Slip -on bits are fitted over the 
element shaft, so absorbing all 
the heat produced and giving high 
performance with rapid heating 
and recovery. A wide range of 
interchangeable tip sizes is avail- 
able to suit different types of work. 

There are six ADAMIN models to 
choose from, 5 to 24 watts, in 
voltages from 6v, to 240v. 

Please ask for leaflet A5. 

LIGHT SOLDERING 

DEVELOPMENTS LTD 
28 Sydenham Road, Croydon, CR9 2LL 
Tel: 01 -688 8589 & 4559 

WW V -048 FOR FURTHER DETAILS 
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OMRON PROCESS TIMERS 
SYS TIMER 
* 
* 

* 
* 

SYNCHRONOUS MOTOR & CLUTCH 
10 MILLION OPERATIONS 
Instantaneous R Timed 
out 6 AMP contacts 
Repeat Accuracy j% 
Dial ranges 0 10 secs up to 

O 28 his May also he used 

as impulse start 

£11 dependent 

on quantity 

STP TIMER 
SYNCHRONOUS MOTOR R CLUTCH 
Matchbox size frontal area 
Automatic re set 
* PLUG-IN OCTAL BASE 
* INSTANTANEOUS 

AND TIMED OUT 
2 AMP CONTACTS 

* RANGES: 0 -26 SECS TO 0.2 MINS 

£ 6 
u 

dependent 

on quantity 

AirTDS TRANSISTORISED 
TIMER 

NSY TIMER 
* 2 sets 5 amp changeover output contacts 
* 5 Million operations 
* Repeat accuracy i-* * Set time can be altered 

whilst in operation 
Dial ranges from seconds to hours 

Ape us 

£8.10.0 ach dependant 
in quantity 

S.I.A Sub miniature Micro 
Switch 100,000 tips 5 

amps c o contacts Size less 

than 2cm s 1 cm e O 5cm. 

Appros 
dependent 
on quantity 

NIL 

IMMEDIATE DELIVERY OF LIMIT & MICRO SWITCHES 
FLOATLESS LIQUID LEVEL CONTROLS, PROXIMITY SWITCHES 

* On Off Signal Lamps fined 
* Instantaneous R timed out contacts. 
* Plug in Octal base 

a Timer Ranges up to 180 secs. 

Approx. 

£10 dependent 
on quantity 

OMRON APPROVALS: CSA. US Mil Spec. SEV.UL 

OMRON PRECISION CONTROLS 

VARIABLE TRANSFORMERS 
* OUTPUT 0 -260V * INPUT 230V 50 /60CPS * SHROUDED FOR BENCH OR 

PANEL MOUNTING Inset shows latest pattern Brush gear ensuring smooth continuous adjustment. 

50 AMP 0 -24V DC L.T. SUPPLY 
UNIT 

* Continuously Rated. 
* Large Ammeter and Voltmeter. 
* Ideal for Plating Units. 
* Fully protected with Instant 

enanus rut not R Fuse 

* Infinitely variable up to 24V DC 

Size and weight 16- a 12'. a 27" 
High 701bs. Rear wheels fitted 
for ease of handling. 

£85 CRP hnlandl F3. 

20 AMP 24 & 
12V DC L.T. SUPPLY 
UNIT £35 C & P 40/- 

lamp 
£5.1 0.0 
2.5 amp £6.15.0 
5 amp £9.15.0 

8 amp £14.10.0 
10 amp £18.10.0 

COMPLETE PHOTO- ELECTRIC 

SENSOR in one unit 
* REFLECTIVE TYPE WITH 

BUILT -IN LIGHT SOURCE 
* WILL ALSO OPERATE FROM 

REMOTE LIGHT SOURCE 
* MATCHBOX SIZE 

* SENSES ANY OBJECT 
COLOURS. THICK SMOKE 

Operates from 12 V.A.C. Output signal 0.2 amp. 100 V. 

Approximately £5.10.0 dependent on quantity 

12 amp £21.0.0 
20 amp £37.0.0 

SOLID STATE VARIABLE 
VOLTAGE CONTROL 

* Output 25 -240V 
* Input 240V 50 CPS 

* 5 amp 8 FO amp models 
* Completely sealed 

5 amp model 

£8.7.6 
10 amp model 

£13.15.0 

I.M.O. PRECISION CONTROLS 
(Dept WWX) 313 EDGWARE ROAD, LONDON, W.2. TEL. 01 -723 2231 

WW-049 FOR FURTHER DETAILS 
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PARTS AND COMPONENTS FOR 

TELECOMMUNICATION ENGINEERING 

AND ELECTRONICS 

EXPORT -IMPORT 
RC- Elements Resistors 

Capacitors 

Potentiometers 

1 

Electromechanical Connectors, sockets 

Components Switches 
Relays 

Pilot lamps 

Rotary buttons 

Electroacoustic Microphones 

Components Earphones 

Loudspeakers 

Miscellaneous Parts 
and Components 

IMPORT 

Transformers 
Fluorescent tube and mercury - 

vapour lamp adapters 
Ferrites 

Permanent magnets 

Aerials 

Vacuum tubes, special lamps 

Semiconductor devices 

Integrated circuits 

4 it 

ELEKTROMODUL 
Hungarian Trading Company for Electrotechnical Components 

BUDAPEST, XIII., VISEGRADI UTCA 47 a -b 
Telephone: 495 -340; 495 -940. Telex: 3648; 3649 

WW -050 FOR FURTHER DETAILS 
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Newer Built a Nit Before? 
Why not prove how easy it is the HEATHKIT way. 
Build one of these beginner kits. 

al- 

Stereo Record Player 
Exciting Sound -- Budget Price 
Kit K /SRP -1 f27 -6 Carr 11 

Portable 
Aircraft 
M onitor 
Receiver 

04 frò - Á 
FM Stereo Tuner /Amplifier 
Unbeatable Value 

KitK/AR -17 f36 -10 C+rr /1 
(Cab Extra) 

Car 

Tune -Up 
Meter 
For D. /.Y. 
Motorists 

Portable 

, 'VVM' 

: 

For Hobbyists -Householders 
Kit K /IM -17 f 14 -8 Carr, 6 

A 

FM Mono Receiver 
Modest Price -- Natural Sound 
KitK /AR -27 f22 -10 Carr 11 

(Cab Extra) 

e© ©4©©C. 1 

Deluxe SW Receiver 
Many extras for price 
Kit K/GR -54 f48 -16 Carr .9 

3- Speaker and Cross over System 
Build into own Cabinet 
Kit KrSCM -3 £12 -6 Cari 6 

Berkeley 
Slimline 
Speaker 
Uses i sq ft. 
Floor Space 12w + 12w Stereo Amplifier 

8 or 15 D outputs 
Kit K/TSA -12 f32 -16 Carr 11 
(Cab Opt. Extra) 

DAYSTROM LTD, 
GLOUCESTER,GL2 -6EE 
TeL 29451 

A Schlumberger Company 

r 411141: Grid 

Dip 

Meter 

Covers 1 -8 to 230 MHz 
KitK'GD -1U f11 -10 Carry 

--rtakzrt 
Deluxe Car Radio 
Top Value -Powerful output 
Kit K/CR -t £12-12 Carr 5 
( Spkr. Extra) r 
RF Signal Generator 
100 KHz 200 MHz 

Kit K /RF -1 U f15-18 Carr 6 

Model 
Makers 
Tachometer 
Measure RPM 
the easy way' 

Kit K. GD -69 fi 1 Carr Pri 

AM /FM Radio 
Looks Good -Luxury Sound 
Kit It/Severn f18-18 Can 5 

Wide- + : r 
Band 

Oscilloscope 
Excel lent Service Aid 
Kit K'10 -18U f38 -18 Can 

Avon Mini Speaker 
Luxury Sound - -Small Size 

Kit K /Avon f13-8 Car, 11 

Tick requirements 
I O Please send me FREE Catalogue 

I NAME .. 

Please send me full details models 

I ADDRESS 

I DAYSTROM LTD, GLOUCESTER, GL2 -6EE 

POST CODE 
29/6 

1 

WW-o51 FOR FURTHER DETAILS 
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QUARNDON NEW PRODUCTS 
NEW REVERSIBLE COUNTER MODULE 

An important addition to the range of integrated circuit decade counter modules 
manufactured by Quarndon Electronics Ltd., is the DCM1711 reversible or up/ 
down counter. These modules use TTL logic elements and incorporate readout on 

a numerical indicator tube. 

The DCM1711 reversible counter is up to 10 MHz. An alternative version 

intended for industrial control and of this counter is the DCM 1708 

counting applications at up to at least which has a discrete component 

15 MHz in either direction. The unique decoder -tube driver giving the clearest 

carry/borrow circuit simplifies the wiring possible display. Where a static readout 

between modules and provides a zero is required whilst counting is in progress, 

sense output for sign change purposes. the OCM 1749 is available incorporating 

Another decade counter module, a store. BCD outputs are available on 

designed for general purpose all modules and provision is made for the 

counting and frequency measurement, display of a decimal point. All modules 

is the DCM1709 which will operate at fit a standard ISEP rack. 

For further information WW200 

DCM 1711 REVERSIBLE COUNTER MODULE 

NEW PRICES FOR SGS LINEAR INTEGRATED CIRCUITS 

Large price reductions have just been announced by SGS (UK) Ltd on their 

extensive range of linear integrated circuits. The new prices are as follows: - 
f 

1-24 
s d 

25 -99 
f s d f 

100 + 

s d 

,uA702C, , iA709C, ,íA710C 1 0 3 16 3 13 6 

pA711C 1 4 9 19 9 16 6 

L141T1 (formerly pA741C) 2 2 9 1 14 3 1 8 6 

L123T1 (formerly í44723C) 2 2 9 1 14 3 1 8 6 

TELEPHONE 
(0332) 
32651 

For further information WW201 

NEW TTL ELEMENTS 
SN74153N DATA SELECTOR 

One of six new Texas Instruments data 

selectors and decoders, the SN74153N 
is a dual four input multiplexer. 
Separate strobe inputs are provided for 

each section. 

Price (1 -29) £2.13.2. 

SN74180N 8 BIT PARITY GENERATOR 
The SN74180N will generate either an 

odd or even parity bit for the 8 bit word 

applied to its inputs. Several SN74180N 
devices can be cascaded for longer word 

lengths. 

Price (1 -29) £5.5.7. 

V. 13 12 11 10 

S 4 3 2 1 

6 0 
7 FVOI 000 I 

INPUT INPUT FWM 000 

I I 

2 3 4 S 6 6NO 

SN7486N EXCLUSIVE OR ELEMENT 
The SN7486N contains four 2 input 
exclusive OR gates. These elements 

are used widely in digital systems, such 

as applications requiring error detection, 

comparison schemes and counting. 

Price (1 -29) £1.12.7. 

SN74121N MONOSTABLE 
The SN74121N high performance 

monostable multivibrator or one shot, 

can be triggered by negative going edge 

applied to either of the A inputs or by 

a positive going voltage applied to 

the B input which incorporates a Schmitt 

circuit. Internal components provide a 

delay of 50nS. but this can be extended to 

40 Seconds with external capacitor 
and resistor. 

Price (1 -29) £2.8.3. 

13 12 U 11 U 10 U S 

-7, 
A 

6 L1 
2 -31 6' 111 

For further information WW202 

QUARNDON ELECTRONICS 
(SEMICONDUCTORS) LIMITED 

SLACK LANE DERBY 

TELEX 
37163 
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SEND ME n 12A unit(s) 
Cheque enclosed £ 

NAME 
ADDRESS 

Send me your free brochure D ww 
tatta..MMMMMM...tuut 

Wireless World, June 1970 

This is the attractive new space maker, precision -built to get things 
organised for you ...loads of space to keep your hundreds of parts 
in perfect safety. This steel- strong 12- drawer unit comes to you in 
a lustrous finish of grey or deep bronze green. Size: 24" wide, 13" 
high and 12 "deep. (Supplied with 12 special drawer -dividers free) 

ORDER DIRECT FROM THE MANUFACTURER - USE THE COUPON BELOW 

N.C.BROWN 
LIMITED 

E:: 
Eagle Steelworks 

Heywood. 

Telephone:69018 

pacesetters in storage equipment 
WW -053 FOR FURTHER DETAILS 

DC -AC and DC -DC TRANSVERTORS 
For 110-220V DC operation 

Fully transistorised and incorporating the latest high voltage (up to 1.500V) 
Transistors. Now available with outputs of up to 500W. This range of trans - 
vertors are available with sine, square wave and low voltage DC outputs for 
operating Transistorised Radio Telephones and other electronic equipment. 

Now available for quick delivery:- 

Tyyppe 
BI I0/220/6ORT 

Input volts 
1 10/220 

Output 
12V SA or 24V 2.5A DC 

Price 
L60 

BI 10/220/305 110/220 115 -230V 30W 50 Hz t -:Hz C48 
Sine wave 

BI 10/220/605 110/220 - 115 -230V 60W 50Hz 4 -- 1Hz C64 
Sine wave 

BI í0/220/60T 110/220 115 /220V 60W 50Hz -r -3Hz L44 
Square wave 

Similar units are available to operate from 12, 24 and 50V DC supplies. 

i Type 8110 220 6ORT 

For further details send for leaflet WC8 

VALRADIO LTD. 
Dept. WCO, BROWELLS LANE, FELTHAM, MIDDLESEX, ENGLAND 

Telephone : 01 -890 4242 or 4837 

--r\AAA--VVV\i--MAAt-% 
WW-054 FOR FURTHER DETAILS 
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ORYX 
MODEL SR1 0 Instant solder remover 

Ideal for printed circuit work 

and integrated circuits. 
79/6 

MODEL SR2 
with non recoil 

action 
8216 

are 
trumps! 

For rapid 
tinningot 
small tags 
and com- 
ponents. 

'Hot' wire 
stripper for 

P.T.F.E. 
insulation. 

24 v operation. MODEL 6A 
27/6 

MODEL WG50 
65/6 

The smallest 
low voltage 

soldering iron ideal for Printed 
Circuit work. 

6v.6 watts. 

Thermostaticallyniature 

soldering 
controlled 

iron. 50 watts. 

5 bit sizes ,lc" 
_ 1. 

0 
Available for 12v. 

24 t t and #\... 
210 /250v, operation # 

MODEL M1 
35/- 

Full details of 
these and other 
instruments 
from the Sole 
U.K. and Export 
distributors. 

A miniature 
mains voltage 
soldering iron 

10 watts. 5 bit sizes 
operation 

W.GREENWOOD ELECTRONIC LTD. 
21, GERMAIN STREET, CHESHAM, BUCKS 

TELEPHONE: CHESHAM 4808 9. 

WW-055 FOR FURTHER DETAILS 
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On Goldrings 850 
cartridge, even the price 

is magnetic. 

£6/10/0 
tax paid 

Wireless World, June 1970 

Fact : magnetic cartridges are more compatible 
with transistor amplifiers than crystal cartridges. 
Fiction : magnetic cartridges are too 
expensive to warrant use with any but the more 
sophisticated units. 
Now, there is a magnetic cartridge at a price 
within easy reach. 
The 850 assures you of true tracking, superior 
sound quality and minimal groove destruction. 
But unlike most magnetic cartridges, its British. 
It's made by Goldring ! 

At £6/10/0, that's really magnetic. 

Send for details on the complete range of Goldring Hi Fi Equipment. 

Goldring Manufacturing Co. (Great Britain) Ltd., 
486/488 High Road, Leytonstone, London E.1 1 . Tel: 01 -539 8343 

WW -056 FOR FURTHER DETAILS 

DTL -ECL- HTL -TTL 

THERE ARE OVER 140 MORE LOGIC CARDS LIKE THIS FOR YOUR 

SYSTEM BACKED UP BY OUR DESIGN AND ENGINEERING FACILITIES 

JASMIN ELECTRONICS Ltd i Meriden Close Ilford Essex 

WW-057 FOR FURTHER DETAILS 
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WELWYN TOOLS 

167 - KIT -CN 

i 

For Inner Core 

Ejection and Heated 

Wirestripping 
Miniature Soldering 
and Electronic 
Instrument Work 

USE W.T.C. Wire Ejectors, 
LUCO Electrically Heated 
Wire Strippers (see illustra- 
tion), Finest Soldering Needles, 
Box Joint Miniature Cutters 
and Pliers including Tip Cutting 
Pliers, Printed Circuit Crimping 
and Cutting Pliers, Torque 
Wrenches and Piercing Punches. 
If you require quality tools 
ask for Catalogue WW/70 

STONEHILLS HOUSE WELWYN GARDEN CITY 

WELWYN GARDEN 25403 

WW -064 FOR FURTHER DETAILS 

The comprehensive range of 
Hatfield double balanced 
Modulators and mixers in- 

cludes BNC models and 
miniature encapsulated ver- 
sions. for direct mounting 
on printed circuit boards. A 
new Low Frequency Modulator 
has now been added to the 
range. Type MD10. d.c. 
30 kHz. impedance 50 ohms 
nominal, BNC connectors. 
Ask for complete literature 
on the types available - and 
the latest edition of the 
HATFIELD SHORT FORM 
CATALOGUE. 

wider 
range 
of 

MODULATORS 
and 
faster 
delivery! 

HATFIELD INSTRUMENTS LTD.. Dept. WW, Burnngton Way. Plymouth PL6 3L2. Devon. 
Telephone Plymouth 10752) 7277315 Telegrams SIGJEN Plymouth Telex 45592 
SOUTHEAST ASIA: for prompt service and delivery contact. Hatfield Instruments (NZ/ Ltd. 

P.O. Boo 581. Napier. New Zealand, 

HATFIELD BALUN 
WW -065 FOR FURTHER DETAILS 

a41 

Suit your broad 

band microwave 

needs- 

with the E.I.P. 
0.7 -18.0 GHz SPECTRUM 

ANALYZER 
0 -18 GHz variable dispersion -you can see source 
harmonics without changing range 

YIG tuned Crystal Video Detector- no self 
generated spurrii 

Dynamic Range: 60 dB 

Frequency range can be extended down to 50 MHz 

Can be used with the scope in your lab. 

available for demonstration NOW 

Write for full technical information 
and prices to 

auriema ltd. 
23 -31 King Street, 
London W3 
Telephone. 01 -992 5388 

WW -059 FOR FURTHER DETAILS 
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The Binder plug 
Series 681 - circular 
The Binder plug outdates all similar connectors. 
Franz Binder's team have designed a new connector. 

Special Features: 

Strong one -piece metal body. 

Extra rugged locking ring with easy start thread. 

Only four separate parts to assemble. 

Compatible with existing types of screw -lock continental connectors. 

Long life, high contact pressure self- cleaning contacts. 

Socket -contacts suitable for soldered or crimped connections. 

Temperature range - 40° C to 125° C. 

Multi way and printed circuit edge connectors 

also manufactured. All technical data from: 

2: Pole 3: Pole 4: Pole 5: Pole (stereo) 6: Pole 7: Pole 12: Pole 

Audio Engineering Ltd 33 Endell St London WC 2 01 836 0033 
WW -060 FOR FURTHER DETAILS 

THE DOLBY SYSTEM 

_2v 

The inside story - 
Here we show one of the precision built 
glass -fibre circuit boards which are the 
heart of the Dolby A301 Audio Noise 
Reduction System. 

The Dolby A301 is an entirely new type 
of compression /expansion system which 
is designed to combat tape noise, land - 
line noise, and other noises generated in 
high quality audio recording or trans- 
mission channels. 
The Dolby System provides a 10 -15 dB 
improvement in signal to noise ratio 
without adding distortions or undesirable 
side effects of its own. This remarkable 
result is achieved by the use of a unique 
low -level compression /expansion tech- 
nique which leaves peak level signals 
wholly unaffected. Of equal importance, 
the frequency spectrum is split into four 
separate bands, the compression /expan- 
sion action working independently in 
each. 

The Dolby A301 is now in regular use in 
26 countries by over 200 companies - 
including Decca, Pye, RCA, Columbia, 
Deutsche Grammophon, the BBC, the 
EBU, Swedish Radio, Canadian Broad- 
casting, and many others. 

Write today for full technical details. 

t t DOLBY LABORATORIES INC. 
346 Clapham Road London SW9 
telephone 01- 7201111 cables Dolbylabs London 

U.S. address 333 Avenue of the Americas 
New York NY 10014 
telephone (212) 243 -2525 
cables Dolbylabs New York 

WW -061 FOR FURTHER DETAILS 
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NEW ADVANCE 
MULTIMETER 

in the handiest pack 

Discounts for quantities ut 5 or more 

OICìA TAL M /LT IME TER [7MM2 

:1.999 
C3NECK 

,1 V 1IV 

200 2 20 200 I000 
..sV n V kn 

200p A [ ) V' 

, A L) V A NC: E. I N-4 ST ï2 V R1 E N T S 

DMM2 Digital Multimeter 
Versatility Stability LSI Reliability .07--' 
Measures :- Dual Slope Integration Single LSI chip 4. ' 
DC & AC Volts 200mV- 1000VFS with stabilized zero performs all counting 

4(, DC & AC Current 200uAFS- point and storage and storage functions. p 
External shunts extend ranges to display provides Full overload protection. 

Q 2A. Ohms. 200Q- 2MSZFS completely stable , 
Operates from AC Supply. operation. Q External 12V DC or optional p 
rechargeable battery pack. Q0 

ADVANCE cS / NAME 

ELCTRONICS \ i POSITION 

¡' COMPANY LIMITED O5 ADDRESS 

INSTRUMEN'T'S DIVISION S14LES OFFICE Q 

Raynham Road, Bishop's Stortford, Herts. Telephone: J279 55155 TELEPHONE NO. 

I WOULD LIKE 

A DEMONSTRATION (l A COPY OF 

l I THE DMM2 LEAFLET 

WW -062 FOR FURTHER DETAILS 
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T -DeC 
Primarily for discrete 
components but with IC 
capability. 

use DeC 
solderless 

modular 

breadboards 
. . 

1.1-DeC 'B' 
The board to use if bread- 
boarding with one package 
type. 
If breadboarding with a 
variety of packages use 
j.1- DeC'A' general purpose 
breadboards. 

Contacts designed for maximum life. 

Components inserted directly into board. 
Patch with ordinary wire. 
Modular, for economy and maximum use. 

Modules link to form any size of bread- 
boarding. 
Slots accommodate heat sinks and control 
panels. 
Control panel supplied with every DeC. 

DeC's may be temperature cycled. 
Contacts available in a range of surface 
finishes. 
All contacts numbered for reference. 
All connection points shown on surface 
of DeC. 

S.D.C. ELECTRONICS (SALES) LTD. 

34 Arkwright, Astmoor Industrial Estate, Runcorn, Cheshire. Tel: Runcorn 5041. 

WW -063 FOR FURTHER DETAILS 
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With a Weircliffe Bulk Eraser 
you can clean a tape whistle -clean 
without even taking it 
from the can' 

Now he tells me' 
Let's come clean. Weircliffe Bulk Erasers are, 

quite simply, the best you can buy. 
Magnetic tape/film - up to a maximum of 

16" diameter x 35 mm width or 14r x 2" - can 
be instantaneously erased. Which means you can 
handle up to 250 tapes in an hour. And you can, 
we promise you, even clean a tape while it's still 
in its can. 

What's more, nobody has yet produced a 

tape or recorded a signal - whether it's data, 
audio, pulsed or video - that can't be 
clearly erased to between 80dB and 90dB below 
saturation recording level. Weircliffe Bulk 
Erasers have a greater erase factor than any other 
known make. 

Weircliffe Bulk Erasers have been tested 
and Itested by tape manufacturers and technical 
institutes throughout the world. They're used by 
broadcasting authorities from Australia to Finland. 
They're approved and supplied by the major 
manufacturers of data recording equipment. 

They're that good. 

For more information, fill in coupon 

or 'phone Ken Chapman 01 -568 9222 Ext. 366. 

a45 

L4 Rank film equipment 

Rank Film Equipment, Rank Audio Visual Limited, 
P.O. Box 70, Great West Road, Brentford, Middx. 
Phone 01 -568 9222. Cables : Rankaudio London Telex: 24408 

r 
Weircliffe Bulk Erasers. Send me information Arrange a demonstration 

Name _ Position 

Company /Address 

Date Telephone 

1 
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dB 

2 

1 

Wireless World, June 1970 

frequency response 

100 Watts 

10 100 1k 
Hz 

10k 100k 

H ¡ ¡H ELECTRONIC 
Industrial Site Milton Cambridge CB4 4AZ Tel. 63070 

WW-058 FOR FURTHER DETAILS 

TELEPRINTERS ° PENFORATOAS 

REPERFORATORS TAPEREADERS 

DATA PROCESSING EQUIPMENT 
Codes: Int. No. 2 Mercury 'Pegasus, Elliot 80:3, 

Binary and special purpose Codes. 

2- 5- 6 -7 -8- TRACK AND 
MULTIWIRE EQUIPMENT 

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERAL ACCESSORIES 

DATEL MODEM TERMINALS, TELEPRINTER SWITCHBOARDS 

Picture Telegraph, Desk -Fax. Morse Equipment ; Pcn Recorders; 
Switchboards; Converters and Stabilised Rectifiers; Tape 
Holders, Pullers and Fast winders; Governed, Sychronous 
and Phonic Motors; Teleprinter 'Tables and Cabinets; Silence 
Covers; Distortion and Relay Testers; Send /Receive Low and 
High Pass filters; Teleprinter, Morse, Teledeltos Paper, Tape 

and Ribbons; Polarised and specia- 
lised relays and Bases; Terminals 
V.F. and F.M. Equipment; Tele- 
phone Carriers and Repeaters; 
Diversity; Frequency Shift, Keying 
Equipment ; Line Transformers and 
Noise Suppressors; Racks and Con- 
soles; Plugs, Sockets, Key, Push, 

Miniature and other Switches; Cords, Wires, Cables and Switch- 
board Accessories; Teleprinter Tools ; Stroboscopes and 
Electronic Forks; Cold Cathode Matrics; Test Equipment; 
Miscellaneous Accessories, Teleprinter and Teletype Spares. 

W. BATEY & COMPANY 
Gaiety Works, Akeman Street, Tring, Herts. 

Tel.: Tring 3476 (3 lines) Cables: RAHNO TRING 

STD: 0442 82 TELEX 82362 

WW -066 FOR FURTHER DETAILS 

Ballistics 
Computers by 

Westinghouse. 
Nine servo amplifiers 
with associated 
motors and 

Power Packs. 
Brand new in 

sealed containers. 
Price on application. 

Automatic 
Numbering 
Machine by 

Western Union. 

Four Uniselectors 
and 30 neons. 
Ideal basis for 
amateur computer. 
Application leaflet. 
£12.1 Os. post free. 

PUNCHES, READERS, VERIFIERS AND TELEPRINTERS. NEW COMPUTER ENGINEERING 

SURPLUS MATERIALS, AT REALISTIC PR,CES. MOBILE SHOWROOM. CALLS ON REQUEST 

TO SUITABLE LOCATIONS. 
Elliott 8038 computers 4K store. 803C 8K store, film handlers, two tape readers, two 
tape punches. ICI. 1901 Central Processors 8K store lineprinter, 600 i.PM. Elliott 903 
8K store tape readers & punch. Prices on application. 

COMPUTER TRAINING PRODUCTS 
2 Lordship Lane, LETCHWORTH, HERTS. Tel: 4536 0462/6 

WW -067 FOR FURTHER DETAILS 
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BUILD A LITTLE MORE 
PROFESSIONALISM INTO 

YOUR PRODUCT. . . 

MARRIOTT TAPE HEADS FOR AUDIO 

AND DIGITAL APPLICATIONS 

HIGH QUALITY, COMPETITIVE COST 

SINGLE TRACK UP TO 8 TRACKS 

ON TAPE 

WATERSIDE WORKS 
PENRYN, CORNWALL 

PENRYN - 3363 - 3591 

a4-. 

WE INVITE YOU TO 

SEND FOR YOUR COPY 

OF OUR ABRIDGED 

SPECIFICATIONS 

WOULD YOU LIKE TO 

BE KEPT INFORMED 

OF DEVELOPMENTS 

IN THIS FIELD? 

MARRIOTT MAGNETICS LTD., 
A SUBSIDIARY COMPANY OF 
BUSINESS COMPUTERS LTD. 

WW -068 FOR FURTHER DETAILS 
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Sub-miniature 

Jack Socket 
R 32307 

Threepenny 
Piece for 
Comparison 
of Size 

Jack Socket Screened 
R 32400 Jack Plug 

R 22401 

Screened 
Jack Plug 
R 22301 

Presenting part of a wide range of components 
used throughout the world by the electronics 
engineer in search of quality and reliability. 

Further information available. 

RENDAR 
I N S T R U M E N T S L T D 
BURGESS HILL, SUSSEX, ENGLAND 

TELEPHONES: BURGESS HILL 2642 -3 

CABLES: RENDAR, BURGESS HILL 

WW-069 FOR FURTHER DETAILS 

J E S AUDIO INSTRUMENTATION 

q!--0 ... q 
ó- IJ.. 

® $ i ï 
Sí451 £32.0.0 
Comprehensive Millivoltmeter 
350u Volts 20 ranges 

Illustrated the Si452 
Distortion Measuring Unit 
-low cost distortion 
measurement down to 
.01% £27.0.0 

Sí453 £37.0.0 
Low distortion Oscillator 
sine - square - RIAA 

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (0WR62) 2501 

BRADFORD ROAD, CLECKHEATON, YORKSHIRE. 
WW--- 071 FOR FURTHER DETAILS 

DIOTESTOR IN- CIRCUIT TRANSISTOR TESTER 

BRITEC LIMITED,11 Charing Cross Road, London WC2H DER 

Tel: 01 -930 3070 

WW -072 FOR FURTHER DETAILS 
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METER PROBLEMS? 

2 

A very wide range of modern design 
instruments is available for 1014 
days' delivery. 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 

WW-070 FOR FURTHER DETAILS 

ITLEIEARi 
RANGE 

,...fé,..y4.a ,,..,.,.. I 0 F 

SOLID STATE A.C. MAINS AMPLIFIERS 
employing only high grade components and transistors 

LTA 15 15 WATT 
AMPLIFIER 

High Fidelity Output switched inputs 
for Gram, 'Mike', Tape, and Radio. 
Frequency Response 10- 40.000cps -3dB. 
Bass Control + 17dB to - 16dB at 40 cps. 
Treble Control +l7dB to - i4dB at 14 Kcs. 
Hum and Noi.. - 80dB. 
Harmonic Distortion 0.2 at rated our - 
pur. 
Output for 3 -8 -15 ohm Loudspeakers. 

PTA30 HI -FI 
PUBLIC ADDRESS AMPLIFIER 
A successor to our popular 

Conchord 30 watt unit. 
Input Sensitivity 2 my (max.) 
Output 30 watts. 
Output Sockets for Loudspeaker or com- 
bination of Speakers with total impedance 
between 3 ohms and 30 ohms. 
Three individually controlled inputs for 
mixing purposes. 
Housed in fully enclosed stove enamelled 
steel case. 
Controls Vol (I) Vol (2) Vol (3) with m ain 
s witch, Treble 'lift' and 'cur.' Bass 'lifts 
and 'cut.' 
AN IDEAL UNIT FOR VOCAL AND 
INSTRUMENTAL GROUPS SUIT- 
ABLE FOR ANY KIND OF 'MIKE' 
AND INSTRUMENT PICK -UP, ALSO 
FOR RADIO, TAPE, OR GRAM. 

Recommended 
Retail price £18 -10 -0 
Size 9 4x3 }x5} in. approx. 

I( required an attractive wood cabinet with 
ter finish can be supplied for any 111w1,I. 

Prices from 83-10-0 

Recommended r23 Retail price 
Size 12x31 x6 in.approx. 

Available from your I 

Local Hi -Fi Dealer 11 

Please send a stamped addressed envelope for full descriptive details 
of above units. also TUNER AMPLIFIERS. STEREO and MONO. 

Wholesale and 
Retail enquiries to: LINEAR PRODUCTS LTD 

ELECTRON WORKS, ARMLEY, LEEDS 

WW-073 FOR FURTHER DETAILS 
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Now hear this! 

Goldring and Toa 
have a lot of valuable 

things to tell you on P.A. 
Welcome the news that Goldring and Toa can 

offer you the most advanced range of P.A. systems. 
Nothing but the best -in high performance products . . 

P.A. Amplifiers- microphones -horn speakers - 
megaphones -power intercoms -meeting 
amplifiers- background music players, etc. 

Goldring ® 
Sole UK distributors of modem P.A. systems by Toa Electric Co.. Ltd, 

Goldring Manufacturing Co. (Great Britain) Ltd. 
486/488 High Road, Leytonstone, London E. t t. 

Write or Telephone 0I -539 8343 For Full Details 

WW -074 FOR FURTHER DETAILS 
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16 lbs of high quality 

performance 

for only £6Z 

The S51B is the answer for a 

low cost, easy to use 
single -beam oscilloscope. 

Here are some of the reasons why: 

Small size -light weight 
8" x T x 15 ". 16 lb. 

5" flat -faced P.D.A. tube. 

Bandwidth DC -3MHz. 

Auto sync and trigger level control. 

Proven performance of over 20,000 

S51's in use throughout the world. 

Send for full specification now !!! 

s\'irele \Cnrld, lune 197(0 

A Division of Tektronix U.K. Ltd. 

TELEQUIPMENT, 
313 Chase Road, Southgate, London, N.14 

Telephone : 01 -882 1166 

WW-075 FOR FURTHER DETAILS 
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Sixtieth year of publication 

Communications receivers being the theme 
of the first article in this issue, our cover 
illustration is of part of the chassis of the 
Racal RA1220 on which is superimposed 
the "Racalok" digital frequency readout. 

IN OUR NEXT ISSUE 
Constructional details for a simple stereo pre - 
amplifier based on two integrated circuits. 
Class AB audio amplifier. Having discussed 
the pros and cons of class A and B amplifiers 
in this issue (p.278) J. L. Linsley Hood gives 
details of an amplifier with class A performance 
but reduced thermal dissipation. 
Understanding and using operational 
amplifiers. 

ibpa 
1 

I.Y.C. Electrical- Electronic Press Ltd 
Managing Director: Kenneth Tett 
Editorial Director: George H. Mansell 
Advertisement Director: George Fowkes 
Dorset House, Stamford Street, London, SE1 

C I.P.C. Business Press Ltd, 1970 

Brief extracts or comments are allowed provided 
acknowledgement to the journal is given. 

Wireless World 
Electronics, Television, Radio, Audio 

June 1970 Volume 76 Number 1416 
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How radio 
manufacturers 
benefit from 
ceramic 
resonators 

While semiconductor technology 
has made good progress, the 
intermediate frequency (IF) sections 
of domestic and professional radio- 
sets have changed little since 
transistors were first used in this 
field. Most receivers are still using 
IF `chains' built up from coils and 
transistor amplifier stages but with 
the introduction of Mullard ceramic 
resonators, the `micro' revolution 
has hit the IF section too. 

Improved performance. Ceramic 
resonators are the result of a six -year 
research and development 
programme, and two million of 
them are now in use. They hardly 
change the.: r characteristics at all 
over a wide temperature range. 
This means listeners do not have to 
re- adjust their sets half a minute or 

so after switching on. Due to the 
improved shape of the IF response 
curve, the selectivity is considerably 
improved. This means that 
interference from adjacent stations 
is significantly reduced. Unlike 
conventional IF coils, the new device 
is unaffected by magnetic fields. 
So no shielding is needed. 

Smaller size. These new devices 
result in a big reduction in the size of 
IF sections of both a.m. and f.m. 
radios. They are complementary in 
size to modern IC circuits- single 
resonators measure only about 
11 x8x3.5mm. 

Long -term stability. A device 
working at 470 kHz has a typical 
`Quality' value several times better 
than conventional IF circuits. 
The working frequency is maintained 
for more than 10 years to + 1 kHz. 

Assembly time saving. The number 
of connections that set -makers have 
to cope with is drastically reduced. 
When using an integrated circuit and 
a resonator filter module, like the 
Mullard LP1175, the benefits 
are even greater, with a reduction 
of over 30 % in the required 
connections. And there's no 
alignment on installation or at any 
other time. 

More robust. The discs that are the 
heart of ceramic resonators are 
hard, chemically inert, and immune 
to humidity and other atmospheric 
conditions.The electrical connections 
are gold -to -gold to ensure good 
performance even under adverse 
conditions. 

Worth it. The Industry thinks so. 
We have built our reputation 
by consistently raising quality and 
lowering costs. Our unique 
experience in component 
manufacture allows us to bring many 
resoLrces to bear on individual 
problems. We can also be sure that 
our products give continuous and 
consistent service, because our 
detailed knowledge of their use helps 
us relate the highest quality with 
the best possible price. This is 
something which applies across the 
very wide Mullard component range. 

Mullard 
components for 

consumer electronics 
Mullard Limited, 
Conscmer Electronics Division, 
Mullard House, Torrington Place, 
London, WC I 

CED94 
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Electrosil s new Pick -a -Back 
:onnector, with the snap action is 
the most advanced concep; yet in 
D.I.P. testing. You can say .; oodbye 
-,o tecious teat probes. Electrosil 
?ick- -Bac k3 are designed for 
J.1.L. packagers mounted or to a F.C. 
'loarc. Macle specifically for testing 
and fault location, the connector 
will snap on to a D.I.L. package, 
obviating the need for test probes. 

T=iare is quick release a çtion. 
You have no more costly "write -offs 
Niue to accidental shorting between 
adjacent pins. Pick -a- back's 
integrally moulded contact comb 
prevents shorting and alsc serves 
as an attachment guide. 

It can be used singly or in 
multiples to test complete I.C. 
boards before flow solderir g. 

Gold plated beryllium copper 
contacts with wiping action for 
reliable contact. Four versions 
available to mate with all standard 
14 pin and 16 pin D.I.P.s. 
{Patent and Registered Designs applied for). 

Szz 
Write for fall details. 
ELECTROSIL LIMITED, P.O. Box 37, 
Pallion, Sunderland, Co. Curham. 
Tel: Sunder and 71481. Te',ex 53273. 

have the experience 
EICI 
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The professional one 
Here it is, Solartron's outstand- 

ing 1240. 
The multimeter that's not just a 

toy but a real step forward in instru- 
ment technology. 

Now everyone can go digital! 
You get Amps, Volts, Ohms - 

a.c. and d.c. - down to 100 micro- 

volts and dual slope integration for 
noise rejection. 

Technology apart, the 1240 has 
automatic polarity indication and 
a straightforward control layout 
including a single range selector 
and fingertip function switches. It's 
the easy -to- handle go- anywhere 

portable multimeter. 
Go digital with the new 1240. 

From Solartron, European leaders in 
digital instrumentation. 

Post the magazine's reply -paid 
card and we'll send you our data 
sheet of full details. 

SOL AR T RON 1240 

+1.990 
V-C2 COM mA ZERO 

SOLARTRON 
Schlumberger 

The Solartron Electronic Group Ltd Farnborough Hampshire England Telephone 41433 

WW -077 FOR FURTHER DETAILS 
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The world's biggest 
selling,fast setting, 

modulated synthesizer. 

When it comes to synthesizers, 
setting speeds can be really 
important. Our FSM 535 sets 

frequency, modulation and level 
really fast. 

Accurately tool The ovened crystal 
gives stabilities of 3 in 10-° per day. 

The all- transistor FSM 535 uses 
solid state techniques enabling 
instant operation and the use of 

internal or external battery supply. 
It has a wide frequency range 

covering 300 Hz to 470 MHz in 100 
Hz increments with fine tuning filling 

the gaps. You can even make frequency 
and FM deviation measurements. 

Add to that full modulation - AM, FM, 
Phase Mod, Pulse Mod, Sweep, evenSSB 
- and the facility to extend frequencies 

with add -on units to 1.5 GHz with the 
same accuracy and resolution and you 
have a truly world- beating synthesizer. 

Small wonder it's being used by post 
and telegraph authorities throughout 

Europe and for Military satellite 
ground stations. 

Post the magazine's reply -paid card and 
we'll send you our data sheet of full details. 

SOLARTRON 
Schlumberger 

The Solartron Electronic Group Ltd Farnborough Hampshire England Telephone 414433 

WW -078 FOR FURTHER DETAILS 
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There is an M 
in Ferguso 

It stands for Motorola and you'll 
see it in the Ferguson single standard 3000 colour TV 

chassis. It's the mark of Motorola quality and reliability 
that got radio on the road and helped to put men on the moon. 

A few facts: 
Motorola is one of the largest semiconductor 

manufacturers in the world. Principal manufacturing 
facility and development labs in Phoenix, Arizona: 
European HQ in Geneva: European factories in France and 
Scotland. 

Motorola understands quality and reliability it was 
their equipment that provided the essential communication 
links (radio and TV) between the moon's surface and earth. 

n 
That's why there is an M in Ferguson.- it stands 

for reliability 
Motorola Semiconductors Limited 
York House, Empire Way, Wembley, Middx. 
Tel : 01 -903 0944. Telex: 21740 
Motsem Wembley. 

MOTOROL A Semiconductors 

Motorola mak 
orte of 

..o.,c000uctorr, 

WW-079 FOR FURTHER DETAILS 
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'Skip the 
meaningful 

integration and 
involvement bit. 

What's in it 
for me?' 

"We're glad you asked that question." 
" When people say that, they mean they aren't." 

"Not us. Definitely!" 
"Give it to me again. Slowly." 

"Electrosil and Miniature Electronic Components have teamed up. 
You know -integration, involvement, expansion. It's a natural process." 
"So is having a good dinner. I'm a components user. What do I get out of it ?" 

"A far wider range from Electrosil, for a start." 
"And ?" 

"And all that's best about M.E.C. -their know -how on potentiometers and 
wirewound resistors -is now combined with all that is excellent about 

Electrosil -their manufacturing capacity, distributive size and leadership in 
the field of quality resistors. You'll get the same utterly dependable 

components. But ordering could be easier, despatch and delivery even quicker." 
"How about a concrete example ?" 

"All right. Take manufacturing capacity for a start. Improvements in line 
layout and production techniques have increased the yield on one product 

by more than 50% since the beginning of the year." 
"Sounds impressive. But what about quality ?" 

"Electrosil have always put quality above everything. Ask any customer. 
Our new wirewound products get just the same critical examination 

that was standard practice at M.E.C." 
"And the supply situation ?" 

"We did have difficulties in the early stages. After all, we had to train a 
completely new labour force. These problems are now completely overcome 

and all our factory people are well experienced and ready to meet all demands." 
"All ?" 
"All!" 

" How confident can you get! Just tell me what I can expect in the way of potentiometers." 
"Well there are three basic families -rectilinear (multi- turn); T05 rotary 

(single turn); and 1" square (multi- turn); al) manufactured to military standards." 
"How about temperature range ?" 

"Minus 55' Centigrade to plus 150 on most products." 
"Minus 55 to plus 150!" 

"Guaranteed." 
" Don't ring me. I'll ring you." 

"When people say that they mean they won't." 
"Not me. Definitely!" 

aiya0a/Vt.-c. 
have the experience 

Electrosil Limited, P.O. Box 37, Pallion, Sunderland, Co. Durham. Tel : Sunderland 71481. Telex 53273. 

WW -o80 FOR FURTHER DETAILS 
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made to meastwer 
or off the peg: 
Open the BRIMAR Industrial Cathode Ray Tube 
catalogue and you will find just about the widest 
range of tubes in the business, one of which is likely 
to be a 'perfect fit' for your requirement. But, if you 
have something unusual in mind, talk it over with us. 

BRIMAR can provide the tube you need, either 'made 
to measure' or 'off the peg', whether it be for measur- 
ing instruments, picture monitors, radar, alphanu- 
meric or graphical displays. 
Through the unparalleled BRIMAR capability in 

chemistry, electron optics and vacuum physics 
the widest design diversity is offered, backed by a 

personalised customer service. 
This service, provided by engineers with extensive 

experience of the electronics ndustry covers advice 
on tube characteristics, operating conditions and 
associated components. 
Tailored packaging and reliable delivery to meet pro- 
duction schedules are also part of the BRIMAR 

Service. 
Want to know more about the BRIMAR range of 
Industrial Cathode Ray Tubes ? - send for our latest 
catalogue. 

WW -O81 FOR FURTHER DETAILS 

Thorn Radio Valves 
and Tubes Limited 
7 Soho Square, London, W1 V 6DN. 
Telephone: 01 -437 5233 

THORN 

12 
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The light 
heavyweight champion 

wins on points 

Solartron's light heavjweight champion 
the CD1642, is a natural -born wirner. 

Look at its advar t_ges. 
Fully transistorised port3:ility, running off 

every power source you use, wits an optional 
rechargeable battery attach-nent too. 

And you lose nothing in full -size lab. 'scope 
performance. It has 10 mV /cm sen_ilivity 

at 15 MHz, triggering to 25 MHz, dual 
trace, D.C. -15 MHz, brilliantly cris) 

displays and exceptional focus 
right to the edges. 

And to top it off, we AGREE test 
every machine fdr a week in 

the toughest conditions to assure 
top performance. 

So stop worrying about losing 
performance in the field. 

The CD1642 gets a load off your 
mind as well as your arm. 

Post the magazine's reply -paid 
card and we'll send you our 

data sheet of full details. 

Schlumberger 
The Solartron Electronic Group Ltd Farnborough Hampshire England Telephone 44433 

WW-082 FOR FURTHER DETAILS 
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lectrosil's 
new selection box 

Now you can purchase a laboratory stock of 
600 of Electrosil's C3 resistors (AV/ at 700C) in a 
smart kit designed to give you quicker 
selection of the values you need right through 
from 10Lí to 150ko. 

The new pack, which is strongly made in 
Perspex, provides the design engineer with 20 
resistors in each of 30 values all conveniently 
held in clearly labelled plastic tubes. 

Measuring approximately 15" by 4" by 2 }" the 
C3 lab kit is offered at a price of only £49 (carriage 
paid) -much less than you would pay for a similar 
selection of C3 resistors bought separately. 

Order now from your usual Electrosil 
distributor or write to us for full details of 
the lab kit offer. 
C3 -the smallest glass tin oxide resistor. 
Electrosil Limited, P.O. Box 37, Pallion, 
Sunderland, Co. Durham. 
Telephone Sunderland 71481. Telex 53273. 

have the experience 
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Europe': biggest sellers 

are still going strong 

The 1400 Scope 
Large, bright display 

9 modules to choose from 
for your 'tailor -made' spec. 

Choice of 3 amplifiers, 
including differential. 

3 time bases, including 
sweep delay. 

An X -Y plotter and custom 
blanks. 

You're in excellent company with 
these general purpose instruments, 
they've just passed their 20,000th 
sale. 
Understandable when you consider 
their price performance. 

The 14ßO D.V.M. 
2.5íV -1000V 
120 dB noise rejection 
0.05% accuracy 
33 conversions per sec 
5000 MO input resistance 

Post the magazine's reply -paid card and we'll 
send you our data sheet of full details. 

SOLARTRON 
Schlumberger 

The Solartron Electronic Group Ltd Farnborough Hampshire England Telephone 44433 

WW -084 FOR FURTHER DETAILS 
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MI MI IN WIN MOM= MIU =MINI III 111 
G18 watts. Fitted 3/32'- bit for miniature 
work on production lines. Interchangeable 
span bits, 1/8 ", 3/16-' and 1/4" available. 
For 240, 220 or 110 volts. 32/6. 

E20 watts. Fitted with 1/4" bit. 
Interchangeable spare bits 3/32", 1/8 ", 
3/16" available. For 240, 220, 110 
volts. From 35/- 

ES25 watts. Fitted with 1/8" bit. 
Interchangeable bin 3/32 ", 3/16" and 1/4" 
available. Ideal for high speed production 
lines. For 240, 220, 110, 24 or 12 rots. 
From 35/- 

F40 watts. Fitted 5/16" bit. 
Interchangeable bin 1/4", 3/16", 1/8 ",3/32" 
available. Very high temperature iron. For 

ADDRESS 

Complete precision 
soldering kit 

PLUS 36 -page booklet on 
"How -to- Solder " -a mine 
of information for amateur 
and professional. 

This kit -in a rigid plastic 
"tool -bon" - contains 

Model CN 15 watts 
miniature iron, fined 

bit. Interchangeable 
spare bits 
Reel of resin -cored 
solder 
Felt cleaning pad 

Stand for soldering iron 

From Electrical and Radio 

^49'6 to Antex. 

PRECISION MINIATURE SOLDERING IRONS . 
Antex, Mayflower House, Plymouth, Devon. 
Telephone Plymouth 67377/8. 

Model CN 240/2 
15 watts - 240 volts 
Fitted with nickel plated bit (3/32 ") and in . 240, 220. 110, 24 Of 20 Solis. From 42/6 handy transparent pack. From Electrical 31, Spare bits and elements for all models and Radio Shops or send cash to Antex. a ai and voltages immediately available from stock. MMEMIIIM11111.11111..M111.1.1..M. .111..11111..M .11.11111.i 

Telex. 45296. Giro No. 2581000. 

1-1 P lease send me the Antex colour 
catalogue 

FlP lease send me the following irons I 
Quantity Model Bit Size Volts Price 

I enclose cheque /P.O. /cash value . 
NAME i 

W.W 6 

WW-085 FOR FURTHER DETAILS 
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Anew 
STAR 
is born 

STC announces a new 
AM VHF version of the STAR 

Mobile Radio Telephone series. 

The new Star AM7 is designed expressly 
for British VHF bands. It is completely 
solid state and meets the latest Ministry 
of Posts and Telecommunications 
12.5 kHz specifications. It incorporates 
the outstanding features that are 
making the Star UHF range so 
successful, combining excellent 
performance with elegant appearance 
and outstanding speech qualities. Star 

ÌTT 

/ I 
mobile equipment has no relays or / 
moving parts. / 
For more information about the /e\ 
Star AM7 or Star UHF series, post the / 

ac 
coupon today. / .mec os §ct : r \ 
STC Mobile Radio Telephones Ltd., /o. ,0\<<.7 : /e. 
'New Southgate, London N.11. a Z 

a o 
Tel : 01 -368 1200. Telex : 261912. /`e ti)PP 

// °`\ 
a 

Q : :: / P N` 

// 'SP 

. 

c 

Mobile Radiotelephones J - - -o 
WW-086 FOR FURTHER DETAILS 
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If it's worth 
putting across it's worth 
a Shure Microphone 

Do yourself a favour. 
And your audience. 

Eqn p yourself with a microphone that lets you be heard 
the way you should be heard. 

With every word faithfully reproduced. 
Every note. 

Every subtle shade of sound. 
Take yctr own Shure Microphone with you on every date. 

Just as the top stars do. 

SHURE 
Model B818SA Unidyne B 

This is the lowest -cost 
Unidyne, but it has all the 

features that have made Unidyne 
so popular in show business. 

You'll delight at the way it 
reduces feed back,'boomy' 

reverb and pick -up of audience 
noise. You can use it on stand 
or in the hand, and there's a 

built -in On -Off switch. 20ft. 
cable and a swivel adaptor. 

The ideal microphone for high 
performance on a modest budget. 

Complete in carrying case. 

SHURE 
Model B588SA Unisphere B 
Maxi mike at a mini price ! 

Gives you maximum features 
for your money. Superior 'pop' 

rejection. Trouble -free Cannon type 
connector (normally found only 

in higher -price models). 
Superb anti -feedback 

performance. Shock - mounted 
cartridge for quiet operation. 
Built -in On -Off switch which 
can be locked at 'Ora'. 20ft. 
cable. Swivel adaptor. Hear its 

natural, lifelike reproduction 
... this is Unisphere through and 

through ! Complete in carrying case. 

WW-087 FOR FURTHER DETAILS 

For full details of Shure 
microphones, the most widely 
used in show business, SEND 
IN THE COUPON TODAY 
To: Shure Electronics Ltd., 
84 Blackfriars Road, London, 
S.E.1. Tel : 01 -928 3424 
I'd like to know more about 
Shure Microphones for the 
Professional Entertainer. 
Please send me the facts. 
NAME 
ADDRESS 

SHORE 
setting the world's standard in sound. 
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It's revolutionary 
this receiver! 
Full search facility 
and synthesiser 
setting tot in10' 
stability. 

Racal -BCC Limited 
Bracknell Berkshire England 
Tel: Bracknell 3244 Telex 84166 

Racal RA. 1220 

1 to 30 MHz Solid state Modular 
construction Electronic Display 1 Hz 

"Racalok" stability of 1 in 107 Frequency 
setting:- 100 Hz steps, -100 Hz Interpolation 
and free tuning USB /LSB, DSB and CW 

Designed to military specifications 
Full range of adaptors available. 
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RADIO MASTS AND AERIAL ARRAYS 

MANUFACTURERS OF 
Aerial Systems for M.F. & H.F. 
range including: 
Centre Fed Half Wave Dipoles. 
Delta Matched Dipoles. 
Folded Dipoles. 
Broad Band Cage Monopoles. 
Rhombic Systems. 
Quadrant Dipoles. 
Inverted "V " Arrays. 
Terminated Folded Dipoles. 
M.F. "T " & "L " Aerials. 
Vertical Radiators. 
Radio Masts: 
Portable Tubular. 
Permanent Tubular. 
Permanent Lattice. 
Dipole Centre Connectors. 
Transmission Line Equipment. 
Terminating Units. 
Lead -in- Insulator Panels. 
Coaxial and Wire Feeder 
Routes. 
SUPPLIERS TO: 
Government Ministries, Crown 
Agents, principal manufacturers 
of Telecommunications equip- 
ment and overseas governments 
and administrations. 

COAXIAL CABLE TERMINATING UNITS 
Designed for Centre Fed Tx and Rx Dipole Arrays. 

Type CCJ /2 
* Lightweight 4 oz. 
* For mobile and por- 

table HF dipoles 
* N.A.T.O. Codification 

Type CCJ /1 

* Safe Coaxial 
Suspension 

* PL or N type 
Connection 

* Up to 2 kW capacity 
* N.A.T.O. Codification 

UNDER IMMEDIATE DEVELOPMENT: 
An extended range of antenna mounted terminating units incorporating matching transformers 
balanced /unbalanced 75 -50!1, 600- 50l->, 600 -75!1, for reception and low power transmission. 

Also available: Portable half wave antennas designed for use with the modern HF transceiver. 
These antennas use the CCJ /2 centre connector with Terylene /Copper elements calibrated in 

Mc /s. spacing to frequency nominated. Supplied with coaxial cable and fitted required type 
of plug 

SOUTH MIDLANDS CONSTRUCTION LIMITED 
S. M. House, Osborne Road, Totton, Hants. 

Telephone: Totton 2785/4930 

HOMER 
A miniature, internally -powered hermetically -sealed 
marine communications receiver providing for DF and 
general reception in the frequency range 150 -4.150 
kHz. Through the use of FET's and crystal filters, this 
receiver has the exceptionally high performance figure 
on M.F. C.W. reception of 2 microvolts for 20 dB 
signal : noise ratio. For full details. write to the designers 
and manufacturers: -- 

BROOKES & GATEHOUSE LTD 
Bath Road, Lymington, Hants. Tel: Lymington 4252 
and branch in the US.A.: 
BROOKES dc GATEHOUSE INC. 
154 East Boston Post Roan, Mamaroneck, New York 10543 

I LI FFE BOOKS 
COLOUR TELEVISION 

VOL. I: PRINCIPLES AND PRACTICE 

P. S. CARNT, B.Sc.(Eng.), A.C.G.I., C.Eng., F.I.E.E., Leader of 
Colour T.V. Group Laboratories, R.C.A. Ltd., Zurich, and G. B. 
TOWNSEND, Ph.D., B.Sc., F.Inst.P., A.K.C., A.M.I.B.M., C.Eng., 
F.I.E.E., Head of Engineering Research, Thames Ttlevision Ltd. 

A working knowledge of black and white television is assumed, 
and while the treatment is largely non -mathematical, the more 
advanced mathematics are given in the appendices. Most aspects 
of transmission and reception are discussed, though the emphasis 
is on the latter. For the service engineer, chapters on fault- finding 
have been added which illustrate the practical approach. Block 
diagrams and full circuits are included. 

CONTENTS 
Colour Measurements. Colour Picture Tubes. Cameras and Film 
Scanners. Transmitter Coding. Specification in N.T.S.C. Systems. 
Transmitter Coding Circuits. Introduction to Colour Receiver 
Design. Colour Receiver Amplifiers. Colour Receiver Decoding 
Circuits. Colour Receiver Reference Frequency Generators. 
Operation of the Shadow Mask Tube. Colour Receiver Test 
Equipment and Performance Measurements. Receiver Installation. 
Colour Receiver Fault Finding. Monochrome Reception on N.T.S.C. 
Signals. Shortcomings of N.T.S.C. Systems. Appendices. 

487 pp. 233 illustrations. 16 pp. plates -8 in colour. 
85s. net, 87s. by post. 

obtainable from your bookseller or: 

THE BUTTERWORTH GROUP 
Butterworths-Iliffes-Newnes 
88 KINGSWAY LONDON WC2 01-405 6900 
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TRIO 
for Unheard 
of Excellence 

Model JR -500SE 
CRYSTAL CONTROL TYPE DOUBLE CONVERSION COMMUNICATION RECEIVER 

* This receiver covers all the amateur bands 
between 3.5 and 29.7 MHz. * Dial with anti - 
backlash double gear construction. Precise 
tuning all signals, including SSB. * Superior 
stability with crystal controlled first local os- 
cillator and VFO type second oscillator. 
* Frequency drift is practically nil due to the 
use of a solid state VFO circuitry. * Superior 
selectivity by use of mechanical filter in IF 
circuitry. * Receiver with built -in product de- 
tector assures good reception of SSB and CW. 
* BFO circuit utilizes crystal controlled oscil- 
lator for superior performance. 

Ihr unrl tr/rprurrr h n, rrrrrhl} TRIO 
TRIO ELECTRONICS, INC. 

SPECIFICATIONS 
* Frequency Range: 3.5 MHz 29.7 MHz (7 Bands) 
* Selectivity: 
* Sensitivity: 
* Dimensions: 

11.5KHzat 6dB, t 6KHz at 60 dB 
1.5 mV for 10 dB S/N Ratio (at 14 MHz) 
13"(W )k 7"(H), 10 "(D) 

n 
Model 9R -59DE 
BUILT IN MECHANICAL FILTER 

8 TUBES COMMUNICATION RECEIVER 
* A mechanical filter enabling superb selectivity w.tn ordinary IF transformers 
4, Frequency Range: 550KHz to 30MHz (4 Bards) * Sensitivity: 2pV for 10dB 
S/N Ratio (at 10MHz) * Selectivity: } 5KHz at 50dB ( t 1.3KHz at 6dB). 
When using the Mechanical Filter * Dimensions Width 15" Height 7` Depth 10" 

-11 

TRIO KENWOOD ELECTRONICS S.A. 
160 Ave.. Brugmann, Bruxelles 6, Belgium 

Sole Agent for the U.K. 

B. H. MORRIS & CO., (RADIO) LTD. 
84/88. Nelson Street, Tower Hamlets, London E 1 Phone: 01 -790 4824 

www.americanradiohistory.com

www.americanradiohistory.com


Available now! 
The new 
Mullard data 
book for 1970 
Quick! get up -to -date with the 
latest information about Mullard 
semiconductors, valves, television 
picture tubes and components. 

For easy flick- through location, 
each section of this pocket -sized 
data book is colour- coded. 

Get your copy from your 
local TV retailer, Bookshop 

or cash with order, including 
p.p. 4/9 (24p), direct from 

7 Mulland 
Mullard Limited. Mullard House. 
Torrington Place, London. WC1 

Wireless World, June 1970 

the choice in over 
50 different countries! 
Teonex electronic valves and semi -conductors 
are supplied all the world over where quality 
and reliability count. 

Teonex offer a comprehensive range of receiving, 
professional and special quality valves. Whether 
you require a device to mil specifications for 
government work or a commercial device for 
replacement in a television set, Teonex products 
are equally suitable. 

For technical specifications and price lists, 
please write to Teonex Limited 
2a Westbourne Grove Mews 
London W.11 England 
Cables: Tosuply London W.11. 

TEONEH 
electronic valves & 
semi -conductors 

EXPORT ENQUIRIES ONLY 

TEONEX 

MODEL U -50DN 

SA/VWATMs 
USED THROUGHOUT THE WORLD, SANWA:, 
EXPERIENCE OF 30 YEARS ENSURES ACCURACY. 
RELIABILITY, VERSATILITY. UNSURPASSED TESTER 

PERFORMANCE COMES WITH EVERY SANWA. 
6 Months Guarantee. Excellent Repair Service 

Mc1N P49 . . . . O 7 MiWR- 30T110 .. £12 I S 

MeWdP50 . . . !f IS MNtl14OTRD 03 II S 

Mcie 850011 . . E7 IS 
Moist 350- CIS 2 I 

MNN310-YTN . 

MNNA-303TT0 
. . n 17 

CIS IS 111N11E3O -(S CIS S I 
MNdAT4 . . . fil 7 MNNEM -700 . LII I I 

Cases available with most matera 

YLL..SE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS 

SOLE IMPORTERS IN U.K: 

QUALITY ELECTRONICS LTD. 
47 -49 HIGH STREET. KINGSTON- UPON -THAMES. SURREY. Tel 01 -546 4585 

We supply B.A. Screws, etc. in brass, steel, stainless, 
phosphor bronze and nylon to laboratories throughout 
the Commonwealth. 
We can also offer early delivery for many sizes 
of screws, etc. with Metric Threads 

Please send for List W2/69 (WW) 

WALKER- SPENCER COMPONENTS LTD. 

5, High Street, Kings Heath, Birmingham, 14. 
Telephone: 021 -444 3155 (Sales) and 5278 

WW --094 FOR FURTHER DETAILS 
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SINCLAIR IC -10 
MONOLITHIC 
INTEGRATED CIRCUIT 
AMPLIFIER AND PRE -AMP 

A 13 transistor circu't measuring only 
one twentieth of an inch square by 
one hundredth of an inch thick! 

the world's most advanced high fidelity amplifier 
The Sinclair IC -10 is the world's first monolithic integrated circuit 
high fidelity power amplifier and pre -amplifier. The circuit itself, a 
chip of silicon only a twentieth of an inch square by one hundredth of 
an inch thick, has 5 watts R.M.S. output (10w. peak). It contains 
13 transistors (including two power types), 2 diodes, 1 zenerdiode 
and 18 resistors, formed simultaneously in the silicon by a series of 
diffusions. The chip is encapsulated in a solid plastic package which 
holds the metal heat sink and connecting pins. This exciting device 
is not only more rugged and reliable than any previous amplifier, 
it also has considerable performance advantages. The most import- 
ant are complete freedom from thermal runaway due to the close 
thermal coupling between the output transistors and the bias 
diodes and very low level of distortion. 

The IC -10 is primarily intended as a full performance high fidelity 
power and pre -amplifier, for which application it only requires the 
addition of such components as tone and volume controls and a 

battery or mains power supply. However, it is so designed that it 
may be used simply in many other applications including car 
radios, electronic organs, servo amplifiers (it is d.c. coupled through- 
out), etc. Once proven, the circuits can be produced with complete 
uniformity which enables us to give a full guarantee on every 
IC -10, knowing that every unit will work as perfectly as the original 
and do so for a lifetime. 

MORE SINCLAIR DESIGNS ON PAGES FOLLOWING 

sinlair 

SPECIFICATIONS 
Output: 10 Watts peak, 5 Watts R.M.S. continuous 
Frequency response: 5 Hz to 100 KHz ± 1dB 
Total harmonic distortion: Less than 1% at full output. 
Load impedance: 3 to 15 ohms. 
Power gain: 110dB (100,000.000,000 times) total. 
Supply voltage: 8 to 18 volts. 
Size: 1 x 0.4 x 0.2 inches. 
Sensitivity: 5mV. 
Input impedance: Adjustable externally up to 2.5 M ohms. 

CIRCUIT DESCRIPTION 
The first three transistors are Jsed in the pre -amp and the 
remaining 10 in the power amplifier. Class AB output is used 
with closely controlled quiescent current which is independent 
of temperature. Generous negative feedback is used round 
both sections and the amplifier is completely flee from cross- 
over distortion at all supply voltages, making battery operation 
eminently satisfactory. 

APPLICATIONS 
Each IC -10 is sold with a very comprehensive manual giving 
circuit and wiring diagrams for a large number of applications 
in addition to high fidelity. These include stabilised power 
supplies, oscillators, etc. The pre -amp section can be used as 
an R.F. or I.F. amplifier without any additional transistors. 

SINCLAIR 

I 
1 0 with /C -1O manual 59f 6 Post free. 

SINCLAIR RADIONICS LTD. 22 NEWMARKET ROAD, CAMBRIDGE 
Telephone: 0223 52731 

WW -091 FOR FURTHER DETAILS 
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Project 60 
laboratory- standard high fidelity modules 

Sinclair Project 60 comprises a range of modules which connect 
together simply to form a complete stereo amplifier with really 

excellent performance. So good, in fact, that only 2 or 3 amplifiers 

in the world can compare in overall performance. Now with the 

addition of three new modules to the range, the constructor has 

choice of assemblies with either 20 or 40 watts output per channel, 

with or without filter facilities. 
The modules are: 1. The Z -30 and Z -50 high gain power amplifiers, 
each of which is an immensely flexible unit in its own right. 2. The 

Stereo 60 pre -amplifier and control unit. 3. The Active Filter unit 
with both high and low audio frequency cut -offs. 4. The PZ -5 and 

PZ -6 power supplies. A complete system could comprise, for 
example, two Z -30's, one Stereo -60, and a PZ -5. The P -Z6 is 

stabilised and should be used where the highest possible continuous 
sine wave rating is required. An A.F.U. may be added as required. 
In a normal domestic application, there will be no significant 
difference between using a PZ -5 or PZ -6 unless loudspeakers of 

very low efficiency are being used, in which case the PZ -6 will be 

required. For assemblies using two Z -50's there is the new PZ -8 
stabilised supply unit to ensure maximum performance from these 
more powerful amplifiers. 

All you need to assemble your Project 60 system is a screwdriver 
and soldering iron. No technical skill or knowledge whatsoever 
is required and, in the unlikely event of you hitting a problem, our 
customer service and advice department will put the matter right 
promptly and willingly. Project 60 modules have been carefully 
designed to fit into virtually all modern plinth or cabinets and only 
holes need be drilled into the wood of the plinth to mount the control 
unit and the A.F.U. Any slight slip here will be covered by the 
aluminium front panels of these two units. 
The Project 60 manual gives all the building and operating instruc- 
tions you can possibly want, clearly and concisely. Perhaps the 
greatest beauty of the system is that it is not only flexible now but 
will remain so in the future as the latest additions to the range show. 

A stereo F.M. tuner is next to come. These and all other modules we 

introduce will be compatible with those already available and may 

be added to your system at any time. And because Sinclair are the 

largest producers of constructor modules in Europe, Project 60 

prices are remarkably low. 

SINCLAIR RADIONICS LIMITED 22 NEWMARKET ROAD CAMBRIDGE ' Telephone 0223 52731 

WW-092 FOR FURTHER DETAILS 
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Z.30 20 Watt R.M.S. 
POWER AMPLIFIER 
(40 WATTS PEAK) Z.50 

The Z.30, together with the higher powered Z.50 are both of advanced 
design using silicon epitaxial planar transistors to achieve unsurpassed 
standards of performance. Total harmonic distortion is an incredibly low 
0.02% at full output and all lower outputs. Whether you use the Z.30 or Z.50 

power amplifiers in your Project 60 system will depend on personal pre- 
ference. But they are both the same physical size and may be used with other 
units in the Project 60 range equally well. The Z.30 is unique in that it may 

be used with any power source between 8 and 35 volts without need for 
adjustment and may thus be driven from a car battery for example. cor 

operating from mains, for the Z.30 use PZ.5 power supply unit for most 

domestic requirements, or P.Z.6 if you have very low efficiency loudspeakers. 
For Z.50, use the PZ.5, PZ.6 or PZ.8 described below 

SPECIFICATIONS 
Power Outputs Z.30 15 watts R.M.S. into 8 ohms, using 35 v.. 20 watts R.M.S. 

into 3 ohms using 30 volts. 
2.50 40 watts R.M.S. into 3 ohms : 30 watts R.M.S. into 8 sin's, 
both continuous, operating on 50 v. 

Frequency response -30 to 300.000 Hz +1 dB 
Distortion 0.02% into 8 ohms 
Signal to noise ratio better than 70dB unweighted 
Input sensitivity 250mV Into 100 K ohms 
For speakers from 3 to 15 ohms impedance 
Size 3 ;in. x 2 5in. x ;in. 

STEREO 60 Pre -amp Control Unit 
The Stereo 60 is a stereo preamplifier and control unit designed for the 
Project 60 range but suitable for use with any high quality power amplifier. 
Again silicon epitaxial planar transistors are used throughout and great 
attention has been paid to achieving a really high signal -to -noise ratio and 
excellent tracking between the two channels. Input selection is by means of 
push buttons and accurate equalisation is provided for all the usual inputs. 
The tone controls are also very careful:y designed and tested. 

ACTIVE FILTER UNIT 
The purpose of the filter unit is to reject frequencies above (scratch) or 
be /ow (rumble) a specific cut off frequency when they contain unwanted 
interference. The Sinclair A.F.U. is unique in that the cut off frequency is 

continuously variable for both the scratch and rumble units and, as the 
attenuation in the rejection band is rapid (12dB per octave), the removal 
of interference can be achieved with less loss of the wanted signal than 
has previously been possible. 
Each channel has an overall gain of unity and the unit may be connected 
between the pre -amplifier and power amplifier sections of any system. 
Both amplitude and phase distortion have been made quite negligible by 
careful design and generous negative feedback employed. 

SPECIFICATIONS 
Employs two Sallen U Key type active filter stages, one rumble 
(high pass) and one scratch (low pass) 
The two stages use complementary transistors to minimise 
distortion. 
Supply voltage 15 to 35 V Current 3mA max. 
Gain at 1 kHz, filters fiat 0.98 ( -0.2dB) 
H.F. cut off ( -3dB) variable from 28kHz to 5kHz at 12dB /octave 
L.F. cut off ( -3dB) variable from 25Hz to 100Hz at 12dB /octave 
Distortion at 1 kHz (35V supply) 0.02% at rated output r r 

Built, tested and guaranteed £5.1 9.6 

40 WATT R.M.S. 
POWER AMPLIFIER 
(80 WATTS PEAK) Z.50 

Built, tested and 89/6 Zit 

50 
t, and 09/6 

guaranteed, with manual guaranteed. with manual 

Trabte and bass cut 
and boost curves 

SINCLAIR POWER SUPPLY 
UNITS 
PZ -5 30 volts unstabilised -sufficient to 
for the majority of domestic applications 
PZ -6 35 volts stabilised -ideal for driving 
very low efficiency speakers are employed 
PZ -8 45 volts power supply unit for use 
transformer) 

drive two Z.30's and a Stereo 60 
£4.19.6 

two Z.30's and a Stereo 60 when 
£7.19.6 

with Z.50 amplifiers (less mains 
£5196 

GUARANTEE 
If at any time within 3 months of purchasing Project 60 modules from us. 
you are dissatisfied with them, we will refund your money at once. Each module is guaranteed to work perfectly and should any defect arise in r normal use we will service it at once and without any cost to you whatsoever 
provided that it is returned to us within 2 years of the purchase date. There will be a small charge for services thereafter. No charge for postage by surface mail. Air -mail charged at cost. 

sin=lai r 
SINCLAIR RADIONICS LIMITED, 22 NEWMARKET ROAD for which /enclose cash /cheque /money order 

SPECIFICATIONS FOR STEREO 60 
input sensr:rvmes -Radio -up to daia Magnetic P.U. - 

3mV : correct to R.I A.A. curve ± 1 dB; 20 to 25,000 Hz. 
Ceramic P.U. -up to 3mV. Aux. -up to 3mV. 
Output- 250mV. 
Signal -to -roise ratio- better than 70dB. 
Channel matching- within 1dB. 
Tone Controls- TREBLE +15 to -15dB. at 10 kHz: 
BASS 4 15 to -15dB at 100 Hz. 
Front panel -brushed aluminium with black knobs and 
controls. 
Size 8 }x1} x 4 iis. 

BUILDING A PROJECT 
60 ASSEMBLY 

The dlustta:ion rare snows quite clearly how easily 
Project 60 can be contained in one of today's slim, modern 
plinths. Very little space is required to house these 
Sinclair units, and within the space of the motor plinth. 
you can install a stereo amplifier of the very highest 
quality. if, for example you have already put together an 
assembly as illustrated hare, adding the Active Filter Unit 
would be very easy. 

To: SINCLAIR RADIONICS LTD., 22 NEWMAR {ET RD., CAMBRIDGE 
Please send NAME 

1 

ADDRESS 

WW670. CAMBRIDGE Tel 022352731 L. 
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GEIGER COUNTERS LATEST GOVERNMENT RELEASE, 

OF THESE EXCEEDINGLY POPULAR AND WELL KNOWN 
CONTAMINATION METERS. Which were intended for use 

should the need arise by the Civil Defence etc 

These any new or mama, as new bang shalt gored only and are complet.wtth 

.p p.m including. Carrying Haversack. Coble and Probe Instructions for use 

The Model ,ncorpnratesa Plug in Vrbntor Power Umt. instead of the norms Batten 

Holder thereby using lour mended/ Mallon R M 12 R Long lot. Bananes not 

suppindi The um 
c 

, omyl.taly paned.. bang med. in Cast Alum 

making it ennmeennead., light and strong Every Pen is completely oiled end Wet.r 

ugd let Pnce CIO SUPPLIED AS ABOVE IN MAKERS 

CARTON COMPLETE AND TESTED 90 POST 10 - TWO CARRIAGE PAID 

J H TOWNEND. DI THE ROUNDWAY. MORLEY, NR LEEDS. YORKS 

HOOD 10W -TEXAS 15W- BAILEY 30W 
Guaranteed new Motorola, RCA, SGS, Texas Tr's 
BC107 3/6 M1481 26/6 2N697 3/11 
BC109 2/8 M1491 29/- 2N1613 5/3 
BCI25 10/6 M1E521 15 /- 2N3906 6/6 
BC126 10/6 MPFI03 7/6 2N4058 5/- 
BCI82L 2/11 TIP3IA 19/- 2N4302 9/- 
BC212L 3/8 TIP32A 22/- 40361 11/3 
M1480 20/- 152082A 4/- 40362 13/6 

Matched pairs I/- extra per pair. 
Postage II- on orders below LI.0.0. 
Matched 10 Tr's (Bailey 30W) with Pcb .. £6.5.0 
Matched 10 Tr's (Texas I5W) & IS2082A .. 0.9.6 
Matched 4 Tr's (Hood IOW) with M1480s .. 0.9.6 
Matched 4 Tr's (Hood IOW) with M1481s .. 0.2.6 

Send S.A.E. for List of Components 
GUARANTEED DESPATCH BY FIRST CLASS RETURN 

A.1 FACTORS.72 BLAKE ROAD. STAPLEFORD.NOTTS. 

WE BUY 
any type of radio, television, and electronic 
equipment, components, meters, plugs 
and sockets, valves and transistors, cables, 
electrical appliances, copper wire, screws, 
nuts, etc. The larger the quantity the 
better. We pay Prompt Cash. 

Broadfields & Mayco Disposals, 
21 Lodge Lane, London, N.12 

RING 445 2713 

445 0749 

958 7624 

TRAIN TODAY 

FOR TOMORROW 
Start training TODAY for one of the many 
first -class posts open to technically qualified 
men in the Radio and Electronics industry. 
ICS provide specialized training courses in 

all branches of Radio, Television and Elec- 
tronics -one of these courses will help YOU 
to get a higher paid job. Why not fill in the coupon 
below and find out how? 

Courses include: 
RADIO/TV ENG. & SERVICING 
AUDIO FREQUENCY 
CLOSED CIRCUIT TV 
ELECTRONICS- 
ELECTRONIC MAINTENANCE 
INSTRUMENTATION AND 
CONTROL SYSTEMS 
NUMERICAL CONTROL 
ELECTRONICS 
COMPUTERS 
PRACTICAL RADIO (with kits) 

Guaranteed Coaching for: 
C. & G. Telecom. Techns' Certs. 
C. & G. Electronic Servicing 
R.T.E.B. Radio/TV Servicing Cert. 
Radio Amateur's Examination 
P.M.G. Certs. in Radiotelegraphy 
General Certificate of Education 

Start today the ICS wen 

INTERNATIONAL 
CORRESPONDENCE 

EST. 1891 SCHOOLS 
Dept 230, Interiors House. Stewerto Rd., London, S 8. 

Please send FREE book on 

Vorne 

Address 

Monthly MI III 

ENTHUSIASTS 
Inn tape recording 
subscribe to the only 
Magazine devoted 
exclusively to the 
subject. 
25/- (U.S.A.) $3.75 
yrly. incl. postage. 

FREE SPECIMEN COPY ON REQUEST 
7 ALVERSTONE AVENUE, EAST BARNET, HERTS. 

COMPONENT PARTS EX STOCK 
FOR FOLLOWING HI FI DESIGNS 

BAILEY, LINSLEY -HOOD, 
TEXAS INSTRUMENTS 

For list of parts and other information send S.A.E. to: 

TELERADIO ELECTRONICS 
325 FORE STREET. N.9 807 3719 

LAWSON BRANI) NEW 
TELEVISION TUBES 

12' Types [4.10.0 
14' Types E4.19.0 
17' Types E5.19.0 
19' Types [6.19.0 
21" Types £7.15.0 
23' Types [9.10.0 
19" Panorama £8.10.0 
23' Panorama El 1.10.0 
19' Twin Panel [9.17.6 
23" Twin Panel E12.10.0 

Carriage and insurance 

12" -I9' -1216 
21' -23' -15/0 

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 C.R.T. 
manufacturers. They are guaranteed to give absolutely 
superb performance with needle sharp definition. Screens 
of the very latest type giving maximum Contrast and 
Light output; together with high reliability and very 
long lofe. 

"Century 99" are a complete range of tubes in all 
sizes for all British sets manufactured 19474969. 
Complete fitting instructions are supplied with 
every tube. 

2 YEARS FULL REPLACEMENT GUARANTEE 
WW -114 FOR FURTHER DETAILS 

LAWSON 
TUBES 

18 CHURCHDOWN ROAD 
MALVERN, WORCS. 

Tel. MAL 2100 

Wireless World, June 1970 

CAPACITOR DISCHARGE 

IGNITION SYSTEM 

Using the article as published in the January 1970 issue of 

Wireless World, a universal printed -circuit board has been 

designed suitable for both positive and negative earth ignition 

systems. This also enables simple conversion to opposite 

polarity if the vehicle is subsequently changed 

The printed -circuit board incorporates Cinch printed-circuit 

mounted screw terminal blocks for the input and output 

connections. together with a printed- circuit mounted fuse 

carrier with fuse. 

A complete complement of components and semiconductors 

are supplied together with a ready drilled and fluxed printed 

circuit board, drilled heatsink, hardware and suitable 

transformer 
Although wiring details are supplied for both positive and 

negative earth versions, customers must state which version 

they require so that the correct semiconductors can be 

supplied 

Price £9 -5 -0 plus 10/- carriage. 
Trade Enquiries Invited. 

Mail Order Only. 
DABAR ELECTRONIC PRODUCTS 

98a, Lichfield Street, 
Walsall, Staffs. 

THERE ARE GEMS IN IRELAND 

vAv1I / //, 
This is one 

%/ q/i1 \\\\.S.-. 

THIS is another 

IF YOU WANT A REAL GEM CONTACT 

tr 

TECLARE LTD 
ENNIS, CO. CLARE. ,'.., . 21559 

AFTER ALL, WE'RE IN THE EMERALD ISLE 

WW -115 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

SS CHALCOT ROAD, CHALK FARM, LONDON, N.W.1 
THE VALVE SPECIALISTS Telephone 01 -722 -9090 
GLOUCESTER ROAD, LITTLEHAM PTON, SUSSEX. Littleham pion 6743 

Please forward all mail orders to L(ttlshampton 
Save Odd cut Cub and espy by seller ualeome. 

062 5/9 SBWB 14/0 6780 2/0 20FS 14/- 
OB2 5/- 8BW7 16/- 6V6OT 6/6 20L1 50/- 
034 4/6 604 6/- 6E4 4/3 2091 17/5 
1.113 4/6 606 5/9 6180T I/- 2073 16!- 
LAS 6C9 14/6 8Y60 9/- 201'4 15/5 
1A7aT 7/i r,C17 12/6 8Y70 11/6 2111,5 60/- 
105 4/9 lit' I al/ , 231- 7B6 10/9 264807 6/6 
ID5 7I6 r,r116 7/- 707 7/- 2515 6/- 
1D6 93 ri('l.,i 8/6 7C6 61- 25Y50 5/5 
1FD1 6/6 60W4 12/- 778 12/6 25240 6I- 
1909 4/8 61)3 7/6 7117 5/e 26E6 8/- 
108 5/- elm 3/- 7117 13/- 25280 33 
1H6OT 7/- NF1 12/6 777 1/- 30C1 5/5 
lIA 216 BF8 12/6 911W6 7/- 30C16 13/- 
1LD6 5/- BF60 6/- 9D7 16/0 30C17 15/- 
1LN6 5/- 8712 3/6 IOC, 511/- 30018 14/- 
1N6aT 7/9 
1E5 616 

8713 
6714 1f1N lODl 1j- 30FL1 13/0 

104 4/9 8715 10/- LODI 14/7 307L2 151- 
186 4/3 6718 73 1071 15/- 107L12 15/- 
1U4 Ile 8723 14/3 1079 II- 30FL14 14/6 
2021 6F24 13/6 10718 7/- SOLI 53 
3A6 10/- OF26 13/- 1oLD1110/- SOL16 13/5 
3117 II- 8720 5/3 10913 13/- 110L17 15/5 
3116 5/9 6728 14/- 101.14 50/- 3074 12/- 
'1Q4 7/6 
SQ6OT OI- 

8O8(i 15/- 12A0 1410 
12A06 7/6 

3"411- 1/17/ 17/0 
384 6/9 6260 3/9 12A168 7/6 10P12 13/9 
3V4 0/S 6J6 il- 12sS8 183 36P39 35/- 
5R4GY 10,5 6170 4l9 12ATe 4/0 30PL1 163 
6U40 6/5 62702 5/S 126.T7 8/9 207413 WS 
6V4G 7/5 8E70 2/- 12AU6 4/S 00FL1416/- 
6YSGT 6/6 611707 4/5 126U7 4/4 307416 15/- 
bZ3 9/- 81(8G 4/- 12AV6 5/5 35A3 10/- 
57.40 7/- 6L1 19/8 12.117 4/5 35.15 16/- 
8/3oL2 18/- 84807 7/9 12A77 9/9 3006 1N8 
8.4843 6/6 84707 12/6 12BA6 5/- 361bOT 8/6 
OAC7 5/- 8418 5/- 1211E6 6/9 36W4 4/5 
8A06 4/- OLl9 27/5 12BH7 0/- 36Z3 10/- 
66E5 6/- 8E020 9/S 1281 17/- 36Z40T 4/9 
6484 W- 6N7GT 0/0 12370T S/6 35Z60T 5/- 
61145 S/3 6P1 15/- 12E6 10/- 6006 5/5 
ISMS 1518 5726 12/- 1214707 6/9 6006 5/3 
6AM6 S/0 41726 111/- 120707 5/- 60C3004S/0 
tlAQ6 5/5 0910 211/- 1206707 501807 9/- 
8AR8 90/- 6/6 
SATO 60q7GT 0/0 12807 ,- 3662 
8,401 6- 6570 7/- 12807 4/5 86A3 8/- 
SAYS 6/6 6117 11/- 128117 5/- 90A0 67/5 
GBSO 2/6 68.176T 7/- 12877 4/6 90AV 37/4 
BOAS 4/5 680701 5/4 128K7 4/9 9000 54/- 
611E6 43 6807 5/- 128Q7075/- 90CV 36/4 
8BH8 7/6 68117 5/- 14117 9/5 90C1 15/- 
BEJe 8/5 6837 5/6 1487 16/- 16009 1418 
OBQ6 4/9 68117 4/4 18 1316 151711 5/9 
6BQ7A 7/- 88N70T 4/6 196136 43 301 50/- 
611117 15/9 6OQ7 7!6 19111 40/- 302 15/e 
OBRA 1816 8U407 12/- 20D1 13/- 303 15/- 
61387 M/- 81170 10/6 20134 10/5 306 15/5 

308 18/-iDL98 7/- SCUSI 5/- 
807 11/9 DM70 5/- ECRU 73 
958 2/-' D3171 7/6 SCUM 7/- 
1811 10/6 D W4/350 ECL82 6/6 
5783 10/- 8/6 ECL83 5/- 
8080 5/6 DY88 5/9 ECL64 15/- 
7193 10/6 DY87 6/9 ECIB6 11/- 
7476 14/- ESOP M/- SCL85 5/- 
A1834 10/- DOE 84/- ECLL800 
A2134 19/6 E880C 121- 60/- 
A3042 15/- Elw)F 15/- 5922 13/5 
AC2PSN Elte2CC28/5 EF36 3/5 

15/5 E1148 10/6 EFS7A 7/- 
AC2PEN/ RALO 1/6 EF89 5/- 

DD 15/6 SA78 12/- EF40 10/- 
A08 PEN SABC80 5/5 EF41 10/- 

7/6 EAC91 8/- 1F42 316 
AC/PEN (6) EAF42 10/- 5F64 I2/6 

15/6 81334 8/- BF73 
AC/PEN (7) 51341 4/5 EF80 

19/S EB91 5/3 EF83 
AC/TH110/- EBC41 9/6 5P36 
AC/TP iIS EBCSI 6/6 11985 
ALSO 15/5 SBCW 4/- 5789 
ARP3 7/- EBC91 6/6 EF91 
ATPI I/3 SBF80 Oí9 EF'92 
AZl 5/- 5BF84 8/- EF97 
ÁZ31 9/5 5B789 6/3 EPOS 
AZ41 10/6 EBL2I 12/- 41183 
BIAS 15 /- R053 18/6 51184 
CLi 15/0 EC54 10 /- ERIC 
0E8 10 /0 äC70 419 ERIC' 
CYlo 30 /S EÁ780 12Iß ELS2 
CY81 7/6 SC88 12 /- EL33 
D63 6/- EC92 6/6 EL34 
D77 1/3 äC031 15 /0 EL37 
DAC32 7/- E0C32 4/6 EIAI 
DAF91 4/3 ECC33 31/6 EIA2 
DAFM 6/6 ECC34 89/0 Elm' 
DOC90 10 /- E(X.40 11 /- EL83 
004 15/5 ECC81 3/9 EL84 
DF33 7/9 E0(82 4/6 ELM 
DP91 8/0 ECC8I 4/4 51.85 
0995 6/6 51X934 6/3 EL91 
0997 10 /- 5Á7C86 6/6 51.96 
DH83 S/- 17,0(88 5/- EM80 
DH78 6/- 00080 7/- EM81 
DH77 4/- RCC105 9/S ä1384 
DH51 äC(á0412/- ßM80 
011101 114/1.- E0(á0727/- äM87 
Dä32 7/8 50980 S/S 11Y61 
DK40 15/- äC789 6/6 BY61 
13E91 610 EMU 9/- EYII 
DE92 9/- äCF804 11134 
DE96 ' 7/- 42/- äY86 
01.33 5/- ä(g2112/0 EY87 
DL06 4/9 äCH36 III ßY38 
DL92 5/9 ECH42 12/9 BYO 
DL94 6./9 äC1181 5/9 EZ36 

E240 7/11 PCF82 6/8 
1.'/.41 8/6 PCF84 N 
8280 4/6 PCF88 12/9 
E881 4/9 PC787 161- 
E290 4/8 PC7200133 
P W 4/5006/6 PCF800 Il/- 
OZIO 7/- PC7801 7/- 
0232 II- PC7802 9/- 
0236 12/5 PCF80014/- 
0Z34 10/- PC780611/6 
GM 14/0 PC780814/6 
HABC80 8N PCH2O01818 
111.1110 4/- PCL82 7/8 
HL23DD6/- 901.63 10/- 
HIAIDD PCL84 710 

15/S PCL36 IN- 
111.4201) 9/- PC1.86 5/5 
11N309 57/4 PCL9A 16/- 
HVR2 1016 PCL606 9/- 
HVR2A10/0 PSN45 7/- 
1W3 6/6 PEN46DD 
IW4/880 6/11 15/- 
1W4/600 6/- PEN40 4/- 6 T8 34/6 

PSN4as19/i 

KT41 19/6 PENA419/6 
KT44 10/- PEN/DD 
KT61 12/- 4020 1715 
KT63 5/- PFL20011/9 
KT88 17I3 PL23 19/6 
K774 13/5 PL36 5/5 
KT78 18/6 9141 9/6 

4I0 KT88 M/- PLAIS 1016 
9/6 KTW6I1216 9142 83 
6/3 KTW021216 PL83 5/5 
013 KTW63 5/- PL84 6/5 
SI- L83 8/9 91302 121- 
8l3 LN 319 13/9 P1500 13/- 
3/6 124339 13/9 912604 106 

10/- M8162 12/6 PL606 28/9 
10/6 14E140014/9 P1,60887/10 
51- MIL! 12/6 P1509 28/9 
6/- MHLDe12/6 9IA02 161- 
7/5 611112/14 4/- PRIM 7/9 
4/9 111140 12/6 7Y32 10/- 
315 N78 40/3 PY33 10/- 

11/- N108 27/10 PY80 5/- 
10ro N119 6/0 PY81 43 
17/8 14152 9/6 PY82 613 
11/- N164 6/6 PY88 5/9 
10/6 N308 17/6 PTAS 619 
10/- N329 63 91301 12/5 

7,5 N339 56/- PY800 7/6 
4/9 N369 9/6 91601 6/9 
SI- 71379 6/5 PZ30 9/8 
S/- 51709 4/9 QQYO3/I0 
4/6 P81 10/6 
6/3 PABC80 7/3 Q876/2012//e 
7/4 PLMS 103 Q8150/15 

i%Ó 1Bi ! PC96 / QV04/7 
11/- PC97 53 R10 I5l- 

7/6 9(7900 7/6 R11 19/4 
7/6 P(Xá4 5/3 Rle 54/11 
71- P0016 53 

11/- PCC86 9/9 
10/- P0089 9/6 
6/6 PCC18910/6 
63 P00805 13/9 
8/6 POC80816/6 
6/- P06800163 
6I- PCF80 53 

1117 17/6 
3,18 1a- 
1319 7/5 
520 11/9 
R62 7/5 
RO1/240A 

REM 
N74 

87110 15/5 
9942 15/S 

TH:B 10/- 
TH223 7/- 
772620 II/II 

5/5 
UAF42 10/9 
UB41 S/5 
UBC41 9/- 
UBC81 7/ 
UBF80 1/9 
UB789 6/9 
UBL21 9/- 
17092 6/4 
170084 5/- 
110035 7n 
UCF80 5/3 
UCH21 5/- 
UCH42 12/- 
UCH81 5/6 
UCL82 7/- 
UC1A3 10/- 
UF41 10/- 
UF42 9/- 
UB80 5/9 UM O/9 
UF88 91- 
UP89 6/9 
ULü 10/6 
111.46 1I/5 
UL84 5/6 
UM8O 6/e 
URIC 10/6 
UU5 7/- 
UU8 14/- 
UU9 7/3 
UU12 4/9 
UY1N 9/- 
UY21 9/6 
UY41 7/6 
UY86 5/9 
U10 9/- 
U12/14 7/9 
U18 15/- 
017 6/- 
1119 36/8 
072 7/9 
U26 13/- 
1724 11/9 
U31 6/- 
U33 29/5 
Cu 16/6 
037 24/11 
1746 15/0 
U47 13/- 

U49 11/9 

076 04/9 
U76 410 um 
W91 1!/5 
U193 WS 
U251 14/5 
U281 5/- 
U282 5/- 
17301 11/- 
U329 14/6 
0403 5/5 
U404 7/6 
U801 19/4 
U4020 iii 
VPSB 5/S 

iii 
VP41 714 
VR76 54/- 
VE106 5/- 
VE150 0/- 
7701.6 7/- 
VT601 5/- 
117111 7/3 
YU120 15/- 
VU190A1S/- 
VU136 71- 
W76 6/9 
W81M 13/6 
Wt07 5/- 
W729 12/- 
1113 56 
IFY12 9/6 
3H1.ó 9/6 
141 10/- 
181 6/9 
165 10/- 
366 10/- 
3101 M/6 XIII 141- 
3329 16/- 
2749 14/3 
Z769 60/- 
IvaesGrors 
sed diodes 
101124 10!6 
2N404 6/- 
2E988 15/S 
2311758 10/- 
282147 17/- 
2E2297 4/6 
2N236911 4/5 
2E2613 7/9 
253063 5/5 
2143191 65/- 
283703 33 
2E3709 4/- 
983066 IN- 
2N3988 10/- 
28398 10/- 
AA119 

AA120 6/- BCY12 6/- 
44129 5/- BCY36 6/- 
44513 8/0 BCY34 4/6 
AC107 8/- BCY60 5l- 
AC113 N- BCY39 4/0 
ÁC114 S/- BC107 4/- 
AC127 1/0 11C108 5l5 
AC154 5/- BC313 5/- 
AC150 41- BC116 S/- 
AC157 5/- BC115 6/- 
AC186 6/- 110118 4/5 
AC186 61- BCZI1 3/6 
AC187 12/- Spill 9/- 
AC168 716 BF164 5/- 
AC109 0/0 BF169 6/- 
AC17e 11/- BF183 4/- 
AC177 6/S. B7179 7/6 
ACY17 5/- 119180 M- 
ACY18 5/S BF191 
ACY19 5/9, BF156 5/- 
ACY20 8/6 117760 4/- 
ACY21 3/9 BFYSl 4/- 
ACY22 Si B7Y62 4/4 

ÁD 14 BT394/- 
AD149 6/- BY100 S/S 
AD181 9/- BY101 S/- 
AD162 9/. BY106 616 
ADT1401S/11 BY114 5/S 
AF102 15/- BY126 3/- 
API08 10/- BY127 3/6 
AF114 4/- BYY23 501- 
41116 4/3 BYZ10 6/- 
AF117 4/5 BYZ11 6 - 
A7119 3/- BYZ12 6/- 
6.7121 5/- BYZ16 6/- 
AF124 7/8 B1(513 NW- 
6.7126 6/- 00128 4/- 
A9139 13/- CO845 4/- 
AF178 13/6 FSYl1A 4/6 
AF179 13/S FSY28A 4/5 
AF180 9/6 CD4 0/S 
AF181 14/- GM I/8 
AF188 11/- ODO 6/6 
wF139 7/6 GD8 4/- 
A8Y27 8/6 0D9 4/- 
413Y28 0/6 0010 4/- 
A8Y29 10/- G011 4/- 
AYI00 55/- 0D12 4/- 
B1181 10/- OD14 10/- 
BAI02 9/- (MI6 2/- 
BA116 S/S GD18 4/- 
BA118 6/- GBTlll 
BÁ1 d0 p OET1134/e 
BCY10 1/-- GET11617/- 

0E7118 63 
0E7118 41- 
GST119 4I- 
082673 7/6 
OST687 8/6 
OST87219/- 
0E7873 3/- 
0E7874 

23/6 
OST8821o1- 
0E7887 4/5 
0E7889 4/5 
41117890 4/6 
0E7898 4/5 
0E7897 4// 
415313 6/6 
GE336 4/6 
05136 10/- 
08145 5/5 
41515616/- 
OTS 6/- 
MI 8/16 
MS 5/10 
MAT100 7/9 
MAT101 6/6 
11.67120 7/9 
MATl21 5/6 
OAS 6/6 
OM/ 5/6 
0.410 tl8 
0A47 1/- 
0.470 5/- 
0.473 8/- 
0679 1/9 
0A81 1/9 
0A85 1/6 
01185 4/- 
0630 2/6 
0A91 1/9 
0A95 1/9 
0.4200 1/- 
06202 1/- 
04210 9/6 
0A211 13/6 
OAZ20012/- 
oA220u0/6 
062202 9/- 
0.42203 9/6 
oAZ204 91- 
041206 9/- 
041206 9/- 
04Z20710/6 
062910 7/- 
0AZ913 71- 
oAZ72415/8 
0019 sat- 

0C22 6/- 
0025 6/- 
0024 6/- 
0025 61- 
0026 6/- 
0028 9/- 
0019 9/- 
0035 7/6 
0036 7/6 
0038 816 
OC41 10/- 
0042 12/6 
0043 55/5 
oc44 II- 
0044PM 3/3 
004 8/- 

oóé úii 
007 SIi 

007 
112- 

OCT 185//5 

OM ii 
007 8I- 
007 D 5/- 
007 S/- 
OC8 D 1/- 
OC8 M 6l- 
oC82 8/3 
00820 2/8 
0083 8/- 
OC84 3/- 
0C123 4/4 
00139 4/5 
00140 19/- 
00189 0/4 
00172 41- 
00200 4/4 
00201 6ro 
0c202 4/5 
00203 4/6 
00204 6/5 
00205 7/5 
OC208 10/- 
0G812 5/- 
86M1 6/- 
511/8 8/0 
8M103810/- 
871278 101- 
1714708 6/- 
1530 6/- 
7643 5/8 
Y728 5/4 
2111277 1/9 

BATOR= 1RÁß@1'0ß 5527: - 
LP16 (40116, A0154. ÁC167, ÁA120).10 /6. 
1-0044 and 2-0066.8/6. 
1 -00820 and 2 -0082, 8 /6. 
Set of 3 -01383 S /S. 
8.T.C. 1 watt Zener Diodes. 2.4v., 2.7v., 3.0r., 
3.6v., 4.3v., 13v., 11v., 16v., 18v., 20v., VI eseb. 

All goods are new and subject to the manufacturers' guano: 06e. We do not handle manufacturer' 
seconds norre)ects, which are often decribed u "new and tested" but hare limited and unreliable 
We. Business hoar Non. -Fri. 9 -5.30 p.m. flats. 9.1 p.m. Lttlehamptoo closed Mats. 
Terms of bedner. Ooh with order only. Pon /packing 6d. per Item. Orders over 36 poet/ 
packing free. All olden cleared same day by /tn1)Olase mail. Any parcel Wanted against damage in 
transit for only 54. extra- Complete catalogue of valves, translator and components with conditions 
of sale, price 10d. poet free. No enquiries answered unless M.A.E. enclosed for reply. 

LIQUID LEVEL DETECTOR. Detects even mildly con- 
ductive liquids, I.e. ether, etc. N.O. /N.C. contacts. Fails 
to safe. £10 ea. S.a.e. literature. 

MODULAR POWER SUPPLIES. Fully stabilised 8.5 
to 9.5 volt, 10 amp. (12 x 6 x 4 in.) Brand new. 
Individual spec. with each unit. £10 ea. 

1. ULTRASONIC CLEANERS (Burndept B.E.352) 
60 watt model. Supplied Brand New complete with 
stainless steel tank 91x8 }x4} in. £50. Carr. 20/- 

2. FAST NEUTRON MONITORS (Burndept 1407C) 
for measuring neutrons In the energy range 0.15 -15 
meV. £100. 

3. Radiation Monitors (Burndept BN 110 MK. V) 
0- 5/50/500/5k. c.o.s. Brand new. £100. Alpha and 
Beta Gamma probes available at extra cost. 

4. PORTABLE RADIATION MONITORS (Burn- 
dept BN 132) 0- 5/50/500/5k c.p.s. With built -in 
Gamma probe. Brand new £50 complete with 
carrying harness. 

S.A.E for literature. 10% discount for 
Educational Authorities 

S PEAKERS 
"E.M.1." 19x14 in. 50 watts. 8 ohm (14A/600A.) Four 

tweeters mounted across main axis. Separate "X -over 
unit balances both bass and h f. sections. 20 Hz. to 20,000 
Hz. Bass unit flux 16.500 gss. A truly magnificent system. 
£25. P.P. 50 / -. 

E.M.I." 13x8 In. 10 watts. 3/8/15 ohm. models. With 
two tweeters, plus "X- over ". eS /- ea. P.P. 5/ -. 
E.M.I. " " 13 x 8 in. 10 watt 3/8/15 ohm. models less 
tweeters. 45/- P.P 5/ -. 

"E.M.I." 64 in. Rd. 10 watt woofers. 8 ohm. 30 /- ea. 
P.P. 2/6. 

"FANE" 12 In. 20 watt. 15 ohm. (122/10A.) With integral 
tweeter. E6 ea. P.P. 7/6. 

CAR RADIO SPEAKERS. 3 ohm. 7x4 in. 14/-. 8x5 in. 
16/ -. P.P. 2/6. 

SPEAKER SYSTEM (20 x 10 x 10 in.) Made to Spec. 
from 1 in. board. Finished In black leathercloth. 13x8 In. 
speaker with twin tweeters complete with "X- over ". 
50 Hz. to 20,000 Hz. E7 10s. P.P. 10/ -. 

SPEAKER CABINET KIT. Above mentioned cabinet only. 
In kit form which you may assemble and cover to your own 
choice. 40/ -. P.P. 5/ , 

E XTRACTOR FANS /BLOWERS 
"AIRMAX" 7} in. FAN. In aluminium diecast housing 

(9 In.). 240v. Brand new. £410s. P.P. 10/ -. 
"PLANNAIR" S} In. FAN. (Type 5 PL 121 -122.) Diecast 

housing. 240v. Brand new. £5. P.P. 10/ -. 
"SOLARTRON" TANGENTIAL BLOWERS. Overall size 

18x59 x 3} in. Air outlet 12 x 1 } in. 240v. Brand new. 
50/- ea. P.P. 7/8. 

HIGH SPEED MAGNETIC 
COUNTERS (4x 1 x1 in.) 4 digit. 
24/48v. (state which), 8/8 ea. P.P. 

COPPER LAMINATE PRINTED CIRCUIT BOARD 
(81-115-} x tit in.), 2/6 sheet, 5 for 10/ -. 
Also 11 x 9 in., 4/- ea., 3 for 10/ -. 

LEVEL METERS (11 x } in.). 200 micro -amp. Made in 
Germany. 1 5/- each. 

SILICON PHOTOVOLTIC CELLS (MS2BE) 550m. V. 
35 m.a. 30/- ea. 

RELAYS H.D. 2 pole 3 way 10 amp. contacts. 1 2v.w. 7/6 ea. 
LIGHTWEIGHT RELAYS (with dust -proof covers) 

4 c/o contacts. 24v. 500 ohm 7/6 ea. 
SIGNAL GENERATOR (Type 801A). 10 -300 Mc /s. in 

4 bands Ext. 50 c /s. -10 kc /s. Output 200 m /v. E50 ea. 
P.P. 25/ -. 

PRECISION CAPACITANCE JIGS. Beautifully made 
with Moore & Wright Micrometer Gauge. Type 1. 18.5 pf- . 

1,220 pf. E10 ea. Type 2 9.5 pf -11.5 pf. £6 ea. 
POT CORES LA1 /LA2 /LA3. 10/- ea. 
71 WAY PLUG & SOCKET (Painton Series 159). Gold 
plated contacts with hood & retaining clips. 30/. pair. 
80 WAY PLUG & SOCKET (U.C.L miniature). Gold plated 
contacts 20/- pair. 34 way version 15/- pair. 
CO -AX RELAYS (magnetic devices) 1 change -over 12 v.w 
20/- ea. 
ELECTRONIC ORGAN BUILDERS. We now have in stock 

P.C. boards built to computer standards. Each board Is a 
complete 4 octave divider (4} x 3 In.). All connection data 
supplied. 30/- each. Set of 13 (gives 5 octaves to keyboard) 
£15. 

DIODE LOGIC BOARDS contains 10 diode gating circuits 
which convert any one of 10 inputs into an equivalent 
binary code, 10/- each. 

TRANSFORMERS 
L.T. TRANSFORMERS (shrouded). Prim. 200/250v 
Sec. 20/40/50v. 2 amp. 62/6. P.P. 7/8. 
L.T. TRANSFORMERS. Prim. 200/250v. Sec. 20/40v. 
1.5 amp. 30/-. P.P. 5/ -. 
"ADVANCE" CONSTANT VOLTAGE. Prim. 190/250v. 
±15 %. Sec. 115e. 2.250 watts. £1 5 ea. P.P. 50/ , 
L.T. TRANSFORMER 60v. 8 amp. £5. P.P. 15/ , 
LT. TRANSFORMER 20v. 1.5 amp. 15/ -. P.P. 2/8. 
LT. TRANSFORMER Prim. 200/250v. Sec. 0/25/35v. 
30 amp. 47.10. P.P. 20/ -. 
STEP -DOWN TRANSFORMERS Prim. 2001250v. Sec. 
115v. 1.25 amps, 25/- ea. P.P. 5/ -. 
L.T. TRANSFORMERS Prim. 240v. Sec. 8/12/20/25v. 
3.5 amp models 20/ -; 5 amp model 25/ -. P.P. 5/6. 
LT. TRANSFORMERS Prim. 240v. Sec 14v. 1 amp 10/. 
ea. P.P. 2/6. 

i 

E LECTRIC SLOTMETERS (1/ -) 25 amp. L.R. 240v. A.0 
85/- ea. P.P. 5/ -. 
QUARTERLY ELECTRIC CHECK METERS, 40 amp 
240v. A.C., 20/- ea. P.P. 5/ -. 
"LONG LIFE" ELECTROLYTICS (screw terminal) 

25,000 u.f. 40V. (4} x 21 in.). 20/- ea. P.P. 2/6. 
10,000 u.f. 75v. (4} x 2} in.) 17/6 ea. P.P. 2/6. 
3,150 u.f. 40v. (4} x 1 } in.). 15/- ea. P.P. 2/6. 

E XECUTIVE "SIXTY" AMPLIFIER. (60 w. r.m.s. into 
8 ohm.) British designed and built. True hi -fi performance. 
Built -in filters to protect speakers. Three independently 
mixed inputs. High -Low Impedance. Mic. Crystal- Ceramic- 
Magnetic Cartridge, or aux. equipment. BSS. P.P. 50/- 
S.a.e. literature. 

TELEPHONE DIALS (New) 20/- ea. 
RELAYS (G.P.O. '3000'). All types. Brand 
new from 7/8 each. 10 up quotations only. 

EXTENSION TELEPHONE (Type 706) 
Black or 2 tone Grey. 66/ -. P.P. 5/ -. 
UNISELECTORS (Brand new) 25 -way 
75 ohm. 8 bank } wipe 55 / -. 10 bank 
} wipe 75/ -. 

REED RELAYS 4 make 9/12v. (1,000 ohm.) 12/6 ea. 
2 make 7/6 ea. ' make 6/- ea. Reed Switches (11 in.) 2/- 
ea. E1 per doz. 

SUB -MINIATURE REED RELAYS (11n.x }in.). Weight 
} oz Type 1. 960 ohm, 3/9v. 1 make. 12/6 ea. Type 2. 
1800 ohm, 3/12v. 1 make. 15/- ea. 

SILICON BRIDGES. 100 P.I.V. 1 amp. (1x1x} In.). 
8/6 ea 

COMPUTER BOARDS containing 4 thyristors (C.106(31) 
200 P.I.V. 6 amp. 1- 2N3705, and numerous other ultra- 
modern diodes, resistors, capacitors. 10/- ea. 

PATTRICK & KINNIE 
191 LONDON ROAD ROMFORD ESSEX 

ROMFORD 44473 RM79DD 
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HART PARTS 
Current Range 

BAILEY 30 watt 

BAILEY 20 watt 

BAILEY Pre Amp 

DINSDALE. 10 watt 

LINSLEY HOOD 10 watt Class A 

New additions this month 

LINSLEY HOOD Simple Pre Amp 

LINSLEY HOOD Class A -B 

J. E. SUGDEN Class A Power Amplifier described 
in 'Hi-Fi News' April/May, 1970 

Please send S.A.E. for Price Lists of all the above 

HART ELECTRONICS 
321 GREAT WESTERN STREET, MANCHESTER 14 

THE FIRM FOR QUALITY 

Personal callers welcome, but please note we are closed all day Saturdays 

High grade of stability of electric parameters 
Resistance and durability 

Long operational life 

Polish 
electronic tubes for radio receiver sets 

electronic tubes for TV receiver sets 
and 

electronic components 
are offered by 

FU71 II'IELJ /d 
Foreign Trade Enterprise 
Warszawa, Al. Jerozolimskie 44, Poland 

4v P.O. Box Warszawa 1 No. 370. 
VI ' ' Telex No. 81437 

To persons interested we forward detailed information, 

catalogues and tenders. 

WW -117 FOR FURTHER DETAILS 

Wireless World, June 1970 

DIOTRAN 
SEMICONDUCTORS 
FOR W.W. 
IGNITION 
2N3525 .. 
2N3055 .. 
2N3702 .. 
2N3704.. 
1N4001 .. 
IN4005.. 
New and 

SALES 
P.O. BOX 5 
WARE.HERTS 
TEL WARE 3442 

CAP: DIS 
SYSTEM 

Each 
.. ., 151- 
.. .. 121- 
.. .. 3/- 
.. .. 2/- 
.. .. I/6 

. .. 4/- 
fully guaranteed. 

TOP HAT SILICON 
RECTIFIERS. All good. No 
shortor open circuit devices. 
Voltage range 24-400 P.V, 
750mA. L3 per 100, LI2.10 
per SII. 

PLASTIC PNP SILICON 
TRANSISTORS. Manufac- 
tunas seconds from 
2N3702 -3 family. Ideal cheap 
trans. for manufacturin f etc. 
LO 500, CILIO 1.000 pieces. 

S.C.R. IS AMP 
(uoplated) 

1 -24 25-99 100 up 
100 Ply 916 7/6 6/- 
400 PIV 14/- 11/. IO/- 
All tested perfect functional 
devices guaranteed. 

PLASTIC NPN 
CON TRANSISTORS. 
Manufacturers' seconds 
2N3707 -371 I family. 
cheap trans. for manufactur- 
ing etc. L7.10 500, 
1,000 pieces. 

SILI. 
from 
Ideal 

£12.10 

1f6 TESTED TRANSISTORS 
One price only PNP. NPN Silicon 

I f 6 
each. Planar or Germ. Fully Tested and each. 

similar to the following types: 
ACAS ACY36 NKT7I3 26381 2N2926 
AC126 BCIOB NKT773 2G382 2N2220 
AC127 BC109 0C44 2G399A 2N3707 
ACI2S BFY50 0015 2N696 2N3711 
ACI30 BFYSI 0071 2N697 2N2906 
ACYI9 BFX84 OC72 2N706 2N2907 
ACY20 BFX86 0075 2N708 2N2696 
ACY21 BFX88 Opl 2N929 2N3391 
ACY22 NKT11I OCt2 2N930 2N3702 
ACY27 NKT142 TIS44 2N 1131 2N3703 
ACY20 NKT212 2G301 2N1132 25102 
ACY29 NKT2I3 2G302 2N1613 25103 
ACY30 NKT214 20303 2N1711 25104 
ACY31 NKT215 20308 2N2904 25732 
ACY34 NKT271 20371 2N2905 25733 
ACY3S NKT677 2G374 2N2924 

TRANSISTOR EQVT. BOOK 
2,500 cross references of transistors-British. European, 
American and Japanese. A must for every transistor user. 
Exclusively distributed by DIOTRAN SALES. ISl- EACH. 

Vast mixed lot of subminiature glass diodes. Com- 
prising of Silicon. Germ, Point Contact and Gold 
Bonded types pus some Zeners. 500,000 available at 
Lowest of Low PP ice. 
1,000 pieces £3.0.0.5,000 pieces 113.10.0. 10,000 pieces 123. 

BRAND NEW FULLY TESTED EPDXY CASE 
UNIJUNCTION TRANSISTORS. Type 11543 and 
BEN 3000 and replacement for 2N2646. Full data available. 
LOWEST PRICE AVAILABLE ANYWHERE. 100 off 4/. 
each - 120; 500 off 3/6 each - L87.10; 1,000 off 3/- each - 1150. Sample devices 7/- each on request. 

HIGH QUALITY SILICON PLANAR DIODES. 
SUB -MINIATURE DO -7 Glass Type, suitable replacements 
for 0A200, OÁ202, BAY38, 15130, 15940. 200.000 to clear 
at L6 per 1,000 pieces. GUARANTEED 80% GOOD. 

FULLY TESTED DEVICES AND QUALITY 
GUARANTEED- SURPLUS TO REQUIREMENTS 
OA202 Silicon Diode. Fully Coded. 
150 Ply 250mA Qty. Price L30 per 1,000 pieces. 
0A200 Silicon Diode. Fully Coded. 
50 PIV 250mA. Qty. Price 123 per 1,000. 
EYI00 SIL. RECT S 800 Ply 550mA. 
I-49 2/6 each; 50-99 1/3 each; 100-999 2/- each; 1,000 up 
I/10 each. Fully Coded. First Quality. 

Post and Packing costs are continually rising. Please add 
1/- towards same. CASH WITH ORDER, PLEASE. 

GIRO No. 30-101 

OVERSEAS QUOTATIONS BY RETURN. SHIP- 
MENTS TO ANYWHERE IN THE WORLD. 

i 

The Nile Litt bmeesseoth will due to 
loo watts el r meat Inalr., lem 

te tall brillmace /Ms wl amply replaces 
the . eal 1,5hí sell ch and ra WOO., 
moth meenfiag Iran. for at.wkese men 
depth is re.uired 

Price burn and tested 63/ 
complete ait 55/- 

MI 

DIATH.ANE LTD. 
III Sheffield Rd. Wtmo.da.e, NORFOLK 

PRINTED CIRCUIT PROBLEMS ? 
Pro ,type occults produced Item your artwork 7 per s9 ... 2/S p&p. 
Small te medrum batch products. et le r 

Complete anon ana manulaawr learn nears au9r. s 

Far,nrld 

pl. 914 sass s ! XS1occ u. 
o aadsc 400: 4A as used .n ow lamp drmnn I Ms 
Untested SCRs 300v IA TOS eau 21' SAE Irr leg Mel. 
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\\'irele,' \Vorld, lune 14711 a75 

AC107 14/6 
AC126 S/- 
AC127 5/6 
AC127Z a/6 
ACI26 4/- 
AC176 S/- 
AC187 12/- 
AC188 I2l- 
ACY I7 3/- 
ACY18 3'6 
ACY 19 4/5 
ACY20 3/7 
ACY2I 4/- 
ACY22 2/9 
ACY40 3/- 
ACY41 4/4 
ACY44 8/- 
AD140 11/- 
AD149 11/6 
ADI61 6/- 
AD162 6/- 
AOT 140 12/6 
AFI02 12/6 
AFI06 7/6 
AFI14 3/- 
AF115 3/- 
AF116 3/- 
AFI17 3/- 
AF118 12/6 
AF121 6/- 
AF124 4/6 
AF126 3/6 
AF127 3/6 
AF139 7/6 
AFI78 9/6 
AF179 11/6 
AFI80 12/6 
AFI81 8:6 
AF186W 9/- 
AFI86G 9/- 
AF239 7/6 
AFYI9 21/6 
AFZII 8/- 
ASY26 5/- 
AS Y27 6/- 
ASY28 S/- 
ASY29 6/- 
ASZ21 7/6 
ATZ I O 40/- 
AUY10 30/- 
B2M 1216 
B3M IS/- 
BC 107 2/9 
BC 108 2/9 
BC109 2/9 
BCII3 Sf- 
BC115 6/6 
BCI16 SI- 
BC! I8 S/- 
8C125 I /- 
BC126 1 /- 
BC134 S/- 
BC135 6/- 
BC136 ef- 
BC137 8/6 
BC138 MI- 
BC 1 40 13/3 
BC147 2/9 
BC148 3/3 
8C149 3/- 
BC 154 12/- 
8C167 3/6 
BC168 3/9 
BC169 3/9 
BC182L 3/- 
BC183L 2/6 
BCI84L 3/- 
BC212L 3/9 
BCY10 10/- 
8CY12 12/- 
BCY30 S/- 
BCY3I 5/6 
BCY32 10/- 
BCY33 4/- 
BCY34 5/- 
BCY38 6/- 
BCY40 10/- 
BCY42 4/- 
BCY43 4/- 
BCY54 7/6 
BCY70 4/6 
BCY7I 8/- 
BCY72 4/- 
BCY87 86/9 
BCZ11 7/6 

80119 1S/- 
B0121 18/- 
80123 21/6 
BD124 12/- 
BF 1 15 
BFI52 136 
BFI54 9/- 
BF159 1!/- 
BF163 9/- 
BF167 S/- 
BF173 6/- 
BF178 1016 
BF179 11/6 
BF180 6/- 
BF181 6/6 
BFI84 7/- 
BF185 8/- 
BF194 3/6 
BF200 10/6 
BFXI3 S/- 
BFX29 8/- 
BFX44 e/- 
BF X84 7/6 
BFX85 9/- 
BF X86 6/6 
BFx88 S/- 
BFY50 4/6 
BFY51 3/9 
BRY52 4/6 
BFY53 3/2 
BFW57 6/- 
BFW58 5/6 
8FW59 S/- 
BFW60 4/6 
BSX19 36 
BSX20 3/4 
85X21 7/6 
BS X76 4/- 
BSX77 6/- 
BS X78 6/6 
BSY27 4/- 
BSY29 S/- 
BSY32 S/- 
BSY36 S/- 
BSY37 S/- 
BSY38 4/- 
BSY95A 3/6 
BSW41 8/6 
BSW70 5/6 
BTX39 

600 I20/- 
BTX40 

600 120/- 
BTY87 

ISOR 31/- 
C106F1 9/- 
CI11 18/- 
CIIIE I2/- 
C400 9/- 
C426 8/3 
C444 9/8 
D13T1 10/- 
GET102 6/- 
6E7113 4/- 
6E7114 4/- 
GET120 6/6 
6E7880 9/- 
6E7887 4/- 
6E7889 6/- 
6E7890 6/6 
GET896 4/6 
GET897 4/6 
6E7898 6/- 
GEX45/I 3f- 
MAT 100 S/- 
MAT 101 5/6 
MAT I20 S/- 
MAT121 5/6 
M1400 21/6 
M1420 22/6 
141421 22/6 
MJ430 20/6 
M1440 19/6 
M)480 20/6 
MJ481 27/- 
M1490 22/6 
M1491 29/6 
MPFI02 8/6 
MPFI03 7/6 
MPFI04 7/6 
MPF105 ß/- 
MPS3638 6/6 
N KT I 2/152 

5/5 
NKT0013 9/6 

NKT121 II/- OC71 3/- 
NKT122 8/- OC72 4/6 
NKTI23 6/- 0075 4/6 
NKT125 5/6 0076 2/6 
NKT127 3/6 OC77 5/6 
NKTI28 5/6 0081 4/6 
NKTI29 6/- OC81D 3/- 
NKT141 7/- OC82 S/- 
NKTI42 6/- 00820 3/- 
NKTI43 5/6 0083 4/6 
NKTI44 8/- 0084 S/- 
NKT161 6/- 0C123 7/- 
NKT162 6/- 0C139 5/- 
NKT163 5/6 0C140 7/- 
NKT164 5/6 OC170 S/- 
NKT165 6/- 0C171 6l- 
NKT21I 6/- 0C200 6/3 
NKT212 6/- 0C20 9/6 
NKT2I3 4/- 0C202 181- 
NKT214 4/- 0C203 7/6 
NKT215 4/- 0C204 8/- 
NKT216 10/- 0C205 9/- 
NKT217 13/- 0C206 10/6 
NKT2I8 5/3 0C207 7/6 
NKT219 61- 0C309 12/- 
NKT221 5/6 OCP7I 19/6 
NKT222 4/- ORP12 9/6 
NKT223 3/6 ORP60 8/- 
NKT224 4/6 ORP6I 8/- 
NKT225 3/6 ORP63 9/- 
NKT226 10/- P346A S/- 
NKT227 S/6 RAS310AF 
NKT228 6/- 6/- 
NKT261 4/3 RAS508AF 
NKT262 4/3 IS/- 
NKT264 4/3 SIM 19/- 
NKT271 4/- 54M 33/6 
NKT272 4/- ST140 3/- 
NKT273 4/- STI41 S/- 
NKT274 4/- ST2 9/9 
NKT275 5/- TI407 9/8 
NKT276 3/6 7I534 17/6 
NKT279A 2/6 TIS44 1/9 
NKT281 5/- TI545 3/3 
NKT301 16/- TIS46 3/3 
NKT302 11/- TIS47 3/3 
NKT303 10/- TIS48 3/3 
NKT304 9/6 TI549 3/6 
NKT351 8/- 71550 5/6 
NKT352 7 6 TIS51 4/- 
NKT401 17/6 TIS52 41- 
NKT402 24/- TI553 6/6 
NKT403 IS/- TI560 6/6 
NKT404 12/6 71561 7/- 
NKT405 I5/- TIP3IA 19/6 
NKT406 IS/- TIP32A 12/6 NKT451 1216 TSW30C 18/- NKT452 12/6 
NKT453 101- U23AAA SI- 
NKT613F 5/- V205 20/- 
NKT674F S/- V405A 9/3 
NKT675 5/- XAI02 6/- 
NKT676 S/- XA702 IS/- 
NKT677F S/- ZT22 19/- 
NKT703 8/- ZT86 27/6 
NKT713 7/6 ZT2270 19/6 
NKT773 S/- 40250 12/6 
NKT10339 40309 9/6 

6/6 40310 13/- 
NKT10419 40311 10/6 

6,- 40312 13/6 
NKT10429 40314 10/6 

11/- 40315 10/6 
NKT105I9 40316 13/- 

6/6 40317 11/- 
NKT16229 40319 ISI- II/- 40320 10/6 
NKT20329 40323 10/6 

11/- 40324 12/6 
0C20 19/6 40326 10/6 
0C22 8/ 40329 7/6 
0C23 8/- 40344 8/- 
0C24 ßl- 40347 9/6 
0C25 7/6 40348 14/6 
0C26 6/6 40360 11/6 
0C28 12/- 40361 121- 
0C29 IS/- 40362 14/- 
0C35 9/- 40370 8/6 
0C36 12/6 40406 16/- 
0C41 4/6 40408 14/- 
0C42 4/6 40467 16/6 
0C43 4/6 40468A 16/6 
0C44 3/- 40602 9/9 
0C45 3/- 2G301 3/9 
0070 2/6 2G302 3/9 

ADDRESS YOUR 
ORDERS TO: 

26306 8/6 
2G339A á/- 
2G371 3/- 
263718 á/- 
2G374 S/- 
2G378 7/- 
26381 S/- 
1N109 III- 
2N174 16/- 
2N217 7/6 
2N370 1 á/- 
2N384 17/- 
2N386 12/- 
2N 385A/ 
2N388A 15 /- 
2N404 4/6 
2N4I0 8/- 
2N458A 13 /- 
2N511A 49/6 
2N513A 122/6 
2N599 10/- 
2N601 2S /- 
2N657 20/- 
2N696 4/- 
2N697 4/- 
2N698 ó/- 
2N706 2/6 
2N706A 2/6 
2N708 4/- 
2N71 I 7/6 
2N711A 7/6 
2N715 7/6 
2N716 7/6 
2N743 4/6 
2N744 ó/- 
2N753 5/6 
2N914 4/6 
2N918 7'6 
2N929 5/6 
2N930 7/6 
2N1090 6/6 
2N 1091 6/6 
2N1131 6/6 
2N 1 132 SI- 
2N1302 4/- 
2N 1303 4/- 
2N1304 5/- 
2N 1305 SI- 
2N 1306 5/- 
2N 1307 5/- 
2N 1308 7/- 
2N 1309 7/- 
2N 1496 34/- 
2N 1507 4/8 
2N1613 5/6 
2N 1671 A29/6 
2N1711 6/6 
2N1893 10 /- 
2N2147 17 /- 
2N2152 27/6 
2N2148 12/6 
2N2160 14/9 
2N2243 26/- 
2N2368 á/- 
2N2369 5/- 
2N2369A 5/6 
SN2432 67/- 
2N2484 ß/- 
2N2613 7/6 
2N2614 4/- 
2N2646 10/- 
2N2711 ó/- 
2N2712 ó/- 
2N2713 5/6 
2N2904 8/6 
2N2904Á ß/- 
2N2905 10/- 
2N2905A ß/- 
2N2923 4/- 
2N2924 4/- 
2N2925 3/6 
2N2926 

Green 2/- 
2N2926 

Yellow 2/- 
2N2926 

Orange 2f- 
2N2926 

Brown 2/- 
2N3011 12/6 
2N3036 39/- 
2N3053 5/- 
2N 3054 12/6 
2N3055 15/- 

2N3133 6/- 
2N3135 6/- 
2N3136 6/- 
2N3235 2816 
2N3234 27/6 
2N3391A 6/- 
2N3392 SI- 
2N3393 S/- 
2N3394 4/9 
2N3402 5/6 
2N3403 S/6 
2N3404 7L6 
2N3414 S/6 
2N3415 6/- 
2N3416 7/6 
2N3436 1S/- 
2N3525 21/9 
2N3528 19/- 
2N3606 5/6 
2N3607 4/6 
2N3702 3/3 
2N3703 3/- 
2N3704 3/3 
2N3705 3/- 
2N3706 2/9 
2N3707 3/- 
2N3708 2/- 
2N3709 3/- 
2N3710 3/- 
2N3711 3/- 
2N3819 8/- 
2N 3820 18/9 
2N3826 6/- 
2N3854 5/6 
2N3854A 5/6 
2N3855 5/6 
2N3855A 6/- 
2N3856 6/- 
2N3856A 6I- 
2N3858 S/- 
2N3858A 6/- 
2N3859 S/6 
2N3859A 6/3 
2N3860 6/- 
2N3866 15/- 
2N3877 91- 
2N3877A 9/6 
2N3900 10/6 
2N3900A 11/6 
2N3903 7/- 
2N3904 7/- 
2N3905 7/6 
2N3906 7/6 
2N4037 15I- 
2N4058 4/6 
2N4059 5/- 
2N4060 5/- 
2N4061 4/- 
2N4062 4/6 
2N4284 3/- 
2N4285 3/- 
2N4286 3/- 
2N4287 3/- 
2N4288 3/- 
2N4289 3/- 
2N4290 3/- 
2N4291 3/- 
2N4292 3/- 
2N4871 6/9 
2N5027 10/6 
2N5028 11/6 
2N5029 9/6 
2N5030 8/6 
2N5172 3/- 
2N5174 10/6 
2N5175 10/6 
2N5176 91- 
2N5232 5/6 
2N5249 13/6 
2N5249A 13/6 
2N5305 7/6 
2N5306 8/- 
2N5309 12/6 
2N5354 5/6 
2N5355 5/6 
2N5356 10/6 
3N 128 I13/6 
3N140 19/6 
3N141 21/6 
3N142 16/6 
3N143 19/6 
3NI52 24/- 
25001 10/- 
25002 12/6 

25003 
26004 
25005 
25006 
25012 
2S0I2A 
25017 
25018 
25019 
25104 
25301 
25302 
25303 
25304 
25306 
25320 
25321 
25323 
25701 
25703 
25720 
25732 
251002 

11/6 
IS/- 
IS/- 
1S/- 
2S/- 
22/6 
1S/- 
17!6 
19/6 
12/6 
8/6 
7/6 

10- 
12/6 
1SI- 
9 /- 
6/- 

10/- 
86 

1246 
2S/- 

8/6 

DIODES AND 
RECTIFIERS 
AAI19 2I- 
AAYI I 2/- 
AAZI2 6/- 
AAZI3 2/6 
BAI10 6/- 
BAI I I 6/- 
BA112 18/- 
BAI15 1/6 
BA130 3f- 
BAY31 2/6 
BAY38 3/- 
BY100 S/- 
BY125 3/6 
BY127 4/- 
BY234 2/3 
BYXIO 3/- 
BYX36 

150 2/6 
BYX36 

300 2/IO 
BYX36 

600 3/9 
BYY2I 2S - 
BYY23 26/3 
BYY25 3119 
BYY I42 3/9 
BYZIO 9/- 
BYZ12 6/- 
BYZ13 S,- 
CG66 4/- 
CG63 2/- 
EA403 3/6 
EC40I S/- 
EC402 4/8 
EB383 3/6 
GEX45/1 4/- 
GJ3M 41- 
OA5 3/8 
OAIO 61- 
OA47. 1/6 
OA70 1/6 
0A73 
0A79 
OA81 
OARS 
0A90 
OA91 
OA95 
OA200 
04202 
SDI9 
TD7I6 

N 34A 
N60 
N64 
N82A 
N87A 
N191 
N914 
N4001 
N4005 
N4007 
N4148 
544 
SI30 
5131 
5132 
5113 

1/6 
1/6 
1/6 
1/6 
I/6 
1/6 
1/6 
2/- 
2/- 
-/7 

12/- 
4/- 
4/- 
4/- 
9/6 
4/6 
S/- 
1/9 
2/- 
4,- 
19 
1/9 
1/- 
2/6 
3/- 
4; 6 

Prices quoted are current at time of going to press and .may be 
subject to variation without notice. 
Semiconductors offered in this advertisement bear the relevant 
Manufacturers' original markings and are subject to our full 
replacement guarantee if not to published specifications. 
WE DO NOT offer "Re- marked" makers' rejects or similar out of 
specification devices. 
Please enclose a stamped self -addressed envelope with any query. 
Quantity prices on application: many more types in stock and 
expected daily. If you buy in bulk we can save you money! 
Export enquiries particularly welcome. Cable Address: Lestroco 
Brentwood. 
TERMS OF BUSINESS: Retail orders; cash with order please. 

LSTRADE: Please furnish references if credit account required. 
POSTAGE: 1/- per order irland; 4/- Europe; 12/- Commonwealth. 

. T. LTD. 1 COPTFOLD ROAD, BRENTWOOD, ESSEX 
DIRECT LINES TO SALES DEPT: BRENTWOOD (ESSEX) 226470/1 

LOWEST I.C. PRICES VET! 
IC I 0 59/6 
PA230 20/- 
PA234 20/- 
PA237 32/6 
PA246 52/6 
SL403A 49/6 
SL702C 29/6 
TAA263 I5/- 
TAD100 45/- 
TAA293 20/- 
TAA3I0 30/- 
TAA320 I3/- 

3N84 26/- 

Sinclair IC amp. 
IC Preamplifier 
I watt audio amp. 
2 watt audio amp. 
5 watt audio amp. 
3 watt Plessey amp. 
Plessey linear amplifier 
Mullard linear amp. 
IC receiver 
Mullard gen. purp. amp. 
Record /Playback preamp. 
MOS LF amplifier 
Silicon controlled switch 

Data sheets available on request 1/- per copy. 

PLEASE NOTE: Only new -full specifica- 
tion integrated circuits, no below- specifica- 
tion types. 

FAIRCHILD MICRO -LOGIC 
I-6 7 -II 12+ 

ul 900 9/9 9/- 8/- 
ul 914 9/9 9/- 8/- 
uí 923 12/6 11/9 11 /- 
Prices for 100-}- and 1,000 !- on application. 
5 page data and circuits article -2/6. 
Plastic spreaders -1/6 each. 

ULTRASONIC TRANSDUCERS 
Operate at 40kc/s. Can be ued for remote control systems 

without cables 
or electronic 
links. Type 14C4 
transducers can 
transmit ana 
receive. 
FREE: With each 
pair our complete 
transmitter and 
receiver circuit. 

PRICE 
LS. I11.0 Pair 

(Sold onl in airs 

ZENER DIODES 
400mW 107 GLASS CASE 
TEXAS Mfr. 

52036 3 6 volt 
52039 3.9 volt 
52043 4.3 vola 
52047 4.7 volt 
52056 5.6 volt 
52062 61 volt 
52068 6.8 volt 
S2075 7.5 volt 
S2082 82 volt 
52100 10 volt 
52110 11 volt 
52120 12 volt 
52160 16 vole 
52180 18 volt 
52270 27 volt 
52300 30 volt 

1 -24 318d. 25 -99 2191- 

IRC 20 816 
Plastic SCR Thyristor, 20 pig 
I2amp (similar CI 0ß(1I) 

25 + 719 100 + TI- 

BY 127 4¡- 
Mullard Plastic HV rectlfie- 
800 ply 1 amp fsimlla 
11Y100 etc.) 

25+313 100 + 31- 

INFRA -RED DEVICES 

56 CAY 296 
Gallium arsenide emitter 

MGA 100 35/- 
Gallium arsenide emitter 

31F2 28/6 
Infra -red detector diode 

2N3819 8/- 
Texas FET 

25 ; 619 100 + 5/9 

2114871 6/9 
Motorola unj¡unction 

25 + 519 100 + 4)9 

2N3055 15/- 
115 watt silicon power 
transistor 

25 13- 100 +11 - 

BC1O1/8/9 2/9 
NPN Planar transistors 
PC1076 8 25 2/5 100 2/2 
IICIOR 25 . 2 3 100 2 

2N2926 2/- 
NPN Planar transistors 

25+1/8 100+1/6 

AD161/2 10/- 
Siemens/Telefunken 
NPNIPNP output pair 

25 + 91- 100+81- 

OCP 71 19/6 
Mullard Phototransistor 

25 +17/3 100 +14/9 
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Contil cases are mass- produced to give lowest 
prices yet. In 2I -gauge steel. Finished hammer 
blue, with 18 -gauge front panel supplied with easy -to -strip protective covering for easy marking out. 
For ease of ordering Contil cases are described by their dimensions, i.e. 755 is 7 x 5 x 5. Individually 
packed, including feet and screws. 

Contil cases are 
also available 
with aluminium 
panels and Con - 
tilcote, which is 

applied afterdrill- 
ing and cutting. 

CASE PRICES (All supplied with protective coated steel panels) 

Nos. denote size in inches I 5 10 25 ' 50 100 P&P 

755 48/- 46/- 45/- 44/- 43/- 41/- 6, 
867/975 50/- 49/- 48/- 46/- 45/- 43/- 6/- 
1277 white or black panel 55/- 52/- 51/- 50/- 49/- 48/- 8/ 
1277 unpainted 45/- 44/- 43/- 40/- 39/- 37/- 8/ 
16127 106/- 104/- 102/- 101/- 99/- 97/- 9/6 
191010 143/- 140/- 137/- 135/- 134/- 133/- 10, 6 
191010D 199/- 197/- 196/- 194/- 192/- 190/- 18, 

Zloua tlúca'laNd 
The ONTOS UNIVERSAL VICE is a new type of multi- purpose, multi -position 
light engineering vice and stand, fully adjustable for any angle and location in 

any desired plane. Applications are virtually limitless within its size capacity; 

i.e. holding P.C. boards for assembly or testing, building up modules. u a 

micrometer or gauge stand, u a light general purpose vice, in the chemical 

laboratory. or in fact for all those occasions when you could use a third hand! 

The ONTOS TWIN TWO -IN -ONE UNIVERSAL VICE is a unique two-in-one 
version of the Ontos vice, with two sets of jaws, each capable of rotation 
through 360 deg. of every plane independently of each other. Positive locking 
enables any such setting to be maintained for repetition work. Ideal for copying 

P.C. boards, assembly, soldering, bonding. welding, laboratory testing. etc. 

ONTOS : 68/- plus P &P 4/6. 
ONTOS TWIN: £5 18 0 plus P &P 6 / -. 

NIBBLING ADEL 
TOOL %-4 CUTS', NOTCHES 

AND TRIMS 

vs. 

The Adel cuts holes to virtually any 
shape and size. Starting with a 7/16" hole 
it then 'nibbles' to the size required, 
cutting cleanly like a punch and die. The 
cutter is so designed that it causes little 
strain or distortion to the edges or to the 

original form. With the Adel any shape or 

size hole over 7/16" can be cut whether it 

be round, square or irregular. It is ideal 

for notching clearances on flanges of 
cabinets or chassis, or for trimming 
undersized holes to fit parts. 

ACCESSORIES 
Flexible insulated test 
prods, colour red or 
black, at I3 /- each with 
fine steel clips at the tip, 
opened by button on top. 
High speed resetting 
counter including bezel 
and socket with speed of 
over 40 operations per 
second I65/ -. Plug in oc- 
tal relay, 24 volts, with 
two changeovers I7/6. 

ideal for development 
cheaper for production 
PVC COATED MATERIALS. No _ outside paint to be 
scratched. PVC easy to clean. surface is scuff resistant. 
PVC /ALUMINIUM FOR FRONT 6 BACK PANELS gives 
easy cutting with rigidity PVC/STEEL FOR SIDES. TOP& 
BOTTOM gives rigidity. low cost. ease of assembly. 
3 HEIGHTS OF CASE. 4 WIDTHS. 2 DEPTHS. make 24 
cases with screws on top and 24 cases with screws on 
side, that's 48 different cases. LOW COST. Prices include 
chassis MODERN DESIGN. Metal work on front and 
hack and chassis is made easier by aluminium with PVC 
cladding . PVC /steel on sides and bottom for strength. 

GOOD DELIVERY. Off ti 
shelf range of all Pb 
coatedcases. 

Y 

NOTE THE - 

LOW COST 

X Y Z 1 off P. & P. 

A 4.5 3 6.5 34/- 3/ 
B 4.5 7 6.5 40/- 4/6 
C 4.5 10 6.5 50/- 4/6 
D 9 3 6.5 50/- 4/6 
E 9 7 6.5 55/- 4/6 
F 9 10 6.5 65/- 4/6 
G 13 3 6.5 55/- 4/6 
H 13 7 6.5 65/- 4/6 
I 13 10 6.5 73/- 6/ 
J 18 3 6.5 65/- 4/6 
K 18 7. 6.5 89/- 6/ 
L 18 10 6.5 107/- 6/ 
M 4.5 3 13 40/- 4/6 
N 4.5 7 13 55/- 4/6 
0 4.5 10 13 73/. 6,'- 
P 9 3 13 55/- 4/6 
Q 9 7 13 73/- 6/ 
R 9 10 13 89/- 6/ 
S 13 3 13 73/- 6/ 
T 13 7 13 89/- 6/ 
U 13 10 13 109/- 7/6 
V 18 3 13 89/- 6/ 
W 18 7 11 107/- 7/6 
X 18 10 13 138/- 7/6 

s¢es in ,nches 

WEST HYDE DEVELOPMENTS LTD. 
30 HIGH STREET NORTHWOOD MIDDX. 
Telephone: Northwood 24941/26732 

WW -098 FOR FURTHER DETAILS 

PLEASE 
NOTE 

All products ex- 
stock for normal 
quantities. Re- 
turn of post ser- 
vice. Minimum 
order LI. Fully 
detailed leaflets 
available. 
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R.S.C. SENSATIONAL HIGH FIDELITY STEREO `PACKAGE' OFFERS 
Matching as recommended for optimum per- 
formance. Compare prices with equipment and 
cabinets purchased individually. * Super30Amplifierl15 +I5Watt) in veneered housin 

*Goldring Transcription Turntable on Plinth. * Shure or Goldring Magnetic Pick -up Cartridge. * Pair of Stanway II Loudspeaker Units. 
Special total price. Four fully 
wired units ready to "plug-in". 86 Gns. Really superb perforti rice. 
Send S.A.E. for leaflet. Carr. 30/- 

g. 

'Package prices apply providing 
all Individual unite are purchased 
from any branch within 3 
months (see leaflet). 

* Super3OAmplpfier(15+l5Watl) in veneered housing. * Garrard SP25 Mk. II Turntable on Plinth. * GoldringCS90 Ceramic diamond tipped Cartridge. * Pair of Stanway II Loudspeaker Units. 

Extremely 
A ive Plinthe 
finished in Teak or 
Alrormosia veneer. 
Tinted Transparent 
Plastic cover. 

Special total price. 
Four fully wired units 
ready to 'Dlag -In." 

76 Gns. 
Carr. 30/- 

AUDIOTRINE HIGH FIDELITY 
LOUDSPEAKERS Heart' eon, 
stroction. Latest high efficiency ceramic 
magnets. Treated ('one surround or 'L" 
indicates Roll Rubber surround. "D" 
indicates Tweeter Cone providing 
extended frequency range up to 15,0)0 
c.p.s. Exceptional performance at low 
tort. Impedance 3 or 15 ohms. 

WHEN ORDERING PLEASE 
F 10 STATE 10W 

KDA 
28410 HF 510L 5- 10W 499 

HF 120 12-00 79 %9 HP BOID B- 
", 543 16 

HF 120D 12-15W 8919 HE 102D 10' 10W 87 11 HP 128 12' 15W 1513( - HF 100D 10' 15W £4.19 9 HP 1280 12' 15W £5 

HIGH FIDELITY LOUDSPEAKER UNITS 
Cabinets of latent styling Satin Teak or Atrormosia veneer. 
Acoustically lined or tilled with acoustic damping material. 
Ported where appropriate. Credit terms available. 

DORCHESTER Bise 16 x I x 9t6. Appr. 
Range 45015,000 c.p.s. Rating 8 -10 walla 
Pitted High flux 13 o 81n. ß8.B 19. Dual cone speaker. Impe- O 1.7 .7 
dance 3 or 15 ohms. Carr. 7/6 
STAN WAY II Size 20,101 e 911n. approx. 
Rating 10 watts. Inc. Fane 13 x Bin. speaker 
with highly flexible cone surround, long throw 
voice coil and 11.000 line magnet. High tine 
tweeter. Handsome Scandinavian design cabi- 

net. Range 35. 20,1881 c.p.e. Impedance 1511 16Gns. GI -esemooth realistic sound output. Inc.carr. 

F.A.L. "PHASE 100" AMPLIFIER Folk' Teno,).- 
torised (Silicon) IOU watt Music Rating. 4 individually 
controlled Jack Inputs. For 330 

ONLY 59 Gns. ohm Speakers. S.a.e. for leaflet. 

R.S.C. TA6 6 Watt HIGH FIDELITY SOLID 
STATE AMPLIFIER 

500 -250v. A.C. mains operated 
Frequency Response 30- 
20.000 c.p... -2dB. Har- 
monic Distortion 0.3% at 
1.000 c.p.e. Separate Rau and 

Treble ' IBt ' and ' cut' controls. 3 input socket. for 
Mike, Gram, Radio or Tape. Input selector switch. 
Output for 3.15 ohm speaker.. Max. sensitivity SmV. 
Output rating 1.11.Y.M. In fully enclosed enamelled case, 
approx. 91 x '2 situ, Attractive brushed silver finish 
facia plate 101 x Stia. and matching knobs. Complete kit 7 
of parta with full wiring diagrams and inetroeti,ne. 
OR FACTORY BUILT with 12 months' guarantee. gß,19.9 

AUDIOTRINE HI -FI SPEAKER SYSTEMS 
Consisting of notched 121n. 11,000 line 15 watt 
15 ohm high qt silty speaker, cross -over unit and 
tweeter. Smooth response and extended fre- 
quency range ensure surprisingly realistic repro- 
duction. Carr. 5/9 E5.15.0 Or SENIOR 16 WATT Inc. HF 12tí MI 15,000 line Speaker £6/15. Carr. 6/6. 

: ' HI -FI LOUDSPEAKER ENCLOSURES 

2 

Teak or Atronnosla veneer finish. Modem design. 
Acoustically lined. All sizes approx. Cart. 7/6 extra. 
ma Sloe 16 o 11 o 91n. Pressurised. 
Olves pleasing remits with any ß1n.24.14.6 
HI -F1 .p er. 
SPA For optimum performance with E5. 15.0 any Sin. 10 -Fi 'speaker. 22 x 15 x pin. Ported 

[f gk IMO For outstanding results with Hi-F1 10n.25.19.9 
speaker. 24 x 15 x 10in. Ported 
NESS Por high performance with 121n. Hi -F1 speaker 26.19.9 and Tweeter. Size 25 x 16 o lOjla. Preesurfsed. 

THE'YORK' HIGH FIDELITY 3'SPEAKER SYSTEM 
Moderate else approx. 25 x 14 x 10 lu. Range 30.20,000 Complete kit. 
c.p.s. Impedance 15 ohms. Pertormanoe comparable 20 GnN with twits soaring oonsiderably more. Consists of ( I) 12 In. L 
15 watt Base unit with cat chant., Roll rubber cone surround for 
ultra low resonance. and ceramic magnet. (2) 3 -way quarter section 
series crossover system. ('J) 8 x lia. high flux middle range speaker 
141 High efficiency tweeter i5) Appropriate quantity acoustic damping 
material. I6i Teak v- ,,err,.) robinet. 171 Circuit and full inetmctione. 
REMARKABLE VALUE HEAR IT AT ANY BRANCH ----- 

* TA 12 6.5+6.5W Amplifier in veneered housing. * Pair of Dorchester Loudspeaker Units. * Garrard SP25 Mk II 4 -speed Player on Plinth. * Goldring CS90 Ceramic P.U. Cartridge with 

diamond Stylus. Special total priee.53 
Gns. Carr. 25 - 

Transparent Plastic cover 3 Ins extra 
"l'ernis Dep. £10.0.3 and 9 monthly payments 
£5.15.5 (Total 59 Gns.) ('arr. 25/_ 
As above but with Garrard 3000 and Sonotone 
PTA cartridge in Bea of BP26 and C890. 47fGns. Special total pries 
Transparent cover 3 gna. extra Cart. 25/- 

RSC TA12 Mk II 13 WATT STEREO AMPLIFIER 
FULLY TRANSISTORISED, SOLID STATE CONSTRUCTION HIGH FIDELITY 

OUTPUT OF 8.6 WATTS PER CHANNEL 
Drelgne,l for optimum performance with 
any crystal or ceramic I:ntn P.U. cartridge. 
Radio tuner. Tape recorder, ' Mike etc. 
* 3 separate switched input sockets on each 

channel * Separate Bass and Treble controls 
* Slide Switch for mono use * Speaker 
Output 3.15 ohms * For 200 -250 v. 
A.C. rosine * Frequency Response 30- 

20.000c.p.s. -2dB * Harmonic Distortion 0.3' at 1000 c.pa. Huts and Noise 

-701B * Seneitivltiee (1) 300 mV (Si 50 mV (3) 00 mV (4) 2 mV * Handsome 

brushed silver finish Farla and Knobs. Output n Ing LH.F.M. Complete kit of 

parts with full wiring diagrams and Instructions 131 ORB. Cart. 7/9. Factory 
built with 12 mth. gotee. 17 OES. Or Den. £51218 and /1 trinity 

pyt s. 4/ :Total £20 /8/61. Or in Teak or Afrormosla veneer h,nteit, Dep. 

£5/1018 and 9 mthly Pytnte. £2.1.17 (Total £24 4 9i 

c,(7, fi, 41r, 

R.S.C. BATTERY/MAINS CONVERSION UNITS 
Type BM1. An all-dry battery eliminator. 
Size 01 o 41 x 21n. approx. Completely 
replaces batteries supplying 1.5 v. and 90 v. 
where A.C.nal. 200/250 v.50 c /s. Is available. 
Complete kit with diagram 52/8. or 
READY FOR USE. 3 ORS. 

SELENIUM RECTIFIERS 
F.W. Bridged 6,12v. D!'. Output Input Max. 1ßr. A.C. 
la., 413: 2+. 811. b,.. 9/9: 4a.. 12 /9: Otto 15/9. 

#.0-#4 
I. 

R.S.C. A10 30 WATT ULTRA L NEAR 
HI -FI AMPLIFIER Highly seneitive. Posh -Pull high 

output, with Pre-amp. /Tone Con- 
trol Stages. Performance figures: Hum level -70d11. Frequency 
re.punse t 3dB 30 -20,000 c /s. Sectionally wound output trans- 
former. All high grade compnente. Valves EP86, EPN6, ECC)13, 
SO7 .N07, 0Z34. Separate Bass and Treble Controls. Sensitivity 

__j 36 millivolt.. Suitable for High Impedance mie. or pick -ups. 
Designed for Clubs, Behoole, Theatres, Danse Halls or Outdoor 
Functions, etc. For use with Electrode Organ. Guitar, String Baas, 

etc. Gram, Radio or Tape. Reserve L.T. and H.T. for Radio Tuner. Two inputs with associated 
volume controls so that two separate Inputs such as Oram and "Mike" can he mixed. 200-250 v., 
50 c /s. A.C. nome. For 2 and 15 ohm speakers. Complete Kit tans wiring dings.. instructions. 
Twin- handled perforated corer 27/8. Or factory built with EL34 output valves and 1 S Gns. 12 months guarantee for 18 gas. Tech. figs. apply to factory built units. Care. 12/6. 
TEEMS: De t gß.8.0 and 9 u onthly paymente of 84/- (Total ßE1 /910.1 Seul R.A.F.. S,r Icutet. osi 

T 

i 
INTERES CHARGES REFUNDED on Credit Sales settled In 3 months 

Gns. R.S.C. All HIGH FIDELITY 12 -14 W T MPLIFIER 
c:.rr. r 

Push -pull ultra Sneer output "ballt -in" tone ooatrol 
pre -amp- Two Input sockets with associated controls 
allowing mixing of "mike' and gram etc etc High 

R.S.C. COLUMN SPEAKERS 
(,,vexed in two -tone Rexine /Vynair, ideal for vocalieteao,f 
Public Address. 15 ohm notching. 
TYPE C57 16 watts inc. five 7 x 41n. spkn. £7/19/11. 
TYPE C488, 30 watts. Fitted tour 81a. high flu. 
8 w. speakers. Overall size approx. 42 x 10 o 51n. 18 tins. 
Or deposit 67/ -sud 9 rut hly pmts. 34/9 (Total 118.19 9. 
l'are. 10i -. 
TYPE C4125. 60 watts. Fitted four 121n. 11.000 lines I r. 

weftspeakers. Overall size 56 x 14 x 91n. approx. 260es. 
Or deposit 1511718 and 9 monthly ("arr. 15; 
payment. of 54/8 Total 130/71 -i. 

sensitivity. 5 valves -EOC83 (2), EL84 (2), RZ81. 

III 
lPl '1 d j 11 High quality sectionally wound output transformer. 

LL IND. BASS AND TREBLE CONTROLS. Frequency 
response level-60d8. B 30- 20,000 c /s. Hum level-60d8. 

1 r -. - SENSITIVITY 40 millivolts. For Crystal or Ceramic r PCs. High Impedance "mikes'. For Musical Instm- 
' meats such as String Bus, Electronic Guitar., etc. 

Size approx. 12 x 9 x 7w. For AC mains 200-250v. 50 cp.. Output 91 Goss for 3 and 15 oh 11 epkrs. B.A.E. FOR LEAFLET. COMPLETE KIT 
Full instructions and point -to-point wiring diagrams. Carr. 11 /6 (or factory built 
131 One.) Twin hendlyd metal cover 2718. Terns oar assembled unite. Deposit 9916 and 

mthly pa), - co to of 26/- (Total £16113/6.) 
RSC A11T transistorised version of above compirte kd 9 Gm. (A.eenmbled 13 gns.) 

LOUDS 
HIGH QUALITY 'FANE ULTRA 

HIGH POWER 
eei chinet. 

I 

L'SPEAKERS 
LIB lxee -lo High not ceramic Watt 

lines. 
or magnets. It 10,oh 11. Sor 18.15 n. 2 yrs. guarantee. 

15 ohm.. 

24/1919 Cam 7/6. 112" 50w 10 Gns. 
L18 1r 10 Walt IEodal. 15 ohm. 15" 60w 12 Gns. 
Sine 18 x 18 x 101n. approx. 

n 
Gauss 10,000 lines. Revine 

' 
18" 100w 21 Gns. 

extra C.arr10/ 8 9 E8/19/9 All Tarr. tree 

W.B. 'STENTORIAN' HI -FI 10' SPEAKERS HF1012 f4. 19.9 
10w 3 or 15 ohms. Cambric Cone. Cut chassis Mail Order only 

R.S.C. TFM1 SOLID STATE VHF /FM RADIO TUNER 
* Huth- sensitivity. * 200-250v. A.C. Mains operation. 

Sharp A.M. Rejection. * Drift -tree reception. * Output a - 

ample for any amplifier i. approx. 500 m.v.i. * Output for 
feeding Stereo Multiplexer. * Tuner head using silicon Planar U 
Transistor. *Designed for standard 80 ohm coaxial input. -- 
Visually matching our Super 15 and 3u uloplifiere. Printed 
circuitry. A quality product at coneidenbly Ices than the anal 
of comparable units. Factory built 18 gm. Or in Teak (bibbed cabinet as Illustrated 21 gm. 
Tent),: urpneit £e/1 and 9 monthly payment. £2:2 -. Trial £24/19/ -. 
STEREO VERSION 231 ins. or in Cabinet 261 sm. ti il mw.,.:Irringe9 /6..Irt. 

R.S.C. SUPER 30 HIGH FIDELITY STEREO AMPLIFIER 
HIGH GRADE COMPONENTS. 
SPECIFICATIONS COMPARABLE WITH 
man COSTING CONSIDERABLY MORE 
Employing Twin Printed Circuits 200 /250v A.C. 
mains operation. 
TRANSISTORS: 9 high -quality types per channel. 
OUTPUT: to Watts B.M.P. continuous Into 150 
(Per channel) 15 Watte B.M.S. continuo. Into 30 
INPUT 5ZNITTIVIITES: Mag. P.U. 4 m.v. 
Ceramic P.C. 35 me. Tape Amp. 400 m.v. Aux. 
100 m.v. Mk. 6 m.v. Tape Head 2.5 m.v. 
FREQUENCY RESPONSE: A 2dB. 10- 20,000 c.p.s. 
TREBLE CONTROL: + 17 dB to -14 dB at 10 Kc /s. 
BASS 001TROL: +17 dB to -15 dB at 50 e/e. 
HUM LEVEL: -80 dB. 
HARMONIC DISTORTION: 0.1 °. at 10 Watte 
1,000 c.p.e. 
CROSS TALE: 52 dB st 1,0180 c.p.e. 

CONTROLS: 5- po.ltion Input Selector, 
Treble, Vol., Bal., Stereo /Mono 8w 
Monitor Sw., Mains Sw. 
INPUT SOCKETS: (1) P.U. (21 Tape Amp. 
(3) Radio (4) MIS. or Tape Head. (Operation of 
Input Selectoraesures appropriate e.:nallesttoa.) 
CHASSIS: Strong Steel comtmetlou. Approx. 
12 o 3 x Bin. 
FACIA PLATE: Attractive design In rigid 
"Perspex" with silver background. Span silver 
matching control knobs as available. 

Bue 
Tape 

EMINENTLY SUITABLE FOR USE WITH ANY 
MAKE OF PICK -UP OR RIC. u'era, ie m 

yl: "co ii.. Moving 1',0). Ribbon or veto/.) 
CURRENTLY AVAILABLE. SUPERB SOUND 
OUTPUT QUALITY CAN BE OBTAINED BY 
USE WITH FIRST -RATE ANCILLARY 
EQUIPMENT. 

COMPLETE KIT OF PARTS, ixiint to 
point wiring diagrams11Cam 

detailed instructions.LLL Gns. 15 / -. 
UNIT FACTORY BUILT 29 Gns. or 

Deposit £7 /5 /- and 9 mthly. payments 59/9 
(Total 233/13/9) or in Teak or Atrormosi. 
veneer housing 32 gas. Carr. 15 /-. Terms: 
Deposit £7'3 /6 and 9 mthly. payments 88/8 
(Total 23712/ -.) Bend S.A.E. for leaflet. 

R.S.C. MAINS TRANSFORMERS 
FULLY GUARANTEED. Interleaved and 
Impregnated. Primate. 600 -250v. 60c /s. Screened 
MIDGET CLAMPED TYPE 81 x 21 o 81m. 
230 v., 60 taA. 6.3 v. 2 a. 17111 
250- 0.250v.. 60mA, 6.3 v. 2a. 18 /11 
FULLY SHROUDED UPRIGHT MOUNTING 
250 -0 =250v. 60mA., 6.30. 2a.. 0- 5.6.3e. 2a 24/9 
250- 0 -250v. I00rn A. 6.30. 4a., 0- 5.6.3v. 3a 39/9 
300.0 -300v. 100mA, 6.3e. da., 0.5.6.3v. 3a 39/9 
300- 0 -300v. 130mA, 6.3v. 4a., c.t.. 6.3v. la. 

For (dullard 510 Amplifier .. 47/11 
350.0.3SOv. 100mA., 6.3v. 4a.. 0.5 -6.3v. Sa.. 39/9 
350-0-350v. 150 m A . 6.3v. 4a.. 0-5-6.3v. Sa.. 47 / 9 
425- 0 -425v. 200mA. 6.3e. 4a. c.t.. 5v. Sa .. 89/9 
425.0 -425v. 200mA, 6.3e. 4a.,6.3e. 3e.. Se. Se. 3/9 
450- 0 -450v. 250mA. 6.30. 4a., et., 5v. 3a. . 9/9 
TOP SHROUDED DROP -THROUGH TYPE 
250- 0 -250e. 7omA, 6.3v. 2a.. 0- 5 -6.3v. 2a... 23/9 
280- 0.250v. 100mA, 6.3v. 3.5a. 27/9 
210.O.230, 100mA, 6.3e. 2a.. 6.3v. la 28/9 
350- 0 -350e. 8On1A, 6.3v. 2a.. 0- 5 -6.3v. 2a 29 /11 
250- 230v. 1001nA, 6.3v. 40.. 0- 5.6.3v. 3a. 39/9 
300- 0.300v. 100mA, 6.3e. 4a., 0.5.6.3v. Sa. 39/9 
300-0-300v. 130mA, 6.3v. Ca., 0.5 -6.3v. la. 

Suitable for Mulard 510 Amplifier 48/9 
350- 0.350e. 100mA., 6.3v. da., 0.5.8.3v. 3a 39/ 
350- 0.350v. 150mA., 6.3v. Ca., 0- 5 -6.3v. 3a 46/11 
FILAMENT or TRANSISTOR POWER PACE Trpes 
6.3 0. l .5e.. 84): 6.30. 2a. 9/9: 6.3v. 3A. 13/9; t;.3 
ea, 22 /9: 111v. la. gal : 12v. sa. or 24v. I.5a. 23/9: 
1i -9- I xv. lia. 19/11; 0-12.25-42v. 2a. 31/9. 
CHARGER TRANSFORMERS 0-9-15v. 1 in. 18 /9: 
21a 19,11:.15.21/11.5a/11:6a. 29/9: sit- 38/9 - 
AUTO tStep II /Step bG ) TRANSFORMERS 
0- 110/1201-.- 200 -230- 250v.50 -80 watts 19/9 
150 watts, 33/ 250 watts 49/9: 500 watts 105/ - 
OUTPUT TRANSFORMERS 
Standard Pentode 5.0000 or 7.0000 to 30 8/9 
Push -Pull 8 watts ELS4 to 30 or 150 14/9 
Penh -Poll 10 watt.6 V6 ECL86 to 3, 5,8 or 150 24/9 
Push -Pull ELMS to 3 or 150 10.12 watts 23/9 
Pen r Push-Pull Ultra Linear for Mulle 510. eta. 39)9 
Push -Pull 15.16 watts, sectionally wound 6L6 

KT66, etc.. for 3 or 150 35/9 
Push -Pull 20 watt high quality .ectlonally 

wound EL34. BUS. KT66, etc. to 3 or 130 59/9 
SMOOTHING CHOKES 
150tvA.7 -1OH. 2500 12 /9:100mA, 10H,9000 10/9: 

R.S.C. SUPER 15 

HIGH FIDELITY 

AMPLIFIER 
Solid state. Approx. as 
Super 30 but single 
channel. Complete kit 
with full constructional 
details and point to point 
wiring dia- 

1 

Carr.'12/6. I =Gns. 
Or factory built: 154 
Gas., Carr. 12,6. Tenus: 
Deposit 4 Gas, and 9 
monthly payments 31/1 
(Total 218/3/9): or in 
Teak or Afrormoeli 
veneered housing 19 Om. 

BRADFORD 10 North Parade (Half -day Wed.). Te1.25349 

BLACKPOOL (Agent) O & C Electronics 227 Church St. 

BIRMINGHAM 30/31 Gt. Western Arcade. 
Tel.: 021 -236 1279. Half -day Wed. 

DERBY 26 Osmaston Rd. The Spot (Half -day Wed.). 
Tel. 41361 

DARLINGTON 18 Priestgate (Half-day Wed.). Te1.68043 

EDINBURGH 133 Leith St. (Half -day Wed.). 
Tel. Waverley 5766 

GLASGOW 326 Argyle St. (Half -day Tues.). Tel. CITy 4158 

HULL 91 Paragon Street (Half -day Thurs.). Tel. 20505 

RSC 
HI -FI CENTRES LTD. 

MAIL ORDERS to: 102 -106 
Henconner Lane, Leeds 13. 
No C.O.D. under LI. 
Terms C.W.O. or C.O.D. 
Postage 4/6 extra under L2. 
5/9 extra under C5. Trade 
supplied.S.A.E. with enquiries 
Branches open all day Sacs. 
MAIL ORDERS MUST NOT 

BE SENT TO SHOPS. 

LEICESTER 32 High Street (Half -day Thurs.). Tel. 56420 

LEEDS 5 -7 County (Mecca) Arcade, Briggate 
(Half -day Wed.) Tel. 28252 

LIVERPOOL 73 Dale St. (Half -day Wed.). 
Tel. CENtral 3573 

LONDON 238 Edgware Road, W.2 (Half -day Thurs.). 
Tel. PAD 1629 

MANCHESTER 60A Oldham Street (Half -day Wed.) 
Tel. CENtral 2778 

MIDDLESBROUGH 106 Newport Rd. (Half -day 
Wed.). Tel. 47096 

NEWCASTLE UPON 41 Blackett Street (opp. Fenwicks 
TYNE Store) (Half -day Wed.).Te1.21469 

SHEFFIELD 13 Exchange Street (Code Market Blds.) 
(Half -day Thurs.). Tel. 20716 

80mÁ, 1011, 33011, 8/9: 60mA. 
IOU. 49011 cu. 

R.S.C. FLINTHS for 
Record 
Playing 

units. 
Cut for 
Garrard 

1025, 
2025, 

3 ens AT O. 
SP25 etc. etc. Available with 
Transparent plastic 6 Gns. cover. 

Record Playing Units 
MONEY SAVING UNITS 
Ready to plug Into Amplifier. 
RP2CConsisting of Garrard 

51025 Mk. Ir (with 
heavy turntable fitted Ookirtog 
C890 high compliance ceramic 
Stereo /Mono cartridge with 
diamond stylus. Mounted on 
plinth. Transparent 
plastic cover included.23Gns. 

Carr. 10/6 

RPSC utr3 u 
Se fitted GC 7 Stereo 

Cartridge with diamond tip. 
Plinth and Cover as 15Gns. 
111.2C. Carr. 10/6 

Various other typos 
with Magnetic P.U. Cartridge' 
and 'Lift off' or 'Eon oved 
transparent coven at lowest 
prices. 

FANE 'POP' 30C 
LOUDSPEAKER 

I2- 25 w 150 Dual cons 
Post 9 C5 .19 7 . Free .7 7 
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TRIO TS 5IO Amateur Transceiver with speaker and mains P.S.U. LISO 
TRIO JR SOOSE 10-80 Metre Amateur Receiver E65 I 

a78 Wireless World, June 1970 

ADMIRALTY BAO RECEIVERS Hugh 
quality 10 valve 
receiver mania.. 
tured by Murphy. 
Coverage In 5 band. 
650 Kc /s -30 Mc/e. 
I.F. 500 / Ke /e. In. 
corporate. 2 K.F. 
and 3 1.k% stages. 
bandpaa. filter. 
noue limiter. crys- 
tal controlled 
B.F.O. calibrator 
I.F. output, etc. 
Bout -In speaker, 
output for phones. 
Operation 1501'230 

volt A.C. Size 191 x 131 n 161n. Weight 
114Th. Offered In good working condition. 

£22 /1010, cart. 30/. With circuit diagrams. Al.o 
available B41 L.F. version of above. 15 Kc/a -700 
Kcls. £17 /10 / - Carr. 30/ -. 

11209 Mk. II COMMUNICATION RECEIVER 
II sake high 
grade com- 
munication 
receiver suit- 
able for tropi- 
cal use. 1.20 
Mc /s. on 4 
hands. AM/ 
CW /FM opera- 
tion. Incorpor- 
ates precision 
vernier drive, 

B.F.O. Aerial trimmer. Internal speaker and 
12v. D.C. Internal powers 

eIl 

pply. Supplied in 
excellent condition, fully 

G 5 Carr. 
tested and checked. o 20 -. 

TYPE I3A DOUBLE BEAM 
OSCILLOSCOPES BARGAIN 

An excellent general purpose 
D/B oscilloscope. T.B. 2 cps. 
750 Kcle. Bandwidth 5.5 Mc/s 
Sensitivity 33 My /em. Oper- 
ating voltage 0 /110 /200 /250 v. 
.t .r'. Supplied In excellent 
uorking condition. £22/101 -. 
Or complete with all acces- 
sories, probe. leads, lid, etc. 

£25. Carriage 30/-. 

MARCONI CT44 
TF956 AF 

ABSORPTION 
WATTMETER 

I t/ /watt to 6 watts. 

£20. Can. 20/, 

CLASS D. WAVEMETERS 
A crystal controlled hetero- 
dyne frequency meter cover - 
big 1.7-8 Mc /s. Operation on 
6 v. D.C. Ideal for amateur 
use. Available in good used 
condition £5.18.8 Can. 7/6. 
Or brand new with accessories 
27.19.6 Can. 7/6. 

CLASS D WAVEMETERS No. 2 
Crystal controlled. 1.2-19 Mc /e. Mains or 12v. D.C. 
operation. Complete with calibration charts. 
Excellent condition £12 /10 /0. Carr. 96/. 

LELAND MODEL 27 BEAT 
FREQUENCY OSCILLATORS 

0 -20 Kc /s. Output 5K or 500 ohm.. 200/250 v. 
A.C. Offered in excellent condition. 212/10/ -. 
Carriage 10 / -. 

VOLTAGE STABILISER TRANS- 
FORMERS. h0..26.v. Input. output 230v. 
Available 150w or 235w. 212.10.0. Carr. 5/. 
TO-2 PORTABLE 
OSCILLOSCOPE 
A general purpose low cost 
eeonomyoscllloscope for every- 
day use. Y amp. Bandwidth 
2 CP8 -1 MHZ. Input imp. 
2 meg G. 25 PF. Wuuilnated 
stale. 2- tube. 115 x 180 x 
290 nun. Weight gibs. 220 / 
240v. A.C. Supplied brand new 
with handbook. £22 /10/ -. 
Carr. 10/, 

TO-3 PORTABLE OSCILLOSCOPE. 3' TUBE 
Y amp. Sensitivity. .Iv 
p -p /CM. Bandwidth 1.6 cps 
-1.5 MHZ. Input Imp. 
2 meg O. 26 PF. X amp 
sensitivity. 9v p -p /CM. 
bandwidth 1.5 cps -1300 
KHZ. Input imp. 2 meg O 
20 PF. Time base. 5 ranges 
10 cps -300 KHZ. RVII. 
chrunisation. Internal/ex- 
ternal. Illuminated scale. 

140 x 215 x 330 mm. Weight 1511bs. 220/240 V. 
A.C. Supplied brand new with handbook. 
£37.10.0 Can. 10 / -. 

CRYSTAL 
CALIBRATORS 

NO. IO 
Small portable crystal 
controlled wavemeter. 
Size Tin. x 71i.. x 4in. 
Frequency range 500 
Ke /e-10 Mc /. Imp to 
90 Mc/s on harmonics). 
Calibrated dial. Power 
requirements 300 V.D.C. 
lómA and 12 Y.D.C. 
0.3A. Excellent condi- 
tion. 80,8. Carr. 7/6. 

MARCONI 
TF885 VIDEO OSCILLATORS 

o.1 me /e Sine Square Wace £45. Carr. 20/ , 
MARCONI TFI95M BEAT 

FREQUENCY OSCILLATORS 
0 -40 kc /e. £20. Carr. :m /.. 

WS62 TRANCEIVERS 
Large quantity available for EXPORT! Excellent condition. Enquiries invited. 

UNR -30 4 BAND 
COMMUNICATION RECEIVER 

Covering 550 Kc /s -30 Mc /s. Incorporates BFO. 
Built -in speaker and phone jack. Metal cabinet. 
Operation 220/240 v. A.C. Supplied brand new, 
guaranteed with instructions. 13gns. Carr. 7/6. 

EDDYSTONE V.H.F. RECEIVERS 
770R. 19 -165 Mc/s. £150. 
Both types In excellent condition. 

LAFAYETTE SOLID STATE HA600 
RECEIVER 

5 BAND AM /CW /88B AMATEUR AND SHORT WAVE. 
150 kcis -400 Reis AND 550 Eciu -30 Mc. s. F.E.T. front 
end 2 mechanical tilten Huge dial Product 
detector Variable BFO Noisellmiter E /deter 

241in. Bandepread 230 v. A.C.,12 v. D.C. nett earth 
operation RF gain control. Sue 15io. . Olin. Blin. 
Wt. 18 lbs. EXCEPTIONAL VALUE £45. CARR. 10 / -. 
S.A.E. FOR FULL DETAILS. 

UR -IA SOLID STATE 
COMMUNICATION RECEIVER 

4 bande covering 550 Kc/e -30 mets continuous. 
Special features are une of FET traueiut.ors, 8 
meter, built -ln speaker and telescopie aerial, 
variable BFO for SOB reception, noise limiter, 
bandepread control, eeneitivity control. Output 
for low Impedance headphones. Operation 
220/240 volt A.C. or 12 volt D C. Sise 12t x 
4!" x ,". Excellent value. Only £24,cerr. 7/6. 

TRIO COMMUNICATION RECEIVER MODEL 9R -S9DE 

4 band receiver covering 500 Kehl to 30 Mc/s, continuous 
and electrical bandepread on 10 -15, 20, 40 and 80 metres. 
8 valve plue 7 diode circuit. 4/8 ohm output and phone 
jack. 88B-CW ANL Variable BFO 8 meter. 
Sep. Banlepread dial IF 455 Kc /s audio output 
1.5 w. Variable RF and AF gaine controls. 115/250 
v A.C. nains. Beautifully designed. Sue 7 x 15 x 101n. 
With Instruction and n manual e ice data. £42. 
Carriage paid Telo Comm.nlcalion Type Headphones. 
Normally 65.19.6. Our price 23.15.0 II purchased with 
above receiver. 

LAFAYETTE HA.800 SOLID STATE 
AMATEUR COMMUNICATION RECEIVER 

SIX BANDS 3.5-4, 7 -7.3, 14-14.35, 21-45, 
28- 29.7, 50-54 Mc /s. 

Dual conversion on all bands. 2 x 455 Kc /s mechanical filters. 
Product detector. Variable B.F.O 100 Ke /s crystal calibrator. 
'8' meter. Huge slide rule dial. Operation 230v AC or 12v DC. 
Sire I5- x 91- x 81 Complete with Instruction manual. 
257.10.0. Can. Paid. (100 Kc/s Crystal 39/8 extra.) 

TRIO JR -310 NEW AMATEUR BAND IO-BO METER RECEIVER IN STOCK £77.10.0 

na[ 
k ?*74 

RCA COMMUNICATIONS 
RECEIVERS AR88D 
Latest release by mi I,Ir, BRAND NEW in original cases. 
110.250v. A.C. operetiom. Frequency In 6 Bande. 535 Kr /s- 
ici Mc /s continuous. Output Impedance 2.5 -600 ohm.. 
Inoorporating crystal filter, noise limiter. varable BFO, 
variable selectivity, etc. Price £85. Can. rt. 

LAFAYETTE PF-60 SOLID STATE VHF 
FM RECEIVER 

A completely new transistorised receiver covering 15.2-174 
Mc /s. Fully tuneable or crystal controlled loot supplied) 
for fixed frequency operation. Incorporates 4 INTE- 
GRATED CIRCUITS. Built -In speaker and Illuminated 
dial. Squelch and volume control.. Tape recorder output. 
750 aerial input. Headphone Jock. Operation 230 v. A.C./ 
12 v. U.C. Neg. earth. 237/10/ -. Carr. 10 /- 

TELETON MODEL CR -10T AM /FM STEREO TUNER AMPLIFIER 
A new model from Teleton. 31 solid state devices. 
4 +4 watt output. Inputs for ceramic /crystal 
cartridge. Frequency range AM 540.1600 KHz, 
FM 88.108 MHz. Automatic FM Stereo reception. 
Stereo Indicator. Controls: Tuning, function 
selector. Tone and R t L volume control.. AFC 
switch. Stereo headphone socket. 
Size 13f1n. x 3eln. x 91in. approx. 
Price 234/0/0. tiara. 7/6. 

[sew IPE YITEM 
Type MR 28P. 1 21/32in. square fronts. 

50mA 27/6 100V. U.C. .... 27/6 
100mA 2716 150V. D.C. .... 27/6 
150n,A . . 27/6 soot/ D.C..... 27/6 
200mA 27/8 600V. D.C. .... 2718 
500mA 27/6 27/6 750V. D.C. .... 27/8 
750mA 27/6 16V. A.0 27/6 
1 amp 27/6 50V. A.0 27/6 
2 amp 27/6 150V. A.C. .... 27/6 

3amp 
27/6 9ooV. A.C..... 27/6 

v. D.0 2718 500V. A.C. .. 27/8 
27/6 R meter 1mA .. 32/- 
27/6 VU meter .... 42/- 

LEAFLET 

60µA 40/- 
50- 0.60µA 37/8 
100µA 37/6 
100 -0100µA 35 /- 
200µA 35/- 
600A 30/- 
600µ0 -600µA 27/6 
1mA 27/6 
1 -0.1mA 27/6 

10 A 27/8 10V. D.0 
20mA 27/6 20V. D.0 

FULL WOE OF OTHER SIZES IN STOCK -BEND SAE FOR 

High quality ceramic construction. Windings embedded in vitreous enamel. 
Heavy duty brush wiper. Continuous rating. Wide range available ex -stock. 
Single hole fixing, lin. dia. shafts. Bulk quantities available. 
25 WATT. 10 /25/50/100/250/ 500 /1000 /1500 /2500 or 5000 ohme. 1418.1'. A P.I /6. 
50 WATT. 10/25/50/10012501500 /1000/2500 or 5000 ohms, 21/ -. P. 0 P. 1fri. 
100 WATT. 1/5/10/26/50/100 /260/500/1000 or 2500 ohms, 27/8. P. A P. loi. 

AVOMETER MOVEMENTS 

` E 

_saae'.. l_ ,. 
SOmA 20KR /V. 

Spare movement. for Model e or 9. (Fitted with 
Model 9 male) or bests for any moltin,eter. 

Brand New and Boxed 58/8 P. d P. 3/6 

MARCONI TF.I42E DISTORTION 
FACTOR METERS 

l:xccllent condition. Fully t,.r. I £20. Carr. 15/, 

T.E.40 
HIGH SENSITIVITY 

A.C. VOLTMETER 
10 meg. Input 10 rang.. 
.01/.03/.1 /.9/1/3/10/30/100 /3ró 
v. R.M.B. 4 cps.-1.2 Me/b 
Decibels -40 to +50 dit. 
Supplied brand new complex 
with leads and instructions. 
Operation 230 e. A.C. 
217/10/ , Carr. 51, 

PLESSEY SL 403A 
3 -watt . integrated amplifier circuit. 

48/8 post paid. 

TE-65 VALVE VOLTMETER 

High quality Instrument 
with 2M ranges. 
U.C. volt. 1.5.1.500 v. 
A.C. volts 1.5 -1,500 v. 
Resistance up to 1,000 
uegohms. 

220/240v. A.C. operation. 
Complete with probe and 
Instruction 217/10/0. P. 
a P. 6 / , 
Additional Probes avail- 
able; R.F. 35/- H.V. 
42/6. 

COSSOR 1049 DOUBLE BEAM 
OSCILLOSCOPES 

L.C. coupled. Band width I Rein. Permet order. 
£25. Can. 30/ , 
AM /FM SIGNAL GENERATORS 

Oscillator Test 
No. 2. A high 
quality precision 
Instrument made 
for the Ministry 
by Alrmec. Fre- 
quency coverage 
20 -80 Mc /e. AM/ '. --w -- CW /FM. Incor- 
porates precision 

dial, level meter, precision attenuator 1µV- 100Mv. 
Operation from 12 volt D.C. or 0/110/200/250 v 
A.C. Size 12 x 81 x 91n. Supplied In brand new 
condition complete with all connector., fully 
tested. £45. Carr. 20/-. 

GEARED 
MAINS MOTOR 
Paralux type 8Uí9 
230/250 v. A.C. Rever- 
sible. 30 r.p.m. 40 lb. ins. 
Complete with capacitor. 
I.s. event condition. 
99/6. Carr. 10/, 

TE -I6A TRANSISTORISED 
SIGNAL GENERATOR 

5 Ranges 400 KHZ30 
MHZ. An inexpensive 
instrument for the handy- 
man. Operates on 9v. 
battery. Wide easy to 
read scale. 800 KHZ 
modulation. 51" x 51- 
x 31 -. Complete with 
Instructions and leads. 
£7 19 6. P/P U, 

TRANSISTORISED L.C.R. A.0 MEASURING 
BRIDGE. 

A new portable 
bridge offering ex 
cellent range and 
accuracy at low cost. 
Manges: R. 10- 
11.1 MEO O 0 
Ranges 
L. 1µH -Ill HEN" 
RIES. 8 Ranger - 
20o. C. 10PFt 
1110MFD.6 Ranges 
f 2"0. TURNS RATIO 1:1 /1000- 1:11100. 
6 Ranges ± 1"ó. Bridge voltage at 1.000 CPS. 
Operated from 9 volts. 100µA. Meter Indication. 
Attractive 2 tone metal case. else 71" x 6- x 

£20. P. & P. 5/ -. 

AUTO TRANSFORMERS 
0/115/230v. Step up or step down. Fully shrouded 

150 W. 42/6, P. A P. 3/6 
300 W. 5818, P. A P. 4/6 
500 W. £4/10/0. P. A P. 6/6 

1.000 W. 26/10/0. P. A P. 7/6 
1.600 W. £7/19/8. P. A P. 8/6 
7.500 W. £15/10/0. P. s P. 20/ -. 

G. W. SMITH 
& Co. (Radio) Ltd. 

ALSO SEE OPPOSITE PAGE 
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ARF -100 COMBINED AF -RF 
SIGNAL GENERATOR 

AF. SINE WAVE 
20- 200,000 cps. Square 
wave 20- 30.000 cps. 0/P 
HIGH IMP. 21 v. P/P 
80011 3.8 v. P /P. 
K.F. 100 kc/s-300 Mc /.. 
Variable R.Y. attenua- 
tion. Int./Ext. Modula- 

tion. Incorporates dual purpose meter to monitor. 
AF output and % mod. on R.F. 220/240 v. A.C. 
832.10.0 Carr. 7/6. 

TE -20RF SIGNAL GENERATOR 
Accurate wide range 
signal generator cover- 
ing 120 kc/s -280 Mc /s. 
on 6 bands. Directly 
calibrated. Variable 
R.F. Allen uator. Op- 
eration 200 /240 v. A.C. 
Brand new with In.truc- 
lione. £15. 

P. a P.7 /6. S.A.E. for details. 

PEAK SOUND PRODUCTS 
Full range of Amplifiers. kit., Speaker. In stock. 

TE22 SINE SQUARE WAVE 
AUDIO GENERATORS 

Sine: 20 cps to 200 kc /s. on 4 bands. Square 
20 cps to 30 he /s. 

Output Impedance 
5,000 ohms, 200/ 
220 v. A.C. opera- 
tion. Supplied brand 
new and guaran- 
teed with tnsteuc 
lion mutual and 
leads. 216.10.0. 
('arr. 7 /6. 

LAFAYETTE TE-46 RESISTANCE 
CAPACITY ANALYSER 

2 81.2.000 mfd. 
2 ohnu-200 nreg- 
ohuae. Also checks 
Impedance turn. 
ratio insulation. 
200/220 A.C. 
Brand New. £17.10 
(arr. 7/6. 

TY7S AUDIO SIGNAL 
GENERATOR 
Ohne Wave 20 CPS -200 Kc/s. 
Square Wave 20 CI'S 30 
Kc /s. High and low impedance 
output. Output variable up to 
6 volts. 220 /240 volte A.C. 
Brand new with instructions. 
818. Carr. 710. Sias 210 x 
160 x 120 ruin. 

TE -20D RF SIGNAL GENERATOR 
Accurate wide range slg 
nal generator covering 
120 Kc /11-600 Mc / on 
S bands. Directly cali- 
brated. Variable RI. 
attenuator, audio output. 
Neal socket for calibra- 
tion. 220/240V. A.C. 
Brand new with inetruc 
Lion. 215. Carr. 7/6. 
Sloe 140 s 212 s 170 rom. 

ADVANCE TEST EQUIPMENT 
Stand new and boxed In original sealed cartons. 
JIB. AUDIO SIGNAL GENERATOR 
16 c/a to 20 Kc /s. Sine wave. Output 600 ohms 
or 5 ohms. 230.0.0. 
VM79. UHF MILLIVOLT METER 
100 Kc /s to 1,000 Mr/s. A.C. 10 mV to 3v. D.C. 
10 mV. to 3v. Current 0.01 uA to 0.3 mA. Reelet- 
ance 1 ohm to 10 megohm. 2125.0.0. 
TTIS. TRANSISTOR TESTER 
Full range of lacllitlee for testing PSP or N1'N 
transistor. in or out of circuit. £37.10.0. 
Carriage 10 /- per item. 

SOLARTRON CD 71152 DOUBLE 
BEAM OSCILLOSCOPES 

D.C. to B Me /s. Perfect metre. 885. t''arr. 50/. 
Few available Ires t'.11.T. £25. arr. 511' -. 

AYO CT.38 ELECTRONIC MULTIMETERS 
High quality 97 range instrument which measures 
A.C. and U.C. Voltage. Current, Real/dance and 
Power Output Ranges U.C. volts 250 mV10,000v. 
(10 meg 0.110 meg o input/. L.C. current 100.A25 
amps. Ohms. 0.1,000 mega A.C. volt 10omv.- 
250V (with R.F. measuring head up to 250 Mc/s) 
A.C. current 10µA.25 amps. Power output 50 
micro- watt..5 watts. Operation 0/110/200/260V. 
A.C. Supplied In perfect condition complete with 
circuit lead and R.P. probe. 225. arr. 15/-. 

CAR LIGHT FLASHERS 
Heavy duty light flasher employs condenser 
discharge principle operating on electro mechani- 

cal relay. (As Inset.) 
Housed In strong plastic 

Plashing rate 
between 60 -120 per 
minute. 12 volt L.C. 
operation. Maximum 
load 6 amps. Sloe 210 In. 
dia. by 4111. Supplied 
brand new at fraction 
of original cost. 6/6 each, 
1'. a P. 2/e. (3 foe 17/6. 
P. a P. 4/6.) 

latest 
The Idlest etbnon giving full 
details of a comprehensive 
range of HI FI EQUIPMENT. 
COMPONENTS, TEST EQUIP - 
MENT and COMMUNICATIONS 
EQUIPMENT. . Over 230 

pages, fully IIIus- 
trated and detail- 
ing thousands of 
items - many t 
bargain prices 
FREE DISCOU 
COUPONS 
VALUE 101-. 

SEND NOW -ONLY 7/6 P & P 1/- 

Full current range offered brand new and guaranteed at fantastic savings 
1022 Steer 27.19.8 6162K £14.19.6 
40 Mk 11 SL72B 225. 0.0 

Stereo £8.8.0 AP75 £16.19.6 
2025 T/C SL75 £2519.6 

Stereo 28.17.6 8L76ß £29. 0.0 
3000 Stereo £9.19.6 SL95B £35. 0.0 
8P25 Mk II £11. 9.6 A70 /l1 £11.19.6 
SIS5 211.12.6 401 £25. 0.0 

Carriage 7/6 esta each item. 
TEAK BASES AND PERSPEX COVERS 

1. For SP25, 81.65, 51.65, 3000, 2025T/C, 2025, 
1000, 84.10.0. 

2. For AP72, 5L75, ßL95, 25.19.8. 
3. For ßP25 etc. to operate with lid In place 

25.19.6. Carrlaae 7/6 extra each type. 

SPECIAL OFFERS 
horned ßP'25 fitted ( /oldring (3800 cartridge 
and wooden plinth. Total list price 032.8.5. 
OUR PRICE 219.15.0. arr. 10/ -. 
(IOLDRINO OMB fitted OoldrIng 07001 
cartridge complete with de luxe base and cover. 
Total list price 020.18.0. OUR PRICE 239. 
Carr. 20/. 

AVO CT47IA MULTIMETER 
Battery operated. fully tran.istoriseal. Sensitivity 
100 MO /v. Measure. A.0. /D.C. voltages 12rV. to 
1,2051%'. A.C. /D.C. current 12uA. to 1.2 Amp. 
Resistance 12 ohm to 120 mO N.P., V.N.F.. 
U.H.F. voltage with multiplier 4V. to 400V. up 
G. 60 Mr /e., 4OmV. to 4V. up to 1,0181 Mc /s 
Offered in perfect condition. 255 each. ler. 10 /-. 

SINCLAIR EQUIPMENT 
Project 60 range of new model. now in stock 

230 Amplifier 24/9/8 
Stereo 60 Control Unit 29/19/8 
PZB Power Supply £4.'19/8 
PZ6 Power Supply 87'1918 
Q18 Speakers 28:19.6 

All Post Paid 
SPECIAL PACKAGE OFFER! 

2 x 020 Amplifier. Stereo 60 and P02 Power 
Supply (torr. 7/6) 219 

or with 2 x Q18 Speakers (Carr. 7/61 235 
Mlcromatic Radio Kit 49/8 
Micromatic Radio Built 
Sincalr IC /l0 In stock 9/6 
200C Amplifier 228/10/0. Carr. 7/6. 
Neoteric Amplifier 246/0/0. arr. 7/6. 

ECHO HS-606 STEREO 
HEADPHONES 

W./n.1er1011) com 
Iortable Light- 
weight adjustable 
vinyl headband, Eft. 
cable and sterna 
lack plug, 22.17,000 
cps., 8 0 imp. 67/8. 
l'. a P. 2/6. 

HOSIDEN DHO4S 
2 -WAY STEREO HEADPHONES 

RTC 249 4 -TRACK 
British made. Speeds 

:itin., 7jin. p.e. 
Marriott heads. 71n. 
reel else. Push button 
controls, fully inter- 
locking. else 131n. 
10in. x 14ln. above 
unit plate, Shin. below. 
Full instruction.. 
213.19.6. Corr. 7/6. 

TAPE DECK 

9 
Each headphone contain. 
20ím woofer and Olin. tweeter. 
Built In Individual level 
controls. 25. 18,000 c.p.s. 
80 imp. with cable and 
stereo plug. 25/19/6. P. A P. 

2 /a. 

HOSIDEN DH -025 STEREO HEADPHONES 
H'ou,1,rful c aloe 
and excellent per- 
formance combined. 
Adjustable head- 
band. 8 ohm im- 
pedance. 20.12,0010 
cps. Complete with 
/cad and stereo jack 
plug. ONLY 47/6 

Variable Voltage TRANSFORMERS 
Brand new, guaranteed and carriage paid. 
High quality construction. Input 230 v. 50 -00 cy.hs. 
Output full variable from 0 -200 volts. Bulk quantities available. 
1 amp.- 25 /10 / -; 2.5 amp.- 18/18/-; 5 amp. - £9/15/-; 
8 amp. -814110/ -;10 amp. -218/10/ -; 12 anlp. -221; 20 amp. -837 

MULTIMETERS top EVERYpurpose/ 
TE-900 20.0000 /VOLT 
GIANT MULTIMETER 
Mirror scale and over- 
load protection. 610. 
full view meter. 2 
colour scale. 0/2.5/10/ 
220/1.000/5.000 v. A.C. 
0/25/ 12.5/ 10 /50/ 
250/1,000/2.000 v. D.C. 
01110µ.t /110 1100 /500 mA / 
10 amp. D.C. 02K/ 
200K/20 MEG. OHM. 
£15 / - / -. P. a P. 5 / -, 

MODEL TE -90 50,000 O.P.V. 
Mirror sede overload proteo- 
Bon. 0/3/12/00/300/600 /1,200 
v. U.C. 0/6/30/120/300/1,200.V 
U.C. .03/6/60/600 MA. U.C. 
16K /160K /l.6 /16 MEG 0. 
-20 - + 63db. 27/10/0. 

P. a P. 3 /, 

MODEL AS -100D. 100E0/ 
Voll. Sin., mirror scale. Built- 
hi meter protection 0 /3/12/60/ 
120 /300 /600 /1,200 it U.C. 
0/6/30/120/300/600 v. A.C. 
0 /10µA /6 /60 /300MA /12 Amp. 
0/2K/200K/2M/200M O. -20 
to +17dB. 212/10/ -. P. A P. 
3/6. 

MODEL TE-80. 80,000 0.P.V. 
0/10/50/100/500/1,000 v. A.C. 
0/6125/50/250/80011,000 v. 
D.C. 0-504A. 5/50/500mA. 
0/6KIOOK/800K/6 meg. 
24/17/6. P. a P. 3/, 

TE-61. NEW 20,0000/ 
VOLT MVLTINETER, with 

erload protection and 
mirror scale, 0/6/80/120, 
1,200 v. A.C. 0/3/30/60/300/ 
600/3,000v. D.C. 0 /600A /12 
1300m A.D.C. 0 /6016/6 meg. 
ohm. 92/6. P. a P. 2/8. 

MODEL TE-70. 30,000 O.P.V. 
0/3/15/6013001600/1,200 v. 
D.C. 0/6/30/120/600/1,200 v. 
A.C. 0/3011A/9/30/ 311omA. 
0/I6K/I60K/1.6M/18 MegO. 
25/10/-. P. A P. 3/-. 

MODEL TE-1£. 24,000 O.P.V. 
0/0.6/0/30/120/600/1,200/ 
3,000/6,000 v. D.C.0/6/30/120/ 
600/1,200 v. A.C. 0/601.A/8/ 
60/600 mA. 0I8 K/600 K/6 M eg./ 
80 Meg.O. 50 PP. .2 MFD 
25/19/8. P. a P. 3/6. 

SAVE UP TO 331., ON 
HI -FI EQUIPMENT 

Sand for full discount prit. list 

LAFAYETTE 67 Rani* goner 
60E0 /V. Mdtlmeter. D.C. 
volts 125mv- 1000v. A.C. 
volts 1.2v- 1000v. D.C. Con 
not 25uA -10 Amp. Ohms 
0-10 Meg G. D.B. -20 to 
+81 db. Overload protectkm. 
212/10/ -. P. a P. 316. 

MODEL PT-84. 1,000 
O.P.V.O/10/50/250/ 
500/1,000V. a.c. and 
d.c. 0/1/100/500 mA. 
d.c. 0/100 K 0 39/6- 
P.aP.1/8. 

TRANSISTORISED 
TWO -WAY 

TELEPHONE 
INTERCOM 

Operative over amazingly long 
distance.. Separate call and 
press to talk buttons. 2-wire 
connection. 1000's of appll. 
catkns. Beautifully finished 
In ebony. Supplied complete 
with batterle. and wall bracket.. 
£6/19/6 pair. I'. a P. 3/6. 

TE I I I DECADE RESISTANCE ATTENUATOR 
Variable range 0-111 
db. Connection.. 
Unbalanced T and 
Bridge T. Imped- 
ance 600 ohms. 
Range (0.1 db x 
10) + (1 sib x 10) 
+10 + + 30+ 
40 db. Frequency: DC to 200 KHZ ( -3db). 
Accuracy: 0.05 db. + Indication db x 0.01. 
Maxkomn Input less than 4 watts (50 volt.). 
Built in Bch O load resistance with internal/ 
eatesnal switch. Brand new 227/10/ -. P. a P.11/-. 

RECORDING HEADS 
Cosm000rd h track head.: Poet extra. 
Recent /replay. High Imp 65/- 
Erase. Low Imp 20 /- 
Marriott 0 track heads. Post extra. 
Reoml /Playback. high imp. 
Eras., low imp 

65/- 
20/- 

AMERICAN RECORDING TAPES 
31n. 2213ft. L.P. Acetate 3/6 
9 jln. 600ft. T.P. Mylar.. 10/- 
5in. 800ft. Std. plastic.. 8/6 
8in.900ft. L.P. acetate.. 10 /- 
blu. L2001í. D.P. Mylar 15/- 
6jin.1,200gí.L.P.acetate 12/6 
Of in. 1,200ft. L.P. Mylar 16/- 
Olin. 1,800ft. U.P. Mylar 22/8 
Olin. 2.400ft. T.P. Mylar 39/6 
71n. 1,200ft. Std. acetate 12/6 
71n. 1.800ft. L.P. acetate 15/- 
710. 1,800ft. L.P. Mylar 20/- 
71o. 2.400fí. D.P. Mylar 25/- 
7M. 9.800 ft. T.P. Mylar 45/. 

First grebe 
quality 

American 
*apes. 

Bond new 
and 

guaranteed. 
Discounts for 
quantities. 
Potage 21, 

Over U pot 
paid. 

TAPE CASSETTES 
Top quality In plastic library boxes. 
(/60-- 60 min. 8/6 1 3 for 24/8. 

O0 min. 12/6; 3 for 381 -. 
0120 -120 min. 15/ -1 3 for 43/8 

Cassette Head Cleaner 11 /3 All Pot Extra, 

a.W.S1äITH & CO.( /V cm) LTD 
All Mail Orders to- 

147, Church Street, London, W.2 
Tel: 01 -262 6562 
(Trade supplied) / 

3, LISLE STREET, LONDON, W.C.2 Tel: 01 -437 8204 
34, LISLE STREET, LONDON, W.C.2 Tel: 01 -437 9155 
311, EDGWARE ROAD, LONDON, W.2 Tel: 01 -262 0387 
OPEN 9 -6 MONDAY TO SATURDAY (EDGWARE ROAD 1 /2DAY THURSDAY) 

www.americanradiohistory.com
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TECHNICAL 
TRAINING 

in radio television 
and electronics 

Whether you are a newcomer to radio and electronics, 
or are engaged in the industry and wish to prepare for 
a recognized examination, ICS can further your tech- 
nical knowledge and provide the specialized training 
so essential to success. ICS have helped thousands of 
ambitious men to move up into higher paid jobs -they 
can help you too! Why not fill in the coupon below and 
find out how? 

Many diploma and examination courses available, in- 
cluding expert coaching for: 

C. & G. Telecommunication Techns'. Cents. 
C. & G. Electronic Servicing 
R.T.E.B. Radio/T.V. Servicing Certificate 
Radio Amateurs' Examination 
P.M.G. Certs. in Radiotelegraphy 
General Certificate of Education, etc. 

Examination Students coached until successful 

NEW SELF -BUILD RADIO COURSES 

Learn as you build. You can learn both the theory and practice 
of valve and transistor circuits, and servicing work while building 
your own 5 -valve receiver, transistor portable, and high -grade 
test instruments, incl. professional -type valve volt meter - 
all under expert tuition. Transistor Portable available as separate 
course. 

r 

POST THIS COUPON TODAY 
for full details of ICS courses in Radio, T.V. and Electronics. 

INTERNATIONAL 
CORRESPONDENCE SCHOOLS 

EST 1891 

Dept. 222, Intertext House, Stewarts Road, London, S.W.8 

Please send me the ICS prospectus -free and without obligation. 

1 (state Subject or Exam.) 

1 

NAME 

ADDRESS 

670 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Wireless World, June 1970 

R.S.T. VALVE MAIL ORDER CO. 

BLACKWOOD HALL, 16A WELLFIELD ROAD 

STREATHAM, S.W.16 
A61 9/6 
ACT9 5001- 
ARI'. /. 16 - 
AZ31 10'- Bill 60/- 
BT79 67/- 
BT89 ö7/- 
CiC 20/- 
CBL9I 18/- 
CCH35 161- 
CY6 96/- 
CV74 80/- 
CV82 50/- 
CV315 80/- 
CV354 110/- 
CV370 800/- 
CV372 67/- 
CA/408 60/- 
CV428 46/- 
CV429 850/- 
cv450 26/- 
CV1144 60/- 
CV 1'385 

140/- 
CV1522 

180/- 
CV 1520 65 - 
CV 2155 32,8 
CV2308 

850/- 
CV2312 861- 
c1/4003 10/- 
CV4004 10/- 
CV4006 8/- 
CV4006 18/- 
CV4007 7/- 
CV4014 7/- 
CA/4015 10/- 
CV4024 6l- 
CV4025 7/- 
CV4031 7/- 
CV4033 7/- 
CV 4044 18/- 
CV4045 10/- 
C V 4046 90/- 
CV4048 12/8 
CV408217/8 
CV4064 80/- 
CY90 12,'6 
DAF'91 4/8 
DAF96 7;8 
0CC90 20/- 
DET3 

1.000/- 
DETI9 6/8 
DET20 2/6 
DET'Yl 

110/- 
DET23 

110/- 
DET24 

60/- 
DET25 16/- 
DF91 4/- 
DF96 7/6 
DH63 6/- 
DH77 4/9 
DE32 7/9 
DK91 4/- 
DK92 91- 
DK96 7/9 
D166 86/- 
0192 6/8 
DL94 6/9 
DL96 7/9 
D1810 18/6 
01.816 30/- 
01.819 30/- 
DY86 6/- 
1>Y87 6'8 
1)Y802 18/6 
E880C 18/- 
2180F 17/6 
E 162CC 88/6 
EAIOF 60/- 
EABC80 

6/6 
EAF42 10/- 
EAF806 

v/6 
2891 31- 
50033 8/6 
EBC41 9'9 
EBC90 4/9 
EBF80 7/6 
EBF83 9/- 
EBF89 8/6 
EBL21 12/- 
EBL31 87/6 
E(2,83 16/- 
EOC40 17/6 
EOC70 16/- 
801781 8/- 
ECC82 6/9 
EC(M3 613 
E0115 61- 
ECC88 7/6 
ECF80 6/8 
ECF82 6/8 
ECRU) 1De 
ECH42 13/- 
ECHO, 6/9 
ECRU 8/6 
ECL80 7/- 
9:01.82 7/- 

ECL83 10/8 
EC[ 86 9/- 
1321,1800 

eo/- 
EF9 801- 
EF37A 7/- 
EF39 8/- 
EF41 10'- 
EP50 6/- 
EF80 4/6 
21,86 6/8 
EF89 6/8 
EF91 8/6 
EP92 8/8 
EF98 16/0 
EF183 8'6 
EF184 7/- 
EF804 81/- 
EFP60 10/- 
EH90 
EL33 
EL34 
EL38 
EL38 
EIA1 
EU2 
E1.81 
EL84 
E1.85 
E1.86 
EL90 
EL98 

7/6 
12/6 
10/6 

9/3 
82;6 
11/- 
11/6 
9/- 
4/9 
7/9 
83 
6/3 
6/6 

EL380 84/- 
EL82o 61- 
EL821 7/6 
EL822 16/- 
ELL80 SW- 
29134 161- 
E5880 7/6 
EMS! 10/- 
EM84 7/6 
EN32 26/- 
F.YBI 7/6 
EY81 7/- 
EY89 8/6 
EY84 9/- 
EY88 7/- 
EZ4o 9/_ 
F.Z41 9/6 
EZ80 6/6 
EZ81 5/6 
OT1C 57/6 
01720 100/- 
01121 100/- 
OY501 15/- 
07.30 10/- 
(:232 10/- 
(:Z34 11/- 
0297 16/- 
1163 18/- 
HL41DD 

18ro 
KT8 86/- 
KT81 82/6 
KT68 80/- 
KT87 45/- 
KT81(7C6) 

22ro 
KT81 
(GEC) 86/- 

KT88 84/- 
KTW6112/6 
KTR-62 

12/6 
M505 600/- 
51513 600/- 
ME140086/- 
ME1501P6/- 
MIA 17/6 
N87 17/6 
N78 19/- 
PC86 11/6 
PC88 11/6 
PC97 8/9 
PC900 

6/6 
P0084 6/6 
PCC/0 8/- 
PCC89 10'6 
PCC189 10/6 
PCF80 6/9 
PCF86 9/- 
PCF2001e/- 
PCP'20I 15/6 
PCF80016/- 
PCF80l 9/9 
PCF802 

9/9 
PCP80613/- 
PCH2O0 

/6 
PCL82 17/9 
PC1.83 10/3 
PCL84 8/6 
PCL86 9/8 
PCL86 9/5 
PD500 89/- 
PENB480/- 
PEN45DD 

12/- 
PFL200 

P1.36 
PIA! 
I'1Á2 

14/- 
10/9 
9'A 
8/8 

P1.84 7'- 
PL508 29/- 
P1.509 29 - 
P1.802 16/6 
l'T15 15/- 
PX4 84/- 
PX25 87/6 
Pl'32 10/9 
PY38 10:9 
PY81 5/9 
PY82 6/3 
PY83 7/- 
PY500 18'5 
PY800 9/6 
PY801 9/6 
PZS0 10/- 
QF41 400/- 
QQV02/6 

46/- 
QQVO3/10 

27/6 
QQ V 03/20 

106/- 
QQV04/15 

106/- 
QQV08-40A 

100/- 
QQVOB/40 

90/- 
QQVS/10 

701- 
Q870/20 6/6 
Q875/20 6/6 
Q875/80 

80/- 
Q889/3 7/3 
Q892/10 4/- 
Q895/10 6/6 
Q8108/43 

16/- 
Q8160/15 

8/- 
Q8150/90 

6/- 
QB150/S6 

80/- 
Q8160/45 

20/- 
Q8150/80 

20/6 
Q81209 7/3 
QV03-12 

18/- 
Q204-7 12/6 
Q V05-28 8'- 
Q V06-20 

27/6 
QY9-125 

180/- 
RIO 16/- 
R17 8/- 
R18 7/6 
1119 7/9 
503/1250 

120/- 
R(75/500 

80/- 
81512 82,'6 
811E12 70/- 
8130 40/- 
8130P 40/- 
81,41 8'6 
0P61 3/8 
8T V280/40 

86/- 
BTV280/80 

96/- 
81.12150 12/6 
8U2180A 

12/6 
T41 17/6 
T D03-5 

110/- 
TD03-10 

110/- 
TZ40 40/- 
019 36/- 
024 84/- 
026 15/6 
1726 15/6 
033 30/- 
0'37 20/- 
0191 13/9 
17404 7/6 
11801 28/6 
UABC80 8/8 
UAF42 10/6 
U5C41 9/3 
UCH42 10/6 
1701181 7/- 
UCL82 71 
UCL88 10/- 
171.41 18/- 
111.84 7/- 
UUB 21/- 
17177 81/- 
UU8 21/- 
0241 816 
UY85 616 
VL883180/- 
VP4B 26/- 
V 5105/S0 

6/6 
V R 150/80 

8/- 
w81M 12/8 

XH8/100 
300/- 

X R13/200 
1201- 

266 16/- 
2319 25/- 
2759 30 - 
Z800 20/- 
2801 80/- 
Z803U 16/- 
0A2 6/3 
OBI 6/- 
024 4/6 
1B30T 7/8 
122 86/- 
2C39A 140/- 
2C43 70/- 
2021 6'8 
2E28 20/- 
2E25 180i- 
3A/187M 

80/- 
3.45 80/- 
3824 89/- 
3B240M 

110/- 
3B241M 

110/- 
31128 40/- 
30`24 60/- 
3C45 65/- 
3D21A 36/- 
3E29 70- 
4C35 300/- 
4CX2505 

VW- 
42150A 

95/- 
421500 

200/- 
4225013 

180/- 
5B/254M 

87/- 
5B/253M 

37/6 
5022 320/- 
5540Y 10/6 
50'40 5/6 
6V40 8/- 
5Y90T 6/- 
8Z40 7/- 
6/30L2 16/- 
64E5 6/- 
6AK6 18/6 
BAL6 3./- 
8AM8 3/6 
6AN8 10/- 
6AQ4 4/- 
6AQ6 6/8 
8Aß8 6/- 
6A87 16/- 
6AT8 4/9 
6AUSOT 

20/- 
8540 20/- 
811A6 6/- 
613E6 6/- 
613116 9/- 
6BJ6 9/- 
BBK4 81/6 
68E6 7/6 
673Q7A 7/- 
BBR7 17/- 
813R8 12/6 
61387 26/- 
613w6 14/6 
6BW7 18/- 
BG 6/- 
6088 6/- 
60080 84/- 
8CH8 7/6 
601.6 8/6 
BCW4 18,6 
804 161- 
613E6 9/- 
81,23 DV- 
8F32 2/9 
6F33 19/8 
8J50 4/- 
8.18 3/6 
6170 6/- 
6KBOT 8/ 
BK7 1/9 
6K70 8/- 
6E8 2/9 
6E80 3l- 
61,60 7/9 
6LOWOB 

17/6 
6Q70 6/- 
68Q751 7/6 
6807 6/- 
68J7M 7/- 
88L70T 6/- 
88N76T 5/6 
MG 4/6 
6X4 4/6 
6250 4/6 
7B7 7/6 
705 22/6 
7023 15/- 
7H7 6/6 
787 45/- 

7Y4 8/6 
101,1 14/9 
11E9 70;- 
12AC8 10/- 
l2ADe 11/- 
122E6 9/6 
12AT6 4/9 
12AT7 6/- 
128117 5/9 
12AX7 6/8 
12BA8 8'- 
126E6 6/3 
12E1 20,- 
12K76T 7/- 
12KBOT 8/- 
12Q70T 6/- 
13E1 190/- 
20P4 20/- 
24E11 110/- 
257A 6/3 
25Z50T 8/- 
25Z60T 8/6 
27M1 78/8 
80C16 16/- 
80C17 16/- 
80F5 171- 
30FL1 16/- 
301.15 17/- 
301,17 17/- 
30P4 82/8 
30P19 15/- 
30PL1 16/- 
SOPL13 181 
SOPL1416/- 
351.8 91- 
35110T 9/- 
85\V4 4/6 
35Z40T 8/6 
5006 6/8 
500060 

31/- 
80 7/6 
85A1 86/- 
86.62 7/3 
881. 160/- 
90A0 46/- 
90AV 45/- 
3001 18/- 
9000 86/- 
90CV 86/- 
15052 11/6 
15063 8/6 
705A 10/- 
723A/B 

120/- 
725A 240/- 
801 9/6 
803 35/- 
807 9/- 
811 36/- 
813 76/- 
8l3UBA 

1601- 
829B 60/- 
833A 3B0/- 
837 17/6 
888A 16/- 
872A 67/6 
931A 72/6 
954 6/8 
955 8/- 
2050 16/- 
5644 40/- 
5651 7/3 
5854 8/- 
6672 7/- 
5887 10/- 
5891 86/- 
3694 30/- 
5702 15/- 
5749 10/- 
5783 18I- 
5784 85/- 
5842 66/- 
5876 60/- 
5879 22 6 
5893 150/- 
5899 10 /- 
5902 17/- 
5983 10/- 
6057 10 /- 
6058 10 /- 
6059 18 /- 
6060 6/- 
0061 18/- 
6082 14 /- 
6083 7/- 
8084 7/- 
0085 9/- 
6087 10 /- 
8072 12/- 
8080 86 /- 
8111 12/6 
6148 87/6 
7475 14'- 
9003 9/- 
9004 2,6 

Diodes 
Transistors 

18113 3 - 
10115 4/8 
18131 2 6 
20210 18/6 
20881 5/- 

Valves tested 2nd released to A.R.R. speettication 17 required. 

Express postage 9d. per valve. 
Ordinary postage 6d. per valve. 

Over L5 postage free. 
Tel. 01 -769 0199/1649 

20882 6I- 
20401 6/- 
26402 6/- 
20414 8/- 
20418 6/- 
20416 6/6 
20117 8/- 
25247 9/6 
25665 18/8 
AC107 5/6 
AC127 6'- 
AC128 4/6 
ACY19 6/- 
ACY20 6/- 
ACY21 4/6 
A0140 8/- 
AF114 6/- 
AP115 6/- 
AP118 4;6 
AP117 7/- 
BY100 4/6 
0: ET371 6/- 
OET876 6/- 
NKT211 6'8 
N KT214 4/4 
NKT2l6 S'4 
N KT217 8/4 
NKT218 

88/6 
N K T228 6/- 
N KT404 

1218 
NKT876 61- 
N KT877 61- 
N KT713 7/6 
OC18 16/- 
()CIO 8,6 
0020 20/- 
0024 9/- 
0026 7/6 
01726 6/- 
0028 12 
OC29 14 8 

0035 6 3 
OC44 4 - 
0045 3/3 
0071 8/- 
0)C7'2 4/- 
0074 4/6 
0075 4/6 
OC78 8/- 
0077 8/- 
0c76 5/- 
0081 4/- 
0x`810 8/- 
OC81M 6/- 
OC81 DM 3/- 
0082 8/- 
OC82D 3/- 
0083 4/6 
OC109 6/- 
00170 5/6 
00171 6/- 
(1C200 6/6 
02642 3/6 
XA101 5/6 
xA111 5/6 
XA112 4/6 
XA128 6/- 
XA141 7/- 
XA142 6/- 
XA143 6/- 

TUBES 
2APl 80/- 
3BP1 60/- 
SDP1 40/- 
3E01 66/- 
3FP7 29/- 
SOP1 40/- 
5BP1 80/- 
50P1 66/- 
5117.7 86/- 
881. 80/- 
880 800/- 
ACR22 80/- 
C27A 160/- 
CV980 76/- 
CV966 36/- 
CV1528 86/- 
CV1587 60'- 
CV 1588 36/- 
E4504/B/16 

76/- 
ECRSO 60/- 
00535 60/- 
Mw-2 100 - 
09D 80/- 
090 80/- 
091 80/- 
VCR97 461- 
VC R13860/- 
VCRI38A 

60/- 
VCB139A 

46/- 
VCR816 

80/- 
VCR617A 

44/- 
VCR517B 

46/- 
VCR617C 

46/- 

Monday to Saturday 
9 a.m. -5.30 p.m. 

Closed Sat l- 30 - -2 -30 p.m. 
Complete range of TV Tubes 

available from L4.5.0. 

SEND S.A.E. FOR LIST of 6,000 TYPES 

VALVES, TUBES AND TRANSISTORS 
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B -PRE-PAK 
LIMITED 

til 

FULLY TESTED AND MARKED 
AC107 
AC126 
AC127 
AC128 
AC176 
ACY1 7 
AF114 
AF115 
AF118 
A F 1 1 7 
AF239 
AF186 
AF139 
B FY50 
BSY25 
BSY28 
B SY27 
BSY28 
BSY29 
BSY95A 
0C41 
0C44 
0C45 
OC71 
0072 
0073 
0081 
0081 
0083 
OC139 
OC140 

3/- 
2/6 
3/6 
2/6 
5/- 
3/- 
4/- 
3/6 
3/6 
3/6 

12/6 
10/- 
10/- 

4/- 
7/8 
3/- 
3/- 
3/- 
3/- 
3/- 
2/8 
2/6 
2/8 
2/8 
2/6 
3/6 
2/6 
2/6 
4/- 
.2/6 
3/8 

0C1 70 
OC171 
OC200 
OC201 
20301 
20303 
2N711 
2N1302 -3 
2N 1 304 -5 
2N1308 -7 
2N1308 -9 
2N3819 F.E.T. 
Power 
Transistor* 
0C20 
0C23 
0C25 
0C26 
0C28 
0C35 
0C36 
AOt 49 
2S034 
2N2287 
2N3055 
Diodes 
AAY42 
0A95 
0A79 
0481 
IV914 

3/- 
4/- 
3/6 
7/- 
2/6 
2/8 

10 /- 
4/- 
5/- 
6/- 
8/- 
9/- 

10/- 
10/- 
8/- 
8/- 
7/8 
8/- 

'7/e 
10' 
10 

20 
T5 

2 
2 

FREE! 
PACKS OF YOUR OWN CHOICE UP TO 
THE VALUE OF 10/- WITH ORDERS 

OVER £4 

ANOTHER SCOOP FOR BI- PRE -PAK 
JUST RELEASED FROM STOCK. 

A.E.I. INTEGRATED CIRCUITS 
These are brand new genuine surplus stocks, marked and 
guaranteed to full makers specification and not remarked 

rejects. 

NE808A 
NE818A 
NE825A 
NE840A 
NE855A 
NE870A 
NE880A 
SP61eA 
SP831A 
SP870A 
SP806A 
SP808A 
SP818A 
SP826A 
SP840A 
SP855A 
SP870A 
SP880A 
NE500K 
NE501K 

Single 8 1/P Nand Gate TTL 
Dual 4 VP Nand Gate TTL 
D.C. Clocked J -K Flip -Flop TTL 
Dual 4 VP Exclusive OR Gate TTL 

Dual 4 Power Gate TTL 
Triple 3 I/P Nand TTL 
Quad 2 Nand TTL 
Dual 4 Nand Gate DTL 
Quad 2 VP Gate Expander DTL 
Triple 3 Nand Gate DTL 
Dual VP Expander TTL 
Single 8 VP Nand Gate TTL 
Dual 4 I/P Nand Gate TTL 
D.C. Clocked J -K Flip -Flop TTL 
Dual 4 VP Exclusive OR Gate TTL 
Dual 4 Power Gate TTL 
Triple 3 VP Nand TTL 
Quad 2 VP Nand TTL 
Video AmpKtar 
Video Amplifier 40 MHz 

NE808J Dual 4 I. /P Expander TTL 
NE808J Single 8 VP Nand Gate TTL 
NE818J Dual VP Nand Gate TTL 
NE825J D.C. Clocked J -K Flip -Flop TTL 
NE840J Dual 4 I/P Exclusive OR Gate TTL 

NE855J Dual 4 Power Driver TTL 

NE880J Quad 2 I/P Nand TTL 
ST620A J -K FlipFlop DTL 
ST659A Dual 4 Buhr /Driver DTL 

Suffix A = DIP 14 lead K = 10 lead TO.5 
J - Flat Pack 

7/ 
7/- 

17/6 
7/ 
7/- 
7/- 
7/- 
7/- 
7/- 
7/- 
7/- 
7/ 
7/- 

17/6 
7/- 
7/- 
7/- 
7/- 

40/- 
40/- 

7/- 
7/- 
7/- 

17 /e 
7/- 
7/- 
7/- 

17/6 
7' 

LOOK! TRANSISTORS ONLY 6d EACH 
TYPE A 

PNP SILICON ALLOY 
TO -5 CAN 

Spec: - 

ICER AT VCE - 20v 
1mA MAX. 

HFE, 15 -100 
These are of the 25300 type which 

NEW TESTED & GUARANTEED PAKS 
BY127 SIL RE_s 

H8 4 1000 PIV. 1 AMP. PLASTIC 10/- 
AD161 -AD162 NPN /PNP TRANS. 

B77 2 COMP. OUTPUT PAIR 10% 

881 10 

889 2 

B91 8 

B92 4 

B93 5 

896 5 

REED SWITCHES MIXED 
TYPES LARGE & SMALL 

5 SP5 LIGHT SENSITIVE CELLS 
LIGHT RES. 400 ()DARK 1 M Q 10% 

10/- 

NKT163/164 PNP GERM. TO -5 
EQUIVALENT TO 0C44. 0C45 

NPN SIL TRANS. 406 = BSX20. 
2N2369. 500M Hz. 360mW 

GET113 TRANS. EQUIV. TO 

ACY17 -21 PNP GERM. 

2N3136 PNP SIL. TRANS. TO -18 
HPE100- e0 I IOmA r0 H 

10/- 

10/- 

10/- 

/- 

398 10 

B99 200 

XB112 & XB102 EQUIV. TO AC126 
AC156. 0081/2. 0071/2. NKT271. 
ETC. 

CAPACITORS. ELECTROLYTICS, 
PAPER. SILVER MICA. ETC. 
POSTAGE ON THIS PAK 2/6. 

10- 

10/- 

TYPE B 

PNP SILICON 
PLASTIC ENCAPSULATION 
Spec: 

ICER AT VCE = 10v 
1 mA MAX. 

HFE, 10 -200 
These are of the 2N3702/3 and 

111 
SPECIAL 

OFFER 

GERMANIUM 
BRIDGE 

RECTIFIERS 

Go( 541 FINNED 
THREE 

SINGLE 
PHASE 

AMP 

12 ÁN' 7 VOLTS 

46 VOLTS ARGt RS 

IOt Al FOR Whit Olt CH 

tR 15 
pR OW 

UN 

OFFERED 
AT 

_ v 
MAKEpg 

COST 
1ÁC71 

POST E. PACKING 
2 6 

TYPE E 

PNP GERMANIUM 
FULLY MARKED 
AND TESTED. 

STATE R.F. OR A.F. 
WHEN ORDERING. 

NEW UNMARKED UNTESTED PAKS 
INTEGRATED CIRCUITS. DATA 
& CIRCUITS OF TYPES. 

878 12 SUPPLIED WITH ORDERS 10 - 
DUAL TRANS. MATCHED 0/P 

1380 8 PAIRS NPL- SIL.INTS _N 10 
OC45. OC81 D & OC81 TRANS 

B82 1u MOLLARD GLA S TYPE 10 - 

B83 2 

200 TRANSISTORS. MAKERS 
REJECTS. NPN -PNP. SIL & 
GERM. 
SILI eN DI a sE DO-7 GLASS 

B84 1 I I EQUIV. TO eA 00 OA202 1 O - 

B86 50 

B87 100 

588 50 

DI DES MIN. GLASS TYPE 10 - 
SIL. DIODES SUB. MIN. 
IN914 & IN916 TYPES 1 I - 

t. . `- TRANS. EQUIV. 
TO OC44. OC45 0081 T 

IL ANS. NPN. PNP. EQUIV. 
TO OC20011. 2N706A. 
BSY95A. ETC. 

7 WATT ZENER DIODES. 
MIXED VOLTAGES B60 10 

10- 

10/- 

1 AMP. PLASTIC DIODES 
H5 lo 50 -1000 VOLTS 10/- 

250mW. ZENER DIODES 
H6 40 DO -7 MIN. GLASS TYPE 10/- 

MIXED PESISTORS 
H4 250 POST a PACKING 2 10/- 

WIREWOUND RESISTORS MIXED 
H7 4O TYPES & VALUES. POSTAGE 1/6 10- 

Return of the unbeatable P.1 Pak. 

Now greater value than ever 

Full of Short Lead Semiconductors & Electronic 
Components. apprcx. 170. We guarantee at least 

30 really high quality factory marked Transistors 
PNP & NPN, and a host of Diodes & Rectifiers 
mounted on Printed Circuit Panels. Identification 
Chart supplied to give some information on the 
Transistors. 

Please ask for Pak P.1. Only 10/- 
2/- P & P on this Pak. 

Make a Rev. Counter for your Car. The 
' TACHO BLOCK'. This encapsulated block 
will turn any 0 -1mA meter into a perfectly 
linear and accurate rev 

20 counter for any car. /each 
FREE CATALOGUE AND LISTS 
for: - 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE -PAK LISTS 

& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. 

P.O. RELAYS 
VARIOUS CONTACTS AND 
COIL RESISTANCES. 
NO INDIVIDUAL SELECTION. 

POST & PACKING 5/- 

8 for 

20/- 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

EllPRE-PIAK LTD DEPT. B, 222 -224 WEST ROAD, WESTCLIFF -ON -SEA, ESSEX 

TELEPHONE: SOUTHEND (0702) 46344 
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SCOOP PA SYSTEM 
Complete system comprising Control Unit 
4 Tannoy loud hailers, microphone and 
headphones, etc., 12V D.C. operation. 
Low battery drain. 8 watts power output. 

t, The ideal system for mobile use, outdoor 
L4ri meetings, sports days, factories, garden fetes, etc. Speakers can be spaced effectively 

over hundreds of yards. Also has talk back 
facility. Guaranteed Brand New in sealed 
cartons. Original cost over C60. 

QUANTITIES AVAILABLE FOR EXPORT 

* SINE/SQUARE WAVE 

AUDIO GENERATOR 
Provides audio out- 
put on 4 bands, Sine 
wave 20c,s to 200 
kc,s, output up to 
7V: square wave 
60c /s to 30kc/s, 7V 
p -p. Distortion 
under 2°,. Output 
mpdance 1 k L1. 

Variable output amplitude control. Sup- 
plied with leads and instructions. A.C. 
mains operated. 
TE22 Price (16.10.0 
Also TE22D (Size as TE20D) 416. 0.0 

* VACUUM TUBE VOLTMETER 
Features low price for such 
an instrument. Large 6in. 
full view scaled meter. 28 
ranges. D.C. volts: 0,115 
15150/150/500/1500. A.C. olt t 0/1; /5/15/50/150: 
500,1500 r.m.s.: 0/1.4/4/14 
10,110 /100/1100 /1000 p -p. 
Resistance: R x 10-100-1k. 
10k- 100k- Im -10m. Range 
0.2 ohm to I000MC1. dB 
scales: -10 to +65dB. 
Complete with instructions 
and leads. 
TE65 (17.10.0 p.p. 7 6 

* 50,000 OHMS PER VOLT 
MULTIMETER 

Recommended quality 
instrument with mirror 
scale and overload protec- 
tion. 0/0.3/3/12/60/120 //300: 
600/1200V d.c. (50KL1 /V): 
0/6/30/120//300/600/1200V 

(10K11/V): 0 /305/A;6/ 
60 /300mA, 0 /12A; resist- 
ance 0 /lokniiii0 /I00ML2. 
Meter movement 20u.A. 
Polarity ing switch. 
Complete with batteries. 
leads and instructions. 
AF10S (8.10.0 p.o. 2,6 

Leather case 28'6 

4111be _-", 

c TRANSISTORISED RF 

MILLIVOLTMETER 
Mains or battery operated. 
0 3mV up to 300V AC. Input 
I Meg. Response f0.2dB 
20c /s to I Mc/s and Il dB at 
higher and lower frequencies. 
Fully stabilised. Size: 150 x 
240 x 114mm. Complete with 
handbook. II scales 0.003 
FSD to 300V FSD. Also dBM 
and dBV scales. 
VMS/ Price 432 p.p. 8 6 

PORTABLE OSCILLOSCOPE 
Features Sin. clear 
view tube, easy to use 
controls and good 
stability. Y amp. Sensi- 
tivity. IV p -p /CM. 
Bandwidth 1.5cps -I .5 
MHz. Input imp. 2 meg 
(3. 25 PF. X amp sensi- 
tivity. 9V p-p /CM. 
Bandwidth 1.5 cps - 
800 KHz. Input imp. 
2 meg O. 20 PF. Time 
base. 5 ranges 10 cps - 
300 KHz. Synchroniza- 
tion. Internal/external. 
Illuminated scale. 
TO3 Price (37.10.0 

n r I 

¡< GRID DIP METER 
All transistor grid dip 
meter, absorption wave - 

meter and osc. detector. 
Frequency range 440ko,s 
to 280Mc /s in 6 coils. 
Uses 3 transistors plus 
diode with 500µA meter. 
Internal battery. 
TE15 111.10.0 p.p. 3 6 

ñ 10 in 1 TEST UNIT 
A new design tests most resits. 
Model SE400 
Price (9.10.0. 
*A.c. /d.t. Volts 

(4K/Volt) . 
0/15/50/ 
150 /500. + . * Resistance 0 /IOK I00k I Meg. * Five values resistance and capacitance 
substitution. * RF F/S Meter I to 140Mc /s. * 155 /700kc /s RF Generator 
Size 7fin. x 31ín. x I ,)n. * Doc. Ammeter 0 /500mA. 

400c /s Audio Generator. 

9,c 20,000 OHMS PER VOLT 
MULTIMETER 

Popular model but 
with extra scale range. 
20,000 ohms per volt. 
0/5/25/50/250/500 /2500 
V d.c., 0 /10/50 /100 
500/ 1000 V a.c., 0 /SOµA, 
0/21/250mA. Resist- 
ance 0-6k L1 and 6MS). 
Also dB scales or 
capacitance. 
Model 200H Price 77 6 
Luther case Price ISM - p.p 2 -) 

* RF SIGNAL GENERATOR 

Accurate wide range signal 
generator covering 120Kc /s- 
500Mc /s on 6 bands. Directly 
calibrated. Variable RF. atten- 
uator, audio output. Xtal 
socket for calibration. 220/ 
240V. A.C. Brand new with 

Q 
instructions. Size 140 x 215 
x 170mm. 
TE20D Price 115 p.p. 7/6 

NOMBREX 
J; e TRANSISTORISED 

Test Equipment 
PRICE 

MODEL L s. d. 
29s RF.Generator YSpin whee121 0 
29x Xtal RF Gen. II( 29 10 
30 Audio Generator .. 19 10 
31 R.F. Generator .. 12 10 
32 C.R. Bridge .. 10 10 
33 Inductance Bridge .. 20 0 

* DC STABILISED POWER 

SUPPLY 
Switched DC Stabil- 
ised UP T 

AMP. 3-6-9 12 
VOLTS. Indi ca tor 

Dba: lamp for each volt - 
,ge, Fully fused. I® Mains onerete d. 
Negligible ripple. 
Regulation I n 

SEIOIA 48.15.0 

Complete range always in stock with 
-- special low prices for complete systems 

g8,1'í 161ÁN and individual units. Two Demonstration 
Rooms, HP and Credit Sale facilities and 
plenty of free advice. New 120 page 
Catalogue covers every aspect, 
costs 5/ p.p. I / -, but contains 
12/6 single extra discount voucher 
Order as catalogue 'B' ono s 
-SEND TODAY. 

FREENEW 
EDITION. 10 PAGE 

STOCK & SYSTEM LIST No.16/17 
>',e. DISCOTHEQUE AND PUBLIC ADDRESS -A SPECIALITY 

CREDIT SALES (CALLERS ONLY) FOR PURCHASES FROM 430 

HENRY'S RADIO LTD. 

FREE 18 
CATALOGUES (Ref. No. 33) 

EQUIPMENT 

QUALITY PANEL METERS 

ad SERIES 
Face Size 42 x 42mm. DC types. 

37/6 
35/- 

.. 32/6 

.. 2375//-6 

.. 31/6 
15'- 

.. 25 - 
,. 25,- 
.. 15;- 
.. 15;- 
.. 25/- 
.. 25/- 
.. 25/- 

.. ,. 2S /- 
. 2s/- 

.. .. 2S /- 
.. 15 /- 

.. .. 25/- 

.. .. 25/- 
29/6 
37/6 

50 tcA 
100 
200 
500 
50.0. 50 

100.0 -100 
500 -0-500 

1 mA 
5 

10 
50 

100 
500 

1 Amp 

10 Volts 
20 
50 

300 
500 
'S' Meter IrnA 
VU Meter 

65 SERIES 
Face Size 86 x 78mm. DC types. 

50 µA .. .. 62/6 
100 .. .. 52/6 
200 .. .. 47/6 
500 .. .. 45 /- 

50-0- 50 ,. .. .. 52/6 
100.0 -100 .. .. 19/6 
500.0 -500 , .. .. 37/6 

I mA .. 37/6 
5 ., 37/6 

10 ., 37/6 
100 .. .. .. 37/6 
500 .. .. 37/6 

10 Volts .. 37/6 
20 .. .. 37/6 
50 .. .. 37/6 

100 ,. .. .. 37/6 
300 .. .. 37/6 

37/6 
42/6 

500 
'S' Meter 1mA .. . 

85 SERIES 
Face Size 120 x I I Omm. DC types. 

50 A .. .. 69/6 
100 .. .. 59/6 
5O0 .. .. .. 52/6 
100-0-100 . .. .. 59/6 

I mA .. .. 49,6 
100 .. .. .. Nl6 

ELECTRONIC COMPONENTS 
Vast range of istors, diodes, 

valves, tubes, IC's in stock. Free 
list No. 36, or see Catalogue A. 

Complete range of corn ta in 
stock, including spacial and hard 
to sat corn s. 

If you are at all i d in Elec- 
tronics than you re missing out without a copy of 'Henry's' 3S0 -page 
Catalogue 'A. Price 7/6 P -p- 2/- with 
10 /- value discount vouchers. 

FREE - 

To all schools, colleges etc. and all 
companies i d. 
UK's I stockists of Electronics 
for every use. Over 6500 lines in 
stock. 

* DE -LUXE SINE -SQUARE 
WAVE RC AUDIO GENERATOR 

O o 

ORC 27A P ice L30 p.p. 10/ -. 

Weinbridge RC Audio oscillator featuring 
four overlapping scales covering 18c /s to 
200 Kc /s. Output waveforms are sine, 
square and complex. Mirrored aisle with 
smooth geared tuning control. Output 
5 volts RMS or 10 volts P -P. Sinewave 
response ± ¡dB, Distortion under 1 

at I Kc /s. Stability ± 1%. Accuracy ± 2 °0 
0/P impedance under 3K ohms. Variable 
attenuator. Mains operated. With hand- 
book. 

GRAVINER FIRE 
DETECTOR UNIT 
Fire Detector Unit 
containing G3 IA 
photo multiplier and 
cold cathode tube. 
Shock and fire proof. 
Originally made for 
£74. Price complete 
with data sheet L6 
Brand new. 

STC CRYSTAL FILTER 
±7.5 Kies BAND WIDTH 
25Kc /s Spacing. New 

445 
purchase, 

LQU 
brand 

w 
new 

t 3E.1Ó 7 
Mc /s. 6dB ± 71Kc /s. In- 
sertion Loss 3.5dB. Ter- 
minations 820 Ohms. 
Usually (12. Price L6 
with Data Sheet. 

PORTABLE 
0 -10mr GEIGER COUNTERS 

FOR MEASUREMENT 
OF RADIO ACTIVITY 
Supplied complete 
with instructions, 
haversack, cables and 
probe. List price 00. 
Our price, new, 
tested, complete 
with 4 cell M.T. 
E9timi 
(.10.0 p.p. 10/ -. 

Price 

Plug in mains units 75/- 
Dosdmrters 0 -50r 12/6. 0-I50r 10/-. 

, HIGH CAPACITY 
ELECTROLYTICS 
40,000 mfd 10 volt .. 10,0 
35,000 mfd 15 volt .. 12.6 
25,000 mfd 25 volt .. IS,- 
46,000 mfd 25 volt 19,6 
Discounts for quantities. 
At a fraction of normal price. 
MADE BY MALLORY, USA. 

E.A.C. DIGIVISOR mh. II 
At fraction of normal price. 
Moving Coil 0 to 9 Display. 
One inch character size. 
Light beam lens operated 
meter. Movement 500µA. 
Character lamp 6.3 volts. 
Also lamp for decimal 
point. Overall size: 41 x 
II x 21. Brand new. 
Price 79.6. 

STC TIME DELAY MODULE 
Ideal for experimenters, 
educational projects as well 
as for practical uses. Delay 
adjustable t 

volts. 
secs. Oper- 

ates 9 -12 volts. Heavy Duty 
Relay Contacts. Complete 
with suggested applications 
sheet. Price 35/ -, or 3 for 
90/ - 

ELECTRONIC ORGANS 
*MODERN ALL BRITISH TRANSISTORISED 

DESIGNS AVAILABLE AS KITS OR READY 
BUILT 

*VENEERED CABINETS FOR ALL MODELS 
*49 NOTE. 61 NOTE SINGLE MANUAL DESIGNS 
ALSO TWO MANUAL 49 NOTE 
*KITS AVAILABLE IN SECTIONS AS REQUIRED 
*HP and CREDIT SALE FACILITIES 

When in London call in and try for yourself. 

FREE ! 16 PAGE ORGAN BROCHURE COVER- 
ING ORGANS IN KIT FORM AND READY BUILT - 
WRITE OR PHONE TO ORGAN DEPT. ASK FOR 
PETER ELVINS. 

Mal Order Dept. Electronic Components and 
Equipment. and Electronic Organ Dept. 

303 EDGWARE ROAD, LONDON W2. 
Telephone: 01 -723 1008/9 
Open Mon-Sat. Barn - tipm. Thurs. Barn -t pm 

High F .deliiy and Audro Centre 
309 EDGWARE ROAD, LONDON W2. 
Telephone: 01 -723 6963 
Open all day Saturday. 
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HENRY'S RADIO LID 
NEW FOR 1970 

ENGLAND'S LEADING 
COMPONENT AND 
EQUIPMENT CENTRES 

BUILD THIS VHF FM TUNER 
5 MULLARD TRANSISTORS. 300 kc,s BANDWIDTI -. 
PRINTED CIRCUIT. HIGH FIDELITY REPRODUCTION 
MONO AND STEREO. A popular VHF FM Tueer for 
quality and reception of mono and stereo. Thera is no 
doubt about it -VHF FM gives the REAL sound. A -L 
PARTS SOLD SEPARATELY. 
TOTAL COST 16.19.6 DECODER LS.19.6 
ASK FOR BROCHURE No. 3 (FOR STEREO) 

BUILD A QUALITY 4 TRACK TAPE RECORDER 
To get the best out of your MAGNAVOX DECK. 
you need a MARTIN RECORDAKIT. This comprisc s 

a special high quality 6 valve amplifier and pro- 
amplifier which comes to you assembled on its 
printed c rcuit board -in fact everything for 
making a superb Tape Recorder. You need no 
experience or technical skill to bring this about 
THE INSTRUCTIONS MANUAL MAKES BUILDING 
EASY, AND SUCCESS IS ASSURED. Kit comprises 
Deck, Amplifier, Cabinet and speaker, with micro- 
phone, 7. 1.200 't. tape, and spare spool. 
ASK FOR BROCHURE 6 TODAY'S VALUE 160 
PRICE 39 gns. p. S p. 22,6 NOTHING ELSE TO BUY 

LOOK AT THE 
SPECIFICATION! 

* HENELEC 'PA25' POWER AMPLIFIER 
This silicon design uses complementary transistor in the symmetrical 
output stage. direct coupled to a loudspeaker of 8 ohms impedance or 
higher. Power output is 25 watts RMS with an 8 ohm load or 12 watts 
into 15 ohms, Power Response IIHz- 40KHz -IdB Distortion under 
O.3% at full power. Cool running is assured by the use of generously 
dimensioned black anodised heatsinks. Input 700mV ISKohm. 

PRICE 0.10.0 

alt HENELEC'PA50' POWER AMPLIFIER 
Basically similar to the 'PAW, the 'PASO' will deliver 50 watts RMS to 
a 3 -4 ohm load. Extra power is handled by complementary tr plat 
circuits using the latest PNP and NPN silicon power transistors. Aa a 
result of heatsinking, the 'PASO' runs as cool as the 'PA25'. 

PRICE 19.10,0 * HENELEC MU442 POWER SUPPLY 
Designed to run one or two'PA25's' or one 'PASO' the MU442 oornects 
to the amplifiers by means of plug -on harnesses. No soldering is repaired 
to connect up the system. Audio input plug and speaker plus go to 
the panel of the MU442. PRICE L6.).0 

Mk.I 100 watts RMS with stabilised power supply overcurrent t-ip 
I00mV input sensitivity. Ideal for public address and discotheque 
equipment. PRICE £49.111.0 

THE FINEST SOLID STATE UNITS 
ALL SILICON BRITISH EQUIPMENT 

SEND FOR FREE BROCHURE No. 25 * 
AMPLIFIERS IN STOCK 

PA7 7 watt 3 ohm .. 72,6 
MA7 7 watt 3 ohm AmplPre- 

amplifier 18.19.0 
MA66 6+6 watt stereo Amp/ 

Preamplifier . £16.19.0 
(PS20 Power Unit for any of above 61/6 

P.P. 31 -) 
MPAI2 /3 12 watt 3 ohm . 

MPAI2 /15 12 watt IS ohm.. 
(MÚ24 /40 runs one or two of above 98 - 

SINCLAIR STEREO 60 
Z30 75/. PZ5 79/6 

Stereo 60 £8.10.0 

SPECIAL OFFER 
Two Z30, PZ5, Stereo 60 
(R.R.P. 123.10.0) 
Price L19 
(Or al with PZ6 in place 

of PZ5) 

HENRY'S 
STEREO 12 +12 

SPECIAL OFFER 
Two MPAI2 /3 or 12/15 to 
choice, MU24140, SP4A 
(usually £24 to £25.10.01 
Price [19.10.000.76 

10S /- 

PREAMPLIFIERS 
MP3 Full function Mono it 1 S.6 
SP4A Full function Stereo C9. 19.6 

Brochures Nos. 12, 14 and 21 on reoue, t 

DISCOTHEQUE EQUIPMENT 
100 watt 585. 70 watt £50, 
35 wan 135, 4 Inputs comp lese 

mining, TR /Bass, etc., Mis:, 
PA Speakers, etc., in stock. 

TRANSISTORS 
FROM STOCK THE LARGEST RANGE AVAILABLE. COVERING ALL 
TYPES OF TRANSISTOR, INTEGRATED CIRCUITS, DIODES, RECTI- 
FIERS, ZENERS, LIGHT DEVICES. FREE LIST No. 36 OF OVER I,CCO 
TYPES ON REQUEST. 

TRADE AND INDUSTRIAL ENQUIRIES INVITED 
ALSO IN STOCK. TRANSDUCERS 15.18.0 PAIR WITH CIRCUITS 
LARGE RANGE OF NUMICATOR TUBES AND INDICATORS, 
RELAYS AND COUNTERS, SOLENOIDS AND ACTUATORS -SEE 
CATALOGUE "A ". 

GARRARD TURNTABLES 
7t GOLDR I NG* BSR*THORENS 

mod.50 9TAHC L8.10.0 
3000LM DIAM 19.15.0 
3500 CERAMIC 112.19.6 
Plinth /cover for model 50, 
3000, 3500, SP25, SL65B 99/6 
P.P. 6/ , 

HENELEC 5 -5 STEREO AMPLIFIER 
Excellent low- priced British designed Stereo Ampli- 
fier for use with Record Decks, Tuners. 
16 transistor mains operated. Output S 1-5 watts fcr 
8-15 ohm speakers. Black, silver and wood finish. 
size 13ín. X Sin. x 6in. PRICE £13.I0.0. p p. 7.6. 
(Leaflet on request.) 
Complete Stereo System 5 -5. 
G d 3000LM with static diamond ceramic cartridge 5 -S Amplifier, Plinth /Cover. 
Two 10 watt speakers with tweeters in polished cabinets, size 18ín. x I lin. x 7in. 
Usual price £S0.0.0, OUR PRICE £39.10.8. p.p. 20/ -. ASK FOR BROCHURE 13. 
OTHER SYSTEMS -ASK FOR BROCHURE 16/17. Over 40 specially designed 
systems, covering all price ranges. 

AUDIO EQUIPMENT 
Mono or Stereo Audio equipment developed 
from Dinsdale Mk. II --each unit or system 
will compare favourably with ocher profes- 
sional equipment selling at much higher prices. 
COMPLETE SYSTEMS AND MIXERS from 
LI 1.12.6 to £38,17.6 (all units available 
separately). 
CHOOSE FROM 25 SYSTEMS 
THE FINEST VALUE IN LOW -COST HIGH 
FIDELITY -CHOOSE A SYSTEM TO SUIT 
YOUR NEEDS AND SAVE YOURSELF 
POUNDS. Amplifiers 7, 12 and 25 watts. 
two types of Stereo Preamplifier. Mono 
Preamps and Mixer Modules. 
*SEND FOR BROCHURES No. 12'14 and 21 

INTEGRATED MICRO CIRCUITS 
n 

LA709C Amp. .. .. 226 
f3 SLa03 3 watt Amp. .. .. 49,6 

TÁÁ263 Amp. .. IS - 
SL702C Amplifier .. 2916 
LL900 Buffer .. IO,- 
íA7110 AM/.M Radio .. 59.6 
CÁ3028 Osc /Mixer .. 24,6 
CA3036 Dual Dar .. 

231- CA3020 Amplifier 
SS /- 

27,6 
18,6 

CA3018 Array .. .. .. 12,6 
47/6 CA3014 FM .. .. .. 2916 

37/6 TRANSDUCERS. Type 1404 for LF com- 
201- munication with circuit L5.18.0 pair. Corn- 
11/6 plate list and cetails of all integrated circuits 
52 6 No. 36A tree on request. 

EPI010 
MCI 304 
TADI00 
PÁ237 
PÁ234 
PA230 
MCI 303 

3 watt Amp. 
Stereo Decoder.. 
AM Radio . 

2 watt Amp. .. 
I watt Amp. .. 
Preamp. 
Stereo Preamp... 

9 AND 12 VOLT 
STABILISED SUPPLIES 
Size approx. Sin. X 2in. x !lin. 
Output IOOmA. Transistorised 
and Zener stabilised. Also unstab. 
output. UK made on PC with 
metal chassis. 
PS 900 9 volt. 45/- p.p. 2.- 
PS 1 200 12 volt. 47/6 p.p. 2,- 

Cartridge 
Model 

Less 
Cartridge 

9TAHC 
Diem. 

AT2I or 
M3D1 

G850 
AT21X 

AT33 
Derain 

G800 12203 
800SE 

CS9IE 
Ceramic 

L 
19 0 
25 10 
53 IO 
42 0 
20 0 
11 10 
40 10 
31 10 
38 10 
46 IO 
23 10 
30 10 

L 
IS 10 
21 17 
70 0 
59 0 
16 10 
17 12 
57 
29 
35 
43 
19 I 

47 

L L s d 
16 10 11 0 0 
27 0 17 0 0 
55 IO 53 0 0 
44 10 42 0 0 - 
IB 0 - 
42 10 40 
34 10 34 
40 10 40 
48 10 49 
20 10 25 
32 10 30 

L 
13 12 
19 IS 

37 
14 1 

IS I 
35 
27 
33 
41 
18 
25 

L L 
19 0 16 15 
25 10 23 0 
53 10 60 0 
42 10 40 0 
20 0 17 11 
21 7 19 0 
40 10 47 0 
32 10 30 10 
33 IO 36 10 
46 10 53 10 
23 IO 21 10 
30 10 28 0 

SP25Mk11 
AP75 
GL75P 
GL69P 
MA70 
AT60MklI 
GL75 
SL72B 
SL75B 
SL95B 
SL65B 
GL69 

L 
II 
17 I 
46 
35 
12 1 

13 1 

33 
25 
31 
39 
IS I 

23 

PLINTHS /COVERS DE LUXE TYPE FOP GARRARD DECKS L8.10.0 (STATE MODEL) P.P. 7'6 
* STOCK LIST REF 16 17 FREE. IO PAGES ALL HI -FI SPECIAL PRICES 

HENRY'S RADIO LID. 
Mail Order Dept, Electronic Components and 
Equipment. and Electronic Organ Dept 

303 EDGWARE ROAD, LONDON W2. 
Telephone: 01 -723 1008/9 
Open Mom Sat. 9am- 6pm. Thuts. 9am -fpm 

EENRY S RADIO 

COMPONENT/EQUIPMENT 

I_LUSTRATED CATALOGUE 

Cant'nually revised and 
enlarged. Now 350 pages 
of all types of components 
and equipment for every 
use. Complete with 5 2l- 
D scount Vouchers for 
ptrchases. 
'Order as Catalogue 'A' 
Price 7,6, p.p. 2/ -. 

Why not send today! 9th editicn, 
6ts impression, 350 pages. 

High F ii, Cenpe 

309 EDGWARE ROAD, LONDON W2. 
Telephone: 01-723 6963 
Open al day SAI 
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Brand New Fully Guaranteed Quantity 
TRANSISTORS & DEVICES 

1N4001 2/- 
1N4002 2/3 
1N4003 2/6 
1N4004 3/- 
1N4005 3/6 
1N400ß 4/- 
1N4007 5/- 
1 N4009 1/6 
1N4148 1/9 
20301 4/- 
2G302 4/6 
2G30S 5/- 
20306 7/6 
20308 7/6 
20309 ó/- 
2G371 4/6 
20374 5/6 
20381 5/- 
20882 6/- 
20883 5/- 
2N404 4/6 
2N696 4/6 
2N697 á/- 
2N698 5/6 
2N706 1/6 
2N706A 2/6 
2N707 12/6 
2N708 3/- 
2N914 4/6 
274918 4/6 
2N918 7/6 
2N919 4/- 
2N920 á/- 
2N922 5/6 
2N930 7/6 
2N1131 6/- 
2N1182 á/- 
2N1803 4/6 
2N1304 5/- 
2N1305 5/- 
2N1306 5/- 
2N1307 á/- 
2N1308 ó/- 
2N1809 5/- 
2N1613 á/- 
22N2147 17/6 
2N2160 15/- 
2N2287 25/- 
2N2646 10/6 
2N2904 0/6 
2N2905 10 /- 
2N2925 4/- 
2N292ß 2/- 
N8011 7/6 

Ñ3Ó54 12/6 

748702 13/6 
2N8703 3/6 
2N8704 4/- 
2143705 3/6 
2013707 4/- 
2N8709 3/6 
2743710 3/- 
2N3794 2/6 
2N3711 3/6 
2N3730 10 /- 
2N8731 12/6 
2N8ß19 5/- 
2N8820 19/6 
2N8823 17/6 
2N4058 5/6 
2N4061 4/- 
2N4286 3/- 
2N4288 3/- 
2N4289 3/6 
2N4290 á/- 
_N4291 3/- 
2N4292 3/- 
40361 12/- 
40362 13/6 
28001 10/- 
2002 10/6 
2.9003 9/6 
28004 9/6 
ìS(105 IS'- 
28012 25/- 
28013 20'- 
24017 15,- 
24034 12'6 
J8036 25'- 
28320 9'- 
25321 6r- 
24322 7/6 
24828 10/- 
28324 12/6 
28512 9/6 
28701 0/6 
?4702 11/- 
29731 0/6 
24782 0/6 
29788 9/6 
AÁ178 0/6 
AAY12 5/- 
AAZ12 4/- 
AAZ18 2/6 

AAZ17 2/- 
AC128 5/- 
AC127 S/6 
AC127Z 12/6 
AC128 5/- 
AC154 3/- 
AC189 3/- 
AC153 4/- 
AC178 5/- 
AC187 5/- 
AC188 SI- 
ACY17 
ACY18 4/- 
ACY19 5/- 
ACY"A 4/- 
ACY21 4/6 
ACY22 3/6 
ACY28 3/6 
ACYS4 4/- 
ACY86 5/- 
ACY89 9/6 
ACY40 3/- 
AD140 11/- 
AD149 12/6 
AD181 7/6 
AD182 7/6 
AF102 15/- 
AF114 6/6 
AF115 6/- 
AF116 6/6 
AF117 5/- 
AF118 12/6 
AF124 6/- 
AF125 5/- 
AF126 4/- 
AF127 4/- 
AF189 
AF178 9/6 
AF181 0/6 
AF186 9/- 
AF239 
AFY19 22/6 
AF7.11 0/- 
AFZ12 10/- 
A8Y26 6/6 
ASY27 7/6 
A8Y28 6/6 
ASY29 6/- 
ASY67 9/6 
ASZ21 5/6 
AUY10 19/6 
B8M 19/6 
BA110 5/- 
BAY81 2/- 
BC107 3/- 
BC108 2/9 
BC109 3/- 
BC118 6/- 
BC116 0/- 
BC118 7/6 
BC184 7/6 
BC135 
BC188 7/- 
BC187 
BC188 0/- 
BCY30 5/6 
BCY81 0/6 
BCY82 10/- 
BCY88 5/- 
BCY84 6/- 
BCY88 7/- 
BCY89 0/6 
BCY40 10/- 
BCY42 S/- 
BCY48 S/- 
BCY70 4/- 
BCZ11 7/6 
BC147 3/9 
BC148 2/9 
BC149 4/- 
BF152 6/- 
BF194 3/6 
BF195 3/- 
BD124 12/6 
BEN80005/- 
8E115 5/- 
BF154 0/- 
BF158 
BF159 12./- 
BF168 
8E187 5/- 
8E178 6/- 
BF180 7/6 
BF181 7/6 
BFX80 6/- 
BFX88 5/- 
BFY20 12/6 
BFY50 5/- 
BFY51 4/6 
BFY62 S/- 
BFY58 4/- 
BFY64 0/6 
BLY10 20/- 
BLY11 22/6 
BPX10 19/6 

BSX20 4'- 
B8X21 5 - 
BSX7rt 4 
B8Y_7 4 
BSY2H 5 

B8Y211 5 
BSY50 5 

B4Y53 5 

BSY88 5 
BSY87 5 
B4Y95:\ 4 6 
BSY95 3 

BY100 3 6 
BY103 4 6 
BY127 4 
BY128 3/6 
BYZIO 10/- 
BYZ11 9/- 
BYZ12 0/- 
BYZ13 5/- 
BYZ15 20/- 
BY7,18 12/6 
GET102 6/- 
GET108 4/6 
MPF102 5/6 
MPF103 7/- 
MPF104 7/6 
MPF105 SF- 
0A5 Y- 
OA7 4 
0A9 3 
°A10 4, 
0A47 2/- 
OA70 2.'- 
OA71 2/- 
OA78 2/- 
OA74 2/- 
OA79 2/- 
OAR 2/- 
OA85 2/6 
OA86 4/- 
0A90 2/- 
OA91 1/6 
OA95 16 
0A200 19 
0A202 2 
0A210 6 
OA211 9 6 
OAZ225 7 6 
OAZ228 7 6 
OAZ229 9 6 
OAZ281 9/6 
OA7384 7/6 
OAZ288 9/6 
OC1a 10/- 

OC20 

00C2C28 

0024 
0C25 
(C22ß 

00C2C3b 
0086 
00,41 óá 
0045 
0046 
0070 
0071 

19/6 

12Ì 
I2'6 
76 
5- 

I2/6 
12/6 
10/- 
12/6 
5/- 

4//- 
3/6 
16 

3 

OC78 6 
0074 6 
0075 5 
0076 S 
0077 8 

OC81 5 
0081D 4 
0082 5 
0088 5 
0084 5 
00122 10 
0C128 10 
0C189 5 
00140 7 6 
0C141 I5;- 
00169 5/- 
OC170 5/- 
00171 6/- 
00200 5/- 
0C201 9/6 
00202 I2/6 
0C2o3 7/6 
OC1A4 0/- 
00205 12/6 
0C208 I5/- 
00207 15/- 
0CP71 19/6 
ORP12 12/6 
ORP6o SI- 

INTEGRATED CIRCUITS 
Type 1 -11 12+ 25+ 100 +500 

ÚL914 9/9 9/- 5/- 7/3 6/6 
UL923 12/6 11/9 11 /- I0 /- 9/3 
SL403A 49/6 45/- 40/- 37/6 35/- 
MC1303 52!6 40/- 45/- 40/- 35/- 
MC1304 55!- 50 /- 47/6 42/6 37,6 
PA246 52/6 40/- 45/- 40/- 35 

2N3055 15/- 2N3819 8/- 
\lullard 115 watt To an F. E.T. 

Silicon Power 25.6/9 100 +5 /9 
25.13/- 100 +11 /- 500 5 /- 
2N2926 2/- 

NPN Planar 
All colours 

25+1/8 100.1/6 

2N2646 106 
Motorola 

í'n11 unction 
2s +8/9 roo +716 

soo +619 

AF139 6/- 
Siemens V.H.F. 

25 +5/3 100 +4 /6 
soo3/9 

AF186 9/- 
Milliard V.H.F. 

loo.7/- 
5006/- 

AD161/AD162 
131- PAIR 
\lullard 

NPNIPNP Pairs 
25+10/- 100.8/6 

BY126 3/6 
Mollard 800v. 

1 amp. plastic 
25.2/9 100+2/6 

BY127 4/- 
\lullard 800v. 

1 amp. plastic 
25 +3/3 l003/- 

BT102/500R 12/6 
)Iullard thyristor 

500 p.Lv. 6.5 amp. 
25+111- IooIO3 

BYZ13 5/- 
)lullunl n.\. _nu 
25.4/- 100.314 

soo.31- 

BCI01)8/9 2/9ea. 
I.T.T. l'lnnar.l 

25+2/5 loo.2/- 
sool/10 

0A200/0A1021/9 l Ilvun. lllodrx 
25+1/6 100+1/3 

5o0+I/1 

OCP71 19/6 
Mullara Photo 

25 +17/3 1oo +14 /9 
soo.13 /6 

0C42 6/- 
\Inllard 

25 +513 100.4/9 
sao.4/3 

0C44 
\lullunl 

25.3/3 loo2/9 
soo+214 

0C45 3/6 
]lullunl 

25+3/- loo.2/6 
soo2/- 

0071 3/- 
\Lilian 

25 +2/3 100 +2 /- 
500 +1 /9 

0075 51- 
\lullurl 

254/3 100.3/6 
soo+3/- 

BCY34 6/- 
\t.11IIr1 

25+5/- 100.413 
soo+4/- 

0C20 196 
\f nllxnl lour 

25 +15/9 io014/6 
soo.13/3 

IN4001/2/3 213 
1 amp. luu-3unv. 
25.1/10 100+1/6 

soo.114 

IN400415 3/- 
400.I110v. 1 1111/, 

25+2/6 100.2/- 

s00.I/Io 

IN4006/1 4/- 
800-100v. 1 amP. 

25+3/4 100+3/- 
000+2/6 

ZENER DIODES 
400MW 5 

BZY88 RANGE 
All voltages 

3.3v. -38v. 4 - 

25+2/6 100+2/ - 
Soo +1 /9 
1000 +1 /7 

Any one type 

0C139 5/- 
\1111111 n 1 

25 +4/- 100 +3 /3 
soo3/- 

PLEASE NOTE MINIMUM ORDER 1 

0C140 7/6 
Mollard 

25 +6/- 100+5/ - 
500+4/ - 

0/- 
SILICON CONTROLLED SEND FOR YOUR FREE COPY 

OF 1970 LIST No.36 OF OVER 
1,000 DEVICES TODAY! 

RECTIFIERS (S.C.R's) 
I AMP 3AMP 7AMP 
(TOS) (STUD) (STUD) 

P.t.V. Each P.1.V. Each P.LV. Each 
:.0 5/- 50 5/- 100 10 /- 
100 5/- 100 6/- 200 11/6 
210 7/6 200 7/6 800 12/6 
:100 0/- 800 0/6 400 15 /- 
400 9/6 400 10/- 40040A.39/6 

Discounts 10% on 12 + any one type. 
15 on 25 + any one type. 

QUANTITY PRICES PHONE 
1011 723 0401 Ex. 4 

ALL LISTED DEVICES ARE FROM 
STOCK AT TIME OF GOING TO PRESS. 
PLEASE ADD 1 /6d. POST & PACKING 

TO YOUR ORDER 

HENRY'S RADIO 
SEMICONDUCTOR DEPT. 

303 EDGWARE ROAD 
LONDON. W.2 
(01 ) 723 1008/9 Ext. 4 
OPEN MON-SAT 9am -6pm THURS 9am-lpm 

Wireless World, June 1970 

//aliDkf PHûiiS 

ON 74-N "rr 

A free film of your choice when you buy Texas, 
Sprague or Ferranti 74N TTL integrated cir- 
cuits. Wel ,ship at manufacturer's prices and 
give top quality Agfa film to fit your camera. Our 
high speed delivery is free too! 

Offer closes July 31st. and applies to orders 
over £10. 

WEL COMPONENTS LTD. 
5 LOVEROCK ROAD, READING. Tel. 58061619 

Telex 84529 
MINISTRY OF TECHNOLOGY APPROVED DISTRIBUTOR 

WW -099 FOR FURTHER DETAILS 

NEW 48" FOLDING MACHINES 
SHEET METAL BENCH MODEL BY PARKER 

J 
48'x 18 gauge capacity E40 0 0 
36'x 18 gauge capacity L27 IO 0 
24'x 16 gauge capacity E26 10 0 

Carriage Free 

Also the well -known vice models of 
36'x 18 gauge capacity E14 0 0 
24'x 18 gauge capacity E8 0 0 
18'x 16 gauge capacity E8 0 0 

Carriage Free 

Forms channels and angles 
down to 45 degrees which 
can be flattened to give safe 
edge. Depth of fold accor- 
ding to height of bench. 

One year's guarantee. 
Money back if not satisfied. 

Send for details: 

A. B. PARKER 
FOLDING MACHINE WORKS, 
UPPER GEORGE STREET, 
HECKMONDWIKE, YORKS. 

Telephone 3997 

WW -100 FOR FURTHER DETAILS 

ENCAPSULATION - 
low tool cost method for cylindrical 
coils and potting. Enquiries 
also for- 

REED RELAYS 
SOLENOIDS 
COIL WINDING 
TRANSFORMERS 
to 8 K.V.A. Relay module 12-way 

"MS" range 

AU is WJZIMElit 
Knapps Lane, Bristol 5. 0272 657228 

Ww -101 FOR FURTHER DETAILS 
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RADID if Iv COMPONENTS (Acton) LTD 

21a High Street, Acton, London, W.3. 
also 323 Edgware Road, London, W2. 
Goods not dispatched outside U.K. Terms C.W.O. All enquiries S.A.E. 

The new Duos general- purpose 2 -way speaker system is beaz-Nully 
finished is posed teak veneer. with matching vynair gri le. It is 
ideal for wall cr Jtelf mounting either upright or horizontally. 
Type 1 SPECIFICATION: 
Impedancs 3. E.o 10 ohms 1pleate stale enped.t nce requiredi. It Melt$, r.I l cs 

high flux 6" x 4' speaker and 21- tweeter. Teak finish 12 x ti a 5; 
4 guineas ea:h. 7'6 p & p. 
Type 2 ai type 1. Size 171" x 10f" x 6,1". Incorporating 10=' x 6 -1" 

speaker aed :Cf sigh frequency aperreer. 3 ohms Impedance. 
6 guineas plus 1 p. & p. 

Garrard Ciangers from f7.19.6á. p. & p. 7/6d. 
'Cover anc Teas finish Plinth f4.15.0d. 7/6d. P. & P. 

£9 10s. 
nt3g rated Transistor Stereo Amplifier plus 7 61 . p &p. 

The Duetto s good quality amplifier, attractively stylet and 
finished It g vrm superb reproduction previously associalel with 
amplifissccst ng far more. 
SPECIFICATI JPt 
R. M.S. pewerou put: 3 watts per channel into 10 ohms speaker. 
INPUT SENEITVITY. Suitable for medium or high output r rvstal 

cartridges andltusers. Cross -talk better than 30dß at 1 Kc /s. 
CONTROLS: 1.Eosition selector switch (2 pos. mono and 2 po.. ereo) 

dual ganged vnitane control. 
TONE CONTSO_: Treble loft and cut. Separate on off switch A reset 
balance contol. J ,h4f6teè 

TEAK FIYISIEO CASE 

e9 
plus 76 p 8p 
Built and teems 

SPECIFICATION 
Sensitivies for 10 wat output at 1 KHz into 3 ohms. Tape Head: 3rnV at 31 i pis.. Alep. P.U. 

2 mV. Car. P.U. 80 mV. Tuner: 100 mV. Aux. 100 mV. Tape/Rec. Output Equalisz4lon for each 
input is correct to within +20B IR.I.A.A.) from 20 Hz to 20KHz. Tone Control Range: Bass 

13 dB at 60 Hz. Trebre L 14 dB at 15 KHz. Total Distortion: Ifor 10 watt curp.zt) 1.5 %. 

Signal Noise: K -60áB AC Meine 200 -250v. Sim 12 }" long. 41" de tp 21." high. 

SPECIFICATION 

OUTPUT: 10 wons into a 3 ohms speaker 
INPUTS.: Ill for mike 110 et v. I. Input 121 for gram radio 1250 

m v I indrvdurl b..ss and treble control 
TRANSISTORS. 4 silicone and three germanium 

THE DORSET 
I600mW Output) 

f 5.5.0 
plus 7.6 p 8 p 

Circuit 2/B FREE WITH PARTS 

MAINS POWER PACK KIT: 
9/e astre. 

7- translsto fu Iv tursble M.W.-L.W. superhet portable - 
with baby alarm facility Set of parts The latest modulized 

and pre alignment te-.hniques makes this simple to build 
Saes: 12" x 8- x 3" 

NEW COMPLETE HI -FI 
STEREO SYSTEM £41 
comprising SP25 Garrard Mk II with diamond stereo 
cartridge or 2C25TC V scount amplifier Mk I. Two type 2 

speakers. plinth and coco. plus C2 10s 
f41 psp 

These 5 items can be purchased 
together for f29 1Os +p. & p. C1 10s. 

INTEGRATED HIGH 

FIDELITY TRANSISTOR 

STEREO AMPLIFIER 

£14 5s. + 7/6 p & p 

uIIE. 12}" e 6" o 21" in task -finished case 

Built and tested 
SPECIFICATION 

OUTPUT. 10 watts per channel into 3 to 4 ohms speakers 120 watts) monoral. 
INPUT: 6-position rotary selector switch 13 poser mono and 3 pos stereol. P.U. Tuner. Tape 

and Tape Rec. out Sensitivities. All Inputs 100 mV into 1.8M ohm. 
FREQUENCY RESPONSE: 40H,.20KHa T 2013. 
TONE CONTROLS: Separate bals and treble controls. TREBLE 13dB lift and cut let 15KHz) 
BASS. 15d13 lift and 25dB out at 50Mal. 
VOLUME CONTROLS: Separate for each channel. AC MAINS INPUT: 200 -240, 50.60Hz. 

Viscount Mark II for use with magnetic pick ups specification as above Fully equalised for 

magnenc pick ups Suitable for cartridges with minimam output of 4mV'cm'sec at 1 kc Input 

Impedance 47k. £15 ISs. plus '6 p. 8 p 

THE RELIANT MK.II 
Solid Stet. 
General Purpose Amplifier 
In teak -finished case 

f6 16s. 
- 7 6 p g p 

MOINS INPUT: 220/250 volts 
101'e 4f "s 21" 

Mk 1 £5 15s. 7164. p. 8 p. less Teak -finished case 

ELEGANT SEVEN 
MK. III 
,350mW Output) 

f 5.5.0 
plus 7 6 p 8 
Circuit 2 6 FREE WITH PARTS 

MAINS POWER PACK 
KIT: 9/6 extra. 

7- trenalstor fully tunable M.W. -L.W. euperhet portable. 
Set of parts Complete with all components. including ready 

etched and c tilled printed circuit board -back printed for 

foolproof construction. 

X101 10w. SOLID -STATE HI -FI AMP 
With Integral Pre-amp. 
Specifications Power Output into 3 ohms Spaak.. 

10 sons SenpMity dot And output) I mV into 3k 

ohms 1033 mimant/ Total Ontomon lai 1 Klbl At 

5 wens 0 35% At rater' output 1 5% frequency 

Respcnee Minus 3 dB points 20 Hz and 40 KHz 

Speaker 3.4 ohms 13 15 ohms may be usedl Supply 

voltage Nv OC it BOO mA 16 24v may be usai 

69/6 plus 26 p 6 p 

CONTROL ASSEMBLY: óncludinp resistors end capacitors' 1 Volume Pote 5/ -. 

2 Treble Prier S/.. 3 Comprehnuve bus end treble Plue 10', The above 3 

items un be purchased for use wnth the X101 POWER SUPPLIES FOR %101 

P101 M Imonol 35:. p 6 p 4 6 PI01 menai 42/B p 6 p 46 

SPECIAL OFFER 
Complete stereo systems comprising BALFOUR 4 speed auto 
player with stereo head 2 DUO speaker systems size 12 o 61. x 

5f. Plinth Jens cover) and the DUET-TO stereo amplifier 
All above items 

f25 plug p2 

50 WATT AMPLIFIER 
AC MAINS 200 -250V 

f28 10s. 
plus 20 p 6 p 

Ar extremely reliable penal 
putpose valve amplifier Its 

rugged consent t1011 val space ape staalp 

end design mokas It by Ni the bast mixa for noisy 

TECHNICAL SPECIFICATIONS 
3 electrornully mired chemels meth 2 inputs pet channe enables the use of 6 

separate instruments at the sema time The volume controls I. each chenal are 

located directly above the corresponding input sockets SENSITIVmES AND INPUT 

IMPEDANCES. Channels 1 6 2 4mv at 470K These 7 channel, 14 inputs' are 

suitable for mcraphone as guitars Channels 3 6 4 300mV at lm Suitable loi nul 
high output instruments ignm tuner organ etc I Input setnmty relative to IDw 

output TONE CONTROLS ARE COMMON TO ALI INPUTS. Bs. Brea 12d8 

at 60 Ht Bo Cut 1318 at 60 Hz Treble Brou I IdB at 15 KHz Tnt Cet 

12d0 et 15 KHz With bus and treble controls central 3dB points are 30 Hz 

and 20 KHz POWER OUTPUT. For speech end m sic 50 watt tins 100 wan 

peak For sustained musi: 45 watts ris. 90 vans peak For um wave 38 5 watts 

'ms Nearly 80 watts peak Toul dntorbon et r sled output 3 2% et Kilo Taal 

distortion e 20 eats C 15% at I KHz NEGATIVE FEEDBACK 20413 ei 1 KHz 

SIGNAL TO NOISE RArO 6048 MAINS VOLTAGES adjustable from 200 2500 

A C 50.60 Hz A psoteehve tun Is loured at the tear of ana Output Impedance 

3 8 and 15 ohms 
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BRAND NEW SEMICONDUCTORS & COMPONENTS GUARANTEED 
TRANSISTORS Brand new and fully ed. PLEA 

now been reduced in price. Many more semi-conduc 
2G301 4/- 2N3402 5/6 3N143 
2G302 4/- 2N3403 3/6 3N152 
2G303 4/- 2N3404 7/6 R.C.A.: 
2G306 8/6 2N3405 9/- 40050 
2G308 6/. 2N3414 5/6 40250 
2G309 6/- 2N3415 6/6 40309 
20371 3/- 2N3416 7/6 40310 
20374 4/- 2N3417 9/6 40311 
20381 4/6 2N3439 39/6 40312 
2N388A 10/6 2N3440 13/- 40314 
2N404 4/6 2N3570 17/6 40315 
2N696 4/- 2N3572 17/6 40316 
2N697 5/- 2N3605 5/6 40317 
2N698 5/- 2N3606 5/6 40319 
2N699 7/6 2N3607 4/6 40320 
2N706 2/6 2N3662 7/6 40323 
2N706A 2/6 2N3663 8/- 40324 
2N708 3/- 2N3702 3/6 40326 
2N709 12/6 2N3703 4/6 40329 
2N718 6/- 2N3704 4/6 40344 
2N71 8A 6/- 2N3705 4/- 40347 

2N727 
5/- 

- 
2N3706 
2N3707 

4/6 
4/- 

40348 
40360 

2N914 3/6 2N3708 3/6 40361 
2N916 3/6 2N3709 3/6 40362 
2N918 6/- 2N3710 4/- 40370 
2N929 4/6 2N371 I 4/. 40406 
2N930 7/- 2N3713 27/6 40408 
2N987 10/6 2N3714 27/6 40467 
2N1131 5/6 2N3819 9/- 40468A 
2N1132 6/6 2N3823 27/6 AC107 
2N 1302 3/6 2N3854 5/6 AC I26 
2N1303 3/6 2N3854A 5/6 AC127 
2N1304 4/6 2N3855 5/6 AC128 
2N1305 4/6 2N3855A 6/- AC154 
2N1306 5/. 2N3856 6/- ACI76 
2N1307 5/- 2N3856A 6/- AC187 
2N1308 6/- 2N3858 51- AC188 
2N I 309 6/- 2N3858A 6/- ACYI7 
2N1507 5/6 2N3859 5/6 ACYI8 
2N1613 3/- 2N3859A 6/6 ACYI9 
2N1631 8/6 2N3860 6/- ACY20 
2N1632 8/6 2N3866 30/. ACY2I 
2N1637 8/6 2N3877 9/- ACY22 
2N 1638 7/6 2N3877A 9/6 ACY28 
2N1639 7/6 2N3900 10/6 ACY40 
2N1701 32/6 2N3900A 11/6 ACY4I 
2N1711 6/6 2N3901 19/6 ACY44 
2N1889 6/6 2N3903 7/- ADI40 
2N1093 8/6 2N3094 7/. AD149 
2N2147 14/6 2N3905 7/6 AD150 
2N2148 12/6 2N3906 7/6 A0161 
2N2160 11/6 2N4058 5/6 AD162 
2N2193 5/6 2N4059 3/- AF106 
2N2193A 10/- 2N4060 51- AF114 
2N2I94A 4/6 2N4061 4/6 AF115 
2N2217 5/6 2N4062 4/6 AFI16 
2N2218 6/6 2N4244 9/6 AFI17 
2N2219 6/6 2N4245 8/6 AFI IB 
2N2220 SI- 2N4254 8/6 AFI19 
2N2221 5/- 2N4255 7/6 AF124 
2N2222 6/6 2N4284 3/6 AF125 
2N2287 21/6 2N4285 3/6 AF126 
2N2297 6l- 2N4286 3/6 AFI27 
2N2368 3/- 2N4287 3/6 AF139 
2N2369 3/- 2N4288 3/6 AF178 
2N2369A 5/6 2N4289 3/6 AFI79 
2N2410 8/6 2N4290 3/6 AF180 
2N2483 5/6 2N4291 3/6 AF181 
2N2484 6/6 2N4292 3/6 AF239 
2N2539 4/6 2N5027 10/6 AF279 
2N2540 4/6 2N5028 11/6 AF280 
2N2613 7/- 2N5029 9/6 AFZII 
2N2614 6/- 2N5030 8/6 ASY26 
2N2646 11/6 2N5172 3/- ASY27 
2N2696 6/6 2N5174 1016 ASY28 
2N2711 6/- 2N5175 10/6 ASY29 
2N2712 6/- 2N5176 9/- ASY36 
2N2713 3/6 2N5232A 6/- ASY50 
2N2714 6/- 2N5245 12/6 ASYSI 
2N2865 12/6 2N5246 12/6 ASY53 
2N2904 7/- 2N5249 13/6 ASYS4 
2N2904A 8/- 2N5249A 13/6 ASY62 
2N2905 8/. 2N5265 61/6 ASY63 
2N2905A 9/- 2N5266 3716 ASY72 
2N2906 6/- 2N5267 52/6 ASY83 
2N2906A 6/6 2N5305 7/6 ASY86 
2N2907 8/ 2N5306 8/- ASZ20 
2N2923 3/6 2N5307 7/6 ASZ2I 
2N2924 3/6 2N5308 7/6 AUYIO 
2N2925 3/6 2N5309 12/6 BC107 
2N2926 2N5310 8/6 BC108 

Green 3/- 2N5354 S/6 BC109 
Yellow 24 2N5355 5/6 BC 113 
Orange 2/9 2N5356 10/6 BC115 

2N3011 12/6 2N5365 9/6 BCII6 
2N3014 6/6 2N5366 10/- BC118 
2N3053 5/6 2N5367 11/6 BCI21 
2N3054 11/6 2N5457 7/6 BC122 
2N3055 I5l- 25005 I31- BC I25 
2N3133 6/. 25020 37/6 BC126 
2N3134 6/- 25102 6/6 BCI40 
2N3135 3/. 25103 6/6 BC147 
2N3136 5/- 25104 6/6 BC148 
2N3340 19/6 25501 S/6 8C149 
2N3349 261- 25502 5/6 BC152 
2N3390 7/6 25503 5/6 BC157 
2N3391 5/- 3N83 37/6 BCI58 
2N3391A 6/- 3N128 18/6 BC159 
2N3392 3/- 3N140 19/6 BCI60 
2N3393 5/- 3N141 21/6 BCI67 
2N3394 5/- 3N142 16/6 BCI68B 
PANEL METERS 
38 Series -FACE SIZE 42 x 
42 mm. All prices for 1 -9 
pieces. 

50 Microamp 37/6 

200 32 6 
500 27/6 

100-0-100 31/6 
300.0 -500 25/- 

I Milliamp '23/- 

S 
lo 
50 

I5oB 
1 

5 
10 
20 
so 

300 
500 

Milliamp 

" 
Amp 

VoÏts 
., 
,. 

19/6 
24/- 

18/6 
12/6 
9/6 

13/- 
10/6 
13/6 
10/6 
10/6 
13/- 
11/- 
15/- 
10/6 
10/6 
12/6 
10/6 
7/6 
8/- 
9/6 

14/6 
11/6 
12,6 
14,6 
8/6 
16/- 
16/- 

16/6 
16/6 
6/- 
4/- 
5/- 
4/- 
4/6 
S/- 

11/- 
IV- 
3/ 
S/- 
6/- 
S/- 
3/- 
4/. 
4/- 
4/- 
5/- 
8/. 
81- 

11/6 
15/- 
7/6 
7/6 
9/- 
3/- 
6/- 
5/- 
5/- 

11/6 
4/- 
4/6 
4/6 
4/- 
3/6 
7/6 

11/6 
14/6 
10/6 
8/6 
7/6 

12/6 
12/6 
S/6 
5/6 
8/6 
5l6 
5/6 
3/- 
5/- 
6/6 
5/- 
3/- 
S/- 
3/6 
5/- 
5/- 

6/6 
716 
7/6 
30/- 
3/6 
3/6 
3/6 
6/6 
6/6 

12/6 
6/6 
4/. 
4/. 

I If- 
11/- 
7/6 
3/6 
3/6 
3/6 
3/6 
4/. 
3/6 
4/- 

11,6 
3/6 
3/6 

E NOTE:-A large number of our istors have 
ors in stock. Plus. enpuire for types not listed. 
C 168C 3/9 BPX25 45/- 
C169B 3/6 BPX29 42/6 
C169C 3/9 BPYIO 33/- 
CI70 3/6 BSX19 3/6 
C171 3/6 BSX20 3/6 
C172 3/6 BSX21 7/6 
C175 6/ 65X26 10/6 
C182 4/6 85X27 10/6 
C183 4/6 85X28 6/- 
C184 4/6 85X60 19/6 
C182L 4/6 BSX61 12/6 
C183L 4/6 85X76 4/6 
C181L 4/6 8SX77 6/6 
C212L S/- BSX78 6/6 
CY10 3/6 BSY10 S/6 
CY12 5/6 BSYII 5/6 
CY30 5/6 BSY24 4/- 
CY31 5/6 BSY25 4/- 
CY32 7/6 BSY26 4/- 
CY33 4/- BSY27 4/- 
CY34 4/6 BSY28 4/- 
CY38 4/6 135Y29 4/- 
CY39 7/6 BSY32 3/- 
CY40 6/6 85Y36 S/- 
CY42 3/- BSY37 5/- 
CY43 3/- BSY38 4/6 
CY54 7/6 BSY39 4/6 
CYS8 44 BSY40 6/6 
CY59 4/6 BSY5I 8/6 
CY60 19/6 BSY52 9/- 
CY70 4/6 B5Y53 8/6 
CY71 8/6 BSY54 10/6 
CY72 4/- 85Y56 18/- 
CZIO 5/6 BSY78 9/6 
CZ II 5/6 BSY79 9/6 
D116 21/6 BSY82 10/6 
D121 13/- BSY90 11/6 
D123 11/6 BSY95A 1/6 
D124 I1/- BSW4I 8/6 
D131 16/6 BSW70 5/6 
0132 24,- 016P1 7/6 
DYIO 27/6 0 16P2 8/- 
DYII 37/6 D16P3 7/6 
DY17 37/6 D16P4 8/. 
DYIB 49/6 GETI02 6/. 
DY19 62/6 GET I13 4/- 
DY20 21/6 GETI14 4/- 
DY38 19/6 GETI 18 4/- 
DY60 36/- GETI 19 4/- 
DY6I 36/- GETI20 6/6 
DY62 27/6 GET873 3/- 
FI15 SI- GET880 6/- 
FI17 9/6 GET887 4/- 
F163 7/6 GET889 4/6 
F167 5/6 GET890 4/6 
FI73 7/6 GET896 4/6 
FI77 11/6 GET897 4/6 
F178 106 GET898 4/6 
F179 14/6 MAT 100 6/. 
FIBO 7/. MAT 101 6/- 
F181 6/6 MAT120 6/. 
F184 7/6 MAT121 6/- 
9185 S/6 M1400 21/6 
F194 51- M1420 22/6 
9195 5/6 M1421 21/6 
F196 5/6 M1430 20/6 
F197 5/6 M1440 19/6 
F198 5/6 M1480 10/6 
F200 10/6 M1481 27/6 
F224 6/- MJ490 12/6 
F225 6/- M1491 29/6 
F237 6/6 M11800 43/6 
F238 6/6 M1E340 I5/- 
FXI2 4/6 MJE520 19/6 
FX13 4/6 M1E521 19/6 
FX29 8/- MPFI02 8/6 
FX30 9/- HPFI03 7/6 
FX43 8/6 MPFI04 7/6 
FX44 8/6 MPFI05 7/6 
FX68 13/6 MPS3638 616 
FX84 7/6 NKT0013 9/6 
FX85 9/. NKTI24 8/6 
FX86 6/6 NKTI25 5/6 
FX87 6/6 NKTI26 5/6 
FX88 S/- NKTI28 5/6 
FX89 12/6 NKTI35 5/6 
FY10 4/6 NKTI37 6/6 
FYII 4/6 NKT2I0 6/- 
FY17 4/6 NKT2I1 6/- 
FY18 4/6 NKT212 6/- 
FY19 4/6 NKT213 6/. 
FY20 12,6 NKT2I4 4/6 
FY21 8,6 NKT215 4/6 
FY24 9/- NKT216 7/6 
FY25 31- NKT2I7 8/6 
FY26 4/- NKT219 6/- 
FY29 10/ NKT223 5/6 
FY30 10/- NKT224 S/- 
FY41 10/- NKT22S 4/6 
FY43 12/6 NKT229 6/- 
FY50 4/6 NKT237 7/- 
FYSI 4/6 NKT238 !/- 
FY52 4/6 NKT240 5/6 
FY53 3/6 NKT24I 5/6 
FY56A 11/- NKT242 4/- 
FY75 6/- NKT243 12/6 
FY76 8/6 NKT244 3/6 
FY77 11/6 NKT245 4/- 
FY90 12/6 NKT261 4/- 
FW58 3/6 NKT262 4/- 
FW59 S/- NKT264 4/- 
FW60 S/- NKT271 4/. 

NKT272 4/- 
NKT274 4/- 
NKT275 4/- 
NKT281 5/6 
N KT401 17/6 
N KT402 18/- 
N KT403 IS/ 
NKT404 12/6 
N KT105 15,- 
NKT406 12/6 
NKT45I 12/6 
N KT452 I1/6 
NKT453 9/6 
NKT603F 6/6 
NKT6I3F 6/6 
NKT674F S/- 
NKT677F 3/- 
NKT7I3 S/- 
NKT7I7 8/6 
NKT734 S/6 
NKT736 7/- 
NKT773 5/- 
NKT78I 6/. 
NKT10339 6/6 
NKTI0419 6/- 
NKT10139 7/6 
NKT10519 6/6 
NKT20329 9/6 
NKT20339 7/6 
NKT801II IS/6 
NKT801 12 19/6 
NKT80113 22/6 
NKT8021 I 18/6 
NKT80212 18/6 
NKT80213 18/6 
NKT80214 18/6 
N KT802 a 5 1816 
NKT80216 18/6 
0C20 13/- 
OC22 9l- 
0C23 
OC14 11/6 
OC25 WI- 
0C26 6/6 
0C28 12/6 
0C29 15/- 
0C35 8/- 

00CÌ /6 
0C42 S/- 
0C44 4. 
OC45 2Ì6 
0C46 

3Ì 0070 - 
OC71 2/6 
0072 26 
0074 4Ì6 
OC75 4/6 

OC77 5/6 
0081 4/- 
OC81 D 4/6 
0083 4/6 
0084 5/- 
OC139 6/6 
0C140 6/6 
OC170 6l- 
OC171 6/- 
OC200 6/6 
0C201 7/6 
0C202 12/6 
0C203 6/6 
0C204 6/6 
0C205 8/6 
0C207 12/6 
OCP71 B/6 
ORP12 I1/6 
ORP60 10/. 
ORP61 I0l- 
P346A 4/6 
T1534 17/6 

TIS4 1%6 
T1545 3/6 
T1546 3/6 
T1547 3/6 
T1S48 3/6 
T1549 3/6 
TIS50 5/6 

T1552 4/- 
T1553 6/- 
T15 6/6 
TI56Ì 6,6 
TIP29A I7/6 
TIP30A 21/6 
TIP31A 19/6 
TIP32A 22/6 
ZTX107 3/6 
ZTX108 3/6 
ZTX 109 3/6 
ZTX300 4/- 
ZTX301 41- 
ZTX302 5/- 
ZTX303 5/- 
ZTX304 7/6 
ZTX5o0 S/- 
ZTX501 5/- 
ZTX502 6/- 
ZTX503 5/- 
ZTX504 12/6 

25/. 
2S/- 
23/- 

úi- 
23/- 
13/- 
23/- 
23/- 
13/- 
23/- 
25/. 

SPEAKERS ()ohm) 
10' x 6' .. 37/6 3' .. 11/6 
9' x 4' .. 23,6 5' .. 14/6 
8' x 5' .. 19,6 8' .. 27/6 
7' x 4' .. IS /6 12' .. 39/6 
5' x 3' .. 11/6 Post and pocking 2/9. 

PRESETS Carbon Miniature and Sub miniature. Vertical 
and Horizontal. 0.1 watt If-. 0.2 watt 1/3, 0.3 watt 1/6. 
CARBON POTENTIOMETERS 
Log. and Lin. Less switch .. .. .. .. 3/3 
Log. and Lin. With switch .. .. .. .. 4/6 

Wire -wound Pou 3 watts) 6/6 
Twin Ganged Stereo Pots. Log. and Lin. Lea Switch 7/6 

HEAT SINKS 
4.8' x 4' x l' Finned. For Two To-3 Trans. .. 9/6 
4.8' x 2' x 1' Finned. For One To-3 Trans. 6/6 
For SO -I 6d. For TO-5 If- Finned 
For TO -18 1/- Finned For TO -I I/- Finned 

ZENER DIODES 
400 m W (from 3.3v to 33v) .. .. 
1 Watt (from 2.4 to 200v) .. .. 
10 Watt (from 3.9v to I00v) .. 
20W. BZY93 Series (from 7.5v to 75v) .. 

.. 7/6 

.. 7/6 

.. 11/6 

CIR -KIT 
5 ft. x I /16 in. ori in. .. 
D.G. 30 W. Soldering Irons .. 17/6 each 

POSTAGE & PACKING CHARGES 
U.K. .. .. .. .. .. 1/6 
EUROPE .. .. 5/- (minimum) 
COMMONWEALTH (AIR) 13/- (minimum) 

Telex 21 -492 

SILICON RECTIFIERS 
PIV SO 100 200 400 600 800 1000 1200 1400 
IA 2/9 3/- 3/3 3/6 3/9 4/. 4/6 - - 
3A 31- - - 4/6 - 6/- - - - 
6A - - 5/. 6/- 6/6 7/- 10/ - - - 
IOA - 1016 11/6 13/- IS /6 17/6 19/6 15/- 32- 
17A - 11'6 12/6 IS /6 18/- 19/6 241- 31/6 37 6 
35A - 27 6 32/- 3916 47,6 541. 62/. 70 - 90 - 

5 amp only. I amp are plastic encapsulation. 

DIODES & RECTIFIERS 
N461 1/6 AAI19 2/- 
N914 
N916 I/6 

ÁA129 11- 

N4007 4/6 

50211 4/- 
5025 5/- 
544 2/- 
SI 13 3 
5120 2/6 
5121 2/6 
5130 2/6 
5131 3/- 
5132 1/6 
5940 1/6 

AAZ13 
AAZIS 
AAZ17 
BAI00 
BAI02 
BA110 
BAI1S 
BA144 
BAX I 3 
BAXI6 
BAY 18 
BAY3 I 

2/- 
116 
2/6 
2/6 
6/6 
7/- 
I/6 
S/6 

1/6 
3/6 
I/6 

BAY38 
BY100 
BY103 
BYI22 
BY124 
BY126 
BY 127 
BYXIO 
BYXIO 
BYZII 
BYZ12 
BYZI3 
FST3/4 
FST3/8 

2/6 
4/6 
4/6 
7/6 
3/- 
4/. 
416 
5/6 
91- 
716 
6/6 
S/- 
416 
61- 

OA5 2/6 
OAIO 2/6 
OA9 2/- 
OA47 1/6 
OA70 1/6 
OA73 2/- 
OA79 1/9 
OW 14 
OMS I/6 
OA90 1/6 
0A91 16 
OA95 1/ 6 
0A200 2/. 
OA202 1/- 

MAINS TRANSFORMERS 
I amp Charger. Sec. 0.3.5 -9 -17v .. .. .. 19/6 
2 amp Charger. Sec. 0-3.5-9-17v .. 25/6 
I amp (Douglas) MTI03 Sec. tappings from 6v to 50v 32/6 
2 amp (Douglas) MT104 Sec. tappings from 6v to 50v 42/6 
Post and pocking 4/6. 
5 amp (Douglas) MT107 Sec. tappings from 6v to 50v 110/- 
Post and packing 7/6. 
Various other Douglas Transformen ranging from IA to SA in 
stock (deuils in catalogue). 

TRIACS 
SC4IA (GE) 6 amp I00v .. 
SC41B (GE) 6 amp 200v .. 
SC4I D (GE) 6 amp 400v .. .. 
SCSOD 15 amp 400v 
40512 (RCA) TO -S mod. 6 amp 400v 
40430 (RCA) TO-66 6 amp 400v .. 
40486 (RCA) TO -5 mod. 6 amp 400v 
Economy Range Triacs (Delivery end of May) 
TC4 /IO ( Pressfit) 4 amp 100 PIV .. .. 
TC4 /20 ( Pressfit) 4 amp 200PIV .. 
TC4/40 Pressfit) 4 amp 400 PIV . 

TC3/40 (TO -5) 3 amp 400 PIV .. 

19/6 
22/- 

. 27/6 
60 /- 

. 33/- 

. 27/6 
24/- 

IS 
17 
19 6 

22 6 

INTEGRATED CIRCUITS 
SEE OUR SEPARATE ADVERTISEMENT ON PAGE 123 
SHOWING NEW I.C.s AND NEW LOW PRICES. 

THYRISTORS 
Ply SO 100 200 300 400 
IA 5/. 5/6 7/6 8/- 9/6 
3A 6/- 7/6 8/. 9/- 10/6 
SA - II /. 13/- - 15 /- 
7A - II /- 13/- 14/- 19/6 
25A 27/6 30/. 33/. - 37/6 
TIC47 0.6 amp. 200 PIV 6/6. 
Also 12 Amp 100 PIV 15 / -, 600 PIV 33/6, 2N3525 at 25/6 

VERO BOA RD 
2i' x 3f .. .. 

3!' x 3$' .. .. 

211' X 17- .. .. 
3f' x 17' .. .. 

7!' x 
5' x 
2(- x 17' (Plein) 
Varo Pins (Ba`` á 50) S/.. 
Varo Cutter 9/-. 

.15 Matrix .1 Matrix 

.. 4/3 4/9 

Pin Insertion Tools (.1 and .15 matrix) at 11/, 

12/6 
16/- 

17/- 
9/6 

S/6 

21/6 
11/6 

RESISTORS 
Carbon Film 
} watt 5% .. 
+ watt 5 

watt 10% 

Wire Wound 
2.5 watt 5 °. (Up to 270 ohms only) 
5 watt 5 °,, (Up to 8.2k ohms only) 
10 watt 5°° (Up to 25k ohms only) 

1 watt 10% 

e watt S% 

6d. 

d. 
(Bag of 100) 

48/- 

I/6 Ì 
CAPACITORS. Po 
tantalum, trimmen etc 
El lytics 
MFD. V. 

40 1/6 
1.6 25 1/6 

25 
350 

Ì/6 
4 10 1/6 
4 40 1/6 
4 350 2/3 

5 50 1Ì6 
6.4 6.4 I/6 

8 40 1/6 
8 450 3/- 
O 12 I/6 
o 25 1/6 
2.5 25 1/6 
6 10 1/6 
6 IS 1/6 
6 450 3/J 

6.4 1/6 
10 I/6 
25 I/6 

25 
25 
25 

MFD. 
25 

32 
40 
40 
50 
50 
50 
64 
80 
80 

100 
100 
100 
100 

125 
200 
250 
250 

ceramica, Polystyrene, silver mica, 

v. 
SO 
40 

450 
6.4 

16 

12 
25 
5o 
25 
16 
25 

I/6 
I/6 
5/6 
I/6 
I/6 
I/6 
I/6 
2/- 
1/6 
1/6 
I/6 

6.4 I/6 
12 I/6 

50 2%6 

10 
10 
25 
50 

1/6 
116 

iñ 

MFD. 
320 
400 
500 
500 
S00 
640 
640 

1000 
1000 
1000 
2000 
2000 
2500 
2500 
2500 
2500 
3000 
5000 
5000 

V. 

16 

25 
50 
16 
25 

is 
50 
25 
50 
12 
15 
50 
64 
25 
25 
50 

116 
2/9 
2/6 
3/9 
4/9 
3/6 
5/- 

S/- 

7/6 
8/6 

12/6 
S/- 
9/6 

13,6 
13,6 
1016 
12/6 
19/6 

THERMISTORS (MULLARD) 
R53 (STC) VAI010 2/6 VA1039 

15/6 VA1015 3/9 VA1040 
K151 (Sie- VA1033 2/6 VA1053 
mens) IK VA1034 2/6 VA1066 

2/6 VA1037 2/6 VAI074 
VA1005 3/- VA1038 2/6 VAI075 

3/- 
2/6 

ii+ 
2/6 
4/6 

VAI077 4/- 
VA 1091 4/6 
VA1096 4/- 
VA1097 4/- 
VA1098 4/- 

Send 2/6 for our atest comprehen- 
sive catalogue containing transistor 
selection charts and all prices, and 
free vouchers value 6/ -. 

A. MARSHALL & SONS LTD CALLERS WELCOME 
Tel: 01 -452 0161/2/3 28 CRICKLEWOOD BROADWAY, LONDON, N.W.2 Hours: 9 -6 pm Mon -Fri 9 -5 pm Sat 
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CURRENT RANGE OF BRAND NEW L.T. TRANS- 
FORMERS. FULLY SHROUDED (excepted) TERMINAL 
BLOCK CONNECTIONS. ALL PRIMARIES 220:240v 
No. Sec. Taps Amps Price Carr' 
IA 25-33 -40-50 .. 15 L10 10 0 12,6 
1B 25-33 -40-50 .. 10 O 12 6 9,6 
IC 25- 33 -40 -50 . .. 6 16 IS 0 9 6 

ID 25 -33 -40-50 .. 3 L4 0 0 7,6 
2A 4-16 -24-32 .. 12 L7 2 6 8;6 

28 4-16 -24-32 .. 8 L5 7 6 8,6 
2C 4-16 -24-32 .. 4 L3 12 6 7:6 
2D 4-16 -24-32 2 L2 7 6 5 -- 
3A 25 -30-35 .. 40 616 10 0 1216 

3B 25 -30-35 .. 20 110 5 0 10/6 
3C 25 -30-35 .. 10 O 5 0 8 6 

3D 25 -30-35 .. 5 L4 2 6 7 6 

3E 25 -30-35 2 0 2 6 7,6 
4A 12 -20-24 30 613 0 0 12 6 
48 12 -20-24 20 0 5 0 9,6 
4C 12 -20-24 10 L4 5 0 8 6 

4D 12 -20-24 .. 5 L3 12 6 7 6 

SA 3- 12 -18.. .. 30 L9 12 6 96 
SB 3- 12 -18.. .. 20 L7 2 6 8 6 

SC 3- 12 -18. . .. 10 0 5 0 7 6 

SD 3- 12 -IB.. .. 5 L2 17 6 7,6 
6A 48-56-60 .. 2 L3 12 6 6,6 
6B 48-56-60 .. I 12 12 6 6 6 

7A 6-12 . .. 50 L10 7 6 106 
76 6-12 .. 20 L6 2 6 8 6 

7C 6-12 .. 10 L3 17 6 7 6 

7D 6-12 .. 5 62 15 0 66 
8A 12 -24 .. I LI 12 6 6 6 

9A 17 -32 .. 8 L6 S 0 86 
10A 9-15 .. 2 LI 9 6 6:6 
IIA 6J .. IS L2 10 0 7/6 
12A 30- 2525 -30 2 L3 12 6 66 
Note: By using the intermediate taps many other 
voltages an be obtained. 

Example: No. I .. 7-8-10-15-17-2.5-33-40-50v. 
No. 2 .. 4-8-11-16-20-24-32v. 
No. 5 .. 3-6-9- 12- 15 -18v. 

AUTO TRANSFORMERS 
240v. -I10v. or I00v. Completely Shrouded fitted with 
Two-pin American Sockets or terminal blocks. Please 
state which type required. 
Type Watts Approx. Weight Price Carr. 

I 80 21 1b LI 19 6 5 6 

2 150 4 Ib L2 12 6 6:6 
3 300 611b L3 12 6 6'6 
4 500 811b 15 2 6 8'6 
5 1000 15 Ib L7 2 6 9/6 
6 1500 2S Ib L9 15 0 10'6 
7 1750 28 lb 114 IS 0 12'6 
8 2250 30 Ib L17 17 6 15/- 
Completely enclosed in beautifully finished metal case fitted 

with two 2 -pin American sockets, neon indicator, on/off switch, 
and carrying handle. 

DOUBLE WOUND STEP DOWN TRANSFORMERS 
240/I10v. completely shrouded. Fitted with 2 -pin American 
sockets or terminal blocks. 150 watts, L4.1.6 P. á P. 8'6. 

300 watts, £5.15.0, P. 6 P. 9,6. S00 watts, 0.s.ó. P. & P. 10 6. 
1000 watts, fitted in metal case, with twin 2 -pin American 
socket, neon indicator, on /off switch, 117.17.6, carriage 15 -. 

HEAVY DUTY L.T. TRANSFORMERS 
Pri. 220- 240v., Sec 12v. 90A. Open frame. Flying leads. Size: 
74 x61 x6 ins., 05.0.0, carriage 15' -. Pri. 200- 240v., Sec. 
tapped 14, 15.5, 28, 31v., 20A. Open frame. Table top con- 
nections, 612.10.0, carriage 12/6. 

(ELECTRONICS) LTD. 

9 & IO CHAPEL ST., LONDON, N.W.I 
01- 723 -7851 01- 262 -512 

G.P.O. L.T. SUPPLY UNIT 
Type 19. A.C. input, tapped 200- 250v., 100 -120v. D.C. output. 
12 or 24 volts, very conservatively rated at 3 amps. Can be 
connected to give 12 volts 6 amps. Built into strong metal 
case size 19 x 7 x 61 ins. With fitted fuses. On /off switch. 
Socket outlet. C rcait supplied, 17.19.6, carriage 15; -. 

ADVANCE C V TRANSFORMERS 
Type CV 15,95. Input 95- 130v., 190 -260v. Output 4v. rms + 
or - 1"0. 3 watts. Open frame type. 25 -, P. á P. 5 -. 

BRAND NEW GARDERS TRANSFORMERS 
Pri. tapped 200- 250v., Sec. 350- 0 -350v. 60 MIA. 6 3v. 4A.. 
Sv., 2.5A. Completely enclosed. 276, P. A P. 6/6. Pri. tapped 
200- 250v., Sec. 2250v., 22 MIA. Completely enclosed. 73 -, 
P. á P. 7/6. Pri. 200- 250v., Sec. tapped 3000- 3300v., 10 M A. 
4v, -6 3v. I -5A. 3kV. wkg., 2.4v. 2A. 3kV. wkg. Completely 
enclosed. 11.19.6, carriage 10; -. Pr. 200-250v., Sec. 63v.. 
20- 22.24v., 0 8A. 6.3v., IA., 65/-, P. á P. 7;6. Pri. 200- 250v., 
Sec. 118v., 90 M A , I5, -, P. A P. 4/6. 

LOW VOLTAGE ISOLATION TRANSFORMERS 
Sec. 63 v., Sec. 2- 0 -2v., 4A., SkV. wkg. "C" core potted type. 
17, 6, P. & P. 3 6. 

PARMEKO NEPTUNE SERIES TRANSFORMERS 
Pri. tapped 200- 220- 240v., Sec. 250- 0 -250v. 50 M A., 6.3v. 
IA. Site H: 4 x 3 c2; ins., with fixing bolts. Brand new in 
maker's carton. 22 6, P. á P. 4 6. 

PARMEKO CHOKES -NEPTUNE SERIES 
101.1. 180M/A., 231-. P. á P. S /.. 10H. I20M/A., 12;6. P. & P. 4/ -. 
101-1. 75M /A., 15H. 75M /A, 15H. 50M /A., 5H. 120M A., 5H. 
60M /A., 50H. 25M'A., all types, 8/6 each, P. A P. 3 6. 0.7H. 
450M /A. 12/6. P. á P 4u. IH. 300M¡Á. 10/6 P. & P. 416. 5H. 
150M/A. 1716. 

JUPITER SERIES SWINGING CHOKE 
34H. 60M/A.-70H. 35M /A., 2 8kv., D.C. Wkg. 25 / , P. & P. 6/ , 

PARTRIDGE TOTALLY ENCLOSED CHOKES 
5H. 250M,A. 19'6. P. 6 P. 6/ -. GRESHAM SEALED OIL - 
FILLED CHOKES: 12H. 200M /A. 29/6. P. á P. 7,6. 
HADDONS: 121 -. 60M /A. 10/6. P. 6 P. 5/ , L.T. SMOOTH- 
ING CHOKE: IEM /H. 8 amps. 35 / -. P. á P. 5, -. GRESHAM 
SWING CHOKE: 20H. 100M/A. 10H. 450M/A. 49.6. P. A P. 

7/6. 

a87 

SPECIAL OFFER OF SLIDING RESISTORS 
Single tube sliders. 14 n 1-4A. IS' -. P. A P. 3 6. I 0 12A. 15 / , 
P. & P. 3,,6. 10000 IA. 47/6. P. á P. BI6. R /angle geared drive 
30 0 I .5A. 19/6. P. 8 P. 4/6. Normal d drive. 782 n IA. 
52/6. Carr. 8/6. Single tube fixed 45 + 12 0 6.5/4A. 27/6. P. 8 P. 

6;6. Single tube adjustable 5740 2.8A. 27/6. P. 8 P. 5/6. Single 
tube fixed 71.5 0 2.8A. 25/-- P. 8 P. 5 /6. Single tube adjustable 
0 6 0 16A. I5 /-, P. It P. 3/6. vitreous fixed I K n 70 watts. 5 / -. 
P. 8 P. 1 /6. 

OIL-FILLED BLOCK CAPACITORS 
T.C.C. 8 mfd. 2500v. wkg. at 70"C. 3716, P. A P. 8.6. 0-5 mfd. 
10.000v. wkg. at 70'C. 37;6, P. 8 P. 8/6. Dubilier 4 mfd. 2500v. 
wkg. at 70°C. 25/-, P. á P. 7/6. 2 mfd. 4000v. wkg. at 70°C. 
251-, P. 8 P. 7/6. 25 mid. 7500v. wkg. 1716, P. á P. 416. 

American Micamold 8 mfd. 600v. wkg. at 100 C. 10'6, P. á P. 

2'-. 4 mfd. 600v. wkg. Tubular 5-hole fixing. 6.6. P. 8 P. 2/, 
T.C.C. Visconol tubular S-hole fixing. I mfd. 2500v. wkg. at 
60'C. 12 6, P. 8 P. 2/6. 0.1 mfd. 8000v. wkg. at 60 C. 10/6, 
P. á P. 2/-. 0.1 mfd. 5000v. wkg. at 60'C. 716, P. A P. 2/-. 
0 05 mfd. I0,000v. wkg. at 60 C. 86, P. & P. 2 -. 

AMEX HYSTERESIS SYN. MOTORS 
A.C. 117, A.C. 48 -62 CV. 2- speed, ible. 1200-1800 r.p.m. 
with capacitor. New. 0.10.0, carriage I2'6. 

G.P.O. 20-WAY JACK STRIPS 
Type 320 BN. New and boxed. 17'6, P. 8 P. 2'6. 

TAPE SPOOLS 
Standard IO! inch dia. N.A.B. spools for 1 inch tape. New 
and boxed. IS / -, P. 8 P. 2/, 

RANCO REFRIGERATION THERMOSTATS 
Type A.10. 100 -250v. A.C. 1 h.p. IS / -, P. i P. 2/ -. Teddington 
type Ql. 100 -250v. A.C. 1 h.p. 1S /., P. i P. 2/ -. 

W.D. TELEPHONE CABLE 
Single D. 3. One -third of a mile drums. Ideal for outside tele- 
phone systems. Fraction of maker's price. 57,6. carriage 10 /-. 

NEWMARK SYNCHRONOUS 
MOTORS 

220-240v. SO cycles. 3 'vans 8 r.p.m, 
Overall site 2 x 2 x 2 ins. 10 6. P. á P. 16 

SEND 6d. STAMP FOR 
LATEST PRICE LIST. 

T.C.C. A.C. CAPACITORS 
65 mfd 550v. 50 cycles. KVA 6 x 10 Amps 9.1. Discharge 
resistance fitted. Site 131 x 6 x 4ins. 0.10.0, carriage 8/6. 
Philips 60 mfd 275v. wkg. A.C. 45(-. P. á P. 5! -. 

MAGNETIC DEVICES LTD. RELAYS 
6v. D.C. 3 heavy makes. Ovs rail site 2 x 2 x I ins. 10 / -. P. 6 P.1/6. 

AWIDE SELECTION OF SERVOMOTORS 
NOW AVAILABLE INCLUDES THE 
FOLLOWING TYPES: 
Mil size 11 -400 Hz versions for 26 and 115v. operation with 
10/20. 13/26 and 57.5/115v. control phase windings. 
Mil size 08, 10, I I, IS and 18 motor generators for 400 Hz 
operation with 26 and II5v, energised tacho generators. 
Mil size 08, 10. 15 and 18 two phase servomotors also avail - 
ble with 400 He windings and a limited range in 50 Hz types. 

Mil Permanent M Field Servomotors Size O8, 11, 

15 and 18 with supply voltages from 6 to 50v. D.C. 
Mil Tech Size 08 and 10 for 400 Hz supply. 
Mil Size II Servomotor gearheads available in various 
ratios from 10:1 to 1000:1. 
All items available ex stock and at extremely competitive 
prices. 
E venhed and Vi noles' Servomotors and Servomotor - 
generators-we hold stocks of this well known manufac- 
turer's items amounting to about 100 different types -an 
enquiry stating your broad design considerations will bring 

reply by return indicating ex stock availability of the motor 
most nearly meeting your requirements. 
Write for our Data Sheets A 131 onwards for details of 
available Servomotors. 
MIL SYNCHROS available ex stock in sizes 08, 11, 15, 
16, 18 and 23 for SO, 60 and 400 Hz operation. 
Synchro Control Transformers 

Synchro C I Transmitters 
Synchro Control Differential Transmitters 

Synchro Torque Transmitters and Receivers 
Synchro Resolvers 

Equivalent MAGSLIP ELEMENTS more suitable for 
educational use also in stock. 
Write for our Data Sheets A 001 onwards for Synchro 
and Magslip information. 

400 Ha. MOTOR ALTERNATOR SETS Input 400/440v. 
50 Hz 3 ph. output 115v. 400 Hz IOOVA. (coml. rating) for 
external excitation L15. 

PRECISION POTENTIOMETERS 
Numerous instrument types, continuous rota- 
tion potentiometers for control application and 
HELIPOTS in stock. List on application. 

Gertsch COMPLEX RATIO BRIDGE Model CRB2B. 
Six digits in phase. four digits in quadrature. Our Price 000. 

Carriage extra at cost on all i ems unless indicated otherwise. 

DRY REED INSERTS 

Overall length 1.85- (Body length l.l-) Diameter 0.14- to 
switch up to 500 mA at up to 250v D.C. Gold clad contacts. 
12 /6d. per doz. 75 /- per 100; 07.10.0 per 1,000; £250 per 
10,000. All carriage paid. 
BSX 76 FAST SWITCHING n.p.n. TRANSISTORS 
(CV8615). For 
I19d. over 5,000 I/7d. each. Minimum 

each; 
order10 off 

up 
0 in makers 

packs. 
FAST SWITCHING LOGIC DIODES BAY 38(CV8617) 
124 per 1,000 (post paid). 
TANTALUM CAPACITORS We hold large stocks by 
S.T.C., T.C.C., Dubilier, Kemet. Plessey, G.E., etc.. send for 
stock list with lowest prices for immediate delivery. 
SEALED RELAYS by G.E.C., S.T.C., Ericsson, Plessey etc. 
ex stock. 
PLUGS, SOCKETS i CONNECTORS. Over 150,000 
items in stock ircluding Plessey Mk 4, 6, 7, 104, U.K.A.N., 
Painton, Electromethods, Cannon, Belling Lee, Amphenol, 
Transradio, etc. Enquiries for specific items to Orpington or 
Lydd. 
WEE MEGGERS Evershed in leather case 114.0.0 (Carr. Pd.) 

RECORD MINOR INSULATION TESTER 250V 50 M 

6I0.10 (Car:. Pd.) 
UNISELECTORS G.E.C. 4 BANK 25 WAY full non - 
shorting wipers 6S - Carriage Paid. 
ETHER -ELECTROMETHODS LOW INERTIA INTE- 
GRATING MOTORS for 1.5, 6, 12 and 24V operation in 
stock. 
PRESSURE TRANSDUCERS 62915 up to 350 p.s.i., 
100 pF sensitivity IpF40 p.s.i. 45'. post paid. 
LINEAR ACCELERATION TRANSDUCERS I.T -I-4F4 
30g 20 - post paid. 
GENUINE VARIACS 0.270v 2Kva excellent condition 
LI5 (301- carriage). 
FULL TRACK 11- TAPE) ERASE, RECORD REPLAY 
HEADS set of 3 75'- (post paid). 
SINE -COSINE POTENTIOMETERS Types SCPI, 
SCP4, SCPS, CLR96, CLR66 in stock. 
BOURNE TRIMPOTS. Wide range available at attractive 
prices. 
TRANSFORMERS 2213/110v Hz SOYA Double wound 
Redcliffe. In steel case SS /- (post paid). 
ETHER- ELECTROMETHODS TEMPERATURE PRO- 
GRAMMER AND CONTROLLER 0- 14001C or 0- 1200sC 
(for Pt /Pt /Rh (13") couples) 145. 
CLASS O WAVEMETERS No. 2 1.2 -19 Mc with charts. 
Brand new LIS (carriage 30-1. 

Jeroo and lecIr.,nic dales OL!Q 
Electrical and Servo Control Engineers - Electrical Suppliers - Engineering Stockists - Aeronautical Suppliers 

Post orders to 43 HIGH STREET, ORPINGTON, KENT. Phone: Orpington 31066/33976/33221 

19 MILL ROAD, LYDD, KENT (Works). Phone: Lydd 252 

67 LONDON ROAD, CROYDON, SURREY (Retail Branch and Instrument Repairs). 
Phone: 01-688-1512 (Croydon) 

BC22IT WAVEMETER with charts. 125 (carriage 25 / -). 
21" PANEL METERS by reputable British Manufacturers. 
Flush IOOmA MC 27/6 Proi SOOmA RF 25 /- 

500mA MC 35,'- 3A RF 23/- 
Proj SA MC 45 /- 10A RF 23/- 

IOA MC 3716 
CAMBRIDGE DYNAMOMETER VOLTMETERS in as 

new condition. 10 ranges up to 150v. in as new condition 145 
each (plus carriage). 
GLOSTER DIGITAL VOLTMETERS to 999V D.C. á 
A.C. send for pamphlet. 192.10.0 (carriage paid). 
BRISTOL QUIKSET 7 day 240v 50H1 CHART 
RECORDER 10500'16 05 (+ carriage). 
MARCONI VIDEO OSCILLATORS TF885A 50Hz- 
50MH: 

s 

,ne- square wave outputs ImV -31.6V in II ranges 
metered output 635 (carriage 30' -) fully serviced. 
MARCONI SIGNAL GENERATOR TF801A 10 -300 
MHz in 4 bands. 145 (carriage 30 -1. 
MARCONI SIGNAL GENERATOR TFI44G 00 
(carriage 30 -1. 
MARCONI Q METER 7 F329 160 (carriage 30 / -). 
MARCONI A.F. WAT''METER TF956 Ip watts to 6 
watts into switched loads. L20 (carriage paid). 
HIGH SPEED OSCILLOSCOPE TYPE CT90 P.O.A. 
Airmec SIGNAL GENERATOR TYPE 701. (35 (carriage 
30 -1. 
OSCILLOSCOPES SO ON CD71152 D.C.-9 
MHz 690 (carriage 30 : -). 
SO' ARTRON COS68 127.10.0 (Carr. 30/-.) 
All instruments are 'call serviced at our Croydon workshops 
before sale and customers are invited to attend by appointment 
final test and inspection. All oscilloscopes are checked on our 
TEKTRONIX oscilloscope calibrator. 
LOW PRICED OSCILLOSCOPES for secondary school 
use or for production testing. 

Cossor 1035 MK I DB 625 
1049 I 135 

II , L27.10s. 
IIIA 635 

339A £15 (All carr. 30' -) 

THE AUDIO EXECU- 
TIVE SIXTY AMPLIFIER 
gives true 60 Watts R.M.S. 
output with Hi -Fi perform- 
ance and full mixing facilities 
for 3 inputs. 08.15.0 guaran- 
teed 6 months.Trade supplied. 

SANGAMO- WESTON PORTABLE sub -standard FRE- 
QUENCY METERS 5105 1200 -2,000 Hz95 -135V. £11.10.0. 
Post 7/6. 
GOODMANS MIDAX 650 mid range horn units IS ohms 
special price £9.10.0. (pos.age l0 / -). 
II WATT NEON INDICATOR LAMPS 2 contact S.B.C. 
85V D.C. 30 dozen. 14,12.6. box of SO (carriage paid). 
24V 0.5 AMP SOLID STATE STABILISED POWER 
SUPPLY Mains Input ho.r:.ed in instrument case 65/- (carriage 
paid). 
COMPUTER TAPE CARRYING CASES 131- square 
21- deep. 30 /- (carriage pad). 
R.F. VARIABLE INDUCTANCE UNITS comprising 
96 turns silver clad wire on 21- dia. low loss former 1' drive 
shaft. 90 /- (post pa.dl. 
F.R. SWITCH with heavy silver contacts 2 way with centre 
off 10 pole make in each direction I5 /- (postage paid). 
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KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW 

SE 

UNTESTED 

SatiHactlon GUARANTF.ED in Every Pak, .w uumvy back. 

Pak No. 
Ul 120 GI.. Bub -min. General Purpose Germanium Diodes 10 /- 
U2 60 Mired Germanium Transistors AP/RP 1ß /- 
U3 75 Germanium Gold Bonded Diodes aim. OAS, 0A47... 10 /- 
U4 40 Germanium Tranolstors like OCBL ACI28 10 /- 
U 5 60 200mA Submin. B0. Diodes 10 /- 
U6 40 Silicon Planar Transistors NPN elm. BSY95A, 2N706 10 /- 
U7 16 Balcon Rectifiers Top -Hat 750mA up t) 1,000V 10 /- 
U8 50 SU. Planar Diodes 2S0mA OA/200/202 10 /- 
U-9 20 Mired Volte I watt Zoner Diodes 10 /- 
U-il 90 PNP Silicon Planar Transistors TO -5 shoo 251132 10 /- 
U12 12 Silicon Rectifiers EPDXY ßY126/127 1ß- 
U39 30 PNP -NPN SU. Transistors OC200 A 28104 10/- 
014 150 Mired SWcon and Germanium Diode. 10 /- 
116 30 NPN Silicon Planar Transistors TO -5 aim. 2N697 10 /- 
U16 10 3 -Amp Simon Rectifier. Stud Type up to 1000 PIV 10 /- 
U17 30 Germanium PNP AF Transistors TO.5 like ACY 17.72 10í- 
U18 8 6-Amp Silicon Rectifier. BY Z13 Type up to 600 PIV 10 /- 
U19 30 Silicon NPN Translators Tike BCIOS 10 /- 
U20 12 1.3 -amp Silicon Rectlflero Top -Hat up to 1.000 PIV 10 /- 
U21 90 A.F. Germanium alloy Translators 20300 Series 8 0071 10 /- 
U23 90 ,Nutt'. like MAT Series PNP Traueletors 101 - 
U24 20 (tornanlum 1 -amp Rectifiers OJM up to 300 PIV 10 /- 
U25 25 300Mc /a NPN Silicon Translator. 2N718, BSY27 101 - 
U28 30 Past Switching Silicon Dialer like IN914 Micro-min 10 /- 
U28 Experimenter.' Assortment of Integrated Circuits, untested 

Gate., FlipFlopo. Registers, etc., 8 Assorted Pieces 20 /- 
U29 10 1 amp SCR'. TO -S can up to 600 PIV CRSI /25 -800 20/- 
U30 15 Plastic Silicon Planar trans, NPN 2:42924-2N2926 10 /- 
U31 20 SII. Planar NPN tran.. low noise Amp 2N3707 10 /- 
U32 25 Zeller diodes 400mW D07 case raised Volta, 3.18 10 /- 
U33 15 Plastic cane 1 amp Silicon recU8er. 1N4000 eerie... - 10 /- 
U34 30 SU. PNI' alloy trans. TO5 BCY26, 28302/4 10 /- 
U36 25 SU. Planar taus. PNP TOIp 252906 10 /- 
038 26 811. Planar NPN trans. TO.5 BFY50 /51/52 10 /- 
U37 30 SU. alloy dans. (30 -2 PNP, OÚ`200 28372 10/- 
C38 20 Pont Switching SU. trans. NPN, 400Mc /s 253011 10 /- 
U39 SO RF Germ. PNP trans. 251303/5 TO -5 10 /- 
U40 10 Dual trans. 6 lead TO -5 2./42060 10 /- 
041 30 RF Germ. trono. TO-1 0045 NKT72 101 - 
U42 10 VHF Germ. PNP trans. TO-1 NKT667 AF117 10 /- 

Code Nos. nowt ionrd above are given an a guide to the type of device to 
the Pak. The devices themselves are normally unmarked. 

NEW LOW PRICE TESTED S.C.R.'S g . 
5 

1 Amp 3 Amp 7 Amp 16 Amp 30 Amp 
(TO -5) (TO-66) (TO 48) (TO48) 
Ply Each io 

`o 
C 

`o 

50 4/6 5/- 9/6 10 /6 20l- áÿ e$ 
100 5/- 616 10 /6 12 /6 23/- rr a 200 7/- 7/6 11,6 151- 28/- 
400 8/6 9/8 13,6 18;6 32 /- ° " 
601 1016 11/6 15/6 25/- 35/- 
800 1216 141- 181- 301- 80i- 

o° ii 
UNIJUNCTION 

1TT48 Egtt. 2 /42646, 
Eqvt. T1S43 BEN3000 5/6 
25.99 5/ -, 100 up 4/- each 

P.E.T.'s To -18 case. 
PE19. Eqvt. 
2 /43819. MPP105, etc. 7/6 
each. Data supplied. 

PULL RANGE OF ZEEEE 
DIODES 
VOLTAGE RANGE 2-16V. 
400mV (DO7 Case) 2/6 ea. 
1.5W (Top -Hat) ,. 3/6 ea. 
low (80.10 Stud).. 5/- ea. 
All fully tested 0% ml. and 
narked. State voltage 
require.l. 

BRAND NEW TEXAS 
GERM. TRANSISTORS 
Coded and Guaranteed 
Pak No. EQVT 
TI 2(il71A 0071 
T2 20374 0(75 
T3 203744A OC81D 
TO 20381A OC81 
T5 20382T 0082 
TO 20344A 0C44 
T7 20345A 0C45 
TO 20378 0(78 
TO 20399A 251302 
T10 2G417 AF117 

Ali 10 /- each PAK 

282060 NPN SIL. DUAL 
TRANS. CODE I)1699 
TEXAS. Our price 5/- ea. 

120 VCB NIXIE DRIVER 
TRANSISTOR. Sim. B8X21 
A C4o7. 251(493 FULLY 
TESTED AND CODED 
50120. 1.24 3/6 each. 
To -5 N.P.N. 25 up 3/- ea. 

SIL RECTS. TESTED 
t -Iv 750mA 'IA l0A 30A 

lSit 
1/- 2/9 4,3 9/6 

200 
1/3 79 f- 

4/6 
20 

200 2/3 4/6 616 22/- 
406 2/8 5/8 7/8 25/- 
500 3l- 13, 8.8 30/- 
600 3/3 6/9 9/- 37/- 
805 3/6 7/8 11 /- 40/- 

1860 5/- 9/3 12/6 501- 
1260 6/6 11/6 151- 

TRIALS 
V11034 2A 6A 10A 

TO-1) (TO68) (TO48) 
loo 14/- 15 /- 22/6 
200 17/8 20 /- 28/6 
400 20 /- 25/- 35/- 
'i BON - Blocking volt- 
age in either direction. 

253055115W OIL POWER 
NPN OUR 
PRICE 12 /U each 

PLEASE NOTE. To avoid 
anyfurther IncreaeedPoetal 
Charges to our Customers 
and enable us to keep our 
"By Return Postal Service" 
which Is second to none, we 
have reorganized and 
streamlined our Despatch 
Order Department and we 
now request you to send all 
your omen together with 
your remittance, direct to 
our Warehouse and 
Despatch Department, 
postal address: BI -PAR 
SEMICONDUCTORS, Des - 
patch Dept.. P.O. Box 6. 
WARE, HERTS. Postage 
and puking cull 1/- Per 
onler. Mir iimnn onice Id -. 

I.0 AMPLIFIER 

Identical encapsulation and 
pin configuration to the 
following: 8L40'2-3. Iclu 
and IC403. Each circuit 
incorporates pre-amp 
and class A.B. Power amp 
stage capable of delivering 
up to 3 watts RM8. Fully 
tested and guaranteed. 
Supplied complete with 
circuit details and data. 
CODED BP.IO1o. OUR 
LOWEST PRICE 30/- 
each. to up 25 /- each 

OTHER 
3IONOLTTfC 

DEVICES 
BP424, Zero vottage.witch, 

6 This device monolithic 
I.C. that act. as combined 
threshold detector and 
trigger circuit for control- 
ling trlar. It is designed 
to pulse the gate of a 
thyristor at the point of 
cero .upple and voltage, nd 

eliminate minate radio 
frequency interference when 
need with recid ive loufe- 
D13D1 Silicon Unilateral 

.witch 10,- each 
A Silicon Planar, mono- 
lithic Integral circuit hav- 
ing thyristor electrical 
characteristics, but with 
an anode gate and built - 
in "Zener" diode be- 
tween gate and cathode. 
Full data and application 
circuits available on re 
quest. 

MULLARD I.C. 
AMPLIFIERS 

TAA243, Operational amp- 
lifier, 70 /- each. 

TAA263, Linear AF ampli- 
fier. 18/8 each. 

TAA293, General purpose 
atop II/ce. 21 /- each. 

BI-PAK GUARANTEE SATISFACTION OA MONEY BACK 

Ox 1 ey Sna 1 es __ _. 
16% , .-, - 

J r `. w'.. 

The extensive range of Oxley Snales now 
include an Eyelet version (which is ideally 
suited for mounting I.C. Packs and other 
components for experimental work). They 
augment the well known standard range of 
Oxley "Snales' suitable for mounting in 
0.040 inches, 0.50 inches diameter holes. 

Send for technical details and samples. 

OXLEY DEVELOPMENTS CO. LTD. 
Priory Park, Ulverston, North Lancs, England 
Tel: Ulverston 2621 Telex: 6541 Cables: Oxley 

Ulverston 

WW -102 FOR FURTHER DETAILS 

QUALITY- TESTED PAKS 
6 Matched "Iran+. UU44/45/81/SID .. 10 /- 

20 Red Spot AP Trans. PNP 10/- 
18 White Spot RF Trans. PNP 10 /- 
5 Silicon Recta. 3 A 100 -400 PIV 10/- 
2 10 A Silicon Recta. 100 PIV 10 /- 
2 0(2l 110 Trans. N PN Switching 10 - 
1 12 A SCR 100 PIV 10 - 
9 80. Trans. 25303 PNP 10 
4 Zener Diode. 250mW 3.12V . 10 - 
:i 200 Mc/. 80. Trans. NPN ß8Y28/27 10/- 
:i Zener Diodes I W 23V 5% Tol 10 /- 
4 nigh Current Trans. OC42 Eget..... 10/- 
2 Power Translators 1 OC26 1 0C35 .. 10 /- 
6 Silicon Recta. 400 PIV 250mA 10 /- 
4 OC75 Translators 10/- ns 
1 Power Trans. 0020 100V 10/- 

10 0A202 SB. Diodes Sub-min. 10/- 
2 Low Noise Trans. NPN 25929/90 10/- 
1 88. Trans. NPN VCB 100 ZT88 . , 10 /- 
8 OA81 Diodes 10/- 
4 0072 Translators 10 /- 
4 0077 Transistor. 10 /- 
4 Sii. Recta. 400 P1V 500mA 10 /- 
5 G ET884 Trans. Eqvt. OG4 10 /- 
6 O ET883 Trans. Eqvt. 0C45 10 /- 
2 2N708 Sil. Trans. 300 Mc /s. NPN 10/- 
3 OT31 LP Low Noise Germ Trans 

PNP 10 /- 
10 15914 SU. Diode. 75 P1V 75mA. .. 10 /- 
8 OA95 Germ- Diode. Sub-min. 1569 10 /- 
8 NPN Germ- Trans- NKT773 Eqvt 

AC180 10 /- 
2 0C22 Power Trans. Germ 10 /- 
2 0C221 Power Trane. Germ 10/- 
4 AC128 Trans. PNP High Galo 10 /- 
4 AC127/128 Comp. pair PNP /NPN 10 /- 
3 251307 PNP Switching Trans 10 /- 
7 C082H Germ- Diodes Eqvt. 0A71 10 /- 
3 AFI18 Type Trau 10/- 

12 Assorted Germ. Diodes Marked 10 /- 
4 AC126 Germ. PNP Trans. 10 /- 
4 Silicon Recta. 100 PIV 750mA 101- 
3 AF117 Trans. - 
7 OCO1 Type Trans. 0/- 
3 OC171 Trans. 10/- 
6 252926 SU. Epoxy Trans. 10/- 
7 0071 Type Trans. 101- 
2 28701 S9. Trans. Teens 10 /- 
5 l'2 olt Lenora 4ß0m W - 10 /- 
2 10 

AV 

600 PIV SR. Recto. IS45R .. 10 /- 
3 ßC108 Sil. NPN High Gain Trans. 10/- 
1 25910 NPN 88. Trans. VCB100 101- 
2 1000 PLY Sil. Rect. 1.5 A R59310 AN 10 /- 
3 BBYOSA SB. Trans. NPN 200 Mc /s 10 /- 
3 00200 811. Trans- 101- 
2 81l. Power Recta. BYZ13 151- 
1 Si). Power Trans. 5 PN 100mc1 

TK201A 15 /- 
8 Zener Diodes 3.15V Sub -sumo. 15/- 
1 251132 PNP EpltanW Planar eil 15 /- 
3 25897 EpltaxW Planar Trans. 8U.. 15/- 
4 Germ. Power Trans. Eqvt. OC18 15/- 
1 Unllunction Trans. 252648 151- 
2 SU. Trans. 200 Mc /s. 6OVcb ZT89 /84 15 /- 
2 252712 Sil. Epoxy Planar HFE225 15/- 
8 BY 100 Type SB. Recta 20/- 

25 88. and Germ. Trans. Nixed, all 
marked, New 301- 

Practical 
Aerial 
Handbook 
Gordon J. King, Assoc. IERE, MIPRE, MRTS. 

In recent years, aerial systems for radio and television 
reception have begun to assume a new importance. Their 
efficiency, more than anything else, is the key to dealing 
with problems introduced by the growing use of the u.h.f. 

band, the congestion of signals in broadcast bands, ever- 
increasing electrical interference and the need to supply 
millions of homes with good quality sound and vision 
signals over a wide range of frequencies. This book 
examines these problems and, indeed, every practical 
aspect of aerial work. By far the most comprehensive 
and up -to -date treatment available, it has been written 
by an author with unrivalled experience of the whole field. 

408 00001 5 234 pages Illustrated 54s, 

Available from leading booksellers or: 

The Butterworth Group 
88 Kingsway, London WC2B 6AB 
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SOLE U.K. DISTRIBUTORS OF 

USED EXTENSIVELY BY 

PANEL 
DIETE 

INDUSTRY, GOVERNMENT DEPARTMENTS, 
EDUCATIONAL AUTHORITIES, ETC. 

LOW COST QUICK DELIVERY OVER 200 RANGES IN STJCK O OTHER 

RANGES TO ORDER 

NEW "SEW" DESIGNS! 
CLEAR PLASTIC METERS BAKELITE PANEL METERS 

a TYPE SW.100 

100x80mm. 

TYPE S -80 
80 mm. 

square fronts 

60µA 69/6 50V. D.C.... 59/8 50µA 62/6 50V. D.0 49/6 
1101.1A 67/6 1 amp. D.C.. . 59/6 1104A 56,6 1 amp. D.0 49.8 
600µA 62/6 6 imP. D.C... 69/6 500µA 5218 6 amp- D.0 49/6 
1mA 69/6 300V. A.C... 59/8 1mA 4916 300V. A.C. .... 5216 
20V. D.C..... 69/6 VU Meter.... 75/- 20V. D.0 49/6 VU Meter 67/b 

"SEW" CLEAR PLASTIC METERS 
Type KE.86P. 4110. x Olin. tront.. 

52/- 

50ÁA 72/- 
60.060µA ... 62/ 
1000. Ó100µA 62 /- 

50000µmA 
57/6 

000.0.500µe 52/- 
1mA 52/. 
1-0-1mA 52 /- 
5mA 52/ 

5OmA 52 /- 
100mA 521 
500mA 521 
1 amp. 621- 
6 amp. 621- 
15 snip 521 
30 amp. 521 
20v. D.0 52/- 
00V. D.0 521 
150V. D.C. .... 52/- 
300V. D.C. .... 52/- 
16V. A.0 52/- 
300V. A.C. 52, 
8 Meter 1mA 57/6 
VU meter 72 /- 
I amp. A.C. 52 /- 
5 amp. A.C. 62 /- 
10 amp. A.C. 52 /- 
20 amp. A.C. 52/ 
311 amp. A.C. 52/ 

Type MB.52P. 2110. square fronts. 

50µA 82/ 
60 -040µA 52/. 
100µA 52/ 
1004.100µA 47/6 
600µA 45/. 
1mA 40/- 
5mA 40/- 
10µA 40 /- 
50mA 40/. 
100mA 40/- 
500mA 40 /- 
1 amp. 40 /- 
6 amp. 40 /- 

10V. D.0 
20V. D.0 
80V. D.0 

10V. A.0 
300V. A.C. 
8 Meter 1mA 
VU Meter 
I amp. A.C. 
6 amp A.C. 
10 amp. A.C. 
20 amp. A.C. 
30 amp. A.C. 

401 - 

40/- 
40/- 
40/- 
40/- 
40/ 
42/- 
62/- 
40/- 
40/- 
401- 
40/- 
40 / 

Type 1611.86P. 31 n. x Eiin. fronts. 
60µA 87/6 20V. D.0 42/- 
50. 0.60µA .... 55/- 00V. D.0 42/- 
100µA 65/- 120V. D.C. .... 42í- 
1W- 0.100µA 52/- 300V. D.C. .... 42/ 
600µA 47/6 10V. A.0 421 
600. 0-500µA.... 42/- 50V. A.0 421- 
1mA 42/- 150V. A.C. .... 42/- 
0mA 42/- 300V. A.C. .... 42/- 
10mA 42/ 200V. A.C. .... 42/- 
50mA 42/- 8 meter 1mA .. 47/6 
100mA 42/- VU meter 67/6 
500mA 42 /- 60mA A.C..... 42 /- 
1 amp. 421- 100mA A.C. . 42/- 
5 amp. 42 / 200mA A.C. . 42/- 
10 amp. 42/- 600n,A A.C. . 42/- 
15 amp. 42 / 1 amp. A.C. .. 42/- 
20 amp. 42/- 6 emP A.C. .. 42/- 
30 amp. 42/- 10 amp. A.C. .. 42/- 
60 amp. 47/8 20 amp. A.C. .. 421 - 
10V. D.0 421- 30 amp. A.C. . 42/- 

*MOVING IRON - 
ALL OTHERS MOVING COIL 

Please add postage 

Type MR.38P. 1 21/32in ulnare front.. 
I5UmA 27/8 
200mA 27/6 
300mA 27/6 
5o0m.t 07'8 
750mA 27/6 
1 atop. 27/6 
2 amp. 27/8 
5 anp. 27/6 
10 amp 27/6 
V. D.0 2718 

10V. D.0 27/6 
5U4A 40/. 20V. D.0 27/8 
50-0-60µA .... 3718 1110r. D C. .. 27/8 
100µA 37'6 150!. D.C. . . . . 2718 

200µA 
00µA 851- 

- 
o 0 r . D.C. . .. . 27/8 

60014A 301 
500r. D.C. .... 2718 

600-0400µA 27/6 750r, D.C. .... 27/8 
1mA 27/6 15V. A.0 27/6 
1-0.1mA 2718 SoV A.0 27/6 
2mA 27/6 
Smn 2 

150T. A.C. .... 2718 7 8 
lOmA 2718 'tOtIT A.C. .... 2718 
20mA 27/6 SOOT, A.C. .... 27/8 
60mA 27/6 

VU 
mxter mA . . 34221- 

1WmA 27/6 meter 

Type MR.43P. 2io. square front.. 
60µA 45/- 5 crap. 30/ 
50.0-50µA 42/- 10V. D.0 301- 
10-µA 421- 20V. D.C. 30/- 
100- 0.100µA 37/6 50V. D.0 301- 
200µA 3716 300V, D.C..... 30 /- 
S00µA 32/ 15V. A.0 30/- 
500- 0.500µA .... 30 /- 300V. A.C. 30/- 
1mA 30/- 8 meter 1mA .. 37/6 
5mA 30/- VU Deter 451- 

1 amp A.C. 30 /- 
60 mA 0/- 5 amp. A.C. .. 30/- 
100mA 30/- In amp. A.C. 80/- 
500mA 30/- 20 amp. A.C. .. 301- 
1 amp. 30/- 30 amP. A.C. 30 /- 

"SEW" BAKELITE 
PANEL METERS 

Type Mß.65. 311n. Square Dome. 
500mA 
I amp. 

5 amp. 
15 amp. 
30 amp. 
60 amp. 
5V. D.0 
10V. D.0 
20V. D.0 
50V. D.0 

1E2 

50µA 47/6 
60 -0 -50µA . 45/- 
100µA 45/. 
100-0400/1A 45/- 
500µA 42 /- 

1.0.1mA 35/- 
SmA 35/- 

50mA 35 /. 
100mA 35/- 

35/. 
85/ 
36/h 
361- 
85/ 

35l 
36/ 
35/. 

1S0V D.C. .... 351- 
30IIV. D.C. .... 351- 
30V. A.C. ... 35/ 
60V. A.C. .... 35/. 
160V A.C. .... 35/- 
300V A.C..... 361- 
500uM A.C..... 35/- 
I am:l. A.C. .. 36/- 
5 ama. A.C. .. 351- 
10 amp. A.C. . 35/- 
20 map. A.c. .. 851- 
30 amp. A.C. .. 35/ 
50 amp. A.C .. 351- 
V'L' 1net.er 621- 

EDGWISE METERS 
Type PE.70. 3 17 /3210. x _ 16/3210. x 21 in. 
deep. 

60µA 601- botuA 52/- 
60.0.50µA 57/6 1mA 47,8 
1WµÁ 57/6 3001. A.C... 47/6 100. 0.100µA 55 /- 
200µA 651 VU meter .. 66 /- 

SEND FOR ILLUSTRA TED BROCHURE ON SEW PANEL 
METERS -DISCOUNTS FOR QUANTITIES 

U.K. DISTRIBUTORS OF 

MX MULTIMETERS 
This range of Multimeters, manufactured by Tachikawa Radio Instrument Co. of Japan, 

offers excellent value for money combined with quality and accuracy of measurement. 

IMMEDIATE DELIVERY DISCOUNTS FOR QUANTITIES 
TRADE ENQUIRIES INVITED 

MD. 120 PL. 436 

LAB TESTER TW. 50k 

* All models fitted overload 

protection and supplied with 

batteries, prods and instructions. 

500 5025 

MODEL TW 20CB 

FEATURES 
RESETTABLE 
OVERLOAD 

BUTTON 

Normally only 
found on meters 
costing over [25. 

lwltivity: 20k II/Volt U.C. SkQ ¡Vole / 
D.C. Volts: 0.0.6, 2.6, 10, 60, 260, 1,'1. 

A.C. Volt.: 0.2.6, 10, 60, 260, I'w,,/ 
D.C. Current: 0.0.06, 0.6, 5, 60, 600mA. 
Iii amp. Resistance: 0.5E, 60E. 0.600K. 
6 MEG O. Decibel.: -20 to +52db. Medic 
cane with carrying handle. Aide 61m. x 4Io. 

21 In. approx. 

111.10.0 pJp 3/6 

MODEL MD-120 r .. Mvmr Palo, 1.,w Loss /v.n h and Robust Movement. 
Sensitivity: 20k O /Volt U.C. Luka /Volt A.C. D.C. Volta. 30, 60, 900, 800, 3.000V. 
A.C. Volts: 6. 120, 1,200V. D.C. Current: 60µA. 12. 300m k. Resistance: 60E. 6 HBO n 
Decibel.: -20 to +83db. Bugged High Impact Plastie Case, sloe 3110. x 4110. x 1ln. 
MODEL PL 436 Features Mirror Scale and Wood Grain F.nlsh Front Panel. Sensitivity: 
20K O /Volt D.C.8K0 /Volt A.C. D.C. Volta: .6, 3, 12. 30. 1211, 610V. A.C. Volts: 3. 30, 
120, 600. D.C. Current: 60, 600µA, 80, 60001.4. Redatlmce: 10K, LOOK, IMEO, 
10MEO 0. Decibel.: -20 to +46db. Rugged High Impact Piaatic Case with Handle, 
else Silo. x 411n. x 2itn. 
MODEL TW-60E Features 46 ranges, mirror scale. Sensitivity 50k0/Volt D.C. 
5k /Volt A.C. D.C. Volts: .125. .25, 1.25, 2.5, 5, 10, 25, 50, 125, 260. 500, 1000V. L8.10.0 
A.C. Volts: 1.5, 3. 5. 10, 25, 50, 126, 250, 500, 10µ1V. D.C. Current: 25, 60µA, 2.6, 6, 

25, 50, 250, 500mA. 5. 10 amp. Resistance 10K, 100K, 1 MEOO, 10 MEG r). 
Decibel.: -20 to +81.5dB. Pla.tic case with carrying handle. Noe 44 In. x 21 in. x bin. 
MODEL 500 Future. Mirror Scale and Buaaer Short Urcult Check. Sensitivity: 
30k0 /Volt U.C. 15k0 /Volt A.C. D.C. Volt.: .25, 1, 2.5, 10, 26, 100, 250, 500, 1,000V. 
A.C. Volta: 2.5, 10, 25, 100, 2.50, 600, 1,000V. D.C. Wrrent: 50µA, 5, 50, 600mA. 
12 amp. Real.tance: 60K, BMEO, BOMEDO. Decibel.: -20 to +56db. Handsome 
Dustproof Black PWtic Case, aloe 3 6 /16in. x 6 1 /181n. x 21in. 
MODEL 6085 Feature. 57 Ranges, Giant Slln. Meter, Pr anty Reverse Switch. Semi- [ 2 . I 0 . O Drily: SOk 0/Volt D.C. 5k0 /Volt A.C. D.C. Volta: .125, 25. 1.25, 5, 10. 36, 60, 126, 
230. 600, 1,000V. A.O. Volts: 1.5, 3, 6, 10, 25, 60, 125, 230, 300, 1.000V. D.C. Current: 
25, 50µA, 2.5, 5. 23, 50, 250, 500mA, 5, 10amp. Resl.tanoe: 2K, 10K, 100K, 'MEG, 
IOMEOO Decibel.: -20 to +85db. Plastic Case with Carrying Handle, size Of o 

21 in. x 6110. 
MODEL 100,000 0.P.V. LAB TEBTEE Futures Unique Range Selector, Blin. Scale 
Buzzer Short Circuit Check. Sensitivity: 100,000 OPV D.C.'6O /Volt A.C. D.C. Vola: 116 . I , 0 
.5, 2.5. 10, 30, 260, 1,000V. A.C. Volt.: 3, 10. 60, 250. 500, 1,000V. D.C. Current: pp 5 - 
10. 100µA, 10, 100. 500mA, 2.6, 10 amp. Resl.taaco: 1K, 10K, 100K, IOMEO, 
1 W MEO O Decibels: -10 to +49db. Plastic Case with Carrying Handle, sloe 7110. x 
61in. x 3110. 

[4.12.6 
p=d 

[6.19.6 
P p 2i8 

p'p 318 

[8.I7.6 
plp 218 

c.t1s 

SOLE U.K. AGENTS 

MODEL S -260 
General Purpose 
Bench Mounting 

I Amp 
2.5 Amp 

5 Amp 
8 Amp 

10 Amp 
12 Amp 
20 Amp 

[5.10.0 
[6.15.0 
[9.15.0 

[14.10.0 
LI8.I0.0 

021.0.0 
[37.0.0 

FOR JAPAN'S PREMIER MANUFACTURER 

"YAMABISHI" 
VARIABLE VOLTAGE 

TRANSFORMERS 
Excellent quality Low price 

Immediate delivery 

ALL MODELS 

INPUT 230 VOLTS, 50/60 CYCLES. 

OUTPUT VARIABLE 0 -260 VOLTS 

MODEL S -260 B 

Panel Mounting 
I Amp [5.10.0 

2.5 Amp [6.12.6 

Please add postage. 

Special discounts for quality 

BARNET FACTORS LTD 
147 CHURCH STREET, LONDON, W.2 
Telephone: 01 -723 5328 

WW -103 FOR FURTHER DETAILS 
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NEW 6- CHANNEL TIME AND EVENT RECORDER 
A self -contained instrument, specifically for recording events without the need for a combined 
recorder. 
There is a separate and independent paper drive, with a monitor lamp indicating when it is in 
operation. The pens are displaced 1 16 ", activated by a close contact system. Each of the 6 
channels works independently of each other, with the pens writing at 72 hours per filling at a 
maximum speed of 10 pulses per second. 
The recorder is supplied either in a portable cabinet or with rack mounting adaptions and the 
size is 15" 9- 91" deep. It weighs 10 lb. and is available in 220 -240 volt A.C. (50 cycles) 
or 110 -115 volt A.C. (60 cycles). The 6- channel time and event recorder is available at the 
following speeds: 30, 20, 10, 5, 1 per minute. 18, 12, 9 6 per hour. Width of paper rol I is 6 ", 
maximum diameter of roll is 3 ", length on standard 3" diameter paper roll is 200'. Price of the 
event marker is £79 -10 -0, plus £5 -0 -0 for the special vinyl- treated portable case. 
The instrument is guaranteed for one year, and is available with a complete range of acces- 
sories, including teledotos paper, graphic paper, plain paper, pens, pen containers and time 
bases. Prices of these items are available on application. 

COUNTERS 

VEEDER ROOT 6 DIGIT 
COUNTER 
Suitable for counting all kinds of pro- 
duction runs, business machine open - 
tion. Mechanically driven Type KA1337. 
Reset mancai knob. Er- equipment but 
new condition. Special price p5/- plus 5/ P. A P. 

MINIATURE 
SQUARE COUNTER 
6 DIGIT 
By Veedor Root. Roter, ratchet type, 
adds 1 count for each 36° movement of 
shaft. 9/8 plue 2;6 P. a P. 

6 DIGIT ELECTRICAL 
IMPULSE COUNTER 
With electrical and mechanical reset. 
Counter driven by a 110 v. D.C. 
4,400 ohm. coll. Reset 110 v. U.C. 800 
ohm coll. Housed In plastic-alloy case. 
The units can be interlocked with each 
other to give vertical or horizontal 
displays. Ex. equipment. Price 59/8 
plus 5/. P. & P. 

EAC DIGIVISOR Mk. II 
DIGITAL READ -OUT 
DISPLAY 
Ideally suitable for use in conjunction 
with transistorised decade counting 
devices. No need for amplifiers or relays 
as only s few milbwatts of power are 
required to charge the digits. The 
DIGIVISOR incorporates moving coil 
movement which moves a translucent 
scale through au optical system and the 
resultant single plane image is projected 

screen. The translucent scale is 
mule to represent digits 0.9 Specifies. 
Mon: 6.3 volt, 250 microamp. Image. 
height 1 In. Size 4 9/16 x 2 39/64 x 
II in. Our price £3/1316. List price 
n; gag. 

BERKELEY DECIMAL COUNTING UNIT 0-4 
4 valves double Mode type 5965 special quality Unit plug. Into 
standard octal base, Modular construction with 10 minlatnre neon 
Lamps on display panel. Power supplie. 6.3v. A.C. 160v D.C. Cut- 
on or Cut -off-15v. Size 51 x 51 In. x I In. Price 65/- p. a p. 5/. 

MINIATURE DIGITAL 
DISPLAY 
Operates ou a rear projection 6.3 pilot 
lamp. The lamp projects the correspond- 
ing digit on the condensing lens through 
a projector lens, on to the viewing 
screen at the front of the unit. 1 in. 
width, 3,A in. deep, 1 ñ in. high. 
Weight 31 oz. Character size I in. high. 
0.9 with 8 right hand decimal point and 
degree. Available to special order, words 
and other characters or colour. at cost of 
artwork or plates. List price 6 gus. 
Our price 49/8. 1 in. display 55/ -. 
P. a P. 5/ -. 

S DIGIT COUNTER 
A very sturdy counter, Coll resistance 100 ohms. Minimum 
operational voltage 5v. Counting speed 13 counts per sec. Suitable 
for continuous counting with sine wave drive. Coincidence, recording 
and frequency meter 35/- p. a p. 5 / -. 

ALL ORDERS ACCEPTED SUBJECT TO OUR TRADING CONDI- 
TIONS A COPY OF WHICH MAY BE INSPECTED AT OUR 
PREMISES DURING TRADING HOURS OR WILL BE SENT ON 
APPLICATION THROUGH THE. POST. 

HIGH GRADE COMPONENTS 

DOUBLE AUDIO FADERS 
IW 
1000 plus 1180 ohms. Each resistive 
dimmer is adjustable and independent of 

aeach 
other. Ex- equipment but in an 

lmost new condition. Price $3/1918. 
P. a P. 7/6. 

DIMMERS 
SCR Type. 600W. F.W. Bridge circuit suitable speed control A.C. 
U.C. conunutator motors, lights, etc. Fits standard 2 inch conduit 
I,"x. 58/8. P. a P. 5/.. 
V O LSTATS 
VOLSTTATS ami constant voltage transformer,. Inrgc ru,c, in stock 
Prices from £8 /1010. 

OSCILLOSCOPES 

Solartron CD513 £49.10 
Solartron CD 513/2 £49.10 
Solartrog AD 557 £55. 0 
Solartron CD 711 £85. O 

Solartrog CD 7118-2 £80. O 

Solartrog QD 910 £275. 0 
Solartrog 5238.2 £52.10 
Furachill 0.100 £25. O 

Airmen 249 £25. O 

Aimee 723 £19.10 
Philips PM 3230 £85. O 

Mulland 1.101 Double Beam £98.10 
Cosme 1035 £25. 0 

Cos.or 1049 MkIIl £40. O 

Cossor 1049 £35. O 

MOTORS 

HYSTERESIS REVERSIBLE MOTOR 
Incorporating too coils. Each coil when energised will produce opposite rotation of output shaft. 240V 50 Hs. f r.p.m., 1 r.p.m., 
1/6 r.p.m., 120V 60 Hz, 1 /10 r.p.m., 30/- each. P. a P. 3/ -. 

HIGH TORQUE INDUCTION MOTOR 
3 -30 oz /inch.Availabie in the following speeds only 240V 50 Hz 
I r.p.m., 1 r.p.m., 2 r.p.m. 120 V 50 Hz. 20 r.p.m 30 / -each. P. a P. 3/, 

LOW TORQUE HYSTERESIS MOTOR MA23 
Ideal for instnu lent chart driven. Extremely quiet, useful lu areas 
a here ambient noise levels are low. High starting torque enable 
relative high inertia loads to be driven up to 6- oz /in. Available in 
the following speeds and ranges: 240V 50 Hz 4 r.p.m., 2 r.p.m., 
1I r.p.m., 1 r.p.m., I r.p.m., 1/3 r.p.m., 1/5 r.p.m., 1 /10 r.p.m., 
1 /12 r.p.m., 1/20 r.p.m., 1/40 r.p.m.. 1/60 r.p.m., 1/75 r.p.m., 1/120 
r.p.m.. 1/360 r.p.m., 1/720 r.p.m., 1, 1/20, 1/45 r.p.m.; 120V 50 Hz 1/6 
r.p.m., 1/15 r.p.m., 1/16 r.p.m., 1/20 r.p.m., 1/24 r.p.m.. 1/30 r.p.m.. 
1 /Sii r.p.m.. 1 /120 r.p.m., 1/240 r.p.m., 1/300 r.p.m.. 1/720 r.p.m.. 
1'440 r.p.m. 25/- each. P. a P. 3/. 

HYSTERESIS CLUTCH MOTOR 
With integral clutch allowing the motor to drop out of engagement 
with the gear train, thereby facilitating easy resetting when used In 
timers or In conjunction with light spring. 6 oz. torque at 1 r.p.m. 
240 v.. 50 c /s. L -left, R- right. 15 r.p.m. L. 4 r.p.m., 1. I r.p.m. 
L. 1/5 r.p.m., 1/8 r.p.m., R a L, 1 /10 r.p.m., 1/12, 1 /15 r.p.m. L. 
Also 120 v. 60 c/s 2, 1/6, 1 /12, 5/12, 4/11, l /10 r.p.m.25 / -. P. a P. 3/-, 

HIGH PRECISION MAINS 
MOTOR 
230V Si) Hr 1/8 h.p. email..1y rated. 
3000 r.p.m. Made by Croydon Engineer. 
ing. Model KA 60 JFB. Suitable for 
capotas, motor. Size 8 in. long, 41 in. 
diameter with 6 In. diameter flange and 
4 flying holes. P4 /10 /Oeach. P. a P. 25/. 
SYNCHRONOUS MOTORS 
Model :4 71 r.p h. and 1/6i) e.p.h. self etartktg complete with gearing 
shaft i in. die. 1 in. long, 200/250V 50 Hz. New condition Ex. 
Equipnunt. 40/ -. P. a P. 3/, 
DATA TRANSMISSION -SYNCHROS 

rype -Maker polfups Hs Price . d. 
Torque Receiver IITR4a Sperry 90/115v 4(0 10 0 
Torque Receiver ACN 1550e Smith 26, 12.3 410 10 0 Torque Receiver IITR4a Pullin 00 /IISv ual 10 0 
l bnlmlTnnaformer IICTORT Muirhead 28v 400 10 0 Control Transformer 28v08(T4c Muirhead I1 /Sv 400 1 10 0 
Control Transformer ll(T4b Sperry 1/90 /deg 400 10 0 Control Transformer 11CX4a Pullin 11.5/26v 400 10 0 Control Transformer 1 ICX 4b Ketey 90/115v 4(0 10 0 Torque Transmitter ACS /AE Smith 90/115v 400 10 0 Torque Transmitter lICX4a Elliott 90/115v 400 10 0 Torque Transmitter 15MIRI Muirhead 90/115v 400 1 10 0 

CARRIAGE 'XTRA 

A.C. MOTOR GENERATOR 
Type G1005 Motor Spec. 6000 r.p.m. Torque 25gm /cm. Control 
winding 20v., 400Hz. Ref. Winding 26v., 400Hr. Generator Spec. 
Ref. Winding 26v., 400Hs. 0/P0 4v/1000 r.p.m. Length 21n., die. 1 In. 
Price £7110/0 P. a p. 5 / -. 

D.C. TACHOGENERATOR 
Type 9c /100 16v. at 1001 r.p.m. Drive 
shaft dia. 3/16 in., 3/8 In. long. Price 
£18/10/0 

SYNCHRONOUS MOTOR WITH GEARBOX 
Motor I 1 M83 gearbox type 11021. This unit lean 8000 e.o.m.. 115e., 
40004 motor fitted with concentric epicycle redaction gearbox of 
9.92/1. Motor torque 6 oz.,in. length c/a gearbox 2 5/8 in. x 1 In. 

latnet er. 

RAGONOT MOTOR 
220v., 5011. single phase. 1/20 h.p., 
150'1 r.p.m. Price 45/- 41P 
FRACMO 
240 /2250v., SORS single {hase. 1/20 h.p., 
2800 r.p.m.. shaft dia. 

rase. 
Price 45/ -. 

EVERSHED & VIGNOLES 
SPLIT FIELD SERVO MOTOR 
Type PB6A -A1/13 f in. keyed shaft. Price £12/10/0 each. 

GENERATORS 

SIGNAL GENERATOR 
T.P. 101A Sine Wave, Square Wave Generator. Frequency Range: 
10.310 Mc /.. Output Voltage (maximum) 200 milll-voits f 2db. 
Output impedance 75 ohms. 
Mark /Space Ratio 50/50 on square wave. Price £79/10/0. Packing 
and carriage P2. 
T.F. 517P/1 Sine Wave, Square Wave Generator. Frequency Range: 
1211.300 M. COI Auxiliary 18.58 Meg. c /s. Output Voltage 0.2 Volts. 
Output impedance 75 ohms. 585. 
MARCONI T.F.I44G 
Frequency Range 85k. /s 25Mc /s. Output voltage 1 micro -volt to 
1 volt. Output impedance I micro-volt, 100 milli -volt, lo ohms. 
100 milli -volts to 1 volt, 52.5 ohms. 559/10/0 + t"2 carriage. 
PULSE GENERATORS 
Model 101 Repetition rate 111 Hz- IOMH.. Delay 30 n -l0 m. gets. 
Output 10V into 50 ohms. £95. 
SQUARE WAVE GENERATOR 
Frequencies: 1M 100ke /s inks /* 50c /s. load impedance 75 ohms. 
Output Voltage 10V 75 ohms. 0-18 volts Into 2000 ohms. Rise time 
from 30 -50 Milli micro seconds at 1 meg. Cycle. 559/10/0. 
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R KEKS 
MEASURING INSTRUMENTS 
AND RECORDERS 

PORTABLE AC /DC 
PEN RECORDER 
A most versatile peu recorder. Produce. 
a trace on c rvi- Ilnear 34 In. strip 
chart. Two speeds 1 In. and 6 In. /hr. 
Limiting contacts to give alarm, and 
limits the current when It exceeds the 
high and /or low preset value.. Range: 
0 - IMA D.C. Meter Resistance 400 
ohms: 0 - 1MA A.C. Meter Resistance 
1800 at 50 Hs; -10 to +5 dB into 
600 ohm Impedance Source.Chart speed: 
1 in. and 8 in. /hr. Chart width: 31 In. 
curl -linear. Power supply: 230V 
60 Hs driving Synchronous Motor. 
Price: 452.10.0. P. @ P. 11.5.0. 

STRIP -CHART INDICATING 
RECORDER 
Chart width 91 in. 10 mV. Sensitivity 
±0.17 of full scale. Source impedance 
100 ohms. Speed of operation 33 sec. for 
full -scale travel. (hurt speed i In.. 3 in., 
6 In. per hour. Single point. 449.10.0. 
P. @ P. 30/ -. 12 Multi -point recoller 
available. 

NEW PORTABLE 
RECORDING AMMETER 
Specification. Type: Moving Cou, U.C. 

Range: 0 -5 amp. D.C. Chart Width: 
Ina m. Scale Length: 127 mm. 

and 
Chart 

Speeds: 2 
mm hr. Dimensions: 180h x 163w x 

245 mol. Weight: 5.5kg. Wet price 165. 

Our pri, £35. P. A P. 30/-. 

PEN RECORDER 
Portable I, 2 and 4 channel pen recorders 
by Kelvin Hughes. General purpose 
recorders providing clear Instantaneous 
and permanent records of phenomena 
with comparatively high rates of change. 
The tonlon -strip suspension of the 
moving -coil renders the Instrument 
Immune to the effects of vibration and 
acceleration. 
Sin possible chart speeds, chart width 
55 mm.. length 150 ft.. linearity 8 v. at 
3 m.A. response U.C. to 100 cis. Single 
pen with ampli a pen recorder 

Also 
5pepen 

pen wth 
complete with amplifiers, 

epeclficatton as above but housed In 
cabinet £225. P. @ P. extra. 

POTENTIOMETRIC 4 POINT 
STRIP CHART RECORDER 
BRAND NEW 
For use with thermocouplers, pyro- 
meter and other e.m.f. nources. 6 point. 
Range (- 100)-0-1+100) mV; 0- 
1.600 deg. C. 61 In. chart width; pen 
speed 8 secs. Accuracy +0.6%; 10 chart 
speeds 20.720 tam/hr. Troplcalised. 
Including tools and spares. Listed at 
over 1200. Our price 479.10.0- Also 
available 0-100 mW P.S.D. 489.10.0 

SERVORITER Model FWS 
By well -known American manufacturer. 
Power supply 120 v 50 Hs. Response 
time 24 eves. Resistance source 10 

K ohms max. Chart width 11 In. This Is 

slow -speed recorder that can be used for 
measuring any quantity with a com- 
paratively slow rate of change such as 

temperature. humidity etc. Supplied 
with electeovolt controller that enables 
the sensitivity, reset. proportional band 
and rate to be adjusted. TAi unit 
enables the demanded temperature to be 
controlled and the actual temperature 
recorded Rise: 1611n. wide, 171 In. high, 
1311n. deep. Price £175. Carriage extra. 

DIGITAL VOLTMETERS 
DB8022 digital voltmeter and rutiometer, accurate to 0.0625 °. 
offering exceptional linearity. 
Reading rate of S0 per second. Outputs: Parallel B.C.U. kettle 
39990. Inputs: 2500tMQ CUR 160dB on d.c. Range 1014V to :KV. 
This Is a rare opportunity to obtain such an Instrument at each 
low price of £350. Carriage free. 
0112006. An all solid state U.V.M. having wide application. 
Scale 9990. D.C. accuracy 0.017f.s.d. with a U.C. range of 10pV to 
1KV. Input impedance 1000MQ. C.M.R. 154.10. Outputs pa -allel 
11.1'.1). 4245. C. rrlage free. 
DEE023. This U.V.M. Is suitable for data- logging due to the high 
C.M.R. 175d B. It has sin operating modes. Accurate to 0.001 and 
complete with plug In units to give either manual or automatic 
ranging from IOµV to 1KV with IOMQ input impedance. «60. 
Carriage free. 
Type LX902- 2. 4digit 476 LY202 -2R.4 digit £75. LI11010.411git 
£75. All the above units have been calibrated. 
Digital Voltmeters 2003 A.C. /D.C. U.C. range imV: IKV. 4 d.glts. 
4135. 
2 In. Its. mounting A.1'. voltmeter 0.3(0 V. A.C. 41/15,0. triage 

A.C. CALIBRATION UNIT 
TYPE 2121 
I..P. amplifier module A3 a1141 near 
detector module B3. Both units housed 
In one cabinet. Price 41100/0. 
Precision A.C. & D.C. Wattmeter. Model 8.67 certificated. Accuracy 
to 1.. up to 133 c/e. Range 250/4 5o V. and u.s t . 1 .4. £29 10 /0. 
Carriage 30/, 
MULTI -RANGE TRANSISTORISED VOLT- 
METER 1063 
Employing silicon planar F.E.T.. this instrument gives long -term 
stability and negligible drift over a wide temperature range. Wide 
frequency band 0 -36 RHs. using HPV 1063. Voltage range 0.30KÁ'. 
Centre sera on IW ranges for differential circuit application. Input 
resistance I M.ohm; Volt on all DC ranges. Accuracy t 3° F.B.D. 
Meter scale 51n. with ml different colour for different scale.. 
Special price 842/10/0 each. Carriage 11 /l0 /0. 

PRECISION 
POTENTIOMETERS 

TEN TURN 3400 ROTATION 
BRAND NEW 

/.:.rarity 
Per nn! Res. OAnls 

100/100/100 
100 05 
200 05 

Manafmts ee 
Beckman 
Beckman 
Beckman 
Beckman 
Colvem 
Foxes 
Colvern 
Colvern 
Relcon 
Relcon 
Beckman 
Beckman 
Relic 

Model Price 
A 180/- 
A.8 80/- 
A 80/- 

70 

40/- 
60/- 

510 0 1 8 
500 2501 
600 P14 
600 2610 
600 26/1000/11 - 
600 I HELl07.10 45/- 
10 HELO710 45,- 
28 06 8A1101... 80 
2K 026 7216 80 
2K nce OPMI2 ... 401 - 
2K General Conttols...GPA16 /4 40/- 
5K Relcon 07-10 50/- 
5K Colvern CLR2603.. 80 /- 
10K 06 Beckman A 80 /- 
10K 01 Beckman X A 701 - 
10K 01 Colvern CLR26 /1001 70/- 
15B Colvem CLR2402.. 60/- 
18K Beckman A 80/- 
26K 0 6 Helipot BAJ337 ... 00/- 
29K 006 Beckman 8A1244... 00,- 
30K Colvem 2402 30 - 

30K Beckman SA96C... 80 - 

30K 0 1 Beckman A 88 70 - 

50H 0 5 Beckman 5A1692 ... 60 - 
80K 026 Beckman BA1679 ... 85í- 
50K 10 Colvern 2402/1.... 30 /- 
00K Reliance 07.10 451 - 
60K 07.5 45/- 
00K Colvern 2509 45'- 
00H 1 Foxes P14 45 - 
60K 0 5 Beckman A 00'- 
60K 0 1 Beckman A 70 - 
100K /I00K Ford A 100. - 
100K 0.1 Beckman A 70 - 
100K 0 5 Beckman A 00.'- 
100K Colvem 2601 45:- 
100K Colvern 2610 50 - 
298K 01 Beckman 8A3902 ... 70- 
300K - 01 Beckman A 70'- 
THREE TURN 700° ROTATION 
100/100 0 5 Beckman C 
100/100 Beckman Type C... 
800 Beckman 9303 
1K Fox P12 /H3 .. 
10K 0 5 Beckman C es 
20K /20K 0 1 Beckman C 8 
10K/10K O1 Beckman C 

60K 0 6 Beckman C 8 
FIFTEEN TURN 5400° ROTATION 
25K/25K Beckman 10 watts £6.10'- 
44/1C/413K Beekman B 10 watts 56/10 - 

TWENTY TURN 7200° ROTATION 
1 Meg General Controls... PXM130 . 80 - 
50K Reliance p0 - 

154 TURN 56 160° ROTATION 
460 Kelvin Huilies KTP0701 49/10: - 
FIVE TURN 1800° ROTATION 
200 Relcon 

600 Colvern 
U1.OK Colvem 

FIVE -k- A-HALF TURN 
500 Colvem 
SINE COSINE 
Palos Type Maker 
5 Kohms CLR 8601 Colvem 

14 Kohms BCP 6 Smith 
15 Ko1Pms CLR 8601 Colvem 
20 5 Kohms CLR 8802 Colvem 
26 Kohms CLR 9602 Colvem 
30 Kohms CLR 9801 Colvem 
:M Kohn. SCP 4 Kelvin- Hughes 417/10/0 
35 Kohms BCP 1 Smiths 417/10/0 

P. A P. EXTRA 
INDUCTION POTENTIOMETER No. I Mk. I 

Can be used for multiplication, division. and reclorocal calculations. 
60 ohm., ISHa, 2kHs. Supply voltage 50v. 2.3 MA at 50H.. 
Accuracy 0.1°0. Octagonal in shape 61 in. across the flats. Price 
216/10/p. P. A P. 15 / , 
COLVERN 10-TURN INSTRUMENT DIALS 

196: up.3 /8. 

001 - 

451- 
451- 
45/- 

60/- 
851- 

HEI.07.05 

CLR2505. . 

45- 
40- 

CLR2605.. 40 - 

2405 40 

Price 
417/1010 
422 /10/0 
517/10/0 

417/1Ó/Ó 
217/10/0 

BOURNS KNOB POT 
New 10 -turn precision potentiometers 
conelstbng of potentiometer. knob and 
readout dial in one extremely compact 
assembly. A very attractive unit 
finished In black platic with white dial. 
Available In 100K, 20K and 1K. 14W7 
Resistance tolerance 5 %. Accuracy 
correlation of dial reading to 0/P 0.5°,,. 
Weight 0.6 os., overall length 1 11/16 In., 
diameter I In. New price 17.15.11 each. 
our price 44'100. P. A P. 2 . 

N UMICATORS 
Cold cat), de gas -filled, a-line 0.9 digital 
display tubes. Long life expectancy. 
Minimum striking voltage 190v. Bide 
reading type XN 1:1. Price 18/0 each. 
P. P. 2 /6. 
Type NI I. End reading. Price 41 each. 
P. @ P. 2/6. 

MERCURY WETTED 
RELAYS 
Type (new) H(14131(0(7 relay Is capebl, 
of an operating time a short as 5 md:h- 
seconds. A BILLION OPERATIONS' 
Small chassis space required. Con 
venlent mounting. Env.ronment -free. 
Tamper -proof. High sensitivity. Main- 
tenance-free. No contact wear. Perfor- 
mance is made possible by the presence 
of film of mercury which at one and 
the same time cushions the contacts and 
provides an unbroken meWac path for 
the electrical circuit. This mercury film. 
constantly renewed by capillary action, 
prevents wear, dissipates heat and thus 
avoids contact erosion and eliminate. 
trounce or chatter in the electrical circuit. 
Hermetic sealing of the switch and me L 
clay pal In a glass capsule ebninlates 
dirt and assures constant adjustment. 
Type Coll RaNsfance 
11112B 1004 5100 ohm 

Pogue Corder:* 
24 2SPST 

HIM 1006 1101 ohm 24 2SPST 
H02b 1010 1300 ohm 24 28 PST 
H(iIB 10(16 1300 ohm 24 4S PST 
Hß48 1007 1300 ohm 24 4SPST 

BOTH NEW ANIS EX- EQUIPMENT AVAILABLE 
Sew Relays 48/10/0. Es- equip 51/10/0- P. @ P. 5 / -. 

PHOTOMULTIPLIER VMPII /44 (CV 2317) 
by 20th Century Electronics 
cathode sensitivity 40µA¡ L. Operating volte for 10 A/L 1100 volt.. 
PARK current 0.004µA. 29/10/0. 
P..M.I. 6097 and 20th Century 1V 9317 49/10/O. P. @ P. 5/, 
ANIMAL SONARY 
Type 1007E by Dawes 
Brand New 
An Instrument for measuring the thick- 
ness of fat on an animal by the use of 
Itrasonleusing the pulse oho principal. 

The animal sonar}- tram specifically 
designed for the measnra cf back fat 
thickness for use under field conditions. 
Putty portable weighing only 26 lb. 
tmplete with handr.00k. price: 
4149110/0. 

CRYSTAL OVENS 
Redifon 8v. /12v. A.C. Fitted bimetal 
drip. 0.78A- 0.39A. Marconi Type 
P. 306 -01. Price on application. 

VARIABLE VOLTAGE TRANSFORMERS 
Varlet.. types available. including single and three -phase nanual 
,e motor drive. Contact us by phone or letter for stock appraisal 
and delivery. 

SYNCHRONOUS 
CHOPPERS 
It..ee 11 -o l'.,i/ o .;t e , -mill Hs. Proper. 
tion of time contacts are closed 45 %. 
Prece 46/10/0. P. k P. 5, 

NEW COMPLETE TELE- 
PHONE DIAL ASSEMBLIES 
clear Perspex dials -no markings. 
201- each. P. a P. 5/-. 

LINEAR THYRISTER CON- 
TROLLED LIGHT DIMMER 
800w. module. Ideally suitable for 
photoflood or speed controller. etc. Will 
mount into standard socket boxes. 
Our price 49/8. P. @ P.:I / -. 

HIGH VALUE RESISTANCE 
BOX TYPE R.7003 
Specification. Range: 0.01.111 Meg. in 

u.01 Megohm division.. Accuracy 
0.05 %. Masimum power rating: 0.1o. 
per step. Case: Hammer finish stem. 
enamel. List price 460. Our prie, 
422/10/0. 
PORTABLE WHEATSTONE BRIDGE 
Specification. Type: Moving coil galvanometer. Ranges: I. 0.06 to 
3 ohms. 2. 0.5 to 50 ohms. 3. 5 to 500 ohms. 4. W to 6,000 ohms. 
3. 500 to 50,000 ohms. Scales: Switched. Slidewire: 0.5 to 60. 
Galvanometer scale: 10 -0.10. Case: Mounted plu tic. Internal 
Source: V. Dry battery. Dimensions: 200 x 110 x 65mm. Weight: 
0.9 kg. List price 425. Our price 49/19/8. 
MUTUAL INDUCTANCE COIL TYPE 8.7006 
Specification. Value: 0.001H. Accuracy: ±0.3 %. Operating Fre- 
quency: 5 Kc /s, 10 Kcls. Maximum current: 1A. 3A. Resistance of 
coil*: 4 ohm. 1 ohm. Case: Moulded plastie. List price 8 gns. Our 
price 50/ -. 

MUTUAL INDUCTANCE 
BOX TYPE R.7005 
Specification Range: 0.11.100 mil In 
0.002 mil divisions. Accuracy: ±10.3 x 
11.012 ` ° where M value of mutual 

inductance in mil set on the box. Fre- 
quency range: 0 -2.5 Kc /s for all decades 
except XI -0.15 Kc /s. Maximum) 
current: 0.5A for decades I A for varlo- 
neter (both primary and secondary 
wingings). Case: Polished teak. List 
uric, cos. our prigs 42810'0. 

ELECTRONIC BROKERS LTD., 49 -B PANCRAS ROAD, LONDON, N.W.I. Tel: 01 -837 7781 2. Cables: SELELECTRO 
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Wainsons FOR RELAYS 
P.O. TYPE 3000 AND 600 

BUILT TO YOUR REQUIREMENTS - QUICK DELIVERY 
COMPETITIVE PRICES VARIOUS CONTACTS 
DUST COVERS -QUOTATIONS BY RETURN 
LARGE STOCKS HELD OF G.E.C. MINIATURE SEALED RELAYS 

P.O. STANDARD EQUIPMENT RACKS 
6ft. U channel sides drilled for 19in. panels 
heavy angle base, I50 / -, cge 20 -. MINIATURE BUZZERS. 12 volts with 
tone adjuster, 7 6 each as illustrated. Quantity 
Rates. 

E QUIPMENT WIRE P.V.C. covered 80/- per 1000 
yds. 7/.0076, 1/.024, 14/.0048 type I and 2, all colours. 
14/.0076 type 11 Red and Natural 114 per 1,000 yds. 

HEADPHONES. 1600 Ohms type DHR 17/6 ea 
LEDEX ROTARY SOLENOIDS AND CIRCUIT 
SELECTORS. SIZE Ss. 4 pole, 11 way and off 110i -. 4 pole 
12 way 110 / -, 24 pole. II way and off 110/-, 54 pole On/ 
Off ISO. -. SOLENOIDS type 3E in stock at 173 each 
CERAMIC AND PAXOLIN WAFER SWITCHES 
available from stock at keen prices, send for list. 24 way 
Double Pole Pax Wafer Switches 12/6 each. post 23. 
Single Pole Change Over Roller Type MICRO SWITCHES 
15 amp 125/460 volts A.C. Honeywell 106 ea. 
ONE HOLE FIXING SWITCHES. Single Pole On /Off 
3 amp. 250 volt Ball Dolly, Bulgin 2/- ea. Pear Dolly, NSF 
3/6 ea. Ball Dolly Biased Off, Bulgin 3/6 ea. Pear Dolly 
Rimed Off, NSF 33 ea. Ball Dolly Biased On, Bulgin 3/6 ea. 
Single Pole Change Over I amp. 2S0 volt, Arrow 1/- ea. 
Single Pole Double Throw I amp. 250 volt Ball Dolly, Arrow 
2/6 ea. Pear Dolly, Arrow 1/6 ea. Double Pole On /Off 
I amp. 250 volt Ball Dolly, Arrow 13 ea. 3 amp. 250 volt 
Ball Dolly, Bulgin 3/- ea. Double Pole Change Over I amp. 
250 volt, Arrow 31- ea. Pear Dolly, Arrow 3/- ea. 3 amp. 
250 volt Pear Dolly, SF 3/6 ea. BANK OF FIVE 
SWITCHES ON;OFF 6 hole fixing flush bakelite case 
14/- ea. 
TEMPERATURE CONTROL SWITCHES. Casing` r x I' square Gravinette 3 types 17 d C. or IB 
d C. or 2ld C.S -ea. 

STANDARD LEVER 
KEYS, 3 POSITION 
4C lock/4C lock 17/6 each. 

Stop /6C IS /6 each. 
2C 2M non -lock/ 
2C 2M non -lock 

14/6 each. 
4C non -lock /6C lock 
20/- each. 

ONE HOLE FIXING. Stop :4 C.O. non -locking 
2 position 10 6. 6 C.O. lock 2 lock 2 position 17/6. 

VACUUM GAUGES. 2in. scaled. 0/30 inches of mercury, 
20/- each, post 2/6. 
DIRECT ON LINE S. Crabtree BIS Coil 
240,265 v. SO cycles max. motor load IS A. 440 v., overload 
adjustable between 5 -10 amps. 70/- ea. 
AMAZING VALUE,I/6th hp G.E.C. Fractional hp MOTOR 
230/250v A.C., fitted with thermal protector with push 
button reset, ensures complete protection against overheating 
or burn- out, 1440r.p.m. lin. shaft I tins. long. Fully guaranteed 
97/6. carriage 15 /.. 
GEARED MOTORS. I r.p.m. or 3 r.p.m. 4 watts very 
powerful, ible 24v. A.C. 35/- post 2/6, can be oper- 
ated from 230v with our 20/- Transformer. Post 5 / -. 
AIR BLOWERS. 200/250V. A.C. cylindrical 7in.- 
7in. suitable for intake or extraction. I /50th h.p. 110. 
I /15th h.p. LII. I /10th h.p. 114. Stockists of Stuart 
T Centrifugal Pumps. Nos.9, 10 and 12, Details available. 
NIGH SPEED 
COUNTERS 
31 x lin., 10 
counts per 
second with 4 
figures. The 
following D.C. 
vol are 
available, 6v., 
12v., 24v., 
50v. or 100v. 
SUB- MINIATURE Microswitch Honeywell S.P.D.T. 
type 11 SMI TN 13 site lin. x lin. x lin. 6/6 each, or mounted in fives for 22/6 post free. 
JACK PLUGS. 2 Point with 
screw -on cover, 2/6, post 9d. 
PO 201 on headphone cord 3/ -. post 14. 
PLUG -IN RELAYS. Londex 4 change -over HD contacts 
28n. D.C. with base and cover, 35/- each. 
UNISELECTORS. 8 bank, 25 way, full wipers. L7.IO each. 
VARLEY Miniature Relays. 700 ohms 4 CO, 1S/6 ea. 
BELL SETS. No. 25 Twin Gong Bell Induction coil and 
condenser with cover 17i 6 ea. post 6, -. 

SINGLE FUSE HOLDERS. Belling & 
Lee L356. I hole fixing. 3/6 each. 

TERMINAL BLOCKS. 2 way SC/430 
or 3 way 5C/432 50 /- per 100 or 120 
per 1,000. (As illustrated.) 

MAGNETIC COUNTERS. Vender Root with zero reset. 
800 counts per minute, counting to 999,999. 110 volts A.C. 
or 110 volts D.C. 63/- each. post 3/ -. 

PRECISION GERMAN MADE MAGNETIC COUNTERS. 
21in. x I lin. x I in. with push button zero reset. 3 digits, 12 volts D.C., 25 imp,sec., 50 /- ea. 

METERS GUARANTEED. Complete list available. 
Microamps 0 /500 2in. MC 23 /- 
M i croamps 0/500 21ín. MC 37/6 
Milliamps 0 /50 211in. MC 35 /- 
Milliamps 0 /500 31in. MC 64/- 
Amps 50 -0-SO 2in. MC 17/6 
Amps 0/5 2in. MC 42/6 
Volts 5/0/5 21in. MC 23/. 
Volts 0/20 2in. MC 42/6 
Volts O- 40 2in, MC 41/6 
Volts 0 /10 A.C. 3lin. MCR 70 /- 

"VISCONOL- CATHODRAY" CONDENSERS. .002 
mfd. IS kV, 9/ -; .02 mfd. 10 kV, 10 / -; .025 mfd. 2.5 kV, 3 -; 
.05 mfd. 5 kV, 9/ -; 0.1 mfd 4 kV, 9 / -; 6 kV, 17/6; 0.5 mfd. 
2.5 kV. 17/6; I mfd. 2kV. 17/6. 

PORTABLE VOLTMETERS 30v moving coil DC precision sub standard grade Sin. mirror scale, in polished wood case 10.17.6, post 8/6.; 160v moving iron AC /DC Bin. mirror 
scale in p. wood case L4.19.6, post 7/6; 250v moving iron 
AC /DC bin. scale in p. wood case 01.10.0, post 7/6. 
CELL TESTING VOLTMETERS 3-0 -3 v moving coil DC with leads and prods. in leather cue Sin. scale 35/- ea., post 4/6 
CAMBRIDGE PORTABLE MILLIAMMETER precision grade AC moving iron 1w. scale ranges -SO, 100, 200. 500 
and 1,000 mA. enclosed case tl3, post 10/6. 
PO AMME 0 -3 A. moving iron AC /DC Sin. 
scale in cue, 35/- ea., post 4/ -. 
MEGGERS, SERIES2. 500 volts. range 0/100 Meg ohms-infin- ity. Metal case. Complete with test leads in loather case with strap 137.10. cge 12/6. 

L. WILKINSON (CROYDON) LTD. 
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY 

hone t 01- 684-0236 ms: WILCO CROYDON 

ELLIOTT CENTURY TEST SETS. First -grade 
reading Absolute. D.C. volts .075. 3, 30. 150 300 and 750 (FSD 20mA) and Absolute D.C. amps I., IS, ISO 
and 600 (75 mV) on Sin. Mirror scale. Wood case, with 
shunts in fitted compartment. L25, cge 15 /-. 

LATEST RELEASE OF 

RCA COMMUNICATION RECEIVERS AR88 

BRAND NEW and in original cases -A.C. mains input. 110V 
or 250V. Freq. in 6 bands 535 Kc /s -32 Mc /s. Output impedance 
25 -600 ohms. Complete with crystal filter, noise limiter, B.F.O., 
H.F. tone control, R.F. & A.F. variable controls. Price £87/10/ - 
each, can. £2. 
Same model as above in secondhand cond. (guaranteed working 
order), from £45 to £60, can. £2. 
* SET OF VALVES: new, £3/10/- a set, post 7/6; SPEAKERS: 
new, £3 each, post 10 / -. *HEADPHONES: new, £1/5/- a pair, 
600 ohms impedance. Post 5/ -. 
AR88 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil- 
lator coil L55. Price 10 /- each, post 2/6. RF Coils 13 & 14; 
17 & 18; 23 & 24; and 27 and 28. Price 12/6 each. 2/6 post. 
By -pass Capacitor K.98034 -1, 3 x 0.05 mfd. and M.980344, 
3 x 0.01 mfd., 3 for 10 / -, post 2/6. Trimmers 95534 -502, 2 -20 p.f. 
Box of 3, 10 / -, post 2/6. Block Condenser, 3 x 4 mfd., 600 v., 
£2 each, 4/- post. Output transformers 901666 -501 27/8 each, 
4/- post. 

Available with Receiver only. 

MARCONI SIGNAL GENERATORS 

TYPE TF- 144G 

Freq. 85Kc /s- 25Mc /s in 8 ranges. Incremental: +/- 1% at 1Mc/s. 
Output: continuously variable 1 microvolt to 1 volt. Output 
Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1 volt - 
52.5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. 
External Modulation: Direct or via internal amplifier. A C. mains 
200/250V, 40 -100 c /s. Consumption approx. 40 watts. Measure- 
ments: 19} x 121 x 10 in. The above come complete with Mains 
Leads, Dummy Aerial with screened lead, and plugs. As New, in 
Manufacturer's cases, £40 each. Carr. 30/ -. DISCOUNT OF 
10% FOR SCHOOLS, TECHNICAL COLLEGES, etc. 

S.A.E. for all Enquiries. If wishing to call at W. MILLS Stores, please edaphon fer appointment 
3 -B TRULOCK ROAD, TOTTENHAM, N.17 

Phone: 0I -808 -9213 
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HRO RECEIVER. Model 5T. This is a famous American High Frequency 
superhet, suitable for CW, and MCW, reception crystal filter, with phasing 
control. AVC and signal strength meter. Complete HRO 5T SET (Receiver, 
Set of 5 Coils & Power Unit) for £27/10/-, carr. 30/ -. 

COMMAND RECEIVERS; Model 6-9 Mc /s., as new, price £5/10/ - each, 
post 5l- 

COMMAND TRANSMITTERS, BC -458: 5.3 -7 Mc/s., approx. 25W 
output, directly calibrated. Valves 2 x 1625 PA; 1 x 1626 osc.; 1 x 1629 
Tuning Indicator; Crystal 6,200 Kc /s. New condition- £3/10/ - each, 10/- 
pat. 
Conversion as per "Surplus Radio Conversion Manual, Vol. No. 2," by 
R. C. Evenson and O. R. Beach.) 

AIRCRAFT RECEIVER ARR. 2: Valve line -up 7 x 9001; 3 x 6ÁK5; and 
I x 12A6. Switch tuned 234-258 Mc /s. Rec. only £3 each, 7/6 pat; or Rec. 
with 24 v. power unit and mounting tray £3/10/- each, 10 /- post. 

RECEIVERS: Type BC -348, operates from 24 v D.C., freq. range 200 -500 
Kc /s, 1.5 -18 Mc /s. (New) £35.0.0 each; (second hand) £20.0.0 each, good 
condition, cary. 15/- both types. 

MARCONI RECEIVER 1475 type 88: 1.5 -20 Mels, second -hanc condition 
£10.0.0 each. New condition £25.0.0 each, cary. 15/ -. 

RACAL EQUIPMENT: Frequency Meter type SA20: £35 each, cart. £1. 
Frequency Counter type SA21: £85 each, caer. 30/ -. Converter Frequency 
Electronic VHF Type S.A.80 (for use with the SA.20): 25 Mc /s -160 Mc /s, £40 
each, carr. £1. 

ROTARY CONVERTERS: Type 8a, 24 v D.C.? 115 v A.C. -á? 1.8 amps, 
400 c/s 3 phase, £8/10/- each, 8/- post. 24 v D.C. input, 175 v D.C. ® 40mA 
output, 25/- each, post 2/ -. 

CONDENSERS: 150 mfd, 300 v A.C., £7/10/- each, are. 15 / -. 40 mfd, 440 v 
A.C. wkg., £5 each, 10 /- post. 30 mfd, 600 v wkg. D.C., £3/10/- acct post 10 / -. 
15 mfd, 330 v A.C. wkg., 15/- each, post 5/ -. 10 mfd, 1000 v, 12/8 each, post 2/6. 
10 mfd 600 v, 8/8 each, post 5/ -. 8 mfd, 1200 v, 12/8 each, post 3/ -. 8 mfdd,, 600 v, 
8/8 each, post 2/6. 4 mfd, 3000 v wkg., £3 each, post 7/6. 2 mfd, 3000 v wkg., £2 
each, post 7/6. 0.25 mfd, 2Kv, 4/- each, 1/6 post. 0.01 mfd. MICA 2.5 Kv. Price 
£1 for 5. Post 2/6. Capacitor: 0.125 mfd, 27,000v wkg. £3.15.0 each, 10 /- post. 

OSCILLOSCOPE Type 13A, 100/250 v. A.C. Time base 2 eft : 750 Kc /s. 
Bandwidth up to 5 Mc /s. Calibration markers 100 Kc /s. and 1 Mc /s. Double 
Beam tube. Reliable general purpose scope, £22/10/- each, 30/- cart. 
COSSOR 1035 OSCILLOSCOPE, £30 each, 30/- caer. 
COSSOR 1049 Mk. 111, £45 each, 30/- cart. 

RELAYS: GPO Type 600, 10 relays (q 300 ohms with 2M and la relays ® 
50 ohms with 1M., £2 each, 6/- post. 
12 Small American Relays, mixed types £2, post 4/ -. 
Many types of American Relays available, i.e., Sigma; Allied Controls; Leach; 
etc. Prices and further details on request 6d. 

GEARED MOTORS: 24 v. D.C., current 150 mA, output 1 r.p.m.,30/- each, 
4/- post. Assembly unit with Letcherbar Tuning Mechanism and potentio- 
meter, 3 r.p.m., £2 each, 5/- post. 

SYNCHROS: and other special purpose motors available. British and Amerian 
ex stock. List available 6d. 

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., sec. 
6,000 ohms. Price 25/ -, post 5/ -. 

SOLENOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2/10/- each 
post 6/ -. 

CONTROL PANEL: 230 v. A.C., 24 v. D.C. ® 2 amps., £2/10/- each, cary. 12/6. 

OHMITE VARIABLE RESISTOR: 5 ohms, 51 amps; or 2.6 ohms at 4 amps. 
Price (either type) £2 each, 4/6 post each. 

TX DRIVER UNIT: Freq. 100 -156 Mc /s. Valves 3 x 3C24's; complete with 
filament transformer 230 v. A.C. Mounted in 19in. panel, £4/10/- each, 15 /- caer. 

POWER SUPPLY UNIT PN -12A: 230V a.c. input 50 -60 c /s. 513V and 1025V ® 
420 mA output. With 2 smoothing chokes 9H, 2 Capacitors, 10Mfd 1500V and 
10Mfd 600V. Filament Transformer 230V a.c. input. 4 Rectifying Valves type 5Z3. 
2 x 5V windings (a) 3 Amps each, and 5V ® 6 Amp and 4V ® 0.25 Amp. Mounted 
on steel base 19'Wxl1- Hx14 -D. (All connections at the rear). Excellent condition 
£8.10.0. each, Carr. £1. 

AUTO TRANSFORMER: 230 -115V, 50- 60c /s, 1000 watts. mounted in a strong 
steel case 5' x 61' x 7'. Bitumin impregnated. £5 each, Carr. 12/6. 230 -115V, 
S0- 60c /s, 500 watts. 7 x 5' x 5'. Mounted in steel ventilated cas. £3 each, 
Carr. 10 / -. 

POWER UNIT: 110 v. or 230 v. input switched; 28 v. 7a 45 amps. C.C. output. 
Wt. approx. 100 lbs., £17/10/- each, 30/- caer. SMOOTHING UNITS suitable 
for above £7/10!- each, 15/- cary. 

DE -ICER CONTROLLER MK. III: 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 v., 
12 r.p.m.; geared to two 30-way stud switches and two Ledex solenoids, 1 delay 
relay etc., sealed in steel case (4 x 5 x 7 ins.) £3 each, post 7/6. 

MODULATOR UNIT: 50 watt, part of BC -640, complete with 2 x 811 valves, 
microphone and modulator transformers etc. £7/10!- each, 15/- are. 

NIFE BATTERIES: 4 v. 160 amps, new, in cases, £20 each, £1 10 /- care. 

FUEL INDICATOR Type 113R: 24 v. complete with 2 magnetic counters 
o -9999, with locking and reset controls mounted in a 3in. diameter case. Price 
30/- each, postage 5/ -. 

FREQUENCY METERS: BC -221, meter only £30 each, BC -221 complete with 
stabilised power supply £35 each, caer. 15; -. LM13, 125- 20,000 Kc's., £25 each, 
care. 15/ -. TS.175 /U, £75 each, caer. £1. 

CANADIAN HEADSET ASSEMBLY: Moving coil headphones 1000, with 
chamois leather earmuffs. Small hand microphone complete with switch and 
moving coil insert. New condition. Price 35/- each, post 5, -. 

AUDIO OSCILLATOR 382F: Input 115 v. A.C., 50 c's, 20- 200,000 cis per sec. 
in 4 ranges. Cont. wave. Output 0 -10 v. in 7 ranges. Power output 100 mW. 
Output impedance 1,000(1. £27/10/ - each, £1 carr. 

RACK CABINETS (totally enclosed) for std. 19in. panels. Size: 6ft. high x 
2lin. wide < 16in. deep. With rear door. £12 each, £2110,'- caer. OR 4ft. high x 
23ín. wide 19in. deep. With rear door. £8 10 - each, £2 arr. 
CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour 
green, medium persistence complete with nu -metal screen, £3/10,'- each, post 7/6. 

APNI ALTIMETER TRANS. /REC., suitable for conversion 420 Mc /s., com- 
plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, caer. 10 / -. 

MARCONI 

FIRZ HILL 

SOLATRON 

AIRMEC 

PHILLIPS 

DAWE 

TEST EQUIPMENT 

TF-1274 
TF-1275 
TF-1067/1 
TF-899 
TF-978 
TF-894A 
TF-329G 
TF-428/2 
TF-428'1 
TF-726C 
TF-934 
6075A 
TF-987/1 
TF-956 

V.200 
B.810 

CD-513 
CD-513-2 
AW-553 

VHF Bridge Oscillator . . 

VHF Bridge Detector . . 

Heterodyne Frequency Meter 
Valve Millivoltmeter .. . . 

VHF Admittance Bridge .. 
Audio Tester .. 
Circuit Magnification Meter 
Valve Voltmeter .. .. 
Valve Voltmeter .. 
UHF Signal Generator 
Deviation Test Meter 

.. £75 each 

.. £75 each 
£85 each 

.. £35 each 

.. £85 each 

.. £55 each 
£45 each 

£12 /10 /- each 
£8/10'- each 

£85 each 
£35 each 
£85 each 
£20 each 
£20 each 

Deviation Tat Meter .. . . 

Noise Generator 
(CT.44) A.F. Absorption Wattmeter 

Sensitive Valve Voltmeter . .. £35 each 
Incremental Inductance Bridge .. £75 each 

Oscilloscope .. 
Oscilloscope . 

Power Amplifier 

Type 701 Signal Generator . . 

Type GM -6008 Valve Voltmeter.. 

Type 402C Megohm Meter .. 

£45 each 
£47'10 each 
.. £30 each 

£50 each 

£35 each 

£12 each 

CANADIAN C52 TRANS /REC.: Freq. 1.75 -16 Mc /s on 3 bands. R.T., 
M.C.W. and C.W. Crystal calibrator etc., power input 12V. D.C., new cond., 
complete set £50. Carr. £2/10' -. Power Unit for Rec., new £35' -, Carr. 10' -. 

DECADE RESISTOR SWITCH: 0.1 ohm per step. 10 positions. 3 Gang, each 
0.9 ohms. Tolerance +1% £3 each, 5/- post. 90 ohms per step. 10 positions, 
total value 900 ohms. 3 Gang. Tolerance ± £3/10,'- each, 5/- post. 

TELESCOPIC ANTENNA: In 4 sections, adiustable to any height up to 20 ft. 
Closed measures 6 ft. Diameter 2 in. tapering to 1 in. £5 each + 10 /- caer. Or 
£9 for two + £1 caer. (brand new condition). 

COAXIAL TEST EQUIPMENT: COAXWITCH- Mnftrs. Bird Electronic 
Corp. Model 72RS; two-circuit reversing switch, 75 ohms, type "N" female 
connectors fitted to receive UG -21 /U series plugs. New in ctns., £8/10/- each, 
post 7/6. CO -AXIAL SWITCH -Mnftrs. Transco Products Inc., Type 
M1460 -22, 2 pole, 2 throw. (New) £6/10/- each, 4/6 post. i pole, 4 throw, 
Type M1460 -4. (New) £8/10,- each, 4/6 post. 

PRD Electronic Inc. Equipment: FREQUENCY METER: Type 587 -A, 
0.250 -1.0 KMC /SEC. (New) £75 each, post 12/6. FIXED ATTENUATOR: 
Type 130c, 2.0 -10.0 KMC /SEC. (New) £5 each, post 4/ -. FIXED ATTENU- 
ATOR: Type 1157S -1, (new) £8 each, post 5/ -. 

FOR EXPORT ONLY 
BRITISH & AMERICAN 

COMMUNICATION EQUIPMENT 
Type B.44 Tx/Ric, Crystal controlled, 60 -95 Mc /s, 12V. d.c. operation. W.S. Type 
88, Crystal controlled, 40-48 Mc /s. W.S. Type HF -156, Mk. II, Crystal controlled, 
2.5 -7.5 Mc/s. W.S. Type 62, tunable, 1.5 -12 Mc, /s. C.44, Mk. II, Radio Telephone, 
Single Channel, 70 -85 Mc /s, 50 watts, output, 230V. a.c. input. G.E.C. Progress 
Line Tx Type DO36, 144 -174 Mc /s, 50 watt, narrow band width. A.C. input 115V. 
BC -640 Tx, 100 -156 Mc's, 50 watt output, 110V er 230V input. STC Tx /Rx Type 
9X, TR1985; RT1986; TR1987 and TR1998, 100 -156 Mc /s. TRC -1 Tx,'Rx, 
Types T.14 and R.19, FM 60 -90 Mc /s. With associated equipment available. 
Redifon GR410 Tx'Rx, SSB, 1.5 -20 Mc /s. Sun -Air Tx /Rx Type T -10 -R. 
Collins Tx /Rx /Type 18S4A. Collins Tx/Ric Type ARC -27, 200 -400 Mc /s, 28V d.c. 
With associated equipment available. ARC -5; ARC -3; and ARC -2 Tx /Rx. 
BC -375; 433G; 348; 718; 458; 455 Tx,'Rx. Directional Finding Equipment CRD.6 
and FRD.2 complete Sets available and spares. Telephone Installation type XY, 
(U.S.A.), 600 Line Automatic Telephone Exchange. Complete system with full set 
of Manuals. Mobile Communications Installation mounted in a trailer with 4 x 
pneumatic tyres. Consisting of 3xARC -27 Tx /Re with all associated equipment (as 
new). 

ALL GOODS OFFERED WHILST STOCKS LAST IN ' AS IS" CONDITION UNLESS OTHERWISE STATED 

CALLERS BY TELEPHONE 
W. MILLS 

3 -B TRULOCK ROAD, TOTTENHAM, N.I1 

APPOINTMENT ONLY Phone: 01-808 9213 
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SUPER -BARGAIN STOCKTAKING SALE!! 
Use form below for your order. CONDENSERS MUST BE ORDERED BY STOCK NUMBER ONLY. 

If any sale item is 'sold -out' when order received we shall substitute items of equal value. 
ELECTROLYTIC CAPACITORS 

Capacity 

1 of 
20 of 
8 of 
32 of 
100 /200 200/50 
50,'80 
24 
16 32 
32 
3,000 
3,000 
2,500 
750 
100 
30 
16 
16'16 
16 
350 
20,'4 
64 
32;32 
8/8,8 
500 
500 
64.328 
30 
5050'50 
40.40/20 
400 
320 
32'32 

4- 25 
250 
50 50 
16 
60 
60'200 

Voltage 

6 
6 
6 

150 
275 
300 
275 
350 
275 
35 
15 
9 

12 
275 

10 
50 REV 

275 
275 

12 
275 
275 
350 
275 

6 
4 

275 
6 

350 
275 

6.4 
10 

275 
25 

150 
200 
300 
350 
275 

No. 
required 

Stock 
No. 

1 

7 
11 
9 

18 
19 
21 
25 
26 
32 
33 
36 
38 
39 
40 
42 
43 
44 
45 
46 
51 
52 
53 
54 
60 
62 
67 
69 
70 
71 
72 

73 
G4'3 
G4!4 
G4'5 
G4. 5A 
G4/6 

Price 
s. d. 

7 
3 
1 

2 
1 

7 
3 
2 
1 

2 

2 
2 
1 

1 

1 

2 
1 

2 

4 
2 

2 
2 
2 
1 

2 
5 

£ s. d. 
Capacity 

32;300/70 
40 40 
40,40 
8/8 
350 
60'100 
400 
60'100 
100 400/32 
100,400 
100/64 
44 
100'65 
8/8 
100 100/50 
100 380/16 
100100 
100,20/101_ 

20 f 
1,000/1,500 
40100 
40 40 40 
8!8 8 
12,500 
800 
1,600 
1,000 
100 
200 
200 
8 
200 
40 
400 
250 
1,000 
40 

Voltage 

275 
275 
300 
350 
25 

350 
275 
275 
275 
275 
500 
250 
250 
450 
350 
275 

25 
350 

50 
25 

350 
350 
275 

15 
6 

80 
60 

275 
250 
150 
200 

25 
350 
300 

25 
12 

450 

No. 
required 

Stock 
No. 

G4/6A 
G4/7 
G4 r8 
G4/9 
G4/10 
G5/4 
G5/5 
G5/6 
G5/6A 
G5/7 
G5/7A 
G5/8 
G5 SA 
G5/9 
G5/10 
G5/10A 
G5;'11 

G5/12 
G5/12A 
G5/13 
G5/13A 
G5'14 
G6'1 
G6,2 
G6/5 
G6/6 
G6/7 
G6/8 
G6/9 
G6/10 
G6/10A 
G6,'11 
G6/ 11A 
G6,'12 
G6 '12A 
G6/13 

Price 
s. d. 
8 
3 
3 
3 
2 
5 
3 
4 
7 
7 
7 
1 

4 
4 
7 
7 
2 

5 
8 
3 
3 
2 

15 
1 

7 
7 
2 
3 
2 
1 

2 
2 
3 
2 
2 
4 

£ s. d. 

Total: 

RESISTORS. Mainly 5 per cent. 7/8 per 100 of any one value. 2/- per dozen to 50 watts. A large percentage of these are multi- tapped droppers for of any one value. radio television. Owing to the huge variety these can only be offered Smaller quantities 3d. each. Most values in stock. "assorted ". 10,- per dozen. 
Mixed bags (our selection) 6.6 per 100. SILVER MICA /CERAMIC'POLYSTYRENE CONDENSERS Mixed bags (our selection) ¡ to 3 watt 7;8 per 100. 10 /- per 100 of any one value. 3,- per dozen of any one value. Smaller quanti- MAINS DROPPER TYPE. Hundreds of values from .7 ohm upwards. 1 watt ties 6d. each. As available. 

COMPARE THESE PRICES!! 
MULLARD POLYESTER CONDENSERS TRANSISTORISED SIGNAL INJECTOR KIT 

No. Price TRANSISTORISED SIGNAL TRACER KIT 
400V TRANSISTORISED REV. COUNTER KIT (CAR) .. 

VERO -BOARD 2' x 1' x .15.. .. .. 1/3 i7' x 3' x .15 3' x 2' x.15 .. .. 3/3 3 }' x 2 ' x.1 
3 ' x 3 ' x .15 .. .. 3/11 3f' x 3 ' x .1 
5 x2' x.15 .. .. 3/11 5 x2' x.1 
5' x 3 - x .15 .. .. 5/8 5' x 3 ' x .1 
17' x 2' x .15 . 11/- 
Spot Face Cutter 7/6d. Pin Insert Tool 9/8d. Terminal Pins 3/8d. for 36. 
Spot Face Cutter and 5 2f' x l' boards 9/9d. 

1,000 pf 
1,500 pf 
1,800 pf 
2,200 pf 
.15 uf 
.22 uf 
.27 uf 
1 uf 

3d. each 
3d. each 
3d. each 
3d. each 
ed. each 
6d. each 
M. each 
1/- each 

160V 
160V 
160V 
125V 

Total: 
25% discount lots of 100 per type. 
TRANSISTOR BARGAIN! THEY CAN'T GET ANY CHEAPER!!! 
OC 44. First -grade Mullard. 4;- each. 
OC 45. Mullard. Boxed. 4 each. 
P.N.P. Audio. Untested, unmarked. MAINLY O.K. 10'- per 100. 
N.P.N. Silicon. R.F. types, unmarked. ALL USUABLE. 101 - per 50. 
Power Output (Similar OC 35). ALL TESTED. 4/- each; £2 doz. 
ZTX 300. Transistors similar to, tested in P.E. organ circuit and approved 

for use in same by designer. 1;- each. 
OCP 71 (similar to). Light -sensitive. 2/- each. 
Light- sensitive Diodes. Can be used to control any transistorised device. 

1'- each. 751- per 100. £25 per 1,000. 
RECTIFIERS. Latest type. All marked. 800 volt peak, 1 amp mean current 

type 1N4006. 2/8 each, 24/- dozen, £7/10/- 100. S.T.C. 3/4 (400 volt) 
2/8 each, 24/- dozen, £7/10/- 100. BYZ 13 or 19 (6 amp) 2/6 each, 24/- dozen, 
£7/10/- 100. 

BY 127 2 /8d. each. 24/- dozen. £7'101- per 100. £50 per 1,000. 
RECORDING TAPE GIVE -AWAY! ALL BRITISH MADE, BEST qu u.rn' 
5 Standard 
5J Standard ...... 9 - 51' Long -play .. 12/- 
7 Standard . .. 12'- 7' Long -play .. .. 18/3 3 "Oddends" Minimum 150 2/3d. 
GIANT SELENIUM SOLAR CELLS. Last few to clear at half price! 

Circular, 67 mm. diameter 5/- each. 50 mm. x 37 mm. 3 for 10/ -. 
RECORD PLAYER AMPLIFIERS. All transistor. Complete with screened 
input lead, volume control and speaker leads. This excellent unit also has built -in 
rectifier and smoothing components enabling same to be used direct on 6 to 
9 volt A.C. supply. Small number only! Cannot be repeated at this price! 30/- ea. 
TRANSISTOR RADIOS. Fantastic bargain! Tremendous value! Superb 
quality sound from large speaker! Excellent sensitivity! Complete with earpiece, 
battery and plastic carrying case, all packed in a colourful presentation box. 
You would expect to pay £5-but our price due to huge purchase is only 37/8d.! 
CO -AXIAL CABLE. Semi -air spaced. 8d. yard. 60 yd. rolls 30/- Postage 4/8d. 
CRYSTAL TAPE -RECORDER MIKES, 12/- each. CRYSTAL EAR- 
PIECES WITH PLUG, 5'- each. Magnetic earpieces. No plug. 1 /8d. each. 
THIN CONNECTING WIRE. 10 yds 1 / -, 100 yds 7/8d., 1,000 yds. 50 / -- 
RECORD PLAYER CARTRIDGES 
ACOS GP67'2 15/- (Mono) GP94 /1 30/- (Stereo, ceramic) 
ACOS GP91 /3 20/- (Compatible) ACOS GP93 /1 with diamond needle 32/6d- 
ACOS GP93 /1 25/- (Stereo) ACOS GP94 /1 with diamond needle 37/13d. 
TRANSISTORISED FLUORESCENT LIGHTS. 12 VOLT 
8 watt 12' tube, Reflector type 58/8 15 watt 18' tube, Batten type 79/8 

Complete with tube. Postage 3'- 

10 /- 
10/- 
10/- 

.. 

14/8 

.. 4/9 

.. 5/6 

VOLUME CONTROLS. IM ohm, 1M ohm with D.P. switch. 5k (no switch) all 2'- each. 
Double pots (most with concentric spindles). 
500k log + 50k lin + switch 3/- 10k log + 10k log + switch 4/8 
50k S log + 1M log + switch 3/- 1M lin + 1M lin no switch 2/8 
100k lin + 100k log + switch 3/- 500k lin + 1M lin no switch 2/6 
100k log + 100k log + switch 3/- 1M lin + 2.5M lin no switch 2/8 
250k log + 100k lin + switch 3/- 500k lin + 500k log no switch 2/8 
250k log + 500k log + switch 3/- 100k log + 100k log no switch 2/8 
1M log + 1500 ohm lin + switch 3/- 2M log + 2M log no switch 3/6 
1M log + 100k lin + switch 3/- 
Skeleton presets /Wire wound presets. Mixed. Very good value. 7/8 per dozen. 
SCREENED LEADS. Specially designed to fill the demand for the most 
popular types -all leads consist of 9 ft. screened lead-except SL 11 which 
has 10 ft. co-axial cable. 
SL 1 Phono Plug to Phono Plug .. .. 5/3 SL 2 Standard Jack Plug to Standard Jack Plug .. . 12/ - SL 3 Standard Jack Plug to Phono Plug .. .. .. 9/- 
S L 4 3 pin Din Plug to Phono Plug .. .. .. .. . 7/8 
SL 5 Phono Plug to Wander Plugs .. .. .. 

. 

9/- 
SL 6 Standard Jack Plug to Wander Plugs .. .. . 9/- 
SL 7 3 pin Din Plug to Wander Plugs .. . . 

SL 8 Phono Plug to Phono Coupler .. . . 

SL 9 3.5 mm. Jack Plug to Phono Plug .. 
SL 10 Co-ax Plug to Co-ax Plug .. 
SL 11 Car Aerial Plug to Car Aerial Socket .. 
SL 12 3 pin Din Plug to 3 pin Din Plug .. . . 

SL 13 Co -ax Plug to 3.5 mm. Jack Plug .. 
SL 14 3 pin Din Plug to 3.5 mm. Jack Plug .. .. 
SL 15 Standard Jack Plug to 3 pin Din Plug .. .. 
SL 16 3.5 mm. Jack Plug to Wander Plugs .. 
SL 17 3.5mm. Jack Plug to Standard Jack Plug .. 
SL 18 3.5 mm. Jack Plug to 3.5 mm. Jack Plug .. 
SL 19 3 pin Din Plug to 5 pin "A" Din Plug 180° .. 
SL 20 3 pin Din Plug to Soldered Ends .. 
SL 21 5 pin Din "B' Plug 360° to 2 Phono Plugs .. 
PLUGS AND SOCKETS 
Standard Jack Plug 3'8 
3.5 mm. Jack Plug 2/- 
3.5 mm. Screened do. 2/3 
3 pin Din Plug .. 2/6 
5 pin Din Plug .. 3B 
Phono Plug .. .. I - 

8/9 

7/8 
13/9 
7/6 
9/- 
76 
8/3 

10/8 

8/3 
9/- 
8/- 

Standard Chassis Mounting Socket .. 2/7 
3.5 mm. In -Line Socket . . , 2/- 
3.5 mm. In -Line Screened Socket .. 2'4 
3 pin Chassis Mounting Socket .. .. 19 
5 pin Chassis Mounting Socket 2 - 
Adaptor, 3.5 mm. Plug Standard Jack Socket 6 - 

These prices cannot be repeated. Order now. Don't forget to add your name and address! 
Please include suitable amount to cover post and packing. Minimum 2 % -. 

G. F. MILWARD, DRAYTON BASSETT, near TAMWORTH, STAFFS. Phone: TAMWORTH 2321 
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HIL'I' im 1\1 
2 CHANNEL AUDIO RECORDER 
* 10 watts continuous per channel 
* Fully transistorised on 10 printed circuit boards 
* 3 head system and 3 speeds 19 -9.5 -4.75 cms 
* Mechanism operated by 4 DC solenoids 
* Provision for full remote control 
Robust construction and attention to detail make this an out- 
standing British tape recorder for industrial or domestic use. 

Portable 4 speaker version 

RELIABLE 

Oiled Teak surround vision 

SHORT CIRCUIT 
PROOF 

UNBEATABLE 
IN VALUE 

MK II 

Send for informative brochure fully explaining 
1. Why a single motor. 2. Electrical performance. 3. Wow and flutter. 

MAGNETIC TAPES LTD. 
CHILTON WORKS, GARDEN ROAD, RICHMOND, SUR REV 

Tel: 01 -876 7957 

WW -104 FOR FURTHER DETAILS 

CALIBRATION PROBLEMS? 

We specialise 
in the repair 
and calibration of 
all proprietary 
and commercial 
test equipment 

We can provide the following services 

FULLY GUARANTEED REPAIR OF 
INSTRUMENTS 
CALIBRATION CARRIED OUT TO 
MANUFACTURERS' SPECIFICATION 
ALL TYPES OF MULTI -METERS, INC. 
AVOMETERS, REPAIRED 
REPAIR SERVICE 7 DAYS 

WIRING AND SHEET METAL FACILITIES 

Write or 'phone 

FIRNOR -MISILON LIMITED 
10 COMMERCIAL LANE, LETCHWORTH, HERTS 

Tel: 6069 

WW -105 FOR FURTHER DETAILS 

Tunein 
to successful 
trading 
Here are all the facts and 
figures you need -in one 
compact volume. Saves 
time and money every 
working day. Completely 
revised and updated. 
82" X 51" 516 pp. Order 
your copy now. 

Electrical and Electronic 

TRADER 
YEARBOOK 1970 
40s. By post: 42s. 6d. from Electrical & Electronic Trader. 
Dorset House, Stamford Street, London S. E 1. 

UNIQUE 

TWIN 

TAPE 

DECK 

UNITS 
These superb twat tape deck units were originally desiçned for installations requtring the 

continuous replay of music or speech when connected to suitable amplifiers Consisting of two 
completely self contained tape decks operating at either 3f ' 13 button } track model) or 7 }" I8 

button } track model) Each tape drive unit is fitted with a unicue automatic solenoid operated tape 

drive rev ersal mechanism actuated by metallic stop fo I at end of tape or inserted where reversal rs 

desired Constructed to the highest specification with the finest components available to ensure the 

utmost reliability Nothing has been spared in the const-uction and the superb heavy duty 

capstan motors 12 off) and rewind motors 14 off). top grubs relays. solenads. etc.. all bear 

witness to the high standards set 
Available in two basic versions with either 3 or 6 button operation. The three push button 

model 3} i p s has interlocked controls operatiig both tape drive units simultaneously and 

is fitted with 2 Ferrograph } track stereo heads The 6 button 7} i p s model has independent 

control over each tape drive unit and is fitted with 2 Marriotl } track stereo heads. AC 230/250v 
50 c.s Vertical or horizontal operation Size '9" a 19" s 8" drep Weight 5410 

TECHNICAL SPECIFICATION 
Power restatements 130 250V A C 50 cs Vertical or Horvorual operation Overall dimensions 19 r 19' a B- deep 

Wright 54 On 3 Button model o at 31 I P S 6 Burson model op. rates at 7i IPS TAPE REEL SIZES. Upper 

5l lower deck 5 Capstan drove motors 2 AEI A C motors continuum rating Type BCI504 B 730 750 Volts St 
'.0 cs 1 75th H P 1500 RPM REWIND I TAPE UP MOTORS 4 Garrard AC Motors continuous Hong Type OHPSC 

100 130 100 750 Volts 5050 cs 0 3A 015A 24W RELAY SUPPLY TRANSFORMER Primary 210 230 240 Volts 

AC 50 cs Secondary 24.2632 V RECTIFIER. Sentorcel sd,mum rectifier type 460 SC 11BI 5 CONDENSERS 1 

Plessey 2.000 ul 50v OC 2 AEI 1u1 400V SOLENOIDS. I Magnetic Deuces Ltd Type 41766 120 Ohms 

RELAYS 2 Double coil wrap type 593f11TS 5668 590 Ohms 1 Type 569E14590 AEf 224 1 Type 596 Et 890 G114 

2 Type 596E8'590/52/24 13 Button unit only It RECORB'REPLAY HEADS. 3 Burson Unit fined 2 Fermgnph 350 ohms 

impedance hall track steno heads 6 Button made 'ter 1 Marner 4 Hack heads 500 Ohms impedance 

Originally costing approximately 
f450 each to manufacture, we 

are offering these at a 

fraction of their true worth I 

Carriage 70 

Limited number only we can 

not guarantee a choice of 3 or 

6 button units - orders dealt 

with in strict rotation 
insurance etc 

SYPHA SOUND SALES LTD. 
242/4 PENTONVILLE ROAD, LONDON, N.W.1 
del 01 837 8200 Closed i day lhuis 7t00 pile kufgs X SLUuanl 
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fiver for Components 

SILICON TRANSISTORS FOR HIGH QUALITY EQUIPMENT 
BC107 313 80123 2413 TIP32A 211- 2N3055 15 /8 
BC108 31- BDY20 24/3 TIS44 1/0 2N3702 311 
BC109 313 BF184 716 TIS49 210 2N3703 313 
BC158 716 BFt94 71- TIS50 310 2N3704 310 
BC182L 312 BFX29 1014 2N696 410 2N3705 314 
BC183L 26 BFX84 01I 2N697 51- 2N3707 4/- 
8C184L 3/2 BFX85 2N706 313 2N3708 2/5 
BC212L 3/0 BFY50 S/- 2N1132 1010 2N3819 5/- 
BC213L 31 BFY51 416 2N2906 131- 2N3820 I /10 
BC214L 41- BFY52 SI- 2N2924 414 2N3826 5111 
BCY70 5/4 BSY95A 3/11 2N2925 5/3 2N4058 4/5 
BCY71 10/4 MJ481 27/3 2N2926 3/- 2N4059 3/5 
BCY72 410 MJ491 32/11 2N3053 010 2N5457 010 
80121 17/3 TIP31 A 171- 

1 WATT AMPLIFIER MODULE TYPE PCM1 
This amplifier unit Is a printed circuit module Incorporating the popular and well -tried 
PA234 Lc. amplifier. The unit is a complete AUDIO AMPLIFIER and requires no 
external components: you simply connect an 18 -volt power supply and a 15- or 
16 -ohm speaker or headphone, even the supply smoothing capacitor and the 
output capacitor are included ! The overall dimensions. including capacitors are 
2} x 3 x lin. The input for 1 watt output at 1 kHz is typically 300mV into 100 k /ohms. 
This unit is available at only 36/- net complete with descriptive leaflet or 70/- net 
pet pair. Send for free leaflet. 

ELECTRONIC COMPONENTS IN THE WEST MIDLANDS 
A wide range of components are available from stock for CALLERS, including 
the following: 
RESISTORS (Including 5% } watt. High stabs at only 2d. each in 100 - quantities 
of MIXED values of your choice in the E12 series from 10 ohm to 10 M /ohm). 
CAPACITORS (includes Polyesters, polystyrene, metallised film, miniature 
electrolytics, silver micas). 
SEMICONDUCTORS (includes integrated circuits, transistors, diodes. rectifiers). 
PLUS ALL the usual components such as plugs and sockets, pots. Veroboard. etc. 

WE ARE AN INTERNATIONAL RECTIFIER SEMICONDUCTOR CENTRE 
Mail order, 1/6 p. 6 p. per order inland. Overseas at cost, min. 10/ -. Open 9.00 a.m. 
to 12.50 p.m., 2.00 p.m. to 5.00 p.m. weekdays, 9.00 a.m. to 12.50 p.m. Saturdays. 
Please note : we will be closed for annual holiday from June 1 to June 6 inclusive. 

IWIELECTRONICS LTD 

Mirer STONE LANE KINVER 
STOURBRIDGE WORCS 
Telephone KINVER 2099 

WW -107 FOR FURTHER DETAILS 

The 1970 edition of Lasky s famous 
Audio Tronics catalogue is now available 
FREE on request The 28 tabloid pages- - 
equal to over 100 pages of our normal 
'WW" advertising -are packed with 

I.000's of items from the largest 
stocks in Great Britain of every- 
thing for the Radio and 
enthusiast Elec- 
tronics Hobbyist. 
Servicemen and 
C ommunicatrons 
Ham. Over half 
the pages are de- 
voted exclusively 
to every aspect of 
Hi -Fr lincluding 
Lasky's budget 
Stereo Systems 
and Package 

tape recording and 
'.udio accessories etc. All 
.ne goods shown are avbil- 
able from any of our branches 
r by Mail Order ---- bringing Ç 

the benefits of shopping at 

Lasky -s to you in the comfort 
of your hone PLUS Lesky' 
.easing money . ving 
vouchers worth over £25. 
Over 150.000 customers have alreads 
received their copy of the "Audio 
Tronics' catalogue -- -don't delay. 

Send Your name. address and 2,1- to caver 
Post only and the inclusion of your name on 
our regular mailing list 

Lasky's Radio Limited 
3 -15 Cavell Street, London, El 2BN 

Wireless World, June 1970 

EX COMPUTER PRINTED CIRCUIT 
PANELS 2' x 4' packed with semi- 
conductors and top quality resistors, 
boards 

10,-. 
s diodes, etc. Our price, 10 

m 
oP. & P. 116. With guaranteed 

um r 35 transistors. Transistor 
Data included. 
SPECIAL BARGAIN ACK. 25 boards 
for O. P. Sr P. 3/6. With a guaranteed 
minimum of 85 transistors. Transistor 
Data included. 
PANELS with 2 power transistors tim. to 
OC28 on each board plus components. 2 
boards (4 x OC28) 10 / -. P. & P. 16. 
9 OAS, 3 OAIO, 3 Pot Cores, 26 Resistors, 
14 Capacitors, 3 GET872, 3 GET872B, I 

GET875. All long leaded on panels 13" x 4 ". 
4 for 20 -. P. & P. 5 / -. 

BUMPER BARGAIN PARCEL 
Weguarantee that this parcel contains at 
least 1,750 components. Short- leaded on panels, including minimum of 350 tran- 
sistors sistors (main) NPN and PNP Y germanium, 
audio and switching types -data supplied i. 
The rest of the parcel is made up wicn: 
Resistors S "., or better (including some 
I "n) mainly metal oxide, carbon film, and 
composition types. Mainly j and I watt . 

diodes, miniature silicon types 0A90, 
OÁ91, OA9S, IS130, etc. . . capacitors 
including tantalum, acs, "cram 
val 

also 
inductors, rmer, trim - 

values . .also the odd transformer, trim - 
Pot, etc., etc.... These are all miniature, 
up to date, professional, top quality cor - 
ponants. Don't miss this, one of our best 
offers yet! Price. 65 -. P. & P. 6 /6 -U.K. 
New Zealand 20 - P. 8 P. Limited stocks 
only. 

EX COMPUTER "MEMORY" 
CORE STORE PLANES 

160 BITS [I P. & P. 2/- 
4000 BITS [4 P. & P. 41- 

EX- COMPUTER 
POWER SUPPLIES 

Reconditioned, fully tested and guaranteed. 
These very compact units are fully smoothed 
with a ripple better than lOmv. and regula- 
Lion better than I S,,. Over voltage pro- 
tection on all e cept 24v. units. 120v. 

I 30v. a.c. 50c s input. Mains transformer to 
suit U extra it required. 
We offer the following types: 

6v. 8a. 110 20v. Ise. us 
6v. 15a, 114 30v. 7a. 111 

12v. 20a. 116 24v. 4a. 114 
Carriage 15;- per unit. 

High Stabs I I and 1 Watt, 150 5 and Better 11/6 

250 MIXED RESISTORS 7 
I and ¢Watt 12/6 

DIODES EX EQPT. 
SILICON 

10 Amp 150 PIV 4 for 10/ 
20 Amp 150 PIV 4 for LI - 

35 Amp 450 PIV 4 for 45/- 
P. & P. I /- 

LARGE CAPACITY 
ELECTROLYTICS 
RIPPLE CURRENT 6A 
1,500 mfd 150V 
4'000 mfd 72V 7/6 each 5,000 mfd 36V 
16,000 wfd 12V P. & P. 1/6 

L3.10.0 doz. P. & P. 10 /- 
EXTRACTOR/BLOWER ' 

FANS (Paps[) 
100c.f.m.4l- x 41" x 
2", 2800 r.p.m. ' 
501- each. P.& P. S :.. r 

EXTENSION 
TELEPHONES 

a 

19;6 ea. P' s 
P. 

35/- for 2 P. &i 
10 - 

These phones are extensions and do not 
contain bells. 

RELAY OFFER 
Single Pole Changeover Silver Contacts 
2' x 6' x 7'. 2.5K 0 Coil operates on 
25 to 50V. 8 for 10 -. P. 8 P. 16. 

52 EARLS COURT ROAD, LONDON W.8 K E Y T R O N I C S 
MAILING ADDRESS 

WAREHOUSE AND DISPATCH 
01 478 8499 

A T E 5 
PRONOUNCED R -TEZ 

SEMICONDUCTORS 

Write now for catalogue 

ATES ELECTRONICS LTD., MERCURY HOUSE, 
PARK ROYAL, LONDON W5 

TEL 01 900 6171 TELEX ATES LONDON 262401 

WW -108 FOR FURTHER DETAILS 

VITAVOX 
FOR HIGH QUALITY 

MICROPHONES 
LOUDSPEAKERS 

and ancillary equipment 
Further information from 

VITAVOX LTD., Westmoreland Rd., London, N.W.9 
(Tel: 01 -204 4234) 
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CONVERTOR /BATTERY CHARGER. Input 240v 
50 c /s. output 12v 5 amp DC. Input 12v DC. output 240v 
AC. 170 watt max. With fuse and Indicator lampa. Size 
91 x to x 411n. Weight 191b. An extremely compact unit 
that will give many years' reliable service. Supplied with 
plug and lead. Only L4 /10 / -. P. & P. 15/- extra. 
As above -fully serviceable- perfect interior but soiled 
exterior cases, L3. P. & P. 15/ -. 
G.M. TUBES. Brand new. G24/038/G60 at 27/6 ea. 
053/1, brass cased. 16 ea. 

MULLARD MX 115 GM TUBE with holder. 
Plat app 3110 volts. 30'- ea. P. Sr P. 3/6. 

PH OTOMULTIPLIERS. EMI 6097X at Le /10/- ea. 
TRANSISTOR OSCILLATOR. Variable frequency 
40 c/s to 5 kc /s. 5 volt square wave o /p. for 6 to 12v 
DC input. Size 11 x li x 1tin. Not encapsulated. Brand 
new. Boxed. 11/6 ea. 

RACAL DIversity unit. 110 each. I'arrlaae £1. 

ARS$ l'uullnunlcatinn Receivers from L20. 
CRAMER TIMER 28V I)C Sweep 1 /100th sec & sweep 
60 secs. 4' dial. Remote control stop /start reset £6.10.0. 

RELAYS 
Omron /Schreck octal based plug -in relays. 2 pole c/o 
5A. 6v only. Brand new. Boxed. 12/6 ea. 
G.E.C. 4 pole c/o 6/12v operation 180 ohms. Platinum 
contacts. Brand new. Boxed 12/6 ea. 

Mini STC Plus In ralaya Plastic dust cover. 
4 pole c/o 7.5.18 v. operation. 185 Ohms e/- each. 
6 each per 100. 

9.'1'.1'. sealed 2 pole c/o 48V. 2.500 ohm 3/6 ea. 12v 7/- ea. 
CARPENTERS polarised Single pole c/o 20 and 85 ohm 
coil as new. complete with base 7/6 ea. Single pole 
c/o 680. 1.110 and 1.570 ohm coil. As new 6/6 ea. 
Brand New. Single Pole c/o (type 5A2). 2 x 1200 ohms. 
S/6 ea. 

POTENTIOMETERS 
COLVERN Brand new. 5; 10; 50; 100; 250; 500 
ohms: 1 ; 2.5; 5; 10; 25; 50k all at 2/6 ea. Special Brand 
new MORGANITE 250K 1 in. sealed. Nonnal price 
9/ -. our price 3/6 ea. 

INSTRUMENT 3' Colvem. 5; 25; 100 ohms. 
All at 7/- ea. 

TRIM POTS. Paignton- solder lugs 5. 10 & 25K at 
5/- each: Pins 10; 20; 50; 100; 200; 250; 500 ohms; 
2.5; 25 and 50K at I0 /- each. 
DARSTAN -preset- sealed 1' dia, I high. 1; 2 and 5K 1/6 
ea. 
HIGH RESOLUTION 25K 80 turne. Complete with 
knob 6/6 
ALMA precision resistors 100K; 400K: and 9914K-0.1% 
S/6 ea: 3.25K-0.1% 4/- ea. 
DALE heat sink resistors. non- Inductive 60 watt. Brand 
new. 16 ohms-616 ea.; 8.2K 4/6 ea. Excellent dummy 
load. 

I Wheatstone Bridge by TINSLEY type 1138 175. I 

CAPACITORS 
E RIE feed through ceramlcons 1000 pf --4d. es. 
Sub -min. TRIMMER I square. 8. 5pf. Brand new 2/6 ea. 
Concentric TRIMMER 8 /30 pf. Brand new 1/6 ea. 
E LECTROLYTICS. Brand new. 2500 ntfd 84V 1/6 ea. 
4000 mfd 40V 9/6 ea.; 250 mfd 70V 4/6 ea.; 2000 mfd 
16V 7/- ea. 
E HT 2 mfd 5 KV. Brand new 12 each. 
VISCONOL EHT. Brand new 0.0005 25 kV. 16/- ea. 
E.N.T. 0.02mfd SKV- 6/- ea.; o.lmfd 2.5 KV- nitrogel- 
4/6 ea.; 0.5mfd 5KV -I II- ea.; 0.05mfd 10KV -7/6 ea.; 
0.5mfd 2.5KV 7/. ea. 
GEARED MOTORS 240v 50 c/s synchronous. Geared 
down to 60 rpm. Brand new 30/- ea. P. & P. 7/6. 
DIODES 1N914. Brand new 1/3 ea.; 12/- doz.: t4 -100; 
£25- 1,000. 
PHOTOCELL equivalent 0CP 71 2/6 ea. 
B URGESS Micro Switches V8 5930. Brand new 2/6 ea. 
B ULGIN panel mounting Lamp holders. Red. Brand 
new 2/3 ea. 
MINIATURE SPEAKERS 15 ohm 21n. diameter 
Brand new. 7/- ea. P. & P. 2/6 ea. 

BRAND NEW BC114 TRANSISTORS. 5/- ea; 
4'3 ea. per 100; 3/6 ea. per 1,100. 

TRANSISTORS BC 114 -NPN Low noise high gain 
audio. etc.; BC 116 -PNP General purpose 200 mc/s 
Ex brand new equipment. Guaranteed perfect. Good 
lead length. 2/- ea. 

NUCLEONIC INSTRUMENTS 
SCALER type 1009 by Dy-natron. Suitable Beta/ 
gamma counts. Built In test signal. Calibrated adjust- 
able discriminator. Read out 2 decade neon and 
4 digit counter. Supplied to as new condition at L5 ea. 
Cart. 30 / -. 
As above but with resettable counter Le ea. 
Carr. 30/ -. 
Few only RATEMETER type 1161B Complete with 
built In EHT supply. Separate metering EHT and 
Count. EH7' available for external equipment 0 to 
8 kv. As new L3S. Carr. 80/ -. 
Portable Geiger Counter In haversack. complete 
1S ea. P. & P. 10 / -. 
100 CHANNEL PULSE HEIGHT analyser type 
13631i. As new £75. As above but type 1368C. 1110. 
ECKO PULSE HEIGHT ANALYSER type N101 
E25. t'arr.:10 /-, 
DEKATRON Display unit type NIS 228. 120. 
Carr. 30 /.. 
CINTEL Transistorised Nucleonic Scaler with 
adjustable discriminator. 6 meter display 0.9 giving 
count of 10 to the 5. New Condition. Now ONLY LID. 
Carr. 15/ -. . 

PULSE Generator type 1147A. 16. Carr. 30 /.. 

CASH WITH ORDER 

TEST GEAR 
OSCILLOSCOPES 

E.M.I. WM 2 DC-13 mc/s 135 
SOLARTiON 7118.2 D.B. DC-9 mots £60 
SOLARTlRON 643 DC -15 mc!s NOW only L65. 
SOLARTRON 513/523 DC-10 me /s 135 
SOLARTON 568 DC-6 meta LIS 
COSSOR 1035 DB. 120 
COSSOR 1049; 1049 Mk. S. DB. 122'10 and 

L30 
HARTLEY 13A DB. LIS /101- 
All caret id checked and tested. Carriage 30 /- extra. 

MARCONI 
TF 956 (C1'441 Audio Freq. Wattmeter LIS. Carr. 10 /. 
TF 886 Magnification Meter £45 Carr. £1 
TF 762C UHF Generator L40 Cart. £1 
TP 369 N. 5 Impedance Bridge 155 Carr. 30/- 
TF 144G Signal Generator. Serviceable. Clean LIS 
In exceptional condition 125. Carr. 30/- 
TF 885 Video Oscillator Sine /Square 135 Cart. 30 /. 
TF' 195M Sine wave arillator 0 /40kc /s 112 Carr. £1 
TF 1343/2'X' Band gen. 135 Carr. 30/- 
TF 428B/1 Valve voltmeter L4 tart. 10/- 
TF 428B/2 Valve voltmeter Le Carr. 10 /. 
Type 801 Sig. Gen. 135. Carr. 30/- 
TF 934!2 FM Deviation Meter 125. (art. 30/- 
TF 791B Carrier Deviation Meter 135. (brr. 30 /- 

SOLARTRON 
Pules generator POS 1000 50 c /s-1 mc/s LIS Carr. £1 
Laboratory amplifier AWS51A. 15c /s- 350ke /s 135 

(art. £1 
StabUised P.U. SRS 151A 120 Carr. 30/- 
Stabilised P.U. SRS 152 EIS Carr. 30/- 
Stabilised P.U. AS 516 & AS 517 13. and L6 Carr. 10 /- 
Calibration Unit type AT203. 125. (:art. 30!- 
Pmcess Response Analyser. Fine Condition L250 
Oscillator type OS 101. 135 ea. Carr. 30/- 

AVO 
Testrneter No. 1 114 (arr. 15/- 
Electronic Testmeter CT 38. Complete LIS Carr. £1 
SPECIAL by G. G E. BRADLEY. Multimeter 
type CT47IB. Battery operated. fully transistorised, 
sensitivity 100 M ohm / V. measure a.c. /d.c. voltage 
(12mV -1200V scales. +/- 3% /+ /- 2% f.s.d.) 
a.c. /d.c. current (12 mlcroA -1 2A scales. +/- 3% 
I +/- 2% f.s.d.) resistance (12 ohm -120M ohm 
scales. +/- 3% c.o.d.). h.f. /vhf /uhf. voltage with 
multiplier (4V -400V scales up to 50 MHz; 40 mV -4V 
uP to 1000 MHz). Brand new. Few only. £60 Carr. 
30/- 

CI NTEL 
Wide Range Capacitor Bridge 125 Cart. 15/- 
Sine and Yule Generator type 1873 125 Can. 15/- 

AIRMEC 
Valve Mlllvoltmeter type 284. 351V -1V 120 Carr. £1 
Counter type 865. 6 decades. Bright Vertical display 
gate facilities. Very good condition 125. Carr. 30/- 
Klystron Power Supply 698E L25 Carr. £1 
Signal Geaerattr type 701. 135. Carr. 30 /. 

OSCILLOSCOPE CAMERA. Shackman 25ít. Exp 270 
frentes. Time from 1/250 to 1 recss. auto. Dalmere Fl. 9 
Focal lain. with standard 41n. to 51n. fitting. L30. 

Chart Reconler. American Optical DC -90 cps Differential 
Input 2.5meg ohms; Chart speed 1. 5, 20.100 mm /Sec. 1%. 
BAP 3750. Sensitivity 50 millivolt per centimetre - 
300 volts lea. Brand new condition 1100. 
E.H.T. Base B9A in Polystyrene holder with cover. 
Brand new. 2!6 es. 

ZENITH E.N.T. Tester. with Probes. Metered 0-3.5 kv. 
£2S Carr. 30! -. 

DVM G BATIOMETER DIE 2116 by Blackburn 
175 ea. 

DENCO S band low noise travelling Wave amplifier 
£35. Carr. 30 / -. 
SIGNAL Generator CT 63. Complete with leads. Good 
condition. £10 Carr. 15/ -. With copy of charts. 
FREQUENCY Meter LM 14. Modulated version of 
BC 2£1 with charts and covers. Brand new L30. Carr. 30 / , 
SPECIAL. FURZEHILL V200 Valve millivolt meter. 
10 Inv to 1 kv. L25 Carr. £1. 

FURZEHILL Valve Voltmeter type 378B/2. Range 
0 -80 dbs & 10 millivolts to 100 Volta in 5 ranger. Size 
11 x 81 x 711t. 112. Carr. 15/ -. 
MIC -O -VAC type 22 (01'54) Volts; Current; Ohms. 
DC to 200 mc/s with probe. leads etc. As new LS /10/0 
Y. & P. 10! -. 

VIBRATING REED ELECTROMETER type N 672 
by ECKO. Range 10 to the -14. Max sensitivity FSD for 
1 of 0.03 Micro- mlcroa,npa. L20 ea. Carr. L1. 

3 CM Wave Guide. sorte flex ; Sanders Attenuators; 
Decca Waveguide Switches; Delay lines. etc. Phone 
or call. 

Also large 4uantlty spares available. Carriage at cost. 

DISTRIBUTED AMPLIFIER type 2C/3 50 c/a 100 mc/s 
Gain 300. L30 each. 
Type 2C 50 c/s to 100 mc/s E I6 each. 

DAWE Wide Range oscillator type 400A. 20 ce to 20 ko /s 
Sine wave. 500. 600 and 2000 ohm. Fine condition. L25 
Carr. 30/ , 

PAIGNTON ATTENUATORS 0.1 db. to 100 db. In 
S decades. 600 ohm. 19' rack mounting. L20 ea. Carr. 15 /- 
PISTON ATTENUATOR in carrying case. 30 -140 
mc/s calibrated 0/70 db. 110 ea. Carr. £1 

Precision THERMOSTOR by YSI. 100 k. at 25 °C. 
Range: 40 °C. to 150 °C. Supplied with charts giving ohms 
for each degree over entire range. Brand new. 12 ea. 
ADVANCE Sismal Generator type Dl. 2 mc/s to 190 
me /e. Sine and square mod. With original charts. Excel- 
lent condition £12 /10 /0 P. & P. £1 
SERVOMEX. Stabilized D.C. Power unit. Type 38. 
Bench mounthur. 0-15 volts. 0-2.5 amps. Separate voltage 
and current meters 125. 
PYE BASE Station 250W complete with modulator & 
speech amps etc. k 6.1.2V receivers. Present freq. cover- 
age 90/100 me /a. The lot 1120. 
HOLGATE 6 channel Event recorder. lin. or 10tH. 
inches per second. Size 41 x 5 x 81n. Excellent condition. 
L20. 
HEWLETT PACKARD Recorder and Decoder type 
20610. As new. Write or phone for further details. 
19in. Rack Mounting CABINETS Eft. high 2f . deep. 
Side and rear doors. Fully tapped. complete with base 
and wheels. /12/10/0 Carriage at cost. 
Double Bay complete with doors. Fine condition. 125. 
Owl-lase at cost. 
MULLARD Transistorised Analogue to Digital Con- 
vertor Model L 281. As new. L20 Carr. 15/- 
SUNVIC DC chopper Amplifier type DCA 1. Superb 
condition. /22/10/0 ea. Carr. 20/- 
CINTEL Universal (bunter 130. Carr. 30/ -. 
PROCESS TIMERS 8 Individual timer circuits. 
each with 0.100 sec calibrated dials. Ideal displays, 
processes, etc. Standard mails Input 120 Carr. 25/ -. 

ISOLATING TRANSFORMERS 240V in 240V 7 
KVA out. As new. L25 ea. Carr. £21101 - 

DESK Telephones. Current type. Standard dial. S wire 
red. green. white. Ideal extensions etc. As new L3 each. 
Satre but older type 17/6 each. P. & P. 5/ -. 

DIECAST ALLOY boxes. Size 4 x 21 x II In. Drilled 
ends for Belling Coax socket. 3 compartments link holes 
between. 6,'6 each. P. & P. 2/ -. 
CONVERTOR 50 c/s single ph. to 400 c/s 3 ph. 250w. 
in Eft. enclosed 19' rack cabinet. 135 ea. Carr. st cost. 
AMPEX FR400 with Benson- Layner 'XI" Plotter. 
Large vacuum table Auto paper feed. £500. 

4 DIGIT RESETTABLE COUNTERS. 1000 ohm. 
coil. Size 11 x I x 411n. As new. by Sodeco of 
Geneva. /2/10/0 each. 
As above but 3.50 ohm. L3/10/0 ea. 

TRANSFORMERS. All standard inputs. 
STEP DOWN ISOLATING trans. Standard 240v 
AC to 1.20v tapped 60-0-60 700w. Brand new. 16 es. 
As above but 500w. E4 ea. 

75 WATT Constant voltage transformer. 195 to 265 
volte-240v out. 30/- each. P. &. P. 5/ -. 

MODULATION trans. PP-6 RW6. 30 /- each. 
P. & P. 5/ -. 

Transformer 0-215-250 120 MA; 6.SV 4A CT x 2;2 x 6.3v 
0.5A and separate 90v 100 MA 25/. each P. & P. 4/ -. 
Matching contact cooled bridge rectifier 7/6 each. 
350.0.950 75mA. by 2 amps X 2. 21/. ea. 

Gardners 6.3v 2A; 6.5v 1.5A: 611v 0.1A. Size 8 X 15 x 45tH. 
As new. 9/6 ea. P. Sr P. 3/- ea. 

Panneko /Gardners. Potted. 475-60-0-60-475 at 160 mA; 
separate winding 215-0215 at 45mA; 6.3v 6A; 6.8v 
0.75A; 5v 3A. As new. L3 es. 

Gardners/Gresham. Potted 450- 400 -0. 400.450 180 ma; 
0-4-6.3 SA x 2; 0.4.6.3 4A; 0 -4 -5V SA. In original boxes 
14 ea. incl. postage. 
Gardners 2kV IOMA and 4 volts x 2. 14/10/- ea Incl. 
postage. 
Parmeko 65v 1 amp. Separate 0.18 -24v at 0.5 amp. 30 / -ea. 
Gard /Perm /Part. 450. 400.0- 400.450. 180 MA. 2 x 6.8v. 
L3 es. 
ADVANCE Constant Voltage Trans. 3KW LSO. Also 
1.5 KR available L30. 
ADVANCE Constant Voltage Trans. 6 volte 50 watt. 
As new £3 P. & P. 10 /- 
Gardners 5v 30amp. Brand new LI /IO each Incl. postage. 

CHOKES. 5H; 10H; 15H; up to 120mA. e/6 ea. Up 
to 250n1A 12/6 ea. 

Large quantity LT. HT. EHT transformers. Your 
requirements, please. 
Panel switches DPDT ex eq. 2/6 es.; DPST Brand new 
3/6 ea.; DPDT twice. brand new 6/ -; heavy duty DPST 
brand new 6/- es. 
SPECIAL 818 valves. Brand new. boxed L2/10/0. 
PRECISION continually rotarable stud switches. 
Single pole. 80 way, can be stacked If required. L3 ea. 

PRECISION rotary stud switches 2 pole 12W size 2' 
sq.. 1' shaft. 12/10/0 ea. 
Min. SEALED 4 pole S way and 3 pole 4 way rotary 
switches. r shaft f' dia. x r I0 /- ea. 
Must go- American Pressure Gauges. Scaled 0-200/ 
0-2800. PSI /KSC; 270° dial 6. 21/6 ea. P. & P. 5 / -. 
Solartron Storage. Oscilloscope type QD 910. MUST GO. 
Now only 1100 each. 

OFFICIAL ORDERS WELCOMED 
FOR CALLERS. Always a large quantity of components, transformers, chokes, valves, capacitors, odd units, 
etc., at 'Chiltmead' prices. Callers welcome 9 a.m. to 10 p.m, any day. 

CH I LTM EAD LTD. 
22 Sun Street Reading - Berks Tel. No. 65916 

now at 7 -9 -11 ARTHUR ROAD, 300 yds. east (near Tech. College) Tel. No. 582605 
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EL ECTRÖ ALOE 
EVERYTHING BRAND NEW AND TO SPECIFICATION LARGE STOCKS 

BARGAINS IN NEW TRANSISTORS 
ALL POWER TYPES SUPPLIED WITH FREE INSULATING SETS 

2N696 S'6 2N3707 4/- AF127 7/- 
2N697 5 6 2N3708 3/- BAI02 9/- 
2N706 2 9 2N3709 3/- BC107 2/9 
2N1132 9 9 2N3710 3/6 BC108 2/6 
2N1302 4 2N3711 3/11 BC109 2/9 
2N1303 4 - 2N3904 74 BC147 3/6 
2N1304 4 6 2N3906 7/6 BC148 3/3 
2N1305 4 6 2N3731 BC149 3/6 
2N1306 6,9 2N4058 5/3 BC153 10/- 
2NI307 6/9 2N3325 10,!9 BCI54 11/- 
2N1308 8/9 2N3794 3!3 BC157 3/9 
2N I 309 8/9 2N4284 3 BC 158 3/6 
2N 1613 6/- 2N4286 3 3 BC 159 3/9 
2N 171 1 7/- 2N4289 3 3 BC 167 24 
2N22Ì8 9/3 2N4291 3/3 BC 168 2 3 
2N2147 10/9 2N4292 3/3 BC 169 2 6 
2N2369A 5/3 2N4410 4/9 BC177 6/3 
2N2646 10/9 2N5192 25/- BC178 S/8 
2N2924 4/- 2N5195 28/3 BC 179 6/- 
2N2925 4/6 40361 12/6 BD121 18/- 
2N2926R 2/3 40362 16/- BD123 24/3 
2N29260 2/3 AC126 6/6 13F178 10/6 
2N2926Y 2/3 AC127 BFX29 10/9 
2N2926G 2/3 ÁC128 6)- BFX85 8/3 
2N3053 5/6 AC176 II/- BFX88 6/9 
2N3054 14/3 ACY22 3/9 BFYSO 4/6 
2N3055 161- ACY40 4/- BFY51 4/3 
2N3391A 6 3 AD140 19/- BSX20 3/9 
2N3702 36 ÁD149 17/6 MJ480 21/- 
2N3703 3;3 AD1611 MN81 27/- 
2N3704 3/9 AD162 f 16/-comp. pr. 

111491 30/- 
2N3705 3/5 AFIIB 16/6 NKT403 IS/6 
2N3706 3/3 AF124 7/6 NKT40S 15/- 

RESISTORS 
Code Power 

C 
C 
C 
C 
MO 
C 
ww 
ww 
WW 

Tolerance Range 

/20W 5", 
/8W 5" 
/4W 10" 
/2W 5°° 
/2W 2°° 
W 10" 
w 10% ,-,I/20(1 

5"" 
5"" 

3W 
7W 

8211-220K 11 
4J(]-330K 
4 7(1-10M 11 
4711-10M0 
100-IM (1 

4711-I OM 11 
02211-303 0 

120-10K11 
12 0-10K0 

Codes: C - carbon film, high stability, low noise. 
MO metal oxide, Electrosil TRS, ultra low nois 
WW - wire wound, Plessey. 

Values: 
EÌ2 denotes series: I, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 

3-9, 4.7, 5 6, 6-8, 8.2 and their decades. 
E24 denotes series: as EÌ2 plus II, 13, 1.6, 2, 

24, 3, 3.6, 4.3, 5.1, 6.2, 7.5, 9.1 and their 
decades. 

NEW PLESSEY INTEGRATED CIRCUIT 
POWER AMPLIFIER TYPE SL403A. Only 
48;6 nett. Operates with 18V power supply. 
Sensitivity 20mV into 20M Q, 3 watts into 7.511. 
Supplied complete with application Data on orders 
for 2 or more. 

PE NOV. 69 STEREO AMPLIFIER KIT 
less metalwork .. L11-18/- NET complete 

CARBON SKELETON PRE -SETS 
Small high quality, type PR: Linear only: 10011, 
220(1, 47011, !KO, 2K2, 4K7, I0K, 22K, 47K, 
IOOK, 220K, 470K, IM (1, 2M2, 5M, 10M U 
vertical or horizontal mounting .. I/- each 

S-DeCs PUT AN END TO "BIRDS - 
NESTING". Components just plug in. 
Saves valuable time. Use components again and 
again. 
S -DeC .. .. .. Only 30/6 post free 

Compact T -DeC, increased capacity, may be 
temperature -cycled. 
T -DeC .. .. .. only SO /- post free 

e. 

Values I to 9 10 to 99 100 up 
available (see note below). 

E12 18 16 IS 
E24 2.5 2 1.75 
E12 2.5 2 1.75 
E24 3 2.5 2.25 
E24 9 8 7 
E12 6 S 4.5 
E 12 ISd. all quantities 
E12 ISd. all quantities 
E 12 18d. all quantities 

Prices are in pence each for same ohmic 
value and power rating. NOT mixed 
values. (Ignore fractions of one penny on 
total resistor order.) 

PEAK SOUND ENGLEFIELD KITS 
Build it 
I2+12 

or 
25 +25 

Brilliant new styling and available in two forms: 
STEREO 15 WATTS PER CHANNEL 
Supplied in kit form with complete amplifier 
and pre -amplifier modules and power supply 
components. Output per channel into 1512 
-13 watts R.M.S. Price L38.9.0 Nett 
STEREO 25 WATTS PER CHANNEL 
Supplied in kit form with complete amplifier, 
pre -amplifier and regulated power supply 
modules. Output per channel into 1512 
-28 watts R.M.S. Price L58.15.0 Nett 
Specifications on these amplifiers in accordance 
with the Specifications in Guarantee published 
in Peak Sound advertisements. 
Inputs: 
Magnetic, RIAA 3SmV Tape 100mV 
Ceramic 35mV Radio 100mV 
Signal to noise ratios: Better than 60dB all inputs. 
ENGLEFIELD CABINET to house either 
above assemblies (as illustrated) L6.0.0. Nett 
Other Peak Sound Products as advertised. 

ZENER DIODES: Full range of 5 400 mV available in E24 
series. 2.7 V to 30 V .. .. .. .. .. 4 6 each 

MULLARD SUB -MIN ELECTROLYTICS 
C426 RANGE . Price 1'3 each 
Axial leads. Values (µF /V): 0.64/64; 1/40; 
1.6/25; 2-5/16; 2.5/64: 4/10; 4/40; 5/64; 64/6.4; 
64/23; 8/4; 8/40; 10/2'5; 10/16; 10/64; 123/25; 
16/40; 20/16; 20/64; 25/64; 25/25; 32/4; 32/10; 
32/40; 32/64; 40/16; 40/25; 50/64; 50/25; 50/40; 
64/4; 64/10: 80/2.5; 80/16: 80/25; 10016.4; 125/4; 
125/10; 125/16; 160/25; 200/64; 200/10; 250/4; 
320/25; 320/64; 400/4; 500/25. 

LARGE CAPACITORS. ALL NEW STOCK 
High ripple current types: 2000;.F 25V 7/4; 
2000µF 50V 11/4; 5000,F 25V 12!6; 5000µF 
50V 21;11; 1000µF 100V 16/3; 2000µF 100V 28/9; 
50000 70V 36/ -; 50000 100V 58/3; 100012F 
50V 8/2; 25000 64V 1S /S; 2500µF 70V 19/6. 

MEDIUM RANGE ELECTROLYTICS 
Axial leads. Values (µF /V): 50/50 2/ -; 100/25 
21 -; 100'50 2/6; 250/25 2/6; 250/50 3/9; 500/25 
3 9; 1000/10 3/3; 500/50 4/6; 1000/25 41 -; 1000,50 
6 -; 2000'25 6/ -: 330/25 2/6. 

SMALL ELECTROLYTICS 
Axial leads: 5/10, 10,10, 25/10, 50/10 I / -each 
25/25, 47,25, 100 /10, 220/10 .. .. 1/3 each 

COMPONENT DISCOUNTS 
I0 " on orders for components for C5 or more. 
15" on orders for components for £15 or more. 
(No discount on nett items) 

WAVECHANGE SWITCHES 
IP 12W; 2P 6W; 3P 4W; 4P 3W- long 

spindles .. .. 4;9 each 
SLIDER SWITCHES 
Double pole, double throw .. .. 3 each 

POSTAGE AND PACKING 
Free on orders over C2. 
Please add 1/6 if order is under C2. 
Overseas orders welcome: carriage charged at 

cost. 

COLVERN 3 WATT WIRE -WOUND POTENTIO- 
METERS: 10(1, 150, 25(1, 5011, 1000, 15011, 2500, 50011, 
IK11. 1-5K(1, 2.5K11. 5K(Ì, 10KO, 15K11, 25K11. 50K(Ì. 
Price .. .. .. only 5/6 each 

CARBON TRACK POTENTIOMETERS 
Double wiper ensures minimum noise level. Long plastic spindles. 
Single gang linear .. 220(1, 470(1, I K, etc. to 2M2(Ì 2/6 

.. 4K7, 10K, 22K, etc. to 2M20 .. 2/6 

.. 4K7, 10K, 22K. etc. to 2M21Ì .. 8/6 

.. 4K7, I0K, 22K, etc. to 2M20 .. 8/6 
10K, 47K, 1MO only .. .. 8/6 

Dual anti -log .. 10K only .. .. .. .. 8/6 
Any type with 1 amp double pole mains switch .. extra 2/3 
Please Note only decades of 10, 22 and 47 are available with 
range quoted. 

Single gang log. 
Dual gang linear 
Dual gang log. 
Log /Anti -log. 

FETS n- channel 
Low cost general purpose 2N5163, 25 volt .. only S/- each 
Audio'r.f. Texas 2N3819 .. .. .. .. 8/6 each 
Motorola 2N5457 (MPFI03) .. .. .. .. 9/9 each 
Motorola 2N5459 (MPF105) .. .. .. 9/9 each 

30 WATT BAILEY AMPLIFIER COMPONENTS: 
Transistors for one channel C7/5/6 list, with 

104° discount .. only L6 /II /- 
Transistors for two channels C14 /II /- list, 

with I5 " discount only L12 /7 /S 
Capacitors and resistors for one channel, Nov. '68 circuit list E2. 
Printed circuit board free with each transistor set. 
Complete unregulated power supply kit (4 /17/6 mono or 

stereo, subject to discount. 
Complete regulated power supply kit Nov. '68 circuit L9'í/ - 
subject to discount. 
Further details on application. 

MAIN LINE AMPLIFIER KITS AS ADVERTISED. 
PRICES NET AUTHORISED DEALER 

SINCLAIR IC.10 INTEGRATED CIRCUIT AMPLIFIER 
AND PRE -AMPLIFIER 
This remarkable monolithic integrated circuit amplifier and 
pre -amplifier is now available for despatch from stock. It is the 
equivalent of 13 transistor /I8 resistor circuit plus 3 diodes and 
the first of its kind ever. It is d.c. coupled and applicable to 
an unusually wide range of uses all of which are detailed in the 
manual provided with it. 59'6 NETT 
Sinclair products as advertised post free 

ELECTROVALUE DEPT. WW.704, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY, 
Hours: 9 -5.30 daily; 1.0 p.m. Saturdays. Telephone: Egham 5533 (STD 0784 -3) 
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VALVES 
61CBOT 
6K25 14/- 

7/8 

BLBOT 9,- 
61.25 11/- 
68A7 7/- 
69A7HT e/e 
68C7 181- 

C1,31 71- PL83 7/3 68C7OT 6/- 
DAF96 7/9 PL84 6/6 6807 e/- 
DF96 7/6 Pü00 14/9 68J7 7/6 
DK96 7/6 PL504 le/- 68379T 6/6 
DL92 616 PL509 30/- 681(7 7/- 
DL94 616 PX4 14/- 68L70T 6/6 
DM70 e1- PX25 80/- 68N7oT 6/- 
DM71 7/e PY33 12/- 68Q7 719 
DY86 61- PY80 6/6 68Q76T 7/9 
DY87 6/6 PY8l 6/6 6v00 5/6 
DY802 9/9 PY82 6/6 6V60T 6/3 
F.88CC/01 py8g 7/- 6X4 4/9 

EABO éj80 e py800 1e 6X50T 6/6 
EA1142 10/- PY801 9/6 6760 11/- 
EB91 2/- QQVOS-10 163z-304 L2 14/- 
EBCS3 81- 86/- 6Z4 6/- 
EBC41 10/6 QQVO6-40 787 7/- 
EBC61 el6 861- 7C5 141e 
EBF80 7/6 QQVO6-40A 7C6 e/- 
EBF83 8/6 100/- 7117 5/6 
EBF89 6/- 1117 8/- 7Y4 12/- 
ECC81 el- R19 716 9D6 7/6 
ECC82 6/9 8TV280/40 11E2 50/- 
ECC83 616 e0/- 12AT6 4/6 
ECC84 6/- 8TV280/80 12AT7 4/- 
1 0x86 7/6 180/- 12AU7 5/9 F(x88 7/- TT2l 61/- 12AV6 6/6 
1 (x189 9/9 U25 14/6 12AX7 e/- 
EC780 6/6 U26 14/6 12BA6 6/- 
ECF82 616 U27 8/- 12BE6 e/- 
EC783 16/8 U191 14/- 12B117 8/6 
ECF801 U301 11/8 12C8 6/6 

12/6 U801 20I- 12E1 17/- 
ECF802 UABC80 6/e 12K5 10/- 

12/6 UAP42 1016 12K76T 6/9 
ECH35 12/- UBC41 9/6 12KBOT 7/6 
ECH42 18/- UBF80 7/- 12Q70T 5/6 
ECHBI 5/9 1111889 7/- 12807 7/- 
ECH83 8/e UCF8010/- 1487 16/- 
ECH84 7/e UCH42 19AQ5 7/9 
1tCH2O0 12/e 1903 70/- 

121e UCH81 e'e 1906 20/- 
ECL80 9/- UCL82 7/6 19114 86/- 
ECL82 6/6 UCL83121- 20P4 17/6 
F.CL83 10/6 UP41 10i- 251.60T 7/3 
ECL86 8/6 UFeO 7/8 30C15 16/- 
EF36 e/6 UF89 6/9 30C17 le/- 
EF37A 71- Uül 12/- 30C18 15/- 
EF39 el- U1.84 0/e 30F5 16/9 
EF40 10/- UU5 7/- 3071.1 15/- 
E741 12/8 UY41 8/6 30FLI2 18/6 
EF80 61- UY85 5/9 301,L13 9/3 
EF83 9/7 VR105/30 30FL7416/6 
EP86 e/e e/- 30L15 171- EF86 6/8 VR150/:80 30L17 17/- EF89 5/3 e/- 30P12 1e/- EF91 8l- 'L759 56/- 30P19 14/- EF92 7/6 Z800U 29/- 30PL1 18/- EP95 61- 7.801U 25/- 301.1.14 17/- EF183 6/6 Z900T 12/- 35L6aT 9/6 EF184 7/- IIA 216 35W4 5/- EF800 20/- 1115 0/- 35Z40T 91- EF812 16/6 184 61- 42 7/- E11%200 185 4/6 5005 7/- 16/6 1T4 8/- 50CD6080/- EL34 10/6 1 X2A 7/e 50EH5 12/- Eül 11/6 1X28 7/e 76 6/e Eü7 10/e 3A4 4/- 76 6/- Ii1.84 4/9 3116 8/- 

80 

78 IV- 
ELIO/ 

8/- 3Q4 7/6 80 9/- EL 8/- 384 el9 803 e0/- EL90 e/- 3V4 8/- 805 le0/- EL95 7/- 11112541636/- 807 9/- EL500 17/- 5B/250M 813 75/- E129035 171- 86/- 832A 55/- EM31 6/- 5R401( 10/6 866A 151- 25180 7/0 51.140 5/e 954 EMU 7/- 5V40 71e 955 4/e 
E64137 11/- 5740 7/- 956 8/- EY51 el- 5Y30T 6/- 957 6/- Y66 7/- 524 14/- 991 e/- EY81 7/- 6AB7 4/- 1622 17/- EY88 8/0 6AC7 3/- 2051 10/- E241 8/e 6AH6 llle 6933 821e EZ80 5/- 6AK5 5/- 6057 10/- 
0234 10/6 6AL5 8/- 8t64 7Ì KT66 27/6 6AL6W 7/- 6065 18/- KT88 88/- 6A116 8/- 6080 27/6 N78 86/- 6AN8 10/- 6146 WV- 0A2 6/- 6AQ5 6/- 8020 56/- OBI e/- 6AQ5W 9/- 9001 e/- 
PABC80 7/e 6A86 6/- 9002 4/6 
PC97 9/- 6A870 1e/- 9003 10/- 
PC900 9/6 6AT6 4/6 9004 8/6 
POC84 e/e 6AU6 5/- 9006 816 
PCC89 9/6 6AX4 8/- O.E. Tubes 
POCI8911/6 6AXSOT VCR97 22/6 
PCEBOp 18/- VCR51760/- 

16/- 6B7 61g vCR617B 
PC1,80 6/6 6BK7 8/- 96/- 
PCP62 6/II BBAB 41e VCR517C 
PCF84 9/3 62E6 6/- 461- 
PCF86 101- 811060 11/- 5FP7 28/7 
PCF200 6836 81e 881) 180/- 

we 6BQ7A e/9 88J 80/- 
PCF2O1 6BR7 lel- 88L 90/- 

16/6 6BW6 16/- Photo Tubes 
PCF801 9/9 6BW7 13/- CM025 26/- 
pOP802 9/9 604 5/9 931A 68/6 
p0P805 606 4/- 6097C 860/- 

lUe OC1I6 11/- Special Vlys. 
PCF806 6 8/ CV103I100/- 

PCP808/- 6EA8 11/- CV2339 380 
141e 6EU7 7/- JP9/7D 

PCH2O0 
7 6F'33 801- K301 g4 U/- 

Pcl,el 9le 6262 8l- K306 118 
PC1.82 7/6 634WA 14/- K308 818 
POLSI 151- 6.15 7/- K337 in 
POLSI 9/e 6J50T 5/- KRN2A70/- 
PCl.ea 9/3 6J6 5/e wL417A 
P12.1.96 9/- 6J711 81- g,l/92/E801- 
PFL20014/- 6K6GT 8/- 118710/- 
PL88 

1/9 6K70 2/- T514 PLR 
1115 

8 AY IM 
['1R2 8/- GKeO 4/- 725A 210 

P. C. RADIO LTD. 
170 GOLDHAWK RD., W.12 

01 -743 4946 

PLEASE NOTE Unless offered as "as seen ALL EQUIPMENT pelelyover 
electrically. 

rhauledmechan- 

MARCONI TEST EQUIPMENT 
SIGNAL GENERA -OR TF 801 A. 
10-300 Mc s. in 4 bands. Internal at 400 
c/s 1 kc /s. External 50 c/s to 10 kc /s. 
Output 0-100 db belcw 200 mV from 
75 ohms source. LES. DITTO but 
801 /A /I with additional high level 
output. L89. Both P & P. 20/ -, in- 
cluding necessary connectors, plugs, 
and instruction manual. 
TF 899 VALVE VOL-METER, IOmV 
to 2V, 617.10.0. Carriage 30/ , 
VIDEO OSCILLATOR TF 885A & 
885A/I, L55 and £85 -esp. Carr. 30/ -. 
FM DEVIATION METER TYPE 
TF 791B. Frequency range: 4- 250MHz, 
deviation I- 75kHz. 662.10.0 
TF 144 SIGNAL GE elERATOR. To 
clear. In very good "as seen" condition. 
Complete with mains and battery cables, 
etc. LIS. 
IGNITION TESTER TYPE TF 1348 For 
all vehicale electrical mult- finding and 
tuning L60. 

IMPEDANCE BRIDGE TYPE TF 
369 (No. 5). Measures L & C at 80Hz, 
!kHz, 10kHz. Ranges: -L: 1µH -I00H. 
C: I mF -I00µ F. R: 0.lohms- I00mohms. 
AC Bridge volts monitored and vari- 
able. Automatic detector sensitivity 
control. L10S. Carriage 30/ , 

AVO VALVE CHARACTERISTIC 
METER 

complete 
with 

manual, 
L45 

Carriage. 
30/ -. 

AVO SIGNAL GENERATOR CT 
378, 2- 225MHz. 638.10.0 Carriage 18/ -. 

AVO'S METERS 
Model 8 with leads, LIB. 
Model 7X with leads L15.10.0. 
Model 7 with leads, 114. 0.0. 
Model 4TÁ complete with multiplier 
shunts, etc., in special fitted wooden 
cue, 112. 
Model 48A equipped as 47A, 114.10.0. 
Carriage for each of above 7/6. 

PANEL METERS. See oar last month's 
advertisement for list and prices. 

PHASE MONITOR ME -63/U. Manu- 
factured recently by Cont-ol Electronics 
Inc. Measures directly and displays on a 
panel meter the phase angle between 
two applied audio frequency signals 
within the range from 28-20,000 c.p.s. 
to an accuracy of ± 1.0 Input signals 
can be sinusoidal or eon- sinusoidal 
between 2 and 30 v. peak. In excellent 
condition. 175. Carriage 30,/ -. 

29/41FT. AERIALS each consisting of 
ten 3ft., {in. dia. tubular screw -/n 
sections. I Ift. (6- section) whip aerial 
with adaptor to fit the 7in. rod, insu- 
lated base, stay plate and stay assemblies. 
pegs, reamer, hammer, etc. Absolutely 
brand new and complete ready to erect, 
in canvas bag, £31916. P. & P. 10/6. 

SOLARTRON EQUIPMENT 
LAB. AMP AWS ISIA, Frequency: 
15Hz to 350kHz. Metered output, 
'scope viewing, etc. £29.10.0. Carri- 
age 20/.. 
Regulated and stabilised P.S.U. SRS 
ISIA, 20 to 500V positive at 300mA in 
two ranges. Variable and fixed 170V 
negative output, £35. Carriage 20/ -. 
CD 7115.2. Double beam, DC to 
7MHz 'scope, L85. Carriage 30/ -. 
CD 643.2. Single beam Laboratory 
Model, DC to 14MHz price upon 
application. 
QD 910. Storage Oscilloscope, as new. 
Price on request. 

FIELD TELEPHONE TYPE "F ". 
Housed in portable wooden cases. 
Excellent for communication in and out- 
doors for up to 10 miles. Pair including 
batteries, fully tested. L6.10.0, or with 
220 yds field cable in drum £7.10.0. 

4, S and 8 bank 25 way unisalectors, 
24V. guaranteed perfect, £3.15.6; 
£4.10.0; L6.17.6 respectively. 

DAWE STORAGE OSCILLO- 
SCOPE complete wtih trace shifter, 
complete as new, specification and 
price on request. 
FURZEHILL VALVE VOLTMETER 
TYPE 3755/2. IOmV to 100V. To clear 
in as seen" condition. LIL10.0. 
HARNESS "A" & "B" control units. 
junction boxes, headphones, micro- 
phones, etc. 
BOONTON Q METER TYPE 160A. 
Freq. range 50kHz to 75MHz, main capaci- 
tor 30 to 500pF. Vernier capacitor ± 3pF; 
y ange. 0 -250 with 2.5 x multiplier. 
135 plus carriage. 

BOONTON SIGNAL GENERATOR TS 497 B URR, 2- 00MHz. 195. 

TS 418 B U SIGNAL GENERATOR, 400- 1000MHz. 6105. Carr. 30/ -. 

TELEPHONE ENQUIRIES relating to TEST EQUIPMENT should 
be made to 01- 748 8006 Extension 23. 

Tu view TEST EQUIPMENT please phone for appointment 

OFFER 
TUBE 35/- TRANSISTORS, ZENER DIODES 09J T 

OAS 2/6 
oA10 8/- 
0A70 2/- 
0A71 2/- 
0A73 116 
0A74 SU- 
0A79 1/9 
0A81 1/6 
OA91 1/3 
0A200 1/9 
0A202 2/- 
OA210 7/8 
oÁ211 9/8 
OAZa0011/- 
OAZ20110/- 
OAZ202 to 
OAZ206 8/6 
OAZ207 9/6 
OAZ208 to 
oAZ213 616 
0AZ223 to 
OAZ22510/- 
OC16 16/- 
OC22 816 
OC25 7/6 
0026 6/- 
OC'28 8/- 
OC29 16/- 
0035 8/e 

0038 8/6 IN43 4/- 
0C44 4/- 1N70 4/- 
0C45 2le IN702-725 

00CC70 IN746A 
7/3 

0072 4/- sedea 6/8 
0c73 11/- IN821A81/- 
OC75 4/6 IN8'23A 26/- 
0076 61- 1944 8/6 
OCel 4/- IZMTS 7/- 
00810 8/- IZMT10 6/9 
OC81DM 8/- IZT5 13/6 
OC82 5/- IZT10 12/9 
OC82DM 8/- 20385 10 6 
0083 4/6 20403 10/6 
OC83B e/- IN607 88/- 
OC84 6/- 1N4799 11/- 
OC122 10/- 281304 6/- 
0C139 eue 2N1306 6I6 
0C140 8/- 2N1207 e/e 
OC170 5/- 2N2147 17/6 
0c171 6/- 2N2904 7/e 
OC172 7/6 2N3053 e/e 
oc200 e/- 2N305412/6 
00201 7/6 2N305516/- 
00206 10/- 2 N 37:10 26/- 
IN'21 8/6 2N373126/- 
IN2IB 6/- 2N5109 41/- 
1N25 12/- 82303 10/- 

MOO 12/6 
3FR5 6/6 
3N128 17/e 
351139 86/- 
871140 19/e 
314154 19/- 
314159 29/- 
6FR5 7/9 
12FR6014/9 
10D1 8/4 
40594 87/6 
40595 27/6 
40636 89/- 
40668 27/- 
40669 29/- 
ACI26 4/e 
AC127 4/6 
AC128 4/- 
AC170 7/6 
ACYI7 5/- 
ACY28 4/- 
AD149 11/- 
AD101 7/- 
AD162 7/- 
AF117 4/9 
APIIe 10/- 
AF139 10/- 
API78 18/6 
AF180 9/- 

AFYI'. 22 6 
AeY'20 5/6 
A8Y28 5/6 
A8Y67 M/- 
BAWl9 5/6 
BC107 8/6 
BC108 4/- 
BC113 6/- 
BC118 7/e 
BCY10 9/- 
BCY72 7/9 
BF115 6/- 
BF173 6/- 
BFY51 4/6 
BFY52 4/6 
B805 7/6 
B8 9/1 
B82 9/3 
BBY29 6/e 
BU100 86/- 
BYZIS 6/- 
BYZI6 16,- 
CR81 106/- 
CR81/20 9/6 
CR81/30 

10/- 
CR81/35 

11/e 

RANT OTHERS IN STOCK faded* Cathode Ray Tubes and 
Special Volrea. U.K. P A P. up to 10 /- 1/ -; M El 2/ -; over 
El 2/- In E, over E3 post free. C.O.D. 4/- extra. 

Open 9- 12.30, L30 -5.30 p.m. except Thursday 9 -1 p m. 

CR81 /40 
12/6 

CR83 /05 6/- 
CR83 /20 

10,- 
CR83/30 

11/e 
CR825/025 

16/- 
Cß83/10 

12/e 
GET103 4/- 
OET115 9/- 
OET11G 8/- 
OEX66 15/- 
N KT222 4/- 
NKT304 7/- 
Opals 5/8 
813928 6/8 
8D930 6/6 
8094 4/4 
8D968 7/3 
8D9ß8 9/3 
V405A 7/9 
Z Range 
Zener diodes 

8/6 ea. 
Z2A range 

7/6 ea. 
Z3B range 

5/1 ea. 
ZL range 

5/- ea. 
28 range 

7/6 ra. 

AMERICAN LONG- RANGEAND 
SHORT -RANGE ELECTRO- 
THEODOLITE for tracking and 
course correction of missiles and 
rockets made by General Motors and 
Perkin Elmer Corp. The short ronge 
electrotheodolite consisting of the 
pre -amplifier any., a visual optical 
system, a mounting optical system, a 
precision reading system, and optical 
plumb system and a supporting base. 
The monitoring optical system pro - 
lects a beam of light at the mirror, 
monitors the deflected light and con- 
verts it into electrical signals to 
indicate any azimuth error. 
The long range electrotheodolite, con- 
sisting of azimuth alignment, spectro- 
meter, electronic assembly, fluor- 
escent tube assy., porroprism, etc. 
Both instruments are complete, in 
excellent condition and are offered at 
a fraction of the original cost. Price 
On application. 

TFI44H SIGNAL GEN. Freq. range 
10 KHz -72 MHz, R.F. output 2uV to 2V at 
50 ohms 400 and 1000 Hz internal mod. 
Limited qty. only available. Full spec. and 
price on request. 
TF104IC VTVM A.C. voltage range 300 
MV to 300V in 7 ranges. 20 Hz- 1500MHz. 
D.C. voltage ranges 300 MV -1000V in 8 
ranges, D.C. reistance 50 ohms to 500 
Mohms. Price ¿61.10.0. 
BRADLEY PORTABLE ELECTRONIC 
MULTIMETER TYPE CT471B. This 
instrument operates from three IfV cells, 
is fully transistorised and measures A.C. 
and D.C. current, A.C. and D.C. voltage 
and D.C. resistance. Built -in battery check 
and calibration check. Full spec. and price 
on request. 
ARSE SPARES. We hold the 1 stock 
in U.K. Write for list. 
WEE MEGGERS. 250e £11.0.0. 500v 
114.10.0. 

GENERAL RADIO AMPLITUDE 
MODULATION MONITOR TYPE 
1931 A. 045 plus carriage. 
A.F. SWEEP FREQUENCY OSCIL- 
LATOR. Range 12.5 to 25,000Hz, sweep 
rate 0 -7 octaves /min. Variable output. 

somatic or ual frequency control. 
255 plus carriage. 

FOR EXPORT ONLY 
NULLARD N.W.S. T TRANS- 
MITTER RECEIVER. Self contained 
in one floor- standing unit approx. 
1!c x lift. x 2ft. The transmitter is 
crystal controlled with eight switched 
channels, the receiver is continuously 
tuned over the range 1.5 to 13MHz. 
The transmitter delivers up to 2A 
into the aerial. Complete with built -in 
handset. 
COLLINS TYPE 23ID 4KW 
TRANSMITTERS. 10 channel, auto - 
tune and manual tuning. Complete 
with very comprehensive spares. Full 
specification and price on application. 
Complete installations and all 
spares. No. 19 WIRELESS SETS. 
H.P. SETS and all spares R 210 
RECEIVERS with all necessary 
accessories. 

PYE PTC 2002N A.M. Ranger 
Mobile Radio Telephone, brand 
new and complete, L4S. 

INTEGRATED CIRCUITS 
MANY OTHERS IN STOCK 

RCA 
CA 3005 wide band R.F. Amp!. 

300mW din 27/- 
CA 3012 wide band ampl. 150mW 

dies 12/- 
CA 3020 Audio power ampl 30/- 
CA 3036 Audio pre -ampl. 19/- 
STC 
MIC 9301 B Digital dual 4 imput gates 86/- 
MIC 709-1C Linear operational ampl. 190/ - 
MIC 9005D Highspeed flip -flop 54/- 
Plessey A.F. Amps with PRE -AMP. 
2.5W. 22.2.6. 3.5W. L2.12-6. Mono with 
tone controls, /6.2.6. Stereo with tone 
controls, 112.19.6. 

All overseas enquiries & orders please address to: 

COLOMOR (ELECTROONICS) 

170 Goldhawk Rd., London, W.12 
TeI.0I -743 0899 

www.americanradiohistory.com
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NEW HYSTERESIS MOTORS BY WALTER 
JONES. Type 14050/12. 240v 50 cis 1500 RPM cont. 
rating. output 2.0 oz. /in. 4 
Size: Length (less spindle) 
3)'. Width 2)'x24'. 
Spindle 1'x3/16 ". Weight 
3 lb. Maker's price in region 
of (22.10.0. Our price 
L6.10.0. each. 

NEW "CROYDON" 240v. A.C. 
ible motors. Choice of I /50th 

HP, 1,500 RPM, or 1 /100th HP. 
750 RPM (identical in appear- 
ance). Size 31" high x S' long 
plus spindle I }'x}" dia. A 
beautiful motor at leu than 
half maker's original price. 
L6.I0.o each. 

"Parvalux" Reversible 
100 RPM Geared Motor 
Type S.D. 14,230/250v. A.C. 
22 lb./in. Standard foot 
mounted, variable angle 
final drive. Removable 9- 
tooth chain spiggot on 3/16' 
spindle. Ist clus condition. 
L7.10.0 each. P. & P. 10 /- 
Also limited number only u above. But Brand New. 
L12.10.0 each. P. & P. 101 - 
NEW "CARTER ELECTRIC" 
12 r.p.m. MOTOR.- Non -reversible, 
1" spindle. 240v. A.C. Open frame with 
cast aluminium cued gearbox. Stoutly 
constructed. Approx. 25 lbs. /in. Over- 
all size (approx.) 3" 4- plus 
spindle. 45 / -. P. & P. 5/ -. 

English Electric I h.p. Motors. 
240v. single -phase, standard foot 
mounted, 1,425 r.p.m., continuous 
rating. L4.15.O. Carriage 20/ -. 

Isolation Transformera. By Majestic 
Winding Co. I to I ratio. 240v. input, 
240v. centre tapped out, at 2K.V.A., 
mounted in metal case measuring 
81 "x8)'x II- high. Weight 651b. 
L16.10.0. Plus LI.10.0 carriage. 

GENERAL ELECTRIC "TELE- 
TYPE". I I5v. 50 cps. Synchronous 
motor, 3,000 RPM, double ended 
5/16" spindle. These motors are 
precision built to a very high standard, 
silent running, continuous running. 
drawing 70 watt on run. Original cost 
is believed to be in region of L25 each. 
We are offering these Brand New at 
45/- each. 

'HONEYWELL " TYPE 23AC -NE 
15 amp. change -over switch is fitted 

on angled metal mount with spring 
loaded plastic rod operating cam. 
10/- each. 

"HONEYWELL" V3 SERIES. - 
Flush micro-switch IO amp. c /o. The 

side panel is insulated. End -plate size: 

36/- per doz. 

OMRON MICRO SWITCH. Type VV- 15 -IA. 
Single do 10 amp. at 250v. I )" x p"x d'. 30/- per dozen. 

"HONEYWELL" MICROSWITCH. 
-Single and double bank, manual -push. 
Ideal for vending machines, etc. Each 
bank comprises a change -over rated 
15 amps. 240v. A.C. The through -panel 
mounting assembly is in heavy polythene 
surmounted by black knob. Neck dia. I ". 
Single 10/- each. Double IS /- each. 
Also few only 3 bank. 201- each. 

"GOYEN" PRESSURE SWITCH. 
-Incorporating differential adjustment 
between 2' and I2" water gauge (a max. 
of approx. ) ps.i.). A single pole 
change-over switch rated 15 amps. 
250v. is actuated. Air inlet tube ,g 
dia. Projection .14". Overall size: 

dia. 3)", depth Y plus }}' (air tube). 
25/ -. 

"BONNELLA" IS AMP. 240v. TOGGLE 
SWITCHES. -Single pole change-over, }" Long Dolly. 
Standard single hole mounting. 30/- per doz. (minimum 

doz.). 

RECTHOT[C SHIES 

THORN DIGITAL INDICA- 
TOR. A modular unit easily 
read through a wide angle of view 
even under bright lighting. 
12 characters, 0 to 9, decimal 
point and minus sign. Characters 
13/16" high on acrylic, edge -lit by 
I watt midget lamp. Front pahel 

x I)', depth overall l', matt 
black finish. Supplied with 
12 lamps. Choice of the following 
ratings -6v. .IA. or 12 -14v. 
.08A. 14.0.0 each, spare lamps 
24'- per dozen. 

Wireless World, June 1970 

Welwyn high value Resistors Type GA 36501. 
Values between 9.4 and 10.9 kilo-meg ± 1 %, glass 
encapsulated I5 / -. 

"WELWYN" RESISTORS. -Type H12. One value 
only. I kilo-meg 20". 5/- each. (Minimum order 2.) 

SPECIAL OFFER. En- 
closed Relay, complete wich 
base. Brand New. Type 
MQ3O8 6000 24v. 4 do. Size 
I;"xI)'x1 . LS per dozen. 

12/- each. 
Type MQS08 10.000(1 100v. 
4 do. LS per dozen. 12/- each. 
Type MQ108 4051 6v. 4 do. 
L6 per dozen, 13/6 each. 
Type M Q208 150 fl 12v. 4 c /o. 
L6 per dozen. 13/6 each. 

SCHRACK ROTARY STEPPING 
48v. (28 ohm). 48 step in 
bank of 4 (4 pole 12 posi- 
tion). There are 2 second- 
ary switches: (I) one c/o 
H /Duty contact set which 
changes over and back 
with each step; (2) two 
H /Duty changeovers which 
change over on each 12th 
step and return on the 
following pulse. Size: Base 
31" x l ¡" x 41" high. New 
in maker's packing, also, as 

above, but 110v. (1,290 ohm 
coil), L4.15.0 each. 

RELAY RT304 

NEW "F.I.R.E." PLUG -IN 
RELAY. -I I5v. Coil 50/60 c.p.s. 

3 heavy duty silver change -over con- 

tacts. Very robust. 17/6. 

NEW DIAMOND "H" 240v. A.C. 
RELAY. -3 heavy duty silver change- 

over contacts. 17/6. 

SEIMENS HIGH SPEED RELAY, Type 89L. 
1,700 S3 + 1.70052 coil. New I5'- each. 

MINIATURE "LATCH - 
MASTER" RELAY 6, 12, or 24v. 
D.C. operation. One make one 
break, contacts rated 5 amps. at 
30v. Once current is applied. 
relay remains latched until input 
polarity is reversed. Manufac- 
tured for high acceleration re- 
quirements by Sperry Gyroscope Co. Sus. Length 
dia. 9/16' (including mount). Please state vertical or 
horizontal mount and voltage. 12.5.0 each. 

DIAMOND "H" 
SEALED RELAY 
Type. BR 115 C.I.T.- 
I C 26v. 1500 4 P.D.T. 
Completely encapsu- 
lated in heavy gauge 
brass case, glass sealed 
terminals, very robust. 
17,'6 each. 

K.L.G. Sealed Terminals. Type TLSI AA, overall 
length II/16", box of 100, 25s. 
Type TLSI BB, overall length 
l', box of 100, 35s. 

CENTRIFUGAL BLOWER BY AIR CONTROL 
LTD. 240v. AC. 9" dia. 2,850 RPM. 1 /10th HP. Ideal for 
organ blowing, powerful, low noise level. 1st class 
condition. Photo on request. 112.10.0. Carriage LI. 

GARDENERS AUTO -TRANSFORMERS. 110/115/ 
200/250v. 1500 watts. Weight 231b. Few only. 110.10.0. 
P. & P. 

WE WELCOME OFFICIAL ORDERS 
FROM ESTABLISHED COMPANIES, 

EDUCATIONAL DEPTS., ETC. 

BRAND NEW "KLAXON" GEARED MOTORS. 
230/250v. 250 r.p.m. Cont. 451b. /in. Few only. L25.0.0. 
Carriage 11.10.0. 

POWER SUPPLY UNIT. 240v. A.C. To 112 or 125 
D.C. at 3 amps. Ripple at 3 amps less than S00 millivolts. 
Output resistance 55L. Size I5'x91"x7" high. Weight 
4416. L8.I0.0. C. & P. 11.10.0. 

SYLVANIA MAGNETIC SWITCH -a mag- 
netically activated switch operating in a vacuum. 
Switch speed -4ms. temperature -54 to + 
700° C. Silver contacts normally closed rated 
3 amps. at 120v. 1.5 amp. at 240v. 10/- each. 
:80/- per dozen. Special quotations for 100 
or over. Reference Magnets available 1/6 each. 

SYLVANIA CIRCUIT BREAKERS gas filled 
providing a fast thermal response between 80° 
and 180 °C. Will withstand pressures up to 
2,000 lb. sq. /in. rated 10 amp. at 240v. continu- 
ous. Fault currents of 28 amps. at 120v. or 
13 amp. at 240v. silver contacts. Supplied in 
any of the following opening temperatures 
(degs. cent.) 80, 85, 95, 100. 105, 110, 120, 12.5, 

130, 135, 140, 145, ISO, 155, 160, 170, 175, 
180. 10 /- each or 00 /- per dozen. 

ATLAS SUB -MINIATURE LAMPS 
type L1122 and L1123-a high efficient 
light- source with excellent light- output 
and low power demand. Ratings 5v. 
60 ma. .35 ± 25 °° lumens. Life expect- 
ancy 60,000 hours or at 6 v. 70 ma. 
.75± 25°° lumens 5,000 hours. Dimen- 
sions: Uncapped 6.3 x 3.1 mm. leads 12.7 calm. capped 
9.1 x 3.1 mm. Ideal for instrument lighting noromlfy sold 
in excess of 12/- each, our price 30/- per dozen o, vexes, of 
SO at LS per box. 
ATLAS MIDGET PANEL LAMPS un- 
rivalled for indication purposes requiring a 

Ifrilliant but tiny light source. Available with 
flange cap or wire ended in the following 
ratings: Capped: 6v. .IA and 12-14v. .08A. 
Uncapped: 4v. .25A., 6v. .IA., 6v. .2A. 
24/- per dozen or boxes of 50 at L4 per box. 
INDICATOR LAMP HOLDERS AND CAPS for 
MIDGET PANEL LAMPS (as above) available red, green, 
blue. 2;6 each (complete) minimum order 4 units. 

"DECCO" MAINS SOLENOID. - 
Compact and very powerful. 16 Ib. pull. 
}- travel which can be increased to l' by 
removing captive- end -plate. Overall size 
2"x 21' x 21" high. 35/ -. P. & P. 5/ -. 

New "Magnetic Devices" 
solenoid 240v. A.C. Type 42117, 
I to 3 Ib. pull, frame size I;"x 
11' x I". 20/- each. 

"TEDDINGTON" CONTROLS 
THERMOSTAT. -Adjustable 
between 75° and 100'C. A further 
internal adjuster cakes the maximum 
up to 20°C. Circuit cuts in again at 
3° below cut-out setting. 4Y capillary 
and sensor probe. The thermostat 
actuates a IS amp. 250v. c/o switch. 
A second single pole on /off switch is 
incorporated in the adjustment 
mechanism. 17/6. 

New 75 -0 -75 Micro - 
ammeter by Sifam- 750 
ohm movement, clear read- 
ing, Sµa divisions x }'; 
plastic front, projection )' 
(capering forward). Size: 

4!" x 31", 57/6 each. 

Ernest T 5"x 4", 0-I Ma. metes 
calibrated 0-10 in SO divisions mirrored 
scale, handsome chrome escutcheon for 
flush mounting. A quality instrument. 
16.10.0. 

MINIATURE 
B.P.L. 500-0-500 Micro-Ammeter. 
13/16' Diam. scale. Through -Panel 
mounting, 45/ -. 

TRIMPOTS. "Paincon" Types: 2005 -1 -502 5K Cl; 
2005 -I -103 IOK 1]; 200$ -I -S01 SOOK Cl; 2005 -1 -503 
SOKCl; 224P -1 -202 2K13; 2245 -1 -102 IKC3; 2005 -1 -203 
20K 11; 275 -1 -252 2.5K p. "Ril" Type: 321 IOK 13. 
"Morganite" Type: 80 IKCa. "Mec" Type: 025 (tubular) 
20051; T2OP 5013. All types 121- each. 

GARDNERS CHOKES. Type C237: 20H I80MA 
30/- P. & P. 5/-. Type C570: 0.05H 3.5A 35/- P. & P. 5/-. 
Type C549: 0.IH 2.5A 20/- P. & P. 5/-. Type C271: SH 
500MA 37/6 P. & P. 7/6. Type CS76: O.O5H 7.SA S0/- 
P. & P. 10/, Type C527: 0.5H 4A 50/- P. & P. 10/-. 
Type SK7486: 35 MH 3A D.C. 30/- P. & P. 5/, Type 
F9719: 25H 60MA 8/6 P. & P. 3/6. 

" KNOWLE" (U.S.A.) MINIATURE MICRO- 
PHONE CAPSULES. Impedance 20001. Output 
about 100dB at I KC (Type A). As above, but output 
60áB (Types B & C), as used in miniature hearing -aids, 
bugging devices, etc. All tested. 20/- each. 
Also "KNOWLE" M/C SUB -MINIATURE EAR 
TRANSDUCERS. Type 1530. Size 7/16 "x7 /32'x1' 
thick. 15/- each. 

WHERE NO CARRIAGE CHARGE IS 
INDICATED PRICE IS INCLUSIVE. 

PERSONAL CALLERS WELCOME. 

BUSINESS HOURS: 264 PENTONVILLE ROAD, LONDON, N.1 
9.30 -6 (1 p.m.SatS.) (ONE MIN. FROM KINGS X STATION) Tel. 01 -837 7401 
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SERVICE TRADING CO 

8 AMP 

I AMP 

INPUT 230 v. A.C. 50/60 
OUTPUT VARIABLE 0/260 v. A.C. 

BRAND NEW. Keenest prices in the 
country. All types (and spares) from 
} to 50 amp. available 'rom stock. 
0-260 v. at I amp L5 10 

0-260 v. at 2.5 amps L6 IS 
0 -260 v. at 5 amps 
0-260 v. at 8 amps 
0 -260 v. at 10 amps 
0-260 v. at 12 amps 
0 -260 v. at 15 amps 
0 -260 v. at 20 amps 
0-260 v. at 37.5 amps 
0.260 v. at 50 amps 

L9 15 

L14 IO 

[IB 10 

L21 0 

L25 0 

L37 0 

L72 0 

L92 0 

20 Different types available for 
immediate delivery. 

OPEN TYPE (Panel mounting). } amp. £3.10 
I amp £5.10. 23 amp. 16.12.6. P. & P.7/6. 

RING TRANSFORMER 
Functional Versatile Educational 

This multi -purpose Auto Transformer, with 
large centre aperture, can be used as a Double 
wound current Transformer, Auto Transformer, 
H.T. or L.T. Transformer, by simply hand wind- 
ing the required number of turns through the centre opening. 
E.g. Using the RT.100 V.A. Model the output could be wound 
to give 8V. Al 12èAmp., 4V. 4 25Amp. or;2V. It 50Amp., etc. 
Price: RT.100VA 3.18 turns per volt, L2 5 0 +3/6 p. and p. 

RT.300VA 2.27 turns per volt, L4 4 0 +516 p. and p. 
RT. IKVA 1.82 turns per volt. L6 10 0 +616 p. and p. 
RT.2KVA 1.5 turns per volt. L10 10 0 +9/61p. and p. 
RT.3KVA 1.5 turns per volt. L14 0 0 +10 /- p. & P. 

0 
f' 
0 

0 

0 

0 

o 
0 

0 

0 

L.T. TRANSFORMERS 
All primaries 220 -240 volts. 
Type No. Sec. Taps Pr ce Carr. 
I 12 v. at SA LI 17 6 5/6 
2 30, 32, 34, 36 v. at 5 amps. L4 13 6 6/- 
3 30, 40. 50 v. at 5 amps. L6 17 6 6/6 
4 10, 17, 18 v. at 10 amps. L4 19 0 4/6 
5 6. 12 v. at 20 amps. L6 8 6 6/6 
6 17, 18. 20 v. at 20 amps. L7 5 6 6/6 
7 6. 12, 20 v. at 20 amps. L6 17 6 7/6 
8 24 v. at 10 amps L5 4 6 5/6 
9 4, 6. 24, 32 v. at 12 amps. L7 3 0 6/6 

AUTO TRANSFORMERS. Step up, step down. 
110.200- 220 -240 v. Fully shrouded. New. 300 watt 
type L3/I2/6 each, P. & P. 4/6. 500 watt type L5/2/6 each, 
P. & P. 6/6. 1,000 watt_pe £7/2/6 each, P. & P. 7/6. 

SANGAMO WESTON SYNCHRONOUS 
GEARED MOTOR 
New Three Types. I R.P.M. I Rev per 
hour. 12 Rev per hour. All at 17/6 each 
E. 8,p. 2/6. 

MULTI WAY 
PLUGS AND SOCKETS 
10 way plug and socket. (Socket 
chassis mounted.) 
7 way reversed plug and socket. 
Plug chassis mounted. (Illustrated.) 
Price: either type 3/6 pair. 9d. P. &P. 

BURGESS MICRO SWITCH 
Lever operated c/o contacts. 
Price 4/- plus 9d. P. & P. IOin 
maker's carton. 35/- post paid. 

INSULATED TERMINALR 
Available in black, red, white, 
yellow, blue and green. New 
2, - each. 

LIGHT SENSITIVE SWITCHES 
Kit of parts including ORP.I2 Cadmium 
Sulphide Photocell. Relay Transistor and 
Circuit. Now supplied with new Siemens 
High Speed Relay for 6 or 12 volt oper- 
ations. Price 25/ -, plus 2/6 P. & P. 
ORP. 12 and Circuit 12/6 post paid. 

220/240 A.C. MAINS MODEL 
incorporates mains transformer rectifier and special 
relay with 2 X 5 amp. mains c/o contacts. Price inc. 
circuit 47/6, plus 2/6 P. & P. 

ZiZi4T 3URCE AND PHOTO CELL 
MOUNTING 

Precision engineered light source 
with adjustable lens assembly and 
ventilated lamp housing to take 
MBC bulb. Separate photo cell mounting assembly for 
ORP.I2 or similar cell with optic window. Both units 
are single hole fixing. Price per pair L2 /15 /0 plus 3/6 
P. & P. 

MOTORISED SWITCHING UNIT (Ex -W.D.) 
Powerful, precision -made, ex- 
W.D., 12 v. D.C., reversible ., -x s 
motor, drives multiple gear 
train with outputs approx. 
4 r.p.m. and 5 r.p.m. Price 25/- 
P. & P. 4/6. 

Postage and Carnage shown 
below are inland only. For 
Overseas please ask for 
luotanon. We do not 
issue a catalccue or list. 

VEEDER ROOT COUNTER 
230 v. A.C. 50 cycle 5 figure counter 
(non resetable). 18'6, P. & P. 1/6. 

Ex. W.D. MINIATURE 
BLOWER UNIT 

18-24 v. D.C. operation, overall length 
3: in. Blower 2I . 23 in., 20/ -. 
P. & P. 2/6. 

SOLID STATE INTERVAL TIMER 
24 -30v. D.C. operation. Stabilised 
uni- junction Timer and S.C.R. 
(30v. 'Amp.), encapsulated in metal 
core. Timing interval adjustable 
from a fraction of a second to several 
minutes by means of external 
resistor or pot. By adding a 24v. Relay many other 
complex timing Functions are possible. Price: 16/6 incl. 
circuit, p. & p. 2/6. Suitable relay 9;6. P. & P. 1/6. 

A.C. CONTACTOR 
2 make and 2 break (or 2 c /o) 15 amp. 
contacts. 230/240 v. A.C. operation. 
Brand new. 2216 plus 1/- P. & P. 

Ceramic construction, wind- 
ing embedded in Vitreous 

Ename', heavy duty brush assembly designed 
for continuous duty. AVAILABLE FROM 
STOCK IN THE FOLLOWING II VALUES: 
100 WATT I ohm IOa., 5 ohm 4.7a., 10 ohm 3a., 
25 ohm 2a., 50 ohm I.4a., 100 ohm la., 250 ohm 
7a., 500 ohm 45a., Ik ohm 2B0mA., ISk ohm 
230mA., 25k ohm 2a., Sk ohm 140mA., Diameter 
31in. Shift length din. dia.., ¡ ;in., 27,6. P. & P. 1/6. 
SO WATT 1/5/10/25/50/100 /250 /500 /IK /I.5K/2.5K/ 
5K ohm. All at 21/ -, P. & P. 1/6. 
25 WATT I0/25/50/100/250/500/IK/I 5K /2-5K ohm. 
All at 146, P, &P.1 /6. 
Black Silver Skirted knob calibrated in Nos. I -9. I 

in. dia. brass bush. Ideal for above Rheostats, 3/6 each. 

STROBE! STROBE! 3iROBE! 
* THREE EASY TO BUILD KITS USING XENON WHITE 4c * LIGHT FLASH TUBES. SOLID STATE TIMING + * TRIGGERING CIRCUITS. PROVISION FOR EX- 

TERNAL TRIGGERING. 230 -250v. A.C. OPERATION. * The Strobe is one of the most useful and interesting * instruments in the laboratory or workshop. It is * i valuaole for the study of movement and checking * of speeds. Many uses can be found in the psychiatric * and photog -aphic fields, also in the entertainment * business. It is used a great deal in the motor industry 
and is a real tool as well as an interesting scientific 
device. * EXPERIMENTERS "ECONOMY" KIT * Adjustable I to 36 Flash per sec. All electronic com- * ponents including Veroboard S.C.R. Unijunction * Xenon Tt.be +instructions L5.S.0 plus 5l- P. & P. 
NEW INDUSTRIAL KIT 

*Ideally suitaole for schools, laboratories etc. Roller t 
tin printed circuit. New trigger coil, plastic thyristor * Adjustable I -80 f.p.s. Price 9 gram. 7,6 P. & P. 1s * HY -LYGHT STROBE * This strobe has been designed for use in large rooms, * halls and the photographic field, and utilizes a silica ( * tube for longer life expectancy, printed circuit for * easy assembly, also a special trigger coil and output 
capacitor. Speed diustable I -30 f.p.s. Light output 
approx. 4 .pules. Price 110.17.6. P. & P. 716. * 7 -INCH POLISHED REFLECTOR. Ideally suited * for above Strobe Kits. Price 106 and 2,6 P. & P. o 

r 
1. * post pa d with kits. 'K 

* * * * * * * * * * * * * * * * * * * * * * * * * ** 
BODINE TYPE N.C.1 Tok 

GEARED MOTOR 
(Type I) 71 r.p.m. torque 10 lb. in. 
Reversible ) /70thh.p.50 cycle .38amp. 
(Type 2) 28 r.p.m. torque 20 lb. in 
reversible 1180th h.p. 50 cycle .28 amp. 
The above two precision made U.S.A. motors are 
offered in 'as new' condition. Input voltage of motor 
115v A.C. Supplied complete with transformer for 
230/240v A.C. input 
Price, either type L3.3.0 plus 6/6 P. & P. or less trans- 
former (2.2.6 plus 4/6. P. & P. 
These motors are ideal for rotating aerials, drawing 
curtains, display stands, vending machines etc. etc. 

E) 

ÌNSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, scitable for bench or field 
work, constant speed clutch. Size 
L.8 in.. W.4,in. H.6in., weight 61b.. 
S00 VOLTS, 500 megohms L28 
carriage paid. 
1,000 VOLTS, 1,000 megohms, L34 carriage paid. 

MINIATURE UNISELECTOR 
3 banks of I I positions, plus 
homing bank. 40 ohm coil. 
24-36 v. D.C. operation. Carefully 
removed from equipment and 
tested. 22/6, plus 2/6 P. & P. 

UNISELECTOR SWITCHES NEW 
4 BANK 25 WAY FULL WIPER 
25 ohm coil, 24 v. D.C. operation. 
£5.17.6, plus 2/6 P. & P. 

6 BANK 25 WAY FULL 
WIPER 25 ohm coil, 24 v. D.C. 
operation. L6.10.0, plus 2/6 P. & P. 

RELAYS 
NEW SIEMENS PLESSEY, etc. 
MINIATURE RELAYS AT A 
HIGHLY COMPETITIVE PRICE. 

COIL WORKING 
ll D.C. VOLT CONTACTS PRICE 

170 9 -12 4 c/o H.D. 14,6 
170 9 -12 3 c/o + I H.D. c;o 12 :6 
230 6-12 2 c/o 12/6 
280 6-12 2 c/o incl. base 14/6 
700 12 -24 2 c/o incl. base 12,16 
700 16-24 4 c/o incl. base 15/6 
700 16 -24 4M 2B incl. base 12/6 

9000 40-70 2 t/o incl. base 10 /- 
H.D. =Heavy Duty POST PAID 

MINIATURE RELAYS 
9 -12 volt D.C. operation. 2 c/o 500 M.A. contacts. 
Size only lin. X } X }in. Price 11/6 Post paid. 
30-36 v. D.C. operation. 2 c/o 500 M.A. contacts. 
3.200ohhm coil. Size only I X (X {}in.8 /6 post paid. 

SPECIAL OFFER 
Relay 12/24 v. D.C. 2 c/o 3 Amp contacts. 
400 ohm coil. NEW. 9/6 P. & P. 116 or 
4 for 30 /- post paid. 

230 VOLT AC RELAY LONDEX four c/o 3 

amp contacts. 186, incl. base. Post Paid. 

SANWA 
MULTI RANGE 
TESTERS 

NEW MODEL U -SOD MULTI 
TESTER, 20,000 O.P.V. MIRROR 
SCALED WITH OVERLOAD PRO- 
TECTION. Ranges: D.C. volts: IOOmV., 
0.5 v., 5 v., 250 v.. 1,000 v. A.C. volts. 
2.5 v., 10 v., 50 v., 250 v., 1,000 v. D.C. current: 501.A., 
0.5 mA., 5 mA., 50 mA., 250 mA. Size: 5I x 3} x I; in. 
Complete with batteries £7.5.0 
and test prods. Post paid 

PANEL METERS AT BARGAIN PRICES 
A.C. AMMETERS 0 -I, 0-5, 0-10, 0 -15, 0.20 amp. F.R. 
tin. dia. ALL AT 21/- EACH. 
A.C. VOLTMETERS 0.25 v., 0-50 v 0.150 v. M.I 21in. 
Flush round ALL AT 211- EACH. P. & P. extra. 
0-300 v. A.C. Rect. M -Coil 2 1in 29/- 
0.300 v. A.C. Rect. M- CoiI3 }in. Type W23 45/- 

FOOT SWITCH 
Suitable for Motors, Drills, 
Sewing Machines, etc. 5 amp. 
250 volts. Price 17/6 plus 2/6 
P. & P. 

230 v. A.C. SOLENOID. Heavy duty type. Approx 
31b. pull. 17/6 plus 216 P. & P. 12 v. D.C. SOLENOID 
Approx. 11b. pull. 10 /6, P. & P.I /6. 
50 v. D.C. SOLENOID. Approx. 
IIb. pull. 10,6, P. & P. 1/6. 
SO v. D.C. SOLENOID. Approx. 
21b. pull. 12/6, P. & P. 1/6. 

NEW MODEL HIGH FREQUENCY 
TRANSISTORISED MORSE OSCILLATOR 
Adjustable tone control. Fitted with moving coil speaker, 
also earpiece for personal monitoring. Complete with 
morse key. 45/- plus 3/6d. p. & p. 

SEMI -AUTOMATIC "BUG" SUPER SPEED 
MORSE KEY 

7 adjustments, precision tooled, 
speed adjustable 10 w.p.m. to as 

high as desired. Weight 21Ib. L4/12/6 post paid. 

NICKEL CADMIUM BATTERY 
1.2 V. 35 AH. Size 83 high X 3 X I I. 30 /- each, plus 4/- 
P. & P. 
Sintered Cadmium Type 1.2 v. 7AH. Size: height 31 in., 
width 2 tn. X I win. Weight: approx. 13 ozs. Ex- R.A.F. 
Tested 12/6. P. & P. 2/6. 

34R SILICON SOLAR CELL / 
I 

4 x .5 volt unit series con- 
nected, output up to 2 v. 
at 20 mA. in sunlight, 
30 times the efficiency of 
selenium.45 / -. P. & P. I /6d. 

ALL MAIL ORDERS. ALSO CALLERS A7: 

S7 BRIDGMAN ROAD, 
LONDON, W.4. Phone: 995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, W.C.2. 

Tel.: GER 0576 
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MICRO SWITCH 
b amp. changeover contacts. 1/9 each 

19/ -doe. 15 amp model 2/- ea. or 21/ -doz. 

COMPUTER MULTI -CORE CABLE 
12, 14/0076 copper cores, each one Insulated by coloured 
P.V.C. then separately screened, the 12 metal braided cores 
laid together and P.V.C. covered overall making a cable Just 
under 1 In. die. but quite pliable. Price 7/9 per ft. Any 
length cut. 

FLEX BARGAINS 
8onened 8 Co,, Flu. Each core 14/0076 Copper P.V.C. 
insulated and coloured, the 3 cores laid together and metal 
braided overall. Pelee £3.15 Per 100 yds. roll. 
16 Amp 8 Con Jon -kink Flu, 70/7076 Insulated coloured 
core., protected by tough rubber sheath, then black cotton 
braided with white tracer. A normal domestic flex a fitted 
to 3 Kw fires. Regular price 3/6 per yd. 50 yd. coil £4.10. 
or cut to your length 2/6 per yd. 
10 Amp It Con Ion -kink Flax. As above but cores are 
20/0076 Copper. Normal price 2/6 per yd. 110 yd. coil £7.10. 
or cut to your length 1/9 per yard. 
e Amp 2 Con Flex. As above. but 2 core. each 2:1/0176 ae 
used for Vacuum Cleaner., Electric Blankets, etc., 39/6 
100 yd. coil. 
23/0076 triple core P.V.C. covered, circular, normally odd 
at 1/6 yd. Our price 100 yd. coil dí8.19.6. Post and inn. 6/6. 

CONSTRUCTORS' PARCEL 
1. Plessey miniature 2 -gang tuning condenser with builtin 
trimmers and wave gang switch. 2. Ferrite Blab aerial with 
coils to suit the above tuning condenser. 3. Circuit diagram 
giving all component values for 6- transistor circuit towering 
full medium wave and the long wave band around Radio 2. 
The three items for only 7/8 which la half of the price of the 
tuning condenser alone. 

IO AMP 24V BATTERY CHARGER 
Ideal unit for garage, beat station, etc. £22.10.0 each, 
plus carriage at cont. 

BEHIND- THE -EAR DEAF AID 
Made by very famous maker. Thoroughly overhauled, 
cleaned and re- conditioned. Oaranteed 6 months. Regular 
price around £641. Our price £10. 

ISOLATION TRANSFORMERS 200 -250 Mns 
A muet if y ' work on mains equipment. Prevents accident. 
and shocks even In damp condition.. Input and output 
separately screened by connection block. 100 watt £3.10.0 
250 watt £6. 

SLOW MOTION DRIVES 
For coupling to tuning condensere etc. One end fin. shaft, 
the other end fits to a fin. shaft with grub screws. Price 
4/6 each 48/- dozen. 

LARGE PANEL MOUNTING 
MOVING COIL METERS 

Sine 51n. x din. Centre zero 200. 0.2151 micro amp, made by 
Sangamo Weston. Regular price probably t:0. Our price 
69/6. Ditto but 1011.0.110 79/6. 

A.C. AMMETER 
0.5 amps., flush mounting, moving iron. Ex- equipment but 
guaranteed perfect 29/6. 

CIRCUIT BOARDS 
Heavy copper on 3/32 paxolin sheet, ideal for making power 
packs, etc., as sheet is very strong and thick enough to allow 
copper to be cut any with hacksaw blade. Mn. x bin. 1/8 
each. 151n. x bin. t.8 each. 

6KVA AUTO -TRANSFORMER 
In ventilated sheet steel case -tapped 11Ov- l40v -17Ov- 
20r +230v. Ex. equipment but guaranteed perfect. £19.10.0. 
Carriage at cost. 

REED SWITCHES 
Glass encased. switches operated by external magnet -gold 
welded contact.. We can now offer 3 type.: 
Miniature. lin. long x approximately lin. diameter. Will 
make and break up to IA up to 300 volts. Price 2/6 each. 
24/- dozen. 
Standard. 21n long > 3/16in. diameter. This will break 
currents of up to IA, voltages up to 250 volt.. Pelee 2/- each. 
18/- per dozen. 
Flat. Flat type, 21n. long, lust over I/ 161n. thick, approxi- 
mately lia. wide. The Standard Type flattened out, so that 
It can be fitted into a smaller space or a larger quantity may 
be packed Into square solenoid. Rating 1 amp 200 volte. 
Price 6/- each. £3 per dozen. 
Small ceramic magnets to operate these reed switches 
1/9 each. 18/- dozen. 

0.000SmFd TUNING 
CONDENSER 
Proved design, ideal for straight or reflex 
circuits 2/6 each. 24/- doz. 

SUB -MINIATURE MOVING 
COIL MICROPHONE 

u used in behind the gar deaf aide 
Acts also se earphone sae only tin. x din. x lin. Regular 
price probably f3 or more. Our price 194. Note these are 
ex- equipment but if not In perfect working order they will 
be exchanged. 

PP3 BATTERY ELIMINATOR 
Run your small transistor radio loom 
the mains -full wave circuit. Made up 
ready to wire Into your net and 
adjustable high or low current. 
8/6 each. 

CHART RECORDER MOTOR 
Small (21n diameter approx.) instrument motor with fixing 
flange and spindle I lin. long, lin. diameter); Integral gear- 
box gives 1 rev. per 24 hours. 19/6. 

IGNITION (E.H.T.) TRANSFORMER 
Made by Parmeko Ltd. Primary 2411v, 50 c.p... Secondary 
5Kv at 23mA. Size approx. 41in. x 3l1n. x 2lin. thick. 
Price 29/6 and 4/6 p. A p. 

12 -VOLT EXTRACTOR FAN BY DELCO 
Ideal for ventilation in caravan, car or 
boat. 6- bladed Mn. diameter fan Inside 
heavy duty cylinder with 3.point fixing 
flange. 511n. diameter fixing hole. 
Length approx. 81in. Exceptional bar- 
gain. 27/6 plus 5/6 pot and insurance. 

4-PUSH SWITCH 
Ideal to control fan heater. etc. 3 on switches and I off. 
Contacte rated at 15 amp on all switches. Price 4/6 each. 
49/- dozen. 

MAINS TRANSISTOR POWER PACK 
Designed to operate transistor Beta and amplifiers. Adjust- 
able output 6v., 9v., 12 volts for up to 500mA (doe B 
working). Takes the place of any of the following batteries 
PPI. PPS. PP4, PPS, PP7, PP9. and others. Kit comprise.: 
mains tranalormer rectifier, smoothing and load resistor, 
condensers and inetroctloa. r 

oo 
Real snip at only 113/C, 

plus 3/6 portage. 

INTEGRATED CIRCUITS 
A parcel of integrated circuits made by the famous Plessey Company. A once in a lifetime 
offer of Micro electronic devices well below cost of manufacture. The parcel contains 5 ICs all 
new and perfect, fleet grade device definitely not sub- standard or seconds. The ICs are all 
single elliron chip General Purpose Amplifiers. Regular price of which ie well over El each. 
Full circuit details of the ICs are included and in addition you will receive Het of 50 different 
ICs available at bargain prices ft. upwards with circuits and technical data of each. Complete 
parcel only £1 poet paid or List and all technical data. 

DISTRIBUTION PANELS 
Just what you need for work bench or lab. 4 x 13 amp 
sockets In metal box to take standard 13 amp fused 
plugs and on /off switch with neon warning light. Supplied complete with 7 feet of heavy 
cable. Wired up ready to work, 39(8 less plug; 45/- with fitted 13 amp plug; 47/8 with fitted 
15 amp plug. plus 4/6 P. A I. 

HORSTMANN 'TIME i SET' SWITCH 
(A 30 Amp Switch.) Just the thing if you want to come home to warm 
bowie without It coating you fortune. You can delay the .witch -on 
time of your electric firm etc., up to 14 hour. from setting time or you 
can use the switch to give a boonton period of up to 3 houre. Equally 
suitable to control processing. Regular price probably around C5. 
Special snip price 29/6. Poet and ins. 4/6. 

VARIAC CONTROLLERS 
With three you can vary the voltage applied to your circuit from 
zero to full mains without generating undue heat. One obvious 
application therefore is to dim lighting We (lifer a tango of these, 
ex- equipment but little used and in every way as good as new. 
Any not eo, will be exchanged or cash refunded. 2 amp 2,4.19.13. 
6 atop £8.194 ti amp 212.19.8. 10 amp 215.19.6. 

MOTORISED CAM SWITCH 
These have a normal mains 210 -240v motor which drives a ratchet 
mechanism geared to give one ratchet action every f minute approx. 
The cam operates S switches (fi changeover and 2 on /off thus approx. 
600 circuit changes per hour are possible). Contact., rated at 15 amps 
have been set for certain switch combination. but can, no doubt, be 
altered to suit a special Job. Also other switch wafer. or devices can he 
attached to the shaft which extend. approximately one inch. 47/8 - 
Poet and Ins. 4/6. 

A.C. CONDENSERS 
These make good voltage droppers for working low voltage appliances from A.C. mains- -the 
big advantage being there is no heat. Also useful in power factor correction, motor starting 
and in D.C. circuits where reverse voltage is encountered. 
1.5 mfd 440v 8/ 
2 mid 440v 4/ 
:4.4 mfd 440v 6/8 
3.5 mfd 250v 6/8 

5 mfd 570v .. 9/8 
6.25 mid 250v .. 8/6 
x mfd 250v .. 9/8 
S mfd 440v .11/6 

THIS MONTH'S SNIP 

REPAIRABLE RADIOS 
7 transistor Key chain Radio in very pretty cane, 
else 21 x 21 I¡in.- complete with soft leather 
zipped tag. Specification: Circuit: 7 transistor 
superheterodyne. Frequency range: 530 to 1600 
Ke /s. Sensitivity: 5 my /m. Intermediate fre- 
quency : 465 Kr/e, or 455 Ke /s. Power output: 
40mW Antenna: ferrite rod. Loudspeaker: 
Permanent magnet type. These radios are con: 
píete but require attention. Circuit diagram le not 
available. 24/6 plue 2/6 post and insurance. 
Rechargeable hatterien 8/6 pair. Plug-in mains 
charger 12/6. 

12 mfd 250v ....11/8 
15 ntfd 220v .. . 13/6 
20 mfd 275v ....18/8 
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NEED A SPECIAL SWITCH 
Double Leaf Contact 

Very alight pressure closes both 

iv intact,. 1/3 each. 12 /- dos. 

Plastic push rod suitable for operating. 

1/- each, 9/- doz. 

50-WAY CONNECTOR BLOCK 
Heavy duty block, size 241n. x 241n. o 111n. approximately. 
Each of the 50 ways ha. multi cable inlet and outlet 
designed for easy connection. Also. each way has 2 test 
sockets and disconnecting plug. Ideal for inserting am- 
meter or other device without breaking circuit. Offered at 
69/6 each, which Is only a fraction of the regular price. 
postage and insurance 5/6. 

UNDER -FLOOR HEATING CABLE 
200ft. lengths, suitable for dissipating Limo watts at SO 
volts. Join three in eerie. to make 240 -volt mains- operated 
element of 3kW. Price 20 /- per length. 4/6 post on any 
quantity. 

3-CORE LEADS 
Heavy duty 23/:16, avenge length 5ft. 10/- per dozen 
length., plus 4/6 post and ins. 

PAPST MOTORS 
Est. 1/40th h.p. Made for 110 -120 volt 
working, but two of these work ideally 
together off our standard 240 volt 
mains. A really beautiful motor. 
extremely quiet running and reversible. 
30/- each. 

Sea in the dark 
INFRA -RED MONOSCOPE 

This equipment is complete and portable. ltanically u c s:st', of an 
infrared Image converter tube with optical leuaeo for focusing the 
image and a Zambini pile to provide the necessary E.H.T. The 
mo0oseope is housed in a hide case vise 9 s Ii x 41n. approx. 
Made originally for the army for night observations, sniping, etc., 
this equipment hae many scientific and practical applications; a 

limited quantity only le available In original sealed carton. Rice 
29.19.8. 
Noes. Although unused in fact still In original sealed cartons, the 
equipment is approx. 25 years old and consequently the Zambini 
pile may not now be operating. Drying out might help but a better 
idea might be to replace it with battery operated power unit; 
there is plenty of room. 

I WATT AMPLIFIER a PRE -AMP 
5 tnnsiet rs- highly efficient made for use with tape. 
head 114 but equally suitable for microphone or pick up. 
Limited quantity 28'6. Full circuit dlag. aleo shows 
tape controls 6/ -. 

3kW TANGENTIAL HEATER UNIT 

This heater unit is the very latest type, most 
efficient, and quiet running. Is as fitted in Hoover and 
blower heaters coating £15 and more We have few 
only. Compdeee motor, impeller. 2kw. element 
and 1kW. element allowing switching 1, 2 and 3kW. 
and with thermal eafety cut-out. Can be fitted 
Into any metal line ease or cabinet. Only need control 
switch. 79/8. Postage and insurance 6/6. Don't 
roles this. 

RE- CHARGEABLE TORCH 
Neat flat torch, fit. unobtrusively In your pocket, contains 
2 Niced cells and built -In charger. Plugs Into shaver adaptor 
and charges from our standard 200 /240 volt mains. American 
nude, sold originally at over 4 dollars. Our price only 
19/8 each. 

3 STAGE PERMEABILITY TUNER 
This Timer is a precision Instrument made by the famous "Cyldon" Company 
for the equally famous Radlomobile Car Radio. It is a medium wave tuner 
(but set of longwave coils available as an extra if required) with a frequency 
coverage 1.620 Kc/s -522 Kc /e and intended to operate with an 1.F. value of 
470 Kc /s. Extremely compact (Mae only 211n. x 2fn. Y lln. thick) with 
reduction gear for fine tuning. Snip price this month, 12/6 with circuit of 
Sc ont end suitable for car radio or as a general purpose tuner for use with 
Amplifier. Post Free. 

VARYLITE 
Will dim Incandescent lighting up to 600 watt from full brilliance to out. 
Fitted on M.K. flush plate, name else and fixing an standard call switch m 
may be fitted in place of this, or mount on surface. Price complete In heavy 
plastic box with control knob 2319.6. 

Where postage is not stated then orders 
over C3 are post free. Below [3 add 2/9. 
Semi -conductors add I - post. Over CI 
post free. S.A.E. with enquiries please. 

INSTRUMENT KNOBS 
¡m Ita. In :ul w1111 3111. sh:mk for flatted 
¡in. spindle, 9d. each, 8/- dozen. Ditto but 
with metal disc. 1/- each, 111- dozen. 

MIDGET OUTPUT 
TRANSFORMER 

Ratio 140: I. Size approx. lin. x fin. x 
fin.. prinary Impedance 4500. Connec- 
tion by flying lead.. 4/6 each. 48/- doz. 

MIDGET OUTPUT 
TRANSFORMER 

Ratio SIl : I. Size approx. lün. x lin. x 
Prhary impedance 1:12 G. Printed 

circuit board connection. 6/8 each. £8 doz. 

4-GANG AIR- SPACED TUNING 
CONDENSER 

For AM /FM circuits. AM ri section 210) pf, ose Erection 80 pf, 
both with trimmers -FM N section 9.5 pf, o.c section 11.2 
pf- integral .low- motion drive. 9/6 each. 

MAINS CONNECTOR 
A quick way to connect equipment to 
the mains safely and firmly -L., N. 
and E. coded to new colour scheme; 
dieronnretion by pluge prevent. 
accidental switching un; has sockets 
which allow Insertion of meter without 
disconnection; cable inlets firmly 
hold one hair wire on up to four 
7.029 cables. 12/6 each. 

THE S x S WATT STEREO AMPLIFIER 
Made by one of our cost famous makers for a de -luxe 
player. Thin amplifier has a quality of reproduction much 
letter than average. Using total 16 transistors and a 
generously sized mains power pack. Controls include hase, 
treble, balance and volume. Suitable for 11-16 ohms Imped- 

e speaker. with crossovers for tweeter nid -range and 
bass thgs giving option of 1, 2 or 3 speakers per channel. 
Offered at about onethi i of Its original price, only 
29.19.6 plue 6/6 post and insurance. 

THERMOSTAT WITH PROBE 

This has a sensor attached 
to a 15A switch by a 141n. 
length of flexible capillary 
tubing -control range Is 
211deg.F. to 150deg.F. to It 
is suitable to control .11 
heating and liquid heating 
especially when In buckets 
or portable vessels as the 
nerl.or can be raised out and 
lowered into the vessel. This 

t henuoetat could also be used to sound bell or other alarm 
when critical temp. Is reached in stack or heap eublect to 
spontaneous combustion or If liquid is being heated by gas or 
other means not controllable by the switch. Made by the 
famous Teddington Co.. we offer these at 12/6 each. 

GRO -LUX LIGHTING 
Special tubes give light rich in U.V. and other rays necessary 
for plants and fish kept Indoors away from natural sunlight. 
12in. 8 -watt tube 23/6. Control kit comprising choke and 
starter. tube ende and clip., starter holder and diagram 
19/6. Post and Insurance 3/6 on either; or 4/6 on both items. 

DRILL CONTROLLER 
Lier[c,: cally chotgee speed 
from approximately 10 revs. 
to maximum. Full power at all 
speeds by finger -tip control, 
Kit Includes all part., case, 
everything and full Inatruo- 
Clone 19/8. plus 2/6 post and 

Insurance- Made up model also 
available 37/6 plus 2/6 p. & p. 

ELECTRONICS (CROYDON) LTD 
Dept. WW, 266 London Road, Croydon CRO -2TH 

Also 102/3 Tamworth Road. Croydon 
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APPOINTMENTS VACANT 
DISPLAYED SITUATIONS VACANT AND WANTED: L7 per single col. inch. 
LINE advertisements (run -on): 8/- per line (approx. 7 words), minimum two lines. 
Where an advertisement includes a box number (count as 2 words) there is an additional charge of 1 / -. 
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract 
is placed in advance. 
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, c/o 
Wireless World, Dorset House, Stamford Street, London, S.E.1. 
No responsibility accepted for errors. 

Advertisements accepted up to 
1 THURSDAY, is p.m., 4th JUNE 

for the JULY issue, subject to 
space being available. 

CONTINUOUS 

EXPANSION Standard Telephones & Cables, Micro- 
wave and Line Division based at Basildon 
are growing fast. In order to keep pace 
with this consistent growth rate we require 
the following 

Installation Engineers 
Technicians Et Testers 

Ref. 25720 

To test and commission Multiplex, Co -axial 
Line and Microwave Radio Systems. 

Ideal candidates will be less than 45 years 
of age with pactical experience on some of 
the above equipment. These challenging 
posts call for drive, initiative and common 
sense. It is necessary for applicants to be 

prepared to work anywhere in the U.K. 

Applications should be addressed to 
The Personnel Officer, 

STC Chester Hall Lane, 
Basildon, Essex. 

Test Technicians 
Ref. 27221 

The diversity of products manufactured at 

the Basildon 'Iant demands experienced 
testing staff for work on complex trans- 
mission systems. 
Candidates should hold an ONC in elec- 
trical engineeing and be able to offer 
considerable practical experience in the 
field of testing and fault clearing all types 
of land -unit, pcm and microwave equip- 
ment. 

STC 
ELECTRONICS 
TECHNICIANS 

Decimalisation the growing use of computers - the 
business machine explosion is upon us and with it comes a 
wealth of opportunity and big career prospects for trained 
Electronics Technicians. 
This is the chance to develop your skills with Burroughs - 
today's pacesetter in the competitive world of electronics. 
The opportunities are wide open and promotion into 
computer fields and managerial positions is purely dependent 
upon your ability. So, if you're aged between 20 and 25 with 
an electronics background - then let's get to know each 
other. In return, we offer good salaries and many company 
benefits including a generous car purchase assistance scheme. 

Burroughs 

Take a step into today's growth industry and meet the 
challenge that only an international electronics company can 
offer - fill in the coupon and send off for one of our 
application forms. The address is: 
Geoff Lewis, Personnel Manager, Burroughs Machines Ltd., (Z), 
Heathrow House, Cranford, Hounslow. Middx. 

i Name 

IAddress 

1 
OE : 

9 
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SENIOR 
ENGINEERS 
£2,360 -£2780 

Applications are invited for three posts based at the Regional 
Engineers' offices at SOUTHAMPTON (Ref. W.W./1385.) 

BIRMINGHAM (Ref. W.W./1386.) and LEEDS (Ref. 
W.W./1387). These posts are for Senior Engineers attached 

to the Regional Engineers staff. 
The duties associated with these posts include: - 

* Attendance at the commissioning of new Transmitter 
Stations and ancillary installations and accepting responsibility 

(on behalf of the Regional Engineer) for the satisfactory 
introduction of these Stations and installations into 

operational service. 

* Providing technical assistance to Station Engineering 
Staff in the day to day operation and maintenance of 

Station Transmitter equipment. 

* Providing some instruction to Station Staff on the design 
features of new equipment being brought into service. 

* Providing technical and administrative assistance to the 
Regional Engineer. 

In each case a good deal of travelling, sometimes at short 
notice, and mainly within the Region of appointment, will be 

involved. However, at times there is the possibility of 
extended periods away from the Regional Office. 

Candidates should preferably be Graduate Members of a 

recognised Institution with substantial experience in the field 
of VHF and UHF Television Transmitter and Transposer 

installations. The successful candidateswill possess a wide 
understanding of these installations and ancillary equipment, 

together with knowledge of the testing and measuring 
techniques employed. They will be expected to display and 
develop an active interest in automatic, remote control and 
computer techniques as related to Television Broadcasting, 
and to be aware of modern developments in all aspects of 

their work. 
Starting salary will be in the above range according to age 

and experience. 
Candidates interested in the above posts should write for 

an application form, quoting the appropriate reference and 
stating clearly which Region they wish to be considered for. 
Closing date for completed application forms, June 1st, 1970. 

The Personnel Officer, 
INDEPENDENT 
TELEVISION AUTHORITY, 
70, Brompton Road, 
London, S.W.3. 

Tel: 01-584 7011 Extension 482 

Wireless World, June 1970 

Vacancies exist in our AYLESBURY 

and CRAWLEY factories for: 

SERVICE 
ENGINEERS 

OUR PRODUCT: Flight 
Simulators. 

REQUIREMENTS: A complete 
theoretical knowledge coupled 
with at least 2 years' practical 
experience in one or more of 
the following : Digital com- 
puting techniques, hardware, 
software and computer periph- 
erals. We are prepared to 
train suitable applicants who 
have considerable experience 
in transistorised and inte- 
grated circuits. 
A knowledge of analogue 
computing techniques and 
principles of hydraulics sys- 
tems would be advantageous. 
Service Engineers are also 
required for service on Visual 
Flight attachment, which in- 
volves closed circuit colour 
T.V. A thorough knowledge 
of commercial T.V. is essen- 
tial. ONC or City & Guilds 
Electronics. 

TRAVEL: Must be prepared to 
travel anywhere in the U.K. 
and overseas. 

SALARY : Negotiable but we are 
prepared to go as high as 
£1,800 for the right persons. 

APPLICATIONS TO 
Personnel Manager, 

REDIFON AIR TRAINERS 
LIMITED. 

Bicester Road, Aylesbury, 
Bucks., 

Personnel Manager, 
REDIFON FLIGHT 

SIMULATION DIVISION 
LIMITED. 

Gatwick Road, Crawley, 
Sussex. 

520 

ELECTRONIC ENGINEERS 
Service Engineers required for Offices, throughout the United Kingdom, 
of well -known Company manufacturing Electronic Desk Calculating 
Machines. Applicants should possess a sound knowledge of basic 
Electronics with experience in Electronics, Radar, Radio and T.V. or 

similar field. Position is permanent and pensionable. Comprehensive 

training on full pay will be given to successful applicants. Please send 

full details of experience to the Service Manager, Surrflock Comptometer 
Ltd., 102,108 Clerkenwell Road, London, E.C.1. e, 

ANTARCTIC EXPEDITION 
require 

Wireless Operator/Mechanics 
With current morso speed of 20 w.p.m. PMG 
Certificate, teleprinter experience essential. 
Salary from £1.003 according to Qualification 
and experience with all living and messing free. 

For further details apply to 

BRITISH ANTARCTIC SURVEY 
30 Gillingham Street, London, S.W.1 

406 
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APPOINTMENTS 

East African Community 

SECTIONAL 
ENGINEERS GRADE II 

(RADIO/RADAR) 
* Salary £2,239- £2,506 

according to experience. 
* Low Taxation. 
* 25% Gratuity. 
* Contract 21 -27 months. 
* Subsidised accommodation. 
* Education Allowances. 

The Meteorological Department requires officers to 
undertake the installation, operation and mailtenance of radio 
telecommunications and radar equipment. Candidates, up to 
45 years, must possess either O.N.C. or City and Guilds Final 
Certificate in Telecommunications or have equivalent 
experience in the armed services and should have a good 
theoretical and practical knowledge of F.S,K., I.S.B. and S.S.B. 
receivers and transmitters, Mufax and facsimile transmitters 
and recorders. A good working knowledge of radar systems 
is essential. 

Apply to CROWN AGENTS, 'M' Division, 4 Millbank, London, S.W.1., for application form and 
further particulars stating name, age, brief details of qualifications and experience and quoting 
reference M2K/690413/WF. 

conputer 
engineering 

NCR -equires additional ELECTRONIC, ELECTRO 
MECHANICAL ENGINEERS and TECHNICIANS to 
maintail medium to large scale digital computing 
systems in London and provincial towns. 

- Training courses will be arranged for successful 
applicants, 2" years of age and over, who have a 

good to :hnic3l background to ONC/H NC level, City 
and Guilds or radio /radar experience in the Forces. 

Startiig salary will be in the range of £900/£1 .350 
per annum, plus bonus. Shift allowances are payable, 
after tra ping, where applicable. Opportunities also 
exist for Trainees, not less than 19 years of age, with 
a good standard of education, an aptitude towards 
and an iiterest in, mechanics, electronics and 
computars. 

Excel ;ant holiday, pension and sick pay 
arrangements. Please write for Application Form to 
Assistant Personnel Officer 
NCR, 1.000 North Circular Road, 
London, NW2 
quoting publication and month of issue. 

Plan your future with N C R 

requires 

SENIOR 
LABORATORY 
TECHNICIAN 

In the Service Planning Section of its Research Department at Kings - 

wood Warren. Surrey. The work will involve taking field strength 
survey measurements of existing V.4.F. and U.H.F. transmitters. and 
assisting in the planning and testing of sites for new transmitters. 
Candidates must have a good knowledge of electrical theory. preferably 
to ONC or equivalent level, and be familiar with electronics circuitry. 
The successful applicant must be able to show initiative and work with- 
out supervision. He will be expected to undertake field -work and must 
be prepared to work long periods away from base. including week- 
ends. and to travel throughout the United Kingdom. 

The starting salary will be £1.453 oer annum land could be higher 
for exceptionally qualified candidates). and will rise to £1.843 per 
annum. If there are no candidates fulfilling the above requirements. the 
post may be filled initially at a lower grade. 
Please write for an application form to 

The Engineering Recruitment Officer, 
Broadcasting House, 
London W1A 1AA 
quoting reference No. 70.E.2156.W.W. 1969 
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Eastern Electricity 

CHIEF ENGINEER'S DEPARTMENT 
Third Assistant Engineer 

Measurements and Communications Section 
Applications are invited for the above post which offers a good of standard specifications for the supply, installation and 

opportunity for a suitably qualified engineer. Candidates should maintenance of such equipment. 

have an H.N.C. in Electrical Engineering or equivalent qualification The ability to write good reports and to draft standard 

in Light Current Engineering and have had sound experience in procedures is essential. 

the installation, commissioning and maintenance of a wide range The successful candidate will be encouraged to broaden his 

of communications systems and associated equipment, including interests and assist in the Measurement work of the section. 

Automatic Telephony, Supervisory Control, Telemetry, Data Salary range f1,803- f2,283 plus f60 allowance (N.J.B. 

Transmission, Mobile Radio, U.H.F. and S.H.F. Radio Links. Conditions). 

The duties of the post will include assistance in the preparation 

Apply by letter to the Chief Engineer, Eastern Electricity, P.O. Box 40, Wherstead, Ipswich, I P9 2AQ by 1st June, 1970. 

550 

NADGECO 
AN INTERNATIONAL COMPANY 
ENGAGED on WORK for NATO 

SENIOR 
TECHNICAL AUTHORS 
about £2,600 p.a. 

The Nato Air Defence Ground Environment Company was formed by a group of 
the world's leading electronic manufacturers for the Project Management of 
this large complex Air Defence System for N.A.T.O.. embracing numerous sites 
throughout Europe. 
Within our Field Services and Support Division at our central project office in 

Feltham, Middx., our Technical Manuals team are engaged on the provision of 
high quality manuals, giving the necessary technical description, operation and 
maintenance requirement for the "NADGE" system. 
In order to strengthen this team we are now interested in meeting Senior Technical 
Authors of at least HNC (Electronics) standard who have had extensive experience 
in technical publications dealing with radar, computers and display techniques as 
applicable to manual, automatic and semi- automatic systems. 
Commencing salaries in the region of £2,600 reflects that we expect successful 
candidates to be of above average ability and capable of working with the minimum 
of supervision. 
Applications in the form of a brief résumé of qualifications and experience to date 
should be forwarded to:- 
The Deputy Personnel Manager, 
NADGECO Limited. 98 The Centre, FELTHAM, Middx. 

535 

ELECTRONICS 

TECHNICIAN 
Applications are invited for a new 

vacancy in the Research Laboratories of 
Pfizer Limited at Sandwich, Kent for an 
electronics technician to carry our servicing 
and repair work on the nuclear magnetic 
resonance and mass spectrometry equip- 
ment used in chemical analysis. 

The position requires a man with a 

sound theoretical training in an electronic 
trade coupled with considerable practical 
experience in servicing. fault diagnosis and 
repair of complex electronic equipment. 

Previous experience of scientific instru- 
mentation is highly desirable. although 
specific training in the equipment involved 
will be given. 

This appointment is particularly suitable 
to a man holding an O.N.C. who is inter- 
ested in applying his technical skills to an 
increasing range of sophisticated equipment 
in a research environment. 

The work. which is in pleasant rural 
coastal surroundings, in well- equipped 
laboratories offers a competitive salary, 
non -contributory pension and death benefit 
scheme. Removal expenses will be paid. 

Write for further details and application fora, 
to: 

D. W. Sells, 
Personnel Manager. Research Division. 
Pfizer Limited, Sandwich, Kent. 

Pfizer 
SÌIi 
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RADIO ENGINEERS 
CIVIL AVIATION- ZAMBIA 

* Salary £2310 to £2590 
according to experience. 

* Low Taxation. 

* Contract of 36 months. 

* 25 %, Tax -free Gratuity. 

* Educational Allowances. 

* Subsidised Housing 

Duties will involve the maintenance, overhaul and 
installation of ground terminal radio communication 
equipment and navigational aid at Airports and Flight 
Information Centres. 
The equipment includes radar systems, H.F. and 
V.H.F. transmitters and receivers, I.L.S. and D.F. 
systems and tape recorders. Candidates, who should 
be under 55 years of age, should have practical 
experience and a knowledge of theoretical principles 
within this field. 
In addition they should have attained one of the 
following: - 

i) completion of a 5 year apprenticeship, 
ii) a service trade certificate, 

iii) an I.C.A.O. certificate, 
or iv) equivalent. 

Apply to CROWN AGENTS, 'M' Division, 4, Millbank, London, S.W.1., for application 
form and further particulars stating name, age, brief details of qualifications and exper- 
ience and quoting reference No. M2Z/690315 WF. 

There are vacancies within our 

Quality Assurance Department for 

ELECTRONIC 

TESTERS 
Successful applicants will be engaged on the testing and 

trouble shooting of airborne /ground communications/ 

navigational and telegraphy equipments (the majority of these 

systems are solid state). 

All are within the UHF and VHF ranges, they comprise: - 
Frequency Shift Keying Equipments, VOR /ILS and multichannel 

VHF transmitters /receivers, also radio altimeters, notch aerials 

and synthesisers. 

Applicants should have previous experience either in industry 

or the forces. A final C. & G. in Telecommunications or H.N.C. 

Electronics would be advantageous. 

The Company operates a contributory pension scheme with 

allied benefits. There is a sports and social club on the site 

as well as a subsidised canteen. 

Holidays are three weeks per annum with an additional day for 

each year's service up to a maximum of five days. 

These positions carry staff status and overtime is paid. 

Please write or telephone 
P. R. M. Bebb, Personnel Officer, 
Standard Telephones and Cables limited, 
Oakleigh Road, New Southgate, N.11. 

Tel.: 01 -368 1234 (Ext. 2828) 
STC 

Field Trials Eri E S 

The Radar and Equipment Division of the United 
Kingdom Electronics & Industrial Operations, part of the 
E.M.I. Group requires Field Engineers for work in con- 
nection with Aviation Electronics. 

The successful applicants will be based at various 
locations throughout the United Kingdom, but removal 
and travelling costs will be subsidised and living away 
allowance will be given to make the position attractive to 
both married and single applicants. 
Applicants preferably should be qualified to H.N.C. level 
or equivalent and have experience of Radar Field work 
Knowledge of Solid State Electronics would be an 
advantage. 
There are ample opportunities for career development 
within the E.M.I. Group of Companies for suitable 
applicants, plus Contributory Pension Scheme, Free Life 
Assurance and Fringe Benefits. 

These vacancies will probably appeal to ex- service men 
with relevant experience. 

Interviews will be held at Pershore or Hayes. Please write 
or telephone for Application Forms to:- 

EMI 
J. J. SWEETMAN, PERSONNEL OFFICER, 

U.K. ELECTRONICS & INDUSTRIAL OPERATIONS. 

ELECTRIC & MUSICAL INDUSTRIES LIMITED. 
HAYES, MIDDLESEX. 

TELEPHONE: 01 -573 3888. EXT. 523 

N--cedacaREERS 4e 
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RADIOLOGICAL PROTECTION SERVICE 
(Department of Health and Social Security and Medical Research Council) 

Clifton Avenue, Belmont, Sutton, Surrey 

requires 

Junior Technician 
and Technician 

POST I Apprentice Technician required for duties in the Department 
of Electronics to assist in the construction of nucleonic instruments. 
Preference will be given to those candidates with aptitude and 
interest in electronics and mechanical practice. Part -time day 
release for further studies. Five day week. Three weeks' annual 
leave. M.R.C. Conditions of employment. Salary according to ex- 
perience at a point on the scale £467 ( -922) plus London Weighting. 

Applications with the names and addresses of two referees to the 
Administrative Officer at the above address, quoting reference 
70/4/17. 

POST 2 Technician required for duties in the Department of Electronics 
to maintain nucleonic instruments and systems. Previous experience 
of testing and 'fault-finding' on Electronic equipment is essential. 
Two 'A' level G.C.E.s desirable but not essential. Salary according 
to qualifications and experience at a point on the scale £982 ( -1255) 
plus London Weighting. M.R.C. Conditions of employment. 

Applications with the names and addresses of two referees to the 
Administrative Officer at the above address, quoting reference 
70/4/9. 

552 

OPPORTUNITIES IN 

TELECOMMUNICATIONS el 
Men with good telecommunications knowledge are required to be responsible for 
telephone switching, transmission equipment and cables on London Transport. 
The work involves shift duties and consists of maintaining, testing and fault 
finding on the following types of equipment: 

(a) Automatic telephone exchange and associated equipment. 
(b) Radio and television equipment. 
(c) Underground cables and lines. 

A sound knowledge of one of these categories of work is required. The possession 
of City and Guilds Certificates (or equivalent) in telecommunications subjects 49 
and 300 would be an added advantage. 
The rate of pay including a variable incentive bonus averages £28 for a 5 day, 
40 hour week. Additional payments are made for overtime, night work and 
rostered Saturday and Sunday duties. 
These positions offer:- 
FREETRAVELON ANDOFF DUTY, SICK PAVAND PENSION SCHEMES. 
Please apply in writing to: 
Superintendent of Recruitment, Griffith House,280 Old Marylebone Road, 
London, N.W.1. (Ref. A -T -L). 

Wireless World, June 19'11 

RADIO 
OPERATORS 
There will be a number of vacancies in the 

Composite Signals Organisation for experienced 
Radio Operators in 1971 and in subsequent years. 

Specialist training courses lasting approximately 
nine months, according to the trainee's progress, 
are held at intervals. Applications are now invited 
for the course starting in January, 1971. 

During training a salary will be paid on the 
following scale: 

Age 21 £848 per annum 
22 f906 
23 £943 
24 £981 
25 and over £1,023 

Free accommodation will be provided at the 
Training School. 

After successful completion of the course, 
operators will be paid on the Grade 1 scale: 

Age 21 £1,023 per annum 
22 E1,087 
23 E1,150 
24 £1,214 

., 25 (highest 
age point) 0,288 

then by six annual increases to a maximum of 
£1,749 per annum. 

Excellent conditions and good prospects of 
promotion. Opportunities for service abroad. 

Applicants must normally be under 35 years of 
age at start of training course and must have at 
least two years' operating experience. Preference 
given to those who also have GCE or PMG 
qualifications. 

Interviews will be arranged throughout 1970. 

Application forms and further particulars from: 
Recruitment Officer, Government Com- 
munications Headquarters, Oakley, Priors 
Road, CHELTENHAM, Glos., GL52 5AJ 

Telephone No. Cheltenham 21491, Ext. 2270 

Medical Physics Department 
QUEEN ELIZABETH 

HOSPITAL 

Electronics Technician 
To work in a group responsible for the care, 
servicing and development of medical 
electronic equipment in use throughout 
the Hospital. Applicants should possess 
ONC, or equivalent qualification, and at 
least five years' appropriate experience. 
Whitley terms and conditions (Medical 
Physics Technician Grade Ill). Salary 
scale £1,180 -£1,500. Pleasant working 
conditions in new laboratory. Five day 
week. Further information from the Chief 
Physicist. 

Applications, quoting one referee, to 

Administrator, 
QUEEN ELIZABETH 
MEDICAL CENTRE, 
Birmingham, 15 
stating age, qualifications and experience 
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The Government of Zambia 

MAINTENANCE 
ENGINEER 

Required by the Government of 
Zambia, Zambia Broadcasting Services, 
Ministry of Information, Broadcasting 
and Tourism on contract for one tour 
of 36 months in the first instance. Co1n- 
mencing salary Kwacha 3,300 (£Stg. 
1,925) rising to Kwacha 3732 (£Stg. 
2,177), plus an Inducement Allowance 
of £Stg. 804 per year, payable direct to 
the officer's bank in the U.K. Gratuity 
25% of total salary drawn. Both 
Gratuity and Inducement Allowance 
are normally TAX FREE. Free passages. 
Accommodation at moderate rental. 

Education allowances. Liberal leave on 
full salary or terminal payment in lieu. 
Contributory pension scheme available 
in certain circumstances. 

Candidates, between 25 -55, must 
have passed City and Guilds final 
certificate in Telecommunications or 
equivalent and should have had at 
least eight years experience with a 
broadcasting organisation, with par- 
ticular experience in the installation of 
recording equipment and studio con- 
trol equipment. 

The officer will be required to main- 

tain and service audio -visual aid equip- 
ment and instal and operate public 
address /recording /film projection equip- 
ment when and where required. He will 
be required to supervise workshops and 
staff in the absence of the Senior 
Maintenance Engineer. 

Apply to CROWN AGENTS, 'M' 
Division, 4 Mlllbank, London, S.W.1, 
for application form and further 
particulars stating name, age, brief 
details of qualifications and ex- 
perience and quoting reference 
number M2Z 691029 WF. 

THE 
UNIVERSITY OF 

LEEDS 
Applications are inv ted for a post in the following 
Deportment: 

FOOD & LEATHER 

SCIENCE 

SENIOR EXPERIMENTAL 
OFFICER 

Funds have been made available from the Sainsbury 
Centenary Grant for the Advancement of Research 
and Education in Food Science for the appointment 
of an experienced graduate electrical (electronic) 
engineer or similarly qualified person to join a 

research group investigating the chemistry of the 
substances responsibh for the flavour of foods, using 
combined gas chronatography-mass spectrometry. 
His main duty would be to care for the 
sophisticated instruments involved and to develop the 
instrumentation further. He would be available also 
for consultation by other research groups in the 
Department. 

Closing date. 25th Ma. 1970. 

Reference number 40/1 /CI. 

SALARY SCALES: Senior Experimental Officer 
f 1.460 -f 1.940. 

Applications (three copies) stating age, qualifications 
and experience and raming three referees should be 
sent to the Registrar. The University. Leeds LS2 9.1T 

from whom further particulars may be obtained. 

Electronic 
liest Engineers 
Opportunities exist at our Haverhill Plant for 
Electronic Test Engineers who are capable of 
fault finding on VHF /UHF mobile and fixed 
equipment. Applicants should have either; 
C & G Final Certificate in Electronic Radio /TV 
Servicing or Telecommunications Technicians 
Intermediate Certificate. 
The Company is the UK's leading manufacturer 
of radio- telephone equipment and is engaged in 
a major expansion programme designed to 
double present turnover over the next five 
years. Opportunities for promotion are 
therefore excellent. The factory is situated in 
an expanding town and assistance with housing 
through the Local Council is possible, together 
with relocation expenses where appropriate. 
The successful applicants will join our 
permanent staff and will enjoy the benefits of a 
Company which is offering first class financial 
rewards, pension and sick schemes. 
Please apply to: 
Mrs. C. M. Dawe, Personnel Officer, 
Pye Telecommunications Ltd., 
Colne Valley Road, Haverhill, Suffolk 
Telephone: Haverhill 2321 Ext. 26 

4 Pye Tblecommunications Ltd qp 
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Commissioning 
Engineers 
This is a Company that is going places. We are 
already Europe's leading manufacturer and the 
world's largest exporter of VHF /UHF radio- 
telephone equipment. If our growth rate has 
been exceptional, our growth potential is even 
greater. 
In order to meet expanding demands we now 
need a number of additional Commissioning 
Engineers in our Systems Installation 
Department. The position entails the checking 
of major UHF /VHF /Microwave systems in the 
works and their installation and commissioning 
in the field. The work involves travel both 
within the UK and anywhere in the world. 

We are looking for applicants with two or three 
years' experience in the installation, testing 
and fault- finding or servicing of VHF /UHF 
equipment and /or microwave systems. 
Applicants who do not have these qualifications 
or experience may be suitable, but could also 
be considered for positions in Production Test 
with a view to transferring at a later date. 

Starting salaries of up to £1,500 (dependant 
upon age and experience) are offered together 
with good fringe benefits and relocation 
expenses to Cambridge. 

Brief details of experience and qualifications 
should be sent to: R. D. Crabtree, 

Personnel Manager. 

Pye Telecommunications Ltd 
Newmarket Road, Cambridge. 

534 

000000000000000000000 
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Their work will be both on new and existing equip- 
ment for all electro- heating activities in the 
realms of Dielectric Heating and Plastics Welding. 
They will need to have a knowledge of the develop- 
ment of high power vhf radio techniques and its 
application to industrial processes. Degree or 
H.N.C. in mechanical or electrical engineering an 
advantage. Knowledge of the French language 
useful. 
Please reply to The Personnel Manager, Blenheim 
Gardens, London S.W.2. 

ó 

O 
o 
O 
o o 
o 
O 
O 

-1 INTERTHËRM O 
O 
O 
O 000000000000000000000 

í 
combinino tM electro- heating intarasts of Philips and ACEÇ 

tt irctc Orld, june 1`4 

Buckinghamshire Education Committee 

SLOUGH COLLEGE OF TECHNOLOGY 
Principal. W. Bosley, M Sc., Ph. D.. F. Inst.P 

DEPARTMENT OF ENGINEERING 

LECTURER GRADE I in 

ELECTRONIC ENGINEERING 
(EN /2170) 

To teach electronic subjects in Electrical 
Technicians and Radio, TV & Electronic 
Servicing Courses. Applicants should 
possess the H.N.C. or a suitable C. & G. 
Full Technological Certificate and must 
have recent TV development or servicing 
experience. Teaching experience de- 
sirable but not essential. 
Salary on Burnham Technical Scale, viz. 
Lecturer I £1,110- E1,955 plus additions 
for qualifications and training. 
Removal expenses up to E100 may be 
paid in approved cases. 
Further particulars and application forms 
(please quote reference number) can be 
obtained from the 
Vice- Principal, 
Slough College of Technology, 
William Street, Slough, Bucks., 
to whom completed forms should be 
returned within 14 days of the appear- 
ance of the advertisement. 532 

STUDENT 

ELECTRONICS TECHNICIAN 
required to work in well -equipped Electronics Depart- 

ment to assist In the construction of instruments. 

Preference will be given to those candidates with 

aptitude and Interest in electronic and mechanical 

practice. Opportunities for advancement. Salary 

according to age and experience on MRC scale 

ranging from 0557- E1012. Applications to the 

Director, NEUROPSYCHIATRY UNIT, MEDICAL 

RESEARCH COUNCIL LABORATORIES, Woodman - 

sterne Road, Carshalton, Surrey. Quoting ref : 262/2. 

533 

BRISTOL POLYTECHNIC 

DEPARTMENT OF NAVIGATION 
MARINE RADIO & RADAR 

Applications Invited for the following post, duties tu 

commence 1st September, 1970: 

SENIOR TECHNICIAN 
Ref. No. T66/82 

Applicants should be over 21 and hold Intermediate 
City and Guilds In Electronics or Radio Communications, 
or other appropriate qualifications. Duties Include 
servicing and maintenance of electronic and electrical 
equipment as used in Merchant Ships and Civil Aircraft. 
38 -hour, 6 -day week with generous holiday and sick 
pay schemes. Permanent post with superannuation 
under Local Government conditions of service. 

Salary Scale: Senior Technician (Grade T.3) -E965- 
£1,130 
Starting salary dependent upon age, 
qualifications and experience. An 
additional £50 or E30 will be paid to an 
applicant with appropriate National 
Certificate or C. & G. qualifications. 

Further particulars and application forms (to be 
returned within fourteen days of this advertisement) 
from Chief Administrative Officer, Bristol Polytechnic, 
Ashley Down, Bristol BS7 9BU. Please quote post 
reference number in all communications 

540 
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IIII Is of fi v 

E II OADCASTING 
ENGINEERS 

UGANDA 
* Salary £2,010- £2,506 

according to experience 

* Low Taxation. 

* 25% Gratuity. 

* Contract 21 -27 months. 

* Subsidised accommodation. 

* Education Allowances. 

Duties will include the maintenance of broadcasting 
equipment in transmitting stations and studios and 
outside broadcasts and recordings in remote districts. 

Candidates should possess City and Guilds Final 
Certificate in Telecommunications (with Radio) or 
equivalent and have wide practical experience of 
technical broadcasting equipment including high power 
M.F. transmitting and studio control equipment. 

Apply to CROWN AGENTS `M' Division, 4 Millbank, London, S.W.1., for application form 
and further particulars stating name, age, brief details of qualifications and experience and 
quoting reference M2K;690995'wF 

ELECTRONICS OPPORTUNITIES 
AT THE 

CLINICAL RESEARCH CENTRE 
This unique research institute opens in 
Harrow (NW. London) in July. The 
Division of bioengineering has an exciting 
programme of research and development, 
and wishes to recruit: 

1. PERSONAL ASSISTANT to Head 
of Electronic Workshop. Wide know- 
ledge of analogue and digital tech- 
niques. Design ability, but a practical 
approach to construction and measure- 
ment in a research context. Qualifica- 
tions: H.N.C., degree or equivalent 
and appropriate experience. Age 
probably 28 plus. 

2. ELECTRONIC TECHNICIAN. Com- 
prehensive knowledge of electronic 
techniques and circuits; able to assist 
in design, construction and testing of a 
wide range of interesting and unusual 
devices and applications. Qualifica- 
tions similar to above. 

3. ELECTRONIC TECHNICIAN able to 
understand circuits involved n elec- 
tronic measurement and control, 
experience of prototype assembly and 
wiring essential, ability to lay out 
PWBs and to test finished assemblies 
an advantage. 

Perm , pensionable posts with normal MRC 
conditions of service. 
Salaries: post 7 and 2 up to £2,282; post 3 up 
to £7,813 depending on age, qualifications and 
experience. 
Apply giving full details W 

Mr. S. Pocock, M.R.C. Laboratories, 
Holly Hill, Hampstead, N.W.3. 

518 

TECHNICIANS AND 
ENGINEERS FOR ST. ALBANS 

AND LUTON 
QUALIFIED OR NOT! 

VACANCIES exist for work on testing and calibrating valve 
and solid -state electronic measuring equipments embracing 
all frequencies up to u.h.f. in Production, Service and 
Calibration departments. 
APPLICATIONS are invited from people of all ages with 
experience or formal training in electronics and from ex -Armed 
Services technicians. 
HIGHLY COMPETITIVE SALARIES, negotiable and 
backed by valuable fringe benefits. 
RE- LOCATION EXPENSES available in many instances. 
CONDITIONS excellent; free life assurance, pension 
schemes, canteen, social club. 
371 -hour, 5 -day, office -hours week. 
WRITE or phone Personnel Department stating age, details 
of previous employment, training, qualifications, approximate 
salary required, quoting WW3. 

MARCONI INSTRUMENTS LIMITED, 
Longacres, St. Albans, Herts. 
Tel : St. Albans 59292 
Luton Airport, Luton, Beds. 
Tel : Luton 31441. 
A GEC - Marconi Electronics Company 

mi 
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DATA PROCESSING at ELECTRONICS 

Technical Author 
The success of our Software Systems Division in Liverpool has 
meant that we require an additional team member for our tech- 
nical publications unit to work on commercial handbooks, air 
technical publications, technical reports and editorial projects. 
Candidates should have a good electronics background and 
at least three years' experience as an author and an I.T.A.I. or 
I.T.P.P. qualification would be a distinct advantage. 
The environment is highly professional and the ability to take 
the initiative is a prerequisite. Salaries and prospects for 
advancement are excellent. The usual large company fringe 
benefits apply. 
Please telephone 051 236 9881 ext. 209 or apply in writing to: 
W. D. Ha /sail, Manpower Manager (LUC /202/E), Electronics 
Group, The Plessey Company Limited, 39 Cheapside, Liverpool 3. e PLESSEYO 

TEST ENGINEERS 
The leading U.K. Manufacturers of high grade T.V. monitors require test engineers 

for their rapidly expanding test department. 
Situated in the Berkshire town of MAIDENHEAD the company offers pleasant 

working conditions, good salaries, and a friendly environment. 
Duties will cover the testing of monochrome and colour T.V. monitors and other 

ancillary sophisticated television broadcast equipment manufactured by the company. 
Previous experience on television equipment is not essential but would be an 

advantage. 
Candidates must have a thorough knowledge of electronics and testing procedures. 

Reply to Prowest Electronics Ltd., 
Boyn Valley Road, Maidenhead, Berks. 

Telephone : Maidenhead 29612 
558 

IREDIFFUSION 

COLOUR TELEVISION 
FAULTFINDERS & TESTERS 

We have a number of vacancies in our Production Test Departments 
for experienced faultfinders and testers. 

Knowledge of transistor circuitry and experience with Colour Receivers 
together with R.T.E.B. Final Certificate or equivalent qualifications 
required. 
These will be staff appointments with all the expected benefits. 

Applications to: 
Works Manager, 

Rediffusion Vision Service Ltd., 
Fullers Way South, 

Chessington, Surrey (near Ace of Spades). 
Phone: 01 -397 5411 'l3 

Wireless World, June 1970 

BROADCAST 
RELAY ENGINEERS 

are required for the 

ISLAND OF MASIRAH 
(Off the coast of Muscat and Oman) 

Applications for contract employment for a 

one year unaccompanied tour of duty are 
invited from engineers with experience of 
the operation and maintenance of high 
power radio transmitters and who are of 
third year City and Guilds Telecommunica- 
tions Technicians Certificate or equivalent 
standard. 
Salary £4,000 per annum plus a tax free 

allowance of £350 per annum for 
single. or £865 for married un- 
accompanied officers. 

Free furnished accommodation and passages 
are provided. 

Further details and application forms can 
be obtained from : 

The Personnel Officer, 
Diplomatic Wireless Service 
Foreign & Commonwealth Office, 
Hanslope Park, 
Wolverton, BUCKS. 

HOMERTON COLLEGE, CAMBRIDGE 

TECHNICIAN 
required for the C.C.T.V. studio in this College 
of Education. The post involves the operation 
and maintenance of our cameras, monitors 
(including H.F.), three Sony half -inch V.T.Rs, 
and the associated control, audio and lighting 
equipment. Skill in photography and graphics 
and ability to instruct in the operation of 
equipment would be additional qualifications. 
Salary on scale T4 (£1130 -£1345, under review). 
This is a responsible post in a congenial environ- 
ment, with much scope for an enthusiast. 
Please write in the first instance to the 

Secretary, Homerton College, Cambridge. 
553 

AC -Delco require a 

Maintenance 
Electrician 
(Electronics) 
AC -Delco have an interesting job at their 
Dunstable plant for an Electrician with 
experience of industrial electronic 
equipment such as Resistance Welding 
Machines, High Frequency Heating 
equipment and Temperature Control 
instruments. 
Good rate of pay and all the advantages of 
working for a successful and progressive 
company. 

Write or phone the 
Employment Supervisor, 
AC -Delco Division of General Motors Ltd.. 
Dunstable, Beds. Tel: Dunstable 64264 

539 
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SITUATIONS VACANT 
AFULL -TIME technical experienced salesman re- 

quired for retail sales; write giving details of age, 
previous experience. salary required to -The Manager, 
Henry's Radio. Ltd., 303 Edgware Rd.. London. W.2. 

[67 

AIRCRAFT 
RADIO /RADAR MAINTENANCE EN- 

GINEERS and MECHANICS with workshop ex- 
perience in Civil and Military Airborne Communications 
and Radar equipment. 3 weeks' holiday per year, pen- 
sion scheme. Apply: The General Manager, Air Trans- 
port (Charter) (C.I.) Ltd., Willow Road. Colnbrook. 
Bucks. Tel. Colnbrook 2654. [472 

ARE YOU INTERESTED IN HI FI7 If so, and you 
have some experience of selling in the Retail Radio 

Trade, an excellent opportunity awaits you at Teiesonic 
Ltd.. 92 Tottenham Court Road, London. W.I. Tel. 
01 -387 7467/8. [21 

BERKSHIRE 
COLLEGE OF EDUCATION. Television 

Technician for expanding CCTV system and mobile 
units. responsibility for VHF distribution system, ex- 
perienceof helical scan video tape recorders an advantage 
but not essential (training course provided). Salary 
Technician Grade III £965- £1.130. Application forms 
and further particulars from the Bursar, Berkshire Col- 
lege of Education. Woodlands Avenue, Early, Reading, 
Berks, return within 10 days. [562 

CHIEF 
ELECTRONICS TECHNICIAN required to 

supervise Electronics Workshops developing and 
maintaining electronic equipment for use in the teach- 
ing and research laboratories of the Departments of 
Electronics and Physics. Salary: £1,801 -02,034 p.a., 
according to age and experience. Further information 
and application form from the Laboratory Superinten- 
dent, Departments of Physics and Electronics, Chelsea 
College, Manresa Road, London. S.W.J. [551 

ELECTRONICS 
Workshop Senior Technician. Nuclear 

Engineering Laboratory, Queen Mary College (Uni- 
versity of London), Mile End Road. E.1. Work includes 
development, construction and maintenance of instru- 
mentation for reseach. Adaptability, initiative and 
experience in electronic techniques required. Salary at 
present in the range £ 1,029 -1,300 p.a. (but a substantial 
increase is under review), plus London Weighting up to 
£ 125 p.a. and possible £ 30 or £ 50 qualification supple- 
ment. Five -day week. Four weeks annual leave. Pension 
scheme. Excellent working conditions. Letters only to 
Registrar (N /ST) should state full details of experience 
and present work. [517 

REDIFON 
LTD. require fully experienced TELE- 

COMMUNICATIONS TEST ENGINEERS and 
ELECTRONICS INSPECTORS. Good commencing 
salaries. We would particularly welcome enquiries 
from ex- Service personnel or personnel about to leave 
the Services. Please write giving full details to- 
The Personnel Manager, Redifon Ltd., Broomhill Road, 
Wandsworth, S.W.18. [26 

SENIOR 
technician /technician required for the con- 

struction, development and servicing of an interesting 
variety of electronic apparatus in modern chemistry 
teaching and research laboratories. Salary In ranges 
£1,026 -£1,281 p.a. and £743 -£1,047 p.a. according to 
age and experience (but a substantial increase is under 
review) plus London Weighting £125 p.a. and possible 
£30 or £80 qualification allowance. Five -day week. 
Four /five weeks annual leave. Pension scheme. Letters 
only to Registrar (C/T /ST), Queen Mary College, Mlle 
End Road, E.1, stating which post applied for, age, past 
and present experience, any qualifications. [523 

TECHNICIAN, to be responsible for Oxygen Therapy 
and other medical equipment. Suitable for men 

with technical knowledge and know -how, not neces- 
sarily in the medical field. Training available for 
successful applicant. £ 18 5s. for 40 hour week. Apply: 
Personnel Officer, University College Hospital, Gower 
Street, W.C.1. [547 

TV RETAIL BUSINESS of the hignest standing, 
established over 40 years N.W. London. Owner re- 

quires PERSONAL ASSISTANT with servicing experi- 
ence. Good position and prospects for keen rind capable 
man. State age and details of experience. Box W.W. 
537 Wireless World. 

WE HAVE VACANCIES for Four Experienced Test 
Engineers in our Production Test Department. 

Applicants are preferred who have Experience of Fault 
Finding and Testing of Mobile VHF and UHF Mobile 
Equipment. Excellent Opportunities for promotion due 
to Expansion Programme. Please apply to Personnel 
Manager, Pye Telecommunications Ltd.. Cambridge 
Works. Haig Road, Cambridge. Tel. Cambridge 61351, 
Extn. 327. [77 

TECHNICAL 
INSTRUCTORS 

Urgently required for instructing our 
customers' maintenance personnel in the 
operation and maintenance of FLIGHT 
SIMULATORS. We have openings in 

both digital and colour close circuit 
projected television fields. Must be able 
to work to a preprepared syllabus and 
able to prepare notes on courses. 

Applications to: 

Personnel Manager, 
REDIFON AIR TRAINERS LIMITED, 
Bitester Road, 
Aylesbury, Bucks. 
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TELEVISION 
ENGINEER 

for outside servicing in the LONDON area, with 
experience in closed circuit medical, scientific, or allied 
applications, required. A knowledge of 1" Helical 
scan V.T.R.s and colour television would he an added 
advantage. 

Company car provided. 

Salary according to envenenen. 

Any further Information and Interview SIEREX 
LIMITED, 18/18 Clipstone Street, London. 
W1P SAE. Telephone 580 2464. 529 

TV MECHANICS FOR 
NEW ZEALAND 

RADIO and TV MECHANICS -are you dis- 
satisfied with your present working condi- 
tions, high taxation and lack of progress? 
Why not shift to the sunny South Pacific and 
join the friendly team at TISCO, New 
Zealand's largest Service Company I Being 
purely in Television Service, our mechanics 
are important people, not just numbers on a 

time sheet. 
All 30 of our Branch Managers are mechanics. 
You can be with us in 3 months if you write 
now. Requirements: 5 years' experience and 
£20 towards the family's fare, remainder of 
which will be paid. Age limit for persons 
wishing to come to New Zealand is 45. 

Mr. B. I. Wells, Tech. Supervisor, 
TISCO Ltd., 
Private Bag, Royal Oak, Auckland, 
NEW ZEALAND. 351 

ENGINEERS 
Have you considered a career in Technical Author- 
ship? If you have sound experience in electronics and 
ability to write clear concise English we can offer 
positions as Technical Authors. The salary range is 

01500 -L2000 plus with excellent prospects and 
rewards. Box No. W.W.364, Wireless World. 

ARTICLES,FOR SALE 
BRAND 

-NEW ELECTROLYTICS 15/16 volt 0.5, 1, 2. 
5. 8, 10, 20, 30, 40, 60, 100 mfds. 8.5d.. 5% E.12 series 

resistors -Carbon film I watt 10 ohms to 1 Megohm 
1.5d. Wirewound 5 watt 15 ohms to 15,000 ohms l0d., 
postage 1/- per order. The C.R. Supply Co., 127 Ches- 
terfield Road, Sheffield, 138. [526 

BUILD IT in a DEWBOX quality plastics cabinet. 
2 in. X 26 in. X any length. D.E.W. Ltd. (W), 

Ringwood Rd., FERNDOWN. Dorset. S.A.E. for leaflet. 
Write now -Right now. [76 

COIL WINDER. Aso. Douglas No. 6 coil winder, 
complete with motor and gears, etc. Cost £ 150. As 

new. £50 o.n.o. Contact A. C. E. Stuart, Department 
of Chemistry, The University, Southampton. [524 

COLOUR 
TELEVISION COMPONENTS. All specialist 

parts for home constructed colour receivers, includ- 
ing W.W. design (reprints now obtainable from W.W.) 
Catalogue from: Forgestone Components, Kettering- 
ham, Wymondham, Norfolk. [542 
FOR SALE -" Wireless World," 1930 -1948, 25/- dozen. 

WI, 43 Dundonald Road, Colwyn Bay. [527 
HOW to Use Ex -Govt. Lenses and prisms. Booklets. 

Nos. 1 & 2, at 2/6 ea. List Free for S.A.E. H. W. 
ENGLISH, 469 RAYLEIGH RD., HUTTON, BRENT- 
WOOD. ESSEX. [87 

MUSICAL MIRACLES. Send S.A.E. for details of 
Cymbals and Drum Modules, versatile independent 

bass pedal unit for organs, pianos or solo. musical 
novelties, waa -waa kits (49/ -). Also bargain compo- 
nents list reed switches etc. D.E.W. Ltd., 264 Ring- 
wood Road, Ferndown, Dorset. [95 

NEW CATALOGUE No. 18, containing credit vouchers 
value 10 / -, now available. Manufacturers' new and 

surplus electric and mechanical components, price 4/6, 
post free. Arthur Sallls Radio Control Ltd., 28 Gardner 
Street, Brighton. Sussex. [94 

NEW Precision 1MHz crystal oscillators in even - 
7 transistor circuit 6 "X3 "X3 ", £5 each. Details 

and further lists s.a.e. B. M. Sandalh Amber Croft. 
Higham, Derbyshire, DE5 6EH. [660 
D.M.4. power supplies, 3 amp, £ 15 each. Some 4 -15 

volt, some 7 -15 volt, all pre -set at 9 volt. These 
units have never been used and cost over £30 each. 
Telephone, evenings only, PUT 3358 [492 

al 17 APPOINTMENTS 
RADIO MIKE (S.N.S.). as new, £60. C.C.T.V. l' 

Vidicon tube and lens, £16. D. F. Buckby, London 
Apprentice. St. Austell, Cornwall. [544 

UHF, COLOUR and TV SERVICE SPARES. Leading 
British makers' surplus Colour Frame and Line 

time base units Incl. EHT transformer. £5, carriage 
10 / -. Integrated UHF /VHF 6 position push button 
tuner, 4 transistors, knobs, circuit data. Easily adjusted 
for use as 6 position UHF tuner, £41101 -, P/P 4/6. 
UHF 3 transistor tuner Incl. circuit, E2/10/-, P/P 4/6. 
MURPHY 600/700 series complete UHF conversion kits 
incl. tuner. drive assy, 625 IP amplifier, 7 valves. 
accessories. housed in special cabinet plinth assembly, 
£8/10/- or less tuner £2/18/6, P/P 10 /. SOBELL /GEC 
405/625 switchable IF amplifier and output chassis. 
32/6. P/P 4/6. UHF tuners incl valves, slow motion 
drive easy, knobs, aerial panel. £S /10! -, P/P 4/6. UHF 
list available on request. New or manufacturer tested 
VHF tuners, AT7650 Philips 19T0170, Sobel) 1010, KB 
Featherlight 35' -. AT7639 Peto Scott, Decca. Ekcc, 
Ferranti, Cossor 50 / -, Cyldon C 20,' -, AB miniature 
with UHF injection incl. valves 78/6, Ekco 203/33C, 
Ferranti 1001/6 25/ -. New fireball tuners, Ferguson. 
HMV, Marconi type 37/6. Plessey 4 position push button 
tuners with UHF injection, Incl. valves. 58/6. Many 
others available. P/P all tuners 4/6. Large selection 
channel coils. Surplus Pye. Ultra, Murphy, 110° scan 
coils 30/ -, Sobell 110° Frame O/P transformers 17/6, 
P/P 4/6. Perdio "Portorama" LOFT assy incl. DY86, 
suitable for transistorised TV, 40/ -, P/P 4/6. LOPTs, 
Scan Colis, FOPTs available for most popular makes. 
PYE'LABGEAR transistorised booster units BI/B3 or 
UHF, battery operated 75! -, UHF Masthead £6 /5 /C, 
post free. COD despatch available. MANOR SUPPLIES, 
172 WEST END LANE. LONDON. N.W.6 (No.. 28 Bus 
or W. Hampstead Tube Station). MAIL ORDER: 64 
GOLDERS MANOR DRIVE. LONDON, N.W.11. [60 
"WIRELESS WORLD" substantially complete, 1937. vT onwards. some 1935, 1936, "Electronic Engineer- 
ing, 1941 to 1962. four missing, offers, Haydon. Byron 
House, Slines Oak Road, Woldingham, Caterham, Surrey. [543 
YAXLEY SWITCHES. 1 pull 24 way 1" spindle, 5'6 

each p.p. Holly Electronics, 167 Folkestone Road, Dover. [56t 

NOTICE TO DEALERS! 

OFFERS INVITED 
FOR THE 

FOLLOWING ITEMS 
LOT OR PART LOT 

1. Mollard Valve Tester complete with Cards. 
2. 400 Assorted American and British Transistors. 
3. 35 Assorted Diodes. 
4. Omron Relays -Brand New, Type MK 403P, 

MK 3PL, MK 3P. MM 4 and MA 415 50 (31 items). 
5. Klystrons for "6" Band Radar: - 

Sperry J.A.N. 417 A - 4 off 
Varian VA 115 - 2 off 
Sylvania 6.4208 - 4 off 

These are brand new and complete with test 
certificate. 

6. 100 Assorted Radio Valves (New). 
7. Cabinets (Electronic): - 

Datum Type RC 21 U19 - 7 off 
Imhof Type 1230 -- 12 off 
Imhof Type 1076 D - 2 off 
Imhof Type 1078 C - 2 off 

Most of these are in "as new" condition. 
8 Many more items too numerous to list. 

Many items of test equipment usually In stock. 
For appointment to view phone: - 

GOSPORT 86210 
Mr. Parks or Mr. Ward 

522 

ANALOGUE COMPUTER 
Made by SHORT BROTHERS and HARLAND. 
General purpose Merk A. In current use. 
Consisting of 3 off consoles and associated 
equipment including fair representation non 
linear Items. 
BRITISH AIRCRAFT CORPORATION, 
Woybridge, Surrey. 
Tel: Weybrldge 45555 Ext. 246 546 

CHASSIS 
ALUMINIUM WITH GUSSET PL 
18 S.W.G. STANDARD 11' WALLS 

4' x 3' 3!6 8' x 6' 7'1 14' x 3' 710 
6' x 3' 5/0 10' x 7' 6,0 14' x 9' 14/0 
6"x4' 5/3 12-x3- 6/6 16'x6' 11/0 
6' x 6' 5/9 12' x 5' 7/3 16' x 10'16/6 
8' x 3' 6/0 12' x 8' I0 /6 
Discounts on Quantities. P. 6 P. 2/-. Orders over [Vries. 

D. A. COGHLAN 
Electronic Chassis and Panel Makers 

6 Green Walks, Prestwich, Manchester, Lancs. 
Tel.: 061.773 5349. 521 

RADIO & TELEVISION SERVICING 
RADAR THEORY & MAINTENANCE 

This private College provides efficient theoretical and practical training in the 
above subiects. One -year day courses are available for beginnen and shortened 
courses for men who have had previous training. 
Write for details to: The Secretary, London Electronics College, 20 Penywern 
Road, Earls Court, London, S.W.5. Tel.: 01 -373 8721. 84 
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WITWORTH 
TRANSFORMERS LTD. 

Dept. WW., 26 All Saints Road, 
North Kensington, W.II 

Telephone: 01 -229 9071. 9 a.m. till 5 p.m. 

TELEVISION LINE OUTPUT 
TRANSFORMERS 

PRACTICALLY ANY MAKE OR MODEL 
SUPPLIED OR REWOUND 

EKCO, FERRANTI, DYNATRON 
Replacement cases 16/- each, please state model. 

S.A.E. for return of post quotation. 
TERMS: Cash with order or C.O.D., please add 
4s. for postage. 
C.O.D. orders will be charged 6s. 
Transformers fully guaranteed. 516 

PATENT NOTICES 
TRADE MARK No. B.878772 consisting of the letters 

R -F -T and device and registered in respect of "Elec- 
tronic Valves" was assigned on 23 July. 1969, by T.O. 
Supplies (Export) Limited of 2a Westbourne Grove 
Mews. London. W.11. to VEB Funkwerk Erfurt of 47 
Rudolfstrasse. 101 Erfurt, East Germany: WITHOUT 
THE GOODWILL OF THE BUSINESS IN WHICH IT 
WAS THEN IN USE. [515 

OFFICIAL NOTICES 

TRADE MARK No. 676935. consisting of the word 
KOOLOHM and registered In respect of "Electrical 

resistors" was assigned on 17 March. 1970, by Sprague 
Products Company Inc., of 210 Beaver Street, North 
Adams, Massachusetts, U.S.A. to Sprague Electrical 
Company of Marshall Street. North Adams. Massa- 
chusetts, U.S.A., WITHOUT THE GOODWILL OF THE 
BUSINESS IN WHICH IT WAS THEN IN USE. [549 

BUSINESS OPPORTUNITIES 
ALONDON RETAIL TELEVISION and Electrical 

Business of the highest standing requires Executive 
Director. Eventual complete take -over of business en- 
visaged on retirement of present managing director. 
This is an exceptional opportunity to acquire a sound 
profitable business established over 40 years. Principals 
only should write in confidence. stating age and 
details of background and experience, indicating amount 
of capitable available. Box W.W. 538 Wireless World. 

TEST EQUIPMENT - SURPLUS 
AND SECONDHAND 

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. 

[64 

RECEIVERS AND AMPLIFIERS - 
SURPLUS AND SECONDHAND 

HRO RxSs, etc., AR88, CR106, BRT400, 0209, 5640, 
etc., etc., in stock. -R. T. & I. Electronics, Ltd.. 

Ashville Old Hall, Ashville Rd_. London, E.11. Lev. 
498,. [65 

NEW GRAM AND SOUND 
EQUIPMENT 

CONSULT first our 76 -page Illustrated equipment 
catalogue on HI -Fl (6/6). Acvisory service, generous 

terms to members. Membership '7/6 p.a. -Audio Supply 
Association, 18 Blenheim Road, London, W.4. 
01 -995 1661. [27 

GLASGOW. 
-Recorders bought, sold, exchanged; 

cameras, etc., exchanged for recorders or vice - 
versa.- Victor Morris, 343 Argyle St., Glasgow. C.2. 

[n 
SHURE Cartridges, Post Free. M3D £4.19.6. M44,'5 7 

£ 7.10. M44E L 8.17.6. M55E L 9.17.6. M75E 
£16.10. Goldring G800 £7.17.6. Garrard 5P25 Mk. 11 

L 10.17.6. AP.75 £ 16.17.6. Teleton 203E £ 19.15. P. & P. 
7i9. Mayware & Co., 17 Heronsgate, Edgware, Middx. 

[96 

IF quality, durability matter. consult Britain's oldest 
transfer service. Quality records from your suitable 

tapes. (Excellent tax -free fund raisers for schools, 
churches.) Modern studio facilities with Steinway 
Grand. -Sound News, 18 Blenheim Road, London. W.4. 
01 -995 1661. [28 

YOUR 
TAPES TO DISC -06000 Lathe. From 25/ -. 

Studio /Location Unit. S.A.E. Leaflet. Deroy Studios, 
High Bank, Hawk St., Carnforth, Lancs. [70 

VALVES 

VALVE 
cartons by return at keen prices; send 1/- 

for all samples and list. -J. & A. Boxmakers, 75a 
Godwin St.. Bradford, 1. [10 

FOR HIRE 
FOR HIRE CCTV equipment, including cameras. 

monitors. video tape recorders and tape-any period. 
-- Details from Zoom Television, Chesham 6777 [75 

ARTICLES WANTED 
WANTED, all types of communications receivers 

and test equipment.-Details to R. T. & I. 
Electronics, Ltd.. Ashville Old Hall, Ashville Rd., Lon- 
don. E.11. Ley. 4986. [63 

WANTED, televisions, tape recorders, radiograms. 
new valves, transistors. etc. -Stan Willetts, 37 

High St., West Bromwich, Staffs. Tel. Wes. 0186. [72 

Wireless World, June 1970 

VALVES WANTED 
WE buy new valves. transistors and clean new Wm. 

ponents, large or small quantities. all details. 
quotation by return -Walton's Wireless Stores, 56 
Worcester St.. Wolverhampton. [62 

CAPACITY AVAILABLE 
AIRTRONICS LTD., for Coil Winding -large or small 

production runs. Also PC Boards Assemblies. Sup- 
pliers to P.O.. M.O.D. etc. Export enquiries welcomed. 
3a Walerand Road, London, S.E.13. Tel. 01 -852 1706 [61. 

METALWORK, 
all types cabinets, chassis, racks, 

etc., to your own specification, capacity available 
for small milling and capstan work up to lln bar. - 
PHILPOTT'S METALWORKS, Ltd., Chapman St., 
Loughborough. [17 

Experienced Mftr./Working Jewellers 
have spare capacity to diversify with 
Electronics manufacturer. Fine /soft 
soldering- Rhodium Plating of small 
component parts. 

Strictest confidence. Box No. WW392 

SMALL sery icing and repair contracts undertaken. 
Field service any distance. Best possible rates for 

top -quality work. Cambrian Electronics, 96a High St., 
Frlmle Surre . r474 

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 & Guilds. etc., highly informative 120 -page 
Guide- tree. -Chambers College (Dept. 837K), College 
House, 29 -31 Wrights Lane, Kensington, London. W.8. [16 

CITY & GUILDS (Electrical, etc.), on "Satisfaction 
or Refund of Fee" terms. Thousands of passes. 

For details of modern courses in all branches of elec- 
trical engineering, electronics, radio, T.V., automation. 
etc.; send for 132 -page handbook- free. -B.I.E.T. 
(Dept. 152K), Aldermaston Court. Aldermaston, Berks. 

[13 

RADIO officers see the world. Sea -going and shore 
appointments. Trainee vacancies during 1970. 

Grants available. Day and boarding students. Stamp 
for prospectus. Wireless College, Colwyn Bay. [80 

TECHNICAL 
TRAINING IN Radio, TV and Electronics 

through world -famous ICS. For details of proven 
home -study courses write: ICS, Dept. 443, Intertext 
House, London, S.W.8. [24 

TV and radio A.M.I.E.R.E., City & Guilds. R.T.E.B.; 
certs., etc., on satisfaction or refund of fee terms; 

thousands of passes; for full details of exams and home 
training courses (Including practical equipment) In al: 
branches of radio, TV, electronics, etc.. write for 132 - 
page handbook -free; please state subject.- British 
Institute of Engineering Technology (Dept. 150K), 
Aldermaston Court. Aldermaston, Berks. [16 

A NEW HI FI 
pulse 
rate F.M. TUNER M-70 

14 Si TRANSISTORS. 4 Si NO COILS! NO ALIGN - 
DIODES MENT! 
TUNING METER AUDIO O P 300mV 
DISTORTION LESS THAN FREQUENCY RESPONSE 
0.5 25c s -15kc s 
SUITABLE FOR STEREO 3 STAGES OF LIMITING 
SIGNAL NOISE 60db ULTRA HIGH SENSITIVITY 
NOMINAL TUNING POWER REQUIREMENTS 
88 -108Mc s 12V AT 25mA 

11' by 5" printed circuit Isom' for above tuner with fitted tuning gang, together 
ss 1th complete shopping list and assembly details for all components required: 

75/- (approx. cost of remaining wmponenta -í6) 
A HIGH FIDELITY TUNER FOR ABOUT LIO! 

Printed circuit accommodates all oomponenta, you just hlaert each one -it 
tint can read and use a soldering iron-45 mins. 

The shopping list consists of two prepared orders which are sufficient for you 
to obtain all the Irniponents required. 

If you are building 8 HI Fi set up, an excellent tuner is a must; a tuner that will 
impress you as well a. v,wr friends. P. n p.:,'- 

Mail Orders to: DEPT. WW, MULTEL 
30 BAKER STREET - LONDON W.1 

W -113 FOR FURTHER DETAILS 

LEARN HOW COMPUTERS WORK WITH COMPUKIT 

ONLY 7 GNS (P&P 2/6) 
from LIMROSE ELECTRONICS, L smm, Cheshire 

INTEGRATED CIRCUITS 
NEW LOW 

RCA 
39 6 

:fun;, 25 6 
57 6 

ll 186 
12 198 
13 24 - 
14 27 - 
18 19 6 
18A 25- 
19 19- 
20 27 
20A 37 - 
21 34 - 
22 27 6 
2, 28 - 

21 - 
2eA l68 
2hli 24 - 
29 19 6 
29A 38 8 
30 81- 
35 27/- 
36 le/e 
:i9 19 e 
41 25- 
42 25 - 
43 29- 
44 27- 
45 27- 
46 19;8 
47 29/- 
48 461- 

49 86/- 
50 891e 
51 28/- 
52 Be/e 
53 18/- 
54 2U- 
55 69/- 
59 27'- 
64 g5,/- 

PRICES FULLY GUARANTEED 

MOTOROLA 1-9 lu . 25 4- 

14/- MC724P v/e 16/- 
MC788P 19/e 
MC789P 17/4 16/-14/- 
MC790P tn/e 24/4 39/- 
MC792P 17/8 15 /-14/- 
MC799P 17/8 16/- 14/- 
MC1303P 67'6 
MCI304P 79 8 
MC708P 69 8 

MC7490P e9 
MC15520 891e 
MC838P 180/- 
FAIRCHILD 

1.5 6.11 12+ 50+ 
1.900 9 6 8'4 - lu- 
L914 96 84 - 11!- 

L923 13 - 11 6 - 14'- 
L702C 32 6 29 6 326 
L709C 196 18- 16- SU- 
1.7101 30 - 27 6 22 6 32,11 
L711C 83 - 30 - 25 - 36'- 
L718C 5e.'- 50 - 50 - 

TQAD 
8574005 18 /- 
8574015 18/- 
85 74025 18 - 
8574035 18 - 
8574045 193 
8574055 1941 
8574105 18 /- 
8174135 2ß /- 
857420N 18;- 
9574305 181- 
8174405 18 /- 
Data Sheets all 1/- per type except L900' 
914/923 and Plessey 231 

MOLLARD 
TAA241 82.5 

242 86'- 
243 80/- 
263 16/e 
293 19/e 
:iW 86'- 
310 sot- 
320 14/6 
350 76/- 
435 291e 
521 851e 
522 72,'- 
530 99/- 
811 89í- 

TAB101 19/5 
TAD100 89'e 
TADl10 89;5 

SINCLAIR 
n-10 576 

lLEaE2 
8L402A 42/6 
8L403A 49/6 
8L701C 15 6 

8L702C 29 tt 

OEfEBAL 
ELECf6iC 
PA222 67 6 

PA230 26/e 
PA234 21/6 
PA237 88/- 
PA246 67/8 
PA424 49/6 

Post and Packing 116d. per Order. Dala sheet tree II Ordered with ICS. Semi 215. for catalogue 

01-41520 "61 A. MARSHALL & SONS LTD TIlEx 
. 21422 

28 CRICKLEWOOD BROADWAY, LONDON, N.W.2 

CALLERS WELCOME 9 5.30 SATURDAY 9 -5 
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MACLEANS 6' FAN 
230 v AC .3 Amp. 2,800 rpm. 
55/- pp 8/-. 
IMLOCK COLLAPSIBLE ALUMINIUM 
CHASSIS FRAMES 101" x 81" x 6: ". 

20/- PP 3/ -. 
AIR CONTROL INST. BLOWER MOTORS 
Single phase 200 -250v AC 2,800 rpm. 
Outlet size 2 }" x 11". £3 15s. Od. pp 7/6. 
20 -WAY 3 -POLE P.O. TYPE JACK STRIPS 
10 }' x 31". 19/6 pp 3,'6. Ex- equip. 
CLAUDE LYONS VOLTAGE STABILIZER 
Type TS -2 -5440 Input 198 -258v 47 -65 
Output 240 _ 0.25 %v 12 Amp. 2.88KVA 
Ex- equipment. Brand new condition. 
£35 Os. Od. plus £2 carriage. 
ANALEX POWER SUPPLIES 
Size 7" x 19" x 13". 230v AC Input. 
Output 6v 5Amp x 2; 18v 7.5 Amp. DC 
Fully Transistorised 
Marginal adjustment on output 
£35 Os. Od plus £3 carriage. 
ANALEX POWER SUPPLY 
Size 13" x 19'x 51 ". 230 vAC Input. 
36v 14A Output. Stabilized. 
Ex. Equip. Fully Tested. New condition. 
£27 Os. Od. plus £2 10s. carriage. 
VEEDER -ROOT MECHANICAL COUNTERS 
5 digit ; lever operated; resetable. 
3" x 1 }" x 11 ". Ex- equip. 10/6 pp 2/6. 
DORMAN LOADMASTER 
250/440v AC. 5 amp triple pole circuit breaker. 
29/6 plus 5/- pp. 
Brand new with fixing bracket. 
TRANSFORMERS 
Input 230v AC 
Output : 6.3v 8 Amp x 2 ; 6.3v 4 Amp x 3. 
Size 41" x 41' x 6' approx. 
New condition tested. 45/- pp 12/B. 
Input 230v. Output: 6.6v 122 Amp 
Size 61" x 7 }" x 9" including terminals 
Brand new. £15 Os. Od plus £2 carriage. 
ASHGROVE TRANSFORMER 
0 -240v AC In 
228v AC 6.6 Amp Out 
6" x 6 }" x 71 ". 
£8 8s. Od. plus 30/- Carriage. 
TRANSFORMER 
0 -250v AC In 
0 -240v AC 15 Amp Out 
9" x 9" x 7 } ". 
£12 Os. Od. plus 40/- Carriage, 
PARMEKO TRANSFORMER 
0- 115/250 49/60 Hertz 
0 -125v AC 13 Amp Out 
8" x 11" x 9". 2 only. 
£15 Os. Od. pp 60/ -. 
PARTRIDGE TRANSFORMER 
0-115/265 AC In 
240v AC 13 Amp Out 
9 }" x 9" x 12 ". 
£15 Os. Od. plus 50 /- Carriage. 
ADVANCE VOLTSTAT TRANSFORMER 
190 -260v AC In 
240v RMS Out 
300 Watt 
30" x 12" x 12". 
£30 Os. Od. 
GARRARD 2 TRACK TAPE DECKS 
MAG TYPE 
Solenoid operated 230v. 1 / /ips 50v Solenoid 
Ideal for contin. tape players etc. 
£7 10s. Od. each. Brand new in manufacturers 
cartons. pp 22,6d. 
OMRON MIDGET POWER RELAY 
Type MK1 230v AC. New 9 /8d. each pp. 1/6d. 
TELESCOPIC AERIALS CHROMED 
7' closed 28" extended. 6 section 
Ball jointed base 4/6d. each pp. 1/6d. New 
4 MULLARD DM160 INDICATORS 
Size approx. 11 "x 11"x }' in plastic holder; 
green plastic cover ex- equipment. 7/6. pp 1/6. 
CERAMIC STEREO CARTRIDGE 
Output 135 m/v at 1 cm /sec. 
Freq. response 40 -12 000 cps. Load 1 meg. 
Separation better than 15db. 
Tracking weight 5 -6 grams. 30 -, pp 2/6. 
MALLORY ELECTROLYTICS 
25,000, MFD 25v DC 55,000, MFD 15v DC 
40.000, 10v DC 27,000, 15v DC 
20,000, 30v DC 59,000, 75v DC 
37,500, 15v DC 32,000, 25v DC 
All at 10/- each. pp 2/6. Screw terminals. 
POWER SUPPLIES 
AC INPUT 200 -250v; 
20v 4.5 Amp; 10v 3 Amp; 10v 300 MAmp. DC 
£15 O. O. pp. 30/ -. 
Toggle Switches, single pole, double throw. 
Ex- equip. New condition. 10 "- doz., pp 2/6. 

FIELD ELECTRIC LTD. 
3 SHENLEY ROAD, BOREHAMWOOD, HERTS. 
Adjacent Elstree Mainline Station. Callers welcomed 

Telephone Elstree 6009 

IFAINS eMynectnr 
A REVOLUTIONARY NEW PRODUCT 

cuts out plugs 
fr 

J 
It's the Newest, Safest and 
Quickest way to connect 
Electrical Equipment 
to the mains 
No plugs -no sockets -no risk 

of bare wires To connect anything 

electrical. from an oscilloscope to 

an electric drill simply open the fuse housing, depress the 

keys. insert the wires and close the housing A neon light 

on the font of the Keynector glows to indicate proper 

connection. Multi parallel connections can be made up 

to 13 amps Keys are colour coded and lettered LEN for 

quick identification. Price 46:6 plus 

5 p A p. 

issued by 

E.B. INSTRUMENTS 
DIVISION Of ELECTRONIC BROKERS l¡U 
49 53 Pancras Road. London. N W 1 

Telephone 01 837 7781 

WW -119 FOR FURTHER DETAILS 

RCR Electronic 
Components 

RCA Semi conductors 
from stock 
Catit Price List by return 
Hams -free QSLcards Et 

'Ham Tips' with every order. 

H/T7n 

9 

or/5055 N 

dé e diate 

/Nn This month's offer: 

5 -W 27MHZ Citizens Band Mobile 
Transmitter Set comprising: - 
Transistors 
40080 101- each 2N591(2) 6/- each 
40081 13/3 each 2N2869/2N301(2) 15/9 each 
40082 37/6 each 1N2326 5/6 each 

(Send for Application Note No. SMA.20) 

2 -Metre A -M Solid State 
Transmitter Set comprising : - -- 

Transistors 
40080 
40519(2) 
40290(2) 
1N3193)2) 

10/- each 40231)2) 
131- each 40311)2) 
231- each 40312)2) 

3/3 each 

(Send for 'Ham Tips' leaflet) 

4/9 each 
6/9 each 
9/6 each 

A wide range of semiconductors 
always in stock. Make sure of your 
copy of 'Ham Tips' and QSL card, 
both free with order, by placing 
your order with us NOW. 

Send for catalogue to: 

R EQUIPMENT AND E 
COMPONENTS LTD. 

Croft Hones, Bancroft, Hitchin, Harts 
Telephone' Hitchin 5055112/3 and 52202 

WW -120 FOR FURTHER DETAILS 

EXCLUSIVE OFFERS 
LATEST TYPE HIGHEST QUALITY 

CABINETS 
FOR STANDARD I9" RACK PANELS 

TOTALLY ENCLOSED 
TYPE A: 84' high 

e 

TYPE B: 78' high 
au' deep is 24' 

wide. 
DOUBLE SIDED. 
These cabinet. will 
take rack panel. 
both aides, that is 
hack and front and 
are drilled and 
tapped all the way 
down every f' for 
this purpose. They 
are fitted with 
"Instantlt" patent 

1, rack 
adjustable 

rock toount which 
are vertically and 

I 

horizontally adjust- 
able-these II 

the p 1e to be 
recessed when they 

:- -- are fitted with pro- 

- 
\\ and com.i 

and it is mprne to 
enclose them by 
doors. 

*Other feature it clmb -all comers and edges rounded. 
Interior fittings troplcahaed. Removable built in cable 
ducts. Removnb e built in blower ducts. Ventilated and 
Insect proofed tope. Detachable aide panels. Full length 
laatantly detachable doors fitted expanding bolts U 

ordered with cabinets. Made in U.S.A. -cost the American 
Government £107 before devaluation. Finished to grey 
primer and in new condition. 

PRICE £26.10.0 each (Carriage extra{ 
Full length door £5 each extra 

Doors are not needed U panels are mounted back and front 
and they are not required to be enclosed. 
TYPE C: 80' high x 27' deep x 2'2' wide. American 
Standard First Grade totally enclosed ventilated 19' rack 
panel mounting cabinets, made by Dekane, U.S.A. 
Open front fitted rack mounts drilled and tapped all the 
way down every f'. Full length rear door with latch. 
Finiehe,l In grey these cabinet. have been used but are in 
goal condition but if decoration Is of Importance It Is 
recommended they are re- sprayed before use. 

PRICE £15.0.0 each (Carriage extra) 
TYPE D: 7e' high s 18" deep x 2'2' wide. These are 
slightly smaller and finished In black otherwiee they are 
similar In construction and condition to Type C above. 
Made by R.C.A. of U.S.A. 

PRICE £12.10.0 each (Carnage extol 
TYPE E: 68' high x 10- deep x 2.2' wide, totally enclosed 
ventilated rack mounting ,'s)onets made by Motorola, 
US.A. These unite have front and rear doors and rack 
mounts internally recessed within the cabinet. The rack 
mounts are idealised 19' wide. The actual front panel 
height is 4' 10', the remaining 9' being fitted with remov- 
able glared panel. 

PRICE £9.10.0 each (Carriage extra{ 
TRANSPORT: Webav ruunle.pecialeonnmlcaltnnspnrt 

urrnngeniente 
for these ,jbnola to ensure they arrive 

ndamaged and to avoid ,vperi,iee renting. 
FREE 

40 -page (Est of over 1,000 different items ln stock 

available -keep one by you. 

*Servomex A.C.7 Automatic Voltage Regu- 
lator, 30 amps, 250v.. 50 c /s. 

*R.C.A. 5- Element Yen Arrays 420 aws 
*ANIOMD -1 Rawl') Receivers 
*3M Secretary Photo Copies 
*Xerox 1385 Photo Copier. 
*Memovos 8i" Plastic Spool Cases 
*E.M.1. U.S.A.) 1- Finest Quality Computer 

tapes suitable video work. 2400 ft. spooled 
and in transparent outer plastic cue 

*10 loot long 6" sides Triangular Lattice Steel 
Mast Sections with mating lugs for joining 
up to 200 feel. New condition £7 

*Collins R -390 Communications Receives 
0.5,30.0 m;ea 

*Hoffman CV -157 ISB /SSB Converters 
*Mackay 128 AY L.F. Receivers 15'800 Ke. 
*E.M.I. Tape Recorders BTR-1 
*Weston 2 { -D.B. Meters 101 +8 
*Seddon RA -10 ISB Adaptors 
*TT -4 Lightweight Teleprinters 
*TT -63 Telegraph Repeaters 
*Candlestick microphones with push to talk 

switch .. .. £2 
*Lattice lightweight steel triangular Aerial 

Masts 12 to le inch sides up to 200 lt. high According 
to heigh 

£75 
£3 

£125 1 
£15 

£175 
15 

£4 0 

£ÉÓÓ 
£22 1 

£1É2 

£40 
£45 
£35 

WANTED;' VIDEO TAPE 
Good price paid 

*I.C. Testers with plug boards £95 0 
*54 inch. dia. Meteorolomcal Balloons £1 10 *1' New Magnetic Recording Tape made by 

E.M.I. USAI 3600 ft on N.A.B. Spools £5 10 *1' Used ditto' Snatch" Brand 4300 It £4 0 

MONTH'S BARGAIN. POWER SUPPLY, reek mtg. 
s{ in., inp. 230v. A.C. 12e. D.C.; outp. 130v. 25 in a 
D.C.. inc. FREE Twin amplifier, spares. manual, in 
wood transit tool box 20in. Sin. Pin.; all unused, 
usually g8 bargain cart. pd. U.K., 50 -. 

*8 Track Data High Speed Tape Readers £40 
*Mason Illuminated Drawing Tables SO' . 36' £17 1 
*Stelma Telegraph Distortion Monitors £25 
*Teletype Model 14 Tape Punches £29 1 
*TS -497 CAR Signal Generator. 2/400 m /cs £85 
*Sarah Trans /Receivers and Aerials 
*Frei. Airport "Weather Man" Masts £25 
*Uniselector. 10 bank 25 way full wipe es. 

new £1 1 
*Precision Mains Filter Units new Et 1 *Avo Geiger Counters new £7 1 

Carriage extra at cost on all above. 
All goods are es- Government stores. 

We have a large quantity of ,.bits and pieces" 
we cannot list -please send us your requirements 
we can probably help -all enquiries answered. 

P. HARRIS 
ORGANFORD - DORSET 

BH166ER 
WESTBOURNE 65051 

www.americanradiohistory.com

www.americanradiohistory.com


a120 

SURPLUS HANDBOOKS 
19 set Clrcult and Notes .. .. .. 7/- pip 9d 
1155 set Circuit and Note. .. .. .. .. 7/- pip 9d. 
H. B.O. Technical Inetrncuon. .. .. .. 6/- PIP 9d. 
88 .et Technical Itotructions .. .. .. 61- PIp 9d 
40 .et LVorkhng In.lructlon. .. .. .. 8I- PIP 9d. 
88 set Technkal Instruction. .. .. .. 7/6 PIP 9d 
BC.221 Clrcult and Note. .. - 6/- PIp 9d. 
Wavemeter Cia.. D Tech. Inst. .. .. 8/- PIP 9d. 
18 set Circuit and Note. .. .. 6/- pl p 9d 
11C. 1000 (31 .et) Clrcult and Notera .. 6/- PIP 9d 
CIL.100 /11.28 Clrcult .rad Notes .. . 10/6 pip 94. 
16.107 Circuit .od Note. .. .. .. 7/8 p/ p 94. 
AIl.88D Instruction Manual .. .. 18/6 pIP 104. 
02 .et Circuit and Notes 7/- pip 9d 
Clreuit Diagram 5/8 each po.t free. 11.1116 /A, 11.1291/A, 11.1355. 
R.P. 24. 25 a01 20, A.1184. T.1154, CR.900, DC.312. BC.342, 
IIC.348J, BC.348 (E.M.P.), IIC.1124, 72 .et. 
52 est Bender and Receiver circulta 8/- post free. 

Colour Code Indicator 216. Wp 84. 
B.A.E. with all enquiries Please. 
Postage rates apply to U.K. only. 

Mea order m1 1r, tri: 
INSTRUCTIONAL HANDBOOK SUPPLIES 
Dept. W.W. Talbot House, 28 Talbot Gardens, LEEDS 8 

VACUUM 
OVENS, PUMPS, PLANT, GAUGES, FURNACES, 
ETC., GENERAL SCIENTIFIC EQUIPMENT 
EX- STOCK, RECORDERS, PYROMETERS, OVENS, 

R. F. HEATERS. FREE CATALOGUE. 

V. N. BARRETT & CO. LTD. 
I MAYO ROAD, CROYDON, 

CRO 2QP. 01- 684 9917 -8-9 

AMERICAN 
TEST AND COMMUNICATIONS EQUIPMENT 

* GENERAL CATALOGUE AN /104 1/6 * 
Manuals offered for most U.S. equipments 

SUTTON ELECTRONICS 
Salthouse, Nr. Holt. Norfolk. Clay 289 

GLASS FIBRE OPTIC 
FLEXIBLE LIGHT PIPE, now available in any length. 
150+ `lass fibres with three times lower loss than 
plastic Abre. P.V.C. sheath 0.080 in. dia. 
Used like wire but to convey light to remote or 
inaccessible positions for inspection, panel indicators, 
photo -electric and other p licarions. Prices per D. 
(post free): I -9, 5i.; 10-49 4. -; 50 -249, 3, -. Enquiries 
S.A.E. 

SYSTEM 696 & CO. 
15 BELL ROAD EAST MOLESEY SURREY 

WANTED RELAYS 
I. GEC Sealed Type MI574, I2v 180 ohms. 2. 
Ericsson or Plessey Tubular 48v 1650 ohms. 3. 
Ericsson or Plessey Plug -in type 24v 670 ohms 
with transparent cover, exactly same size as GEC 
sealed. 4. STC type 4189GD or 4181CM 700 ohms. 
5. Elliott Plug -in type 9M I6 350 lb base. 

PHONE ANY TIME 021 -454 8305 
494 

WE PURCHASE ALL FORMS 
OF ELECTRICAL EQUIPMENT 

AND COMPONENTS, ETC. 
I IIII.TMEAD LTD. 

7. A. 1I .trthur Road. lióaading. 
Rerks. Tel: 582 605 

111 arti 

Grysta 
..J 

.r years, ECONOMICAL nits 

C 

ACCURATE 

RELIABLE 

Private enquiriea send two 5d stamps for brochure 

THE QUARTZ CRYSTAL CO. LTD 
Q.C.C. Works. Wellington Crescent. 

New Malden. Surrey (01-942 0334 & 29881 

SURPLUS 
BARGAINS GINS - AMPLIFIER RE No. 2 MK III. 

1,.C. 
11/1IC 
Toser 

%1' 

° 
`- -- 

Power 
SETS. 

IATU) 

Iocreasrs output of 19 set to 00 .j. 25 watts. Brand New. 12v 

i Nopo. 

nl 
H. ete7. 

5/N-. 
e w. 

C 
0.1105/ .0 

-. 

ó r . __ Corr. Pelt. All Ancillary Equip- 
ment Avallable. 12v D.C. Power 

- -- Units 50f -. llgIT. 10 / -. 12/24v 
Inds with Vibrator Mk. II No. 2 70/- Carr. 10 / , 

Used 15 / - New 22/6. P 9 P 5/.. R.F. Antenna 
25f -. P it l' 5/ -. 

FEW ONLY 
No. 19 Mk. In CANADIAN TRANSCEIVERS 

Reboil u one. Complete station with all tormentor,. headset, 
variometer, control bon and aerials. 122.10.0. Carr. 50 -. 

B.41 RECEIVER LF Verelon of 16.40. l'i v..m9e 15 Kc /a- 7006,;1 
Malta Operation. As received from Mlnlntry. 18.10.0. Carr. 30/.. 
l'c.ted u- ,sling 815. Carr. 30/ -, 

- R.209 MK n COMMUNICATION 
i 

t 

\ 
I ' 
II al? 'r 

HALLICRAFTER 
RECEIVER. Xtal 
converaloc. £12.10.0. 
TELESCOPIC MASTS. 
Oft. Oin. 70/-. Corr. 
Carr. 151 
3621. AERIAL 
sections. Interlock 
Rase, Nylon Doys. 

RECEIVERS. II valve. Coven 
Mc /r. 4 bande. AM /PM. CW. 
12v D.C. Internal Powe 
Tested. 113.10.0. uu r. III -. 

RH9 4- METRE 
conthrlled. limarle 

Carr. 20 1-. 

tuft. ('been to 
15 /, 34ft. Ditto 80 / -. 

MASTS. lleven 21n. di:i. / 
stn. Complete will 
112.10.0. litre. SO,'- 

1 -10 
IIPO. 

Hupply- 

J 

f. f.0 TELE 'F' FIELD TELE- 
iT . PHONES. LhnnmuulcL- :Isill /Q- 8 U ' tiro up to 10 idles- ` 6011 l with halles miles. 

15.15.0. fruir. Oars 20/ , 
LIVINGSTONE LAB TRANSISTOR 
AMPLIFIER. 50 watts Ií.31.8. Hirr ' 1411e. x Otn. x 41n. With uui,.a p. +.u. 
else 161n, x 911n. x 6 In. 22 On.. 
Carr. 2'J /. 1 1 

b 
RETIREMENT' ALL STOCKS TO 
BE CLEARED. Many Bargains for 
Callen only. 

8-5 Mon.-Fri.. 8-12 Sat. 

- _- r 

A.J.THOMPSON (Dept. W ) 

°LEbug Lodge.. Codiootg, Retch., Hens. Phone: Codicole 242 

o 
o 

o 

o 
o 
o 
o 
o 
o 
o 

o 

o 

NEW EDITION 
THE MICROELECTRONICS 

DATA BOOK 
by Motorola 

60,/- Postage 5;- 

THE RADIO AMATEUR'S HAND- 
BOOK 1970 edition by A.R.R.L. 48/ , 
Postage 4 6. 

PAL COLOUR TELEVISION by 
Boris Townsend. 60 -. Postage I -. 

SERVICING WITH THE OSCIL- 
LOSCOPE by Gordon J. King. 28 -. 
Postage I -. 

TRANSISTOR, THYRISTOR AND 
DIODE MANUAL by RCA. 20, -. 
Postage 16. 

HOW TO USE INTEGRATED 
CIRCUIT LOGIC ELEMENTS by 
Jack W. Streater. 28 -. Postage 1 / -. 

PARAMETRIC AMPLIFIERS by 
Howson and Smith. 68 -. Postage I,r6. 

ALL -IN -ONE GRAMOPHONE 
BOOK by Vivian Capel. I5 -. Postage I -. 

SEMICONDUCTOR POWER CIR- 
CUITS HANDBOOK by Motorola. 
20/ -. Postage I / -. 

SCR MANUAL by General Electric 
Company. 25/ -. Postage 16. 

THE MODERN BOOK CO. 
BRITAIN'S LARGEST STOCKIST 

of British and American Technical Books 

19 -21 PRAED STREET, 
LONDON, W.2 
Phone PADdington 4185 

Closed Sat. 1 p.m. 

Wireless World, June 1970 

TRANSFORMER LAMINATIONS enor- 
mous range in Radiometal, Mumetal and 
H.C.R., also "C" & "E" cores. Case and 
Frame assemblies. 
MULTICORE CABLE IN STOCK 
CONNECTING WIRES 
Large selection of stranded single p.v.c. 
covered Wire 7/0048, 7/0076, 14/0076 etc. 
P.T.F.E. covered Wire, and Silicon rubber 
covered wire, etc. 

J. Black 
OFFICE: 44 GREEN LANE, HENDON, N.W.4 

Tel: 01 -203 1855. 01 -203 3033 
STORES: 30 BARRETTS GROVE, N.16 

Tel: 01 -254 1991 

4.1IIIEIIvlhlI ski diff- 
TRANSISTOR RADIO 

ROAMER EIGHT Mk I WITH TONE 

CONTROL SEVEN WAVEBANOS- 
MWI, MW2, LW, SW1, SW2, SW3 ANO 

TRAWLER RANO. 8 transnton and 3 

diodes lenite Lod aerial and telescopic 

aerial Socket for o aerial I .4 in Spose, 
Air 

Cal 

ganged tuning condenser 

Earpece socket and nenie. S.lenmty 
switch Sue 9 a 7 a 4 in Total R.I .g 
Can E1.19.11. P 6 P 7 6 Plans and Parts 

list 51- Ilree with pare1 

POCKET ENE. MED. AND LONGWAVES 

B TRAWLER BASO WITH SPEAKER 

5 tnnsistort and 2 diodo. luna red 

anal. tuning condenser. meting cal 

speaker. etc 51 11 a 311n 

lots Baldo. Cose 44 6. P 6 P 3 6 

Plans and Pasts lie I:6 linee with pena! 

ROAMER SEVEN Mk 4. 7 WAVE -BANDS 

MWI, MW2. LW. SWI,SW2. SW3,AND 
TRAWLER BAND. 7 tanustors and 2 diodo 
ferrite rod .en.l and telescopic acial 
Socket lu car .mal 7 e Ole speaker 

Anspand gangs tuning condensar etc 

Site 9 a 7 a 4m Total Relees Cese 
f5.'11/ó. P 8 P 716 Personal earpiece 

oith switched socket loo paste listening 

5 euro Plans and Pan, btt 3 linee w.lh 

parts) 

TRANSONA FIVE MEOIUM. LONG AND 

TRAWLER BAND WITH SPEAKER ANO 

EARPIECE- 5 imansolon and diodo, 

tenete Lod amai n,IV i,c COI/ specke 

bi a 41 a 1lin Tos.I Biel.. Cose47,6. 
P 6 P 39 Plans and Pans list 11 lire. 
with part,. 

TRANSEIGHT 6 WAVEBANDS. MW, 
LW. 3 SHORT WAVES ANO TRAWLER 

RAND. 8 improved type transistors .M 
3 diodes fenile rod and alascome canals 

lin speaker Push pull copio See 9 a 51 

r 21in Toe) Building Cosmo 006. PAP 
5.1 Plans .5 Parts list S Ilree with liti 
Pen rue lamleu snot swdched socket 

Ion privata listening 5'- eana 

RADIO EXCHANGE CO. LTD. 

Dept WW. 61 High Street, Bedford. 
'Phone 0234 52367 
Open 10.1, 2.30-4 30. Set. 9 -12 

Y//KAN so eweld,Wsosua eAw 

SELF'SPm`l 
/!et¡fPáP airdryinq GREYNAMMER 

N OR BLACK WRINKLE iNl (CRACKLE)ciisltes 
Pulan Aerosol spnrbt coati I. ola Ana a. usa,n,ranr.prac 'd .n. 
pcnted Hammers sadable .n 

MOdrn Ferteil liara w 
grey. 

a 
Plus 

ICNmule 
ad al a'15 e e 1. Ii nonata pa 

per pushbutron iúi:. Alto i2 or..e 
apee, 

_asar 
onlrl'17i 11 ra'ru seo a.d'h 

s'ECU,L Or SER 1 can plus pnonal rrandeabie 

érp e n 
Charco 

tunal. ).al e 5 -1 ion Isiu tera.. 
Cnco of ti 1 p e p a p 

moan (..tor cv eu.lry) also ..dable. Plea. and se cheque o 

crossed P. 0 for toral amount Oreo to 

YUKAN,3o7.,EDEWARE 
ROAS, 

Wept -.1, LONDON,W.L 
ppp mane nm.nc Depctmenu. 

y 
1 

waawrm rntttt uan Le l 

Ogaasni om we n r joo 

Closed Closed ALL DECEMBER for annual holiday 

a4:c11.., Ce 
árw, ...le 

e cae 

COULD IT BE MADE 
from Perspex? 
from Rigid P.V.C.? 
from Duraform 7 

from Oroglas 7 

WRAITHE BROTHERS LIMITED 
make almost anything in Plastics 

Velvet Street, Blackburn. Lancashire Tel. 50505 
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TACHOS 

TACHOMETERS 
TACHOGENERATORS 
* Very accurate -linearity 1 % 

* Bidirectional output 
to t - of 1% tolerance 

* Brush life 100,000 hrs. or 
10 years continuous operation 

* Low driving torque 
* Temperature compensated 
* Ideal as speed transducers 

NECO ELECTRONICS 
(EUROPE) LIMITED 

WALTON ROAD, EASTERN ROAD 
COSHAM P06 1SZ, HANTS. 

Tel: COSHAM 71711/5. Telex. 86149 

WW -122 FOR FURTHER DETAILS 

Thanks to a bulk purchase we can offer 

BRAND NEW P.V.C. POLYESTER 

AND MYLAR RECORDING TAPES 
Manufactured by the world -famous reputable 
British tape firm, our tapes are boxed in polythene 
and have fitted leaders, etc. Their quality is as 

good as any other on the market, in no way are 
the tapes faulty and are not to be confused with 
imported, used or sub -standard tapes. 24 -hour 
despatch service. 
Should goods not meet with full approval, purchase 
price and postage will be refunded. 

S.P. 

L P- 

D.P. 

Sin. 160ft. 2/- Sin. 600ft. 
5 }in. 900ft. 8/- 7in. I,200ft. 
Sin. 225ft. 2/6 5in. 500ft. 
5/in. 1,200ft. I0 /- 7in. 1,800ft. 

1 3m. 350ft. 4/6 Sin. 1,200ft. 
l S }in. 1,800ft. 16/- 7in. 2,400ft. 

Postage on all orders 1/6 

COMPACT TAPE CASETTES AT 
HALF PRICE 

6/- 

86 
13/- 
I2/- 
20¡- 

60, 90, and 120 minutes playing time, in original 
plastic library boxes. 
MC 605C-each. MC90 12/6 each. MC 12018 /3 each. 

STARMAN TAPES 
28 LINKSCROFT AVENUE, ASHFORD, 
MIDDX. Ashford 53020 

WW -123 FOR FURTHER DETAILS 

WANTED - 
Redundant or Surplus stocks of Transformer 
materials (Laminations, C. cores, Copper wire, etc.), 
Electronic Components (Transistors, Diodes, etc.), 
P.V.C. Wires and Cables, Bakelite sheet, etc., etc. 

Good prices paid 

J. BLACK 
44 Green Lane, Hendon, N.W.4 

Tel. 01 -203 1855 and 3033 

TAPE RECORDING YEAR BOOK 
COMPLETELY NEW NINTH EDITION 

WITH COMPREHENSIVE CATALOGUE 
SECTION AND ARTICLES BY EXPERTS 

PRICE 10/6d. from 
7 ALVERSTONE AVENUE, 
EAST BARNET, HERTS. 

BAKER 12 in. MAJOR £8 
30- 14,500 c.p.s., 12in. double cone, 
woofer and tweeter cone together 
with a BAKER ceramic magnet 
assembly having a flux density of 
14,000 gauss and a total flux of 
145,000 Maxwells. Bass resonance 
45 c.p.s. Rated 20 watts. Yoke coils 
available 3 or 8 or IS ohms. Price L8. 

Module kit, 30- 17,000 c.p.s. Size 
19 x 12} in. with tweeter, crossover, 
baffle and instructions. Ideal for Hi 
Fi or P.A. 

Post Free L 1 0. 1 9.6 
LOUDSPEAKER CABINET WADDING 
18 in. wide, 2 6 per ft. run. Post 
2 6 per order. 

ELECTRIC MOTORS 
(120v. or 240v. A.C.) 

Clockwise I,200R.P.M.off load 
Heavy duty 4 pole 50mA. 
Spindle } x 3/20 in. diameter. 
Size 2} x 21 x I} in. 
BARGAIN 17/6 Post 
PRICE 2 ¡6 

TRANSISTOR AMPLIFIER 
WITH LOUDSPEAKER 
A elf- contained portable 
mini p.a. ',stern. Many 
uses -Parties, Baby Alarm, 
Intercom, Telephone or 
Record Player Amplifier. 
Attractive xi covered 
cabinet ize 12 x9 x4 in., 
with powrf..l 7 x 4 
speaker and four transistor 
one watt power amplifier. 
Uses PP.; battery. Brand 
new in Maker's carton with 
full maker's tuarantee. 

Gap(AOA4 e. 

All for / 
only 75/- Post 4l6 

THE INSTANT BULK TAPE 
ERASER AND RECORDING HEAD 

DEMAGNETISER 
200/250 A.C. 41 6 Post 
Leaflet S.A.E. / 2,6 * ALL PURPOSE TRANSISTOR PRE -AMPLIFIER 

BRITISH MADE 
9 -12v. and 204 -300v. D.C. operation. Sin If XII x! in. 
Response 25 c. , -s. to 25 Ke,,, 26 db gain. For use with valve 
or transistor equipment. Full instructions. I 7 A each Brand new. Guaranteed. Details S.A.E. / 

RETURN OF POST DESPATCH - CALLERS WELCOME 
HI -FI STC CKISTS - SALES - SERVICE - SPARES 

RADIO COMPONENT SPECIALISTS 
337 WHITEHORSE ROAD. CROYDON. Tel: 01 -684 1666 

NEVO'! HANDY! TIDY! 

multi- drawer 
I-N-T-E-R-L-O-C-K-I-N-G 

s to r a g e 

u n its 
A PLACE 

FOR 

EVERYTHING 

EVERYTHING 

IN ITS 

PLACE! 

Newest, n retest. system ever devised for storing smell 
parts and components, resistors, capacitors. diodes 
transistors, etc. Rigid plastic units. interlock together in 
vertical and horizontal combinations Transparent plastic 
drawers have label slots/handles on front Build up any 
size cabinet for well, bench or table top 

BUY AT TRADE PRICES! 
SINGLE UNITS (Sins a 2 1ins a 2¡- ins) 
Usually 2/E each OUR PRICES: 24,- DOZEN 
DOUBLE UNITS I5ins a 4 4-ins a 2 1insl 
Usually 4/E each. OUR PRICES: 40/- DOZEN 

PLUS QUANTITY DISCOUNTS! 
Orden E5 and over DEDUCT 1,- in the f 
Orden r10 and over DEDUCT 1/6 in the r 
Orders r20 and over DEDUCT 2/. in the f 

ACKING/POSTAGE /CARRIAGE: Add 6/- to all orders 
:.for E3. Orders f3 and over packing/postagm'carriege 

QUO7AT/ONS FOR LARGER QUANTITIES 

/IY/N1CI LIMROO 
I 

(Dept. WW6I, 21, ALBERT ROAD, 

HENDON, LONDON, N. W 4 

WW- 124 FOR FURTHER DETAILS 

OSMABET LTD. 
WE MAKE. : i a \SPORMERN AMONGST OTHER THINGS 
AUTO TRANSFORMERS. 0.110- 200 -220.240 v s.e. up or down, 
fully xhromirt fitted terminal block.. 30 w 86/8; 60 w 84/ -; 
75 w 41/8:100 .49/-: 150 w 80/ -: 200 w 75/ -; 300 w 91/6; 
400 w 120' -; 500 w 142/8: 5110 e 186/ -: 760 w 196/ -; 1000 w 
2401 -; 1500 w 3451 -; 210x1 w 4801 -; 3000 w (00/- and up to 
4140) watt to nntrr. 
RAINS TRANSFORMERS- Prim 200/240 v a.c. TX!. 426.0.425 v 
260 lee. 6.3 v 4s,CT, 6.3v 4s,CT,0 -6 -0.3v 3e. 135 / - TX2, 
250.0.260 v 160 Ma, 6.3 r da, CT, 0.5.6.3 v 3 a, 78/6; TX3, 
260 -0.260 v 100 Ma, 6.3 v CT, 2 a, 6.3 v 1 a, 60/ -; TX4 :100-0.300 

60 Ma, 6.3 v 2 a CT. 6.3 v 1 a. 60 / -; TX6 300. 0.300 v 120 Ma, 
6.3 v 2 a CT, 6.3 v 2 a, 0.3 v 1 a, 78/6; TXR 251 -0.260 v 66 Ma, 
6.3 v 1.5 a, 42/-;31T1 200 v 30 Ma, 6.3 v 1 a, 24/ -; MT2 230 
45 Ma. 6.3 it 1.5 a. 29/6. 
MULTIVOLT TRANSFORMERS. Prim 200 /240 v a.c. OKT4/1 
One tapped sec, 5- 20- 30.40.60 v giving 5-10-15.20-25-30-35-40- 
55-60, 10.0.10. 20.0.20, 30.0.30 v -c. 1 amp. 45/ -; ditto trail 
2 amp OMT4/2, 67/6; OMT5/1 One tapped sec, 40.0- 60- SO-90- 
100 -110 v, giving 10.20- 30 -40- 50.60.70. 80.90. 100.110, 10.0 -10, 

211 -0-20, 30 -0 -30, 40 -0 -40. 50 -0-50 v a.c. 1 amp. 67/6; OMT40 /3 
sec 40 v CT 3 amp, 67/6. 

DUOVOLT TRAREFORMERB. Prim 200/240 v a.c. "DUN"' 
Nec 1, 12 v 4 S. Sec 2, 12 v 4 a, 71/6; "022V" Sec I, 10.20.25 v 
2 a, Sec 2. 10.20.25 v- 2 a, 71/6. 
LT AUTO TRANSFORMERS. Prim 200/240 r a.c. output 24 v 

150 watt 90/-; 250 watt 1851 -: for quartz iodine lamps. 
HEATER TBAIIWORMERS. Prim 200 /240 v c. 6.3 v 1.5 a 

18/9:: 10020/- ;aatT34- :12v1.5e21 /- / -: 
Is CT 45/ -: 18 v 1.5 a 1T 2618; 24 v 1.5 CT 34/-; 300 CT 
5843: 5 a 75/ -; 8 a 112 8 : 

12 ä 66 /-- 
B2DORT BRLTIFIER TRANSFO . For PW rectification, 
site If x 2x if Ins., Prim 200 /240 v a.c. output PPTI 9.0.0 v 
0.3 a; PPT2 12-0-12 y 0.25 s; PPT3 20.0 -20 v 0.15'a, 21 /- each. 
Kite 2 x 2f x If Ins., MT12V 12.0.12 v 1 a, MT20V 20.0.20 v 
0.75 a, 22/6 each. 
OUTPUT TRANSFORMERS. Motard 6/111 UL 67/6; 7 watt 
stereo CL 60/-; 3 watt PP3 30 / -; PP 111(/ 3.8.15 ohm 21 / -; 
Multi ratio 7 /10 watt 33 / -; 30 watt (KT68 etc.) 3.15 ohm 78/6; 
50 watt (KT88 etc.) 186 / -; We watt 225/ -; auto matching 
t ran. 10 watt 3.10.15 ohm ap or down 15 / -. 
W.W. ioxmol CIRCUIT trap to .pee 50/- plus 4/6 p.p. 
W.W. COLOUR TELE. Choke LI, 60/ -: Tran Tl 57/6; Field 
O /1' 60/-. ('arriepe entre ow all transformers 4/6 rn/wl.eum. 
BULK TAPE ERASERS. 201/250 v 

ee. 
immediate erasure of 

any ale. spool ..r uuagmalc tep., new hosed 42 8 p.p. 8 /.. 

FLUORESCENT LOW VOLTAGE LIGHTING 
12 v d -e. fittings and transistor inverters. 

Fitted perepex diffusers, 12 ins. e watt, 70/ -: 21 Ins. 
19 wst4 95/ -; less diffuser, 18 Ins. 15 watt, 70/ -. 
Transistor Inverter. for 40 watt or twin 20 watt 
tubes st 1501 , for single 20 watt tube 100/- plus 
postage. New and guaranteed. 

cornonJSEEB. Electrolytic*, 1000 mfd 26 v, 4/6; 2500 mfd 
Do v'. 1018: 8000 mfd 16 v, 5/ 1600 mfd 160 V, 12/8: K(1 mil 
450 v, b/ -: I W x 200 mfd 360 v, 7/8: W x 100 mfd 460 r. 7/6- 
LOUDEPZA S. New booed, famous makes, 25 watt 107/ -; 
35 watt 180 / -; 50 watt 180 / 60 watt 215/ -; 100 watt 350/ -; 
13 R ins. 40/ -: 13 x Rine. fitted 2 tweeter. and crossover 70/ -. 
LOUDBPEAKER. En -equip. perfect Elac etc., 6 Ina- 3 ohms, 
10-- pin. :t / ruin. carriage. 

Carriage er,ru on all order.. 

S.A.E. ALL ENQUIRIES PLEASE. MAIL ORDER ONLY 

46 KENILWORTH ROAD, EDGWARE, MIDDX. 
HA8 BYG. Tel: O1 -958 9314 

ww -125 FOR FURTHER DETAILS 

Dalyne Bargain Corner 
COMPONENTS YOU WANT -WHEN YOU WANT THEM 
Eledrolyucs Electrolytics 
by General Instruments by C-C.L. 
2µF 16V 8d 25µF 12V 10d ]S00µ- 25V 9,6 

10µF I2t 101 40µF 12V 10,1 470µF 83V 6/- 
20µF at" 101 150µF 15V 1/3 8 aF 420V 2/6 
20µF 15V 101 200µF 20V 2/- 3211F 260V 2,9 
TRANSISTORS 
20370'2 3/- MJ481 25/6 BC125 9/- 2913055 13,'- 
2N3703 3/- MJ491 28/9 BC126 9/- 2N706 2/9 
203704 3/8 40361 12/- BC108 2/6 2N2926 2/- 
80169 218 40362 14/- BC010 2/8 BFY61 4,- 
Rectifiers. wire ended (PIV elated) Zenere 6 ° 400mW 
100V 0.75A 1/9 201V 3A 5/6 .I1 preferred value. 
400V -lA 8/- 1000V 1.5A 4/6 3V to 30V 4/- each 
200V IA bridge 10/ 
Volume controls Dn or log: mono 2 /8; stereo 8/-. All preferred 
values in eerie. 4.7, 10, 22, 47 etc., 4.7K D to 2.2111). 
Terms: 10 or more of each item: Dedad 20% 
P. .h P. on all orders 2/-; Postal bemire, UK only. 

Prompt smite end .atlefaction guaranteed 

dalyne components GB`swo thui' 
Northants, 

A'hpcle 
Vi the 
better care 
of LPCnxi 
Stereo 
r?r?C(xth 

_ 

THE ONLY 
COMPREHENSIVE 

RANGE OF RECORD 

MAINTENANCE 

EQUIPMENT 

IN THE WORLD! 

Send P.O. 2/6 for 48 page 
booklet providing all necessary 
information on Record Care 

CECIL E. WATTS LIMITED 
Darby House 

Sunbury on Thames, Midda. 

WE PURCHASE 
COMPUTERS. TAPE READERS AND ANY 
SCIENTIFIC TEST EQUIPMENT. PLUGS AND 
SOCKETS. MOTORS, TRANSISTORS, 
RESISTORS. CAPACITORS, POTENTIO- 
METERS, RELAYS TRANSFORMERS ETC 

ELECTRONIC BROKERS LTD. 
49 Pancras Road. London. N.W.1. 01 -837 7781 
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We can't wait to expand your laboratory 
in 24 hours you can hire some of the World's top instruments 
at competitive prices 

ring LASHIRE 
Southern Office Station Approach, Bourne End, Bucks. 

South: 06 -285 23106 
North: 061 -928 0800 

Northern Office Shearer House, Dunham Road, Altrincham, Cheshire. 
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i COLA 
e on the right wave length 

ADCOLA PRECISION 

SOLDERING EQUIPMENT 

offers you the right quality at the right cost 
for every requirement from home output to 
full scale industry. 

Extensive range to choose Interchangeable bits -ex stock. 
from. Special temperatures avail- 
Precision quality for able at no extra cost. 
increased efficiency. Designed and developed to 
Speedy after -sales service. lower your production costs. 

4l ays choose ADCOLA , t ,uno'so%errq! 

ADCOLP\ ADCOLA PRODUCTS LTD. 
Adcola House, Gauden Rd. London S.W.4 

Tel: 01 -622 0291 3 Grams: Solloint, London 
Telex: Adcola London 21851 

ROfftrffONNOiYfOROfTA/IS Ar0//REXTEATlf2R4NE ----- --- - - - - - - 1 
I To ADCOLA PRODUCTS LTD. (Dept. H), Adcola House, Gauden Road, ' 

London, S.W.4. 
I I Please send me a copy of your latest catalogue by return. 

I NAME I 
I I 

ADDRESS I 
I L wtiJ -------------------- 
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i 

delp' 

present a complete range 
of compatíble MuIt I I 

products for solderin 
printed circuit assemblies 

e world's largest exporters of co 

Inc u 1 ing 

Link 
NEW LIQUID FLUXE 

NEW SOLDERING CHEMICALS 

NEW PACKAGING providing indefinite storage life 

EXTRUVIIMAIM 

High Purity 
Extruded 
Solder 
provides the most 
economical soldering. Its 
high purity and freedom 
from oxides, sulphides 
and other undesirable 
elements result in the 
following advantages : - 

Less dross on initial 
melting. 
More soldered joints 
per pound of solder 
purchased. 
Less reject joints. 
Improved wetting 
of electronic 
components 
& printed circuit 
boards. 
More uniform results. 

All Extrusol is completely 
protected by plastic film 
packaging from the 
moment of manufacture 
until it is used. Available 
in bars and pellets. Can 
be released under AID 
authority and supplied 
to USA QQ- S -571d. 

PC.2 MULTICORE 

TARNISH REMOVER 
removes tarnishes and 
inorganic residues as the 
second half of a pre - 
cleaning process before 
soldering. lt leaves the 
copper unaffected. 

PC.90 MULTICORE 
PEELOFF SOLDER 

RESIST 
is a temporary solder 
resist which can be 
peeled off with tweezers 
after soldering, leaving 
the original clean surface. 
It can be used for 
masking gold plated 
edge connections and 
holes to which heat 
sensitive or other 
components must be 
added later 

PC.41 MULTICORE 
ANTI -OXIDANT 
SOLDER COVER 
which forms a liquid 
cover on the solder bath 
either side of the solder 
wave, largely preventing 
the formation of dross. 

PC.80 MULTICORE 

SOLVENT CLEANER 
removes organic 
contaminants such as 
grease, perspiration and 
residues of organic 
solutions from prior 
processes, as a pre - 
cleaning process before 
soldering. It is also very 
efficient in removing 
rosin -based flux 
residues after soldering 

PC.10A MULTICORE 
ACTIVATED 
SURFACE 

PRESERVATIVE 
is a pre -soldering coating 
for preserving the clean 
surfaces established by 
the PC.80 Multicore 
Solvent Cleaner and 
PC.2 Multicore Tarnish 
Remover. PC.10A does 
not need to be removed 
before soldering and in 
fact contributes to the 
efficiency of the 
soldering process. 
PC.10A should be used 
whenever there is a 

delay between cleaning 
and soldering. 

1 

The main assemoly function of 
most electronics companies is the 
manufacture of soldered joints. 
Mass - Soldering is not an art When 
Multicore Soldering Chemicals, 
Liquid Fluxes and EXTRUSOL Hig 
Purity Solder alloy are used in 
combination. mass -soldering become 
a logical application of a Multicore 
technical process, achieving the 
highest standard of production 

Gallon Containers 
All liquid chemicals and fluxes 
supplied in 1 gallon polythene 
'easy pouring' Containers, with 
carrying handle. 

1 IIIIItrli 
Unlit trip 

Pt 52 

Aerosols 
PC.21 A. PC.2S and PC.52 
available in 1g or 
aerosol sprays. 

SEVEN STANDARD 
MULTICORE LIQUID 
FLUXES 
are now available, five 
of which are new :- 
PC.21 A Multicore Non - 
Corrosive Liquid Flux is 
normally recommended 
for wave, dip, brush, 
spray and roller flux 
application methods. 
PC.25 Multicore Rosin 
Foam Flux is designed 
for foam fluxing and 
exhibits an unusually 
stable foam with a fine 
bubble size. 

PC.52 MULTICORE 
PROTECTIVE 

COATING 
is a lacquer which 
should be applied after 
soldering for protecting 
printed circuits from 
deterioration or failure 
in service. It can easily 
be soldered through 
if modifications or 
repairs are necessary at 
a later date. 

A typical Printed Circuit Soldering Process 
might contain some or all of these stages: 
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