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Over 160 
ways to 

engineer a 
better future 
\ H1GHE0.PAol 

ABEnEkA0g 

SECURITY 

find out how 
in just 2 minutes 

That's how long it will take you to fill in the coupon. Mail 
it to B.I.E.T. and we'll send you full details and a free 
book. B.I.E.T. has successfully trained thousands of men at 
home - equipped them for higher pay and better, more inter- 
esting jobs. We can do as much for YOU. A low-cost B.I.E.T. 
home study course gets results fast - makes learning easier 
and something to look forward to. There are no books to buy 
and you can pay -as -you -learn. 
Why not do the thing that really interests you? Without losing a 
day's pay, you could quietly turn yourself into something of an 
expert. Complete the coupon (or write if you prefer not to cut the 
page). No obligation and nobody will call on you ... but it could be 
the best thing you ever did. 

Others have done it, so can you 
"Yesterday I received a letter from the Institution informing that my 
application for Associate Membership had been approved. I can honestly 
say that this has been the best value for money I have ever obtained -a 
view echoed by two colleagues who recently commenced the course".- 
Student D.I.B., Yorks. 
"Completing your course, meant going from a job I detested to a job 
that I love, with unlimited prospects".-Student J.A.O. Dublin. 
"My training with B.I.E.T. quickly changed my earning capacity and, 
in .the next few years, my earnings increased fourfold".-Student 
C.C.I'., Bucks. 

FIND OUT FOR YOURSELF 
These letters - and there are many more on file at Aldermaston Court 
- speak of the rewards that come to the man who has given himself 
the specialised know-how employers seek. There's no surer way of 
getting ahead or of opening up new opportunities for yourself. It 
will cost you a stamp to find out how we can help you. Write to 
B.I.E.T. Dept. BEI 1 Aldermaston Court, Reading RG7 4PF. 
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Practical Radio Et Electronics 
Certificate course includes a 

learn while you build 
3 transistor radio kit. 
Everything you need to know 

about Radio Ft 
Electronics 
maintenance and 
repairs for a spare 
time income a n d 

a career for a 

better future. . 

~CUT OUT THIS COUPON- ~1~1~ 
Tick or state subject of interest. 

Post to acJress below. 
MECHANICAL 
A.M.S.E. (Mech.) 
Boiler Inspect. 

& Operation 
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Eng. Metallurgy 
Inst. Eng. & Tech. 
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ELECTRICAL & 
ELECTRONIC 
A.M.S.E. (Elec.) 
C & G Elec. Eng. 
C & G Elec. Inst. 
C & G Elec. Tech. 
Computer Elect. 
Elec. Maths 
Elec. Science 
Electronic Eng. 
Electrical Eng. 
Install. & Wiring 
Meters 

& Measuring 
Instruments 

Man. Prod.-cont. 
Quality Control 
Salesmanship 
Storekeeping 
Work Study 
Works 

Management 
DRAUGHTSMANSHIP 
A.M.I.E.D. 
Design of Elec. 

Machines 
Die & Press Tool 

Design O 
Electrical 

Draughtsman- 
ship 

Gen. Draughts- 
manship 

Jig & Tool Des. 
Tech. Drawing 
RADIO & TELE- 
COMMUNICATIONS 
Colour TV O 
C & G Radio/TV/ 

Electronics O 

CTechelecomm. GENERAL 
Prac. Rad. Elec. Agricultural Eng. O 

(with kit) Council of Eng. 
El Radio Amateurs Inst. 

Exam. o Farm Science 
Radio Servicing General Educat. 

& Repairs Gen. Plastics 
Radio & TV Eng. Pract. Maths 
Trans. Course Pract. Slide Rule 
TV Main. & Serv. Pure & Applied 
AUTO á AERO 

Maths Refrigeration 
Foremanship Aero Eng. Rubber Tech. 
Inst. Cost & Man A.M.I.M.I. Sales Engineers 
Accountants 

AE C.Cert. Tech. Report 
Inst. Marketing Auto Engineer. 
Management Auto Repair p Timber Trade 
Metrication C & G Auto. Eng. University Ent. p Garage Motor Trade Man.A 
Network Plan. Management 
Numerical Cont. Motor Vehicle G.C.E. Operational Mechanics O Research 
Personnel Man. CONSTRUCTIONAL 
Planning Eng. A.M.S.E. (Civil) 
Production Eng. Architecture 

Coaching for many major exams. 
including ONC, C & G, etc. 

MANAGEMENT & 
PRODUCTION 
Auto. Control 
Computer Prog. 
Electronic Data 

Processing 
Estimating 

o 
o 
o 
o 

o 

Constructional-cont. 
Building 
Building Drawing 
Build. Foreman 
Carpentry&Join. 
Civil & Municipal 

Engineering 
Constructional 

Engineering 
Construction 
Surveyors 
Institute 
Clerk of Works 
Council Eng. 
Geology 
Health Eng. 
Heat & Vent. 
Hydraulics 
Inst. of Builders 
Inst. Works & 

Highway Sup. 
Painting & Dec. 
Public Hygiene 
Road Engineer. 
Structural Eng. 
Surveying 

58'0' 8'A' 
LEVELS SUBJECTS 
Over 10,000 
group passes 

POST TODAY FOR A 
BETTER TOMORROW 

To B.I.E.T., Dept. BEI I QN I BEI i ' 
Aldermaston Court, Reading RG7 4PF 

NAME ......... . 

Block Capitals Please 
ADDRESS.. 
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Accredited by'C.A.C.C. ' 
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D.I.Y. 2%kW per channel, three channel THE NOVA LIGHT SHOW sound to light module 
In response to many requests from people who have already The Nova is a self contained three 
installed the lights in their home or disco but who lack the sound channel sound to light display for 
to light conversion, we have now developed an extremely power- home use and comes in a teak 
ful three channel module (2'/:kW per channel) which will meet all veneered cabinet 24" x 12" x 
requirements of home or disco. Coming ready assembled and 2'/a". Requiring no input other i 
tested, the module, measuring approx. 7" x 5", has all the than a mains supply, the NOVA , 
advantages of our other models - no wiring to amps or speakers, will immediately convert any 
gain control on a flying lead for panel mounting, full 3 channel sound in the room into ever 
facility etc. To operate, all that is required is to mount the changing patterns of light in 
module somewhere convenient, attach the mains lead to the Red, Green and Blue on the Opal Display screen, In Kit form 
terminal block, attach the lamp wiring to the terminal block and £23.18 complete, or ready assembled at £26.04. voila, you have a very powerful sound to light display with which Now also available is the SUPERNOVA, the big brother to the to impress your friends. What would you do without us!! NOVA - 480W of shimmering coloured light in Red, Green and 

Blue contained in a rexined cabinet 4' x 2' x 8". With its opal Price £Í5.4S, 
Screen, the SUPERNOVA is a must for all discos and party givers. 
A Slave unit which plugs into the Master to expand the system to 
320W per channel is now available. 
Prices £59.50 Master, £39.50 Slave, both ready assembled. 

TRAFFIC LIGHTS 
11 Here we have a self-contained, three channel unit 

for those who require high powered light PROJECTION, 
ideal for the mobile disco. Three 100W Osram PAR 38 Please note the address of our new shop and showroom as f) Floodlights in Red, Green and Blue built into a 

g rexined cabinet 33" x 6" x 6", project pulsatinglight above, to which all correspondence should be sent. Personal 
into the room in response to the presence of sound. callers are very welcome, and demonstrations and advice Again the only input required is a mains supply and a will be gladly given. sensitivity control is fitted as standard. Slave units to 
expand the system to 200W are also available. 
Prices £45.00 Master, £24.75 Slave. Assembled only. 

All prices shown include all carriage and VAT. 

GIRO NO. 331 7056 
C.W.O. only. P. 8 P. 10p on orders below L5 

Discount: (10-10%, (20-15% (except net items) 
Export Order enquiries welcome (VAT free) 

Official Orders accepted from 
Educational 8 Government Departments 

ALL PRICES INCLUDE VAT 

SPECIAL RESISTOR KI 
10E12 aW KIT. 10 of each E 
10E12 ,W KIT: 10 of each E 
25E12 3W KIT. 25 of each El 
25E12 1W KIT: 25 of each El 
20E12 ,W KIT 20of each EI 
15E12 I W KIT: IS of each E 
10E12 2W KIT: 10 of each E 

TS (Prices include post 8 packingl 
12 value, 22 ohms -I M, a total of '570(CARBON FILM 5%). (3 65 net 12 value, 22 ohms -I M. a total of i570(CARBOII FILM 5',.1, (3.85 net 
2 value, 22 ohms -IM. a total of 1425 (CARBON FILM 5%), (8.35 net 
2 value, 22 ohms -1M. a total of 1425 (CARBON FILM 5%1. (8.45 net 
2 value. 22 ohms -2M2. a total of 1220 (METAL FILM 501.1. L11.05 net 12 value, 10 ohms -111. a total of 915 (METAL FILM 5%1. (13.35 net 
12 value, 10 ohms -IM, a total of 610 (METAL FILM 5'0l. (17 IS net 

MULLARD POLYESTER CAPACITORS C280 SER ES 
250V P.C. Mounting: 0 010. 0.OISuF, 0 022uF, 0 0330, 0.0470. 3)p. 0.0680. 0I0. 41p. 0-150F, 43p. 0 220, Sap. 0330, 8p. 0 47iiF, 9p. 0.68uF, 12p. I,F, 
15p. 1.50. 23p. 2.2uF. 26p. 
MULLARD POLYESTER CAPACITORS C296 SERIES 
400V: 0 001µF, 0 0015µF, 0 00220. 0.0033µF, 0 00470, 21p. 0 00680. 0.010, 0-0150, 0.022µF, 0 033µF, 31p. 0 0470, 0 068µF, 0 1µF, 43p. 0 I5laF, 61p. 
0 22pF, 81p.0 33z,F, 11p. 0 47µF,140. 
160V: 0 OlpF, 0 01SuF, 0 022,íF. 3p. 0 0470. 0.068µF. 3)0. 0.10, 41p. 0.15µF, 
Sp. 0.22uF,53p.0.330,61p. 0'47µF, 83p. 0.6BUF, 12p. 10. 14p. 
MINIATURE CERAMIC PLATE CAPACITORS 
50V: (0122, 27, 33, 39, 47, 56. 68. 82. 100. 120. ISO. 180. 220, 270, 330. 390. 470, 
560, 680, 820.1K. 11(5. 2K2, 3K3, 4K7, 6K8. (µF) 0 01, 0 015, 0 022.0 033, 0047, 11p. each. 0. 1 , 30 V, 41p. 
POLYSTYRENE CAPACITORS 160V 5% 
(pF) 10, IS, 22. 33, 47, 68, 100, 150, 220, 330, 470, 680, 1000, 1500, 2200, 3300. 4700.4. 6800.10.000.4 p 

PRESET SKELETON POTENTIOMETERS 
MINIATURE 0 25W Vertical or horizontal 6p each IK, 2K2, 4K7, 10K. etc. up to 101(3 
SUB -MIN O 05W Vertical. 100 0 to 220K 0 Sp each 

B. H. COMPONENT FACTORS LTD. 
Miniature Mullard Electrolytic, 
I.OaF 63V 6}p 

1 SuF 63V 61p 
2 luF 63V 61p 
3.30 63V 61p 
4.0uF 40V 64p 
4 70 63V 61p 
6 BuF 63V 6 p 
8.O0 40V 61p 

OuF 16V 61p 
00 25V 61p 
OuF 63V 63p 
SuF 16V 
5uF 63V 
6uF 40V 

22uF 25V 
22pF 63V 
32uF 10V 
33uF 16V 
33uF 40V 
32uF 63V 
47pF 10V 
447µF 25V 610 

7uF 63V 8p 

61p 
6tP 
61p 
61p 
6tP 
61p 
61p 
ótp 
61p 
ófp 

680 16V 61p 
68uF 63V Ilp 
100µF I0V 6!p 
100ziF 25V 61p 
100uF 63V 14p 
150uF 16V 61p 
IS00 63V ISp 

220uF 6 4V 61p 
2200F I0V 610 
2201iF 16V Bp 
2200 63V llp 
3301iF 16V 12p 
330uF 63V 25p 
170uF 6.4V 9p 
4700 40V 10p 
680uF 16V 15p 
6800 40V 2Sp 
I000uF 16V lOp 
10000 25V 2Sp 
15000 6.4 1Sp 
15000 I6V 2Sp 
22000 10V 2Sp 
33000 6.416p 

VEROBOARD 0. 10. 15 
21 x 5" 28p 2.8p 
21 x 31" 16p 19p 
3) x 5' 32p 33p 
31 x 31" 28p 28p 
21 x I" 7p 7p 
21 x 5" (Plain) - 14p 
21 x 31" (Plain) - 12p 
5 . 31" (Plain) - 22p 
Insertion tool S9p 59p 
Track Cutter 44p 44p 
Pins. Pkt. 25 10p lop 

(ET') 61 CHEDDINGTON ROAD, PITSTONE, 
NR. LEIGHTON BUZZARD, BEDS, LU7 9A0 

Tel.: Cheddington 668446 (Std. Code 02961 
PLEASE WRITE FOR FREE CATALOGUE 

POTENTIOMETERS 
Carbon Track SKI) to 2M I). lo or lin. Single. 16,p Dual Gang 46p. Log Single with switch 26p Slider Pots. 10K. IOOK. 500K.. 30mm. 34p. 45mm. 47p. 60mm. SSp 1Seml-log) 

TRANSISTORS 
ACI27 161p 
AC 128 22p 
BCIO7 Ilp 
BC108 Ilp 
BC109 13p 
BC148 lip 
BC149 12p 
BCI82L 11p 
BC183L 12p 
BC184L 13p 

BC2I2L 
BC21 3L 
BC2IaL 
0C44 
OC71 
0081 
OC 170 
11543 
2N2926 
2N3702 

lip 
12p 
17p 
18p 
13p 
16p 
23p 
33p 
Ilp 
11p 

DIODES 
N4001 61p 
N4002 71 p 
N4003 9p 
N4004 91p 
N4005 12p 
N4006 14p 
N914 7p 
N916 7p 

BA100 IOp 
045 41p 
OA47 9p 
0A81 Ilp 
OA200 8p 

PLUGS 
DIN 2 Pin 12p 

3 Pin I3p 
5 Pin 180° ISp 
Std. jack 14)p 
2.5mm jack 11 p 
Phono 51p 
SOCKETS 
DIN 2 Pin lop 

3 Pin IOp 
5 Pin 180° Ilp 
Std. jack 143p 
2.5mm jack Ilp 
Phono SIP 

ELECTROLYTIC CAPACITORS. Tubular & Large Cans (0/1i 1)25. 2179. 4)25, a 7110, 5125. 8125. 10113. 10'50. 16125. 
22163, 25125. 25(50. 31125. 50'25. 100110, 100/25. 61p. 50150. 8p. 
100/50. 200;25. IIp 250150. I8p. 500110. 11p. 500125. 15p. 
500150. 18p. 1000110. 15p. 1000(25. llp 1000/50. 40p 2000/10. 
20p 10001100 90p. 2000(25. 30p 20001100. 9Sp 2500/25, 38p. 
1500:50. 62p. 3000150.80p.5000(25,66p. 5000:50.£1.10 
HI -VOLT: 41450, 14p. 8/350. 19p. 8,450. 20p. 16¡350, 22p. 
161450. 23p. 32/350. 33p. 501250. 20p. 100:500, 88p. 
METALLISED PAPER CAPACITORS 
250V 0 05í.F. 0 I.F.. 6p. 0 25, 6p. 0 5µF, 7.p. 11,F, 9p. 500V. 
0 025. 0 05. 6p 0 I. 6p. 0 25. 7 p 0 5. 9p 1000V: 0 01, IIp. 
0 022. I3p. 0 047. 0 1. I5p. 0 22. 13p. 0 47. I8p. 

Integrated 
Circuits 
p4709C 
µA74 
uA733C 
x1914 

S0p 
SSp 

CI 
35p 

Screened Wi e, Metre 6'p 
Twin Screened Wire. Metre 12p 
Stereo Screened Wire. Metre 12p 
Connecting Wire. All colours. Metre 11p 
Neon Bulb, 90V Wire Ended 5 for 24p 
Panel Neon. 240V Red. Amber, Cles, 161p 

F, 9p. 500V. 
0 025. 0 05. 6p 0 I. 6p. 0 25. 7 p 0 5. 9p 1000V: 0 01, IIp. 
0 022. I3p. 0 047. 0 1. I5p. 0 22. 13p. 0 47. I8p. 

NEW KIT 5£12 }W METAL 
FILM 5% ULTRA LOW NOISE 
NEW RESISTORS WITH FULL 
COLOUR CODING 5 EACH 
E12 VALUE 100-1M, TOTAL 
305 £2.75 

Screened Wi e, Metre 6'p 
Twin Screened Wire. Metre 12p 
Stereo Screened Wire. Metre 12p 
Connecting Wire. All colours. Metre 11p 
Neon Bulb, 90V Wire Ended 5 for 24p 
Panel Neon. 240V Red. Amber, Cles, 161p 

NEW KIT 5£12 }W METAL 
FILM 5% ULTRA LOW NOISE 
NEW RESISTORS WITH FULL 
COLOUR CODING 5 EACH 
E12 VALUE 100-1M, TOTAL 
305 £2.75 
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CRAFTSMANSHIP 
IT HAS BECOME the 'in -thing' to revere the fine work- 
manship of the past. This is best demonstrated in the 
considerable interest in antiques. There is nothing 
wrong in this, of course, but all too often the reason 

given for this reverence of the past is that craftsmanship 
is a dying, if not a dead, art. "People don't care any 
more" ... "They don't make beautiful thirgs anymore", 
are common sayings. This, of course, is rubbish. 

A couple of centuries ago there were certainly people 
dedicated to their trades. A man would spend days 
with hammer and chisel carving a 'ball and claw' for a 

table. A clock maker may have taken months to com- 
plete a single unit. These people produced superb work, 
even if we ignore the limitations of their tools and it ís 

good that much still survives. Today we have similar 
craftsmen: the furniture maker of yesteryear can be 

equated with the tool maker for some plastic moulding 
machines. The fact that his work may be duplicated a 

million times by an automatic process in no way de- 

grades his original craftsmanship. 
The clock maker could be equated with the product- 

ion engineer for some electronic test gear. Can anyone 
who has looked inside a recently built oscilloscope 
made by one of the major manufacturers say that 
craftsmanship is dead? There is beauty in the design, 
both circuit wise and in layout, if only one is objective 
enough to see it. 

Anyone who wants their great-grandchildren to make 
a few pounds could do a lot worse than putting on one 

side a few of the items that we take for granted today. 
No, craftsmanship is alive and well: It is just pre- 

sent in different forms. -HMI. 
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news igest 
GO TO WORK ON A BATTERY 

The oil situation has increased interest 
in the battery -powered cars but des- 
pite years of research and development 
this seems no nearer than it ever was. 
The weight of the batteries, the 
limited range and the long recharging 
time have proved to be major problems. 

There is one branch of transportation 
however where these problems are not 
too serious: buses. Analysis of bus 
usage has shown that half the buses 
on city centre journeys during peak 
periods cover less than 25 miles with 
an average speed of 8.5 m.p.h. 

These facts led to the cooperation 
of Chloride and Selnec (South East 
Lancs and North East Cheshire 
Transport Authority) to produce a full 
size, battery -powered bus. The 
makers and operators emphasis that 
this is not an experimeñtal vehicle 
and it will be in daily operation 
within months. 

Silent Rider, as the bus is known, 
carries 50 passengers and, as the name 
makers clear, has a very low noise 
level and is pollution free. It has a 

range of 40 miles with a top speed 
of 40 m.p.h. and an acceleration of 
3.3 ft/s/s. 

The power pack comprises a lead 
acid battery with 165 cells giving 
330V fitted with an automatic 
topping up device. A revolution'ry 
charger is used which cuts the time 
from 8 hours to 3'/2 hours. The 
charger is known as PRV (Programmed 
Rate of Rise of Voltage). It can also 
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be used for boost charging, replacing 
1% of the battery capacity every 
minute up to 75% capacity. 

Other companies associated with 
this project are Sevcon, who developed 
the electronic controller, Seddon who 
built the body and EDC who made the 
special motors. 

Precise control of speed is provided 
by a thyristor chopper system which 
is regulated by the accelerator pedal. 
The controller can handle 280A at 
330V continuously and for short per- 
iods up to 1000A. 

Breaking is mainly electronic and, 
during breaking, the motors act in 
reverse as generators and partially 
recharge the batteries thus improving 
the range. 

In the event of failure of either the 
main batteries or the main circuitry, 
a separate 24V battery can be con- 
nected to the motor giving 

sufficient power to move slowly out of 
the main thoroughfare. To reduce 
maintenance costs the direction 
contactors, which often create 
problems, are switched in the zero 
current condition. 

Among the companies involved, 
Chloride especially have great faith 
in the future of battery powered 
buses. A Mark 2 version is already 
being developed with a replaceable 
battery pack. Chloride has spent 
considerable sums in TV and Press 
advertising promoting the idea, 
presumably in the hope that other 
transport authorities will take up the 
idea. 

The cost of Silent Rider is 

considerably more than for a con- 
ventional diesel, though running costs 
are similar. The Mark 2 however is 
expected to show running costs in 
favour of the battery -powered buses. 

LASER SYSTEM TO DETECT 
GASES 

A laser system for the detection of 
methane and other infrared absorbing 
gases has been developed by Inter- 
national Research and Development 
Co. Ltd and A.M.G. Zuubier Ltd, 
of Doncaster, in collaboration with 
the Safety in Mines Research Estab- 
lishment. 

It is for use in natural gas safety 
surveying, petrochemical safety 
monitoring or concentration measur- 

ing, and high sensitivity gas leakage 
alarm systems. 

In its first application the equip- 
ment has been installed in a patrol 
vehicle for the detection of small 
quantities of methane, typically 
100 ppm, utilising the rapid detector 
response time of less than one second. 

The operation relies on the 
absorption of 3.39 micron radiation by 
the sample gas in a cell located within 
a laser cavity. Gases and vapours 
which absorb strongly in the 3.39 
micron band include butane, ethane, 
propane, hexane, heptane, butadience, 
dimethylamine, dimethyleter, ethy- 
lether, ethyl mercaptan, ethylene, 
ethylene oxide, propylene and many 
others. 

The new detector has a fast response 
and high gas flow rate and a wide 
range of sensitivities. Unlike flame - 
based techniques, it measures concent- 
rations of infrared absorbing gases in 
inert atmospheres and, unlike some 
solid state detectors, cannot be 
poisoned. 

VOLTAGE REGULATOR 
SELECTION GUIDES 

Two new, updated voltage regulator 
selection guides are now available from 
National Semiconductor. The new 
guides contain complete information 
on all of National's voltage regulators 
including the new LM123 3A 5V 
regulator. 

One of the new guides contains 
complete information on National's 
fixed -voltage regulators, and the other 
contains information on National's 
variable -voltage regulators. And each 
guide is divided into two sections - one 
for positive voltage devices and one for 
negative voltage units. 

For each regulator, key specifications 
are listed to make device selection 
simple. The parameters include input 
and output voltage range, line regulat- 
ion, load regulation, ripple rejection, 
stability, quiescent current and output 
current. 

National Semiconductor, The 
Precinct, Broxbourne, Herts. 
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DEVELOPMENT OF FULLY 
ELECTRONIC DIGITAL SWITCHING 
SYSTEM 

CIT-Alcatel of France, and Plessey 
Telecommunications of Britain, have 

signed an agreement to collaborate in 
in the development, manufacture and 
marketing of a new fully -electronic 
digital telecommunications switching 
system. 

It will be based on a combination 
of the existing E10 digital switch - 

developed by CIT-Alcatel for the 
French P and T and presently oper- 
ated in the French public network - 

and the System 250 stored programme 
control processor, developed by 
Plessey and already in use in the 
United Kingdom. 

This agreement has been made in 
recognition of the decisions by the 
French P and T and the British Post 
Office that digital techniques are 
increasingly to be used in their 
telephone networks. It will'be designed 
to be suitable for use in both national 
networks. From this position, CIT- 
Alcatel and Plessey each expect to 
establish strong bases from which to 
launch major international sales. 

NEW LOUDSPEAKERS FROM 
SONAB 
With an eye to the future development 
of quadraphony Sonab has added two 
new loudspeakers to its existing range. 
Called the 0A14 and 0Al2 the new 
speakers have been designed to pro- 
duce an optimal balance between 
direct and reflected sound during 
either stereo or quadraphonic repro- 
duction. 

Giza 
An inside view of one of the new Sonab 
speakers, the right-hand unit of the OA14. 

The speaker elements are angled. The 
floating suspension of the bass and mid- 
range element prevents vibrations being 
transmitted to the cabinet. 
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The 0A14 which has five speaker 
elements, one for bass and mid -range 
and four for treble range is equivalent 
in power to the existing 0A5. The 
0Al2 has three speaker elements, one 
for bass and mid -range and two for 
treble. It fits into the Sonab range 
between the 0A14 and the V I . 

The new speakers combine omni- 
directional characteristics with the 
more directional requirements 'or 
quadraphonics. This is achieved by 
positioning the speaker elements, still 
mounted in the top of the enclosures, 
at specific angles. Those angled inwards 
provide the direct sound. They also 
determine on which side of the room 
the speakers should be placed, i.e. 

there are left hand and right hand 
speakers for the left and right hand 
channels. 

Sonab has added other features to 
the new speakers which are claimed to 
contribute significantly to their high 
performance. 

They incorporate a new bass and 
mid -range speaker element, the SC165 
which is only 165mm in diameter. 
This was designed by Sonab's Stig 
Carlsson to meet specifications which 
Sonab was unable to find in existing 
elements. The SC165 has enabled 
Sonab to reduce the size of its 
speaker cabinets - a decided advantage 
in the quadraphonics field - without 
suffering any reduction in the Dower 
handling capacity. 

The SC165 can handle 40W without 
overheating. It achieves very great 
amplitude with low distortion and 
frequency ranges of 25 - 18000Hz and , 

35 - 18000Hz for the 0A14 and OAl2 
respectively. To ensure high perform- 
ance of the crossover network and to 
reduce distortion at low frequency, 

Sonab has used coreless coils instead 
of metal cored coils and a strong 
plastic sheeting capacitor instead of 
the bipolar electrolytic type. 

The frequency response of the new 

speakers is very flat. I t is within 
±3dB from 29 - 15000Hz for the 
0A14 and ±3dB from 42 - 15000Hz 
for the 0Al2. In addition there is a 

facility for adjusting the high freq- 
uency -esponse to different acoustic 
environments. 

The speaker cabine_s are built up 
around the top board, the base board 
and the reinforcement cross -sections 
in injection moulded ABS. This 
material makes the cabinet extremely 
robust and is much lig'iter than wood. 
The walls of the cabinets are made 
from high density, heat pressurised 
particle board. 

Supplied in rosewood, walnut, teak, 
oak and black or white lacquered, the 
0A14 and 0Al2 speakers are being 
delivered now and all Sonab dealers 
should have them in stock by mid - 
March. Retail prices (including VAT) 
are £179.97 for the 0414 and 
£149.95 for the 0Al2. 

CHAMELEON LED'S 

Under a contract from NASA, 
Bowmar Canada has ceveloped a single 
LED that can change colour - from 
red to green - depending on current 
levels. 

Whilst the device has an efficiency 
of 1% to 2% for red light, and 0.1% to 
0.2% for green light, both will be seen 

subjectively as being of similar bright- 
ness because the human eye is 

approximately 10 titres more sensitive 
to green. 
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news digest 
SINCLAIR AIM FOR WORLD 
LEADERSHIP IN SCIENTIFIC 
CALCULATORS 

"Our commanding lead in this 
technology enables me to predict that 
Sinclair will be the world's major 
manufacturers of scientific calculators", 
claimed Clive Sinclair, Managing 
Director of Sinclair Radionics at the 
company's first international sales 
conference held in London recently. 

Speaking to delegates from more 
than 40 countries, he estimated that 
by early 1975 20 per cent of all 
calculators will be purchased by pro- 
fessional scientists, engineers, architects, 
teachers and students. In 1975 this 
will represent 3 million units through- 
out the world. Purpose of the con- 
ference was to introduce the company's 
£49 scientific pocket calculator, the 
"Sinclair Scientific" mentioned in 
March ETI. 

By the end of this year total cal- 
culator production on the entire 
Sinclair range will top 100,000 units 
per month. The company is expected 
to introduce further additions to its 
calculator ranges over the next 9 
months. 

QUAD LINE DRIVERS AND 
RECEIVERS FOR DATA 
TRANSMISSION 

Three new components have been 
introduced by Motorola which can 
further reduce the complexity of 
'party -line' type data transmission 
systems. 

The new devices comprises two 
quadruple line receivers (MC3450 
and MC3452) and a quadruple line 
driver (MC3453). The receivers are 
almost identical, the only difference 
being that the MC3450 has active 
pull-up outputs and the MC3452 has 
open collector outputs (making poss- 
ible the implied -AND output 
connection). The receivers' IC's have 
a strobe input which puts all four 
individual receivers on a chip into a 
high -impedance output state (three - 
state) in order to reduce line loading 
effects in party -line applications. The 
sensitivity of ±25mV makes these 
devices ideal for sensing in 1103 type 
main-frame memories. All outputs 

-iJ11 n , /r il tl:: ' 

-1, L~ ''f{ff I .. 1 f¡ . y f^ff,..jr,- 
.1;_';, , !; ...R; : ' ,.k 7;: . JJ-. ' _ " - It : r i i 

f ` . t i 
-7.:..." '. / 

. r , :- 

are at TTL levels and propagation 
delay is 25nsec maximum. The 
MC3450 and MC3452 are quadruple 
versions of the earlier popular dual 
receivers MC75107 and MC75108. 

The line -driver of the new family 
is the MC3453 - a quadruple version 
of the earlier dual, the MC75110 - 

featuring an inhibit input which is 
common to all the four drivers in a 

package. When this inhibit input 
is 'high', output current is switched 
between each pair of output 
terminals in response to channel input 
signals. When the inhibit input is 
low, all drivers in the package are 
switched off to minimise party -line 
loading. Propagation delay is typically 
9nsec and the common mode output 
voltage range is from -3 to +10V. 
Output current drive is 12mA. 

NEW AUDIO SCOPE 

A recent addition to the Heathkit 
range is the AD -1013 Audio Scope, a 

sophisticated solid-state instrument 
designed for use with any 2 -channel 
or 4 -channel stereo system to provide 
visual checking and monitoring of such 
parameters as channel separation, 
phasing, relative signal strengths, 
multipath reception, centre tuning of 
receivers and tuners. 

A built-in four -channel decoder 
gives independent or simultaneous 
visual indication of all four channels. 
Triggered sweep assures a stable, jitter - 
free signal trace. An automatic base 
line generator displays a straight line 
across the CRT screen when no signal 
is present. Inputs are provided on the 

rear panel for Left -Front, Left -Back, 
Right -Front, Right -Back and Multipath. 
Any of these inputs can be switched 
and observed on the screen, independ- 
ently or in combination. Lighted 
function indicators at the edge of the 
CRT screen on the front panel show at 
a glance what function is being displayed. 

A built-in independent 20Hz to 
20kHz low distortion audio oscillator 
provides convenient means of adjusting 
and checking any stereo system. Front 
panel controls are provided for frequency 
selection of the audio oscillator as well 
as controlling the amplitude of the 
generated signal. 

Most of the solid-state components 
mount on a single circuit board in a 

wide-open arrangement. 
Price of the AD -1013 is £99.55, 

mail order, Carriage extra. For more 
information, contact Heath (Gloucester) 
Limited, Bristol Road, Gloucester 
G L2 6EE. 

ADVENT TO MARKET 
VIDEO -BEAM TV 

The Advent Corporation is currently 
making definate plans to market its 
video beam TV projection system. 

Intended primarily for very large 
domestic rooms, business and 
institutional use, the system projects 
signals from normal TV, video, or 
CATV sources onto a screen 122cm 
high x 183cm wide. 

The unit will be priced at S 2495 
and production is expected to 
commence in April. 

Advent are well known in the audio 
field for their range of loudspeakers 
and cassette recorders. 

AUDIO UNIT FROM HITACHI 

;J_ ...,: try 

Launched last month is the Hitachi 
SP 2821, an 8 -track Multiplex FM long 
stereo system. 

Operated from the mains the 2812 
in all white plastic design with two 
matching speakers sells at a retail 
price of £89.00. 

Sales are seen in the middle range 
of the audio market. The unit is very 
similar in design to the ST 3412 
cassette player and radio tuner which 
Hitachi introduced last year onto the 
British market. 
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OFF-AIR FREQUENCY STANDARD 

The recently introduced Advance 
OFS 2B off -air frequency standard 
generates output frequencies of 1MHz 
and 10MHz from the BBC's high - 
stability 200kHz transmission from 
Droitwich. The instrument receives 
the Droitwich signal, strips it of its 
amplitude modulation, and phaselocks 
the 10MHz signal to the Droitwich 
transmission. 

The long-term accuracy (for more 
than 1000s) is equal to that of the 
Droitwich transmitter, while the 
short-term (1s) accuracy is typically 
one part in 108. 

To keep spurious phase modulation 
(caused by amplitude modulation of 
the 100kHz signal) to a minimum for 
short-term measurements, the receiver 
utilises a narrowband crystal filter to 
remove the modulation, and a com- 
paratively long time constant in the 
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lock loop. An automatic -gain -control 
loop stabilises the signal level fed 
into the phase discriminator. 

A ferrite rod aerial fitted at the 
rear of the instrument, making it 
suitable for most UK locations as well 
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as many European countries. An 
external aerial can also be used. The 
instrument can be powered from the 
a.c. mains or an internal battery. 

Advance Electronic; Limited, 
Roebuck Road, Hainaut t Essex. 

WORLD FIRST IN UNDERWATER 
TELEGRAPHY 

Marconi Communication Systems has 

completed the design and development 
of what ís believed to be the first 
telegraph error detection and correct- 
ion equipment designed specifically 
to provide teleprinter to teleprinter 
communication under water. The 
equipment, designated Sonar 2010 by 
the Royal Navy, was designed in 

collaboration with the Admiralty 
Underwater Weapons Establishment 
for the Royal Navy for underwater 
tactical communications. 

The programme to produce the 
type 2010 equipment started in 1967 
with a series of studies in which 
research equipment was taken to sea 

on vessels of the Royal Navy to 
determine the techniques that could 
be best employed to overcome the 
many difficulties that face the under- 
water communicator. The problem 
Is particularly acute in data trans- 
mission, which has to cope with the 
effects of fades, mulitpath, noise 
bursts and doppler shifts caused by 
the relative motion between communi- 
cating vessels. 

From the early research trials, a 

combination of techniques was 

involved, and this was followed by the 
design and manufacture of prototype 
production equipment. A further 
series of sea trials took place and the 
equipment was evaluated under a 

variety of propagation conditions 
chosen to represent those found in 
service use. 

During the seas trials, the new 
Marconi Underwater Telephone, 
designated Sonar 2008 by the Royal 
Navy, was used as the transmitter and 
receiver of the telegraph signals. 

The trials were highly successful 
and beat the target of 98 per cent 
error free copy under a wide range of 
propagation conditions from shallow 
water deep sea and rough sea to calm 
tropical conditions. It was also shown 
that the 2010 can pass traffic at a 

greater transmission rate than can be 

achieved by speech, and together with 
the greatly increased range provided 
by the type 2008 Underwater Tele- 
phone has extended the communi- 
cations abilities of the submariner by 
many times. 

Production is scheduled to start 
this year and will cover a shipfitting 
programme of existing and new R.N. 
vessels over a periods of years. 
Interest has also been expressed by 
NATO and Commonwealth countries. 

OPTOELECTRONIC SIGNAL 
COUPLER 

A new optoelectronic signal coupler - 

the Hafo 3C63 - has recently become 

LL 
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available from MCP Electronics. 
The 3C63 is essentially a four - 

terminal switch with complete elect- 
rical isolation between the input and 

output terminals. It consists o= a 

GaAs infrared light emitting diode and 

a silicon NPN phototransistor, both 
hermetically encapsulated inside a 

polycarbonate case. 

Maximum ratings include: Input -to - 
output DC voltage, ±5kV (continuous), 

±15kV (1 min); Input diode reverse 
voltage, 7V; Input diode forward 
current, 100mA; and junction temper- 
ature range, -550C to 41250C. 

Overall package size is .76 x .40 x 

.41in, excluding leads. 
MCP Electronics Limited, Alperton, 

Wembley, Middlesex hAO 4PE. 

TV INTRUDER DETECTOR 

No matter how conscientious a 

security guard may be, it is virtually 
impossible for him to monitor closed- 

circuit TV screens for protracted 
periods. 

A system, developed by inform- 
ation Processing Systems of Belmont, 
California, takes the responsibility 
from the guard by triggering an alarm 
signal if there is any c-tange in the 
displayed video image. 

The system samples the video image, 

integrating energy levels in the video 
signal and detecting changes in the 
energy content. 

ANTISTATIC FIBRES 

Antistantic fibre will soon be available 
from ICI's Aycliffe Plant. 

The new fibres, say ICI, are the first 
ever to be produced with truly 
conductive properties. Based on 
either polyester or nylon, they contain 
small amounts of particulate carbon 
embedded on the surtaces - but 
forming an integral part of each fibre. 

Although there are countless 
applications throughout science, and 
industry, initial marketing areas will be 

in carpeting and industrial fibres - 
two areas where spark supression is 

, often an important safety 
consideration. 



' enry°s U.Kh LARGEST RANGE OF BRANDED AND GUARANTEED 
DEVICES. (Quantity Discounts 10%12+, 15%25+, 20%100+) 

(Any one type except where quantity discounts show) Min.Ordor f1.00 please, PostlOp. 

INTEGRATED CIRCUITS 
VERY IMPORTANT. ONLY branded I. C's are to the FULL manufacturers specifi- 
cations. ALL others are not. Henry's sell only branded Integrated Circuits ... From 
TEXAS ... I.T.T.... FAIRCHILD ... SIGNETICS. So why buy alternatives or 
under spec. devices when you can purchase the genuine article from us -ex stock ... 
need we say morel 

TyPe 11111212930/99 Type 11111212930199 Type 11111212930199 
£p £p Ep £p £p £p £p £p Ep 

SN7400N -20 0-18 0.16 SN7448N 1-50 1-27 1-13 SN71141N 1-00 0-90 0.80 
5974019 -20 0-18 0-16 5974509 0-20 0.18 0.16 SN74142N 2.88 2.88 2-52 
SN7401AN 38 038 0.33 SN7451N 020 0.18 0-16 SN74145N 1.44 1-44 126 
SN7402N 20 018 016 SN7453N 0-20 0.18 0-16 SN74147N 2.30 2-30 1.81 
SN7403N 20 0-18 016 5974549 0-20 0.18 0.16 SN71148N 2-01 2.01 1-63 
SN7403AN 38 0 38 0 33 5N7/60N 0-20 0-18 0-16 SN7415001 2-30 2.30 2.01 
SN7404N 24 0 21 018 SN7470N 0 33 0 30 0-27 SN74151N 115 1.15 100 
SN7405N 20 0-18 0.16 SN7472N 0-30 0.38 0-34 SN74153N 1-09 1 09 0-95 
SN7405AN 44 0 44 0 38 5971739 0.44 0-41 0-37 SN74154N 2-30 200 2-01 
SN7406N -40 0 38 0 35 SN7474N 048 0-48 0-42 SN74155N 1.15 1-15 1-00 
SN7407N -40 0-38 0-35 5974759 0-59 0-55 051 S971156N 1-09 1-09 1-00 
SN7408N 25 022 0-19 SN7476N 0-45 0-36 0.32 SN74157N 1.09 1-09 0-95 
SN7409N 33 0 33 028 $N7480N 0-80 0-70 0-50 SN74159N 2-44 2-44 2-14 
SN7409AN 4/044 038 SN7481N 125 1.10 0.95 SN74160N 158158138 
SN7410N -20 018 0-16 5974829 0-87 0.80 0.72 59741619 1.58 1-58 1-38 
SN741IN 25 023 021 SN7483N 1-20 1.10 1-00 SN74162N 1-58 1 58 1-38 
SN7412N 28 048 0-25 SN7485N 1.87 1.87 1-63 SN74163N 158 1-58 1-38 
SN7412AN 38 0-38 0 33 SN7486N 0.50 0-50 0 44 SN74164N 2-01 2-01 1.76 
S97413N 30 0 27 0-25 51,474899 4-32 4-32 3.76 59741659 2-01 2-01 1-76 
SN7414N 72 0 72 0-63 SN7490N 0-75 0-70 0-63 SN74166N 2.16 2-16 1-89 
SN7416N -30 0-27 0-25 SN7491AN 1-10 1-00 0.90 SN74167N 4-10 4.10 359 
SN7417N 30 0 77 0 25 SN7492N 0-75 0-70 0.63 SN74170N 2-88 2-88 2-53 
SN7420N 20 018 0-16 5974939 0-75 0-70 0-63 SN74172N 5.76 5-76 5.04 
SN7422N 28 028 0 25 SN7494N 0.85 0-80 0-75 SN74173N 1-66 1-66 1-45 
SN7422AN 38 0 38 0 33 SN7495N 0 85 0 80 0.75 SN74174N 1.80 1.80 1-57 
SN7423N 37 0-34 032 SN7496N 100 0-90 0-83 SN74175N 129 129 1.13 
SN7425N -37 0 37 0.32 SN7410064 2.16 1 89 1-69 SN74176N 1-44 1>44 1-26 
SN7427N 37 0 37 0 32 SN74104N 0.60 0 53 0 45 SN74177N 1-44 1.44 146 
SN7428N -43 0 43 0 37 SN74105N 0-50 0 53 0 45 SN74180N 1.41 1-44 1-26 
SN7430N 20 018 0-16 SN74107N 0-51 0 51 0 45 SN74181N 5-18 5.18 4-53 
SN7432N 37 0 37 0 32 SN74110N 0-57 0 57 0 50 SN74182N 1-44 1 44 1 26 
SN7413N -43 0 43 0-38 SN74111N 0.86 0 86 0-75 SN74184N 2.16 216 1 89 
SN7433AN 57 0 57 0-50 SN74116N 2-16 2-16 1-89 SN74185AN 2.16 216 1 89 
SN74.17N 41 0 43 0-37 SN74118N 1-00 0 90 0 83 SN74188N 6.48 6.48 5 67 
SN7438N 43 0 43 0 37 SN74119N 1.92 1-92 1-68 SN74190N 2.30 2-30 2 01 
SN7438AN 57 057 0-50 SN7/120N 1.05 1-05 0-92 SN71191N 2.30 2-30 2.01 
SN7440N 20 0 18 0-16 SN74121N 0.57 0 57 0 50 SN711929 2-30 2-30 2 01 
SN7441AN 85 079 073 SN74122N 0.80 0-80 0-70 SN74193N 2-30 2-30 201 
SN7442N 85 0 79 0 73 SN74123N 144 1-44 1-26 SN74194N 1-72 1-72 1-51 
SN7443N -50 1 27 193 SN74125N 0-69 0 69 0-60 SN74195N 1-44 1 44 1 26 
SN7444N 1-50 127 1.13 

SN7<126N 0-69 0-69 060 
SN74196N 1-50 1 5/ 1-38 

SN74459 216 216 1 895974197N 1.58 1 58 1.38 
SN7446N 2 16 216 1 89 SN74132N 0-72 0-72 0.63 SN74198N 3-16 3 16 2 77 
SN7447AN 1 80 1 80 1 57 SN74136N 0-63 0-63 0-55 SN74199N 388 286 2-52 

LARGER QUANTITY AND O.E.M. PRICES PHONE (01) 723 3646. PRICING OF 
SN7400 SERIES IS CALCULATED ON THE TOTAL NUMBER ORDERED 
REGARDLESS OF MIX. SN74 ... HIGH POWER ... 5974 ... LOW POWER 
SERIES IN STOCK ... SEND FOR LIST 36, FREE ON REQUEST. LOW PROFILE 
SOCKETS 14 PIN ... 15p. 16 PIN ... 17p. 8 PIN ... 14p. 

TRANSISTORS A SELECTION FOR FULL LIST SEND FOR 
BOOKLET 36 TODAY. 

AAZ13 10p BC182 12p BYZ13 35p 0C36 65p ZTX108 10p 2N3714 140 
AC107 35p BCY32 85p CIO6D 55p OC44 18p ZTX30014p 2N3771 1-75 
AC128 20p BCY39 1 00 GET111 5Sp OC45 18p ZTX302 18p 2N3773 2-25 
AC187 20p BCY55 2 50 GET115 75p 0071 15p ZTX500 15p 293790 2-25 
ACY17 35p BCY70 15p ('-ET880 55p OC72 25p 2G301 40p 2N3919 35p 
ACY39 65p BCY71 20p 1M30910 0077 55p 29897 15p 293866 75p 
A0149 50p BCY72 13p 1-87 0081 289 29706 10p 2N3903 15p 
40161 399 130124 80p MAT121 0083 25p 2N930 20p 2N4002 14p 
40152 399 BD131 45p 25p 0C140 65p 29987 459 2N4126 15p 
AF117 20p BF115 22p MJE340 50p 0C170 25p 2N1132 25p 294871 35p 
AF119 50p 8F180 33p MJE520 65p 0C200 55p 291304 22p 2N5457 36p 
AFI39 33p BF194 13p MJE3055 OC202 90p 2N1613 20p 25001 3.00 
AF186 40p BFX13 2511 75p OCP71 1-00 2N1671 1-00 2S026 8 90 
4F239 44p BFX34 55p MPF105 46p ORPI2 55p 292147 75p 25303 70p 
ASY27 30p BFX88 22p NKT217 459 ORP60 45p 292160 69p 40250 45p 
BA115 10p BFY50 20p NKT404 600 P3464 20p 292926 10p 40361 ' 45p 
BAX13 Sp BFY51 20p 045 60p TIL209 25p 2N3053 20p 40362 40p 
BC107 15p BFY64 45p 0481 10p TIP29A 499 293054 45p 40408 Sop 
BC108 15p BFY90 75p 04200 ep TIP304 569 293055 45p 40488 75p 
BC109 15p BLY36 6-25 04202 10p TIP314 61P 293440 50p 40636 1-00 
BC109C 14p BSX20 15p OCIO 85p TIP414 74p 2N3442 1.10 40430 850 
BC113 16p BU105 2-20 0C20 1-25 TIP42A 90p 293525 80p 
BC47 12p BY100 1Sp 0C28 6Sp TIS43 26p 293614 59p 
BC169C 14p BY127 15p 0C35 55p V4054 25p 293702 11p 

TRIALS Sl"d.; "p""g Ith ccessoliries 
3 AMP RANGE SC45B 200v E1.15 

SC45D 400v £1.45 
SC45E 500v £195 

1.11 

Price 
Type P.I.V. Each 
SC35A 100v 80p 
SC358 200v 85p 
SC35D 400v 909 
SC35E 500v £120 

6 AMP RANGE 
SC40A 100v Sop 
SC4013 200v 95p 
SC40D 400v £1 20 
SC40E 500v £1-50 

10 AMP RANGE 
SC45A 100v £1.05 

3 Amp 
7043 ' 

15 AMP RANGE 
SC50A 100v £1.45 
SCSOB 200v £1.65 
SC5OD 400v E1.95 
SC50E 500v £225 
TRIACS 
Additional Types 
40430 TRIAC 

(T066) 85p 
40669 TRIAC 

(Plastic) 90p 
40486 TRIAC 

(T05) 75p 

15 Amp 
T048 

.0 

SILICON CONTROLLED 
RECTIFIERS 
Type 1-11 
ONE AMP (T05) P.I.V. 
CRS 11054F 50v 30p 
CRS 1I10AF 100v 30p 
CRS 11204F 200v 35p 
CRS 1/40AF 400v 45p 
CRS 1/60AF 600v 55p 
THREE AMP (T046) 
CRS 3/05ÁF 50v 40p 
CRS 3/10AF 100v 409 
CRS 31204F 200v 45p 
CRS 3140AF 400v 55p 
CRS 31604F 600v 65p 
FIVE AMP 
CRS 51400 400v 60p 
SEVEN AMP (T048) 
CRS 71100 100v 50p 
CRS 71200 200v 67p 
CRS 7(400 400v 85p 
CRS 71600 600v 95p 
SIXTEEN AMP (T043) 
CRS 161100 100v 70p 
CRS 161200 200v 75p 
CRS 161400 4004 65p 
CRS 161600 600v E1.10 

EASY TO BUILD KITS BY AMTRON - Everything supplied 
Model No. 
310 Radio control receiver 
300 4 -channel R/C transmitter 
345 Superhet R/C receiver 
455 AM signal generator 
65 Simple transistor tester 

115 8 watt Amplifier 
120 12 watt amplifier 
125 Stereo control unit 
130 Mono control unit 
605 Power supply for 115 
610 Power supply for 120 
615 Power supply for 2 e 120 
230 AM/FM aerial amplifier 
240 Auto peeking light 
275 Mic. preamplifier 
570 LF generator 10Hz-ImHz 
575 Sq. wave generator 20Hz-20Khz 
590 SWR meter 
620 NiCAD Charger 1.2.12v 
630 STAB Power supply 6.12v 025 -0 -IA 
690 DC motor speed Gov. 
700 Electronic Chaffinch 
705 Windscreen wiper timer 
760 Acoustic switch 
780 Metal Defector (electronics only) 
790 Capacitive Burglar alarm 
835 Guitar preamp. 
840 Delay Car alarm 
875 CAP. Discharge Ignition for car engine 

E 

Scope(-Ve Calibrator 
255 Level Indicator 
525 170-160mHz VHF timer 
715 Photo cell switch 
795 Electronic Continuity tester 
860 Photo timer 
371 Slide projector auto. feed control 
235 Acoustic Alarm for driver 
465 Quartz XTAL checker 

2.98 
5a5 
8.95 

12.33 
1.40 
3.90 
4.70 
5.70 
3.80 
4.55 
4.55 
6.73 
2.03 
15.50 

a.oa 
1580 
1480 
12.85 

8.00 
ens 
247 
7.00 
e -e0 

10.75 
8.85 
8.85 
4.25 
8.15 

13.115 
2.26 
8 16 

11.30 
7.70 
4.30 

13.25 
7.16 
7.80 
87s 

ALL KITS OFFERED 
SUBJECT TO STOCK 
AVAILABILI-Y 

Pncn correct at time 
of preparation. 
Subject to Change 
without notice 

EXCLUSIVE SPECIAL OFFERS 
MW/LW CAR RADIO 

- Eann welt. speskers 4nd fixings. [8.50 Carr/packp 300 
8 TRACK CAR STEREO 
1 - She'll welh speakers ,n pods and aengs [12.60 carrbecxp 40o 
PORTABLE BATTERY CASSETTE TAPE PLAYER [7.25 
CAR LIGHTER PLUG AND ADAPTOR 

-, ail cassette and radio 8/70 von oulpul (state width. [1.96 each 
ROTEL STEREOPnONES 
04630 E4.50 

R H 700 £e.75 .44430 [3.30 
HOTEL RA310 
15. 15 watt Stereo AM0118 r ILan £52.001 [34.52 
ARAI GUM 
Stereo cassette recorder [50.05 ea"/peckp 500 
Palr Akal ADM microphones Man cur/p.119 200 
WEIN W500 
R ,(ter, Mans Cassette Recorder E12.75 
PORTABLE CASSETTE TAPE 
Playe, for car or Carry around £7.25cerdpeckg 206 
HANIMAX 00808 POCKET CALCULATOR WITH KEY [25.96 
MARINAS BC11 M 
Mn.nory Verson [37.50 
Mans Unn lot BCB08. BC811 M (state model' £2.8S 
HANIMAX 11101 STEREO COMPACT RECORD PLAYEP 
2.7 watts Complete with speakers IList £54.501 Pnce [3a-95 
Pros nee ea,r or stereo ~nets 

NEW RANGES 
BRIDGE RECTIFIERS 
FEATURES SMALL SIZE AND LOW COST. Sizes are approximate. 

250M/A QUARTER AMP 2 AMPS PJ.V. 
13025105 50 PIV 16p 62/05 50v 35p 
6025110 100 PIV 189 82110 190v 40p 
111 a 4' die. 52120 200v 45p 

TAMP 
1-11 Pricing 82160 600v 50p 

Ype P.I.V. Price ea. 821100 10009 SSp 
805105 50v 209 (H o (1 a jr- die. 
B05110 1009 22p 
805120 200v 23p 
B05140 400v 2Sp 
B05160 600v 27p 
6H o 11. a ,}' die. 

1 AMP P.I.V. 
81105 50v 25p 
81110 100v 2Sp 
B1120 2004 28p 
81160 6004 30p 
6HaILa{s'tlia. 
1 AMP P.l.V. 
W005 504 29p 
W01 100v 30p 
W02 2004 32p 
WO6 6004 35p 
I a I' Tubular 

IIenry s ELECTVERORYNICS 

TOE LIMIRAD TO ED P 

FOR EURPOSE 

EDGWARE ROAD, W2 See facing page 
for addresses 

4 AMPS P.I.V. 
84(100 100v 
84)200 200v 
841400 40)v 
84/600 600v 
54)800 800v 
(H o (L x ;} die. 

6 AMPS P.I.V. 
136/05 511v 

B6110 law 
86120 2019 
66(40 400n 
66)6.0 6004 
(H a IL a ly' die. 

55p 
59p 
115p 
75p 

£1.00 

670Sp 

p 
DOp 
90p 

[1'00 

All prices correct et time 
of press. 11% VAT 
to be added to ell 
orden (UK only) 

Export a UK 
Manufacurers 

Colleges 'applied. 
E. &0. E. 

FREE BOOKLET 
All types of 
Transistors 
Rectifiers -Bridges 
SCR's-Triacs 
Integrated Circuits 
F.E.T. - Light Devices 

OVER 1500 DIFFERENT DEVICES 
ENTIRELY NEW 1973 EDITION 

More Devices * New Prices * New Ranges * 
This is a must for all Semi -conductor 
Users. (Ask for booklet No. 36.) 
SEND FOR YOUR FREE COPY TODAY 

r, 
TBA800 5 WATT. IC 
Suitable alternative to 
SL403D 5130 volt operated. 
8116 OHM 5 watt output. 
With olrcuits and data 
£130. 

Sinclair IC12 
with circuits and data. 6 
watt IC with printed 
circuit board. 28 volt. 
operated. [2.00. 

ZN414 IC 
Integrated circuit radio as 
featured by many mega - 
tines (PW Jan. 73 Reprint 
Ref. No; 19 for 10p). £120. 

111209 
24p each 

Strobe Tube 
ZFT4A/XTF2 Suitable for 
Dec. '73 P.C. Electronics 

C2.50 
ST2 (0321 DIAC 259 
CRS1/40 SCR 45p 

Ultrasonic Transducers 
Operate at 40Kht up lo 100 
yds. Ideal remote switch- 
ing and signalling. Com- 
plete with data transmitter 
and receiver new I.0 
circuits. Per pair £5 90. 
TA9a0 w.th socket E1.50 

3016F 7 SEG. 

I.C. size complete with 
data price £1.70 each 
(digital clock circuits ref. 
No. 31, 15p). 
LED 

22p per 10 

BUILD YOURSELF A POCKET CALCULATOR 

A complete kit, packaged in a poly- 
styrene container and taking about 
3 hours to assemble-thats the Sinclair 
Cambridge pocket calculator from 
Henry's. Some of the many features 
include Interlace chip, thick -film 
resistor pack, printed circuit board, 
electronic components pack. Size 41- long a 2- wide a fr. deep. 
Free of Charge with the kit for the more 
advanced technologist Is a 32 -page 
booklet explaining how to calculate 
Logs, Tangents, Sines etc. 
Price £24.95 VAT. 
Also available assembled ready to use £27.20 VAT. 

I 
.. .... 

r.an C: 

0000 
e000 
0000 
0000 

LIVING SOUND LOW NOISE TOP 
QUALITY CASSETTES MADE BY 
EMI TAPES LTD TO INTERNATIONAL / et ' ¡u 

STANDARDS ESPECIALLY FOR ] 
HENRY'S. ALL POST PAID LESS THAN 
y REC. PRICES COMPLETE WITH ^T 
CIBRARY CASES. 3 for I 6 for 10 for 25 for 
C 60 £1.00 I £110 £260 E0.75 

E1045 

£5.00 [1225 

C 9 £1 33 I E2 57 

C 120 £1.62 I £3 -IS 
Quantity and trade enquiries Invited 
LEARN A LANGUAGE -complete with phrase book. German-French-Spanish-Itallan £136 per course. ES for any 4. 

E420 

A SELECTION OF 
INTERESTING ITEMS 
C3025 Compact transistor tester 
E1300 Mono mal Can. preamp. 
EI310 Stereo mag. Carl. preamp. 
Easiphone telephone amplifier 
D1203 Teleamp. with PU coil 
LL1 Door lntercomm. and chime 
Chattatite (lights as you talk) 
1 Kw Dimmer/controller 
9' Twin spring unit For 
16, Twin spring unit Reverbs 
Car Tachometer Electronic 
VHF 105 Aircraft band corrector 
B2005 4 Ch. mlc. mixer 
84904 2 ch. Stereo mixer 

6.30p6p15p 
2.75p6p15p 
402p6p25p 
7.95p6p25p 
440p6p20p 
716p6p25p 

13.90 20p 
3.00 p 6 p IOp 
3.30p6p15p 
615p6p25p 
116 p&p I5p 

4.60p6p16 
3.75p6p15p 
5.96p6p15p 

P63101. Bch your own printed circuhs 1.50 p 6 p 20e 

ZENER DIODES 
400 m/w 13ZY88/BZX83. From 3.3 volt - 
33 volts 10p each. 
1.3 watts 5% Miniature Tubulars 194700 
series. From 3.3 volt- 33 volt l8p each. 
10 watts. stud Mounting. ZS series 6.8 
volts- 100 volts 5% 40p each. 

SILICON RECTIFIERS 
1 amp series IN4001 to IN4007 From Sp 
each 1.5 amp. 
P14001 to PL4007 From Sp each 
3 amp PL7001/IN5400 From 149 each. 
Send for 
full Ilst 36. 



' enrvs.' 
Now built and used by thousands 
of satisfied customers. Features 

env 151-.21'x61 6 -IC's, 10 transistors. 
slim design overall size In Cabinet 

Maio u. 
stabilisers Gardners low field 
translormer. Fibre Glass PC 
Panel, complete chassis work. 
Now available built and felted as 
well as in kit form. HIGH OUALITY 
AND STABILITY ARE PRE- 
DOMINANT FEATURES - DE- 
VELOPED BY TEXAS EN- 
GINEERS FOR PERFORMANCE, 
RELIABILITY AND EASE OF 
CONSTRUCTION. FACILITIES. 

On/off switch indicator, headphones socket, separate treble, 
bass, volume and balance controls, scratch and rumble 
filters, mono)stereo switch, Input selector; Mag. P.U. 
Radio Tuner, Aux. Can be altered for Mic.. Tape. Tape -head. 
etc. Constructional details Ref. No. 21 30p. Distributed bt 
Henry's throughout UK. 

FREE -reek cabinet with complete kit. 

(44 rA44 Mrsgty 

KIT PRICE £28.50 
(}VAT}5p carr(packing) or built and tested £35 00 (4- 
V AT+50p carrlpackinp) as Illustrated. 

EARN YOURSELF EASY MONEY, WITH 

PORTABLE DISCO EQUIPMENT 
DISCO MINI A complete portable disco, fitted 
mixer/preamp. 2 decks all facilities (98.50 
As above but with Slider Controls [118.50 
100 watt amplifier for above [42.50 
SOU 100 100 wen miudsmpliher with slider 

controls (69.00 
R50 50 watt mixerfamplifier (49.50 
R100 100 watt mixer/amplifier 057.50 
DISCO AMP 100 watt mixer/amplifier chassis 
unit [73.00 
DISCO MIXER/PREAMPLIFIERS 
(OP for up to 6-100 watt amplifiers) 
SDLI (rotary controls) 049.50 
SDLII (slider controls) 058.50 
DISCO VOX (slider controls) the complete 
disco preamp 
DJ100 100 watt power amplifier for above 
DJ3OL 3 channel 3kw sound to light 
DJ4OL as 301 plus built In microphone 
DIMAMATIC I kW adjustable speed auto 
dimmer £25.00 
Cadsbro reverberation unit (44.00 
SCENE STROBE £19.00. ROAD STROBE 025.00 
SUPER STROBE C45 
Disco anti -feedback microphone £11.95 
Colt 150 watt liquid wheel projector £22.50 
150 watt UI liquid wheel projector £50.00 
150 watt 01 cassette wheel projector £50.00 
Spare Effects and liquid cassettes large range of 
patterns [6.00 

[72.00 
[49.50 
£36.00 
£47.50 

U.K's LARGEST RANGE OF ELECTRONIC COMPONENTS 

AND EQUIPMENT AT BARGAIN PRICES 

latest Catalogue price 55p post paid. Complete with Discount Vouchers 

BUILD THE 

IAN 
20 4- 20 WATT IC 

STEREO AMPLIFIER 
As featured by Practical Wireless 1972 

e. V 
I e .... e 

6' Liquid wheels [5.50 
Mini spot bank fitted 3 lamps £12.95 
Auto Trilite (mini with flashers) £17.00 
Bubblemasrer with 1 gall. Liquid £41.15 
Mixer Misc/Speakers/Lighting UK's largest range. 
FREE stock list ref. No. 18 on request. 
AKG Reelo/DJ/Carlebro/Eagle Mica. Stands. Mixers. 
Cabinets Chassis & complete speaker systems. 
megaphones. turntables. Public Address Components. 

--. 

BUILD 
THE NEW 

HENELEC 
STEREO FM TUNER ' L 

TOP pay less 

VAT with Henry'a 
Low Prices 

A completely new high stability stereo FM tuner. Features variable Capacity diode 
tuning, stabiliser power aupply, IC Decoder, high gain low noise. IF stages. LED 
Indicators, Tuning meter, AFC, easy to construct end use. Mains operated. Slim 
modern design with fibre glass PC, teak cabinet etc. Available as a kit to build or 
ready built. Overall size 8' x 21' x 61'. 
Produced to give high performance with a 

realistic price. (Parts list and constructional 
details Ref. No. 5 30p). Hesry's are sole dis- 
tributors UK and Europe. 

Kit price 
£21.00 (+ VAT) 

OR BUILT AND TESTED £24.951. VAT1 

I 

EXCLUSIVE DECCA KELLY 

SPEAKERS 
12 watt speaker Tweeter 
systems. 8" Bass/Midrobe 
and Melines Domed 
HF radiator plus cross- 
over £12.50 per pair of 
systems (carr/packg 40p) 
or built into veneered 
cabinets, size 18x 12x 
6 }" £19.50 pair (carr C 1). 

ELECTRONIC SUPPLIES 
UK's largest range few eve y 
application. Small quantity discounts. 
Also Trade, Export and Industrial 
enquiries invited. Latest stock list 
(ref No. 36). Including valves 
on request. 

HI-FI TAPE EQUIPMENT 

UK's argest range with 
discounts and demonstrations for 
caller>. Latest stock lists on 
request (Ref No. 171. Phone 
01-402 4736 for Barclay/Access 
Card. Direct orders and latest 
prices. 

TRANSISTORS/ 

SEMICONDUCTORS 
Spec alists in electronics for 
more than 30 years. Trade and 
industry supplies- every type of 
component and equipment. 

MINIATURE AMPLIFIERS 

AMPLIFIERS (Carr. etc. 20p). 

4.300, 0-3 wall 9 roll I [1.75 
104, 1 watt 9 volt r [280 
304, 3 watt 9 volt [2.95 
555, 3 wall 12 volt [3.10 
E1208, 5 watt 12 volt-. ' `I. [510 
608, 10 watt 24 volt . C S [4 10 

410, 10 watt 28 volt - [4.95 

(1206, 30 watt 45 volt [695 
E1210, 21 + 21 wens 12 roll [5 25 

RE500, 5 watt IC mains operated Amplifier with 
controls f 30 

SAC14, 7 + 7 wall Stereo with controls t8.70 
C AC13. IS 4. 15 watt Stereo with controls [1175 
SINCLAIR UNITS (carr. top) Z30 £3.57. Z50 £4.37 
Stereo 60 Preamplifier [7.91 
PZ5 £3.97, PZ6 £437, PZ8 (for 250) [471 

(TRANS £2 95) 

AFU (445. PROJECT 805 KIT [1115 PROJECT 805 [25.95 

NEW SINCLAIR PROJECT 80 

Stereo PreAmplifier 
Audio Filter Unit 
24015 Watt amplifier 
280 Watt Amplifier 
PZ5 Mod. for 1 or 2 240 
PZ6 Mod. IS Tab) 1 or 2 Z40 
PZ8 Mod. IS Tab) I or 2 280 
TRANSFORMER FOR PZ6 
NEW FM TUNER 
STEREO DECODER 

All items post paid. 

£11.95 
£6.95 
£5.45 
£6.95 
[4.98 
£7.98 
[7.98 
03.96 

[11.95 
£7.45 

POWER SUPPLIES 
FOR EVERY 
PURPOSE 
(All cased unless stated chassis) 

470C 6(709 volt 300 MA (includes Multi -Adaptor for 
Tape Recorders, etc.) (2.15 yea 10p 

Car Lighter Voltage Adaptors 300m4 (State voltage 
6v, 71v, 9v) £195 ea. post 25p 

SC202 31617119 volt 400mA [145 urn 30p 

HC244R Stabilised version 

P500 9 volt 500mA 

P11 24 volt 500mA (chassis) 

P15 26128 volt 1 amp (chassis) 
P1080 12v 1 amp (Chassis) 
P1081 45v 0.9 Amp (chassis) 
P12 41-12 volt 04-1 amp 

SEIOIA 3(619112 volt 1 amp (Stab.) 

RP164 6/71/9/12 1 amp (Stab.) 

f4 35 can 301 

E2.90 post 20p 

£2.90 post 20p 
[2.90 post 20p 

[4.25 lob 20p 

[7.50 tar 20p 

[7.15 pau 30p 

[10.30 tos' 25p 

[10.20 pos, 30p 

SPECIAL PURCHASES 
AVOMETER MOVEMENTS 
AVO 8 or 9 60uA MOVEMENTS 
Es Brand New AVO's £3.50 Post 20p 

UHF TV 
TUNERS 
CHANNELS 21 TO 64 

Brand new transistorisea 
geared tuners for 625 
Line Receiver 1 F output. 
£2.50 Post 20p 

GARRARD BATTERY 
TAPE DECK 
GARRARD 2 speed 9 
volt tape decks. Fitted 
recordlplay and oecllla- 
tor)Erase heads. Wind 
and rewind controls. 
Takes up to 4" spools. 
Brand new complete 
with head circuits. 
£950 carr. 300. 

LOW COST HI-FI SPEAKERS 
SPECIAL OFFER 
EMI 13' x e" -full range speakers (post 200 
each or 30p pair) 
'150TC-8 ohms Twin Cone 10 watt £2.20 
each or £4 Os pair. 

450 10 watt Clo Twin Tweeters 3, 8 or 15 

ohms £3.50 each or £6.90 pair. 
EW 15 watt s ohms C)o Tweeter £4.30 each 
or £7.90 pair. 
350 20 watt Clo Tweeters 8 or 15 ohns £7.50 
each or £14.:0 pair. 

Polished wood Cabinet £460 post 350. 

SPEAKER KITS (cart. etc. 35p) 
20-2 8" 30 watt 
20-3 8" 40 watt 
LINTON 2 20 watt 
GLENDALE 3 30 watt 
DOVEDALE 3 50 watt 
KEF KK2 
KEF KK3 

£10.00 each 
£1500 each 
£1S -s5 pair 
£2941s pair 
£42.00 pair 

£2040 each 
£32.00 each 

TEST EQUIPMENT 
MULTIMETERS 
(Carr. etc. 30p) 

M210 20K/Volt Slimline [6.75. 
TLH33D 2KA/olt RoSust C7.50. 
U437 10K/Volt Steel case. AC up 
to 40KHz [4.95. U4324 20KNolt 
with AC current ranges £8.00. 
AF105 50KNolt C11.95. U4313 
20KNolt AC current. Steel case 
£10.50. U4341 Plus Built in tran- 
sistor tester [10.50. Model 500 
30K/Volt (9.95. 

OQUIPMENT 
SE250BTHER PocketE Slgna0 Infector 
2.10 carr. 15p. 5E500 Pocket 
Signal Tracer t1.70 carr. 15p. 
7E1 Grid Dip meter 440kHz- 
280mHz 15.00 carr. 30p. TE40 
AC Millivoltmeter 1.2mHz 18.95 
tat,. 35p. 1E65 28 Range valve 

voltmeter 19.95 carr. 4 

TE20D 120kHz-500mHz 14F 

Generator 17.95 carr. 40p. 
TE22D 20Hz-200kHz Audio 
Generator 18.95 carr. 40P 
SE350A Deluxe Signal Tracer 
12.50 can. 20p SE400 Volts 
ohms/R-C subJRF field/RF gen 
1475 carr. 20p. 

FIBRE OPTICS 
0.01 Diem. Mono Filament t 1.60 per 25 metre reel 

0.13 Ilion 84 Fibres Sheathed (1.00 pei metre 

SPRAYS 15rem Oiem. Mein Tails [6.50 

All types offered subject to availability. Prices correct at 

time of proof. Subject to change without notice. E. 8 

O. E. 10% VAT to be added to all orders. Export supplied. 

TOP QUALITY 
SLIDER CONTROLS 
50mm .tiWft hrph quality cw 
eemplete h knobs (oost. t.te' 
160 anyque netyl. 

50Ry IiOOK 
*Igor SDK. I M2g. 

ASP each 
Se Log ngw end On 10K, 22x. 
SDK 100KK 250K. 4 h. 
tau.,' ty d xqunts ramble I Com- 
plete with knobs 

Henry's L MI ED 
EDGWARE ROAD, LONDON W2 

MARRIOT TAPE 
HEADS 

TRACK MONO or 2 TRACK 
STEREO; 17' High Inprdance 
£2.00. 11r Medium In ,dance 
C2 
Record/haw 

Heads tot '1 
7 

/Eraw 
6730/E73 rpn mono 

pair 
Erase 
63' 2track mono.011mo [7 

15 
775. 

Al Erase Head for '133* 75p (Post. 
arc . 1 Se inn quantity) 

SUPER TESTER 680R - 
The complete testing system 

Voris AC . 11 range. fro., 2V to 25000 
Volts DC . 13 ranges Neel 1 COmV to 2KV 
Arno DC ..2 ranges from 500A to IDA 
Amp AC . 10 ranges from 203í.A to SA 

Ohms. a ranges from one tenth of Ohm 
to 100M0 
Reactance- 1 range inn 0 to 1 OMO 
Capac,ty te 6 ranges from 0 to SOOpF 

and from 0 to 0 5,1 and 'row 0 to 
50 O000F 
Frequency. 2 Nye, from 0 re 5006, 
and from 0 to 50006: 
Output Voltage -9 reng., 1OV to 25000 
Decrbeis . 10 rang. Irons -74 to . `0416 

441) 

Accessories 

price 
£18.50 

tranvstor tester C11.00 
Fierpnwc dtmeter [18.00 
Ampciamo [11.55 
Temoe,atu-e Probe 011.95 
Gusss meter C116 
Signet lniecro. [5.95 
Phase Sequence C5.95 
EMT Prose [5.95 
Shunts 
255'100A C4.50 each 

404-406 Electronic Components and Equipment 01-402 8381 
309 PA - Disco - Lighting Nigh Power Sound 01.723 6963 
303 Bargains Store (Callers only) 
Home and Car Entertainment Centres London and branches now open. 
120 Shaftesbury Avenue, London W7 01-437 9692 
104 Burnt Oak Broadway. Burnt Oak. Edgware 01-952 7402 
190.194 Station Road, Harrow,Middlesex 01-663 7788/9 
354.356 Edgware Road, London W2 01.402 5854/4736 

All mail to 
303 Edgware Road. 
London W2 113W 

All stores open 9 am to 
6 pm sin days a week 
HrFr - rape Equipment 
Discount Stock Last 
Free at all stores 



news digest 
TEXAS INSTRUMENTS ATTACK 
H -P CALCULATOR MARKET 

Texas Instruments has just introduced 
a very advanced hand-held calculator 
intended to compete directly with 
the Hewlett-Packard HP -35. 

Priced at $169.95, and to be sold 
intially only by direct mail the cal- 
culator drastically undercuts H -P's 
current US price of $295. 

Bill Terry, vice-president of H -P's 
told an industry reporter that the 
new TI SR50 appeared to be directly 
competitive. 

STEREO RECEIVER WITH BUILT- 
IN STEREO CASSETTE PLAYER 

The JVC 9470 LS is a compact 
FM/MW/LW Stereo Receiver complete 
with a built-in Stereo Cassette Deck 
making a versatile centrepiece for a 

stereo system. 
The amplifier section of the 9470 

LS provides 15W r.m.s. per channel 
into 8 ohms over the full 25-30,000Hz 
audio range with 0.3% distortion. 
Individual slider controls are provided 
for the Bass and Treble, and there is 

a separate switched loudness control. 
The amplifier will drive two sets of 
speakers either of which may be 
selected by a front panel control, and 
there is a full range of input phono 
and DIN sockets to cater for phono, 
mic, aux and tape inputs and a tape 
output with a front panel headphone 
socket. 

The tuner section incorporates an 
F.E.T. front-end and achieves an S/N 
ration of 60dB with less than 0.5% 
distortion. 

The unit is fitted with one of 
JVC's precision cassette decks featur- 
ing full Auto -Stop facilities, and 

controlled by a set of piano -keys 
including a handy locking Pause 
Control Key. Each channel has its 
own individual slider -type recording 
level control coupled with a large 
scale VU meter. The FM muting 
switch acts as a Dynamic Noise 
Limiter (D.N.L.) when the recorder 
is in use so that background tape hiss 
is reduced to give an S/N tatio of 
50dB. A tape Selector switch is 
provided to bias normal to chrome 
tapes correctly. 

Price of the JVC 9470 LS is 
£181.50 recommended retail price 
including VAT. 

FREQUENCY-SYNTHESIZED 
SIGNAL GENERATOR 

Cushman Electronics, a Dana group 
member, has just introduced a 

frequency -synthesized signal generator 
that provides a flat, precisely tunable 
signal over the frequency range 4kHz 
to 9.1MHz. This is the Model CE -26A, 
a new instrument that can make a 

variety of accurate general-purpose 
measurements within these limits. It 
is especially suited to measuring the 
frequency response of filters and 
similar devices, and to cable attenuat- 
ion measurements. It can be set to give 

`+" m^ R 
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highly accurate output levels from -70 
to +10dB for insertion -loss measure- 
ments, and to make wide dynamic - 
range measurements, such as linearity. 

Its very stable frequencies are 

generated by a synthesizer that is 
phase locked to a 2MHz crystal 
oscillator. The required frequency is 
dialled in, and is displayed on the front 
panel in large bright digits. Resolution 
is 1kHz on the four digital frequency 
dials, and 25Hz with the fine tuning 
control. Harmonic distortion referred 
to the fundamental is greater than 
40dB down at signal levels below 
OdBm, and intermodulation distortion 
is greater than 50dB down. 

The signal level output is stablised, 
and an automatic level control elimi- 
nates the need for resetting the level as 
frequency is changed. 

Dana Electronics Limited, Collingdon 
Street, Luton, Beds. 

TWO-WAY RADIO BASE 
STATION MICROPHONE 

Reslosound Limited have recently 
released a new base station, or paging, 
microphone, the Reslo Dispatcher 
which is available in both dynamic 
and capacitor electret versions. 

Styled by Keith English, the 
Derritron Group's industrial designer, 
the microphone is claimed to have not 
only outstanding visual appeal, but 
to meet ergonomic principles import- 
ant in operation. 

A "press -to -talk" switch is incor- 
porated in the base of the unit for 
operator use whilst sitting down, and 
if it is picked up by a standing 
operator an alternative press bar falls 
naturally under the operator's thumb. 

340A THYRISTOR TURNS -OFF IN 
25 µSEC 

High frequency inverter circuits 
demand the use of fast turn-off 
thryistors. Where these circuits are 
also required to operate from high 
input voltages short turn-off time 
must be combined with high voltage 
ratings; for the thryistor, a combinat- 
ion of parameters which has proved 
difficult to achieve with existing 
processes. 

AEG have resolved this problem in 
their latest device - the T340F which, 
although it has the very fast turn-off 
time of 25µsec, will handle up to 
1.2kV (maximum allowable repetit- 
ive peak forward off -state and reverse 
voltage). This device is available from 
AEG's UK agents, Walmore Electronics 
Ltd., in several versions with ratings 
from 200V to 1.2kV and with a 

choice of 20, 25 or 30µsec turn-off times. 
Housed in a capsule package, which 

allows cooling of both sides of the 
chip simultaneously, the T340F will 
withstand surge current up to 6,200A 
peak for a period of 10msec. Other 
significant figures from the specifi- 
cation include a critical dv/dt rating 
of 400V/psec and a di/dt of 150A/ 
µsec. 
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PORTABLE LASER MICROWELDER CONTROL DEVICE FOR DISABLED 

F 

A small hand-held ruby laser micro - 
welder has been designed and built by 
International Research and Develop- 
ment Co. Ltd., of Newcastle-upon-Tyne 
and is expected to have many industrial 
applications. 

The big advantage of the new 
system is that the laser can be taken 
to the workpiece. Its compactness 
and portability make it ideal for 
on -site uses such as the attachment 
of electrical contacts, thermocouples 
and strain gauges to research and 
production equipment, particulary 
when welds have to be made in 
awkward positions or where they are 
inaccessible to other welding 
systems. 

The photograph shows the welder 

in use, welding probe leads inside 
the stator core of an experimental 
generator. 

In designing this system, IRD has 

drawn on considerable experience 
gained in the development and 
construction of laser micro -welding 
and drilling systems for a wide range 
of applications. The operating head 
is robust with a module for the 
aiming and focussing optics attached 
to a handle containing the laser. 

Both the charging of the separate 
1 kilojoule power supply, which is 

connected to the head by a cable, and 
the firing of the laser are controlled 
by the operator at the working point 
using a double -action button on the 
head. 

QUAD OPTO -ISOLATOR 

`.1 it* 
i 1 

Litronix announces the availability 
of a quad opto -isolator, the I LQ-74. 

It contains four independent 
infra -red LEDs and NPN photo - 
transistors in a 16 -pin dual -in -line 
package. Each quad channel has a 

121/2% minimum current transfer ratio 
and very low leakage current of only 
5nA. Breakdown voltage is 1,500V. 

A dual version, the I LD-74, is also 
available. It contains two independent 
infra -red LEDs and NPN photo - 
transistors in an 8 -pin dual -in -pine 

package. It has the same character- 
istics per channel as the I LQ-74. 

Both devices are designed to inter- 
face directly into and out of TTL, in 
place of relays and transformers. They 
are especially useful for eliminating 
ground loop and noise problems in 
TTL applications. 

Litronix, Bevan House, Bancroft 
Court, Hitch in, Herts SG5 1 LW. 

Using this system people can control 
up to ten devices by a single movement 
of any part of their body. A 3 x 2in 
capacitive sensing pad is the key to 
"System 7", a product of Zambette 
Electronics. 

The pad can be fixed in any position 
to suit the patient. By adjusting the 
sensitivity control the system can be 

tuned into the specific movement 
which has been chosen as the one 

which will operate the system. The 
pad is very directional - responding 
only to movements within the 3 x 2in 
column perpendicular to the surface. 

The pad is connected to a display 
panel, which carries 10 lamps, each 
lamp is labelled to indicate the corres- 
ponding function - TV, lights, etc. 
The lights come on, one by one, in a 

time-shared cycle of 20 seconds or 
longer. By operating :he device when 
the light for a particular device is lit, 
the operator can switch it on or off. 

It is possible to hold one particular 
function, such as TV, and then 
transmit a series of pulses, which in 

this example could select the channel. 
Curtains could be similarly opened 
in stages, or heating be gradually 
increased and decreased. 

Accessories enable opening of the 
front door for visitors (after establish- 
ing their identity by intercom) and an 

alarm system to call for help. There is 

also a telephone connection system 
to deal with ingoing and outgoing 
calls. 

The basic unit with ten on -off 
functions is £175. 

Zambette Electronics, 3 A von Way, 
Shoeburyness, Essex, SS3 9DZ. 

NEW BROCHURE FROM EAGLE 

Just released is a new 24 page brochure 
from Eagle International, entitled 
PA '74. As the name suggests, it con- 
tains details of the entire range of 
Eagle public address equipment. 

PA '74 however, does not restrict 
itself to the trade or contract end of 
the market, instead it opens with 4 

pages devoted to the wide range of 
uses the equipment can be put to. 
From the obvious factory/office needs, 
to stage, entertainment and general 
audio uses. 

The equipment shown includes 
general paging amplifiers, special 
microphones and a host of mixers 
both microphone and programme type. 
It also includes many new lines for 
1974. 

PA '74 can be obtained by phoning - 

or writing to: 
Eagle International, Precision Centre, 

Heather Park Drive, Wembley, Middlesex. 
Continued on page 68 
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The Simrad LP3 Laser Range finder, developed and 
manufactured in Norway for that country's army is 
one example of how lasers are finding new app 
licas'ions. 

This unit, which has been approved by NATO, has 
been supplied to a number of armed forces and is 
currently undergoing trials with the British army. 
The unit is completely portable and weighs less than 
15kg in its case. 

The target is lined up in a telescopic sight and the 
distance - between 200 and 20000 metres - is 
displayed on a digital display with an accuracy of 
within 5 metres. 

Objects such as fences or foliage which could give 
misleading readings can be excluded from the readout. 
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Once described as 'the ideal solution to yet unfound 

problems', the laser now finds innumerable 
applications throughout science, industry and 

commerce. Here, Dr. Sydenham discusses its use 

in measurement. A second article, will deal with 

power, communications and a whole host of other 

uses. 

WAY back in 1637, Descartes laid the 

foundations of optical behaviour, 
leading up to the laws of diffraction. 
The concept of light as a wave of 
radiation was born. Newton, around 
1670, suggested that light . was 

corpuscular in nature, thus providing a 

second concept of light that also 

works in many cases. (Today we use 

either as is appropriate). It was 

another 130 years before the 

properties of interference were 

realised. This was the work of Young. 
In close succession various other laws 

of light were explained in terms of 
what we call classical optics. 

But it was not until the 1920s, that 
the structure of the atom was 

understood, showing us that electrons 
can only exist in discrete states of 
energy level. This modern thought 
enabled the laser concept to be 

envisaged on paper. More years passed 

before a practical device was built, a 

microwave laser having been 

demonstrated first. 
In 1960 Maimans prototype laser 

produced the first laser light. 
The laser source was termed at the 

time "the ideal solution to yet 

unfound problems". There can be no 

doubt now that the problems have 

been found and that one type of laser 

or another provides a closely ideal 

solution to large and varied fields of 
need. 

It took a year or two after 1960 

before widespread application of lasers 

commenced. This was mainly due to 
their initially high cost. What now 

costs less than £100 (the recent ETI 

laser project, for example) then com- 
manded several thousand pounds and 

many month's wait. 

Today most of the mystery has gone 

out of laser manufacture. Technicians 
can assemble them, tune them and 

service them after a few hours' tuition. 
The reliability has steadily risen from 
days or months of operation to a point 
where manufacturers of CW lasers now 
offer 18 months' guarantee (and 
usually live up to it without a 

murmur). The robustness has been 

vastly improved. They are flown in 

vibrating aircraft, used in mines, in 

steel plants, in harbours: it is hard to 
find a place they haven't been used. 

Expenditures on laser research and 

applications each year run to 50p a 

head ín the USA and 11p in Britain. 

Recent physical experiments at Bell 

Laboratories have confirmed several 

predictions of the behavior of an optical 
maser. The theory of this device is 

discussed in the accompanying article. 
In the experiments, Laboratories 

scientists used a synthetic ruby rod, yz 

inch long and 1/5 inch in diameter. The 

ends of this rod were polished until 
extremely flat and' parallel, and were 

covered with a reflecting, yet slightly 
transparent, layer of silver. This rod was 

held in the centre of a spiral photoflash 
lamp and illuminated with an intense 
flash of ordinary white light. 

The investigators found that when the 
power applied to the flash lamps 
exceeded a certain value, a nearly 
parallel beam of light was emitted 
through the silvered ends. This light was 

red, like the ordinary fluorescent light 
from ruby, but differed from it in several 
important ways. 

First, it was sixty times closer to being 
"monochromatic" (of a single 
frequency) than the ordinary ruby light. 
Second, the light is "coherent" as was 

demonstrated by arranging two fine, 
parallel slits in a thick silver coating on 
one end of a ruby rod. The pattern of 
emerging light showed the light from one 
slit to be interfering with the light from 
the other, indicating that the emitted 
light was in phase across the end of the 
rod. Third, almost all of this 
monochromatic light was emitted within 

Fig. 1. The World's first 
laser light -house. The 2 m 
high unit sits atop the 
Captain Cook Memorial 
on the East Coast of 
Australia. 

NIX '-4, !IL 

Military expenditure is vast, especially 
in the search for the death -ray weapon. 

PROPERTIES OF LASER 
RADIATION 

Useful application of any phenomena 
is based on a working knowledge of 
the properties of the effect. The laser 

offers more than one unique 
characteristic over other radiation 
sources operating in the visible and 

infrared region. 
Firstly, its radiation is extremely 

chromatic, that is, it occurs as a 

specific very narrow band -width of 
frequencies - it is, therefore, a useful 

spectrally -pure source. This property 
enables laser radiation to be detected 
in the presence of considerable levels 

of background optical noise with little 
more than a good optical filter. 

Secondly, the beam is coherent. This 
means that the majority of energy 

wave trains emitted are in phase, giving 
the radiation the abylity to be used in 

interference modes of application. As 

yet technology has not delivered a 

Recent Optical Maser Experiments 
a cone angle of only one -tenth degree. 

Within this cone, the ntensity of the 
light was far higher than could be 

obtained by the ordinary fluorescent 
process. 

As a communications experiment, a 

ruby optical maser was set up at the 
Holmdel, N.J., location of the 
Laboratories and aimed at the Murray 
Hill Laboratories, 25 miles away. Red 

flashes, clearly visible to the naked eye, 

registered on photo multiplier tubes. The 
circle illuminated by the beam at Murray 
Hill was only about 200 feet in diameter. 
Another experiment involved 

transmitting pulses o.' light along a 

quarter mile of tw>inch diameter 
circular waveguide, whore the dust and 
fog of the atmosphere could not 
attenuate the beam. Photomultiplier 
tubes at one end of the waveguide 
recorded clear pulses of high -intensity 
light. 

With further developments, a beam 
from an optical maser might be used for 
a variety of scientific applications, 
including communications. At present, 
messages can be sent only in a code 
based on repeated flashes. However, 
since the coherent light is emitted in 

short bursts rather than as a smooth 
pulse, it may eventually be possible to 
modulate the signal, permitting many 
telephone conversatiois or television 
signals to be transmitted simultaneously 
over such a link. 

"This short article released details of the first experiments testing the application of lasers - 
from Bell Laboratories Record - November 1960." 
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LASERS AT WORK 
detector that can respond to 
frequencies of 1014 Hz, so 
interference must be carried out 
optically rather than electronically (as 
is done at lower frequencies). An 
infrared frequency detector was 
recently demonstrated at MIT so it 
should not be long before we have 
visible wavelength devices. 

The third unique feature is that the 
laser beam emerges, not as a point 
source radiating in all directions, but 
as an already collimated ray diverging 
typically by only a part in a thousand 
lone milliradian). There is an 
exception to this generalisation, for 
the solid-state junction lasers do not 
possess this feature. Without 
modification the beam can act as a 

weightless line in space enabling a 

whole hostof alignment measurements 
to be made. There is, however, much 
more to this feature than that, for it 
means that the radiation is already 
gathered into a narrow aperture and is, 
therefore, of high intensity. It also 
means that it can be further focussed 
in an efficient manner by collecting all 
of the radiation with a collimator 
(normally termed the telescope in laser 
technology). This can either provide 
tighter beam control or fine spots of 
extreme power density. As Brian 
Chapman outlined previously 
("Lasers" ETI August 1973) powerful 
lasers can be focussed to provide 
temperatures of the order of millions 
of degrees. 

There is no universal laser. They are 
offered with varying power outputs 
(milliwatts to megawatts), as pulse or 
continuous wave (CW) devices and can 
be at one of a number of discrete 
wavelengths ranging from infrared to 
near ultraviolet. Also now available is a 

tuneable laser system in which the 
output colour can be smoothly swept 
across the spectrum at the turn of a 

knob. There is even talk of an x-ray 
laser. It seems any substance can be 
made to lase - jelly has! 

One type of laser that does not quite 
fit the above description of 
characteristics is the Ga-As junction 
laser. It produces spectrally -pure 
radiation but lacks both the 
collimation and long-term coherence 
features. Its virtue is that it is easy to 
modulate and, being pure 'in 
wavelength, is easy to detect in 
ambient light conditions. 

Overall, the efficiency of lasers is 

poor. For instance, a 5 mW output CW 
He-Ne laser has an input of 40 W. This 
is still, however, by a long way, the 
most efficient method of producing 
radiation with the above properties. 
The characteristics of the smallest laser 
render it visible hundreds of metres 

LASER BEAM 
10.30mm DIAMETER 

LASER BEAM 
EXPANDING TELESCOPE 

Fi9.2. Diagrammatic arrangement of laser used in conjunction 
with four segment photocell for precision alignment in the 
workshop. 

away in daylight. The laser lighthouse 
(shown in Fig. 1) for instance, has a 

power input of 250 volt-amperes and 
can be seen twice as far as existing 
formulae for lighthouses predicted -a 
new code has been formulated to 
cover them. 

Applications divide broadly. There 
are those concerned with 
measurement, as found in surveying, in 
the workshop, in the laboratory, at sea 
and in the air. 

The main uses for the newly 
discovered lasers were at first in 
communications (see Bell Lab's 
Record account), but since then very 
many other applications have been 
found. 

These include the cutting of 
materials ranging from ceramics, 
exotic and ordinary metals, wood, 
cloth and paper. 

In the communications field, the 
bandwidth offered by coherent laser 
light is way beyond the requirements 
of most situations. This fact, and the 
cost of terminal equipment and 
transmission designed so far, does not 
make it an attractive proposition 
compared with waveguide alternatives. 

DETECTOR 

i 

4 - QUADRANT PHOTO CELL 

After these applications we are left 
with a whole host of other uses like 
those in art, teaching and computing. 

THE LASER AND SURVEY WORK 
The narrowness of the beam and its 

good penetration of the atmosphere 
immediately suggests the use of the 
CW laser to provide a reference line in 
space. By 1966 several firms were 
offering tooling lasers for use in 
precision workshop metrology. These 
used the normal CW He-Ne source 
encapsulated inside a precision -ground 
cylindrical tube, providing a beam that 
emerged from the centre of the tube. 
They were designed to provide a 

centre line through a system - such as 
a row of main -bearings in a large 
engine. 

The centre of the beam, (see Fig.2), 
is detected using a four -segment 
photo -detector. In this, each pair of 
opposite cells are differentially 
connected and drive a meter. Thus the 
operator is provided with x and y 
deviation display, reading to fractions 
of millimetres. Devices such as these 
have been extensively adopted in 

Fig.3. The Spectra Physics Dialgrade system has many accessories - here it is set up for 
alignment of pipes in the bottom of a manhole. 
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Fig.4. The scanning laser beam sweeps around providing a datum plane. 

industry - their cost certainly exceeds 
that of a stretched wire but they are 

more precise and easier to use than 
their closer cost equivalent - the 
tooling telescope. 

The major advance with these units 
'over the last eight or so years has been 
the recognition that the normal laser 
cavity design is generally inadequate 
for alignment use. Quality systems 
now have special mirrors provided at 
the cavity ends, and a narrower bore, 
to ensure that the beam emerges 
always from the same place and 
maintains the same pointing angle in 

space. 
Somewhat slower to gain acceptance, 

but now probably the biggest use of 
the laser in metrology, is the similar 
application to constructional and 
surveying alignment in the field, in 

tunnels and across harbours. 
Basically, there ís little difference 

between these systems and the tooling 
laser, the major addition needed being 
a telescope (collimator) to improve the 
collimation. This reduces the beam 
width at long ranges, giving improved 
precision in alignment. (The Laser 
Electronics range of survey lasers has a 

beam spread of 250 mm per 
kilometre.) It is also necessary to 

broaden the beam near the source, as 

the power density could be hazardous 
to the eyes - it is hard to ensure 
safety with unenclosed beams that 
stretch over distances of kilometres. 

Survey alignment lasers need not be 
bore sighted to the same precision as a 

tooling laser. The mounting 
requirements also differ; usually they 
are fixed in the position of the 
telescope in a theodolite style frame. 
Most have self-contained supplies for 
use where mains power does not exist. 
Naturally, special alignment 
applications often call for a different 
type of mount. For instance, stands 
are available that point the laser 
vertically - for aligning lift shaft 
tracks and similar tall structures. 

The first survey lasers were 
laboratory units mounted on 
theodolite frames. In the last two or 
three years there has been rapid 
development toward special-purpose, 
highly rugged, inter ated systems that 
can confidently oe used under the 
hardest of constructional situations. 

The Dialgrade unit, marketed by 
Spectra -Physics and illustrated in Fig. 
3, looks little like the normal run of 
CW laser package. It is a system 
developed mainly for pipe -laying 

under all conditions. Each unit is 

immersed in water to test for leaks; 
frozen in the inside of a block of ice 

and shock tested to 40 G. 

Companies, such as Wild and Sie- 
mens, also produce units for establish- 
ing grade - they have that continental 
appearance of being obviously 
workable in hard environments. 

Applications abound for these units. 
Manual layout of pipes, foundations 
and trenches, and automatic 
applications such as tunnel boring 
'mole' control and unmanned coal -face 
digging machines come to mind. 

Another problem of construction 
surveying is the definition of a plane. 
Fewer companies have developed 
equipment for this - however both 
Spectra Physics and Laser Electronics 
market devices. In these, the CW laser 

beam is reflected from a rotating 
mirror providing a line that sweeps 
around in the horizontal (or, if need 

be, in the vertical) direction. Rotolite 
is Spectra Physics product name for 
their integrated system - it has been 
invaluable in the setting of raised 

floors, suspended ceilings and 

partitions - see =ig. 4. A special 
readout unit is also available to go 
with it - it provides an amplified 
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LASERS AT WORK 
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Fig.5. Block schematic of WREMAPS I/ laser terrain profiler. All of the equipment shown is flown in the aircraft. 

meter movement of beam 
displacement. With this unit, levelling 
operations become a one-man task. 
The user sets up the central scanner 
unit placing the defined plane where it 
is needed. He then moves out, as far as 
150 m, with a measuring staff (that 
supports the detector) checking levels 
as the beam sweeps past repetitively. 

In the marine field, alignment needs 
are met by the Channel Light of Laser 
Electronics. This is a dual output, 
parallel -beam unit, in which each beam 
is switched for 0.5 s on and 1.5s off 
on one side, and 1.5 s on and 0.5 s off 
on the other. The beams overlap in the 
centre appearing steady when the 
observer is in the centre looking 
toward the source, whilst on either 
side they flash at 1.5 s or 0.5 s 

intervals indicating which way the ship 
has deviated. This guidance system can 
be used to guide ships and dredges 
along a straight line of lengths to 
20 km. 

Surveyors use lasers in various ways 
to measure range. A modulated beam 
of laser light (it may be pulsed carrier 
or continuous radiation) is transmitted 
out to a suitable target where it is 
reflected back to the sending terminal. 
Knowing the velocity of light (which 
we do to about 1 part in 106 in 
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ambient air) the transit time taken for 
the beam to go out and return enables 
the distance to be determined. 
(EM radiation travels about 300 mm in 
a nano -second). The main design task 
is to 'mark' the beam ín some way in 
order that a sent pulse can be detected 
on return in order to time the flight. 
This can be achieved in one of two 
ways - firstly, by sending a single 
pulse and waiting for the return; or 
secondly, by transmitting a continuous 
modulated beam and then comparing 
the phase difference between the 
outgoing and returning signals. In the 
latter it is usually necessary to operate 
on a second frequency in order to 

define distance more uniquely. 
These electro -magnetic distance 

measuring devices (EMD for short), do 
not rely on laser light for their 
operation - they were in existence 
many years before lasers. 
Incorporating a laser source has, 
however, increased the available 
daylight range and raised the ranging 
precision by a factor of two. Units, 
such as the laser Geodimeter, measure 
ranges of many kilometres this way, 
competing with the best microwave 
equivalent. 

Problems of timing the rapidly 
travelling EM radiation limits the 
resolution of these units to a few 
centimetres, restricting their usefulness 
to long-range work. It is a pulsed laser 
system like this that is being used to 
measure the distance to the Moon to 
extreme precision. (The atmosphere 
error effects that normally limit EDM 
measurements to parts in 106 are not 
present for the majority of the flight 
path. Furthermore, longer distance 
relaxes the timing requirements). 

Around 1969 the surveying 
instrument manufacturers of Europe 
each released (within months of each 
other) less expensive ranging units that 
made use of a Ga-As diode laser as the 
source. The diode current is varied 
directly to modulate the beam. These 
rangers were designed for shorter 
distances with the same centimetre 
precision (lower relative accuracy), 
and usually provide distance on a 
digital readout display. 

Map making is a slow and somewhat 
tedious task, for millions of 
topographical data points must be 
measured to make a simple map. One 
recent device now helping to speed up 
the process is the laser -powered 
WREAAP terrain profiler. (Two 
models exist - MkI and Mkll). The 
latest design (see Fig. 5) uses a 

solid-state pulsed laser (0 -switched 
neodymium -doped YAG) to produce 
infra -red radiation. This is frequency 
doubled to produce pulses of green 
radiation. These pulses are 

Fig. 6. Schematic of interferometer layout and displacement 
sensing scheme used in the Hewlett Packard interferometer. 
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transmitted, at 25 per second, through 
the belly of the aircraft to the ground 
below. They leave at 90 mm diameter, 
expanding to about three times this, 
2000 m below. Reflected energy is 

detected back at the plane, and by 
using a fast timing counter it is 

possible to determine height to about 
a half -metre. Corrections are needed 
for aircraft roll, and for the changes in 
height of the aircraft as it flies. The 
profilers have been in active use for 
several seasons producing mapping 
data at a huge rate. 

When the profilers were used over 
open sea or lakes, misleading answers 
were sometimes obtained. Careful 
analysis of the data revealed that the 
pulses were often penetrating the 
water giving, in fact, a profile of the 
bottom under the water. This led to 
the start of another programme (now 
in progress) to develop a mapping 
system for undersea work. The 
attenuation of even muddy water is 

not extreme - about 3 dB per metre - 
so a return signal can confidently be 
expected. Combined with a sideways 
scanner, the flown profiler can become 
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Fig.7. Calibrating 
machine -tool move- 
ments with the Rank 
Precision Industries 
laser interferometer. 

a three-dimensional mapping tool for 
above and below water surveying. 

Another large-scale measurement to 
which the laser has been put is the 
detection of the minute earth -strains 
that are induced in rock by the 
changing attraction of Moon and Sun, 
by earthquakes and by tectonic 
movements. Here the problem is not 
one of measuring absolute length to 
parts in 106 but one of detecting 
changes in length to parts in 101° (an 
atom diameter in a 10 m distance). 

One form of earth -strain meter uses a 

laser to power a long -path Michelson 
type of interferometer that is enclosed 
in evacuated pipes. As the far -end 
reflector moves relative to the near 
end, the fringes translate: these are 

monitored and the movements 
recorded for periods of months to 
years. The lengths of the nine or so 

interferometers built in Britain, USA, 
Italy, Japan and Australia range from 
20 m to 1000 m. In this application it 
is necessary to stabilise the wavelength 
of the laser output to parts in 1010 
using a special technique that is 

explained later. 
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Fig.8. Block diagram of the 
Machine Tool Industries Research 
Association in -process bar gauge. 
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WORKSHOP METROLOGY 
We have already mentioned the use 

of the laser as an alignment tool. It can 
also be used in the workshop to 
measure absolute lengths to great 
precision, (the best, in fact), by 
implementing the interferometer 
principle. Within two years of the 
realisation of the laser, several 
commercial enterprises had workshops 
interferometers on the market. By 
1965 they were well accepted, but due 
to their extremely high price, 
(£25,000 then) few places could 
afford to have them. Today the price 
has been halved and the facility 
afforded by the basic equipment has 
oeen greatly expanded to include 
angle, alignment, velocity, flatness, 
pitch and yaw measurements. 
The Hewlett-Packard model 

incorporates frequency stabilisation of 
the laser and detects frequency 
difference, avoiding the use of fringe 
counting, A block -diagram is given in 
Fig. 6 where it can be seen to be based 
upon a Michelson interferometer using 
corner -cube reflectors instead of plane 
mirrors. Corner cubes have the very 
useful property the: they return a 

beam parallel to the incoming one 
regardless of small rotations of the 
cube - it is considerably easier to align 
an interferometer using these. 

Being incremental by nature, a length 
can only be measured with an 
interferometer by translating the free 
corner cube over the total distance to 
be measured. If the beam is lost at any 
time whilst moving along the path the 
value will be incorrect. This means 
that the laser interferometer can only 
be used where a guideway straight to 
about 2 mm exists. Range capability 
varies from micrometres to 
decametres, the laser providing the 
coherence length needed for the 
greatly different path lengths between 
the references and the measuring arms. 
Figure 7 shows a machine -tool being 
checked with a commercial laser. 

Interferometers have also been 
permanently incorporated into high 
accuracy inspection machines, into 
numerically -controlled machine tools 
and into scale calitrating machines. 

Fig.9. Simplified diagram of the stabilised 
laser that will soon become the new length 
standard. 
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LASERS AT WORK 
The need to guide the corner cube is, 
however, a very real disadvantage. The 
use of hand-held corner -cubes as large 
as 150 mm across has been proposed 
for measurement in cases where no 
guides exist but does not seem to have 
been developed very far. 

A less well-known application of the 
property of laser light is in the gauging 
of fine wire and filament diameters. 
This is achieved by simply placing the 
wire in the beam - diffraction effects 
around the wire cause the beam to 
break up, producing a line of dots on a 

screen placed beyond the wire. The 
various distances - screen to wire, 
spot separation and laser wavelength - 
enable the wire diameter to be 
calculated. This method has been used 
for continuous sizing control by 
placing a position -sensitive 
photo -detector to view one of the 
diffraction spots formed. As the wire 
diameter varies, the spot moves, 
providing a correcting signal. It is 
interesting to note that the accuracy 
of diameter measurement increases as 

the wire -size decreases with this 
method. 

Larger diameters can be measured by 
scanning the laser beam across the 
round stock, see Fig. 8, monitoring the 
angle during which it is vignetted on 
the other side. This is used in steel 
mills for gauging the size of red-hot 
bars as they are rolled. 

HOLOGRAPHY 
Several years before the first laser 

had been made, a revolutionary new 
concept for recording shape on a 

photographic plate had been proposed. 
It could not be demonstrated until the 
laser was developed, so its practical use 
had to wait. It is known as holography 
because it provides a kind of 
photograph in which three 
dimensional 'hollow' pictures are 
made. The basic technique of 
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holography is explained on the last 
page of this article. 

An extension of the procedure - 
time resolved holography - 
superimposes the hologram of an 
object at one time with that of 
another. If any differences exist 
between the two - shape changes or 
relative movement - fringes are 
formed. Study of the fringe spacing 
and smoothness reveals much about 
distortion of the shape. As each fringe 
separation corresponds to fractional 
micrometre movements the method is 

very sensitive. 
Holography has numerous uses. In 

the workshop and research it has been 
used to study distortions in turbine 
blades, loudspeaker cones, vibrating 
disks, gas cylinders, car -type treads 
and cylinder bores. Although most 
examples we hear about are only in a 

once -off investigational stage of 
development, special purpose plants 
incorporating holography are slowly 
appearing. For example, a tyre testing 
machine is now available 
commercially. In operation, a 

hologram is made of the inflated tyre 
tread; the pressure is slightly changed 
and the before and after holograms 
interfered. If an area of abnormal 
stress exists (a piece of tread 
unvulcanised to the case, for instance) 
rings of fringes appear that visually 
stand out with respect to th'e 
broad -pitch fringes produced across 
the rest of the tyre. 

SCIENTIFIC MEASUREMENT 
The majority of industrially accepted 

devices have their genesis in the 
scientific laboratory. This is certainly 
true of the laser. There exists in 
various fields of research many more 
measurement applications that will, no 
doubt, gradually find their way into 
industry. 

The first we will consider is the 
wavelength stabilisation method 
mentioned earlier, for this will shortly 
become the new improved 

TARGET 
Fig. 10. The laser do pp/er 
velocimeter can be used 
to detect speeds ranging 
over many orders of 
magnitude. 

Fig. 11. Schematic 
of the absolute 
gravity determin- 
ation experiment. 
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international standard of length. A 
normally constructed He-Ne CW laser 
produces radiation that drifts in 
wavelength with time by parts in 106. 
Any interferometric length measuring 
method using such a source cannot 
provide absolute measures of interval 
to better than this limit. Since the 
early sixties various means have been 
devised to stabilise the wavelength, the 
best (until recently) achieving parts in 
108 control. This order, however, is 
not better than the already existing 
krypton wavelength standard 
produced with a gaseous discharge 
source. 

Over the last three or four years 
several groups, at each of the 
Standards Laboratories in the USA, 
Canada, Britain, Germany and 
Australia have been working on an 
advanced principle that will give parts 
in 1010 reproducibility. Several units 
have been tested and it is now 
generally agreed that it is only a 

matter of time before the krypton 
source will be replaced by a laser 
stabilised with this new method - 
called molecular absorption 
stabilisation Its operation is as follows. 

A normal CW laser has a gain cell 
(wherein energy levels of the atoms are 
pumped up) placed between two 
mirrors that form the cavity. As the 
cavity length is slowly altered, it is 
found that the power output from the 
laser varies, having a maximum at a 

certain length. Careful study of this 
peak reveals that there is, in fact, a 

slight drop of power in the middle - 
we call this the Lamb dip. Early 
stabilisation schemes servo -controlled 
the length to keep the output at the 
bottom of this dip realising parts in 
108 control of wave length. 
Theoretical considerations suggested 

that this could be improved upon, and 
this is the case in practice. If a cell 
containing gas, as shown in Fig. 9, is 

also placed in the cavity and the length 
again varied it is found that there are, 
in the width of the Lamb -dip curve, a 

number of small narrow peaks. These 
are the result of absorption effects in 
the gas cell, and they occur at 
precisely defined wavelengths - far 
more precisely, in fact, than the 
Lamb -dip definition. In practical use 
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the cavity length is varied with a 

piezo-electric microdisplacement 
device to hold the power output on 
top of one of these peaks. Now that 
the practical problems are virtually 
solved - the electronic detection is 

sophisticated - it should not be long 
before these units are available 
commercially. 

A second laser measurement device, 
used mainly in research, is the laser 

velocimeter; it can measure the 
velocity of a moving medium, fluid or 
solid, looking at an extremely small 
portion of it. Laser light, (see Fig. 10) 
is shone onto the medium. Particles, 
such as surface defects on solids or 
aerosols in fluids, reflect some 
radiation back to the source where it is 

optically -mixed to produce an 
interference pattern.. If there is no 
movement the pattern is stationary; if 
moving, the 'fringes' translate at a 

speed proportional to the velocity of 
the medium - it is a kind of doppler 
effect. The period of the detected 
fringes is therefore related to speed. 
The principle is easy to understand, 
but there are several practical 
problems, not the least being the short 
duration (one to five cycles only) of 
useful fringe signal's that result because 
of the poor signal-to-noise ratio of the 
method. A description of the laser 

Doppler velocimeter was given in an 

earlier issue of ETI. 
Other interesting scientific 

applications for the laser 
interferometer are worthy of note. For 
instance, diffraction gratings (ruled 
lines on a substrate - used to disperse 
infrared and visible radiation into the 
various wavelengths ) are now ruled 
using laser control of the ruling 
carriage. The lines are placed only 
micrometres apart. Another use of the 
interferometer has been in the 
determination of the absolute value of 
gravity. The original scheme proposed 
by the staff at the Wesleyan University 
in the USA is given in Fig. 11. A 
solenoid releases the top corner -cube 
allowing it to fall. Timing circuits (not 
shown) measure the time taken for the 
reflector to fall through a certain 
distance. The experiment is performed 
in vacuo to eliminate air friction 
effects. 

Laser radiation is spectrally pure and, 
therefore, very useful in spectroscopic 
studies. Initially, there was only a few 
specific wavelengths available, these 
being the characteristic colours of the 
various types of lasers. Today, we have 
the tuneable dye laser in which the 
colour can be swept across the 
spectrum at the turn of a knob. A 
high -intensity source - the argon ion 
laser, for instance - optically pumps 
an inorganic dye solution causing it to 
lase at wavelengths different from the 
pump radiation - refer to Fig. 12. The 
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Fig.12. Layout of Coherent Radiation's 
tuneable dye laser. The dye flows across the 
optically -pumping area being confined only 
by its inertia forces - no cell is used. The 
inset graph shows the range of wavelengths 
available with different dyes. 

output of the cell does not occur at a 

discrete colour but as a broad band of 
wavelengths; a particular colour is 

filtered out using a tuneable 
Fabry-Perot etalon selector. In 
essence, changing the length of the 
etalon (a cavity formed between two 
parallel flat mirrors) alters its spectral 
transmission allowing only a very 
narrow band of colour through for a 

given spacing. 
The short duration pulses available 

from some lasers have given a new 
dimension to high-speed photography. 
Picosecond pulse lengths of high 
intensity light enable extremely fast 
events to be effectively frozen. 

AN X-RAY LASER 
For many years there has been talk 

of ways to produce coherent x-rays. 
Now it seems an x-ray laser has been 

demonstrated, for reports are 

circulating of success by a London 
group. Theoretical considerations 
predict x-ray radiation will occur by 
laser action; the practical problem is to 
raise the energy levels sufficiently to 
move electrons into far -enough -out 
orbits. Energy levels to 20 000 
electron volts are needed. Calculations 
show that a material raised in 

temperature to 20.106 degrees Celsius 
should suffice. It is rumoured that the 
London group used a glass laser (the 
most powerful) focussed onto graphite 
to produce x-ray emission. 

When x-ray lasers become common 
practice they will greatly extend the 
capability of radiography. They will 
enable holograms to be made of the 
inside of optically opaque objects. 
Being coherent, such sources would 
also extend the fields of microscopy. 

THE LASER AND CRIME 
DETECTIO N 

The potential of holographic 
methods is being investigated to see 

where it can help in the detection of 
crime. One case already demonstrated 
Ts the detection of footprints left in 

carpet - hours after they are made. A 
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hologram of the suspected area is 

made, followed by a second exposure 
a little time later. It anyone has been 
standing there, the indentation thus 
caused will still be creeping back giving 
small differences in distortion even 

hours later. The combined holograms 
appear as fringes that have the shape 
of the foot. They also indicate weight 
and distribution of load on the foot. 

Another device that can be used in 

crime detection and espionage is the 
laser listening unit. Conversation in a 

room causes the window panes to 
vibrate in sympathy with the 
acoustical - pressure changes. An 
infrared laser (one that cannot be 

visually detected) is aimed at the 
window from some distance away. 
Reflected radiation from the window 
is mixed with that sent, forming a 

doppler velocimeter in which velocity 
represents speech inside the room. 
These devices do exist. 

MEDICAL MEASUREMENTS 
In surgical transplants the problem of 

rejection is yet to be completely 
mastered. Kidney transplants, for 
instance, do not always take. If the 
degree of acceptance could be 

monitored daily it would be possible 
to remove a rejected organ before 
secondary effects set in. Current 
research aims to Produce a pulsed 
holographic method that will enable 
viewable pictures tp be produced of 
the organ showing the development of 
the all-important blood vessels. 

Holography has also been suggested 
as a way to improve the fit of dental 
plates - the dual exposed hologram of 
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LASERS AT WORK 
palate and plate can show tiny 
difference. 

We will see in the second part of this 
article that the Jaser has many more 
uses in medicine than for measurement 
alone. 
WHO KNOWS WHAT OTHER USES 
EXIST? 

To round off this survey we finish 
with a quick list of other measurement 
uses of the laser. 

HOLOGRAPHY -A 3-D 
PICTURE FROM A 2-D 
PHOTO 

In 1948, Gabor discovered a 

technique (in theory) called 
wave -ft. -dint reconstruction - we 
now refer to it as holography. 
Leith and Upatnieieks 
demonstrated it in 1962. 

A normal photograph contains 
only amplitude information 
about reflected light from a 

subject. If the subject is 

photographed in a special way 
with coherent light it is possible 
to produce a photographic 
negative having both amplitude 
and phase information. It looks 
nothing like a normal photo (Fig 
1) - rings, speckles, dots are all 
there is to be seen - but when it 
is looked through, using 
coherent radiation shining from 
behind, the object appears to be 
reconstructed. Move the viewing 
angle and one sees around the 
object. Even more unexpected is 
that any fragment of the 
hologram will give the same 
reconstruction - all that suffers 
is brilliance level. 

Although the mathematical 
explanation is complex the 
practice is quite straightforward 
provided stable supports exist. A 
typical setup is shown in Fig. 2. 
Incident coherent light falls on 
the object and on the 
photographic plate. Reflected 
light from the object also falls 
on the plate providing an 
interference pattern that is 
recorded photographically. To 
reconstruct the object (as an 
image) the set up is slightly 
altered as seen in Fig. 3. 

By superimposing an object on 
a distorted replica of itself it is 

possible to detect changes in 
shape or position as differences. 
Time-lapse holography does just 
this - a hologram replica image 
is "placed" over the object 
forming fringes corresponding to 
differences - see Fig. 4. 

In missile tracking, a laser has been 
used to 'mark' the missile with a heat 
patch enabling a heat -seeking missile 
to seek and destroy it. Bombs are 
guided down laser beams with unerring 
accuracy. Cloud heights and the extent 
of pollution in air are being measured 
using laser readers, (Lidar for short). 

The Migros supermarket chain in 
Europe uses laser reading heads to scan 
the coded labels marked on goods. Not 

, r:shlrlrt 

Fig.1 

only does the head supply figures for 
the till automatically to ring up the 
total charge, it also provides inventory 
and reordering data. 

A meat tenderness meter has been 
reported - this measures the diameter 
of the fibres providing a more 
objective definition of meat quality. 

No doubt there are numerous other 
measurement applications waiting to 
be tried! 
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POWER CONTROL WITH THE 

L4 
By J. B. DANCE, M.Sc. 

IN AC CI R CU ITS the power 
developed in a load can be controlled 
by devices known as triacs. They are 
rather like thyristors, but can conduct 
in either direction. Triacs may be 
triggered into conduction by various 
means including a number of 
specialised integrated circuits designed 
specifically for the purpose. A new 
device of this type is the SL440 from 
Plessey. 

INTEGRATED CIRCUIT 
The device is a 14 pin dual -in -line 

integrated circuit known as the SL440. 
The connections to the device are 
shown in the block diagram of Fig. 1; 
it should be noted that only pins 1 to 
4 and 11 to 14 have any internal 
connections. 

In the past, triacs have usually been 
fired by means of circuits employing 
discrete components. However, the use 
of the SL440 greatly simplifies the 
circuitry and at the same time provides 
more facilities than most of the 
discrete component circuits in current 
use. 

POWER CONTROL 
The power applied to the load is 

controlled by varying the time at 
which the firing pulse is applied to the 
triac. As the alternating voltage is 

applied across the triac and the load in 
series, no current will flow through the 
load until the triac is switched to 
conduction. A pulse is applied to the 
triac during each half cycle of the 
power supply voltage. The earlier this 
pulse is applied in each half cycle, the 
greater the power applied to the load, 
since the current flows for a longer 
time. The triac automatically returns 
to its non -conducting state at the end 
of each half cycle of the power supply 
voltage. 

This article will be mainly devoted to 
the practical applications of the 
SL440, but we will nevertheless 
consider the basic operation of the 
circuits. 

Each time the alternating power 
supply voltage passes through the zero 
voltage point, this is detected by the 
zero cross -over detector in the SL440 
and an external timing capacitor is 
quickly charged. 

The capacitor discharges at a rate 
determined by the external circuit. 

t 

This will normally include a variable 
resistor so that the discharge rate can 
be altered. If the capacitor is 

discharged very rapidly, this is 

detected by the SL440 circuit and a 

firing pulse is passed to the triac early 
in the half cycle of the power supply. 
The power' developed in the load is 
then large. 

If, however, the capacitor is 

discharged more slowly, the voltage 
across it will take a longer time to fall 
to the point at which the firing pulse is 

produced. The triac will then conduct 
later in the half cycle and the power 
passed to the load will be smaller. The 
discharge time should not exceed the 
time for one half cycle of the mains 
supply. 

SPECIAL FEATURES 
The SL440 does not require a 

separate power supply to drive it. A 
diode is used, in the circuits to be 
described, to supply a half -wave 
rectified power input to the I.C. An 
internal voltage stabiliser circuit 
provides an 11.3 V stabilised supply 
for the operation of the internal 
circuit of the device and also for the 
external timing circuit. 

If the inhibit input of pin 4 is 

connected to the negative line of pin 
11 or to a point less than +5 V relative 
to pin 11, the firing of the triac circuit 
is inhibited. This inhibit input can 

therefore be used to switch off the 
power to the load. 

CIRCUIT APPLICATIONS 
The SL440 is a versatile device which 

can be used in quite a variety of 
applications, but the circuits to be 
described are well tested ones 
recommended by the manufacturers of 
the device. 

A simple circuit for controlling the 
brilliance of a lamp is shown in Fig. 2. 
The internal amplifier connected to 
pin 12 is not used in this circuit. 

The diode D1 should have a peak 
inverse voltage rating of not less than 
400 V; a 1N4-004 device is suitable. 
The triac used must have a peak 
reverse voltage rating of at least 400 V 
and it must be able to pass the current 
taken by the lamp. The Tag 306-400 
triac can control up to 8 amps, whilst 
the Mullard BTX94-400 can control 
up to 25 amps. It is therefore quite 
easy to control a large amount of 
power using circuits of this type. 

The control potentiometer RV1 taps 
off a certain fraction of the 11.3 V 
stabilised supply and applies this 
voltage to pin 13. This pin is 

connected to the output of the unused 
amplifier inside'the device and affects 
the discharge control circuit. The 
current passing to pin 13 is very small. 

IN111BIT 
INPUT 

4 

AUTOMATIC LAMP 
FADING CIRCUIT 

The circuit shown in Fig. 3 can be 
used to cause the brilliance of a lamp 
to gradually fade away - in a period 
of 20 to 30 minutes with the values 
shown. 

When S1 and S2 are both open, the 
brightness of the lamp is controlled by 
RV1 directly, but if S1 is closed the 
lamp will be at maximum brilliance. 

If S1 is open and S2 is closed, the 
brilliance of the lamp gradually falls. 

113V 
OUTPUT 

n 
HALF -WAVE 
A. INPUT 

z 

FIRING 
PULSE 

SERVO 
AMPLIFIER 

DISCHARGE 
CONTROL 
CIRCUIT 

ZE RC 
CROSSING 
DETECTOR 

CHARGE 
CON -ROL 
CIRCUIT 

1e1 

VOLTAGE 
STABILIZER 

COMPARATOR 
TRIAC 
FIRING 
CIRCUIT 

LJ ,B 12 17 I1AI 
NEUTRAL SERVO SERVO TIMING 

AMPLIFIER AMPLIFIER CAPACITOR 
INPUT OUTPUT 

Fig. 1. The connections of the SL440 integrated circuit. 
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D, 

Fig. 2. A simple lamp dimming circuit using few components. 

240V 

NEUTRAL 
9 

Df RS 
66k11 
SW 

CI 
O 10 

-if 

R4 
1501,12 

RV1 
5001,11 

R3 
271.11 

, 3 

5E440 

14 13 12 

C3EE 

O 1PF 

TOa072yF 

SW 

C4 
750R F 

LIVE 

740V 
MAINS 

NEUTRAL 

C5 e 
250yF 

Fig. 3. A lamp brilliance control circuit with automatic fading facility. 

R4 C3 
2700 250yF 

SPEED 
CONTROL 

R1 
150011 

CI 

IR2 
4RF 10411 

Fig. 4. A motor speed control circuit. 

When the brilliance of the lamp has 
fallen to a point corresponding to the 
setting of RV1, it will remain constant 
at this lower level. 

In this mode of operation capacitor 
C4 acts as an integrator, since it is 

connected between the output and 
input of the servo amplifier inside the 
integrated circuit. Although the value 
of C4 shown in Fig. 3 produces an 
imperceptibly slow rate of fade over a 

period of 20 to 30 minutes, larger or 
smaller values can be employed to 
produce any reasonable rate of fade. 

RS 
6.6k11 
SW 

1 C4 + 010 

D1 

R6 
Ion 

R7 
10011 

TRIAC 

o 
LIVE 

240V 

NEUTRAL 

MOTOR SPEED CONTROL 
The circuit in Fig. 4 shows how the 

SL440 can be Used for the control of 
the speed of an electric motor. The 
motor itself (marked M) is connected 
by a spindle to the tachogenerator 
(marked T in Fig. 4). The motor and 
tachogenerator form part of a servo 
loop. The motor velocity is linearly 
proportional to the setting of RV1. 

AVAILABILITY 
The SL440 is available from S.D.S. 

Components Ltd., Portsmouth P03 
5JW at the current price of £2.08 in 
small quantities. 

iiODftfl 
Componen{ 
Storage? 

A TREMENDOUS OFFER OF 
QUALITY STEEL UNITS AT 

BARGAIN PRICE. 

F26-06 
A 6 drawer metal cabinet with poly- 
styrene drawers, each drawer front 
filled with twin label holders for 
indexing and easy identification. This 
flexible filing system accepts a 9 
section insert for component storage 
giving 54 compartments measuring 
75 x 103 x 26mm. 

CABINET SIZE 

121cm,0. 371cmaneo 
28 7cm wd,I. 

PRICE OF CABINET 
(excluding insErt trays) 

9 compartment insert:: are 56p 
each incl. p and p and VAT. 

Inc I. 
VAT. 

£9.35. 

F25-06 and F55-03 Insert trays 
can be purchased separately minimum 
quantity of 6 each. 

F55-03 
This unit offers facility for 45 com- 
ponent storage compartments meas- 
uring 72 x 57 x 55mm. 

PRICE OF CABINET 
(excluding insert trays) 
15 compartment inserts are 
80p each incl. p and p and 
VAT. 
DELIVERY: Please allow 
approximately 14 days. 

Incl. 
VAT. 

£8.48. 

PLANETRON SYSTEMS 
Dept. 24 

76 CASTLE STREET, 
FARNHAM, SURREY. 

(MAIL ORDER ONLY) 
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The largest selection 
BRAND NEW FULLY GUARANTEED 

AC107 122 ADTI40 053 BC153 0)1 80136 144 130168 0 44 MP0I03 HI 
ACI11_ 020 40114 0.27 BC134 0)) 130137 130 130194 013 OC19 059 
AC115 022 AF113 127 13C157 120 00138 035 80193 011 0C20 0-70 
ACII7K 1132 AFI16 0.27 11CI38 OIl 10I39 061 11F194 016 0C22 052 
AC122 01 AEI 17 127 BC159 013 60140 0-66 90197 016 0C23 054 
4C125 0-19 AFIO 039 BCI60 050 1343153 01t 6F200 050 OC24 062 
4C126 0-19 40124 03) 1C161 0-53 9D173 0-66 00223 110f OCIO 012 
4C127 0-20 AFI25 13) BC167 113 80176 066 0F257 010 OC26 0)2 
ACI18 0 20 AF126 111 RCM 013 00177 172 110231 066 0C28 053 
AC132 016 40127 0 3 1C169 011 00178 072 130239 094 0C29 053 
4C131 016 40139 031 13C170 III 80179 077 00262 0-61 0C35 046 
ACI37 016 AFI78 133 016 80180 077 130263 061 0C36 153 
AC141 120 40179 053 016 1313185 172 130270 039 0C41 122 
ACI41K 0 3 40100 035 016 00106 072 60271 033 OCa2 027 
AC142 020 40101 055 016 130197 077 6F272 000 0C44 0-17 
AC142K 0.211 AF186 155 024 60188 077 110273 039 0C43 014 
AC151 017 AF239 041 021 80189 083 110274 039 0070 011 
ACI34 022 AL102 072 121 BDI90 083 BFW10 046 0071 /11 
ACI3S 122 41,103 0-72 121 110193 094 130%29 030 0072 016 
4C136 022 ASY26 11 027 130196 191 1307404 024 0074 0-16 
AC137 027 ASY27 1)) 0-27 RDI97 099 BF X115 /33 OC73 017 
AC163 122 AS428 02S 011 80199 099 130006 024 0076 117 
4C166 /22 45429 028 11 R0199 1105 110%07 0I7 0077 123 
4CI67 022 AS450 0211 I1 00200 1105 1100118 121 0001 017 
4C166 027 45431 020 11 130205 011t 110450 022 OCOID 117 
AC169 016 45432 021 113 80206 018 130451 011 0002 117 
AC176 0.22 45451 021 113 BD207 1143 BFYSI 022 00O20 017 
AC177 027 45455 028 131 110208 1105 13043) 019 00O3 022 
AC178 031 49456 021 031 111)420 1110 80023 094 0C1)9 022 
AC179 031 AS457 121 012 00115 0.27 135019 017 0C140 022 
4C100 022 AS458 128 112 130117 030 BS%20 117 0C169 0.21 
AC1000 022 A9473 /21 013 110118 077 135425 P17 OCIO 028 
ACIOI 022 ASZ21 044 112 1101111 077 05426 017 0C171 021 
ACIRIK 032 BC107 012 112 BF121 0-50 115427 117 0C200 021 
AC137 021 BC1(10 012 0-16 BF123 053 95428 17 0C201 0-)1 
AC17K 123 11C109 011 020 130125 /50 09429 017 OC202 031 
ACI08 021 8C113 111 039 9F127 035 135438 020 0C203 124 
ACI88K 025 8C114 017 130 4012 061 135Y39 120 0C201 02/ 
ACYI7 020 BC113 017 0-27 00153 150 05010 031 0C205 139 
ACYIB 022 BC116 117 133 BF154 0 30 65941 031 0C309 044 
ACYI9 0.22 BCI17 120 040 130155 077 135493 014 OCP71 0411 
ACY30 022 OCIO 011 0l4 130136 033 1354954 014 ORPII P48 
ACY21 022 ICI 19 1)) 040 110157 161 09105 1220 P20 055 
ACY22 011 BC120 001 027 130158 041 CIIIE 035 P21 050 
ACYI7 020 BC123 II) 129 110159 066 C400 all P3464 022 
ACY21 121 11C126 020 031 80160 144 C107 all P597 046 
ACY29 /19 13C132 0 1 024 00162 0-44 C424 021 ST140 014 
ACYIO 031 11C134 020 02a 130163 144 C425 035 57141 019 
ACY31 O)1 OC13S Ill 016 90164 144 C416 039 1I543 133 
ACY34 123 13C136 017 022 10163 024 C428 022 11146 0-70 
ACY33 0.2) 0C137 117 016 110167 024 C411 1)) ZN414 1120 
ACY36 Ill 0C1)9 144 022 00173 /24 L-142 0)) 20301 121 
AC440 019 BC140 033 021 11F176 1)9 C444 039 10302 021 
ACY11 0 20 BC! 11 0 3 021 00177 019 C450 024 2630) 011 
ACY14 0 39 BC142 0)3 0E4 110179 OU 7441100 021 20304 027 
A0130 142 13C143 0)) 0t0 130179 033 7441101 022 26306 PM 
613140 0 5 BC145 0S0 046 00180 0 3 19141120 I21 20301 0 3 
60142 135 )C1/7 011 /72 1101111 013 MATI21 0-22 20309 1)9 
40143 042 BC149 PII 076 0012 , 041 111E2953 195 20339 022 
A019 055 BC19 013 055 1F10) 044 741E3053 062 2G3394 61t 
A01614 6C150 120 060 13F184 128 M1E3440 0-53 20344 020 
40162 (MP) BCISI 022 172 00183 031 MPF102 046 20345 Ola 

075 13C132 119 141 130187 030 MPFI01 0.41 20371 010 

BC171 
BC 172 
B C I73 
BC 174 
BC 173 
ICI77 
BC 178 
BC 179 
BC 100 
BC III 
B C 102 
BC182L 
B CIII 
13C1032 
RC 164 
BC164L 
BC186 
BC 187 
OC207 
BC208 
BC 209 
BC212L 
B C2I3L 
BC214L 
BC220 
BC226 
BC301 
RC 302 
13C303 

BC 304 
IC440 
B C460 
B CYlO 
BCY3I 
BCY32 
ICY33 
BC,/ 34 
BCYO 
9CV71 
OCY72 
B C-ZIO 
BCZI I 
BCZI I 
13D115 
1313116 
00111 
00113 
110124 
10131 
1113132 

1113133 

B 0135 

202710 
20273 
20374 
20377 
20378 
20301 
10082 
26401 
201411 
2C4417 
293101 
293089 
25404 
294044 
204324 
29327 
29399 
2111599 

25696 
2N697 
201698 
29699 
29706 
197064 
29708 
29711 
25717 
25710 
257104 
29726 
215727 
25743 
29744 
29914 
29919 
25929 
29930 
291131 
251132 
251302 
291303 
291304 
291303 
251306 
291307 
191309 
2N1309 
151613 
251711 
21418119 

151190 
291993 
252147 
252140 
292160 
252192 
252193 
252194 
251217 
292211 
252219 
1112220 
292121 

DE VICES 
0-11 
019 
119 
133 
011 
P1 
018 
031 
033 
(120 
0-)9 
061 
0 22 
031 
046 
154 
046 
050 
014 
O15 
0 27 

139 
009 
010 
013 
3) 
O» 
027 
055 
P.. 
111 
122 
022 
016 
0-33 
023 
0.21 
022 
0 24 
116 
016 
019 
019 
023 
123 
0 26 

026 
022 

292222 022 
292368 019 
42042369 016 
2N23694 116 
252411 027 
292412 027 
292646 032 
291711 023 
292712 123 
292714 123 
292904 019 
2929044 023 
292905 23 
2929034 023 
252906 017 
2N29064 020 
291907 022 
2N2907A 024 
292923 016 
292924 016 
292925 116 
2192920(0) 

14 
2N2926(v') 

012 
292926(0) 

P11 
2N2926(R) 

011 
2N2926(B) 

O 11 

253010 077 
293011 016 
293033 119 
293034 011 
293055 055 
293391 016 
2933914 018 

293392 016 
293393 016 
293394 016 
253393 019 
2N3402 02) 
293403 023 
193404 Ill 
293405 /46 
293414 117 
253413 017 
253416 131 
293417 0)1 
29)323 003 
253614 174 
293613 012 
293616 047 
293646 /1. 
293702 /11 
293703 /13 
293704 014 
293705 an 
253706 0 1 
293707 011 
253708 009 
2N)709 010 
293710 /10 
293711 110 
293819 031 
293020 035 
293021 139 
293823 031 
293903 am 
293904 3) 
253905 0!1 
2N3906 30 
294058 /13 
294039 O11 
2N4060 OIJ 

294061 
294061 
294264 
294285 
294266 
2144287 
294108 
294289 
294290 
294291 
294292 
294293 
293172 
295194 
295457 
295438 
295439 
296121 
25301 
25302A 
25302 
25303 
25304 
25305 
25306 
25307 
25321 
25322 
253224 
25323 
25324 
25323 
25326 
25327 
25701 
40361 
$0362 

01) 
OI1 
019 
019 
0 19 

0-19 
019 
019 
019 
019 
019 
019 
01) 
060 
015 
0)5 
044 
075 
055 
046 
046 
041 
0 77 
086 
0.811 

086 
062 
046 
046 
061 
077 
077 
077 
0-77 
046 
0 44 
0-30 

DIODES AND RECTIFIERS 
44119 009 134130 III 045 123 
44120 009 001)3 023 04110 0 1 
44129 009 BY164 035 0447 008 
4A430 010 BY%38/30 0470 006 
44213 011 046 0479 000 
64100 111 BY210 039 0461 006 

1)2 BAI l6 023 00111 033 0485 110 
033 84126 024 BYZII 0)3 0490 007 
050 114140 016 111713 028 0491 007 
041 04134 013 BY216 030 0493 008 
o79 BAISS 016 04200 007 
063 BAI56 115 BYZ17 0.39 04202 000 
066 09173 016 BYZI6 139 SDIO 006 
1)9 130100 017 134219 031 5019 006 
139 R4101 013 C062 1534 001 
139 BY103 119 IOA9IEq) 15344 008 
024 134114 113 000 15914 006 
122 00114 0.13 CG631- 19916 006 
022 BYI26 016 (0470-0479) 154140 006 
024 80127 017 007 15021 0I1 
123 04128 017 040 139 15951 001 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW BI-PAK UNTESTED 

SEMICO D CTORSED 
Satisfaction GUARANTEED In Every Pak, or money back. 

Pak No, D.sorlptIoa Pilo. 
U 1 120 Ole. Bub -Kin. General Purpose Germanium Diode. .... 0.68 
U 2 An Mixed Germanium Transistor. AP, RF 066 
U 2 76 Germanium Gold Bonded Sub -Min. Ilk. 046. 0A47 066 
U 4 40 Germanium Trunldnn Illte OCB1, ACI28 0.66 
U 6 60 900mA 8ubMln. Silicon Diodes 0.56 
U 6 80 P11. Planar Trani. 5074 Ilk. B8Y954. 224706 0 a6 

U 7 16 811. Rectifiers TOP -HAT 780mA VLTG. RANGE up to 1000 0.66 
Ú 8 80 Ili. Planar Diode. 00.7 Ola. 980m4 00. 04200402 0.68 
C 9 20 Mixed Voltsge., 1 Watt Zither Diode. 0 05 
U10 20 BA 980 charge .torage Diodes DO -7 Olar 0 66 

ell 26 PNP 811. Planar Trau. TO -5 like 251132, 1142904 0 60 

012 12 Slllcon Rectifier. Epoxy 500mA up to 800 PIV _ 045 
1.213 30 PNP-NPN BII. Tr.n.l.tor9 OC200 a 28 104 0 60 
014 180 Mixed Silicon and Germanium Diode. 0.65 
1.115 20 7)05 811. Planar Trans. TO -8 like BOY61, 25697 0 65 
1116 10 3 Amp /Silicon Rectifier. Stud Type up to 1000019 .: 051 
1117 80 Oermauium PNP AP Tr.n.l.ton 10.6 like ACY 17.22 0.64 
(-18 8 e Amp Silicon R6ctifiln BYZIS Type up to 800 PIV 0 66 
1119 26 Silicon NON Tranaidon Ilk. BC108 066 
020 19 1.8 Amp Blllcon Rectifiers Top Hat up to 1000 P1V , . , 066 
USI 30 AP. Germanlum Alloy Tranddon 90300 Series A 0071. 0 60 
1.723 30 MADT'. like Mlla Bede. PNP Truld.ton 066 
024 20 Germanium 1 Amp Rectifier. OJM Sages up to 300 PIV 
1716 28 600 MI1. NON Silicon Tranfetn 25708, B1Y27 6 k 
025 30 het Switching Silicon Diode. Ilk. 15914 MIau-Min. 066 
1727 12 505 Germanium AF Tranaldore 10.1 like AC127 055 
0.29 10 1 Amp SCR'. TO.S can. up to 800 P1V CRR1 20.000 1.10 
1.730 16 Plastic Silicon Planer Tram. NON 292926 0 66 
031 20 Silicon Planar Pl..tic NON Trans. 1036 Notes Amp 993707 0.66 
032 28 Lefler Diode. 400mW 00.7 cam 3-16 volt mixed 0 66 
0731 18 Nadia Cue 1 Amp Silicon Rectifier. 154000 Serbs. 065 
1734 30 Silicon PNP Alloy Tram. TO -8 BCY26 263024 0.66 
1738 28 Sllimn Plnsr Tranddon PNP 10.18 252906 0 66 
U3e1 28 Silicon Planar 0(014 Tnnd.ton TV -8 BP Y80751/52 0 54 
037 30 Silicon Alloy Teon.f.ton 00-2 PNP 0C200, 28322 0 66 
VIO 20 hat Switching Slllcon Trans. NPN Milo 253011 066 
039 314 NP. Germ. PNP Trand.ton 291303/8 TO -8 054 
1740 10 Dual Transistn 6 lead TO -8 252060 0 I6 
1141 26 ItP Germanium Transistors TO -0, OC/6, NKT72 0.64 
1742 10 VHF Oermanium PNP Tranui.tor TO -1 N KT667, AFI17 0.66 
1143 26 SO. Trans. Plastic TO -111 A.P. 100113/114 0.66 
0744 20 011. Trano. Pls.Uc TO.I 13C115/NPN 046 
1748 7 34 SCR. 7088 up to 60071V 1.10 

Code No'.. mentioned above sr. given Q a guide to the type of device In 
the pair. The device. themselves are normally unmarked. 

A LAEOE RANGE OP TECHNICAL 
AND DATA 1000 AU NOW 

ATAIL4>T.I EX. !TOME. 
MID FOR rasa Luz. 

QUALITY TESTED SEMICONDUCTOR' 

Pak No. - Price 
1 20 Red spot transistors PNP 155 
2 16 White spot R.F. transistors PNP 155 
J 4 OC 77 type transistors 185 

6 Matched transistors 0C44/45/81/8ID ...... 155 
5 4 OC 75 Transistors 155 

5 0072 transistors 155 
7 4 AC 128 transistors PNP high gain 035 
8 4 AC 126 transistors PNP 055 

7 OC 81 type transistors , 155 
10 7 OC 71 type transistor 133 
II 2 ACI27/128 Complementary pain PNP/NPN 155 
12 3 AF 116 type transistors 155 
13 3 AF 117 type transistors 0-55 
14 3 OC 171 H.F. type transistors p3yy 
15 7 252926 Sil. Epoxy transistors mixed colours QSS 
16 2 GET880 low mils. Germanium transistors 0 55 
17 5 NPN2 aST.I4I.&3aST.140 155 
18 4 MADTS2x MAT 100&2x MAT 120 0-55 
19 3 MACH'S 2 x MAT 101 & 1 x MAT 121 155 
20 4 OC 44 Germanium transistors A.F. 155 
21 4 ACI27 NPN Germanium transistors 055 
22 20 NKT transistors A.F. R.F. coded 155 
23 10 0A 202 Silicon diodes sub -min 

Q 4 8 OA 81 diodes 153 
Q25 15 15914 Silicon diodes 7501V 7SmA 0-55 
Q26 8 0495 Germanium diodes sub mm 1969 0.55 

21 2 IVA MX/ 15 Silicon reChher3 15425R 155 
28 2 Silicon cower rectifiers BYZ 13 055 
29 4 Sil. transistors 2 x 2N696. I x 2N607 

I x 2N698 155 
30 7 Silicon switch transistors 2N706 NPN 133 
31 6 Silicon switch transistors 2N708 NPN 0-55 
32 3 PNP Sil. trans. 2 x 2N1131, I x 

2N1132 155 
33 3 Silicon NPN transistors 2N 1711 155 

Q34 7 PSiL97,NON trans. 2N2369, 500MHz (code 
PSS 

Q35 
3 

Silicon 
292905 

PNP TO -5 2 x 2N2904 & I x 

36 7 2N3646 TO -I8 plastic 300 MHz NPN ...... ..... 155 
37 3 253053 NPN Silicon transistors .. 155 
38 7 PNP transistors 4 0 2N3703. 3 x 2N3702 0-55 
39 7 0191, transistors 4 x 2N3704. 3 x 2N3705 035 

0 7NPN transistors 4 x 2N3707, 3 x 2N3708 ....,, 055 
41 3 Plastic NPN TO -18 2N3904 0-55 

2 6 NPN transistors 2N5172 ....... 0-55 
3 7 BC 107 NPN transistor .... 155 
4 7 NPN transistors 4 x BC 108, 3 x BC 109 155 

45 3 BC 113 NPN TO -I8 transistors 155 
6 3 BC 115 NPN TO -5 transistors ......... . ...... _ 155 
7 6 NPN high gain transistors 3 x BC167, 

3x BC 168 055 
18 4 BCY 70 PNP transistors TO -18 035 

9 4 NPN transistors 2 x 13E751,2 x 130452 055 
0 7 BSY 28 NPN switch transistors Tó-18 .....- 0-55 5 

51 7 BSY 95A NPN transistors 300MHz 155 
52 8 BY 100 type silicon rectifiers 11.10 
53 25 Sil & Germ. trans. mixed all marked new 1163 

LOOK FOR OUR 
SEMICONDUCTOR 

ADVERTISEMENTS IN 
PRACTICAL WIRELESS and 

RADIO CONSTRUCTOR 

PIV 

50 

300 
100 
400 
600 
800 

NEW LOW PRICE TESTED S.C.R.'s 
IAmp 
105 
022 
027 
027 
032 
142 
063 

3Amp 
1066 
127 
127 
032 
142 
052 
070 

SAmp 
T066 
0)9 
0-51 
154 
059 
175 
Ogg 

iAmp 
7064 
039 
052 
031 
062 
053 
Oat 

7Amp 
7048 
052 
055 
042 
007 
014 
099 

I0Amp 16Amp 30Amp 
T040 tae 7040 
015 036 11.27 
063 062 1154 
067 067 41.76 
003 077 1193 

1107 097 
[1r. al SO 4410 

SIL. RECTS. TESTED IV 300rnA 750mA I/3Amp 3Amp IOAmp 30Arnp 
(007) (50 14) IAmp (SO16) (SO 10) (5010) (TO 441) 

O 005 0-06 Plamc 006 013 111 060 
100 003 0 07 154001 003 /10 017 023 075 
200 006 010 194002 006 012 022 023 /100 
400 0 00 115 114403 007 115 010 031 4155 
600 009 017 154004 00a 111 036 043 1190 
800 011 /19 1541105 0-10 0-20 000 035 13.10 

141011 014 030 1614006 III 021 048 043 1250 
1100 - 013 1154007 012 030 170 075 1300 

POWER TRANS BONANZA! 
GENERAL PURPOSE GERM. PNP 

Coded OP100. BRAND NEW TO -3 CABE. POSSIBLE 
REPLACE2-0C25-28-25-30-36-30. NKT 401-403-404- 
405-406-430-401-462-162. 113027-3028.2\950A 25460A - 
487A -488A, 252611 A a B. 20220-992, ETC. VCBO 80V 
VCEO 50V IC l0A PT. 90 WATTS life 90-170. 
PRICE 1.24 28.99 100 up 

485 each 44p each . 40p each 

SILICON High Volt... 210V NPR 
TO -3 cue. O.P. Switching a Amplifier 
Appp1In00ne. Brand new Coded R 2400 
VC SO 280/VCEO 100/IC 6A/80 Watt. 
HPE type 2017 5YHZ. 
OUR PRICE EACH: 
1.24 26-99 100 up 

569 609 449 

2N3055 
116 WATT OH 
POWER NON 
669 EACH. 

0I1.I008 60 WATTS MATCHED NPN/PNP 
RIP 10 NPN TO -3 Plutic. HIP 20 PIP. Brand new. 
VCBO 100/t'CEO 60/IC 10A. HFE type 100/1t 3mHZ. 
OUR PRICE PER PAIR: 
1-24 pr. 68p 26-90 pre- 61p 100 pre. 665 

ÁD161/162 PNP 
RI/1s COMP GERM TRANS 
OUR LOWFSr PRICE OF 

730. PER PAIR 

SILICON PHOTO TRANSISTOR 
TO -18 Len. end 1405 Sim. to 
BP X 28 and P21. BRAND 
NEW. Full data available. 
Folly guaranteed. 
Qty. 1.24 25.99 100 up 
Pelee each Opp 149 i8p 

F.E.T.'S 
2743819 319 2248468 369 
2143920 559 256469 44p 
2249821 39p BIM 10 88p 
253823 319 MP0106 41p 

1111-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 
RANGE OP ELECTRONIC COMPONENTS AND ACCESSORIES AT 

COMPETITIVE PRICES - 

743í1M0 COMPONENT 
PARS 

MIXED 
ELECT ROT' JC 

CO V PO.VE.t'T8 

Exceptionally sad value 

neelettin, capacitor., 
pot, electrolytic. and 

coils plus many other 
useful Items. Approsl- 
natoly 310. In weight. 
Price Inel. P. a P. 1106 
only, 

PULL RANGE OP 
ZENER DIODES 
VOLTAGE RANGE 
2.136, 400mV (007 
Case Ilp ea 1144 (Top - 
1140 100 84 IOW (SO -10 
Stud) 32p ea. All fully 
Oared 3% Iot end 
marled. State voltage 
requ,red. 

10 amp POTTED 
BRIDGE RECTIFIER 

on heat sink. 
100PIV. i8p each 

NEW LINE 
Plastic Encapsulated 
2 Amp. BRIDGE RECTA. 
5O6 RMS JSp race 
100v RMS 4op 
2005 R1415 43p 
4009 RMS 309 - 
S,4e 15 mm a 6 mm. 

UNUUNCTTON 
U748. Eqvt. 252846. 
Eqvt. 718.13. 11E53000 
80p each, 28-90 28p 
100 UP 22p. 

CADMIUM CELLS 
ORPI2 48p 

GENERAL PURPOSE 
NPN SILICON SWITCB- 
1110 TRANS. TO -18 
SIM. TO 25708/S. BIT - 
27/28/96A. A.1.I usable 
devices no open or short 
drcuita. ALSO AVAI1 
ABLE In PNP BIm. to 
2N2906, BCY70. When 
ordering pleue state 
preference NPN or PNP. 

ap 
20 For 0.66 
50 For 1-l0 

100 For 1.52 
000 For 8.24 

1000 For 14.10 

SIL. GT. DIODES ap 
300mW 30 ..0 
40PIVIMIn.) 100..1.86 
Bub -Min. 800..6.60 
Full Tested 1,000, .090 
Ideal for Organ Builders. 

TRIACS 
VBOM 2A 6.4 104 

TO -6 TO -68 10.48 
!p Sp tp 

100 23 66 83 
200 66 BB 99 
400 77 83 141 

DIACI 
FOR USE WITH 

TRIACS 
00100 1030 35p rush 

FREE 
On. 50p Pak of you 
own choice trim with 
orden valued 84 or over. 

BRAND NEW TESAS 
GERM. TRANSISTOR! 
Coded and guaraata.d 
P.O No. EQVT 
Ti 209719 OC71 
TI D1374 0078 
T9 01216 OCI1D, 
T/ 209817 0001 
T8 203827 OCl2 
TS 20344E 0C44 
T7 20848B OCIO 
T/ 20878 OC78 
T9 263994 251302 
T10 20417 AF117 

All 069 *soh p.k. 

0112050 NPN III.. DUAL 
TRANI. CODE D1601 
TEXAS. Out pries 269 
.005. 

120 VCR NMI DRIVER 
TRANSUTOR. 81m. 
80X21 a C407, 2241893 
FULLY TESTED AND 
CODED ND 120, 1.24 
199 each. 70.6 NPN 
26 up 179 each. 

811, tram suitable for 
P.E. Organ. Metal TO.18 
Eqvt. ZTZ300 6p each. 
Any Qty. 

8th EDITION 
TRANSISTOR EQUIVA 
LENTS BOOK. 250 
pages. A complete cross 
reference and equivalents 
book for European, 
American and Japanese 
Transistors. Exclusive to 
BI -PA K 11.85 each. 

It BALDOCK STREET (A10), WARE, HERTS. 
TEL. (STD 0920) 61593. 
OPEN MON.-1147. 9.16 a.m. to 6 p.m., FRIDAY UNTIL 8 p.m. 
ALL PRICES INCLUDE V.A.T. 



-the lowest prices! 
74 Series T.T.L. I.C'S 

BI -PAM ST= LOWEST IN PRICE PULL SPECIFICATION 

GUARANTEED. ALL FAMOUS MANUFACTURERS 

I 25 1004 I 25 100+ I 

7400 013 017 016 7448 L1-10 01 07 LLOS 74122 L1-30 
7401 018 P17 016 7450 018 017 0.16 74123 1300 
7402 018 017 016 7451 018 017 0.16 74141 0.85 
7403 018 017 016 7453 018 017 0.16 74145 11.63 
7404 0.18 017 016 7454 118 017 016 74150 12.90 
7405 118 017 016 7460 018 117 016 74151 1110 
7406 /39 034 031 7470 032 029 027 74153 11.30 
7407 039 034 031 7472 132 029 027 74154 LI98 
7408 020 119 018 7473 041 039 035 74155 1130 
7409 020 019 018 7474 041 039 035 74156 11 -SO 

7410 018 017 016 7475 050 118 /46 74157 12 00 
7411 028 0-27 126 7476 011 013 042 74160 1210 
7412 039 134 031 7480 071 071 0-64 74161 L2.10 
7413 132 131 030 7481 £1.30 £1.25 11.20 74162 £440 
7416 048 014 0 12 7482 0% 195 094 74163 1440 
7417 048 044 042 7183 11.20 L115 1105 74164 12 20 
7420 018 017 016 7484 11.10 LI.OS £I-00 74165 12 20 
7422 053 053 150 7481 L330 £3.40 1330 74166 1320 
7423 033 053 030 7486 035 034 133 71174 L2 30 
7425 055 133 0-50 7489 £400 L3-75 L3 50 74175 11.75 
7426 050 046 044 7490 074 071 061 74176 11.85 
7427 030 046 144 7491 £I.10 L1.05 L1 00 74177 1145 
7428 0-53 053 150 7492 071 071 164 74180 LI.30 
7430 018 117 016 7493 071 071 064 74181 1300 
7432 050 046 /11 7494 085 082 175 74182 12 00 
7433 075 073 070 7495 085 082 073 74184 13 20 
7437 0-70 068 065 7496 1% 093 0-86 74190 12.15 
7438 0-70 068 0-65 74100 £1.50 11.45 L1.40 74191 £2.15 
7440 018 017 016 74104 L1 07 £1-04 11.00 74192 12.13 
7441 0-74 171 0 64 74105 11 07 11.04 LI.00 74193 L2.15 
7442 074 171 064 74107 044 042 040 74194 12.98 
7443 01.20 L115 LI.10 74110 060 155 130 74195 12.00 
7444 11.20 11.15 11.10 74111 1138 LI.27 11-21 74196 11.95 
7445 £1.98 L1.95 11.90 74118 LI.10 E1 05 01.00 71197 L1.93 
7446 1120 0113 LI.10 74119 1150 L1.40 1I30 74198 1500 
7447 1110 £1.07 LI OS 74121 030 048 045 74199 1300 

DEVICES MAY BE MIXED TO (QUALIFY FOR QUANTITY PRICE& (TTL 74 SERIES 
AVAILABLE FOR THE ABOVE SERIES OF I.C.'s IN BOOK FORM. PRICE 35p. 

23 100+ 
11.45 L1.40 
12.90 L2.80 
082 079 

11-35 LI 45 
12.80 L2.70 
11.05 L 00 
1I.20 LI-10 
11.90 L175 
£145 LI.33 
L1./5 LI.35 
L1.90 11.80 
12.00 11.90 
12.00 L1.90 
L413 13 85 
1413 L3 83 
12.10 12.00 
12.111 L2 00 
0310 L3-00 
L2 40 L2.30 
11.65 L1.33 
11.75 L1.65 
11.73 1145 
11.40 11.30 
£450 £400 
1I.90 L1.75 
13-10 13.00 
1210 12.00 
02 10 02 00 
12.10 02.00 
12.10 12.00 
12 86 L2.75 
£1.95 0I.90 
0190 11.85 
L190 L1.85 
1475 1450 
L475 1450 

ONLY) DATA IS 

INTEGRATED CIRCUIT PASS 
Manufacturer "Fall Outs" which Include Functional and Part -Functional Unite. These are classed as 'out -of 
spec' from the maker's very rigid specifications. but art Ide1 for learning about LC'. and experimental work. 

Pak So. Contents Price Pak No. Content. Pea 
VIC00-12±7400 0.65 D IC48 will 07448 0.66 

07IC01-12 X 7401 0.66 U2048-6 x 7448 0.66 
V1CO2 -12 x 7402 0.56 UIC80 -12 07480 0.66 
UI003-12x7403 0.66 1.7I301-12 x 7481 0.66 
UIC04-12 x 7404 0.66 UIC68 -12 x 7403 0.66 
UIC06 -12 07405 0.66 UIC64-12 x 7464 0.66 

U1008 -8 x 7408 0.66 UIC60 -12 x 7480 0.66 

071007-8x7407 0.05 UIC70 -8 x7470 0.66 
UIC10-12x7410 0.66 072072 -8 07472 0.66 
UIC20 -12 07420 0.66 UIC73 wit x 7473 0.66 

UIC30 -12 X 7430 0.66 UI074-8 x 7474 0.66 
VIC40 -12 x 7440 0.66 UIC78- 8 x 7478 0.66 
171C41 0 x 7441 0.50 IIIC80-6 x 7480 0.66 
071042-a x7442 0.66 UI031-6 x 7481 0.65 

U2C48 -0 07448 0.66 17IC82 -6 x 7482 0.60 
UIC44 -6 x 7444 0.66 13I083-6 x 7489 0.66 
VIC46-6 07443 0.66 UIC88 -6 x 7488 0.66 

Pak No. Contents Price 

UIC90-6 x 7490 
UIC91-6 x 7491 
UIC92 -0 x 7492 
UIC93 -6 X 7493 
Ú1C94-6 X 7464 
VIC96 -6 x 7493 
VI096 -6 X7494 
UIC100-6 X 74100 
UIC121-6X74121 
UI0141-bx74141 
UIC161-6 X 74151 
UI0164-6 X 74164 
1:1101113w 00 74193 
UI0199-6X74199 

0-66 
0.66 
0.66 
0.66 
0.66' 
0.66 
0.66 
0.66 
0.65 
0.66 
0.66 
0.66 
066 
0.66 

UIORI-26 Assorted 74'. 1.66 

Packs cannot be spilt, but 26 ueorted piece. (our mix) le available ea PAX VIC E1. 

LINEAR IC's -FULL SPEC. 
te No. 

7270' 
7:709 
72710 
7!:41 
7:7411' 
727410 
73:431, 
01.2010 
ELM(' 
BL7v-1 
TA A 2.3 
T.\.í2113 
TAASO,.1 
3317014 
0470110 
344711 
IN411 

caw. 
OIL N 
OIL 11 
OIL 14 

OIL 14 

TO -6 s 

OIL e 

OII. 
TO :, 44 

Tll-.3 

7'O -7t' 4 

TO 74 in 
ru b I 
7'O-3 

7'1-S e 
T,1-0 In 
Tr. -Is 4 

oSO 
a ss 4 .4 
.43 
..35 
}43 

34 
.w 
Se 

41.130 

41.53 

DTL 930 SERIES 
_s too LOGIC 1.C', 
0.44 0.43 

U ow0.43 0. 
o 3 0.11 
0.43 0.40 

o3634 r 034 
6.45- 0.40 
0.45 0.40 
0.45 0.4e 
ojo 0.4.0 
0.65 Ot oto 

tle0 3170 
0.15 0.00 0.24 
0.55 0 11 0.30 
343 0.13 0.40 
1J0 

3 TERXIAAI. M3+ITIVE VOLTAGE 
REGULATOR.. 
1'..:I 1'104.31r r;ural.ul..^- 01' I :, 3,0134 

v.17044.1 :,V (K pot ,.. 115 ItaVI 31.74 

31A7a12 17.4' Irip,,. 1.. \1\NI 21') [1.74 

TEAK VENEERED 
CABINETS for: 
STEREO, 20 

TC 20. 1395 p&p 30p. 

MK 50 KIT 
TC 100. 0650 p&p 40p 

E.M.1. LEK 350 Loudspeaker 
System Enclosure kit in Teak 
Veneer. including speakers. 
Rec Retail Price 143.30 per pr. 

OUR SPECIAL PRICE 13330 
per pair p&p I I.ONLY WHILE 
STOCKS LAST! 

EIS 
o.le 

0.14 
00.16 

le 

1114 .n 
8.13 

70 
0.70 
0.150.45 

0.43 
0.43 

4.33 

.14 
0.15 
O AS 
O .15 
0413 

.15 
CO. 
014 

543 

oe5 
0.14 
11.43 

0.43 
3.4: 
0.13 

1101 

0.13 
3.14 
0.14 
11.14 

14 
o 14 

41.33 

.13 
0.23 
*ex 

13 
0.t0 
0.40 
3.40 
0.40 

B/-PAK 
CATALOGUE AND LISTS 

Send S.A.E. and 18p. 

NOW WE GIVE YOU 50W PEAK (25W R.M.S.) PLUS 
THERMAL PROTECTION! 

The NEW AL60 Hi -Fi 
Max Heat Sink temp 900 

Frequency Response 20Hz to 
100KHz 

0.1% Distortion 

Distortion better than 1% at 
1KHz 

Supply voltage 10-35 volts 

Audio Amplifier 
Thermal Feedback 

Latest Design Improvements '-4aa 

Load -3,4,80116 ohms 

Signal to noise ratio 80dB 

FOR ONLY 

£3.95 

" lr 
Especially designed to a strict specification. Only the finest 
components have been used and the latest solid state circuitry i 
Incorporated in this powerful little amplifier which should ie 
satisfy the most critical A.F., enthusiast. 

C=. __4 
/0, 7 

Overall size 63mm x 105mm if 
x 13mm 

433, 

FULLY BUILT - TESTED and GUARANTEED 

d -° d -N STABILISED POWER 
MODULE SPM80 £3.25 

i e 

APSO le especially designed to power 2 of the AL60 Amplifiers, up to 
16 weft (r.m...) per channel simultaneously. TM. module embodies the 
latest components and circuit techniques Incorporating complete short 
circuit protection. With the ideation of the Maine Transformer 51280, 
the unit will provide output. N up to 1.5 amps at 33 volts. Size: 
83 mm x 103 mm X 20 mm. These unite ernble you to build Audio 
Svetem. of the highest quality at a hitherto unobtainable price. Also 
Ideal for many other applicati.une Including: Disco Systems, Public 
Addres, Intercom Units, etc. Handbook available, 10p. 

TRANSFORMER BMTBO £2.15 p. Et p. 25p 

STEREO PRE -AMPLIFIER 
TYPE PA100 
Built to a specification and NOT a price, and yet still the greatest value on the market, 
the PA100 stereo pre -amplifier hoe been conceived from the latest circuit technique.. 
Designed for use with the AL60 power amplifier system, this quaity made unit 
Incorporates no lea. than eight silicon pla:.ar tralaletora, two of torn are specially 
selected low noise NPN devices for uno In the input stages. 
Three switched stereo Inputs, and rumble and scratch filter. are features of the 
PA100, whlea oleo he.. STEREOIMONO switch, volume, balance o4d continuously 
variable bass and treble control.. 

SPECIFICATION: 
Frequency resporae 2011.--20k11: ±148 B444 control 
Harmonic distortion better than 0-1% Treble contra. 
Input.: 1. Tape heed 1.26mV into 6OKL2 Filter.: Rumtle (blab p.4.) 

2. Radio, Tuner 36n1V Into 6000 Scratch (low t,a.e) 
3. M,gnetic P.V. 1.6my Into 601(1 Signal/notes ratio 

All Input voltages are for an output of 280mV. Input overload 
Tape and P.U. Input equalised to RIM curve Supply 
within ±1dB from 20H: to 206)0:. Dlm<n:done 

SPECIAL COMPLETE KIT MK50 COMPRISING 2 AL5O's, 

DUAL -IN -LINE SOCKETS. 1 SPM80, 1 BMT80 & 1 PA100 ONLY £25.30 FREE p.&p 

14 & 16 iced Sockets for use with 
DUAL -IN -LINE I.C's TWO Ranges 
PROFESSIONAL & NEW LOW COST. 
PROF. TYPE No. 1-24 25-99 IOOup. 
TSO 14 pin type 33p 30p ' 27p 
TSO 16 38p 35p 32p 
TO 24 75p 70p 68p 

LOW COST No. 
BPS B pin type 13p 13p 11p 
BPS 14 16p 14p 12p 
BPS 16 17p ISp 13p 

NUMERICAL 
INDICATOR TUBES 

r)1^. 
:0,151: V,,,,rn^, 7 hey,,.... 

t.nbew4ur 
11.1N 331 I. ): lt 7..ymn, Ilulla, 

I2- Hyn Cleo no,. 
COuI 0n1..1'e V'N,seT21. 

T,d.. cal m 
(:Rllo a,p N,S,..T,1.. 

Tul. 13 n,r,,, 

The STEREO 20 
The 'Stereo 20' ampll8er le mounted, ready wired and tested 
on one-piece chard. measuring 20 cm x 14 em X 6.6 em. 
Thie compact unit come. complete with on/off switch 
volume control, heisnee, boos and treble control., 
Transformer, Power supply and Power amp.. 
Attractively printed front panel and match 
Ina control knobs. The 'Stereo 20' has been 
designed to fit Into mat turntable plinths 
aIthout Interfering with the mechanism or, 
lternatively, Into a cepuate cabinet. 

Output power 20w peak. Input 1 (Cer.) 
300mV Into 111. Freq. res. 26H126kHn. 
Input 2 (Aux.) 4mV into 301. Harmonic 
dl.tortlon. Bess control *12dB at 60H. 
typically 0.22% .t 1 watt. Treble ton. 
*14dB at 141Hs. 

FRONT PANEL, 4 knobs, Headphone Socket. 
on/off switch and neon for PA 100/MK 50. 
FPK 100 L2-95. 

TRANSFORMERS 
T461 (Use with OLIO) 81.66 P k P 15p 
T598 (Use with AL20) 31.98 P A P 16p 
EMT80 (Use with ALSO a AL60) 03.16 

P A P 26p 

POWER SUPPLIES 
PS 12. (Use with ALIO a ALZO) 58. 
BPM 80. (U.e with aim AL30AAL60) 

4!. 
e.I, 

£14.45 

[LW 

It.eO 

[I s. 

11.70 

PA 12. PRE -AMPLIFIER SPECIFICATION 
The PA 12 pre-ampllser ha. been designed to match into 
mat budget stereo gdeme. It Is eomptible with the 
AL 10, AL 20 and AL 30 audio power amplifier. and It 
can be supplied from their crenelated power nepplle.. 
There are two .terra Input*, one hag been designed for use 

with Ceremle cartridges while the auxiliary input sew 
suit mat t Magnetic cartridges. Full detall. are given In 
the epecMcatlon table. The four controls are, from Left to 
right: Volume and on/off .witch, balance, ham and treble. 
Size 162mm x 84mm x 35mm. PRICE £4.35 

FRONT PANEL FP 12 with knobs £ 1.20. 

±16dB at 20)0 3 

±16dB at 200)0, 
100 H3 
BkM, 
better than ;í86411 
+28dB 
+36 volts at 90mA 
222882035 mm 

only £1315 
ÁL10/AL20/AL30 AUDIO AMPLIFIER MODULES 

ty 

The ALIO, AL20 and AL30 unite me 
tmOar in their appearance and In their 
g.nersl epecIMdlon. However, careful 
select. on of the plastic power devisee h.. 
i.ulted in range of output power. from 
to 10 watt& R.51.8. 

The erurlity of their design makes them 
Ideal for use In record players, tape recorder, 
stereo amplifier and caseette and cartridge 
tape player m the car and at home. 

rummer.: Conditions Performance 

HARMONIC DISTORTION Po - 8 WATTS I-IKHa 

LOAD IMPEDANCE 

0.26% 

INPUT IMPEDANCE f-1KH1 loo k(3 

FREQUENCY RESPONSE CB 343 Po -2 WATTS 6083-26KH 

SENSITIVITY for RATED O/P V -25V. RI -e0 f-IKH4 

DIMENSIONS 

76mV. RYA 

3'x24'x1' 

The above table relate. to the OLIO, AL20 and ALSO 
molt -1m. The following table outline. the difference. 
In their working condition.. 

Parameter 

Maximum Bpply Voltage 

Power output for 2% T.H.D. 
(RL - 8(31 - 1 KHz) 

Frequency response- 
20Ht-60EH.(-3dB) 

Bass control- * 12dB at SOH. 
Treble control- 

* 14dB at 14KR. 
Input 1. Impedance 

1 Meg. ohm 
Seneltlelty 300mV 

tlnput. 2. Impedance 
30 K ohm. 

Sensitivity 4mV 

PRICE 

ALkO 

25 

3 watt. It'll hi la. 

12 20 

ALBO 

s0 

f wtta 
EMS Mla. 

02.59 

AI.sO 

30 

10 watt. 
EMS Mm. 

L3.3 

- Coro No 388 :006 
Plt4ee lend .11. urden d,reel In w.rrrhnuse ..nd dr.e..10, dry ,1 ".^, 

P.O. BOX 6, WARE HERTS 
P oslsge end pecking s94 alp Orees.as .,dd 0.00., for alrn.alf 

Minrmnn, ceder 55p Cosh wile rode, please 

Guaranteed Satisfaction or Money Back 



KEITH PITT REPORTS 

One cold evening in late 1967 the 
South Coast region around Brighton 
and Hove was cut off by a freak 
blizzard. The conditions meant that 
many of the thousands of local com- 
muters would be home extremely late 
with no way of warning their families. 
As soon as he saw the severity of the 
storm, Bob Gunnell obtained per- 
mission to put BBC Radio Brighton on 
the air during the emergency by inter- 
rupting the station's test transmissions 
with news flashes. This initiative 
helped the area to overcome its weath- 
er problems and, incidentally, allayed 
the fears of those sitting at home 
waiting for the late travellers by giving 
them as much up to date information 
as possible. When conditions returned 
to normal the special transmissions 
went off the air until the official open- 
ing date. This was the first of many 
emergencies which have since been 
covered promptly and efficiently by 
the BBC's local radio network. 

BBC Radio Brighton was one of 
the first group of eight local radio 
stations given a provisional go-ahead 
by Harold Wilson's government in 
1966-7. Once these were shown to be 
performing a community service, per- 
mission was given to the BBC to ex- 
pand to 20 stations covering about 
74% of the population of England. 
The BBC had hoped .to increase the 
number still more, but, in 1970 a 

Conservative Government was return- 
ed pledged to introduce commercial 
local radio, aservice tobe financed by 
advertisements. They sanctioned the 
the completion of the chain of 20 
but stopped any further expansion. 
Their Broadcasting Act, 1972, mod- 
ified the Television Act of 1964 to 
enable the Independent Television 
Authority, ITA, to take responsibility 
for the new network and changed its 
name to Independent Broadcasting 
Authority, IBA. 

This article traces the growth of 
local radio in Britain from its origins 
in the BBC Regions and discusses the 
services it can render to the commun- 
ity. It also discusses the future ex- 
pansion of the networks and some of 
the technical aspects as well as look- 
ing more .closely at two, individual 
stations, one BBC and the other in- 
dependent. 

BACKGROUND 
Apart from the very early days BBC 
programmes .were organised on a nat- 
ional basis with a small part of one 
of the services being available for 
regional 'opt -outs'. Scottish and Welsh 
radio had and still have, considerably 
larger differences to cater for the 
special needs of their national popul- 
ations. The English regions each had 
a distinctive local flavour and some of 
their products were networked while 
others only went out to relatively 
local audiences. 

West Region from Bristol was typ- 
ical with its local serial,. "At the 
Luscombes", its specialised sports cov- 
erage, its local news and magazines 
and, especially, its wild life program- 
mes. Total regional coverage was 
only a few hours a week and the local 
service was not very comprehensive 
because of the large areas and the 
short available time. Nevertheless, 
each of the regions helped their com- 
munities by providing programmes of 
more specialised local interest than 
London could give. Many of today's 
top names started locally and gained 
experience there before graduating to 
London. Benny Hill's first radio 
shows were for the West Region; (he 
comes from the Southampton area). 

In the 1960's there was a decline in 
radio audiences with the growth of 
television. Some of the regional 
characteristics transferred to daily BBC 
television programmes. These are now 

'the main local output of the regions 
and their news magazine formats con- 
tribute to the daily "Nationwide" 
programme. Wavelength restrictions 
made it difficult to combat the effect 
of TV on sound radio, but the arrival 
of VHF with its sharp transmission 
contours offered a new hope. For six 
weeks, in the early 1960's the BBC 
West of. England Home Service trans- 
mitter at Wenvoe was taken over for 
an experiment. The emphasis was on 
local content and participation. It 
was in effect a prototype local radio. 

No more was heard directly of this, 
but, later in the same decade the 
government gave the BBC permission 
to set up eight stations on a tempor- 
ary, experimental basis. These were 
to be financed by local authorities as 
far as possible and were established 

IN BRITAIN 
between the end of 1967 and the 
middle of 1968 at Leicester, Sheffield, 
Merseyside, Nottingham, Brighton, 
Stoke, Leeds and Durham. About a 

year after the start of the last of these 
the BBC published its future plans - - 

"Broadcasting in the Seventies" - - in- 
cluding a list of twelve more later 
approved by the Government. The 
change of Government in 1970 had a 

profound effect on the shape of local 
radio as mentioned above with the 
formation of the IBA and its com- 
mercial network. 

THE CHANGING PATTERN OF 
RADIO LISTENJNG 
For many years radio was the main 
medium of public entertainment in 
the home. The arrival of TV changed 
its function very much. It was now 
likely to have an audience which 
changed widely in numbers and make- 
up with the time of day. It could no 
longer rely, as in the past, on holding 
the attention of the majority of the 
population for long periods. At the 
same time, with the greater pace and 
technology of living, a need grew for 
an information service covering much 
more than the standard news bulletins. 

In the USA, due mainly to the vast 
distances, there always had been an 
emphasis on local stations, usually 
with several operating in one city 
financed by advertising in general and 
sponsoring in particular. These de- 
clined sharply in popularity with the 
rise of TV but have recently recovered 
much lost ground by rethinking their 
approach. Stations now tend to fall in- 
to two main categories, 'general' and 
'news'. The latter, as the name 
suggests tend to concentrate on news 
and information together with some 
commentary on ít. They provide a 

frequent in-depth coverage of events 
as they 'happen and are extremely 
popular with good. listening figures 
and, consequently, high advertising 
revenue. The general stations are more 
biased towards music or entertainment 
but also-' provide an information ser- 
vice, but, necessarily, a less compre- 
hensive one. 

In Britain in the 1954's and 1960's, 
particularly in England, the national 
radio networks fell roughly into the 
pattern of news, serious programmes 
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and entertainment, (Home Service), 
music and entertainment, (Light Pro- 
gramme), and serious music and litera- 
ture, (Third Programme). This pattern 
was shaken violently in the early 
1960's by the arrival of various 'lady' 
pirates such as Caroline just outside 
territorial waters these provided con- 
tinuous pop music and advertisements 
to most of England. Apart from the 
ever popular Radio Luxemborg, this 
was virtually the first taste of com- 
mercial radio in Britain. Although 
they were eventually put out of bus- 
iness, their effect was to cause the 
BBC to develop a whole new pattern 
of national broadcasting with the in- 
troduction of the present Radios 1,2, 
3 and 4. They also raised the question 
of an alternative source of radio to 
the BBC, together with the problem 
of how to finance it. 

An alternative service on a national 
basis would not have the attraction 
of a more localised system reflecting 
the modern needs for instant inform- 
ation and helping to provide a com- 
munity service. It would also repeat 
one much criticised facet of the BBC -- 

remoteness from the listener and his 
important, but, often, essentially local 
problems. Before such an alternative 
could be proposed in detail the BBC 
put forward its own plans for a form 
of radio more suited to the changing 
pattern of listening -- a chain of local 
stations each with a large measure of 
autonomy and providing a community 
service for a limited and carefully 
defined area. Much of the output 
was to be for and by local people and 
would give information on anything 
that might be of interest to the 
surrounding area. This concept ,of 
community radio has been taken even 
further with the more recent growth 
of 'phone in' and 'talk back' pro- 
grammes. Typical of the service 
envisaged was the broadcasting of 
regular travel and traffic information 
and news flashes for any sudden 
happening. 

In short, the developments of the 
sixties, including the arrival of the 
transistor radio, led logically to a 

local radio system where everyone 
could find something of interest. It 
might be as little as the reading of the 
local football results or, in more 
serious vein, perhaps, a warning of 
imminent power cuts. Properly deve- 
loped it could help to bring the lonely 
and the housebound closer to the rest 
of the community by providing a 

much more personal and detailed link 
than a national network ever could. 

Where the protagonists differed was 
in how to organise and finance such a 

service. The Government's answer 
was to subsidise stations from local 
authority grants, but these proved too 
uncertain and insufficient to plan a 

worthwhile service. When the eight 
experiments proved a success the Gov- 
ernment decided to make them per- 
manent and to finance them entirely 
out of licence revenue and the fee 
was increased to allow for this. 

The obvious alternative to the BBC 
was a chain of stations licensed by a 

central authority and receiving their 
revenue from advertising in a way 
analogous to that existing in indepen- 
dent television. This was adopted in 
the Broadcasting Act of 1972 and is 

now in process of being set up with 

IBA 

NIL 

five stations already on the air. 

BBC LOCAL RADIO 
When the first eight stations opened 
they were under a severe technical 
disadvantage operating on VHF only. 
The number of VHF sets was then 
relatively small, and, hence, the pot- 
ential audience was limited. Grad- 
ually, thanks to advertising campaigns 
by radio shops anc to the interest 
arising in the stations due to their 
type of output, the number of VHF 
sets rose until it was claimed that in 
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some areas up to 40% of the populat- 
ion had access to local radio. Even so, 
they were still at a major disadvantage 
compared with the BBC's national 
networks. One particular problem was 
that they could only reach a small 
fraction of the potential car radio 
audience because most of these sets 
are medium and long wave only. (Even 
if it could receive VHF, the reception 
would be generally poor because most 
car aerials are vertical rods, while the 
transmissions were horizontally polar- 
ised. A compromise using slant polar- 
isation was made in a number of cases 
and the IBA have -adopted circular 
polarisation). 

In September 1972 the BBC were 
allowed to introduce medium wave 
back up for their local stations (At the 
time of writing the last of these has 
recently come into use at Derby, 
although several others are still using 
temporary equipment and will later 
be increasing their powers). The 
medium wave and VHF transmissions 
are designed to give approximately 
the same day time service areas al- 
though the former will be severely 
restricted at night by co -channel inter- 
ference. The display panel shows 
the wavelengths or frequencies of the 
BBC network. The coverage varies 
according to the nature of the area 
and ranges from a radius of 25-30 
miles for BBC Radio London to about 
10-15 miles for small stations such as 
Leicester, Brighton or Nottingham. 

The second series actually con- 
tained thirteen not twelve stations. 
The service areas of Newcastle and 
Teesside both overlapped that of Dur- 
ham and many people had coverage 
from all three. In contrast, the 
extreme north west of England, cent- 
red around Carlisle and Whitehaven, 
was without any local radio. A 
decision was made to close Radio 
Durham in mid 1972 and replace it 
with Radio Carlisle which became the 
twentieth station in November 1973 
with one VHF and two medium wave 
transmitters. 

With the addition of medium wave 
the BBC claims that the local radio 
audience has doubled and that, in 
some areas, the listening figures are 
comparable to those of Radios 1 and 
2. Certainly one section of the 
public that has benefitted directly 
from the change is the motorist be- 
cause he can now get prompt and 
more detailed travel information than, 
for example, Radio 2 can supply. The 
older mains sets that many people 
still have at home, often in the kitchen 
are now able to receive the locals and 
this is reflected by the great popularity 
of programmes such as London's 
"Women in Town" and Solent's daily 
phone-in which enables listeners, 
(mainly, but not exclusively, women), 

to exchange tips on a wide range of 
domestic matters. 

The stations each provide about 
nine to twelve hours of locally pro- 
duced material every day and take the 
remainder of their programmes from 
the national networks, usually Radios 
1 or 2, in most cases with the main 
daytime news bulletins from Radio 4. 
They are a forum for the exchange of 
information and for minority interests 
to be aired. They have actively 
developed and encouraged local cultur- 
al activities. As examples, Radio Man- 
chester has helped in setting up a 

Chamber Orchestra and Radio Black- 
burn a Jazz Club. In the literary field 
Medway have had many entertaining 
entries in their story competitions and 
Humberside were similarly successful 
with a drama contest. Radio Brighton 
is closely associated with an Inter- 
national Arts Festival held in the 
town. The station's contribution, a 

radio drama, "Oluwali" by Jeremy 
Sandford, author of "Cathy Come 
Home" narrated by Bríghtonian Paul 
Scofield has since been broadcast more 
than once on Radio 3. 

Many stations have regular live 
childrens shows when the studios are 
filled with keen young participants -- 

often over sixty of them have taken 
part in Bristol programmes. Magazines 
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ing a number of programmes for its 
minority groups, pioneered a new 
approach with "Platform". In this 
a particular organisation is given the 
'freedom of thé air' for a couple of 
hours with full support from the 
station's technical staff. Thus, they 
can not only contact directly people 
with similar interests, but they can also 
bring their topic to the attention of 
an audience which would otherwise 
be unaware of it. One of London's 
most popular programmes has a strong 
West Indian flavour but is listened to 
by a very wide cross section of the 
public -- Steve Barnard's "Reggae 
Time". Steve is shown in the picture 
surrounded by records in his Carribean 
studio. 

Some programmes are made avail- 
able to other local stations including 
a fascinating series on Lewis Carroll 
produced by Radio Oxford and re- 
broadcast by Medway. They collabor- 
ate too on sports events. News of the 
away match of thé local football team 
is often given by reporters from the 
station near the host club. The 
coverage of the 1973 Gillette Cricket 
Cup Semi -Final at Lords was shared 
between London (Middlesex) and 
Brighton (Sussex) and that of the 
Final between Bristol (Gloucester- 
shire) and Brighton. 
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for the blind, including warnings of 
pavement obstructions, are an import- 
ant part of the schedules of most 
stations. Particularly popular are the 
programmes for immigrants. Those 
for the Indian and Pakistani com- 
munities in the Birmingham and Derby 
areas give news, views and entertain- 
ment including request records and 
provide strong link with the home 
countries. Many of the listeners are 
from well outside the official service 
areas and many get a 'double ration' 
by listening to both of the stations. 

London, by far the biggest of all 
the BBC's local radios, besides provid- 
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Many of the stations collaborate 
with local authorities in the product- 
ion of local schools programmes, us- 
ually with financial support also. One 
survey showed that thirteen thousand 
school children regularly heard the 
educational output of Radio Stoke. 
In a number of cases special training 
is given to teachers in broadcasting 
techniques. 

In addition to the regular features 
mentioned above, one major function 
of the stations is to help in times of 
local or national crisis, such as the 
Brighton snow storm referred to at 
the start of this article. Emergency 
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services have been set up during times 
of postal strikes, rail disputes and 
power cuts. In the latter case staff 
were often sitting in studios lit by 
candles and with equipment run from 
batteries while broadcasting street by 
street details of the cuts. 

In the next section we shall take a 

closer look at the working of one 
particular local station, BBC Radio 
Brighton. 

BBC RADIO BRIGHTON 
Brighton is one of the smaller 

stations having a potential audience 
of about four hundred thousand. (Leic- 
ester and Medway are roughly similar 
in size, although the latter, due to its 
geographical position, has as many 
potential 'guest' listeners outside as 

'official' ones inside its editorial area). 
The Brighton area tended to be 

isolated from full regional coverage of 
the BBC Home Service by its location 
on the extreme finge of the West 
Region. (Local agitation persuaded 
the BBC to install its first 'booster' to 
give TV coverage of the Coronation 
in 1953 to the coastal strip lying in 
the shadow of the South Downs). 

The BBC took the opportunity of 
answering frequent representations 
about poor local sound coverage by 
making Radio Brighton one of its first 
group of experimental stations in 
1967-8. The nature of the area gave 
natural boundaries to a VHF station. 
The addition of medium wave stretch- 
ed the coverage inland but the main 
editorial area has remained along the 
Sussex coast although the installation 
of a new and more powerful VHF 
transmitter improved the reception in 
areas like Lewes, Newhaven and Sea- 
ford. 

There is a permanent staff of 25 
with part time contributions from 
many others, free-lance journalists and 
local experts alike. Many have been 
associated with Radio Brighton from 
its start, but, like most of the other 
stations, opportunity is taken to give 
experience to young professional 
broadcasters before they move on to 
central BBC positions. (Desmond 
Lynam, now a well known member of 
Radio 2's sports staff, was an early 
member of the team with a special 
interest in the fortunes of Brighton 
and Hove Albion. John Henty, shown 
with the Radio Car at Sussex Univer- 
sity, has recently left the coast to take 
a post in continuity on Radio 2. Steve 
Merike crossed channels to join Lon- 
don Broadcasting). The traffic is two 
way -- for example Paul Hollingdale, 
formerly a Radio 2 disc jockey, now 
has a regular two hour music pro- 
gramme every Saturday afternoon. 

Radio Brighton's manager, Bob 
Gunnell, is a local man who has been 
with the BBC since 1944. Before 
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setting up the local station, he was a 

talks producer and commuted to Lon- 
don. He was also active in local affairs 
and was an independent member of 
Hove Council. He is heard on the air 
regularly as chairman of a discussion 
programme "Table Talk" which is 

similar to "Any Questions" and also 
in interviews with local personalities. 
Mr. Gunnell's deputy in effect is John 
Behague, the programme organiser. He 
moved to the coast joining Radio 
Brighton, while news editor. Tony 
Talmage started his career as a journal- 
ist in Worthing. The engineer is Ted 
Castle who has been a member of the 
BBC's technical staff for many years. 

Of the other full time contributers 
a few are local, but many have come 
to the area to gain experience and then 
move on to other jobs. Somecne who 
has travelled farther than most is 

Maryanne Smith from Australia. There 
are contributions from a large number 
of part time broadcasters as well. 
Three of the members of the sports 
team are respectively a bank official, 
a solicitor and an architect when they 
are not on radio duty and the boxing 
commentator in private life is a post- 
man. 

Like the other BBC local station 
Brighton has the accent on informat- 
ion. There are fourteen bulletins of 
local news every weekday with eight 
on Saturday and five on Sunday. In 
addition there is a Monday to Friday 
news magazine at lunch time covering 
national, international and local 
affairs. There are also between two and 
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four full, Radio 4, news bulletins 
every day regular national head lines. 
The weather forecast ;from the South- 
ampton Weather Certre by telex) is 

given either in full or in summary 
form with every local news and tide 
times and sailing forecasts several 
times a day. Although travel inform- 
ation is often inserted into program- 
mes as flashes, there are regular times 
assigned for news about trains, buses 
and traffic. 

The news bulletins form a skeleton 
round which the other programmes 
are fitted. Peak hou- morning listen- 
ing is "Coastwise" a magazine of 
news, events, reports, comments and 
music. In the summer the visitor is 

welcomed with suggestions for getting 
out and about on his holiday. Another 
two hour magazine, rather more de- 
voted to music than "Coastwise" is 

"On Our Way" whici is designed for 
tea time listening and those returning 
home by car. Every morning with a 

repeat of highlights at weekends is 

"Coffee Break" for and (mainly) by 
women. 

Music forms a vital part of Radio 
Brighton's output and, in addition to 
the records played in the magazines, 
there are a number of request and 
similar programmes. Devotees of the 
classics are catered for with "Counter- 
point" reviewing local concerts and so 
are the lovers of fo'k and jazz with 
their own regular series. 

Sport also figures high in listening 
popularity. The fortunes (and mis- 
fortunes) of Brighton and Hove Al - 
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pion are given detailed coverage in- 
cluding frequent score flashes during 
matches. The local amateur players 
are not neglected either with reports 
and results on both senior and junior 
teams covering sides from Worthing 
and Haywards Heath to Seaford. 
Hockey, rugby, athletics, table ten- 
nis and many others are all featured 
in several regular weekly programmes. 
In summer the cricket news includes 
commentaries on Sussex County mat- 
ches and scores and comments from 
club fixtures. 

There are specialist programmes 
for minority interests such as Alan 
Wrangle's weekly "Strike" for anglers 
and "Seasports" for sailing enthus- 
iasta. Cinemas, books and the theatre 
are all featured in Brighton's sched- 
ules and gardeners have their own 
regular series. On the more serious 
side, education and religion are also 
covered. Reports from Parliament 
are given in turn by the local M.P.s 
and "Table Talk" is a discussuon pro- 
gramme chaired by the station man- 
ager. 

Locally produced programmes are 
about eight hours a day during the 
week and Radio 2 is taken for the 
rest of the time the station is on the 
air. 

This description of some of Brigh- 
ton's output is typical of the BBC 
local radio stations. The emphasis 
and style are characteristic in each 
case but they all have in common the 
aim of reflecting what their town or 
city wants to hear and keep it abreast 
of local events as they are happening. 
Judging by the BBC's latest figures, 
since the addition of medium wave 
transmissions, they appear to be doing 
their job well. In many cases early 
morning peak audiences are compar- 
able with Radios 1 and 2 and the 
impact of the stations is growing as 

they become better known. Local 
radio is now established as the bottom 
tier of the BBC's news operations. 
Brighton, for example, was respons- 
ible for covering the Hove by-election, 
some of the Maria Colwell enquiry 
and the collapse of part of the Palace 
Pier. Similarly, Humberside had re- 
sponsibility for reporting on the Cod 
War with Iceland. In addition, local 
radio sometimes makes sound only 
contributions into television's "Nat- 
ionwide". 

In the next section we look at how 
an alternative to the BBC chain was - 
conceived and how the first of the 
.independents are accepting the chall- 
enge. 

THE INDEPENDENT LOCAL RADIO 
NETWORK 
One of the most important features 
of the ITV network is how it is 

financed. The Independent Broad - 
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casting Authority awards a Contract 
to a Programme Company in a given 
area and is paid a fee depending on 
the population to be covered. The 
Companies gain their revenue from 
advertisers who pay rates dependant 
on time of day and location. The 
latter have no contact with programme 
content and can only suggest, but not 
demand, when a particular advert- 
isement is to be televised, provided it 
is the appropriate time slot for the 
fee. The nature and content of 
advertising material is vetted by IBA 
before approval is given for its use 
and over 20000 fresh items are sub- 
mitted for TV alone every year. A 
very strict Code is enforced to 
which all adverts must comply. 
IBA has complete control over 
all network equipment and the 
transmitters and supplies them as a 

service in return for the Contract fee. 
The commercial radio network has 

been organised to follow the same 
pattern as closely as practicable. Con- 
tracts are awarded for a three year 
period with extensions if a satisfactory 

performance has been shown. In the 
same way as for television, the IBA 
owns the network and the transmit- 
ters. With only minor changes a 

similar advertising Code applies -- the 
main difference is in the maximum 
of nine minutes in any hour as opp- 
osed to an average of six for TV with 
a peak of seven. Fig. la shows the 
ILR network including the national 
news service (see below). Fig. 1b 
shows the relationship between the 
IBA, its programme Companies and 
the advertisers. 

The radio transmissions are prim- 
arily on VHF with stereo provision. 
The actual frequency, in the band 
94.5-97.5MHz, of course varies from 
station to station. In some cases the 
transmitters may be co -sited with 
BBC local or national stations; often 
they will be on an ITV mast such as 

the Croydon station which transmits 
the programmes of both the London 
News and London General stations, 
(LBC and Capital respectively); Radio 
Clyde is broadcast from the ITV 
station at Black Hill in central Scot - 
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land. To help with the initial growth 
of the network all stations will have 
medium wave back up, at least for 
the next few years. (The pending 
revision of European medium wave 
transmissions may limit future local 
broadcasting in this band). Medium 
waves are liable to fading and inter- 
ference from distant stations at night 
and, although the daylight coverage of 
the two services are designed to be as 

similar as possible, only the VHF is 

likely to give satisfactory reception 
after dark, except fairly close to the 
transmitter. Some areas will have 
both BBC and IBA local stations and, 
while some may be co -sited, there will 
often be a considerable difference in 
signal strength and even the direction 
from which they come. The map 
shows all the existing BBC local radios 
(in orange) and existing or planned 
IBA stations (in black). It can be seen 
that in many cases there will be a 

certain amount of overlap while there 
are still large blank spaces with no 
presently planned services. 

One technical innovation introd- 
uced by the IBA is a new design of 
four mast highly directional medium 
wave aerial. This will enable them to 
use only two frequencies, 1151 KHz 
(261m) and 1546KHz (194m) for 
their first batch of stations. (Swansea 
will use 257m). 1151 KHz is exclusive 
to IBA and 1546KHz is shared with 
the BBC. The special technical feat- 
ures enable the coverage to be engin- 
eered relatively accurately to mini- 
mise co -channel interference and to 
prevent wasteful broadcasting to areas 

outside the stations' franchise. This 
will mean that, eventually, Manchest- 
er, Birmingham and London will all 
have stations on 261m without any 
significant interference. 

London, as will be seen, has two 
commercial stations and these will 
eventually transfer to 194 and 261m. 
To get them on the air quickly, a 

temporary transmitting aerial has been 
draped around the chimneys of Lotts 
Road power station in Fulham -- 

known colloquially as 'Radio Clothes- 
line'. The signals on 539 and 417m 
have been received at great distances, 
but suffer severely from co -channel 
interference, even in daylight in some 
areas and are rather poor at night in 
parts of London officially in the 
service area. A new site at Saffron 
Green on the Barnet Bypass will 
transmit from the end of 1974 with 
the new four mast design on 261m 
(London Broadcasting) and 194m 
(Capital). This should then improve 
the London coverage while probably 
restricting the service to outer areas 

like Sussex and Berks which are out- 
side the official range. Both stations 
are stereo equipped on VHF and 
provide a good signal to most of the 
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THE SHAPE OF LOCAL RADIO IN THE 
MID NINETEEN SEVENTIES 

NEWCA!TLE 
*TYNE AND WEAR 

SWANSEA 

CARDIFF 

BRADFORD LEEDS (BBC IBA) 

H N 

CIBA)HUDDERS IELL 

JXFORD 

READING 

O 
BRISTOL IBBCIBA) 

PORTSMOUTH 

PLYMOUTH 
BOURNEMOUTH 

GLC area from IBA Croydon with 
about 2kW power. (BBC Radio Lon- 
don, in mono only, transmits from 
Wrotham in NW Kent at a much 
higher power and may sometimes be 

more easily received than the com- 
mercials. The author found it ne- 

cessary to install a directional loft 
aerial carefully aligned towards Croy- 
don at a receiving site on very high 
high ground in North London at a 

distance of 17 miles in order to get 
an acceptably noise free stereo signal. 

The table shows the ILR network 
as it is currently planned. The first 
stage is well under way with Capital 
and London Broadcasting which open- 
ed in October 1973 and Radio Clyde 
at the New Year 1973-4. Birmingham 

SOLENT 
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IPSWICH 

LONDO 
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IBA) 

IBBC IBA) 

MEDWAY 

RI (BBC IBA) 

OPERATING PLANNED 

OPERATING O 

IBA 

IBA AND BBC 

BBC 

started on the 19th February and 
Manchester on April 1st. Tentatively, 
Swansea will follow in June and Tyne- 
side/Wearside in July 1974. The 
start of the next stage is provisionally 
set for Autumn 1974 with contractors 
chosen for stations at Liverpool and 
Edinburgh. This will be in two parts 
as shown in the table but information 
on order and timing is not yet avail- 
able. Forward planning at present 
envisages a third group of possible 
stations but no def nite Government 
approval has yet been given. This 
makes a present list of twenty seven 
local IBA stations with a probable 
50% U.K. populaticn coverage. The 
eventual target is 60%. 

To be continued next month 
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NOW AVAILABLE IN THE U.K! 

CHI, A GLIA 
PROFESSIONAL QUALITY TEST EQUIPMENT FROM ONE OF ITALY'S LEADING MAKERS 
One example from the big range of sophisticated instruments 

CORTINA MINOR 
33 RANGE'POCKET MULTIMETER 

SENSITIVITY 20,0000/VOLT (D.C.), 4,000) /VOLT (A.C.). ROBUST DIODE PROTECTED PRECISION MOVEMENT. 
33 RANGES D.C. VOLTS 0-100mV, I SV, SV, ISV. 50V, 150V, 500V, 1,500V. D.C. CURRENT 0-50µA. 5mA, 50mA. 500mA. 2-5A. A.C. VOLTS, 0.75V, 25V, 75V. 250V, 750V, 1,500V, A.C. CURRENT 0-25mA, 250mA, 2.5A, 12.5A. dB RANGES, -10 to +69. AF VOLTS RANGES 0-1,500V. RESISTANCE 
RANGES IOkO, IOMO F.S.D. CAPACITANCE RANGES I00µF, IF F.S.O. 
ACCURACY-RESISTANCE. D.C. VOLTAGE AND CURRENT, 2.5% A.C. VOLTAGE AND CURRENT 3.5%. RESISTANCE RANGES POWERED BY INTERNAL 
BATTERIES. 
COMPACT SIZE : 150 x 85 40mm. 350gr. 
CLEARLY CALIBRATED DIAL WITH ANTI -PARALLAX 
MIRROR. 
PROFESSIONAL QUALITY COMPONENTS EMPLOYErl 
THROUGHOUT. 
FULLY GUARANTEED FOR 12 MONTHS. 
AFTER SALES SERVICE AND SPARES FACILITIES. 
SUPPLIED WITH ADDITIONAL SHOCKPROOF PLASTICS 
CARRYING CASE, TWO HIGHLY INSULATED TEST 
LEADS AND INSTRUCTION BOOKLET. 
SPECIAL 30kV PROBE FOR D.C. MEASUREMENT AVAIL- 
ABLE AS AN OPTIONAL EXTRA. 
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METER PRICE £13.75 (p & p 80p) PROBE £8.00 inclusive of V.A.T. 

for further information on the " Cortina Minor" or other instruments from the exciting Chinaglia range write or telephone :- 
CHINAGLIA (U.K.) LIMITED 

19 Mulberry Walk, London S.W.3. 
TRADE ENQUIRIES WELCOMED 

Telephone 01-352 1897 
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Recent copies of ETI have joined the list of 
world shortages - they are in short supply. 

Unlike some of our competitors, we do run 
a back numbers service but we cannot help 
with some recent issues. 

These are two ways to ensure yourself of a 
copy: place a regular order with your 
newsagent or take out a subscription which 
will cost you a bit more due to postage but 
will guarantee you your copy. 

Cut 

To: SUBSCRIPTION DEPARTMENT 
ELECTRONICS TODAY INTERNATIONAL 
36 EBURY STREET, - LONDON SW1W OLW. 

I 

Please find enclosed £3.60 which includes post- 
age (£4.00 overseas) for my annual subscription 

Ito ETI starting with the next available issue. I 

I 
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Ill 

1000 pr 

XTAL VOL 
P U. 250k 

220pF 

Balance'' 
1 

I 
Z 

TO CHANNEL B 

Cl C13 
0.1yF 220pF 

C12 
5yP 

NOTES: 
FOR 3W RMS OUTPUT, SOLDER 5cm x 2cm 
PIECE OF COPPER OR TIN FOIL TO EACH 
CENTRE TAB, ALLOWING FREE AIR 
CONVECTION. FOR 6W INTO 8 OHMS 
EACH HEAT RADIATOR SHOULD BE 
Scm x 4cm. 

+24V max 

ITG0951 01yF 

R4 

7nF 

R5 
27k 

22k 

C5 
640yF,16 V 

cTj 

OUTPUT 
bv 6-1501 

Suggested circuit using the SN76023ND with active tone controls 

TREBLE 

BASS J 

R11 

i it 
LIMITED TO THE FIRST 

5000 APPLICANTS 

Once again ETI have arranged fbr an irresistable 
offer for our readers: a 6W audio IC (SN 76023ND) 
for just 50p plus a stamped, self addressed 
envelope. ) '11-11-C2p The offer is limited to the first 5,000 orders 
>Ifnd orders will be dealt with ii strict rotation - it 
is a matter of first come, first served (overseas 
readers should enclose an international reply cou- 
pon. They are also responsible for any duty 
payable). 

If you think that 5,000 is plenty, bear in mind 
that the response to recent ETI offers lead us to 
believe that this offer will be cleared very quickly. 
Please allow at least two weeks for delivery: orders 
will be dealt with as soon as possible. 

4.7k Readers may order as many units as they like 
but a separate coupon must accompany each. 

The suggested circuit on the left may be used 
and a printed circuit board layout is given on the 
next page with the component siting shown 
below. 

Should the offer be oversLbscribed, your cheq- 
ue or postal order will be re.urned in your SAE. 

tie 

art 
da 

rf i1 

er 

L'. 
DON 
ING 

a. H' 
Y U 

Component layout on the suggested p.c. 'OSE 
This is shown from the track side. A full 
pattern of the board is shown overleaf. 

INPUT 
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GW AUDIO IC FOR 50p! 
--1 

The printed circuit board pattern for the circuit 
and layout shown on page 35. Neither Cosmic 
nor ETI are able to supply ready-made p.c. 
boards but advertisers elsewhere in the magazine 
do offer facilities for making p.c. boards. 

What to look for in June's ETI 
FREE COMPETITION 
OPEN TO READERS 
AGED 17 AND UNDER 

EARLY RADIO PATENTS 
When we say early, we mean it. This survey 
covers patented inventions in the field of 
telecommunications up to the first World War. 
Did you know that the first 'Wireless' trans- 
mitter was patented 33 years before Marconi 
in 1863? The first portable radio and first 
car radio were both patented in 1900. But 
this article is much more than a collection of 

pub- 
coder 
terest 
uality 
-Itiono 

20p 
THIS 
TO PRESS, 
IWEVER, 
:TO-DATE 
SHOWN. 

i 

START -YOU -OFF KITS TO BE WON 
In conjunction with our current series 
'Electronics - It's Easy:, we are holding 
a competition for our younger readers. 
There will bé 10 prizes, each ¿comprising 
a soldering iron- kit, a tool_ kit and a 
multimeter. 

'SURROUND-SOUND' 
Why has 4 -channel sound not been the over- 
whelminc success that many thought it would 
be? There is the problem of the different and 
competing systems but apart from this there 
are many who feel that 4 -channel sound does 
not add a great deál to their listening pleasure. 
In the June issue, two highly respected authors 
discuss this and question the uses made of the 
systems as well as the systems themselves. 

PLUS: 
HI-FI REVIEWS 
ETI MUSIC SYNTHESISER 
FM RECEIVER KITS REVIEWED 

electronics 
today INTEFiNATIONAL 
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The Tripletone Hi-Fi 181 MKII 

.and Hi -Fi 77MK11' stereo amplifiers 
Now with automatic electronic output protection 

The Hi Fr 1818 MK II (80 watts music power) and Hi Fi 77 MK 11 (40 
watts music power) are designed to the very highest standards to produce 
results unequalled in their price range In addition, the output stages áre 

automatically protected against accidental damage, resulting in an 

extremely high degree of reliability Whether you choose the Hi Fr 1818 
MK II or your power requirements are met by the Hi Fr 77 MK II you will 

enjoy a flexibility of performance provided only by Tripletone, with Bass. 

Middle and Treble controls operating independently on each channel 

!r:,.. xJ. 

;; ;;;; 
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YRS.GUARANTEE 
ON ALL PARTS AND LABOUR 
(APPLICABLE TO MK.II MODELS ONLYJ 
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Rec. Retail Price HI-FIJ1818 Mk. II £54.00' 
Rec. Retail Price HI-FI 77 Mk. II £48.30' 
*All prices are exclusive of V.A.T. 

Ai 

GENERAL SPECIFICATIONS: 
TRIPLETONE AMPLIFIER HI -FI -1818 MK II 
Power Output .. .. 20 watts RMS EACH CHANNEL 
(Both Channels running at ' KHz 8 ohms) 
Half Power Bandwidth .. .. 10Hz-100KI-z 
Full Power Bandwidth .. 20Hz- 20K1 -z; 1dB 

Distortion (THD) (20 watts RMS. 1 KHz) Less Than 0.08% 
Signal To Noise Ratio (All Inputs) .. Better Than -70dB 
Input Sensitivities .. .. MAG (47 Kolrms. RIAA) 2.5mV 

CER 30mV 
TUNER .. 100mV 
TAPE 100mV 

Damping Factor (40Hz) .. .. Better Than 40 
Tape Outputs .. .. .. .. 100mV 
Speaker Outputs .. 8 ohms (Minimum) -16 ohms 
Tone Controls .. .. BASS- 17dB ;L 40 Hz 

MIDDLE- 9dB r% 1KHz 
TREBLE- 15dB n.14KHz 

TRIPLETONE AMPLIFIER HI-FI 77 MK II same as for 
the HI-FI 1818 MKII except for the following: 
Power Output .. .. 10 watts RMS EACH CHANNEL 
(Both Channels running at 1KHz 8 ohms) 

tl'I letone Tripletone Equipment is manufactured by 

p K ft K Electronics Ltd 
I 60 St. Marks Rise, London E8 2NR 

Telephone 01-254 9941/4 

Please send me further details of Tripletone' 
Audio Equipment 

STOCKED BY MOST LEADING HI-FI DEALERS &DISCOUNT WAREHOUSES . E.I. J 

Name 

Address 
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Eh H RMON KARD product HKI000 

IN THE FIELD of hi-fi, equipment 
development is an ongoing process. 
For some devices, such as amplifiers, 
perfection is virtually within sight and 
a great deal of effort is now spent on 
improving facilities rather than 
performance. Record players too are 
now practically as good as they need 
to be and a machine bought today will 
not be technically obsolete in five 
years time. 

But cassette recorders and tapes are 
very much in the throes of a 

development period and many a 

machine that was technically brilliant 
two years ago - or even one year ago - may now be well and truly 
surpassed by later products from its 
own and other manufacturers. 

The HK 1000 is a particularly 
attractive machine. It features a 

wooden base with teak veneer and a 

deck section which is basically a black 
plastic moulding with inserts of satin 
brushed anodised aluminium with 
black engraving. 

One of the features of the machine 
which warrants special comment, and 
possible criticism ergonomically, is the 
provision of the record and playback 
calibration potentiometers recessed 
behind the front panel and readily 
accessible. Harman/Kardon point out 
that this is a special facility and claim 
that there are definite advantages to be 

V L') 
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MEASURED PERFORMANCE 
Record to Replay Frequency Response 
With BASF Cr02. Tape at: 

O VU 20 Hz - 6 kHz ±3 dB 
-10 VU 20 Hz _ 12 kHz ±3 dB 
-20VU 20 Hz -17 kHz ±3 dB 

gained from having ready access to the 
Dolby set -level controls particularly if 
one purchases one of the "Dolby 
Reference Cassettes". Their 
philosophy is that the user has inbuilt 
facilities to optimize the Dolby system 
in the recording mode for every type 
of tape. 

This adjustment is done using an 
internal calibration signal which is 

recorded on the tape. Any adjustment 
then required is made using the record 
calibration controls and the procedure 
repeated to check the new setting. 
Calibration is only required if a new 
type of tape is being used: As delivered, 
the machine is correctly adjusted for 
playback and the playback calibration 
controls (which are located on the 
front panel) should only be adjusted 
using the special calibration tape 
supplied by Harman/Kardon. This 
calibration is already performed in the 
factory and should not be necessary in 
normal use. 

The machine has obviously been 
designed for easy servicing and most of 
the printed circuit cards used are 
mounted with plug and socket 
connections to facilitate removal, 
checking, and if need be, replacement. 
The standard of the electronic wiring 
is particularly good. The nine printed 
circuit boards are clearly labelled on 

With BASF -C60 Tape at: 
OVU 20 Hz- 6kHz ±3 dB 

-10 VU 20 Hz- 10 kHz ±3 dB 
-20 VU 20 Hz- 16.5 kHz ±3dB 

Intermodulation Distortion 
(at 1kHz and 960 Hz): 0 VU 

-10 VU 
0.4% 
0.2% 

tL 

Signal to Noise Ratio with Dolby withou' 
(Cr02 tape + Dolby 54 dB (Lin) 52 dB ( 

O VU re 1 kHz) 58 db (A) 56 dB 11 

Erase Ratio for 1 kHz Signal 
(Prerecorded at 0 VU) -70 dB 

Cross Talk at 0 VU: 100 Hz 
1 kHz 

Wow & Flutter%- Weighted: 

Line input Sensitivity for 0 VU (Low) 
(High) 

Microphone Input Sensitivity for 0 VU 

Line Output Sensitivity for 0 VU 

the component side with component 
numbers incorporated. The cards 
themselves are clearly designated with 
their purpose and operation. 

An internal feature that we 
particularly liked was that the main 
transformer is well shielded. A 
mu -metal wrapping is used to reduce 
residual magnetic leakage. 

The handbook was not up to the same 
standard as the machine itself, nor as 
good as those provided with other high 
fidelity equipment manufactured in 
Japan. It does provide operating 
details, but no circuit diagram is 
provided. 

A good feature which is clearly 
noticeable when the unit is removed 
from its cabinet is the very effective 
automatic motor and mechanism shut 
off. This is operative in both the play, 
fast forward, and rewind modes. 

MEASURED PERFORMANCE 

Our first test was to measure the 

40dB 
45dB 

0.17% 

1$ mV 
160 m\ 

0.2 mV 

1.4 V 
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IN 
performance of the unit with 
chromium dioxide and standard 
gamma ferric oxide tape at 0 VU, -10 
VU, and -20 VU. 

The performance under these 
conditions was particularly creditable 
at -10 VU and -20 VU. In fact this was 
virtually the first machine, where the 
performance with gamma.ferric oxide 
tape was of the same order as that 

I obtainable from chromium dioxide. 
Without any special adjustment the 
machine turned out a very creditable 
20 Hz to 16.5 kHz +3 dB at -20 VU. 

Harman Kardon make a strong selling 
feature of this machine's ability to 
provide an almost flat frequency 
response between 20 Hz. and 100 Hz. 

t Dolby This claim is justified and the low 
Lin) frequency performance is better than 
X) most reel to reel machines, let alone 

most other cassette recorders that we 
have measured. 

Total harmonic distortion was quite 
acceptable at 1 kHz and 6.3 kHz, but 
was considerably higher than normal 
at 100 Hz. 

On the machine tested it was 10% at 
0 VU. 

Intermodulation distortion was 

particularly low, and even at 0 VU was 
considerably better than obtained 
from other cassette recorders. 

Signal to noise ratio was extremely 
commendable. At 0 VU with a 1 kHz 
signal (without Dolby) it was -52 dB. 
With Dolby it was -54 dB. 

'A' weighted it was -56 dB (A) 
without Dolby and -58 dB(A) with 
Dolby. They are easily the best that 
we have yet seen with Dolby and 
ON L. 

The erase ratio for a 1 kHz signal 
pre-recorded at 0 VU, was -70 dB. This 
is the best erase ratio that we have yet 
measured on a cassette recorder. 

Cross talk figures are quite 
acceptable, being 40 dB at 100 Hz and 
45 dB at 1 kHz. 

Wow and flutter figures are 
reasonably good being 0.17% on the 
unit tested compared with the 
manufacturer's specification of 0.13% 
or less. 

Line input sensitivities were 
respectively, 18 mV for the low signal 
low impedance input, and 150 mV for 
the high impedance high sensitivity 
input. 

The microphone sensitivity was 0.2 
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SUMMARY: 
The HK 1000 is a very good machine indeed and 

. most of the performance parameters are far. better 
than found in practically every other cassette mach- 
ine on the market. 
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mV for 0 VU whilst the line output 
sensitivity if 1.4 volts. This is a 

substantially higher output than stated 
in the handbook. 

The most interesting feature of the 
HK1000 is one of the techniques used 
to obtain the extended frequency 
response. This is achieved, in part, 
through the use of a replay head which 
is not inserted as deeply into the 
cassette body as it is in other 
machines. 

This modifies the angle of contact 
between the head and tape so that the 
extent of magnetic coupling at the 
fringe of the gap is reduced and thus 
the "effective gap width" is reduced. 

The penalty that is paid for the 
reduction in effective gap width is a 

simultaneous reduction in the stability 
of the contact pressure between the 
tape and the head with certain brands 
and types of magnetic tape. 

2000 SOW 10000 

114,2,21121 A e C Ln., 

This can and does result in these 
tapes lifting slightly from the head and 
results in a loss of replay signal level. 
The problem can of course be obviated 
by suitably selecting tapes. 

On a theoretical basis it can be 
shown .that there is a 55 dB loss per 
wave length of spacing between the 
tape and head. At 7.5 kHz the 
recorded wave length is 0.25 mil, thus 
a tape head spacing of only 0.025 mil 
(which is not very much) will result in 
a drop of signal of 5.5 dB. 

The performance of the HK 1000 is 

good - in fa:t with normal 
programme material it is particularly 
difficult to tell the difference between 
the original and the replayed material. 

Frequency response is really 
excellent but, on the machine tested at 
least, this was achieved at the expense 
of tape/head contact. 
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product 
ALPNA 8150 

test TUNER AMPLIFIER 
WHEN A REVIEWER of technical 
equipment sets about his task of 
forming an opinion on the worth 
of any piece of equipment he needs 

to bear in mind the price of the 
equipment under review. In the 
case of the Alpha R150 the recom- 
mended price is so low at £59 that 
I must say I expected very little 
from the unit. In fact I did not 
expect it to be Hi -Fi at all but I 

was very pleasantly surprised at the 
performance figures obtained dur- 
ing the laboratory tests. This is 

not to say that there was no area 
where the low price did show, as 

we shall see later, but only that on 
balance Highgate Acoustic seems 
to have got their sums right and to 
provide very good value for money 
in the R150 tuner amplifier. 

All the foregoing is an explan- 
ation of the state of mind of your 
reviewer while testing the R150 .... 
but to work: the R150 is a neat 
41/4" x 15" x 10 3/8" unit with a 

rated output of 8W for each chan- 
nel. As can be seen from the 
table, this was marginally exceeded 
on test with both channels being 
driven up to the rated distortion of 
the receiver. With a single channel 
being driven, a slightly greater out- 
put was possible for the same total 
harmonic distortion. At speaker 
impedances of 412 and 1612 the 8W 
output was not achieved as can be 
seen from the table. 

The bandwidth was from 15Hz 
to 90kHz, comfortably in excess 
of the manufacturer's specification 
of 30Hz to 30kHz but the unusual 
flat frequency/output graph could 
only be obtained by offsetting the 
bass tone control about 10dB in 
the direction of bass boost. This 
was not thought at the time to be 

significant but later tests revealed 
several like faults pointing to errors 
in the negative feedback etc. at 
the low frequency end. 

The frequency response of the 
amplifier to RIAA pre -emphasised 
signal fed via the PU input was 
within -1db +1.5db of flat and 
about the accuracy to be expected 
of, what is after all, an inexpensive 
amplifier. 

Distortion of the amplifier was 
at all frequencies and levels, except 

at rated power and 40Hz, well 
within the specification and in 
fact up to the standards expected 
of very much more expensive amp- 
lifiers, albeit with greater power 
output. It was not possible to 
achieve rated output at 40Hz be- 
fore very severe clipping of the 
peaks of a sine wave occured point- 
ing to some deficiency in the 
power amplifier at low frequency 
(particularly in view of the credit- 
able frequency response at 1W 
level). This was again apparent 
when I come to measure the damp- 
ing factor of the amplifier for on 
812 load, in fact the damping factor 
taken at the recommended 40Hz 

l o 

. - 
MEASURED PERFORMANCE OF ALPHA R150 TUNER AMPLIFIER 

AMPLIFIER SECTION 
Power Output 

8.2W into 8 ohms, both channels driven 
7.7W into 4 ohms, both channels driven 
5.5W into 16 ohms, both channels driven 

Frequency Response (±1dB) 
20Hz to 60kHz (slight adjustment on bass control 
necessary to achieve flattest response) 

Channel Separation at 1kHz: 26dB 

Hum and Noise with respect to Rated Output 
Pickup: 
Others: 

Input Sensitivities for Rated 
Mag. P.U. 
Ceramic P.U. 
Aux. 

Total Harmonic Distortion 

57dB 
63d B 

Output 
3.3 m V 
260mV 
270mV 

40Hz 1kHz 10kHz 
Rated Output - 0.3% 0.3% 
'/2 Rated Output 0.3% 0.2% 0.2% 
1 Watt 0.25% 0.15% 0.17% 

Tone Controls: See Graph 

Damping Factor for 8 ohms: 16 at 40Hz, 75 at 200Hz 

Deviation from RIAA Response : ±1.5dB 

TUNER SECTION 
Sensitivity: 4.5µV Harmonic Distortion: 0.45% 
Signal/Noise Ratio: 50dB Channel Separation: 26d B 

AM Rejection: 50dB Capture Ratio: 3dB 
Pilot Tone Rejection: 50dB Image Rejection: 60dB 

RECOMMENDED RESALE PRICE (inc. VAT): £64.90 

,..tqe.e.. 
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100Hz square -wave, 8 ohm load. 

r 

1kHz square -wave, 8 ohm load. 

10kHz square -wave, 8 ohm load. 

..J 
10kHz square -wave, load 8 ohms 
plus 2µF. 
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SUMMARY 
With a recommended price of £64.90, but often 
available from discount houses for under £50, the 
Alpha R150 is low priced. On test however, it shows 
up as a surprisingly good unit with excellent per- 
formance on several parameters and satisfactory 
operation on the others. One of the best value -for - 
money units we have ever come across. 

pr 

L+ 

Fo 100 
Frequency response curves 

1000 
of the Alpha R150. 

10,000 100,000 

--4115-"111111112 

Fo 100 
Deviation from RIAA equalisation. 
was so low for a modern amplifier 
design that it was measured twice 
before the figures were believed!! 

Damping factor measurements 
taken at 100Hz and 200Hz showed 
steady improvements (at 200Hz it 
was 75 which is quite good). The 
manufacturers suggest this may be 
due to relatively small output cap- 
acitors being used as the d.c. block- 
ing components on the output 
of the amplifier. 

The only other point of note 
on the amplifier section is the 
separation between stereo channels 
is only 26db with one channel 
driven at full output and the other 
undriven. This figure is low but 
the test is extreme and better 
crosstalk figures could be expected 
at lower drive levels. 

The performance of the tuner 
section was tested using a modified 
Heathkit 1G37 FM stereo test gen- 
erator and a Taylor FM generator. 
The performance obtained again 
was fairly good especially bearing 

1000 0,000 100,000 

in mind the price. The sensitivity 
of the unit at 4.5µV for 30db 
signal-to-noise is such that would 
have been considered very good 
only two or three years ago and is 

more than adequate for anything 
except extreme fringe area recept- 
ion. Improved performance in this 
area would necessarily put up the 
price of the unit considerably. The 
ultimate signal-to-noise on a mono 
signal at 50db is not particularly 
good but also riot unacceptable. 

It is fair to say that the Alpha 
Arena R150 is very good value 
for money with the savings being 
more apparent in the tuner section 
than the amplifier section which 
was excellent measured by the 
standards of other equipment in its 
price bracket. That a company 
such as Highgate Acoustic should 
have to go to Japan to have it 
built seems a pity; this sort of low 
priced yet good quality product 
should sell well and I think deserves 
the label MADE IV BRITAIN. 
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product 
iRIPLEiONE 1818 MKII 

test A MPLIFIER 

THE TRIPLETONE 1818 takes its 
names from the three tone controls 
which are a special feature of the 
amplifier which provides lift and 
cut at bass, midrange and treble. 
The 1818 is a fully integrated 
amplifier, caters for the usual Hi -Fi 
signal inputs, namely magnetic or 
ceramic pickup cartridges, radio 
tuner and tape recorder and has a 

power output of 20W r.m.s. per 
channel for 82 speakers. Con- 
struction is simple but robust and 
the 'electronics' are dispersed over 
three interchangeable circuit 
boards, designed to facilitate quick 
servicing should this ever be ne- 
cessary. 

Aside from the three tone con- 
trols, stereo balance and volume, 
which are dual concentric types 
allowing separate adjustment for 
each channel, there are also six 
push buttons for selection of signal 
inputs, mono/stereo operation and 
a scratch filter. There is a jack 
socket on the front panel for stereo 
headphones but all inputs and 
speaker connections are otherwise 
at the rear and via DIN sockets. 
Details of the signal input sensitiv- 
ities are given in the test results 
table but these are conventional. 
A connection is provided for re- 
cording from the pre -amplifier 
section which can be done with cr 

MEASURED PERFORMANCE OF TRIPLETONE 1818 Mk II 
Power Output: 22W per channel into 8 ohms, both channels driven 
Power Bandwidth: 16Hz to 70kHz-(-3dB points) 
Frequency Response: See Graph 
Total Harmonic Distortion 100Hz 1kHz 10kHz 

At 20W 0.15% 0.07% 0.45% 
At 10W - 0.03% 
At 1W - 0.04% - 

Signal to Noise Ratio: Pickup -62dB 
Tuner -64dB 
Tape -64dB 

Crosstalk: Better than -50dB all channels 
Inputs: Mag. P.U. 2.5mV 

Ceramic 30mV 
Tuner 100mV 
Tape 100mV 

Tape Output: 100mV 
Tone Controls: Bass ±17dB 40Hz 

Middle ±9dB 1000Hz 
Treble ±15dB 14kHz 

Recommended Retail Price (inc. VAT): £59.40 

. 116 

without the loudspeakers in oper- 
ation i.e., the main volume control 
can be turned off. The front 
panel is matt chrome finished with 
control knobs and push buttons to 
match and the amplifier is housed 
in a pale woodgrained surround 
type case. 

PERFORMANCE 

The results obtained from the var- 
ious tests to which the 1818 was 
subjected given in the panel. Ex- 
cept on one issue, they all compare 
quite favourably with the manu- 
facturers specified performance 
figures and this definately rates the 
amplifier as 'Hi -Fi' in spite of the 
low cost. 

The overall frequency response 
is shown in one of the graphs 
together with the response of the 
scratch filter (marked F) and is 

well supported by the results of 
the square -wave oscillograms. In 
each case the input square -wave 
(from the generator) is shown at 
the top and the output from the 
amplifier at the bottom. 

The responses of the three tone 
controls are shown against the over- 
all response of the amplifier. In 
this graph the amplifier flat re- 
sponse is marked A and the re- 
sponses of the three tone controls 
B, M and T, for bass, middle and 
treble. The bass and treble con- 
trols produce the usual amount of 
lift or cut i.e., around ±15dB whilst 
the mid range control gives a max- 
imum of ±9dB centred on 1000Hz. 
Just how effective this middle. 
range control can really be is an 
arguable point but it could, for 
example, be used to increase the 
'presence' of voices, or diminish an 
overpowering voice, particularly as 

most of the lift or cut is available 
within the voice frequency range. 
From the purely musical point of 
view its use must be entirely to 
suit aesthetic taste or at most to 
apply a little correction to the not 
always perfect balance one gets 
from recorded or broadcast music. 

Still on frequency response, the 
graph shows the not quite uniform 
response from pickup input. This 
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SUMMARY: 
The Tripletone 1818 Mk II, made by K & K 
Electronics Ltd., 60 St. Marks Rise, London E8, 
is an unusual amplifier in that it features an 
additional tone control covering the mid -range 
frequencies. The tests show this amplifier to 
have a good specification and for those consider- 
ing an amplifier in this price bracket, we consider 
it good value for money. 

dB 
15 

10 

5 

o 
- 1_J 

1 emu 
5 

10 

15 

F 

Square -wave tests at 1kHz: input at the top, 
output from amplifier at the bottom. 20 

Square -wave tests at 100Hz; input at top, 
output at the bottom. The slope is not 
significant. 

.111. 11. 

-~ 

r 

Square -wave tests at 10kHz; input at the top, 
output at the bottom. 

test was made using an equalized 
(RIAA) input so the curve should 
ideally be virtually flat from at 
least 50 to 12,000Hz. The fall off 
below 100Hz might be advant- 
ageous however, for reducing rum- 
ble from not -so -good record play- 
ers. 

Signal-to-noise performance, al- 
though not quite to that specified, 
could be considered es more than 
adequate as is crosstalk (-50dB all 
channels). The THD factor was 
well within spec on one channel 

Fo 00 1000 0,000 
Overall frequency response. Dotted line F is the response of the scratch fi,ter. 

20 

Fo 00 1000 0,0)0 
Responses of the tone controls. BL/BC bass, ML/MC middle; TL/TC treble. 

100,000 

dB 
15 

10 

5 

o 

5 

10 

15 

100,000 

1 

l u NEI 

Fo 100 1000 
Response from pickup input using equalised (RIAA) input signal. 

but a little higher on the other. 
The manufacturer's pointed out 
that this could have been due to a 

minor fault in the sample amp- 
lifier sent for review and with this 
I agree. 

At £59.40, including VAT, the 
Tripletone 1818 Mk.2 is an amp- 
lifier well worth considering. You 
could of course pay much more for 

0,000 00,000 

something with extra but usually 
quite superfluous features, or per- 
haps a very high output power and 
stilt only get the same low dis- 
tortion, wide frequency response 
and low hum and noise perform- 
ance which is the essence of a good 
stereo amplifier. It is the latter 
points that make the 1818 good 
value for money. 
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produc 
OTEL RA611 

test AMPLIFIER 
ROTEL amplifiers have achieved a 

deserved popularity, offering as they 
do, particularly good performance at a 

modest price. 
The Rotel RA61 1 is no exception. 
It develops 27 watts per channel, 

with both channels driven, and has 
more than acceptable distortion 
figures. 

The amplifier casing is constructed 
from well veneered teak plywood with 
a moderately large black expanded 
aluminium grill for heat sink cooling 
near the rear. 

The rear panel provides extremely 
comprehensive inputs including quick 
release speaker terminals with fully 
captive connections together with 
speaker fuses, mains fuses, and 
switched and unswitched mains power 
output connections. 

INTERNAL CONSTRUCTION 
The inside of the amplifier is very 

well constructed. The preamplifier 
card is well -screened, the phono 
preamplifier is fully enclosed and 
shielded, and the main transistors are 
mounted on a large aluminium heat 
sink constructed from 12 gauge 
aluminium which apparently performs 
its task quite well. Temperature rise at 
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SUMMARY 
It is good to see that Rotel, throughout this unit, 
have provided performance characteristics that 
are down-to-earth. All parameters are just a bit 
better than necessary - but not so much better 
that the customer is paying needlessly for a 

technical excellence that is meaningless outside 
a research laboratory. 
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MEASURED PERFORMANCE OF ROTEL RA611 AMPLIFIER 
Power Output: 27W per channel into 8 ohms, both channels driven 
Frequency Response: 20Hz to 20kHz ±'/2dB (tested at 1W,10W and 

at rated output. 
Total Harmonic Distortion (at rated output, both channels driven). 

100Hz 1kHz 6.3kHz 
0.1% 0.125% 0.31% 

Hum and Noise with Respect to Rated Power: 
-73dB unweighted -85dB weighted 

Channel Separation at Rated Output: -30dB 
Inputs: Aux 1 & 2 125mV/40kohm 

Tuner 125mV/40kohm 
Mag. P.U. 2mVf77kohm 
Monitor 1 & 2 190mV/47kohm 
Main Amp. 600mV/33kohm 

Tone Controls: Bass +9.5dB -10.5dB at 50Hz 
Treble +7.5dB -9.5dB at 10kHz 

Loudness Control (at -40dB re 0dB maximum volume setting). 
+8dB at 50Hz and +1dB at 10kHz 

Intermodulation Distortion: 0.5% 
Recommended Resale Price (inc. V.A.T.) : £103.50 

the grill was a modes: 25°C after two 
hours continuous running with both 
channels driven. 

The general construction of the unit 
and its wiring is neat and the designers 
have taken some care in the fitting of 
many of the components to preclude 
long term problems, taking such 
precaútions as tinning the printed 
circuit board where components are 

screw connected to the circuit. 

MEASURED PERFORMANCE 

We proceeded to test the main 
parameters of the amplifier and it was 
quite pleasing to find that a// the 
performance measurements exceeded 
the manufacturer's srecification. 

Maximum power output was 27 
watts into eight ohms with both 
channels driven. This is very good 
performance at 0.15% total harmonic 
distortion. 

Frecuency response at rated output 
of 25 watts was 20 Hz to 20 kHz 
±0.5 dE. This is now virtually an 
industry standard. 

Channel separation at rated output 
was 30 dB. This is lower than many 
other amplifiers - but is realistic and 
totally adequate. 

Hum and noise, with respect to rated 
power output, was -73 dB 
unweighted and -85 dB ('A' scale) 
weighted. 

Input sensitivities were all 
particularly good, with the magnetic 
input having 2 mV sensitivity. 

The tone controls offer a slightly 
lower range of adjLstment than we 
have become used to, providing 9.5 dB 
boost at 50 Hz and 7 dB boost at 
10 kHz - this is just acceptable. 

The loudness control provides 8 dB 
boost at 50 Hz and 1 dB boost at 
10 kHz with both channels driven. 

Perhaps our only real gripe about this 
amplifier is the choice of the anti -log 
potentiometer used in the volume 
control circuit. This characteristic 
results in little control until the 
volume knob is nearly fully clockwise. 
This is a little disconcerting at first. 

In summary - Rotel's RA611 
amplifier has very good performance. 
It is also more flexible in its facilities 
than many more run of the mill units. 
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niP UVE AUDIO SIXT 
A practical guide to creating and producing your own sound 
by Terry Mendoza B. Sc. (Hons). 

THE very real attraction that 
electronic music offers to the 
composer/realiser is that it can 
produce results far exceeding the 
limitations of the human performer. 
For example, on a conventional 
instrument a musician may 
simultaneously instigate a dozen or so 
tones and their harmonics. This is 

meagre in comparison with a burst of 
pure white noise which will contain 
samples of every audible frequency. 
Another benefit offered by electronic 
music is that the performer will be 
freed from many limits imposed upon 
him by conventional instruments. 
Once a piano has been tuned to 
chromatic intervals, it is normally left 
this way, but a synthesizer keyboard 
may be played chromatically at one 
moment, then macro or micro -tonally 
at the next. 

Composition of electronic music is in 
fact so free and loose that a composer 
has to impose his own limitations to 
give structure to his work. The most 
basic of the boundaries he will 
introduce will probably be that the 
frequency range of his music remains 
in the human 'audio' region - unless 
he wants to entertain the bats! 

He will now have the choice between 
electronic music and music concrete, 

KEY 

PRESSURE PAD 
ADJUSTMENT 

TAPE DEAD 
O ROLLER 
ASSE MBE Y 

UUICK TAPE CLAMP 
TAPE 
FRAME 
RELEASE +q 

TAPE 
RAME 

FIXED GUIDE 

TAPE 

1 APE STORAGE 
TANK 1 

PLASTIC PULLEY 
TENSIONING 
SYSTEM 

BACK TENSION 
SPRING o 

PRESSURE 
PAD 

although there is no reason why these 
methods should be mutually exclusive. 
In its present sense, electronic music 
entails the derivation of material solely 
from wave -forms originating in 
electronic circuits. It further 
sub -divides into additive and 
subtractive tonal methods, additive 
techniques building complex timbres 
from pure tones, and subtractive 
methods utilising enharmonic (i.e. - a 

whole set of harmonics not related by 
any multiple of a semitone) and noise 
sources which are precisely filtered to 
the desired result. Both types of device 
are to be found in the majority of 
synthesizers and electronic music 
studios. 

Music concrete, on the other hand, 
uses existing sounds for raw material, 
which can be quite literally anything 
from a pneumatic drill to a snatch of 
birdsong. It implies an input 
transducer of some kind, 
air -microphone or contact - 
microphone. Tape manipulation and 
electronic modification, are its prime 
tools. 

Electronic music covers too wide an 
area to describe a typical approach to 
a creation, as there is no single 
'correct' method. We will therefore 
survey in general terms the various 
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Fig. 1. Tape transport 
system of a Mellotron 
400. 

devices that can be constructed or 
purchased for this activity. 

MELLOTRON 
This device was introduced by a 

British firm in the mid -sixties. It took 
two forms, the first intended to be a 

complete sound effects library, and 
the second a kind of 'portable 
orchestra'. Ingenious though they 
were, they were also unwieldy, 
complicated and expensive, and so in 
1970 gave way to a much simpler 
second generation based on the same 
principles, and known as the Mellotron 
400 range. 

The devices are equipped with an 

organ -type keyboard (the key -return 
achieved by a spring attached to the 
rear of the pivot -point) and owe their 
success in imitative 'synthesis' to the 
fact that their sounds are derived from 
tapes of actual musical instruments. 
For simplicity let us consider just one 
key mechanism (see Fig. 1). Previously 
a tape will have been made of the note 
relating to that key; it is cut to eight 
seconds, on the assumption that very 
few pieces will require a single note 
duration longer than this, at the same 
time ensuring that the 'attack' of the 
note is intact. This tape is kept in a 

storage tank under very light tension 
using spring -loaded pulley -guides. The 
tape is laid from the storage tank over 
various guides, a replay head, and 
thence over a capstan in the form of a 

finely -machined bar running behind 
the length of the keyboard, coupled to 
a servo controlled dc motor. From the 
capstan, the tape traverses another 
tank, being fixed on the far side of the 
tank. A small rubber pinch -wheel and 
a felt pressure -pad on a 

phosphor -bronze strip are attached to 
the underside of the key which is 

pivoted near the back. 

The majority of the tape is held by 
the sprung pulleys in the first storage 
tank, with the 'attack' portion of the 
note adjacent to the replay head when 
the key is at rest. When the key is 

depressed, it can be likened to a tape 
recorder mechanism moving from 
'pause' to 'run' - the pinch -wheel, 
tape and capstan are brought into 
contact, and simultaneously the 
pressure pad pushes the tape against 
the head. The tape plays for as long as 

pressure is maintained on the key; the. 
instant it is released, the sprung guides 
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Fig. 2. Tempo -Regulator. 

from the first tank, which have been 
keeping the tape tensioned, return the 
tape to its start. This system is 

duplicated along the keyboard, with 
the multiple head block feeding its 
own amplifier. 

The motor governing the capstan has 
its speed controlled by a 
servo -amplifier, which is in turn 
controlled by a single potentiometer. 
This permits the musician to tune the 
device, or introduce glissando effects 
which may be of large magnitude, if 
desired. 

The tapes, which are of non-standard 
3/8" width, each contain three tracks 
enabling the reproduction of three 
instruments (flute, violin and brass on 
the standard model) and utilise a 

purely mechanical track -change system 
- the tape guides are a fixture, and the 
complete head block is displaced to 
line the heads up with the required 
track. One advantage that this gives is 

the possibility for the musician to 
cross -fade between instruments, or 
even play combinations of instruments 
when the head gap is staggered across 
two tracks. 

Simply by playing the relevant 
chords, whole violin sections may be 
effectively created. The one slight 
disadvantage of the Mellotron system 

. 

DRUM MAY ROTATE WIT- OR AGAINST, 
DIRECTION OF :APE TRAVEL 

F18FE 
DRI.M 

/ 

TAPE / HEaDti / 

DIRECT ICN OF 
TAPE TRAVEL 

ANGLE BETWEEN, s. T ANEE NTS GREAT ER 
T HAN 90 '50 THAT 
TWO HEADS DO NOT 
SIMULTANEOUSLY , 

CONTACT TAPE 

Fig. 3. Mechanical layout of tempo regulator. 

is that, although the attacks are 

accurate, each note stops dead when 
the key is released, i.e. there is no true 
decay. However to an extent this is 

masked when chords are played, and 
may be further disguised by feeding 
the instrument through a reverberation 
unit. 

The characteristic of this instrument 
that most lends itself to creative 
application is that the tapes, guides 
and storage tank can be lifted out as a 

self-contained unit, and another 
substituted to take the conventional 
'4" tape width - the composer can 
then programme the Mellotron with 
any type of sound or instrument that 
he wishes. 

THE MORPHOPHONE 
Many years ago, a prototype 

Morphophone was developed for use 
in the Music Concrete Studio in 
France. The general principle was that 
a tape loop fixed to the circumference 
of a metal wheel was rotated, with 
between four and 10 heads around the 
loop to pick -off the signal. These 
could be moved within wide limits, 
and each had its own individually 
controllable filter, enabling not only 
prolongation of the signal, but also 
subtle variations of the reverberation 

. , ..1> Q / . 

response 
specialized 
possibility 

curve. However, 
nature precluded 
of its going 

its 
the 

into 
mass -production. 

THE TEMPO -REGULATOR OR 

TEMPOPHON 
This device, in essence, performs a 

tape sampling operation, joining the 
sampled portion to compress the time 
scale or re -iterating the samples to 
expand the time scale (See Figs 2, 3). 

It is used in conjunction with a 

variable speed tape deck, and is 

equally capable of converse operation 
which changes the pi:ch whilst leaving 
the time scale unaffected. 

The device, developed by A. 
Springer, consists of a fibre drum with 
four integral magnetic heads. The 
magnetic tape wraps around the drum 
and is reproduced by the head nearest 
the tangential tape contact when the 
drum is static. If the drum is rotated in 
the same direction as the tape travel, 
then, although 60 seconds of tape will 
still take 60 seconds to travel from the 
feed spool to the take-up spool, the 
relative tape/head speed will have been 
decreased, causing a drop in the replay 
pitch. Increasing th s tape speed in 
order to bring the pitch back to 
normal will result in the tempo being 

Fig. 4. Lexicon Varispeech IA. 

Fig. 5. Using a tape-de/ay in conjunction with a reverberation 
device. 
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CREATIVE AUDIO 
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2. PHASE -SHIFTING TYPE 
SHIFTERS. 

The audio signal is split and routed 
to a pair of .all -pass dome -filters which 
give two outputs, one shifted through 
90° relative to the other throughout 
the audio range. The carrier frequency, 
which is the frequency by which the 
audio signal is to be shifted in this 
case, is similarly treated. The 
'advanced' waveforms from audio and 
carrier signals are fed to one ring 
modulator, and both 'retarded' 
waveforms fed to a second. 

Summing the outputs of the two ring 
modulators gives a waveform of a 

frequency equal to the arithmetic 
addition of the audio and carrier waves 
(Figs. 11, 12). 

Fig. 12. Waveforms involved with phase - 
shifting type frequency shifter (after Bode 
and Moog). 
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Fig. 11. Schematic of 
phase -shifting type 
frequency shifter. 

A more complete mathematical 
analysis of the system, together with 
details of several other designs, can be 
found in the Bode and Moog paper "A 
High -Accuracy Frequency Shifter for 
Professional Audio Applications", 
Journal of the Audio Engineering 
Society, July/August 1970 Vol. 20 
No.6. 

One possible application of either 
device is found by mixing the output 
with the untreated signal. When no 
frequency shift is being caused, the 
mix will emerge 'straight'. An 
accurately controllable 'phasing' effect 
occurs as soon as any frequency shift 
is applied. 

When inserted in the familiar 
tape -echo arrangement, in the 
feed -back line between the replay head 
and the record head, it gives the 
resulting tape -echo a glissando - each 
repeat being of a slightly higher pitch 
when the shifter is set to add a few 
cycles, and vice -versa when it is set to 
lower the output frequency. 

MIXERS 
When it comes to the task of 

controlling the amplitude of pure 
tones, the majority of 
commercially -available mixers are 
unsuitable, as sine waves highlight the 
slighest wiper crackle unmercifully, 
especially in the case of wire -wound or 

stepped potentiometers. Current 
thinking lies with indirect operation 
via a voltage -controlled amplifier, but 
long before the advent of widespread 
voltage -control, the B.B.C. 
Radiophonic Workshop had devised its 
own particular solution (Fig. 13), using 
a Wheatstone Bridge Null circuit in 
each channel. 

One pair of opposing arms of the 
bridge each has a photocell placed in 
parallel with the arms resistance. The 
other two arms are trimmed for null 
output. The photocells are placed in a 

light -proof housing, together with a 

lamp fed from a separate dc potential 
divider circuit formed by the fader of 
that particular channel. Any wiper 
noise is smoothed over by the bulb's 
filament. 

The lamp can, when required, be fed 
with ac, which will modulate the signal 
at twice the frequency of the 
alternating supply. 

Electronic music need not be bound 
by the conventions which apply to 
orchestral works, hence stereo 
movement often plays a big part. The 
Workshop has a mixer designed with 
this in mind - each of the linear fader 
controls can also be operated in a 

rotary fashion to pan the relevant 
channel, in this way doubling the 
capabilities of one pair of hands! 

TrIE THEREMIN 
This is the only musical instrument 

known to the writer that is played 
without bring touched! The Theremin 
is named after Professor Theremin 
who, in 1928, amazed New York 
audiences when he demonstrated his 
ability "to obtain music from the 
ether". 

The instrument has two rods 
protruding from its housing, each one 
forming one 'plate' of a capacitor. The 
performer's hands become the second 
'plates' when held near the rods. The 
capacitive changes engendered in one 
rod controls the pitch of the tone, the 
other rod responding by varying the 
amplitude of the output. 

A simple experimental circuit is 

Fig. 13. Noiseless fader circuit devised by the BBC Radiophonic Workshop. 

CHANNEL 
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OUTPUT 

LIGHTPROOF 
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illustrated in Fig.14; the plate should 
be around 30 cm. square. It is placed 
next to a radio receiver tuned to a 

fairly strong station around 900 kHz. 
The slug of the coil is then adjusted to 
obtain the most pleasing tone. When 
the hand is moved near the plate, the 
pitch of the tone will change. 

THE TRAUTONIUM. 
In the same year that the Theremin 

was first shown, Professor Friederich 

PITCH 
PLA rt 

Fig. 14. Elementary Theremin Circuit. 

Trautwien finalised his design for what 
has been claimed to be one of the first 
electronic synthesising devices 
incorporating voltage control. 

The Trautonium consists of an 
oscillator, the grid bias of which is 

controlled by an ingenious variable 
resistor. This is in the form of an 
insulated drum with a winding of 
resistance wire, the whole suspended 
in a wire gauze cylinder. The inside 
'ceiling' of the cylinder has a 

RUBBER KEVFIOARD 

DRUM J 
VARIABLE 
RESISTOR 

Fig. 15. Circuit of the 'Trautonium'. 

silver-plated bronze strip attached to 
it, which is brought into contact with 
the resistance wire when the gauge is 

depressed. 
A dummy rubber keyboard mounted 

on top of the drum gives an 
approximate guide to chromatic 
interval, but the number of possible 
notes in an octave is limited by the 
windings on the drum under the 
keyboard, and is in the region of 1200 
rather than 12! (Fig.15). 

ro be continued .. . 

FREOUE NCV 
DIVIDING 
NETWORK 

l 

MAPLIN 
P. 0. 

VAT 
Box 3, Rayleigh, 

Please 
FREE 

ELECTRONIC 

in 

Essex. 
10% 
(10p 

Southend 
the final total. 

charge 

SUPPLIES 
-on Sea (0702) 

Post and 
on orders under 

44101 
Packing 

50p) 

._ É 
ryICE 

Tel: 
to 
handling 

add 
U.K. 

Y N S S i 
We shall be stocking all the parts for this sensational new E.T.I. design. 
Send s.a.e. now for our detailed price list. (One available each month as the 
parts are published.) 

YOU SIMPLY MUST SEE OUR PRICES! 
ORGAN BUILDERS WE KNOW YOU NEED QUALITY ICs AT LOWEST POSSIBLE PRICES 

MES announce the very latest development in organ 
circuitry. The MES 1974 Catalogue CA3046 14 -pin DIL Transistor Array 69p* THE DM02 1T , has over 75 pages and is LH0042C TO5 FET I/P Op.Amp £3.88* 13 Master Frequencies on ONE tiny circuit board. 
LOOK AT THESE AMAZING ADVANTAGES 

STACKED with dozens of 
tempting new lines. BRIM- LM301A 8 -pin DIL Op. Amp 55p* * 13 frequencies from ca to C9. * Each frequency MING OVER with NE555V 8 -pin DIL Timer 79p* digitally tuna from a SINGLE h.f. master oscillator.ONE * ally tuning for the WHOLE ORGAN: ONE clear illustrations and NE56I B 14 -pin DIL Phase Locked SIMPLE ADJUSTMENT. * Relative tuning NEVER 

DRIFTS! * External control allows instant tune up 
detailed data. Loop£4.45 * to other musicians.. Outputs will directly drive most 

types of dividers ircluding the SA.l10. * And each 
output can also be used as a direct tone source. * Vari- 

WE'RE WAITING 
TO RUSH YOU 1»n SGI495D 14- DIL FourQuadrant 

Multiplier * able DEPTH AND RATE tremulant optional extra. £2.75 
Gold-plated plug-in edge connexion. * Complete A COPY. SG3402N 14 -pin DIL Wideband Amp/ fibre glass board (including tremulant if required) ONLY 

3.7in. x 4.3in. * Very low power consumption. 
I You'll be IMPRESSED 
l/ Multiplier £1.69 

* EXTREMELY ECONOMICAL * S.a.e. please 
with our POST FREE 

1' 

pA723C 14 -pin DIL 2-37V Vo-tage PRICE. * Ready built. tested 
and fully guaranteed. 

for full technical 
details. 

ordering system, EXCITED 
by our BIG VALUE dis- Regulator 85p DMO2T (with tremulant) ONLY 

E1ó25. 7}ade enquiries 
count vouchers, STAG- pA741C 8 -pin DIL Op. Amp 36p* 

DMo2 (without tremulant) [12.25. welcome. GERED by our UNBEAT- 
ABLE speed of service. 

ZN414 TO5 A.M. Radio TRF £1.20 
SAJI t.0 7 -stage frequency divider i one 14 pin DIL 
SAil e. Sine or o g square wave trip I allow, operation Take the first steptowards MC1303L Stereo Pream £1.39 P 
from almost any type of master oscillator including the 
DM02 (when 97notes are avail ble). 

including 
wave 

outputs may be modified to aw-tooth by the addition 

real service NOW! Send 
ONLY 25p for our beauti- 

MC1310P FM Stereo Decoder £3.15 
MFC8010 1W Power Am £1.20 p of a few components. SA1I10: 22.63 each OR special fully produced catalogue 

price for pack of 12: 225.00. S.a.e. please for data sheet. and leave the rest to us! *Full data in our catalogue. Price 25p 

ELECTRONICS TODAY INTERNATIONAL-MAY 1974 51 



NICKEL CADMIUM 
BATTERY CHARGER 
Universal unit will charge practically any nickel - 
cadmium battery currently in use. 

THERE is an increasing proliferation 
of portable equipment, such as flash 
guns and calculators, which could, or 
already do, use rechargeable batteries 
of the nickel -cadmium type. 

If the equipment was originally fitted 
with rechargeable batteries, a charger 
may well have been provided. But 
when replacing ordinary dry cells with 
rechargeable types a charger will be 

required. Unfortunately, 
nickel -cadmium battery packs come in 
a variety of voltages and ampere -hour 
ratings and a charger supplied for one 
piece of equipment leg, an electronic 
flash) will seldom, if ever, be suitable 
for other equipment such as an 
electronic calculator. 

The ETI 519 battery charger will 
charge almost any nickel -cadmium 
battery in use today. The charging rate 
is switch -selectable for batteries from 
50 mA/h to 2500 mA/h capacity. 

Any battery voltage up to 20 volts is 

automatically accommodated. No 
voltage selection is required. 

E 

SW1 

1 

iu 

T1 

RANGES 

O 2500 mA/H R2 
2.252 

1000 mA/H 

O3 500 mA/H 

250 mA/H 

O 100 mA/H 

50 mA/H 

PROJECT 

519 

Ill 519 NICKEL -CADMIUM BATTERY CHARGER 

mA/hr 
2501 .1.500 

r500 
1001 

X1000 ' r 

so- l r _^ 2500 

- 

CHARGE FOR 14 HOURS AT. CORRECT BATTERY RATING 

00 NOT CHARGE 
AT HIGHER RATE THAN 

SPE 

OR FOR MORE THAN 48 HOURS 

Charging time is approximately 14 

hours for a flat battery and 
proportionally less for one that is 

partially discharged. 
Overcharging at the correct 

ampere/hour rate will not damage a 

nickel -cadmium battery. Thus an 

overnight charge, for a partially 
discharged battery may be safely 
given. In fact, provided the correct 

R1 
3.9k 

R3 R6 
3.952 

R4 R5 
5.652 1252 

Fig. 1. Circuit diagram of the Nickel -Cadmium Battery Charger. 

3952 

R7 
5652 

r...-- 

ampere/hour charging rate has been 
selected no damage will occur if left 
on charge for 48 hours. 

CONSTRUCTION 
The circuit is a very simple one. 

Practically any method of 
construction may be used provided 
care is taken with the insulation of 24Ó 
Vac wiring. 

In our prototype unit we assembled 
all components on tag strips, with the 
exception of the range resistors which 
were mounted directly on the range 
switch itself. 

If only a single range is required, a 

BATTERY 
VOLTAGE 

1.25 - 3.75 
5 - 10 
11.25 - 20 
21-30*. 

TABLE 1 

TRANSFORMER ** R1 

12.6VCT .1k 
24VCT 22k 
40VCT 3.9k 
6O VCT 5.6k' 

* Capacitor Cl voltage rating should be 
50 V. 

** Current rating of the transformer, in 
mA, should be greater than the 
maximum mA/h battery rating 'divided 
by 10. A single winding transformer of 
half voltage may be used if a bridge 
rectifier is employed. 
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single resistor may be used. Its value in 

ohms should be 6000 divided by the 
mA/h rating of the battery. The 
nearest 5% nominal value to that 
calculated as above will be adequate. 

By virtue of the nature of the 
constant current supply any battery, 
or bank of batteries up to 20 volts 
may be charged. If the 20 volt 
capability is not required a different 
transformer may be used as detailed in 
Table 1. 

The transistor dissipates a fair 
amount of heat and hence should be 
mounted on a piece of aluminium to 
act as a heatsink. This piece of 
aluminium should be insulated from 
the case, or if not, the transistor 
should be mounted on the aluminium 
via a mica washer and insulating 
bushes. 

HOW IT WORKS 

Current regulators operate in 
opposite fashion to voltage 
regulators. In a current regulator, the 
current remains constant regardless 
of changes in load impedance - the 
output voltage varies to maintain 
constant load current. 

In this circuit, the 240 Vac mains is 
reduced by T1 to 40 Vac. This is 
then rectified by D1, D2 and filtered 
by Cl to provide approximately 28 
Vdc. 

This dc supply is then regulated by 
QI and its associated components to 
produce a current level selected by 
SW2. 

Transistor Q1 is biased by D3 and 
D4 such that there is about 1.2 V 
between the base of QI and the 
negative side of Cl. As there is 0.6 V 
between base and emitter of Q1, 
there will be 0.6 V developed across 
the resistor network R2 -R7. 
Therefore the emitter current of Q1 
must be 0.6 V divided by the resistor 
value selected by SW2. 

The emitter current generated as 
above will produce an approximately 
equal collector current which charges 
the battery and remains constant 
provided there is at least one volt 
between the collector and emitter of 
Ql. 

PARTS LIST 
ETI 619 

R1 Resistor 3.9 k %W 5% 
R2 2.212 
R3 3.912 
R4 5.612 
R5 121-2 
R6 
R7 

39 12 
5612 df 

D1-04 Diodes 1N4001 or similar 
Cl Capacitor 1000/ÁF 35V 

electrolytic 
01 Transistor 2N3055 
Tt Transformer 240V/20 -0-20V, 

500mA 
SW1 Two -pole on -off switch 
SW2 Six -position single -pole rotary 

switch 
Metal box, bracket for 2N3005, 3 -core 
flex and plug. 

Fig. 2. Layout of com- 
ponents on the tag -strip. 

Fig. 4. Front panel artwork. 
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TRANSIENT Generator 2 module 
provides an almost infinite variety of 
output shapes. 

It may for example be used to 
modify the keyboard output voltage. 
Such a keyboard output would, when 
applied to an oscillator for example, 

cause it to commence the note in tune, 
raise to say one octave higher, hold the 
note for a preset period and then drop 
the note to one octavé lower than the 
basic frequency. 

The number of semitones or octaves, 
shifted up or down, is uniform over 

the entire keyboard range. The 
maximum design range of control is of 
the order of plus or minus two 
octaves. 

Usually this module will be used to 
control a Voltage Controlled Filter 
(VCF), in the bandpass mode, being 
fed from a complex waveform 
(considerable harmonic content). 
Upon pressing a keyboard key the 
Transient 2 waveform could for 
example, cause the filter to commence 
at the timbre as selected the VCF 
"TUNE" control, sweep up to the 
higher overtones and finish on the 
lower fundamentals. 

CONSTRUCTION 
With the aid of the component 

overlay (Fig. 2), assemble components 
to the printed circuit board paying 
particular attention to the orientation 
of integrated circuits, transistors, 
diodes and electrolytic capacitors. 

It is recommended that sockets be 

used - for the CMOS ICs at least. 
These CMOS ICs should also be the 
last components to be fitted to the 
board. 

The mechanical assembly is similar to 

Transient Generator 2 

R1, 19, 22 
R2, 13, 18 
R3 
R4 
R5 
R6 
R7, 9, 11 
R8, 12, 15, 16, 17 
R10 
R14 
R 20 
R21 

RV1, 2, 6 
RV3, 4 
R V7, 8, 9 
RV5 

Resistor 100k 5% 
10k 
15k 
680 ohms 
470 ohms 
8.2k 
1M 
1.2k 
1.8k 
39k 
3.3k 
470k 

2M log rotary 
22k trim potentiometer 
25k lin rotary 
2M log rotary switched 

C1, Capacitor 4.711F 25 V tag tantalum 
C2, 6, 33pF ceramic 
C3, 5 0.003311E polyester 
C9, 10 10 CIF 25 V tag tantalum 
C8 10pF ceramic 
C4, 7 2.2 OF tag tantalum 

PARTS LIST 

ICI, 2, 3 Integrated circuit LM301A 
IC4, 5 " SCL4016AE* 
IC6, 7 " SCL4011AE* 

* the prefix and suffix of CMOS varies from manufacturer to 
manufacturer. 
* * should be Solid State Scientific Only (CEMA) 

Q1, Transistor PN3638 or similar 
Q2, 3, 4 PN3643 or similar 
DI, 2, Diode 1N914 or similar 

SW1, 3 Switch SPDT miniature toggle 

SW2 

PC Board ETI 6019 

Metal bracket to Fig 4. 

Recommended extras 

Part of RV5 

8 pin socket Molex type M2139-8 off 
Molex type M1238 pin 8 off 
14 pin IC socket 4 off. 
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4 
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NOTES 
IC1, IC2, IC3 LM301A 
IC4. IC5 SCL4016AE CMOS 
IC6, IC7 SCL4011A CMOS 
01 PN3638 OR SIMILAR 
02, 03, Q4, PN3643OR SIMILAR 
D1, D2 1N914 OR SIMILAR 
P.C. BOARD ETI 6019 
POWER SUPPL OF CMOS IS +7V 
(PIN 14) AND - 7V (PIN 7) 
NUMBERS IN CIRCLES®ARE 
EXTERNAL CCNNECTIONS 
LETTERS IN CIRCLES®ARE 
INTERNAL CONNECTIONS 
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R22 
100k Fig. 7. Circuit diagram of 

Transient Generator 2. 

Fig. 2. Component overlay 
for the Transient Generator 
2. 
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SW 

Fig.3. Wiring diagram to switches and potentiometers on the mounting bracket. 

INTERNATIONAL MUSIC SYNTHESIZERS 
that for Transient 1 (described last 
month). All rotary potentiometers and 
switches are mounted onto the 
bracket, drilling details for which are 
shown in Fig. 4. The bracket, in turn, 
is mounted onto the component side 
of the printed circuit board. 

Wiring between the potentiometers 
and switches, and the connection 
points to the printed board is 

illustrated in Fig. 3. 

CALIBRATION 

As with Transient Generator 1, the 
exponential converter section has to 
be calibrated. Begin by setting SW3 to 
the LINEAR position and SLOPE 2 to 
maximum rate. 

Measure the output voltage and check 
that it is variable between '0' volts and 
+5 volts by means of the FINAL 
LEVEL control. 

Adjust the output to '0' volts by 
means of the LEVEL CONTROL and 
adjust RV4 so that the output of IC2 
is exactly zero. 

Adjust the output to +5 volts with 
the level control and then adjust RV3 
for +5 volts at the output of IC2. 

Repeat the previous two adjustments 
until the settings remain correct when 
the, level control is varied from one 
end to the other. 

Switch to EXPONENTIAL and 
check that the output of IC1 does not 
go negative at any setting. 

Fig. 4. Mounting bracket for Transient Generator 2. 

90 

200 
290 

HOW IT WORKS 

Transient Generator 2 

This module is very similar to the 
Transient 1 generator described last 
month. It consists of two main 
sections. 

1) The wave shaping circuitry 
(analogue). 

2) The control circuitry (digital). 
The analogue section is almost 

identical to that of Transient 1, 
described last month, and reference 
should be made to that article. The 
main exception is the omission of the 
reset -transistor across the integrator 
IC. Additionally the three inputs to 
the comparator are all adjustable, the 
'ATTACK' potentiometer has been 
deleted and the 'attack time' is thus 
always at its maximum rate. 

Last month's "How it works". in 
conjunction with both circuit 
diagrams should readily explain the 
operation of this section. 

The digital section of the two 
modules is different. That for 
Transient 2 works as follows:- 

When a trigger pulse is presented to 
gate lC5/4, it turns on for about 3 
millisecs. This discharges C7 via Q4. 
The resulting low level at the input of 
IC6/2 gives 'high' output at (A) 
(IC6/4). Whilst (A) is high C4 will 
remain discharged. 

The digital ICs used in this module 
are 2 -input NAND gates (four per 
package), the truth table for which is 
shown below:- 

7,1rP ° o 
! i tL 

BI 

AIL DIMENSIONS AR 
IN MILLIMETRES 

0 0 0 O O 

MATERIAL I89 STEEL 
OR ALUMINIUM 

119 

195 

233 
- 221 

_ - 
O2 HOT ES9Smmeh, 

O2.IOLE)69TI...1+ 
O 2HOLES22^.me.. 

KEYBOARD 
TRIGGER 

INPUT 1 INPUT 2 OUTPUT 
0 0 1 

0 I 1 

1 0 1 

1 1 0 

Note that for the ±7 volt supplies 
as used, '0' means less than -1 V and 
'1' means greater than +1 V at the 
inputs. In the case of outputs, '0' 
means close to -7 V and '1' means 
close to +7 V. 

A high output at (A) will select the 
maximum slope rate and the START 
LEVEL potentiometer RV7. The 
output will go rapidly (within 
5m -secs) to the level set by RV7. 

After the initial 3 m -sec period C7 
begins to charge at a rate selected by 
"DELAY l' control, RV6. When C7 
charges to approximately OV the 
output at (A) will go low allowing 
output (B) to go high selecting 
'SLOPE I' and the HOLD LEVEL as 
set by RV8. The output will now 
charge towards this new level at the 
SLOPE 1 selected rate. At the same 
time capacitor C4 is also released and 
begins to charge. When about half 
charged (around OV) the output (B) 
will go low and output (C) high. Thus 
'SLOPE 2' is selected and the 
'FINAL LEVEL' set by RV9. The 
output cycle is thus complete and the 
final level will be maintained until 
the unit is retriggered. 

Note that the slopes can be in either 
direction depending only on the 
settings of the level potentiometers. 

Below are examples of output 
waveforms available. 

1/- f\-\ 

If the 'HOLD DELAY' 
potentiometer (RV5) is switched off, 
the key hold time replaces the hold 
delay, and, if the key hold time is less 
than DELAY 1, then at the 

;,completion of DELAY 1, SLOPE 2 

and FINAL LEVEL will be selected 
- thus eliminating SLOPE 1 AND 
HOLD LEVEL. 
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E_ C O&IICS 
-it's easy! 
This course, written in down-to-earth language, takes the mystery out 
of electronics - explaining it as the logical, fundamentally simple, 
yet far ranging subject it really is. 

WE HAVE seen that a voltage source 
will provide the force needed to cause 
charges to circulate in an electronic 
circuit. Electrons, negatively charged, 
flow from negative to positive in an 
attempt to cancel out the charge 
imbalance created at the supply. 

But not all voltage sources create a 

static charge imbalance. It is, in fact, 
quite possible to produce a condition 
in which the charge imbalance 
alternates from positive - negative and 
then negative - positive, repeating the 
cycle continuously, thus causing a 

corresponding alternating direction of 
current flow. 

The principle of alternating current 
(ac) is simple, and as easy to grasp as 
that of direct current (dc). Its 
implications however, go much deeper, 
for our thinking must allow for the 
time element present in all ac excited 
systems. 

FREQUENCY AND WAVELENGTH 
In a dc circuit, the current always 

flows in the same direction. It does so 
with an amplitude that may vary from 
virtually zero through small to large. 

This amplitude - either of voltage or 
current - may be measured, as we saw 
last month, by using an appropriate 
meter. 

The result may be visually presented 
in the form of a graph with time on 
the horizontal axis, and meter reading 
on the vertical axis. A dc voltage level 
is shown graphically in Fig. 2a. 

In an ac circuit, the current reverses 
periodically, and voltage sources that 
operate in this fashion are called 
alternating current generators. 

As electrical energy flows at the 
speed of light it is possible to regard it 
as instantaneously following the 
charge imbalance created at the 
generator terminals. Note that it is not 
the electrons themselves that travel at 
such a speed. 

Electrons start moving in a circuit 
virtually instantaneously when a 

potential difference is established. 
They cease moving equally fast when 
the potential difference is removed. 

1 he effect is rather like turning on a 

tap. 
Water flows immediately, because 

the pressure from the pump or 
reservoir is exerting a force on the 
water in the pipe. 

But although water flows the 
moment the tap is opened, it may take 
hours or even days for any given drop 
of water in the reservoir to travel along 
the intervening pipes to the tap. 

So with electrons. Although they 
start and stop moving virtually 
instantaneously - their actual rate of 
flow in a conductor is very slow, in 
fact individual electrons move at mere 
centimetres a minute. 

At first sight it might seem pointless 
to have an electrical circuit in which 
electron flow continuously changes 
direction. The change flow averages 
out to precisely zero - so why bother! 

Nevertheless, this form of current 
flow is absolutely essential for the 
operation of innumerable electronic 
devices. This will become clearer as the 

/ 
/r 1 / 

/ 

PART 4 

course proceeds. For the time being 
one can regard the effect of alternating 
currents lac) as being similar to the 
action of a cross -cut saw or double 
acting steam engine - i.e. work is done 
during both half -cycles of movement. 

In an ac circuit, the current reverses 
periodically, with a peak amplitude 
that is usually equal in both directions. 
As with a dc current, ac currents may 
vary from prac_ically nothing 
(fractions of picoamFs) to millions of 
amps. Not only are ac currents 
variable in amplitude. There are many 
other ways by which the current can 
rise, fall, and reverse, with time. Some 
of these are shown in Fig. 2b. 

The behaviour with respect to time is 

called the waveform cif an ac signal. In 
the case of Fig. 2b, w here the reversal 
of current flow takes place 
i nstartaneously, a waveform is 

produced which, for obvious reasons, 
is called a square wave. 

Waveforms are charazterized by three 
attributes. Shape, amplitude, and cycle 
time. 

If the waveform resembles a common 
geometric shape it is usually referred 
to accordingly - square, triangular, 
staircase - are three examples. If the 
waveform does not resemble a 

CHARGES REVERSE 
PERIODICALLY 

/ 
/ / 

FLOW ALTERNATES 
BACK AND FORTH , 

/ / 

Fig.1. With alternating current, the charges periodically reverse direction. 
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ELECTRONICS - it's easy! 
AMPLITUDE 
OF SIGNAL 

V 

o 

LEVEL 
CONSTANT 

TIME 

Fig.2a. This form of graph shows how 
signal amplitude varies with time - 
this is a dc signal. 

AMPLITUDE 
(VOLTS) 

PERIOD 

Imo --I 
TIME 

PEAK TO PEAK 
AMPLITUDE 

Fig.2b. Amplitude - time graph of 
squarewave ac signal. 

common geometric shape then we 
define it in other ways appropriate to 
its characteristic. 

Amplitude can be specified in several 
ways - the most obvious being its 
value from one peak, through zero, to 
the opposite peak. This is known as 

the peak -to -peak value (usually 
abbreviated to pp or p -p). The square 
wave shown in Fig. 2h has an 
amplitude of 2 volts peak to peak. 

The cycle time of a waveform - 
usually known as its 'period' - is the 
time that a waveform takes to swing 
from any given point through one 
complete cycle and back to a similar 
starting point. It is usually denoted as 

T. In the case of Fig. 2b the period is 

from TO to T2. 

AMPLITUDE 
PERIOD OF 1 CYCLE 

41 

TIME 

Fig.3. The most basic waveform is the 
sinusoid. 

The period of electronic waveforms 
varies from one cycle every few 
thousand seconds to one cycle every 
fraction of a picosecond (one 
million -millionth of a second), or less. 

The number of such periods 
occurring in a given time is known as 

the 'frequency' (usually denoted as f). 
Thus frequency and period are related 
- as f = lit, provided both are 
measured on the same units of time; 
seconds being generally used. The 
number of cycles occurring in one 
second used to be known (reasonably 
enough!) as 'cycles per second'. 
Nowadays the term Hertz is used for 
the same parameter. Hertz is generally 
abbreviated to Hz, often with a 

multiplier prefix such as kHz (one 
thousand Hertz) or MHz (one million 
Hertz). 

To illustrate the intercrelationship 
between period and frequency, a 1 

MHz squarewave has say, a cycle time 
(or period) of 10 6 seconds. Thus it 
repeats the waveform one million 
times a second. At the low end of the 
spectrum a 1 millihertz waveform 
takes 1000 seconds to pass through 
each complete cycle. (Note - although 
the abbreviation 'm' denotes milli - it 
is not generally so used as a prefix 
when denoting frequency. i.e. the 
abbreviation mHz is correct but 
millihertz will nevertheless normally 
be written. This is because frequencies 
of less than 1 Hz are not commonly 
encountered in electronics, and 
because of its rarity, 1 mHz may well 
be mistaken for 1 MHz - a unit one 
1000 million times larger!). 

INTRODUCING THE 
SINE -WAVE 

Although the square wave is the 
easiest alternating waveform to 
comprehend - it may be produced 
simply by a battery and a 

continuously reversing switch - it is 

not the most basic waveform that 
exists. 

Square waves, and in fact all other 
waveforms, are really composed of 
multiple waveforms called 'sinewaves'. 

As the name implies, the 
amplitude/time graph of a sinewave is 

sinusoidal. It follows the trigonometric 
sine function as time proceeds. The 
shape of a sinewave is shown in Fig.3. 

The instantaneous values for a 

sinewave of two 'units' peak to peak 
can be obtained from a set of natural 
sine tables by giving it the appropriate 
sign change during the cycle. 

Unlike square waves, a sinewave 
current does not have rapid transitions 
(called 'transients') but varies 
smoothly from zero, rises to a positive 

maximum, falling through zero, to rise 
in amplitude in the opposite sense. 

It is often necessary to be able to 
equate the mean energy value of 
sinewave current to that of dc current. 
Clearly the total charge moved 
(energy, therefore) in a given time by a 

sinewave differs from that moved by a 

dc current having the same peak value 
(the peak value of a dc current is of 
course the same as its mean, or 
average, value). The peak to peak value 
of a sinewave does not express the true 
mean energy flowing. 

The equivalence occurs when we use 
a value less than the peak of a 

sinewave. This lower value is known as 

the rms value. The term rms is short 
for Root of the Mean of the sum of 
the Squares - of the instantaneous 
values and this turns out to be 0.707 
of the zero to peak value. 

In other words the rms current (or 
voltage) in an ac system fed with 
sinewave power has the same energy 
level as a dc system fed with dc power 
of the same numerical value. 

Heating illustrates this well. Our 
household 240 volt 50 Hz ac supply is 

not 240 volts peak to peak, but 240 
volts rms. An electric heater energized 
by the 240 volt mains ac supply would 
therefore produce the same amount of 
heat if fed from a 240 volt dc supply 
instead. 

It is not generally appreciated that 
our 240 volts 50 Hz ac mains has a 

zero to peak value of 340 volts. 
Considerably higher than the value 
quoted! 

In many designs the peak value of an 
,ac waveform must be very carefully 
considered for it is this value that 
determines the insulation required. 
Because of this many components 
have their voltage ratings quoted in 
peak not rms value. 

Sinewave power is sometimes quoted 
as an 'average' value. This is the 
average of the sum of instantaneous 
values). It works out at 0.637 of the 
zero to peak value. Average power is 

AMPLITUDE 

1.0 

0.707 

0.637 

HALF 
SINEWAVE 

- - PEAK - - RMS - AVERAGE 

TIME 

Fig.4. Relationship between average, 
peak, and rms. of a sinusoidal waveform. 
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rarely quoted as it has relevance in 
special applications only. Figure 4 
shows the relationship of peak, rms 
and average values. 

HOW SINEWAVES ARE 
GENERATED 

Most of the world's electrical energy 
is generated as sinewaves. 

The basic principle, used in 
everything from power stations to the 
alternator now fitted to modern cars, 
is very simple. 

When a loop of wire is rotated in a 

magnetic field a current is caused to 
flow in the wire by the influence of 
the magnetic field. 

The direction of current flow is 

determined by the direction of the 
magnetic field with respect to the 
direction of motion of the conductpr. 
By examining Fig.5 it may be seen 
that each side of the loop will cut the 
magnetic field alternately downwards 
and upwards as it rotates. Thus the 
current must reverse in the loop of 
wire. The current is at maximum when 
cutting the field parallel to the 
North/South pole axis, and at 
minimum when perpendicular to it. 
Thus the current is also proportional 
to the angle of the conductor in the 
field. These two effects combined 
produce the waveshape output known 
as a sinewave. The law governing the 
direction of current flow in a 

conductor is known as Faraday's law 
and will be discussed in more detail 
later. 

In practice, the rotating loops of 
alternating -current generators have 
many turns and, more often than not 
many pairs of magnetic poles. 

The rotating alternator is an efficient 
way of generating electricity in large 
quantity, but only in large quantity - 
i.e. fifty watts upwards. Because of 
this and for reasons of practicality, the 
majority of sinewaves used in 
electronic equipment are in fact 
generated by special electronic 
circuitry powered from dc, that in 
turn, is either generated by batteries, 
or produced from the 240 volt ac 
mains. More about this later. 

NOTHING IS PURER 
THAN A SINEWAVE 

In the 1800's, when science was 
more devoted to thought than 
hardware, and electricity was still a 

'magic' trick, mathematicians were 
laying the foundations of our 
present-day sophisticated theories. 

One such mathematician was Jean 
Fourier, a Frenchman. 

Fourier's thing was the solution of 
numerical equations. He eventually 
proved that all periodic functions (i.e. 
all functions that repeat periodically) 
could be broken down into a sum of 
sinewaves having different amplitudes 

ROTATION 

MAGNETIC 
FIELD 

MOrION 
OF ELECTRONS 

J 

Fig.5. Basic electromechanical sine wave generator. 

POLE PIECES 

and frequencies. As each individual 
sinewave cannot be broken down any 
further it seems that the sinewave is 
the purest of waveforms obtainable. 

The method, now known universally 
as 'Fourier Analysis', involves 
relatively advanced mathematics. 

Nevertheless the concept can easily be 
demonstrated using our now familiar 
amplitude/time graphs. 

Waveforms that are not strictly 
sinusoidal are knowr as 'complex'. 
Various complex waveforms are shown 
in Fig.6. As will be shown, our 

Fig.6. A number of complex waveforms. 
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ELECTRONICS -it's easy! 

(A) 

FUNDAMENTAL 

SUM 
3RD HARMONIC 
4- 

SUM IN (A) 
SUM 

5TH HARMONIC 

SUM 
SUM IN (B) 

7TH HARMONIC 

A J1 A 
V V 

(C) 

FINAL RESULT IF AT 
LEAST 21ST HARMONIC 
ARE ADDED 

1M75 

dB dR 

6-w 

FR 
ON 
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AT 
pU 

4-A 

2 15 

o 0 

(D) 

Fig.7. The apparently simple squarewave is 
rc9/ly made up of the addition of numerous 
sinewaves of different frequency and 
amplitude. 

apparently simple looking squarewave 
is in fact quite complex. It contains 
sinewave frequencies varying from one 
having a period identical to that of the 
squarewave, to one with 
(theoretically) infinite cycles per 
second. 

Figure 7 shows how a squarewave is 

made up of a (theoretically) infinite 
number of sinewaves. In (a) a 

sinewave, with period equal to that of 
the squarewave (this one is called 
fundamental frequency) is added 
graphically to another sinewave of 
three times the frequency (known as 

the third harmonic) but only one third 
the amplitude. Already the addition of 
the third harmonic makes the 
waveform begin to look like a 

squarewave. 
In Fig.7b we have added the fifth 

harmonic at an amplitude one fifth 
that of the fundamental - the 
waveform now looks even closer to a 

squarewave. In (c) we have added the 
seventh harmonic - at one seventh the 
amplitude. 

By continually adding frequencies in 
this way we eventually obtain our final 
squarewave. In practice, up to the 21st 
harmonic will be required to obtain a 

reasonably shaped squarewave. 

All complex waveforms can be 
broken down in this way, not only in 

theory but also in practice, in fact one 
way of generating sinewaves is to 
generate a basic squarewave - perhaps 
even by using a battery and an 

automatic polarity reversing switch - 
and then to use an electronic filter to 
extract the fundamental frequency. 

The concept of Fourier analysis is 

another basic tool of the person 
trained in electronics - we will refer 
to it again throughout the course. 

TO BE CONTINUED 

Fig.8. This frequency -response plot (of a hi-fi amplifier) was obtained using an automatic 
recording chart plotter. 
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STROBE ! STROBE ! STROBE ! 

Build a Strobe Unit, using the latest type Xenon 
white light flash tube. Solid state timing and 
triggering circuit. 230/250V a.c. operation. 
EXPERIMENTERS' ECONOMY KIT 
Speed adjustable I to 30 flash per sec. All 
electronic components including Xenon Tube 
and instructions [6.30. Post 30p. 
INDUSTRIAL KIT 
Ideally suitable for schools, laboratories, etc. 
Speed adjustable 1.80 f.p.s. 
Approx. } output of Hy-Lyght. Price [12 00. 
Post Sop. 
H Y-LYGHT STROBE MK III 
For use in large rooms, halls and utilises a silica 
tube, printed circuit. Speed adjustable 0-20 f.p.s. 
Light output greater than many (so called 4 
Joule) strobes. [12. Post 50p. 

THE 'SUPER' HY-LYGHT KIT 
Approx. four times the light output of our well 
proven Hy-Lyght strobe. 

Variable speed from 1.13 flash per sec. 
Reactor control circuit producing an intense 
white light. ONLY [20. Post 75p. 

ROBUST, FULLY VENTILATED METAL 
CASE. For Hy-Lyght Kit including reflector £5.75 
Post 25o. 
Super Hy-Lyght case including reflector fe.Post 
60p. 
7 -inch POLISHED REFLECTOR 
Ideally suited for above Strobe kits. Price 55p. 
Post 15p. 

RAINBOW STROBE FOUR LIGHT 
CONTROL MODULE 

Will operate four of our Hy-Lyght or Super 
Hy-Lyght Strobes in either 1, 2, 3. 4 sequence; 
2 + 2; or all together. Thoroughly tested 
and reliable. Complete with full con- 
nection instructions. Price: LI8. Post 50p. 
Send S.A.E. for details. 

COLOUR WHEEL PROJECTOR 
Complete with oil - 
filled colour wheel. 
100 watt lamp. 100/ 
240V AC. Features 
extremely efficient op- 
ticsl system. [1850. ,6 

It f1 
J 6 INCHH COLOUR WHEEL 

As used for Disco 
lighting effects, etc. Price £4.50 Post 30p. 

~'~ BIG BLACK LIGHT 
400Watt. Mercury vapour 
ultra violet lamp. 
Powerful source of 
Innumerable industrial appli- 
cations also ideal for stage,11 
display, discos. etc. P.F. ballast 
is essential with these bulbs. 
Price of matched ballast and 
bulb [16. Post [1. 
Spare bulb [7. Post 40p. 

BLACK LIGHT FLUORESCENT U.V. TUBES 
41040 watt. Price L5.50. Post 30p. 2ft 20 watt, 
[4.15. Post 25p. (For use in standard bi-pin 
fittings.) 
MINI. Ilin 8 watt, L1.60. Post ISp. 91n 6 
watt, [1.30. Post ISp. Complete ballast 
unit and holders for 9in and 12in tube. 
[1.70. Post 25p. (9in and 12in measures 
approx.) 

AUTO FADE COLOUR BLEND MODULE 
75006 of hl.n. .4.... vol, v.... woo. 

....My a My 0 eth w n sw.ten 
.q 1.me Can n 41. . 5' qv. pe Board Thy M.o. n 

PROGRAMME TIMERS 
230/240V a.c. 15 r.p.m. Motors. " i,iat,¡1'-' 
Each cam operates a c/o micro - 

switch. Ideal for lighting effects, 1 
animated displays, etc. Ex equipment 
tested. 

4 cam model. [2.50 post 30p. 
6 cam model. [3.15 post 30P. 

12 cam model. [4.00 post 35p. 

INSULATION TESTERS NEW! 
Test to I.E.E. Spec. Rugged metal 
construction, suitable for bench or 
field work, constant speed clutch. 
Size L.Bin, W.4in, H.6in, weight 61b. 
1,000V, 1,000 megohms, [34.00 
Intl. P.&C. 
500V, 500 megohms, [18 incl. P. 6 C. 

ADD 10% VAT TO ALL ORDERS 

SERVICE 
TRADING.CO 

All Mail Orders -Callers -Ample Parking 
Dept. ET5, 57 BRIDGMAN'ROAD 
CHISWICK, LONDON W4 5BB 

Phone 01-995 1560 
Showroom open Mon. -Fri. 

Personal callers only. Open Sats. 
9 LITTLE NEWPORT STREET 

LONDON WC2H 7JJ 
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I find it hard to believe that this is the end of the first year of DX - 
MONITOR: it seems only yesterday since I wrote the first lot of 
copy for the June 1973 issue, with a great deal of trepidation and 
a sense of treading, like the old explorers, onto ground marked on 
the map with the hair-raising inscription "Here be dragons!". Just 
what a departure DX MONITOR was, was brought home by our 
beloved (!?!) Editor's comment that it was, perhaps, the first time 
that a serious level Electronics magazine had run a feature on BC - 
band DXing. Of course, there had been innumerable features on 
DXing over the years in all sorts of magazines, ranging from ones for 
the tryo experimenter in radio to the ones which - so they strike 
me! - are written for the very small band of geniuses who can under- 
stand the headlines, let alone the text. The past year has shown me 
that there is a very considerable band of readers of serious electronics 
magazines who like to try their hand at DXing, from time to time, 
and who are prepared to admit that it contains a considerable 
element of "art" as compared with the "science" which makes up 
the bulk of the magazine. I am very grateful to all the readers who 
have written to me over the months with suggestions, comments 
(happily, few have been adverse) and queries: they will know that 
their letters are never read and forgotten and most of them, ulti- 
mately, form the basis of an item in one of our monthly get-togethers. 

There must be more books written on radio propagation than 
on any other aspect of radio, with the possible reservation that 
aerials has proved to be a slightly more popular subject. Regrettably 
few of those texts are of much use 4o the practical DXer since either 
they assume that he is possessed of a few acres in which to erect a 
series of Beverage aerials (VERY long, VERY efficient but VERY 
impracticable for Mr. Average who lives in a conventional semi- 
detached with just enough room for the cat to turn round between 
the rose -bed and the ornamental pond!), or they tacitly assume 
that the reader is of equal knowledge on the subject and is familiar 
with the latest advances in radio -physics and has an I.Q. which makes 
him a candidate for "MENSA". There is one work which falls 
nicely into the mid -range of knowledge -assumption and clear exposit- 
ion of a complex theme and that is "Sun, Earth and Radio: An 
introduction to the ionosphere and magnetosphere", by J.A. Ratcliffe, 
published by World University Library at 80p. Dr. Ratcliffe could 
not have a more suitable background for writing a book of this 
type as he has "worked for most of his life at the Cavendish Laborat- 
ory at Cambridge and was head of the Radio Research Section set 
up to study the ionosphere. From 1960 to 1966 he was director of 
the Radio and Space Research Station at Slough". A neat little 
paper covered volume "Sun, Earth and Radio" runs to 256pp and is 
illustrated with 15 black and white photographs and 83 two-colour 
diagrams. Even if your mathematics and physics haven't progressed 
very far for many years you shouldn't have any real trouble in 
understanding this quite absorbing volume. One note which caught 
my eye comes at the head of a comprehensive list of references 
described as a "Selective bibliography" - "The subject discussed in 
this book is advancing so rapidly that it is important to note the date 
of any publication". Would that all writers were as honest! 

Some readers' letters keep on occurring from different writers, 
if you see what I mean! One of the most common reads something 
like this:- "I have read a number of books about aerials for short- 
wave reception and would like your advice as to the type that i 
should erect". The writer usually goes on to say that he has read 
one or other of the usual works on aerials for SW reception and is 
more confused than he was when he started his researches. The 
aerial most usually suggested for SW listening, or indeed for DXing, 
is the standard half -wave dipole which, in the simplest of terms, is 
an aerial insulated at each end, divided in the middle and with the 
two halves connected by coaxial cable, or open line, to the two 
aerial terminals of the receiver. The dipole is an admirable aerial 
for the wavelength to which it is cut and the total length (i.e. from 
end to end) can be calculated from the formula 

Length (in feet) - 468 
frequency in MHz. 

So, for a dipole to operate on the 6MIiz (or 49 metre band) the 
length of each of the halves is about 39 feet which means that you 

Compiled by Alan Thompson 

require a total length of something like 80 feet, allowing for the 
necessary support ropes - rather too long for the average garden! 
If a half -wave dipole is required for the 60 metre band the dimensions 
grow to total length of 100 feet approximately. 

Of course, dipoles will operate on frequencies other than those 
for which they are designed but at somewhat reduced gain. The loss 
of gain can be reduced in two ways - (a) by fitting a simple pi -type 
aerial tuner between the aerial and the receiver, and (b) by arrang- 
ing the two feeders from the dipole so that they can be switched 
together with the result that they are both connected to one of the 
receiver's aerial terminals and the effect is that the aerial has been 
converted into a "T" shape. This aerial, especially if used with an 
aerial tuning unit, will then operate very satisfactorily over the whole 
of the shortwave spectrum up to about 30M1-Iz, and the half -wave 
dipole for the 49 metre band can always be brouht back into use 
just by moving over a switch: a DPCO type switch is very easily 
wired in this way. 

Two very good booklets on aerial construction are free for the 
asking. One is available from the BBC Engineering Information 
Service, Broadcasting House, London WI A 1 AA, and the other 
from "DX Juke Box", Radio Nederland, P.O. Bo:: 222, Hilversum, 
Holland. The booklet issued by Radio Nederland also includes 
details of a simple to build aerial matching unit oº which there must 
be many thousands in use throughout the world, as this is one of 
those units which has been in circulation for a very long time, the 
circuitry of which gets passed on from DXer to DXer. 

Maybe, you don't feel like going to the trouble of building a 

half -wave dipole and many DXers do not trouble with the sotnewhat 
troublesome job of erecting one, especially if the:' arc not possessed 
of a nice straight run which will accommodate the chosen half -wave 
dipole without one, or both, of the elements having to be folded in 
order to get it into the available space. If this is your feeling, then 
the simplest advice is to erect the longest, highest, straightest piece 
of sky -wire that you can and feed it from one enc, or if that is not 
practicable, to feed it at its centre point. Many Dxers with very 
impressive records have managed to log anything ap to some 200 
countries on just that piece of wire, a suitable aer.al tuner and some 
very subtle use of the receiver controls! Even better results can be 
achieved if the aerial is connected to the receiver :hrough a pre - 
selector which includes an aerial tuning circuit and one which I have 
used to good effect is the P.M. 11B type manufactured by Hamgear 
Electronics (their address is 2, Cromwell Road, Sprowston, Norwich 
NOR 65R). If anyone likes statistics - my own tally is 204 countries 
heard on the shortwave broadcast bands over a period of some 8 

years: I would guess that the maximum possible n the U.K. is 
probably something of the order of 208-210, although, of course, 
there is always the chance that the Cook Islands vill suddenly land 
their signals on your antenna when you happen to be listening 
although I should not take any bets on its being likely to happen. 

The purpose of the above notes is to indicate that a very special- 
ised aerial system is not necessary for even quite advanced DXing. 
Many of the theoretical handbooks are really designed for use at 
transmitting and receiving stations used for general broadcasting or 
commercial purposes: their needs are vastly different from those of 
the DXer. The DXer is interested in hearing the station well enough 
to be able to report that he has heard it: the commercial broadcaster 
is concerned with getting a usable signal into a certain area. The 
DXers signal would, very seldom, be of usable commercial standard 
but, then that's not what he is aiming at any more than the do-it- 
yourselfer knocking up a few shelves for the garae is concerned 
with achieving cabinet maker's :standards. 

As ever, your letters with comments, queries and general 
observations are always welcomed and, if possible, should reach me 
by the 10th of the month. There's a slight change of address owing 
to the boundary changes so send your letters to: Alan Thompson, 
16 Ena Avenue, Neath, West Glamorgan SA11 3AD. If you would 
like a personal reply, then a stamped, addressed envelope is a 

necessity. 
Editor's Footnote: A suitable Aerial Tuning Unit was featured 
in the April 1974 issue of ETI on page 31. 
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AUDIO BARGAINS 
8TRACK 
ONLY £11 
Incl. P. & P. and V.A.T. 

The latest B.S.R. 8 Track cartridge Replay Deck. 
Ready to install in your Hi -Fi Stereo System. 
This unit comes complete with Hi Gain Stereo Pre -Amplifier, 
4 -Programme Indicator Lamps, Track Selector Switch, all 
leads and plugs, etc. for 230 volt A. C. mains operation. 

' 
I 

IOW Amps/ 

NAME 

a WR.M.SUI.C. AMP 
only £165 Order Code I.C.A.1 

Incl. P. & P. and V.A.T. 

on P.C. Board with all components 
2 on one board for £2.86. 
Order Code I.C.A.1/S. 

These amps. are supplied with a free booklet on connecting 
up, specifications and easy to build projects using the I.C.A.1. 

5W & 10W AMPS 

5WONLY £1.98 
1OW ONLY £2.49 
incl. P. & P. and V.A.T. 

These matchbox size amplifiers have an exceptionally good 
tone and quality for the price. They are only 2,t --"x 1 ;". 
The 5W amp will run from a 12V car battery making it very 
suitable for portable voice reinforcement such as public 
functions. 
Two amplifiers are ideal for stereo. Complete connection 
details and treble, bass, volume and balance control circuit 
diagrams are supplied with each unit. Discounts are avail- 
able for quantity orders. More details on request. Cheapest 
in the U.K. Built and tested. 

Now available for 5 &1OW AMPS 
Pre -assembled printed circuit boards 2"x3" available in 
stereo only, will fit 15 edge connector. 
Stereo Pre -Amp 1 (Pre. 1). This unit is for use with low 
gain crystal or ceramic pick-up cartridges £1 .21. 
Stereo Pre -Amp 2 (Pre 2). This unit is for use with mag- 
netic pick-ip cartridges £1.69. 
Stereo Tone Control (STC). This unit is an active tone 
control board and when used with the right potentiometers 
will give bass and treble boost and cut. £1.21. 

Instruction leaflet supplied with all units. Post and packing 
and V.A.T. included in prices. 

11~ MN 
I enclose for 

8 Tracks/ 3W Amps/ 5W Amps 
Stereo Pre -Amps 1 

Stereo Pre -Amps 2 Stereo Tone Controls 

(Please insert quantities and delete those not applicable.) 

ADDRESS 

6IPREPAK 
Dept. H, 222/224 West Road, 
W estcliff-onSea, 
Essex SSO 9DF 

Co ºl No 820919 
. 

Tel: Southend (0702) 46344. %III- - - - - - - - - Mil 

' 
I 
' 
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WOODSTOCK 
0 

I I . 

N95 f - 

VALVES 

MAGNETRONS 

WOODSTOCK 
PHOTOSOUND 
LIMITED 
300 High Street, 
Sutton, Surrey 
01-643 7277 

tf- 
KLYSTRONS 

SEMICONDUCTORS 

PHOTO EMISSIVE DEVICES 
Low Power Rectifiers and Detectors 
Microwave Diodes 
Silicon Rectifiers 
Zener Diodes 
Transistors 
Transistor Substitutes 

CONSULT US ON ALL YOUR ELECTRONIC 
AND PROFESSIONAL PHOTOGRAPHIC 
EQUIPMENT BUYING PROBLEMS. 

We can also undertake any camera repair to 
professional or amateur equipment in our own 
well-equipped workshops. 

A SPARK 
OF GENIUS 411 

THE SPAR KRITE MK2 ELECTRONIC IGNITION KIT 
All necessary components - ready drilled case and metal- 
work, cables, coil connectors, printed circuit boards, top 
quality 5 year guaranteed transformer and components 
and 8 page instruction leaflet. 
When you complete the unit it can be fitted to your 
vehicle in only 15 minutes using the standard coil and 
contact breaker points. To give you: - 

Instant all weather starting, 10%-20% fuel saving, 
longer ccil and battery life, higher top speed, faster 
acceleration, spark plugs last about 5 times longer, mis- 
fire due t.3 contact breaker bounce electronically elimin- 
ated, purer exhaust emission resulting in less air pollution, 
contact breaker burn eliminated, elimination of plug 
fouling. Suitable for all petrol engines up to 8 cylinder 
with standard coil contact breaker ignition. 

12V CAR KIT ONLY £11.62 
Ready built car unit £14.85 
Unit for single cylinder motor cycle 
motor cycle £17.60 
Unit for twin coil twin contact 
breaker motor cycle £23.24 
Unit for triple coil triple contact 
breaker points motor cycle £27.50 

PRICES INCLUDE VAT AND P AND P. 

ORDER NOW FROM 

I.C.E. ELECTRONIC SYSTEMS 
Dept.ETI. 114 Park Farm Road, Birmingham B43 7OH: 

Please state whether 
positive or negative 
earth 6V or 12V 
system required 
when ordering, 
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ALTHOUGH the 10.30 television 
closedown is now well behind us, 

there are still some very good reasons 
for a better entertainment level during 
the later hours. With a choice between 
News at Ten, Midweek and a docu- 
mentary on the price of Ethiopian 
beef in the lower Yangtze, a fourth 
TV channel would be a blessing. As 
the IBA are not yet going to give us 

one, the only alternative is to provide 
your own, and here you have a choice 
of systems. If you happen to be one 
of those lucky people who can easily 
pick up an alternative IBA station or 
have 'piped' TV, then the solution is 

simple. If you are one of our elite 
rich then a videorecorder can be 

yours from about £350 and of course 
you are supposed to use expensive 
pre-recorded cassettes (recording from 
the TV is against copyright regulat- 
ations in theory anyway). An alter- 
native to these systems is to use a 

minicomputer to give you simulated 
games which can be played on a nor- 
mal household TV set. Many of you 
may already have come across these 
games in clubs and pubs with games 
of tennis, football, etc. Already these 
games are available in the USA in the 
form of a little "black box" which can 
be plugged into the aerial socket of a 

normal TV, the latest of these is from 
a company called Telattach Corpor- 
ation of Chevy Chase, Maryland, USA. 

The TelaRacing terminal consists 
of a wheel and dashboard connected 
by a cable to a toy racing car mounted 
on a frame that is attached by suction 
cups to a TV screen. Yes, the days of 
little electric racing cars running 
round a boring circular track are over, 
with this system the car runs on a 

track that is projected onto the TV 
screen. The system requires one of 
twenty programmes which are trans- 
mitted by cable TV companies or sold 
as video cassettes. The viewer attem- 
pts to steer the model car around the 
course appearing on the screen, but 
if the toy car passes over an obstacle 
or the side of the track, a sensor 
under the car sets off a buzzer and a 

'skill' recorder reduces the driver's 
score on a tally wheel to the right of 
the dashboard. The car is steered by 
turning the steering wheel which pulls 
on a cable which in turn moves the 

car along the frame and thus across 
the screen. The price of this racer set 
is intended to be $24.95 (about £11). 

It is rumoured that the "black 
boxes" referred to earlier may be 
available in the UK in the near future 
but prices have not yet been finalised 
and no further information is yet 
available. 

DPM FRONT END 

Motorola have recently announced 
the MC1505L functional bloc< inte- 
grated circuit which performs the 
diverse roles required of analogue -to - 
digital converter subsystems. The IC 
uses the dual ramp integration tech- 
nique with an internal voltage refer- 
ence to give a very accurate output. 

FULL 
SCALE 
CALI -- 

ORATION 

ANAL« 
INPUT 

OVOLTAGE 

Iq 

REFERENCE 
CONVERTER , 
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[ONVE9TER, 
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NTE- 
GRATOR 
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COUNTERS 

LATCHES MULTIPLE X 

DIGITAL OUTPUT 

Motorola MC1505L A-D sub -system. 

On the front end the unit requires 
only two calibration potentiometers 
(full scale and zero adjust) and one 
integrating capacitor for normal oper- 
ation. On the back end, the system 
requires an oscillator (clock), two 
delay units (multivibrators) and a 

count, latch, display system. It is 

possible that some of the LSI count, 
latch, display chips available from 
several manufacturers could be used 
on the output of the MC1505L. 
Price of the chips are in the region of 
£5 and the best people to approach 
for data are Jermyn Industries at 
Vestry Estate, Sevenoaks, Kent. Data 
may not yet be available in the UK. 

A ROUND THE WORLD TRIP FOR 
£825 
If you have a spare £825 you can 
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For the man who has everything, the 
Chronolog International . "computer" 
clock which tells the time in any of 12 
time zones. 

visit London, San Francisco, Denver, 
Hawaii, New York, Chicago, Brussels, 
Moscow, Peking, Tokyo, Sydney and 
Rio de Janeiro with no passport and 
VAT included. Well, maybe you 
cannot actually visit those places phy- 
sically but you can visit them in spirit 
and live at their time for a while. 

You can travel round the world in 
24 seconds with Chronolog Inter- 
national 3, a unique solid-state "com- 
puter" clock which tells the time in 
12 international time zones. The 
hours and minutes are shown on a 

liquid crystal display panel, by moving 
a magnetic button on the side of the 
clock different reed switches are act- 
uated thus causing the display to 
show the time in the new selected 
time zone. The clock can also be 

easily corrected for SJmmer Time in 
3 continents. Chronolog International 
3 costs £750 plus VAT and can be 

purchased from Chronolog Systems 
Limited, BCM6543, London WC1V 
6X X. 

A similar system could possibly be 
constructed using one of the many 
digital clock chips plus a simple cal- 
culator chip to add or subtract the 
appropriate number of hours (and 
days if necessary) as required, now 
there's a fascinating project to work 
on! 

A cheaper digital clock for the 
stay-at-home types, b.at still using a 

P, 
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liquid crystal display can be built 
using some chips from Solid State 
Scientific. The chips themselves are 

not new but are now available in the 
UK. The system is similar to the Cal - 

Tex CT6002 mentioned recently but 
this is presented in two chips, the 
SCL5424 and the SCL5425. One 

accepts as input a 32,768kHz crystal 
and outputs 256Hz and 1Hz, the 
second accepts these two frequencies 
and counts them down and outputs 
digital clock information to a liquid - 
crystal display. The system will run 
field-effect or dynamic scattering L -C 

displays and thus the reasonably cheap 
Siemens display could be used. The 
main disadvantage is that these chips 
are only available in the flattie pack- 
ages which are not easy to work with 
as they cannot be used in sockets and 

the pins are on 0.05" centres (normal 
DIL ICs are 0.01" centres). If you 
have the facilities for DIY PCBs and 

some fine soldering equipment then 
the devices are available from Trans - 

world Scientific Limited, Short Street, 
High Wycombe, HP11 2QH. The 
price of the chips is £19 per pair and 

TWS can also supply a display (for 
which a connector is requiredl. Un- 
fortuneatly TWS are a distributor in 

the big league and are not too keen 

to handle enquiries from the amateur 
and one -offs type of market. 

ANOTHER TLL LOGIC CHECKER 

Electroplan have introduced the new 
Ryley Logic clip which displays logic 
states at a glance. The clip is powered 
from the test circuit and immediately 
shows the input and output states of 
the DIL package on sixteen LEDs. 
As the clip needs only a low input 
current it can be used with high im- 
pedance 5V CMOS, low power TTL, 
standard TTL or DTL. Similar clips 

-vss 

Typical circuit for the Solid State Scientific 
SCL5425 and SCL5424. A prototype clock 
using liquid crystal displays is shown below. 

have been released by Jermyn and 

Guest International both at about 
the same price of the Ryley clip at 

£24, a DIY version at about £10 is 

shown in the Bywood Electronics 
catalogue. The Ryley clip is available 
from Electroplan Limited, P.O. Box 
19, Orchard Road, Royston, Herts. 

PIPE YOUR HEAT ALONG 

Heat pipes are finding increasing usage 

in high efficiency heat exchangers. 
Basically a heat pipe is a sealed tube 
containing fluid and a wick. One end 

of the tube is heated thus causing the 
liquid to evaporate. The evaporated 
liquid travels along the tube (and 
usually upwards) towards the cooler 
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Operation of a heat pipe. These were 
described in some detail in the February 
1974 issue. 
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The new Ryley Logic Clip from Electroplan. 

end where it condenses, thus trans- 
ferring the heat, as latent heat, to the 
cooler end of the tube. The liquid 
is recirculated from the condenser to 
the evaporator by the capillary action 
of the wick (and usually gravity). Heat 
pipes are lightweight and transfer 
heat silently, reliably and with temp- 
erature gradients some hundred times 
smaller than a similarly dimensioned 
copper bar. The pipes are used to 
transport heat from electronic equip- 
ment, lasers, motors, transformers, 
brakes and clutches. They have also 

been used to help to cook joints of 
meat evenly. Heat pipes are available 
from Redpoint Associates Limited, 
Cheney Manor, Swindon, Wilts at 
prices of £5.00 for 1/4" diameter 
150mm long to £32.00 for 1" by 
600m m. 
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TOP QUALITY 'PE' 
HFFI KITS FROM 
ELECTRO SP S 

FM VARICAP 
STEREO TUNER 
Featured in the May 1973 issue of 'Practical 
Electronics', this superb Hi -Fi tuner is 
available as a kit for the incredibly low 
price of £2850 including VAT and 
postage. Electro Spares supply everything 
from the slim -line cabinet down to the last 
nut and bolt, and you can assemble it in just 
one evening! It's that simple. Incorporating five pre-set 
stations you choose yourself, with no difficult drive cord and 
pulley systems - spot on station selection every time. 
Construction time has been reduced to a minimum through 
the use of new pre-set Mullard modules for R.F. and I.F. 
circuits. Positively no alignment needed -just a simple d.c. 
voltmeter adjustment. Motorola I.C. Phase Lock Loop 
Decoder gives perfect stereo reception. Guaranteed first 
time results - or send it back, and we'll return it in perfect 
order (for a nominal handling charge). 
£28.50 inc. VAT and p B p. 
P/ease send SAE (preferably 9 x 4 minimum) for full details 
Full constructional details only 10p post free. 
All parts sold separately. 
Only "design approved" kit available. 

`GEMINI' 
STEREO AMPLIFIER 

Guarantee 
30 watts 
Per Channel 

Make this superior auality Hi -Fi unit at 
home, using simple step-by-step instructions. 
With a specification equal to many commercial amplifiers 
costing far more, the "Gemini" built from our kit has a 
guaranteed output of 30 watts RMS per channel into 8 ohms. 
Full power THD is a mere 0.02%, and frequency response of -3 dB from 20 Hz to 100 kHz into 8 or 15 ohms. Regulated 
power supply, 2A, 55 v continuous, 6A instantaneous. 
Electro Spares have already sold 100s and 100s of these kits - 
and no wonder - they give you a fabulous amplifier which is 
virtually the ultimate in Hi -Fi reproduction. In fact, we've 
never heard it so good! We supply everything except the 
case - and give you various choices of some components. 
That's why the total cost, inc. case, can vary from £55 to £60 
inc. VAT and p & p. All components as specified by original 
authors, and sold separately if you wish. 
Full constructional data book with specification graphs, fault 
finding guides etc. 55p plus 4p postage. 
Price list only. Please send S.A.E. (preferably 9 x 4 minimum) 
for full details. 

Get it all together from 

ELECTRO SPARES 
Thé Component Centre of the North 
r 288 ECCLESALL ROAD, 

SHEFFIELD, S11 8PEA 
Tel: Sheffield (0742) 668888. 

VISITORS WELCOME EASY PARKING 

'JOIJI1EE1? - not with the 

BEM -- 
GAM 
33k 

.i 

O 
''as 
1 

A unique drafting aid for the 
>, electronics engineer enabling 

him to prepare in minutes a 
perfect PCB. 
A fine -tipped marker charged 
with a free -flowing etch -resist 
ink. Simply drew the 
desired circuit onto copper 
laminated board-etch- 

V The circuit is ready to use. 

e r'1l 
Il..l 

NO MESS- NO MASKING 
A perfect circuit every time I 
The Decon-Dalo 33 PC marker is now available in France, Get - 
many, Italy, Switzerland, Austria and all Scanditravian countries. 
Send for details of local supplier. 

Please send me further details on the 33PC: 

Name 

Address _ 

Post to: DECON1 LABORATORIES LTD. 
FREEPOST 
PORTSLADE, BRIGHTON, ENGLAND 
(No Stamp Needed) Phone 0273 414371 
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BETTER ELECTRON MICROSCOPES 
RESOLUTION 

A new way of using a scanning electron 
microscope permits much more de- 

tailed study of solid surfaces such as 

those of microelectronic devices, and 
should be equally applicable to 
studying biological specimens. The 
new technique, proposed by IBM's 
research labs, permits resolution of 
.surface details at least three times 
smaller than could previously be seen. 

Surface scanning microscopes have 
come into wide use in recent years as 

one of the most powerful new tools 
for study of materials, especially 
biological specimens ranging from 
pollen grains to cell membranes. The 
instrument can provide pictures of an 
intact specimen having a striking 
three-dimensional quality, and for 
many studies it is more useful than a 

transmission microscope, which 
produces X -ray -like pictures of very 
thin slices of a specimen. 

The new scanning microscope 
technique has achieved point-to-point 
resolution of better than 30 Angstroms 
and an edge sharpness of 15 Angstroms. 
Ultimate resolution should be about 
10 Angstroms, or about 8 atomic 
spacings. 

The new technique allows a solid 
sample to be placed inside the object- 
ive lens of the microscope. With this 
arrangement the diameter of the 
scanning electron beam can be made 
much smaller - 5 to 10 Angstroms - 

than in conventional surface scanning 
instruments. This approach brings 
the advantages inherent in the use of a 

short focal length electron lens - a lens 

similar to the type which permits the 
high resolution attainable in trans- 
mission microscopy. 

In a conventional surface scanning 
microscope, a beam of electrons is 

accelerated to high energy and 
focused on the sample surface by a 

magnetic lens. The high energy 
electrons eject secondary electrons 
from the surface of the sample and, 
as the beam is scanned back and 
forth across the sample, the secondary 
electrons ejected from each point give 

a picture of the surface, which is 

displayed on a television picture 
tube. 

Secondary electrons have an energy 
of only a few electron volts, so the 
sample must be located well away 
from the strong magnetic field in the 
condensing lens, consequently this 
lens thus must have a long focal 
length, with its large aberrations, 
which limit beam sharpness at the 
sample surface. Resolution is also 
limited by the effect of the secondary 
electrons emitted from an area larger 
than the scanning beam diameter 
(because of scattering in the sample). 
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ELECTRON 
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LENS 

j/////////4 F7777777777Z 
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n a conventional surface scanning electron 
microscope, a high energy beam of electrons 
is focused on the sample surface by a mag- 
netic lens. Secondary electrons ejected by 
the beam are detected as the beam is 

scanned across the sample, and provide the 
signal used to generate a television picture 
of the surface. Because the secondary 
electrons have very little energy and would 
be easily deflected by the intense magnetic 
field of the lens, the sample must be 
located well away from the lens. Thus a 
long focal length lens, with its inherent 
large aberrations, must be used. 

By placing the sample inside the 
lens, a very short focal length, with 
minimum aberrations, is possible. The 
first part of the lens focuses the beam 
on the sample, which is mounted at a 

glancing angle. Electrons which are 
elastically scattered (deflected with 

Bmm 
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In the new surface scanning technique, 
proposed by IBM's Research Laboratory, 
the solid sample is located inside the 
magnetic lens of the electron microscope. 
Electrons in the scanning beam glance off 
the surface of the sample with little energy 
loss are pulled back into the axis of the 
microscope by the lower half of the lens 
and are detected to provide the output 
signal. Electrons which penetrate more 
deeply lose more energy and so are deflected 
more sharply by the lens, out of the field 
of view of the detector. This method 
of operation permits use of a short focal 
lens, and thus a major improvement in 
resolution over conventional surface 
scanning microscopes. 

little loss of energy) by the sample 
are bent back toward the axis of the 
microscope by the second half of the 
lens. These electrons, which have 
penetrated only shallowly into the 
surface of the specimen, are collected 
to provide the output signal. Electrons 
that have penetrated the sample more 
deeply suffer a greater energy loss 

and are deflected by the lens out of 
the field of view of the collector. 

This sharp discrimination among 
electrons according to how far they 
have penetrated the surface produces 
a very high contrast image. In an 

alternative arrangement, an energy 
filter can be placed between the lens 
and the collector to reject the less 

energetic electrons. 

HIGH -BRIGHTNESS LED DISPLAY 

A new seven -segment LED display is 

announced by ITT. Coded D7NF, 
the GaAsP device is suited to general 
instrumentation applications. 

Character size is 0.27in. (6.9mm). 
Decimal point is included in addition 
to the seven character segments. 
Brightness is 2500 cd/mz at 20mA 

' S.' \\ 
.1 . 

'A 

. ; r 

. 

r"1 
\ 

per segment current. The characters 
are readable over a wide angle. 

The D7NF has a low voltage 
requirement which is compatible 
with TTL or DTL circuits and current 
ratings make the device suitable for 
either continuous or time-shared 
operation. 

ITT Components Group Europe, 
Valve Product Division, Brixham Road, 
Paignton, Devon, TQ4 7BE. 
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INSTANT MAINS CONNECTOR 

R.S. Components, have introducted 
to their range the 'Safebloc' designed 
to provide a safe yet simple method 
of connecting flexible leads to a.c. 
mains. The unit incorporates three 
nickel -plated clips for the output 
connections which are automatically 
isolated when the cover is raised, 
while the input cable is internally 
connected and includes a cable clamp. 

Priced at £2.95, the 'Safebloc' may 
be used up to 13A., and is made from 
tough thermosetting plastic with a 

glass -filled nylon lid. Further inform- 
ation may be obtained from 
R. S. Components Limited, 13-17 
Epworth Street, London E.C.2. 

_ 

. 

FIRE ALARM KIT 

, 

Photain Controls have announced a 

new Fire Alarm Kit which has been 
designed to meet the requirements of 
the Fire Precautions Act 1971. Under 
these regulations premises (in particular 
Hotels and Boarding Houses) must 
obtain a Fire Certificate from the 
local Fire Officer and in many instances 
this is not given until a suitable Fire 
Alarm System has been installed. The 
Fire Alarm System must comply with 
the specification laid down by the 
Fire Officer or it must be approved by 
him. 

Every item is detailed and priced 
separately, the owner of the premises 
can now choose a system "tailor made" 
to his own particular needs. 

The following items are available. 

e1 

'N0N Ftg7, - 

Control Unit. This is contained in 
a wall mounting housing and is com- 
plete with fully floated NiCad batteries 
providing 24V at 0.5A. It is complete 
with battery charging circuit. 

It will operate with any type of 
"Open" or "Closed" sensor including 
solid state ionisation smoke detectors 
and any number of sensors can be 
connected on one circuit. The standby 
batteries will maintain the operation 
of the system in the event of a mains 

supply failure for over 72 hours and 
will operate 3 alarm bells for over 
30 minutes. The batteries will re- 
charge to full capacity within 24 hours. 

Ionisation Smoke Detector Type 
P1D-B. This unit consists of an inner 
and outer chamber, the insides of 
which are ionised. The inner chamber 
is sealed from the atmosphere. When 
smoke and/or combustion gases enter 
the outer chamber the voltage ratio 
between the two chambers is changed. 
This voltage difference is amplified by 
a hybrid integrated circuit and the 
signal transmitted to the Control Unit. 
Any number of detectors can be 
connected on a single (twin wire) 
circuit. Stable operation is provided 
irrespective of voltage variations and 
over a wide temperature range. Each 
unit is supplied with an adaptor plate 
for fitting to a standard conduit box. 

Each unit will normally protect up 
to 10,000 cubic feet of enclosed area, 
subject to any special limiting factors 
such as excessive air movement away 
from the detector. When several 
detectors are fitted in a large area they 
should be mounted up to a maximum 
of 40 feet apart and within 20 feet of 
any outside or party walls. 

Heatswitch. This is a Bi-Metallic 
combined rate -of -rise and fixed temp- 
erature Automatic Fire Detector. A 
set of contacts close when the temper- 
ature reaches 57oC. The unit can be 

mounted in any position and when 
protecting a large area they should be 
fitted at a maximum distance apart of 
32 feet and in corridors at a maximum 
distance of 50 feet apart. They provide 
coverage of approximately 500 square 
feet per Heatswitch. 

Preswitch. This is a break glass 
unit with a plastic front plate and can 
be supplied for surface mounting or 
flush mounting as required. Breaking 
the glass operates the microswitch 
which activates the alarm. 

Heat Detector. This is a temperature 
sensitive reed switch. The normally 
closed contact opens when the ambient ' 

temperature reaches 600C and remains 
open until the temperature drops to 
500C at which point the contacts 
close again automatically. 

Loop Sensor. This is a "balancing" 
resistor mounted in a plastic housing 
complete with terminals. It is fitted 
at the end of the loop circuit. Breaking Íc 

the loop circuit wiring or shorting 
across the two wires activates the 
alarm circuit. 

Installation and wiring can be 
carried out very simply and easily and 
any type of 24V d.c. sounder can be 
connected to the system both for 
local and remote warn ng. 

A complete kit comprising a 

Control Unit, Heatswitch, Heat De- 
tector, Preswitch and two Alarm Bells 
costs £68.00 (plus VAT). 

Photain Controls Limited, 
Randalls Road, Leatherhead, Surrey. 

PROJECT CASES 

PROJECT CASES are a range of 
inexpensive cabinets being produced 
by Sound Systems, 30 Foxholes Road, 
Bournemouth, Hants. They are of two 
part all aluminium construction, with 
a rich blue hammer finish. The facia 
is available either brushed, matt black 
or silver. 

The cases have the feet included 
and four Vero printed :ircuit mounting 
posts. These require only a suitable 
size hole for them to 'snap' into, thus 
providing a quick and simple fixing. 

Sizes (in inches) are at present 
2x8x4(£1.20),2x10x6(£1.50), 
3x 10 x 6 (£1.75), 4 x 10x6(£2.00). 
Prices include VAT and post and pack- 
ing. Enquiries for special sizes for 
individual requirements are welcomed 
in a s.a.e., quotations being sent by 
return. 

BACK NUMBERS 
A limited quantity of back num 
bers of Electronics Today Inter- 
national are available at 25p each 
plus 7p postage (32p in all). Re- 
quests for these should be address- 
ed to: 
BACK NUMBERS DEPT., 
Electronics Today International, 
36 Ebury Street, 
London SW1W OLW. 
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:.MINIAD 
RECRUITMENT 

TECHNICIANS AND ENGINEERS 
FOR ST. ALBANS AND LUTON 

QUALIFIED OR NOT! 
OPPORTUNITIES for challenging work on testing and 
calibrating valve and solid-state electronic measuring equip- 
ments 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 - 

Services technicians. 

HIGHLY COMPETITIVE SALARIES, negotiable and 
backed by valuable fringe benefits. Overtime normally 
available. 

GENEROUS RE -LOCATION EXPENSES available in 
most instances. 

CONDITIONS excellent; free life assurance, pension 
schemes, canteen, social club. 
374 hour, 5 -day, working week. 

WRITE or phone for application forms quoting reference 
ETI 744. 

mi 
MARCONI INSTRUMENTS LTD, 
Longacres, St. Albans, Herts 
Tel : St. Albans 59292 
Luton Airport, Luton, Beds 
Tel Luton 33866 
A GEC -Marconi Electronics Company 

DYMAR 

DYMAR ELECTRONICS, 
COLONIAL WAY, 
RADLETT ROAD, 
WATFORD. 
TELEPHONE: WATFORD 37321 

TEST 

ENGINEERS 

Il 

We have a requirement for proficient 
engineers for both our instrument and 
communications departments. 
A working knowledge of VHF tech- 
niques is desirable. Applicants must be 
familiar with normal production test 
techniques and be capable of following 
a test specification. Good rates of pay. 
Normal benefits with congenial working 
conditions. 
In the first instance contact: Mr. R.J. Trimmer, 
Chief Inspector. 

FOR FURTHER INFORMATION 
PHONE: BOB EVANS 

01-730-2139 

HARDWARE 
Screws, nuts, washers etc. Sheet aluminium cut 
to size or in standard packs, plain or punched/ 
drilled to spec. 
Printed circuit boards for published designs or 
individual requirements, one-off or small runs. 
Facia panels, dials, nameplates etc. in etched 
aluminium. 6p for details. 

RAMAR CONSTRUCTOR SERVICES 
29 Shelbourne Road, 
Stratford on Avon, Warwicks. 

LABORATORY CLEARANCE 
Oscilloscopes, AF/RF Oscillators, Audio and General Test 
Equipment, Tape Heads, Decks, Millivoltmeters, Bridges, 
Sweep Generators, Etc. Etc. Tel: Lower Beeding 236 

Are you having trouble building your electronic 
projects? Is it not working efficiently? 

We will design, assemble or repair most 
electronic projects. 

LYNTON ELECTRONICS 
Lynton House, 
The Green, 
Downham Market, 
Norfolk PE38 9DX 
Tel: Downham Market (036 63) 3719 

PLEASE MENTION ETI WHEN REPLYING 
TO ADVERTISEMENTS 

CITY AND GUILDS EXAMINATIONS 

Make sure you suceed with an ICS home study course for C and E 

Electrical Installations, Telecommunications Technicians and Radio 
Amateurs. Free details from:- International Correspondence Sch- 
ools, Dept. 7558, Intertext House, London SW8 4UJ. 

COLOUR TV SERVICING 

Make the most of the current boom) Learn the techniques of 
servicing Colour and Mono TV sets through new home study cour- 
ses, approved by leading manufacturers. Also radio and audio 
courses. Free details from: International Correspondence Schools, 
Dept. 755B2, Intertext House, London SW8 4UJ. 

TECHNICAL TRAINING 

Get the qualifications you need to succeed. Home study courses in 
Electronics and Electrical Engineering, Maintenance, Radio, TV, 
Audio, Computer Engineering and Programming. Also self -build 
radio kits. Free details from: International Correspondence Sch- 
ools, Dept. 75583, Intertext House, London SW8 4UJ. 
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WILMSLOW AUDIO 
The firm 

for 
speakers! 
Baker Group 25,2 8 or 15 ohm . £ 6.60 
Baker Group 35,3 8 or 15 ohm . £ 7.50 
Baker Deluxe 12" d/cone £ 9.75 
Baker Major £ 7.50 
Baker Major Module £ 9.50 
Baker Regent £ 7.00 
Celestion PST8(for Unilex). . . £ 2.55 
Celestion MF1000 horn £10.45 
Celestion HF1300 £ 6.16 
EMI 13x8,3 8 or 15 ohm . . £ 2.15 
EMI 13x8,150 d/c 3,8,15 ohm £ 2.35 
EMI 13x8,t/tw.450,3,8,15 ohm £ 3.60 
EMI 13x8 type 350 8 ohm . . . £ 8.25 
Fane Pop 100 watt 18" £22.50 
Fane Pop 60 watt 15" £13.00 
Fane Pop 50 watt 12" £11.00 
Fane Pop 25/2 12" £ 6.40 
Fane Pop 15 watt 12" £ 4.40 
Fane Crescendo 18 £47.50 
Fane Crescendo 15 £36.00 
Fane Crescendo 12A or 128 . . £29.00 
Fane Crescendo 12BL £30.00 
Fane 807T 8"roll surr.8orl 5 ohm £ 3.85 
Elac 59RM 109 15 ohm,59R M 114 

8 ohm £ 2.65 
Elac 6Y:"d/c roll surr.8 ohm . . £ 3.35 
Elac 4" tweeter TW4 £ 1.21 
Goodmans 8P 8 or 15 ohm £ 4.49 
Goodmans 1012 8 or 15 ohm . . £ 4.70 
Goodmans 12P 8 or 15 ohm . . £11.65 
Goodmans 15P 8 or 15 ohm . . £18.00 
Goodmans 18P 8 or 15 ohm . . £31.00 
Goodmans 12PD 8 or 15 ohm . £15.25 
Goodmans 12PG 8 or 15 ohm . £14.50 
Goodmans Audiomax 12AX . £39.65 
Goodmans Audio 100 £ 9.50 
Goodmans Axent 100 £ 6.60 
Goodmans Axiom 401 £15.10 
Goodmans Twinaxiom 8 £ 6.79 
Goodmans Twinaxiom 10 . . £ 7.61 
Kef T27 £ 4.75 
Kef T15 £ 5.75 
Kef B110 £ 6.75 
Kef 8200 £ 7.50 
Kef B139 £11.75 
Kef DN8 £ 1.92 
Kef DN 12 £ 4.12 
Kef DN13 .. .. .. . . .... £ 2.75 
Richard Allan CG8T8"d/c8ohm £ 6.35 
Wharfedale Super 10 RS/DD . . £ 9.80 
Wharfedale Lintin 11 kit (pair). . £19.25 
Wharfedale Glendale (pair) £34.50 
Wharfedale Dovedale (pair) . . £52.00 
Richard Allan Twinkit each . . £ 8.25 
Richard Allan Triple 8 each . £13.00 
Richard Allan Triple each £18.00 
RichardAllanSuperTripleeach £21.50 
Goodmans DIN 20 each . , . . £ 8.75 
Fane Mode 1 each £ 9.90 
Helme XLK25 (pair) £18.17 
Helme XLK50 (pair) £37.18 
Kef kit 11 each £23.50 
Kef kit 111 each £34.00 

PRICES INCLUDE VAT. 
Cabinets for Hi -Fi and PA., wadding, 
vynair etc. Send for free booklet - 
"Choosing a Speaker". 
FREE with orders over £7-HiFi Loud- 
speaker enclosures book. 
All units guaranteed new and perfect. 

Prompt despatch 
Carriage and insurance: Speakers 35p 
each, Kits 75p each (£1.50 pair) 
Tweeters and crossovers 20p each. 

WILMSLOW AUDIO 
Dept ETI 

Swan Works, Bank Square, Wilmslow, 
Cheshire SK9 IHF. 

FERRIC CHLORIDE 
Anhydrous to Mil -spec in double - 
sealed packs. 1lb 55p (22p) 3lb 
£1.32 (30p) 101b £3.85 (60p). 

7Ib BARGAIN PARCELS 
Contain hundreds of resistors, 
switches, capacitors, pots (all 
new) + crystals, transistor panels 
and loads of odds and ends. 
Only £1.82 (40p). 

VERSATILE POWER UNIT 
Contains double -insulated mains 
transformer, 2 amp thermal cut- 
out and bridge rectifier. Will 
give 1.7V -10.5V output with 
two extra capacitors (provided). 
Ideal for Nickel -Cad charger, 5V 
TTL supply, cassettes, radios, 
etc. Supplied complete with in- 
formation 95p (20p). 

3W TAPE AMPLIFIERS 
Polished wood cabinet 14x13x 
9" containing a sensitive (20µV) 
4 valve amplifier with tone and 
volume controls. 3 watts output 
to the 7x4" 3 speaker. Also in- 
cluded is a non-standard tape 
deck. Supplied in good working 
condition with circuit. Mains op- 
erated. £3.30 (£1.25). Amplifier 
chassis complete and tested 
(2xECC83, EL84, EZ80) and 
speaker £2.20 (45p). 

AMPLIFIER UNIT 
Ex -PO equip., uses 2xGET1 16 

on heat sinks, 2 zeners, 1% 
resistors and caps, 4 small trans- 
formers, 3 pot cores etc. All in 
screened case 51//x5x3" 70p 
(30p) 4 for £2.20 (65p). 
ALL PRICES INCLUDE VAT; 
Carriage in brackets, SAE list, 
enquiries. 
GREENWELD (ETI) 24 Good - 
hart Way, 'Nest Wickham, Kent. 
Shops at 21 Deptford Broadway 
SE8, Tel. 01-692 2009, and 38 
Lower Addiscombe Road, Croy- 
don. 

ZN414 IC's FOR SALE 

Full spec devices, properly coded. 

£7.50 for 10, £60 for 100. Prices 

inclusive of VAT. No single orders. 

For details write to: 
Box No. 31, Electronics Today 
International, 36 Ebury Street, 
London SW 1 W OLW 

DRAUGHTING AIDS 

Give your P.C. Boards that professional 
look. Tapes, pads and I.C. groups for 
1:1 masters. S.A.E. for price list. 
ADELTA, 54 DICKENS AVENUE, 
HILLINGDON, MIDDLESEX. 

BUILD THE 

TREASURE 
TRACER 

MK III 
METAL 
LOCATOR 

Incorporates varicap tuning for extra 
stability 

Weighs only 22oz and has perfect 
balance 

Loudspeaker or earphone operation 
(both included) 

Handle knocks down to only 16in 
for transport 

Ministry approved des gn 

Excellent sensitivity aid stability 

Kit can be built using 3nly soldering 
iron, screwdriver, pliers and wire snips 

Drilled, tinned, fibreglass p.c. board 
with component sitinc printed on 

Incorporates Faraday screen 

Send s.a.e. for leaflet 

Complete kit £9.80 with pre -built Plus 35p Post 
search coil 

(inc. VAT) 

Built, tested £13 75 
and Plus 35p Post 
Guaranteed (inc. VAT) 

MIM'IKITS ELECTRONICS, 
35d Langley Drive, Wanstead, 

LONDON E11 2LN 
(Mail order only) 
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SICK OF WAITING FOR COMPONENTS 

Try our express service (normally return of post) 

Prices very competitive - for example: - 

//W 5% carbon film resistors -1p. 
%W 2% metal oxide - 3%p. 

BC 107/8/9 - 10p 2N 3704 - 13p 
BC 177 - 17p 2N 3707 - 13p 
2N 1302/3 - 16p 1N 4001/2 - 6p 
2N 3055 - 53p 1N 4003/4 - 7p 
2N 3702 - 13p 1N 4148 - 5p 
2N 3703 - 14p 1N 5401 - 16p 

SINCLAIR CAMBRIDGE CALCULATOR 
Ready built only £26.50 
(PRICES EXCLUDE VAT) 

Allow 10p for p and p. 

Forward 15p. for our illustrated catelogue to:- DART 
ELECTRO SERVICES, 24 South Town, Dartmouth, 
Devon. Competitive prices and descriptions of hund- 
reds of components, accessories etc. 

Name: 

Address: 

UNIVERSITY OF 
SOUTHAMPTON 

DEPARTMENT OF ELECTRONICS 

Research Fellow of Assistant 
Oceanographic instrumentation 

A study, funded by the National 
Environmental Research Council, of 
sediment movement estuaries is being 
made. An electronics system based 
on sonar techniques is being deve- 
loped and an electronic engineer with 
an interest in oceanographic or en- 
vironmental research is required. 

The person appointed will be a 

graduate, probably of electronic eng- 
ineering or physics, and have one or 
two years experience. Students grad- 
uating this year may, however, be 
considered. 

The salary offered will be in 
a range up to £2223 per annum. 
The appointment will be for one 
year in the first instance, with a 

possible extension for a second year. 

Applications in writing, giving 
details of age, qualifications and 
experience, and the names and add- 
resses of two referees, should be 
sent to the Deputy Secretary's 
Section, The University, Southamp- 
tion S09 5NH, as soon as possible. 
Please quote reference number: 230/ 
R/ET. 

NEW 
SCORPIO 
Mk. 2 

Following the phenomenally successful Scorpio Capacitor - 
Discharge Electronic Ignition system introduced in 1972 
and proved by many thousands of satisfied motorists, we 
are happy to introduce the SCORPIO Mk. 2. 

Now with added R.F.I. suppression. 
Fully machined and painted die-cast case with AMP 
termination connector block. 
Custom wound transformer. 
NOW AVAILABLE IN 6V and 12V. 
Suitable for all types of Cars, Boats, Go -Carts, etc. 
Promotes easier starting even under sub -zero conditions. 
Improves acceleration, gives better high speed performance 
and quicker engine warm up. 
Eliminates excessive contact breaker burning and pitting. 
PROMOTES FUEL ECONOMY. 

Construction of the unit can easily be completed in an 

evening - installation should take about half an hour. 
A complete complement of components is supplied with 
each kit together with ready drilled, roller tinned quality 
fibreglass printed circuit board. 

Uses original plugs, points and coil. No special parts or 
extras required. 
(Case size 7%in x 4%in x 2in) 

All components available separately. SAE with enquiries. 
Construction manual available separately 25p 

Cost £12.95 incl. carr., ins. and VAT. (Carriage at cost outside 
U.K. Export enquiries welcome) 
CONVERSION KIT FROM MK 1 TO MK 2 FOR CONST- 
RUCTORS ALREADY POSSESSING MK 1 KITS. Miniature 
P.C. assembly £1.10 incl. Carr., Ins. and VAT with full 
conversion instructions. 

DABAR ELECTRONIC PRODUCTS 
Dept. ETI, 98 LICHFIELD STREET 

WALSALL, Staffs, WSI lUZ 
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UNIVERSITY OF 
SOUTHAMPTON 

DEPARTMENT OF ELECTRONICS 

Engineering Research 
and Development 

Opportunities for suitably qualified 
engineer, with some experience of 
electronic research and development, 
exist with the Wolfson Industrial 
Unit. An exceptional person grad- 
uating this year may be considered. 

The Industrial Unit undertakes a 

wide range of projects which are 
mainly short term r and d exercises. 
Collaboration with the research teams 
of the Department of Electronics 
frequently occurs. Current projects 
cover a wide range of instrument- 
ation, acoustic, ultrasonic, device 
physics and engineering system stud- 
ies. 

Unit staff are usually expected to 
be able to deal with the co-ordination 
of a complete project. 

A salary in a range up to £2553 
will be offered and superannuation 
under F.S.S.C. arrangements. App- 
ointments are renewable annually. 

Applications, giving details of age, 
qualifications and experience and the 
names of two referees, should be sent 
to the Deputy Secretary's Section, 
The University, Southampton S09 
5NH, as soon as possible. Please 
quote reference number: ET/210/R. 
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Nuclear fallout-the effects Dec. 73 16 
Numbers Oct. 73 62 
Phone phreaking Mar. 73 12 
Piece de resistance Nov. 72 24 
Printed circuits June 72 20 
Safety barriers Oct. 72 35 
Solar solution Sept. 73 44 
Thick film circuits Oct. 73 14 
Using a resistivity meter Jult 73 32 
Unreasoning radiation Nov. 73 48 
Watergate bugging Sept. 73 27 
What's bugging y3u7 June 72 14 
When the lights go out Feb. 74 34 

INSTRUMENTATION AND MEASUREMENT 
Automatic pollution monitor Aug. 73 67 
Electronic torque measuring Sept. 72 9 
Fine measurement in geographies Dec. 72 13 
How to make measurements 
automatically April 73 33 
Improving bridge measurements June 73 33 
Non -contact velocity measurement Aug. 72 55 
Pollution detester Aug. 72 10 
Power supplies P:. 1 Mar. 73 64 

" P:. 2 April 73 58 
Sophisticated VOM Jan. 73 31 
'Three in hand' Keithley 167 
meter May 72 59 
Towards a better environment Dec. 73 50 
Transducers in measurement and 
control Pt. 1 May 72 52 

" " Pt. 2 June 72 52 
Pt. 3 July 72 38 
Pt. 4 Aug. 72 62 
Pt. 5 Oct. 72 5, 
Pt. 6 Dec. 72 52 
Pt. 7 Jan. 73 68 
Pt. 8 Feb. 73 61 
Pt. 9 April 73 32 

ID Pt. 10 May 73 60 
Pt. 11 June 73 44 
Pt. 12 July 73 54 
Pt. 13 Aug. 73 60 
Pt. 14 Sept. 73 60 

LASERS 
Beating the laser bug Mar. 73 42 
Experiments with lasers Pt. 1 Mar. 74 37 

" " Pt.2 April 74 56 
Laser communications April 73 77 
Laser holographic memory Dec. 72 28 
Lasers Aug. 73 20 
Spin -flip laser Oct. 72 76 
MEDICINE, BEHAVIOURAL SCIENCE 
Aid for the blind Aug. 72 54 
Biological feedback April 72 30 
Breakthrough in brain x-ray June 72 70 
Cocktail party pseonomenon July 72 36 
Electronic pain killer May 72 11 
Electronics and your eyes Feb. 74 27 
Flash blindness protection Jan. 73 27 
Nuclear heart pacemaker Aug. 72 31 
Neutron radiography July 72 61 
Setting the pace April 73 42 

MOTORING 
Anti -collision radar Nov. 72 82 
Breakerless auto ignition Aug. 72 58 
Cars - future shock April 73 24 
Electronic anti-skid braking May 72 37 
ICs in vehicles April 72 16 
Shake, rattle and roll June 72 37 
Solid state taximeter ¡ Marcl- 73 213' 

NEW COMPONENTS 
Advances in ROM's Dec. 72 34 
Battery revolution July 72 14 
Ceramic slides Nov. 72 20 
Farads galore June 72 10 
Interfacing June 72 67 
LED display Jan. 73 82 
Linear IC Timer (555) Jan. 73 52 
LM322 & Co. March 74 20 
New antenna July 72 52 
Phase -locked loop Sept. 72 60 
Sodalite dark trace tubes April 72 49 
Solid electrolytic devices Aug. 73 lb 
Solid-state CRT Jan. 73 19 

Digital electronics 
Electrical engineers reference 
book 
Electronic power supplies 
Electronic design data book 
Electronics -a course book 
for students 

Using the TBA 800 
Write only rremory 
NEW TECHNIQUES 
Analog to digital converter 
Charge souping 
Constant frequency alternator 
Electrostatic cooling 
Foil construction for batteries 
Image retaining pane 
Infra -red aerial survey 
Ion implantation 
Motional feedback 
Motor speed control 
New scannin7 system 
New technology 
Protecting rwd relays 
Reshaping by video 
Sixty millior volts 
Technology in the seventies 
The Wiegand effect 
Thin film spatter etching 
Tri-state log;: 

April 74 28 
March 73 42 

Aug. 
Sept. 
Dec. 
June 
Nov. 
Sept. 
Aug. 
Aug. 
Jan. 
Jan. 
May 
Dec. 
June 
Oct. 
Jan. 
Aug. 
Aug. 
Nov. 
Oct. 

73 70 
72 42 
73 39 
73 70 
73 68 
72 13 
72 11 
72 19 
74 63 
74 64 
72 69 
72 66 
73 62 
72 72 
74 60 
72 70 
72 32 
72 55 
72 58 

PRACTICAL GUIDES 
Practical guide to reed switches- 
Part 1 Sept. 72 48 
Practical guide to reed switches- 
Part 2 Oct. 72 60 
Practical guide to reed switches- 
Part 3 Nov. 72 39 
Practical guide to scr's - Part 1 Oct. 72 48 
Practical guide to scr's - Part 2 Nov. 72 31 
Practical guide to temperature 
control - Pa -t 1 Nov. 72 56 
Practical guide to temperature 
control - Part 2 " Dec. 72 30 
Practical guide to temperature 
control - Part 3 Jan. 73 40 
Practical guide to triacs - Part 1 April 72 41 
Practical guide to triacs - Part 2 May 72 64 
Practical guide to triacs - Part 3 June 72 29 
Practical guide to zener ciodes - 
Part 1 July 72 70 
Practical guide to zener diodes - 
Part 2 Aug. 72 35 

SPACE 
Gamma -ray star -gazing Oct. 72 78 
Life on Mars Jan 73 37 
NASA - the -irst 15 years Jan. 74 48 
Of utmost gravity Sept. 72 20 
Searching fo- the Anti World Feb. 73 14 
Space spectacular - 1 May 72 50 
Space spectacular -2 Aug. 72 42 
Space trackiig stations April 72 20 

TELEVISION AND VIDEO 
Colour TV gees Digital Jan. 73 48 
Early TV cameras Oct. 73 31 
Ever silver screen Feb. 74 36 
Get a fourth TV channel now July 73 44 
Integrated circuits for colour TV June 72 36 
Pocket sized TV cameras Feb. 73 42 
School in the sky March 73 50 
Video Casse-tes April 72 67 

THE ELECTRONICS INDUSTRY 
Help for the inventor March 73 20 
Highlights o= the I EA exhibition July 72 11 
Preview of Sonex April 73 20 
Report on the electronics 
industry - Ft. 1 Sept. 72 35 
Report on the electronics 
industry - Ft. 2 Oct. 72 16 
Sonex '72 April 72 14 
The audio show - 1'372 Dec. 72 69 

BOOK REVIEVIS 

ABCs of Infra -red April 72 81 
ABCs of Integrated CircJits April 72 82 
Basic Electron Devices Dec. 72 82 
Beginners Guide to Transistors June 72 79 
Beyond Freedom and D.gnity May 72 82 
Computer programming 
management April 74 49 
Computer security Jan. 74 74 
Dictionary of electr cal 
engineering April 74 49 
Dictionary of electronics April 72 82 
Dictionary of Telecommunications 

May 72 81 
March 74 33 

April 74 49 
Dec. 72 82 
May 73 72 

June 73 34 

o' 



IL/ 
CONTINUED 

Electronics in music June 73 34 
Feedback amplifiers and 
oscillators Oct. 72 81 
Foundations for electronics March 73 82 
Foundations of wireless 
and electronics March 74 33 
Ham radio -a beginners guide May 73 72 
Illustrations in Applied 
Network Theory Jan. 74 74 
Integrated Circuit Systems Jan. 73 82 
Logical Design for Computers 
and Control Sept. 72 81 
Newnes Radio Engineers 
Pocket Book Jan 73 82 
Novel Experiments with 
Electricity July 72 77 
Photoelectronic Devices Aug. 72 78 
Power Electronics April 74 49 
Practical Thinking May 72 81 
Pulse Digital and Switching 
Waveforms Nov. 72 85 
Radio and Electronic 
Laboratory Handbook Feb. 73 85 
Radio Television and Audio 
Test Instruments June 72 79 
Reliability Engineering April 73 88 
Electronics and Scientific 
Instruments June 72 79 
Survey of Electronics April 73 88 
Tape Questions - Tape Answers Dec. 72 82 
The greening of America April 72 81 
The population bomb June 72 79 
The Radio Amateurs Handbook Aug. 72 78 
Thick film circuits Jan. 74 74 

. Transistor Audio Amplifiers April 72 82 
Transistor Audio and Radio 
Circuits - 2nd Edition May 73 72 
Transistor circuit design tables June 73 34 
Understanding Lasers and Masers Feb. 73 85 
Understanding electronic circuits Jan. 74 74 
Understanding solid state 
electronics March 74 33 
Voltage and power amplifiers Oct. 72 81 
Worlds - Ant iworlds - 
Antimatter in Cosmology Feb. 73 85 
20 Solid State Projects for the 
Car and Garage Sept. 72 81 
110 Integrated Circuit Projects Sept. 72 81 
110 Semiconductor Projects 
for the Home Constructor May 72 82 

PRODUCT TESTS 
AMPLIFIERS 
Crown IC150 & DC300 Aug. 72 74 
Luxman SQ507 April 73 48 
Marantz 1120 Dec 73 28 
McIntosh C26 & MC 2105 Feb. 73 32 
Phase Linear 700 Sept. 72 56 
Philips RH521 April 74 36 
Pioneer SA1000 Dec. 72 44 
Sansui AU101 Feb. 7344 
Sansui AU505 May 73 35 
Sonab P4000 Feb. 74 21 

Yamaha CA7000 Aug. 73 28 

CARTRIDGES 
Decca London June 72 26 
Empire 1000 ZE/X July 73 70 
Pioneer PC -50 Oct. 72 33 
Shure M75ED & M91 ED April 74 42 
Shure V15 Mk3 Oct. 73 24 

LOUDSPEAKERS 
Akai SW155 Feb. 73 47 
AR6 Nov. 72 36 
B & W DM2 Oct. 72.38 
B & W DM70 Feb. 74 18 
Dynaco A-25 April 74 40 
Goodmans Dimension - 8 June 72 26 
Klipschorn Folded Horn Nov 73 30 
Sonab OA . 4 June 72 44 

TAPE RECORDERS 
Akai 1800SS 4 -Channel July 72 44 
B & K 7001 FM March 73 36 
Dolby system April 72 26 
Ferrograph April 72 44 
Ferrograph Recorder Test Set Jan. 73 44 
Harmon-Kardon CAD5 May 72 34 
Pioneer CT4141 April 73 52 
Siemens Trabant Jan. 74 15 
TEAC A-350 Sept. 72 44 
Yamaha TB7000 Dec. 73 32 

TURNTABLES 
Beogram 4000 Nov. 73 52 
Dual 1229 Feb. 73 38 
Garrard Zero 100S May 72 26 
Sonab 85S ti Dec. 72 40 
Sony PS5520 Aug. 72 28 
Thorens TDI25 Nov. 72 27 

4- CHANNEL SOUND 
CBS - Sony SQ record system 
JVC Nivico CD - 4 record system 

MISCELLANEOUS 
Advance International 
Calculator Kit 
Drake R4B and SPR4 
receivers 
Hamgear PMIX calibrator 
Hewlett-Packard Calculator 

July 72 48 
July 72 32 

Oct. 73 44 

May 72 40 
March 74 28 

Model 10 June 73 14 
Light effect kits April 74 26 
Metrosound FMS20 Stero Tuner June 73 38 
Schlumberger 666 multimeter May 72 60 
Sony electret microphone April 74 38 
Stereo 21 Nov. 73 16 

PROJECTS 
AUDIO/HI-FI 
Audio Attenuator May 73 53 
Audio frequency meter July 73 66 
Audio Wattmeter Oct. 73 46 
Bass Booster March 73 44 
Bass reflex cabinets April 72 57 
Better sound for E2 Feb. 73 58 
FET four -input mixer July 72 66 
Four channel sound - a simpler 
way July 72 64 
Master Mixer - Pt. 1 April 73 66 

Pt. 2 May 73 30 
Pt. 3 June 73 56 
Pt. 4 July 73 63 

Master Mixer Modification Oct. 73 52 
Mixer Preamp Dec. 73 55 
Over -LED Nov. 73 56 
Super Stereo Sept. 72 38 
Tape/slide synchroniser June 72 48 
100W Guitar Amplifier Feb. 73 52 

FOR THE CAR 
Anti -Theft auto alarm Jan. 74 16 
Automatic car theft alarm Aug. 72 50 
Brake light warning Oct. 72 44 
Electronic Transistorised 
Ignition Sept. 73 36 
Headlight reminder Dec. 72 48 
International batter charger Nov. 73 64 
Turn indicator cancellor April 73 70 

FOR THE HOME 
Dimmer fqr fluorescent lights Nov. 72 42 
Emergency lighting unit Oct. 72 41 

Infra -red intruder alarm July 72 54 
Timtronic digital clock Sept. 73 16 

FOR THE PHOTOGRAPHER 
Photographic process timer - 
Project 512 Aug. 72 38 
Slave flash May 72 48 
Sound -operated flash May 72 44 

RADIO 
Aerial matcher April 74 31 
One chip radio (ZN414) Jan. 73 16 

GENERAL 
Audio visual metronome Nov. 72 47 
Coin collector July 73 20 
Desoldering made simple Aug. 72 61 
Digital stopwatch Jan. 74 40 
Earth resistivity meter July 73 30 
Easy way to make p.c. boards Oct. 73 66 
Electronic decision maker Mar. 73 62 
Hi -power strobe June 72 62 
Inverter for fluorescent lighting Mar. 73 58 
Low cost laser Mar. 74 34 
ETI Music synthesiser Pt. 1 Jan. 74 20 

" Pt.2 Feb. 74 24 
Pt. 3 Mar. 74 40 

" Pt.4 April 74 44 
New sound for your guitar June 73 30 
,The Revealer Aug. 73 58 
Rf1pR 'btrdFai.7 Oct. 73 70 
UHF aerial amplifie9 Aug. 73 34 
Tfnput ahermocoupl e meter Dec. 73 23 

TEST EQUIPMENT 
Decade resistance box Dec. 72 38 
Dual power supply April 72 50 
FET d.c. voltmeter Dec. 72 36 
Home for ohms Jan. 73 47 
IC power supply (/1A 723) Jan. 73 34 
Logic probe Sept. 73 34 
Meter mount Jan. 73 43 
Oscilloscope calibrator April 72 12 
Two battery savers May 72 30 
Wide range voltmeter April 72 36 

OFFERS 
Advance International Calculator 
kit Nov. 73 35 
Advance pocket calculator 
competition July 73 41 
Audio competition - 1 April 73 44 

- 2 May 73 44 
Decon p.c. board marker pen Feb. 74 31 
610 resistors offer Mar. 74 31 

TECH -TIPS 
Active bandpass filter Sept. 72 80 
Active filters Jan. 74 77 
Audio doubler July 72 83 
Basic transistor tester Sept. 73 82 
Boosting VR tubes April 72 84 
Boost your mains April 74 66 
Cheapie varicaps April 74 67 
Constant current source April 74 67 
Converting single ended power 
supplies June 73 77 

Diode checker April 72 84 
Economical pulse delay Oct. 72 81 

Fast half wave rectifier Sept. 72 86 
Filament connections June 73 81 
Floodlamp power control Dec. 72 86 
Gain controlled amplifier June 73 81 

GO/NO GO diode tester Aug. 73 82 
The good mixer Mar. 74 63 
High impedance amplifier Jan. 74 77 

High voltage from a battery Oct. 73 82 
Improve multiplier efficiency June 72 84 
Linear sweep generator May 72 83 

Low cost digital comparator Nov. 72 81 

Low regulated DC voltages July 73 82 
Low voltage transistors drive 
neon April 73 89 
Measuring high resistance 
with meter Sept. 73 82 
Meter protection with zeners July 72 83 
Modified voltage doubler June 73 81 

Noise generator April 74 67 
Noise rejecting SCR trigger Jan. 73 77 

Now, where's that screw? April 74 67 
Phase lock control circuit Feb. 73 86 
Positive peak detector Jan. 74 77 
Power supply or battery? April 74 66 
Precision a.c. to d.c. converter Dec. 73 80 
Pulse count to speed converter April 72 83 
Pulse timer June 72 84 
Recording pickup Oct. 73 82 
RF amplifier protection April 74 66 
Schmitt trigger without hystersis Sept. 72 86 
Sequential timer Nov. 72 81 
Shaft position digital transducer May 72 84 
Simple AGC Aug. 73 82 
Simple compressor Mar. 74 63 
Simple noise source June 73 81 

Simple pulse generator Aug. 73 82 
Simple sawtooth generator Aug. 73 82 
Simple square -wave generator July 73 82 
Simple voltage controlled 
oscillator July 72 84 

Simple zero crossing switch 
Single transistor phase shifter 
Suppressed zero meter 
TTL mains interface 
Touch controlled doorbell 
Transistor product detector 
¿Jncritical crystals 
Using op -amps as photocell 

"amplifier 
Variable duty square -wave 
generator 
Variable r.f. attenuator 
Very low output impedance 
Video power amplifier 
Wide range multivibrator 
Wide range oscillator 

. With knobs on 
Zener diode lifts capacitor rating 
Zero crossing sync circuit 

Feb. 
April 
July 
April 
Dec. 
April 
Aug. 

Dec. 

May 
April 
May 
Aug. 
Dec. 
July 
April 
April 
Dec. 

73 86 
73 89 
72 83 
74 66 
72 86 
72 84 
73 82 

72 86 

72 83 
74 67 
72 84 
72 85 
72 86 
72 84 
74 67 
74 66 
73 80 

BACK NUMBERS 
Back numbers are available for 25p each 
plus 7p postage for one, 10p for two, 13p 
for three. We are unable to supply the 
following: April and May 1972 and March 
1974. There are very limited supplies of 
November 1973 and January, February and 
April 1974. 
Orders should be sent to the Back Numbers 
Dept, ETI, 36 Ebury Street, London SW1. 



CHEAPER CLOCK NITS 
We have a few "Timtronic" kits (ETI Sept. 73) left 
and when these have gone we cannot guarantee future 
availability of this kit. If you want one take advant- 
age of our special £4 voucher. The voucher is valid 
for £4 off the pre -VAT price of any one of our clock 

INTEGRATED CIRCUITS 

MM5311 6 digit clock chip with BCD and £ 9.00 
seven -segment outputs, interfaces 
with most display types. 

MM5314 As MM5311 but no BCD outputs. £ 7.20 
MM5316 Four digit alarm clock with alter- £15.0C 

nate seconds display,Sleep and 
Snooze features.Interfaces directly 
to DG12 and TA8055 displays. 

MK5017AA Six digit clock chip with alarm £14.00 
and Snooze,interfaces to DG12, 
DL34 and TIL360.As used in ETI 
Sept. 73 TIMTRONIC. 

C17001 Six digit clock/alarm/calendar £18.00 
chip. 

ZN414 AM radio chip, as used in many £ 1.10 
articles. 

LM380 254W Audio Amp in 14 -pin pack, £ 1.50 
LM377 Two LM380s in one pack, 14 -pin £ 2.70 

DIL. 
LM381 A Stereo pre -amp, very high spec, £ 4.47 

lower noise figures than LM381 
(which are not available). 

LM.... Other National audio chips available to 
order we will have the 1800, 1805, etc 
when available. 

LM3900 4 Op -amps in 14 -pin DIL 69p 
555 General purpose Mono/Astable timer. 90p 
LM322 High stability precision timer. £ 2.50 
CA3081 16 pin DIL containing 7 NPN £ 1.47 

Common -emitter transistors, for 
7 seg LED drivers. 

CA3082 As CA3081 but common -collector£ 1.47 
connected. 

OTHERS We have a few calculator ICs at special 
prices, please ring for details. 

kits advertised below only and is valid until 30th 
April 1974. The coupon must accompany each order 
(C.W.O. only). 

The special offer kit prices are thus: Timtronic 
£20; 5316 -LC £28; 5314 -Jumbo £22.80; all plus 
VAT and p.p. 

DG12 

DL707 

DL747 

DL34 

TIL360 

TA8055 

SEVEN SEGMENT DISPLAYS 

Phosphor -diode (Fluorescent) 
tubes digit 12.5mm. 
Light -pipe LED in 14 -pin 
package, 0.3ins. 
Light -pipe LED in DIL package, 
Giant 0.6ins. 
Four 0.lindigits in 14 -pin DIL 
pack, Common C. 
Six 0.1in digits in 16 -pin DIL 
pack, Common C. 
Four C.6in Liquid -crystal digits 

£ 2.00 

£ 2.00 

£ 2.62 

£10.00 

£15.00 

£13.00 

TIMTRON IC 

5316 -LC 

5314 -Jumbo 

CASES 

PCBs 

KITS AND PCBS 

Kit for ETI article, MK5017AA, 
Jour DG12sj IC socket, PCB £24.00 
and full instructions. 
MM5316, socket, TA8055, £32.00 
PCB and instructions. 
MM5314, socket, 4 x DL747, £26.80 
2 r DL707, CA3081, PCB 
and full instructions. 
Complete kit less case, etc. £30.00 
Perspex Timtronic case 2.50, 
Wood 5314 case £4.50. 
Timtronic or 5316 or 5314 kits 
£2.50. PCB for six DL707 for 
Digitronic type project £1.00. 

LEDS, SOCKETS ETC. 

T1L209 These and similar LED lamps, 20p 
Red colour. 

RED & GREEN We still have a few pairs of 50p 
LEDs which we are clearing 
at a special price. 1 red & 1 green. 

24 & 28 -pin LSI sockets, high quality gold £1.15 
contacts, etc. 
40 -pin LSI sockets, high quality gold contacts £1.35 
etc. 
16 -pin low insertion force sockets for IC test- £2.00 
ing, etc. 

Pin Headers. 14 and 16 -pin units which may 
be used as DIY ICs or as a plug for DIL sockets. 
Flat cable. 16 way flat cable for use with pin 
headers, metre. 
DILSWs A range of miniature switches in 

a 16 -pin OIL pack. 1 pole 8 way 
75p, 2 pole 4 way 80p, 4 pole 
2 way 85p, DILVARI four 1 pole 
2 ways 90p. 

40p 

35p 

CLOCK DATA SHEETS -SAE. ADVICE - PHONE 0442-62757 
POST & PACKING - 10p. OVERSEAS (AIRMAIL) 50p. VAT - ALL PRICES EXCLUDE VAT. 
PAYMENT C.W.O. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED. 
QUANTITY DISCOUNTS ON MOST ITEMS - STATE REQUIREMENTS FOR QUOTATION. 

l J 

_ 

BYWOOD ELECTRONICS 
181 EBBERNS ROAD 
HEMEL HEMPSTEAD 
HERTS. TEL.0442-62757. 
24 HOUR ANSAPHONE ON-LINE. 
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There are 195 t~ , 

other good reasons for buying 
AMTRON electronic kits 

Apart from the five items 
shown above, there are another 
195 kits to choose from in the 
vast AMTRON range of elec- 
tronic kits. 

A few examples of equipment 
you can construct from 
AMTRON kits are: 

Power supplies, preamplifiers, 
amplifiers, L.F.instruments, 
accessories for musical 
instruments, amateur and 
radio control transmitters and 
receivers, battery chargers, 
electronic car accessories, 
psychedelic lighting equipment, 
measuring instruments, tuners, 
receivers, I.C.digital equipment. 

Should you experience any difficulty in obtaining 
AMTRON Kits please contact us direct. 

PLEASE SEND FOR BROCHURE 

Only 1st class fully 
guaranteed components are used 
-solder is included with every 
kit. 

Prices range from £1.56 to 
£96..00 and each kit is sold in 
protective blister pack containing 
complete instructions. 

TRADE & EDUCATION ENQUIRIES WELCOME 

AMTRON U.K., 4 & 7 CASTLE STREET, HASTINGS, SUSSEX.. TELEPHONE: HASTINGS 2875. 


