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There is a variety

AMTRON Electronic
Test Equipment

Included in the vast range of over 200 AMTRON ELECTRONIC KITS are a

number of various TEST EQUIPMENT units. In common with all AMTRON Kits
they come complete with comprehensive assembly instructions and even

the solder required inside an attractive blister pack. Shown here are a few examples:

BRIDGE CAPACITANCE METER

Portable, can be driven from internal battery, or
from mains source via the UK.407 Power Supply
{available in kit form from AMTRON]}.

Rec. Retail Price £17.35.
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POWER INVERTER

Specifications to be announced.
Rec. Retail Price To be announced.

For the aligning of tuned circuits of

T.V. receivers to the resonance values prescribed

by manufacturers. Frequency ranges: 28-36 Mhz: 36-48 Mhz.
Rec. Retail Price £21.68.

CRYSTAL-CALIBRATED
MARKER GENERATOR

Output frequencies 27-6—47 Mhz fundamental.
Rec. Rertail Price £19.32.

THE BIG NAME IN ELECTRONIC KITS

AMTRON U.K. 4 & 7 CASTLE STREET, HASTINGS, SUSSEX. TELEPHONE HASTINGS 2875.
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ALL AT SEA .

Electronics facilitates ocean exploratlon on and beneath the surface
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A versatile timer [.C. discussed
ARC WELDING TODAY .
Arc welding now uses increasingly sophistica ted elect/omc techmques

EXPERIMENTS WITH LASERS.

How to use ETI’s low cost laser project

ELECTRONICS—IT'S EASY .

A new approach to basic electronics

CREATIVE AUDIO .

A practical guide to creating and using yoar own sound

Pfoiects—

HAMGEAR PMI LIBRATOR .
A unit which ensures spot-on caidration

product tests
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Build your own low power faser

INTERNATIONAL MUSIC SYNTHESISER—PART THREE . 40

Constructing the power supply, mixer and noise generator/controfler

news & information

EDITORIAL

NEWS DIGEST

INPUT GATE . .
PREVIEW OF NEXT MONTH'S ETI
BOOK REVIEWS.

ELECTRONICS TOMORROW
TECH--TIPS

DX MONITOR

SPECIAL OFFER

Cover: Gas-assistad laser cutting stainless steel, Our laser project is very low
power by comparison but still enables a lot of experiments to be conducted.
Photo courtesy of BOC Laser Systems.
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AUDIO BARGAINS

8 TRACK
DNLY £11

incl. P. & P.and V.AT.

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.

3 wn-MlSIllnl AMP
Incl, P. & P. and V.AT.

Omy 2]65 Order Code I.C.A.1

on P.C. Board with all components

or’ /
2 on one board for £2.86.
Orger Code |.C.A.1/5.

These amps. are supplied with a free booklet on connecting
up, specifications and easy to build projects using the i.C.A1

5W & I0W AMPS

o h &7 Wony£1.98
' 10W onwy £2.49

incl. P. & P.and VAT.

These matchbox size amplifiers have an exceptionally good
tone and quality for the price. They are only 23"x13".
The 5W amp wiil run from a 12V car battery making it very
suitable for portable voice reinforcement such as public
functions.

Two amplifiers are ideat for stereo. Complete connection
details and treble, bass. volume and balance control circuit
diagrams are supplied with each unit. Discounts are avail-
able for guantity orders. More details on request. Cheapest
in the U.K. Built and tested.

Now availahle for 5 & 10WAMPS

Pre-assembled printed circuit boards 2”x3" available in
stergo only, will fit - 15 sdge connector.

Stereo Pre-Amp 1 {Pre. 1). This unit is for use with low
gain crystal or ceramic pick-up cartridges £1-21.

Stareo 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.

r 3 X & W &R 8 B B} |
1
e TOW Amps/__ s M i Stereo Pre-Amps 1

enclosef...... R RS L e e R i for

I .8 Tracks/....... .3W Amps/ ... e DWW AMDS

e ST Pre=AMDS 2o Stere0 Tone Controls
{P|ease insert quantities and delete those not applicable.)

l ADDRESS ..

Dept. H, 222/224 West Road,
l " o Westcliff-on-Sea, '
g = < Essex S50 9DF.

Co.Regn No82091?  74|: Southend {0702) 46344,
\ N R E ® B_FN 8 N ]

P.C.80RED

— not with the

A unique drafting aid for the
electronics engineer enabling
him to prepare in minutes 8
perfect PCB.

A fine-tipped marker charged
with a free-flowing etch-resist
ink. Simply draw the
desired circuit onto copper
laminated board-—etch—
clean.

The circuit is ready to use.

NO MESS— NO MASKING
A perfect circuit every time !

The Decon-Dalo 33 PC marker is now availsble in France, Ges-
many, italy. Switzerland, Austris and all Scandinavian countries.
Send for details of local supplier.

; Please send me further details on the 33PC: :
i Name & > i
i |
| Address |
| i
| |
| Postto: DECON LABORATORIES LTD. 1
| FREEPOST i
i PORTSLADE,BRIGHTON,ENGLAND
i (No Stamp Needed) Phone 0273 414371 I

— . ———— — —— . ———— G t—— |
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DENIS JACOB I

POWER SAVING INGENUITY

IN THE LAST FEW WEEKS we have been receiving large numbers
of letters and phone calls from those looking into solutions for the
energy crisis. They either want basic advice on electronics (can it
do this and that?) or they want to be put in touch with experts or
other interested parties. We can’t always help but it does show
what an interest there is.

We do not apologise for returning once again to the energy crisis
for it is not yet the boring subject that it will no doubt become.

Take space heating for instance. Early heating systems (coal or
log fires} were - even are - highly inefficient, putting most of the
heat up the chimney. Early central heating systems were much
better but hard to control. Modern systems are more efficient,
maintaining even temperatures with less waste but there is a long
way to go. It should be fairly simple to devise an electronic cont-
rol system which could cut down waste even further. Bathrooms
only require heating two or three times a day at reasonably fixed
periods. Similarly bedrooms need heat for considerably less than
a full day. Certainly, sophisticated control systems are possible and
are used but they have cost more than the fuel they save. Space
heating is only one example but there are lots more. Light dimmers
if they ever become popular, could save a few per cent; microwave
ovens, described in a recent ETI, could add their share of savings;
ten per cent on the cost of a car could result in appreciable cost
savings on predicted petrol costs.

We are moving from a time when ‘brute force’ methods will be
replaced by sophistication in the use of power. The terrifying
shock that we have received may prove beneficial in the long run:
a gradual awareness of the problem would never have had the same
effect.

The curiousity of companies and individuals is very healthy and
we will always consider articles dealing with possible solutions for
inclusion in ET!.

Some of the ideas that we have heard sound impractical {but so
did flying at one timel) but even if only one in a thousand ideas
pays off, the interest shown is so tremendous that we are going to
see some ingenious energy saving ideas in use very soon. —H.W.M.
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12- FUNCTII]N SCIENTIFIC POCKET
CALCULATOR FROM SINCLAIR

Sinclair are planning to ltaunch a 12-
function, scientific pocket calculator
for £63.90 (inc. VAT). The ‘Sinclair
Scientific’, as it is known will be avaii-
able in the UK, USA and Germany
during March.

Indentical in size to the ‘Cambridge’ -

measuring 4%in x 2in x %in deep and
weighing just 3%o0zs - this is the first
calculator from Sinclair to incorporate
an integrated circuit which is exclusive
to the company and they're keeping
quiet as to who makes it for them.
The ‘Sinclair Scientific’ features an
‘upper’ and ‘lower’ case operation
which allows all 12 functions to be
obtained using only four function keys
and so provides convenient and rapid
operation. All key buttons have
positive, ‘click-action’.

Apart from the basic four {(+ — X <}
operator keys the ‘Scientific’ incorp-
orates: logarithms to base 10,
antilogarithms, sine, cosine, tangent,
arcSine, arcCosine and arcTangent.
These enable rapid squaring, doubling
and xy including square and other
roots.

Entry and result are in scientific
notation with a signed 5 digit mantissa
and a signed 2 digit exponent giving the
‘Scientific’ a wpac.‘tv for very large or
ver small numbers from 10—99 to

098, The calculator is powered by
four standard Mailory batteries giving
around 20 hours of continuous use.

Sales of Sinclair’s first pocket
calculator, the ‘E xecutive’ introduced
in June 1972 are now in excess of
£2.5m. Recent developement of this
model is the ‘Executive Memory”
retailing in the UK at £49 plus VAT.
Production of the ‘Cambridge” model,
price £29.95 plus VAT is running at
1200 units per day with the majority
being exported, particularly to the
USA and Germany.

SPAIN TO USE PAL SYSTEM?

Spain is to introduce colour TV in
1975. Currently the state-owned TV
network is conducting test trans-
missions using the PAL system using
experimental PAL colour programmes
and equipment purchased from West
Germany.

Informed sources say that the
Spanish government has already
decided to use the PAL system.

TOSHIBA PLAN UK. LAUNCH FOR
NEW COLOUR TV TUBES

Two new ranges of colour tubes
developed by Toshiba - which offer
reduced accessory costs and greater
efficiency in receiver production - are

ot = i B~

Scientific

The Sinclair Scientific

n g #.30252
a 271828
T 314159

ssircleir

to be introduced to British television
manufacturers in the near future
featuring verhcal stripe screens, they
are the SSt 90° tubes and the RIS
wide angle 110°.

Toshiba - the major overseas
supplier of colour tubes to British TV
manufacturers - plan to launch the new
generation of colour tubes at a series
of presentations to manufacturers in
early March.

The SSI 90° tubes, designed for use
in smaller screen and portable TV sets,
offer simplified dynamic convergence,
a slotted mask and an in-line gun.
Features include: better focus with
less spherical aberration; better
convergence quality with adjustment
requiring only two controls; lower
deflection power {70% of that
conventional 90° tubes); shorter tube
length; constant white balance
independent of brightness changes:
and high brightness and better
contrast.

The 110° RIS colour tubes, with
rectangular cone, in-line gun and
slotted mask, offer highly improved
convergence and electron beam landing-
designed for the new generation of
wide-angle colour TV receivers.

Features of the RIS tubes include:
lower deflection power by the
rectangular cone with semi-toroidal
deflection yoke; excellent convergence
and beam landing with simplified
adjustment by the vertical stripe
screen; better focus and high voitage
stability provided by the large diameter
electron gun; short tube fength; and
high brightness and better contrast.

Toshiba plan to produce 14in and
16in modelis of the SSI tube, and 16in,
18in, 20in, and 22in versions of the
RIS 110° tubes.

Toshiba (UK) Ltd, Feltham, Middx.

FOG WARNING SYSTEM FOR
TRAFFIC SAFETY

An automatic fog warning system for
road safety is being introduced to
Britain by Harrison instruments Ltd.
Units may be set up at susceptible
sites such as in valleys, wooded areas
and river bridges. Alternatively the
system may be used for fog warning
at airports and harbours.

The principle of operation is that a
beam of modulated infra-red light is
sent out, and then the proportion
transmitted back into a detector after



reflecting off fog particles is monitored.
Thus no reflector, as such, is needed.
On actuation the unit contro!s warning
signals to be displayed on indicator
signs seen by drivers one or two
kilometers along the road or motor-
way.

Two adjustable ranges are available
so that a pre-warning can be given when
visibility is down, perhaps to 150 meires
and another, the major waming, at,
perhaps, 100 metres.

The use of frequency modulzted
light, made invisible through the use of
red filters, is a major advantane because
it prevents interferance from sxiraneous
light. Another fezturs is 2 switch.on/
off delay of 2bout 50 seconds, 10
ensure that fzlse zlarm signals are not
given as g result of temporary smoke
Oor vapour clouds. In additon, the

tape printer to register the date and
time of the siart and end of fog.
Power requirements are 220V /50Hz
and normal consumption is B0VA.
Harrison Instruments Ltd, 209
Lynchford Road, Farnborough, Hants.

SINGLE CHIP AM-FM RADIO

Lester Hogan, president of Fairchild
Camera and instrument Corporation
recently told a US marketing seminar
of Fairchild’s plans to produce a one
chip high fidelity AM-FM radio.

Hogan did not disclose technical
details of the chip - which is presum-
ably a linear MSI device - but indicated
that the device could well take the
AM-FM radio market back from the
Japanese.

VERSATILE DIL REED RELAYS

Dual-in-line reed relays which interface
directly with DTL, TTL and HTL logic
without additional buffering are now
available from Amphenol Limited.

The 14-pin {GB820) and 8-pin
{GB830) versions are offered with
coil voltages of 5V, 12V and 24V d.c.
Configurations available include 1
Form A (normally open) and 2 Form
A (two normally open}, Form B
{magnetically biased: Normaily closed)
and Form C {changeover).

N

FREQUENCY SHIFTER FOR HOWL-
ROUND REDUCTION

s

e
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In any public address system where
the microphones and loudspeakers are
in the same vicinity acoustic feedback
{howl-round) occurs if the amplific-
ation exceeds a critical value. By
shifting the audio spectrum fed to the
speakers by a few Hertz the tendency
to howling at room resonance freg-
uencies is destroyed and an increase
in gain of 6—8dB is possible before
the onset of feedback. The 5Hz shift
used is imperceptible on both speech
and music.

Shifter units are being made by
Surrey Efectronics, 24 The High Street,

Merstham, Redhill, Surrey, for both

balanced and unbalanced systems and
have a signal overtoad LED, a shift-
bypass switch, jack or cannon XLR
audio connectors and are housed in
weatherproof diecast boxes.

A royalty is paid to the University
of Manchester [nstitute of Science
and Technology where the original
development work was done. Also
available are mains-powered fibreglass
shifter circuit boards at £29 for
building into public address and
discotheque equipment.

Contact resistance typically does
not exceed 0.2§2 and contact ratings
extend up to 10W {Forms A and B) or
S5W (Form C}. Internal diodes on all
modeis ensure driver protection.
Magnetic shielding derived from the
lead frame design minimises magnetic
coupling of adjacent relays and
electrostatic shielding is an available
option.

Pin spacing conforms to standard
DIL tead spacing and the design admits
to direct PCB mounting (GB830}.
Standard height of these components
is 7mm. Low profile types 4.7mm in
height are available on request. Life
expectancy is typically of the order of
10 mitlion to 100 million operations
depending upon load.

Amphenof Ltd, Thanet Way,
Whitstable, Kent,

COMPLETE DATA TRANSMITTER
AND RECEIVER ON A SINGLE CHIP

The purposes of any data transmission

§ system is to transmit information

represented by a pattern of electrical
pulses and to receive the pulse pattern
at some remote point without modify-
ing or destroying the intelligence
contained within the pattern. Nor-

‘s mally the information is represented

by a word and that word is transmitted
bit-by-bit in a serial number.

A compiex MOS microcircuit
manufactured by General Instrument

Microelectronics - and available for
immediate delivery from SDS Com-
ponents Ltd of Portsmouth - contains
both a complete data transmitter

and receiver on a single chip. Two

of the devices used together form a
complete duplex digital communi-
cations system. However, more import-
ant, the exact way in which the devices
operate can be determined by external
connections or signals so that they can
be made to match, and work with,
many of the extremely varied data
transmission systems in use today.

The data word length can be any-
thing between 5 and 8 bits; and the
devices can be made to operate with
odd or even parity conventions or
without parity checks at all. One or
two stop bits can be employed.

The microcircuit - type AY-5-1012 -
examines the received word for parity
{if required) for framing errors and for
overrun. A word can be loaded into
the transmitter’s input buffer register
while a second word is actually being
transmitted and, if desired, transmission
and reception can take place simultane-
ously.

Employing tri-state outputs and fully
compatible with MOS and MTNS as well
as TTL and DTL, the AY-5-1012 will
operate at speeds of up to 20k bauds
and is a truly universal data transmiss-
ion system.

SDS Components Ltd, Hilsea Trad-
ing Estate, Portsmouth, Hants.



INTEGRATE

U.KS LARGESTRANGE OF BRANDED AND GUARANTEED
DEVICES. (Quantity Discounts 10% I2+, 15%25+, 20% 00+)

{Any one type excapt where quantity discounts show) Min. Order £1.00 plesse. Post10p.

D CIRCUITS

EASY TO BUILD KITS BY AMTRON

FREE BOOKLET

VERY IMPORTANT. DNLY brandad .C's are to the FULL manufacturers specifi- = Evemhmg suppl'ed All types of
cations. ALL othars are not. Henry's sell onfy branded Integrated Circuits . . . From | Model No. ¢ ypes o
FEXAS ... LT.T.... FAIRCHILD ... SIGNETICS. So why buy alternativas or | 310 Radio control receiver 288 | Transistors
under spec. devnce|s when you can purchase the genuine articie from us—ex stock . . . 3;322 gﬂ:&czlg}érﬁ:‘sgher :-3; £ 1
v i <
need we say more! B T al herarata 5% | Rectifiers Prldg es
65 Simple transistor tester 140 | SCR's — Triacs
= 115 § watt Amplifier 390 5 .
122’2 1521 watlamlzlifzer x ;1;3 Integrated Circuits
i [eten cantrot uni . .
130 Mono control umit. 580 | F-E.T.—Light Devices
2‘1]3 ::z:: e 3::};5 WE OVER 1500 DIFFERENT DEVICES
Type 1/41 1212930/99 | Type 1/9112/2830/99 | Type 1111212930169 || 815 Power supply for 2 x 120 B-73
s i 1ams 3000 | 7y e |9 Dt oL sl ENTIRELY NEW 1973 EDITION
ut t . :
N0ON 020 D18 015 | SN7SIBN 450 127 543 | SNTe4IN 106 090 080 [ 275 Mic. presmplifier 2%} More Devices * New Prices
N7401N 020 0-18 016 N75CN  0:20 018 0-96 | SN7Z142N 2:82 288 252 | 570 LF generator 10Hz-TmHz 1680 * New Ranges *
7401AN 038 0-38 033 N7451N 620 018 016 | SNZé1a5N 1-44 144 128 | 575 Sq. wave generator 20Hz-20Khz 14.80 g
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G $3E 68| SICH eSOl | SN 201201 | NECAD Gl Lo £% | Users. (Ask for b o)l
N7d! 3 ' | i ¢ J 630 S Powe 1y 6-12v 0 25-0- 8.5 "
NN 033920 03t | SN767ON 093030 077 | Sa7ersty 145 145 100 | 530 5. motor speed Gov. iy g1e | Users. (Ask for booklet No. 36,)
74051 020 018 098 N7472N  0-33 0-38 034 SNTAI53N 109 143 095 § 700 Electronie Chafinch 700 | SEND FOR YDUR FREE COPY TOBAY
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v HRIRAE | i shraed ) St gl Nl
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N7440N 020 018 816 057 057 050 | SN74192N 2:30 2:30 201
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TRANSISTORS CoAY: it el | BUILD YOURSELF A POCKET CALCULA
3 S12Me0 CaSSette e - 95 carpackg
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ACY39 E3p BCY71 ;JD I HANIMAX BC808 POCKET CALCULATOR WITK KEY e28.85 | T e interface A
:8;3 gg: Eggz 25: .\N,q‘::::,“:::m' £a7.50 | resistor pack, printed circuit board.
AD142 39p | BD131 o Rlalns Unit for CA08, BCATTM (state modelt £2.86 ﬂgc(tromc?_cozmong:fs pack. Size
AF117 20p | BF11S QC ¢t 252 HANIMAX H101 STEREC COMPACT RECORD PLAYER B °°"ISC?I wide ;—-h d*e_e?« b
AF11% 50p | BFI80 35p 2%7 watts. Compleie with speskers IList £54.501 Price £39-95 a:ieveanced a'lsehwﬁi it A it 0”33 mare
AF138 23R 1A OCPH ﬂ% ENliga 3 of o phome. booklet expel:i:i%;g:owlsma:alc‘glaagtg
b T . . Smpe——
AF;BSS :2: E;QE 55p | MPF105 ‘5: ORP'JZ 5B NEW RANGES Lo_gs. Tangents, Sines ete.
ASY27 30p | BFXE3 22p | NKT21745p | ORPSO 4Sp BRIDGE RECTIFIERS Price £24.95 - VAT.
BATIS 10p | BFYSO 200 | NKT0¢ 60 | Pacoh 200 FEATURES SMALL SIZE AND LOW COST. Sizes are § *\ <0 2vaable assembled ready 10 use £27-20 - VAT.
BAX13 Sp| BFY31 20p | OAS 60p | TiL208 25p el .
BCi07 15p | BFY&e 45p | QAEl 10p | TIP29A 295 v VNG T -
BC0B 15p | BFY® 75p | OA200 8p | TIP30A 58 250M/A QUARTER AMP™ | 2 AMPS P.LV. UVING_SOUNO LOW NQISE TOF © eereeany
8C109 15p | BLY36 623 | OA202 10p | TIP31A 6ip BOZS] S0 PIV 16p B2/05 S0v 35p 4 El TAPES LTD TO INTERNATIONAL /. @ & e
BC103C 14p = BSX20 15p | GC16 BSp | TIP41A 7dp B025{10 100 PIV 11p B2/10 100v Wp | TANDARDS — ESPECIALLY  FOR few &=
BC113 i6p  BU1S 220 | OC20 125 | TIP42A 80p Ixixidia 82/20 200v 150 | FENRY'S ALLPOST PAID LESS THAN 8 fog i
BCI47 125 BYIND 159 | OCH @p | TiSds 26 | 2 AMP 111 Pricing Ba/e0 300 | "RECPRICES COMPLETE. WITH > Soavie__
Beipec e BY127 1o plg e 2 bon: "Bi¥ende s, | mrioo oo 35 | RRey ESES Sior | bor | tofar | 2o
395510 100v 22: C60 1 £1 00 £1 30 £290 £6:75
TRIACS Stnd-mounting SILICON CONTROLLED | 8ozt 200 #e | 4 ampPs PLV. c80 | €133 | €257 | £a20 | £1028
Callil s RECTIFIERS BO5/60 60OV 2ip | Béll 10w 350 | 'C 120 £162 | £315 | £500 | £1225
3 AMP RANGE | SC4sB 200v £1-15 2 141 | 3HxIL x 2" dia. B4/200  200v 59p it rad %
1-11 | SC4SD <00v £1-45 OYNDE AMP (T05) P.LV PAV B4/400 400v B5p uantity and trade enquirles Invited.
Price | SCASE 500v £185 CRS VSAF Veov aop | LAMP LV asp | B4R RO l% | LEARN A LANGUAGE-compicte with phrase book.
Type P.LV. Each |15 AMP RAR_GE CRS 1/10AF 100v 30p 3‘1}10 100y 25p IHx 3L x 2" dia. German—French—Spanish—italian £1-36 per course.
SC35A 100y  80p SCSOA 100v £1 45 CRS 1]20AF 200v 35p | Bij20 . 200v 23p E £5 for any 4.
3ca>8 200v gsp | SC0B 200v £1.85 CRS 1/40AF 40v 4sp | g0 800V Wp
SC3sD <oov sop | SCID 400V £33 | CRS 1/60AF 60v 53R ) sy il x4 dia 6 AMPS P.LV, A SELECTION OF
SCIBE 500+ £120 THREE AMP (TO8) 1 AMP P.LV, /05 X ek NTERESTI
6 AMP RANGE | RhincS R Ar o ol v ome | B S QO TERESTING ITEMS
e 310A] v p 1 100 P
SANT RANCqo | Acomeraoes | GRRUNAT R EBIVE B HR | Bk an  m|ONG fommiuwecimy o HbRb
S S (TO66) #5p CRS 3/40AF 00 530 1 woe 800V 2 ?615‘? -d £15% E1318 Sterso mag carnt pleangé 4.8 : &;25:
Shp o TR e 0 | S e e B e
Plasts F z F Teleamp. with PU coil p&p2lp
10 AMP RANGE | 0185 KAl - g';s:““’imp - 200 SRR £l Al prices correct at time | Lii ~ Dooriniercomm. and chima 79598 525
SCH5A 100v £105 (105)  T5p R (TUaE < of press. 10% VAT e D s S §:gg:§;$ug
3 Amp 15 Amp CRS 7/200 2007 67p i to be added to all 9 Twin spring unit  For 330p&p 15p
To48 T048 CRS 77400 400v 35p ) i ardars (UK only) 16™ Twin spring unit  Reverbs 6-850 &0 25p
CRS 7600 00v. 5p o« t & UK Car Tachometer Electronic 885p&p 15
e i SIXTEEN AMP (T043) Expo VHF 105 Aircraft band carrector 4505 6p 15
3 E" : b CRS 16/100 100¢ 708 Manufacturers B2005 4 Ch. mic. mixer 3-75p&p 150
A - ggg ;25% :mm ;gp Calleges suppliad. B20004 2 ch. Starao mixer §850&p15p
CRS 16/600 o0 £110 E &0.E PK3 Gt Eich your owa printed ciruits 1508 3 20p
ELECTRONICS | ZEMERDIODES SILICON RECTIFIERS
| ] RAD'O 400 mfw BZYSB/BZX83. From 3.3 volt = | 1 amp series INGD01 to INGDOT From Sp
FOR EVERY 33 volts 10p each. each 1-5 amp.
1-3 wetts 5% Minieture Tubuizrs INA700 PLAD01 10 PLA0O7 From 8p sach
IMITE
PURPOSE series. From 3-3 voit ~ 33 vok: 1Bp each. 3 amp PL7001/N5400 From 14p each.
EDGWARE ROAD wz See facing page 10 wsis. stnd Mounting. 25 series 6-8 $=nd for
I3 for addresses vohts — 100 volts 5% 40p each. fulf itst 38.
s .




U.K's LARGEST RANGE OF ELECTRONIC COMPONENTS
AND EQUIPMENT AT BARGAIN PRICES
Latest Catalogue price 55p post paid. Complete with Biscount Vouchers

Nfaw bt:tl‘lrl :nd used by ihgusunds U I LD TH E
of satisfied customers. Features BUILD

slim design overall size n cabinet

15%;:?%’16% IEICAS. 10 "f’"s's?rsd'

stabilisers ardners _low fiel

transformer. Fibre Glass PC THE NEW

Panel., compiste chassis work.

Now available bullt and tested as

well as 1n kltiorm HIGP; UALI I‘I'EY H EN ELEc
ARE =

Tl et S SR B LT
GINEERS FOR PERFORMANCE, STEREQ AMPLIFIER STEREO FM TUNER

You pay less i
VAT with Henry's
Low Prices

RELIABILITY AND EASE OF As featured by Practical Wireless 1972
Ve CONSTRUCTION. FACILITIES, E A completely new high stability stereo FM tuner, Features variable capacity diode
Onjoff switch socket, treble. tuning, stabiliger power supply. IC Pecoder, high pein [ow noize. IF stages. LED

bass, volume and halance contsols, scratch and rumble
filters, monojstarec switch, mpul selector; Mag. P.U.
Radio Tuner. Aux. Can be altered for Mic.. Tape, Tape-head.
etc. Constructional deiails Ref, No, 21 30,: Distributed by
Henry’s throughopt UK.

FREE—Teak cabinet with complete kit.

KIT PRICE £28.50

(+VAT+50p carrjpacking) ar bulit and tested £3500 (+
VAT450p carcfpacking) as iliustrated

indicators, Tuning meter, AFC, easy to construct and use. Mains operated. Slim
modern design with fibre glass PC teak cabinet efc. Avallable as & kit to build or
ready buiit. Overall size 8" x 23" x

Produced ta giva high oeﬂermance with a
realistic price, (Parts llst and constructional
details Ref. No. 5 30p). Henry's are sole dis-
tributers UX and Europe.

Kit price
£21.00 (+ VAT)

OR BUILTAND TESTED £24-95 [« VAT)

EARN YOURSEI:F EASY MONEY, WITH
PORTABLE DISCO EQUIPMENT

DISCO MIN{ Aé:cdmp‘:etelggn?ble disco, firted coaitn
mixer’ redatmp. l@cks al ciitiss <
Az shove but with Siirler Cantrols £118.50 EXCLUSIVE DECCA KELLY Hi-FI TAPE EQUIPMENT
1%\@"8“ larn[:liﬂer for ‘abol\:_e e £42.50 SPEAKERS
:untml? 00 watt mixet/amplifier with slider £69.00 2 = ok — = U.K'S {argest range with :
RS0 50 watt mixer/amplifier £48.50 LT | discounts and demonstrations for
B e s s = 50 T Meb S e
; and Melinex Dome request {Ref No. 17). Phone
DISCO MIXER/PREAMPLIFIERS : £13:00 HF r. aéﬁaztor plus cross- 01-4G2 4736 for Barciay/Access
IR0 i D0 amplifers over £12-50 per pair of Card. Direct orders and Iatest
SDA] rotary conlrols) £49.50 v A Ex
SDUR zicer contro £58.50 systems (catr/packg 40p) prices.
D»sa)‘\?ox {siider controls) the complete Ul ar byilt into veneered
£72. cabinets, size 18x12x%
§ ] <
:ﬂ%:guﬁglgﬁ:g:: above EABlSO 61" £19.50 pair {carr £1}.
rﬂx': pdus built in microphone £47.50
TR bt
R ELECTRONIC SUPPLIES TRANSISTORS/
Caclaleg reyerseration unit £44-00 &” Liquid whesls £5-80 UK's§ + §
SCENE me £19 00. ROAD STROBE £25.00 Minj spot bank fitted 3 lamps £12.95 § largest range for every SEMICONDUCTORS
= Auto Trilite fmini whuh ﬁafhelsl 4 glz?g application. Small quantity discounts.
0 ack —coohorge £11.9 Bubblsmastar .vit ydl Liquid 3 Also Trade, Expart and Industrial Specialists in efectronices for
<t S E22Rs e e pntra uKs lamest renge. | nquiries invited. Latest stock fist mote than 30 years. Trade and
=l gHOjECOr £50-00 é‘l,(hﬁln:ad c!:d/tamg‘mfhgn Mics, Sl:nds Mixers, (ref No. 36), Including valves industry supplies — every type of
@ asseuesiange rangeof e eabones, rarmtables, Pubiic Addrese Companenre. ] ©On request. component and equipment,
PURPOSE SPECIAL OFFER
h 13° ;0 8’—ful’l range speakers (post 20p
eac or 30p pair]
(All cased unless stated chassis) "”J‘*L%'“ Twin Cone 10 watt £2:20
each or air.
*450 10 watt Clo Twin Tweeters 3, 8 or I8
08, 1 47MC 6739 volt 300 MA {includes Multi-Adaptor for ohms £3:56 each or £5-90 psir. '
é.% Taps Recorders, etc.) £2-15 post 20p Ew‘:;‘”w'“ & ohms Clo Twester £4-38 each
1210, 23 + 2% waits 12 volt £525 Car ngh(er Voltage Adaotors 300mA (State voltage or pair.
ER‘SW s’;an 1"?: maing operated Amaiifier with bv, Tiv, OV) £1-95 ea. post 25p iiif“&";'}.‘i’:,’,“,“”" 8 or 15 ohms £1-50
& X%r;l‘w;s Iy AR R g;;g SC202 3/6{73/8 Vot 400m A _ £335can.0p * Polished wood cabinet £4 60 post 35g.
SACt3 15 + 15 watt Stareo with controls £11-76 HC244R Stabllised version £4.35 carr. 30p
SINCLAIR um157carr 20p) 230 £3.57, z50 £4.37 SP“KER KITS (Sarels, 359) watt 10-00 each
Stereo 60 Preampiiflar 197 P500 9 voit S00mA £2.90 post 20p 2D~3 8" 46 watt 560 sach
PZ5 £3-97, PZ§ 5(573;. ;Zﬂ (1%15)250) a7 P11 24 volt 500mA {chassis) £2-90 post 20p LINTON 2 20 watt £15-98 pair
g GLENDALE 3 0 . £289% r
ARU £4-45, PROJECT 605 KIT £18-95  PROJECT 805 £26-85 P15 2528 ltdlamoichasdis) £2-90 post 20p SOVEDALES 30 ‘.",.i‘.'é £024 ﬁiir
P1080 12v { amp {chassis) £4.25 poss 20p KEF KK2 £2049 sach
NEW SINCLAIR PROJECT 80 P1081 45v 00 amp {chassis) £7:50 post 20p MERIKICS el
¥ P12 4412 valt €41 amp £1-15 post 30y OTHER EQUIPMENT
Stzreo PreAmplifie £31.95 3
A Fea) e 2598 | SE101A 3f6/s12 volt 1 amp cstab) r030pm 2z | 1EST EQUIPMENT of SE250B Packar Signal Injector
740 15 Wats amplifiar £5.45 RP164 6/73/9/12 1 amp (Stab.) £1020pon30; | MULTIMETERS el &iave Tracer £1.70" ourr Croe:
260 Wartt Amplifier £6-96 ( 30 ) K TEg Grid meter 440kHz-
P25 Mad. for 1 or 2 240 £4-98 CoAg et 250mHz 15.06 cam, 30p. TE40
Q! or r 4 / " 5
e g : - g AL Milliveltmeter 1.2mHz 18.95
;gg mg gT:gH grggg ggg GARRARD BATTERY M210 20KNolt Siimline £6.75. @ || cac. 3%50. TESS 28 Ranca vaive
TRANSFORMER FOR PZ8 £3.85 TAPE DECK T%%s?oxlsgfx gxgr?%%s;e ‘Zisﬁ '¥§'§Z’S‘ ot 120kH sog::H RF
% GARRARD 2 speed 9 R G &
raerninec o | e el E el i 0.5 G154 donvek S 100 e ol
% = ) B b recordjalay and oscille- F105 BOK/V: g TE22D ZOHz-ZOOKHz Audio
All iterms post paid. {oF/Er: heads. Wind A oit £11.86. U4313 Generator _ 18.95 carr. _ 40p.
(baad ot el 20K/Vole AC current, Steel case SE3S0A Deluxe Signal Tracer]
'?'gke rsw"l‘ 4}0!\(!0]1 £10-50. U4341 Plus Built in an- 1280 cam. 20p SEA00 Voits/
= s up to spools. sistor tester £10.50. Model 500 ohms/R-C sm,/l?F fiold/AF gen.
SPECIAL PURCHASES Brand _new  complete 30KV £6.985. T e 500
AVOMETER MOVEMENTS st sl : . . =
AVO 8 or 9 50uA MOVEMENTS = uie SUPER TESTER 680R —
Ex Brand New AVO's £3-50 Post 20p 0-01 Ditm. Moo Filamart £150 por 25 metre reel The complete testing system  ° pl'i ce
UHF TV 013 Dizm, 64 Fibres Sheathed £1-00 per metre Q
TUNERS SPRAYS 15mm Diam. Mares Tailz £3.50 Vohs AC = 11 ranges from 2\ 10 2500V £1 8 50
CHANNELS 21 TO 84 Yo DC g2 R X %
Ay -1 .
e S e TOP QUALITY MARRIOT TAPE A AC= 10 g rom 20008 w5 Accessories
geared Wners for 625 \J O A s e | S P e
Line Recaiver 1F output 3 Y ¢ % § s TRACK M or Resctance — 1 range from O 1o TONMA Ampcieamp E11-95
£2.50 Post 20p > %‘Z‘S‘I’I’é‘;&f’g) e sl ol ChE Qa2 el g mredance, Camnciy =8 ones i SO00E Temoerature probe £1.8
ST Tk S’ Vs, | E2.00, BIS0ET3 2 o oo O e o ot ancfem O Sratidedior ey
All typas offcred subject to availability. Prices comect at | 352 ach nedLin JOK. 228 EVWJ Heads for” 17‘ and 1 ss ;& Finguancy = 2 rsnges from 0w S00HT Phasa Sequence £5.98
time of proof. Subject to change without notice. £ & BOK, tolgz 250K, soch 4 ém‘-‘d‘w o 63 , ard trom O 1o SDOCHzZ Esm' Probe £5.95
- : {Qu ity di ilabl utput Valtage =8 100 hurits
Q. E. 0% VAT to be added ta ali o'ders. Expor: supplied. | iQuantny diswoumss avoiiabla | 18- | atz Tomans qusntity.) s mﬂﬁm_‘;;:z.m 25/50'100A. | £4.80 coch

404-406 Electronic Components and Equipment 01-402 8381 All mail to

, RADI 0 308 PA - Disco - Lighting High Power Sound 01-723 6363 303 Edgware Road,
B 303 Bargains Store (Callars only) Londan W2 18w
e n r Home and Car Entertainment Centies Longon nd brenches Now apen All stoces open 9 am (o
l.l MITED 120 Shaftesbury Avenue, London W1 01.437 9692 £ pm six days a weok
104 8urnt Oak Broadway. Burnt Oak. Edgware 01-952 7402 Hi-Fi1 — Tape Equipment
EDGWARE ROAD, LONDON WZ 190-194 Station Road. Harrow.Middlesex 01-663 7788/9 Orscount Stock List
354-356 Edgware Road, London W2 01-402 5854/4736 Free sl alf stoses




HIGH FLUX SOLAR CELL

At the present time, the high cost of
photovoltaic solar cells prohibits their
use in the large scale generation of
electricity from sunlight. However,
Piessey have now shown that suitably
designed gallium arsenide/gallium
aluminium arsenide heterostructure
junction semiconductor solar cells can
be operated at light intensities of
2,000 time full sunlight, to produce
specific outputs between 20 and 40W
per square centimetre, whereas with
sificon cells the maximum usable
sunlight concentration is about 10
times.

This high concentration is possible
because the (Ga,Al) As material is
relatively transparent to sunlight so
that the surface layer over the
junction can be much thicker than is
the case with silicon, giving a lower
electrical resistance and allowing much
higher power to be generated.

Cheap concentrators such as
curved mirrors or Fresnel fenses can
thus be used to focus the sun’s rays
onto small area solar cells, thereby
greatly reducing the unit cost of the
electricity produced. The optimum
working voltage and efficiency of
gallium arsenide solar cells increases
with light intensity, and at 2,000 times
full sunlight an efficiency of 24 per
cent is forecast. Efficiencies
approaching this value have already
been achieved with non-bloomed and
non-optimised cells of this type.

Plessey scientists are at present
working with small cells, but it is
envisaged that in practical
applications cells of normal size -
about 1 inch square - would be
employed.

BRITISH AERIAL STANDARDS
COUNCIL

Early this year the British Aerial
Standards Council started an extensive
advertising campaign in the Trade
Press, with publicity and point-of-sale
material to promote B.A.S.C.

The secretary said that one of the
objectives of the campaign is to
emphasize to the Trade that B.A.S.C.
is in business to promote acceptable
standards of design and manufacture
in domestic TV and vhf-radio aerials.
This point is already appreciated by
those large retail groups which now
specify ‘B.AS.C.-approved’ aerials
when they put sets into customers’
homes.

The Council is keen to encompass
ali the established TV aerial makers
of the U.K. Applications to join
B.A.S.C. as Associates are also
welcomed from Companies,
Authorities and Trade Associations

News digest

One of the team, Mick Coffey of London gets used to changmg cassen*es half-way up a
mountain. Next time it will be the treacherous Torre Egger with perhaps a mile's drop

beneath him.
TAPING THE CLIMB

An eight-man British climbing team is
to attempt the first successful ascent
of the 8000ft. Torre Egger in South
America. With them they wili take
several cassette tape recorders and a
supply of C80 and C90 cassettes.

The recorders will be used during
the actual climb to capture the ‘life
and death” mood of the ascent. Remote

control neck microphones and record-
ing heads modified to allow sound
synchronisation to film cameras
will make possible the recording of
the reality of such a dangerous
climb.

At the end of each day's climb,
the team will camp and record their
progress on a reel to reef recorder
using the b inch BASF LH tape. The
smaller reels wilf be used as letter tapes
to send reports to the world’s media.

S BRITISH ,
<y STRDARS. couxm 2
5

whose representation and participation
at future B.A.S.C. Council and
Technical Meetings could be mutual
benefit.

Contact Jack Hum, B.A.S.C.
Secretary, Houghton-on-the-Hill,
Leicester L £7 9JJ.

SOLID STATE TRANSDUCERS

Now available off the she!f from
National Semiconductpr are IC

transducers of every type - absolute,
gage and differential.

The calibration error band is
+1.5% of one span {max}. Arithmetic
functions, digital format and
multiplexing are easily attainable
because of single ended op amp
configuration. The units have law
mass, ho moving parts and good
frequency response. Input overvoltage
and input short circuit protection is
provided.

Temperature measurement capa-
bility is provided at the point of
pressute sensing. National transducers
contain in a single small package all
four of the basic transducer elements:
diaphragm and vacuum reference;
piezoresistive sensor or signa!
discrimator and conditioner; and signal
amplifier and processor. The first
three are contained on a single die,
the fourth provided by standard {C
operational amplifier.

By automatic laser trimming
techniques, the output of each
transducer is factory-adjusted so that
it meets the nominal values within the
specified tolerances.

The price for all products designated
£ X16 is £17.60 each and for LX17 the
price is £19.00 each.

National Semiconductor (UK) Ltd.
The Precinct, Broxbourne, Hertfordshire.

>10_‘_



OPTOELECTRONIC MEASUREMENT

There are many occasions when it is
hecessary to measure the dimensions
of an object automatically. One could
think of countless applications in
industry, such as ensuring that
manufactured parts are within required
tolerances as they pass automatic
measuring equipment on a conveyer
belt; sparking plug gaps; the length,
width or diameter of objects; the
widths of slots; the size of holes; the
level of liquids in bottles, and the like.

The heart of the system is a linear
maonolithic array of photo-diodes
manufactured by Reticon in America.
The photo-diodes are formed in a
single chip of silicon and are arranged
in a line. The distance between diodes
is accurately determined during
manufacture. A shift register made on
the same chip enables each diode in
turn to be ‘addressed” and a signal
proportional to the light falling on
the addressed diode appears at the
output.

The speed at which the dicdes zre
dddressed is determined by the rate
at which clock pufses are fed o the
photo-diode array. Each clock pulse
causes the next diode in the line to be
addressed. The sequence is started by a
start pulse which is followed by a
number of clock pulses. The nex:
scan is then commenced by applying
a new start pulse.

[n measuring the dimensions of an
object the object’s silhouette is
arranged to fall on the array of
diodes. The number of diodes in the
array ‘blacked out’ by the shadow
i§ proportional to the size of the
device. As the speed at which the
diodes are scanned is accurately known
(clock pulse rate), the length of time a
black signal level occurs is aiso
proportional to the size of the object.

Although the arrays are capable of
sensing all levels of grey between
black and white, in measuring applic-
ations of the sort being discussed it is
usually only necessary to different-
iate between black and white.

The accuracy of measurements
taken in this manner is determined
by a number of factors. The clock
speed can be accurately set by
employing a crystal oscillator. The
object is normally focused on the
array using lenses. The accuracy
achieved will therefore depend on the
precision of the optics and the field of
view which, in turn, is determined by
the focal length of the lens and the
distance from the object.

In general terms, if a 64-diode array
is used and the field of view is 64mm,
the the resolution will be one milli-
metre.

A very simple circuit for driving a

ror 10ChHZ

2U£ 1: 100x
R 22 50K 100n {18914
I 2

VY

l—:oV

- 100N

End of scan out

SIMPLE CIRCUIT FOR MEASURING SI2E WITH RETICON ARRAYS

84-bit Reticon photo-diode array is
shown in the accompanying diagram.
A standard unijunction osciliator
(Trq) produces the necessary clock
pulses for the R L-84P photo-diode
array. Each clock pulse causes a
signal proportional to the light falling
on one photo-diode to appear at the
output. In addition, the clock pulses
cause each of the diodes to be
addressed in turn. A pA 715 op. amp
as a straightforward amplifier to
produce an output signal of about 6V
from diodes saturated with light.

B b

The accompanying photograph
shows the output waveform which
occurred when the shadow from a
piece of wire 30 mils in diameter was
allows to fall on the array. The
diameter-of the wire can be measured
by counting the puises.

The circuit demonsirates a very
simple application of Reticon arrays;
more sophisticated circuitry can be
employed in more compiex applicat-
ions. For instance, if the output
amplifier is allowed to trigger a
monostable with a time constant
slightly greater than the clock puise
width, a single output pulse is ob-
tained with a width proportional to
the size of the object being measured.
Pin 15 can be used to control the
start of the scan by external circuitry
in synchronised applications.

Walmore Electronics Lid, 11-15
Betterton Street, Drury Lane, London
WC2H 9BS.

ULTRASONIC PROTECTOR

This is a complete Intruder Alarm
Unit and has been designed for use in
Building Site Huts.

It consists of a robust pressed
steel housing (for wall mounting)
containing an Ultrasonic unit whose
radiations fill the area being protected.
When an intruder enters the premises
the pattern of sound waves is disturbed.
This is detected by the controt circuit
which then operates an alarm siren.
The siren will sound for 5 seconds and
the unit will then automatically re-set.
If the intruder is still present however
the siren will operate again and will
continue until 5 seconds after the
intruder has left.

The Uttrasonic Unit has a variabie
sensitivity cohtrol to provide an
effective range up to a distance of
10 metres. The area of protection is
a solid cone 1300 wide in the hori-
zontal plane and 700 high in the
vertical plane, and the cone can be
adjusted through a range of 900
between the vertical and horizonta!
planes thus enabling coverage for any
type or shape of building from the
fixed position of the unit.

The unit has connections for the
mains supply and aiso for wiring to a
remote Tamperproof Self Activating
Bel!l Unit which can be fitted on the
outside of the premises. Tampering
with either unit or the cables between
them will set off the alarm.

To help eliminate false alarms
switchable counting/memory circuit
is incorporated. The faise impulse
received sets the memory and if a
second impulse is received within a
few seconds then the Alarm Relay
operates. [f the second pulse is not
received then the memory re-sets.

The price for the Space Protector
Unit (Type PU74) is £100.00 plus
VAT. and for the Tamperproof Self
Activating Bell Unit {with cable and
plugs) the price is £24.00 plus VAT.

Photain Controls Ltd, Randalls
Road, Leatherhead, Surrey.

Continued on page 60




The largest selection

BRAND NEW FULLY GUARANTEED DEVICES

ACID? 022 ADTIA0 Ms 80136 BFI88 MPELOS 041 263118 613 N2 ex2 NI BI6 IN4O6L 013

ACHI G20 AFI4 033 80137 MO BE 194 n 13 20370 019 IN2368 Q19 N33 016 IN4062 013

ACHS 022 AF11S lz‘l o2 BDI3E 085 EI9E 013 0N2369 01§ NI IS 2N4ZE4 019

ACLI?K 032 AFNE 627 o83 hDI133 061 BFI98 OE6 IN2IGOA D16 IN3WS 0.5 INGZRS  I9

ACI22 013 AFNT 027 (313 BDI4N 066 BFI9T 016 N2411 027 2N3402 623 INEBS 019

ACIZS  &19 AFli8 (% 030 BDISS 083 BF200 040 M2 @27 2N3403 023 IN4287 19

ACI26 019 AFI24 ¢33 054 ADI?S 66 BE2Y £145 INI6ASs 052 N34 031 2N4288 019

ACI2T 020 AFI2S 033 ¢ BDI76 066 BF2ST 050 w2 023 NS 046 INDEY 019

ACIZE 020 AFI25 031 o13 80177 BT BFISE 056 IN2HZ 623 M| 917 N42%O  G19

ACL32 016 AFI127 031 813 BDI?E 072 BFIS9  ON N7 023 2N4LS 017

ACI3& 036 AFI3 033 013 BDi?® 037 Br62? 061 INWM 819 INZIE 031

ACI37  C-16 AFITS 053 056 8Dg0 037 RF263 068 INI904A 0-23 IN341T 031

ACH1 20 AFID PSS 016 8DAS 672 BFZW @39 IN290% 023 IN3E2% 0483

ACHIK 033 AFI180 055 016 aDige 072 BET1 033 2IN290sA 023 IN3AIE 074

ACHZ 020 AFI21 038 016 BDIST &7 BFI72 088 INIGOS 817 NS5 B2

ACI4IK 023 AFIBS 0SS 024 BDI8s 077 R 039 ININGA G20 Nz 082

ACISI 017 AF23y 041 011 RDISY 033 639 IN290T 022 IN3ES O

ACIS4  oX2 ALIOZ 072 ozl BDIS¢ 083 BEWIO 066 2N2907A 024 IN3M2 043

ACISS 022 AL} 072 21 BFX29 030 W21 016 IN3IS G

ACISE @22 ASY26 028 027 BFN3: 824 INJ94 0] 2N3104  G14

ACIS7 021 ASY2? 033 027 BEXSS 033 2N2925 046 2N3208 03

ACI6S 022 ASY8 o2& (31} SEXS6 024 INI9ING) INITOS  O-13

AC166 012 ASY2? 028 (371 BFXRT 027 14 W07 04

ACIAT 022 ASYS0 022 o1l BFX38 024 IN292KYY INIT08 09

ACI6E 027 ASYS) 628 (318 SFYS0  on2 3 aN3E 010 25306 086

ACI69 01§ ASYSY 028 13 AFYS] 022 N0} IN37I0  O-F0 1807 086

ACTT 22 ASYS4 028 13 BFYS? 023 011 IN3Y 00 18324 0482

ACITT . 027 ASYSS 828 031 8FY33 019 2NZ9ZKR) INIRIG 631 28322 046

aC17¢ ox ASYS6 828 031 ArX2S 094 011 INIF0 0S5 183724 046

ACIT9 231 ASYS? 028 012 BSXi9 817 2N2926(B) N3 039 28322 062

ACIS80 022 ASYSR 628 012 BSX20 017 o1l IN3E23 031 53124 017

ACIS0K 031 ASY73 028 (4] BSY2S C17 283010 077 2IR3503 031 835 o7

ACixy 022 ASZ1] 044 o2 85Y26 047 aN3011 - 016 IN350¢ 033 8326 017

ACISIX ¢32 nc? el (3] BSY27  OI7 INz053 019 IN305 031 X3 o1

ACIRT @24 BCIGE 012 o015 asy2® 617 N304 O4L IN06 0N 2701 046

sCI8TK 028 BCI®  B13 o BSY2) 017 INI0SS 055 NGSE 013 40381 044

ACISE o4 BCI1YI BRI 39 #8Y38 020 IN3ZH G166 INADSS 1 0362 0-50

ACIEBK 623 BC!i4  #17 o3 nSY3 020 IN339IA 018 NGOG O13

ACYIT @28 BCIIS BT (5] BSYSD 031

ACY1d 022 BCIIS 047 838 BSY41 01:

ACYIV D22 BCIIZ 820 64 #EY9S 0L

ACYI0 022 BCIIE 011 (2] RSY9SA 014 DIODRS ARD RECTIFIRRE

aCY2l 622 BCI9 033 - BulG$  £220 AXllg 009 BYI30 oI OAS 023

ACYY Bt BC120 033 Lyl CINE 05§ AAI20 049 BY133 023 Qa6 618

ACY21 020 BLi25 @13 (5- C400 633 AAL9 009 RYI64 5§ OAd7 008

ACyz 621 BC126 020 -3 107 (33 AAYID o108 BYX3#730 0A70 008

ACY29 (-39 BC132 €13 s s34 028 AAZI3 ©11 046 OA® 008

ACYI  ©31 BCI3 o028 3 Ca25 ¢35 BAICO Ol BYZ10 039 QABI 008

ACYX1 D36 BCI3S 013 - Ca26 039 BALIS 0D BYZ!l 013 OABS G0
! ACY34 023 BCI36 017 = ca8 o BA126 24 BYZ12 433 DA% 007
! ACY3IS 023 8CI13T 017 (2] Cdan 033 BAME  OI6 Byzi3 oA OAs1 ©07
! ACYIS 031 BCIY o044 e a1 033 BAISA  ©13 BYZIS 04 0A9S 002
| ACY0 019 BCI10 033 = [ EE (%] BAISS 016 QAZOD 007
| ACY4l 020 BCIzt 033 .3 C450 028 BAISG 015 BYZ11 439 OAML 008
| ACY:s 039 BC1S2 033 == MATIOU 021 BAIT3 016 BYZIE 039 SDIO 006
| ADIX 042 BCI43 033 5z MATION 022 BYIOD G-17 BY2i9 031 SDIY 606

ADIAG 053 8C15 B0 [ MATIZ0 021 BYI101 043 €Gez 1N o0t

ADI&2  ¢53 K147 o1t e MAS121 022 #Y105 19 (OAFTEY) NlA  oos
i ADIS3 042 A1+ oE =% NUE2955 093 Ayli4 043 006 iN9i4 o0
| ADI49  BSS BCIRO  #I13 «© MJEIOSS 862 Byiza 013 CGG_SI 2 IN9E6 006

ADI6I & BCISE 02 -6 AUE3IS40 055 BY126 016 DAT0-0AT IN[4R  0-06

ADI62 (MP) RCISI o1 e MPFI0Z 046 gt BYI2Z7 OI7 a7 15021 [ 3T]

075 5152 819 o [(¥" BFIET 030 MPF104 041 AN 022 _BY12d _GI7 OAS 039 50w
L
KING OF THE PAKS  Upeyualisd Vaius and Quality | QALY TROTED SEMICORDUCTORS NEW LOW PRICE TESTED S.C.R."s
Pak No. Priced 1MV  1amp amp SAmp iAmp TAmp I0Amo 16AmP 30Amp
20 Red spot iransistars PNP 055 TOS TOs6 TOs6 TO64 TOR TOR TOE

TO48
16 White spot R F. transistol 0 oz ¢27 D39 $39 0SZI 0SS D38 £127
4 OC 77 type lrausistors 00 627 027 082 652 ©6$S 063 062 £154
6 M;m:h:dtransmorsOCMrdﬂRl/ﬂn gss M 027 632 084 654 062 D67 06T £176
- 400
800

SUPER PAKS ““Semiconouctons

Batlafaction GUARANTEED iz Every Pak, or mamey back. 4 OC75 transistors 0% 042 0350 062 867 0K BT £193

5 OC72 transistars ... 2 @52 0 ¢ UB4 107 e97 -

or

D1OD!
VOL'I‘AOE BAHG!
233y. 400mV {DO7
Case |1p ea. 13W (Top-
Hal) 18p & 10W (8O-10
Sud) 32p ex Al fuly
eated 5% fol.  and
mxkel Stz rolage
required.
e

10 amp POTTED

BRIDGE RECTIFIER
on haat sink.

100PIV. 98p each
—— - -

NEW LINE

¢ Booapsulated
2 Amp, nmg‘uus RECTS.
S0v RMS 3Spcach
100 RMS wp
200¢ RMS 45p .,
2)0v RMS Sop .

Size IS mm x 6 mm,

UNLJUNCTION
UTe6. Egvi. 2N2648
Eqvt. TIf13. BENS0OC
30p each, 25-99 28p
100 UP 22p.

A —————
CADMIUM CELLS

ORP12 48p

GENEEAL PUEPOSR
NPN SILICON SWITCH.
ING TRANS. TO-1S
81K, PO 2X708/8. BSY
27/28/95A, A.LI ussbh

ordering plcase  atats
preference NPN or PNP

20 For [

50 For 1K
100 For 195
500 For B2

1000 For 14-83

T — N —
SIL. G.F. DIODEZ #
300mwW
AQPIV(mn.)
Sub-Min.
Fall Tested 1,000. .9-5:
Idexl for Organ Dnﬂden
B . W a——

TEBIACS
VBOM2A dA 10A
TO-5 TO-88 TO-4l
g ip 4s
100 65 83
20 $§ 68 99
s00 77 83 121

Pak No. Desctizcios Price 4 AC 128 transisiors FNP high gmn ng 063 070 085 088 099 £132 £1.50 £440 || SeSem—
T 1 120 Olass 8ub-Min Geners] Prpose Seaniom Diodea ... 058 4 Sgé%%u i n_lg‘sr 32; DIACS
T2 60 Hired Cermeniam Tooeica AP 27 . ... ...... 085 Loere ‘Px”m‘;’:‘“" ¢ SIL, RECTS. TESTED FOR rﬁics WITH
TS 70 Germaniwm Gojd Banded Soi-Max Wke 0A5. OA47T ... 08SHGy, 2 AC) ’7 128 Compiementary pairs PNB/NPN 055 PIV. 300mA TI0WA 1SAmp 1Amp IDAmp BRIOG (D37} 33p cch
T &40 Germanium Transstors ke OCSL, Acier .. 086 }g g ,:; i}_i'_npc u'ml;:oh 053 % (%ﬂ SSoergiane 5018 50106 150 10] (T048) Y cemamm——
t transistors ... i astic 2
U360 200mA Sub-3in. Sioon Dioda 0E68%13 3 b et 558 00 005 ooy INiOL 098 010 01T 623 075 FREE
A P e e |1 20 o bto am SEEEERREt su i feue iy i
T 7 16 8l Rectifiers TOP-HAT 700mA § L1G. BANG & =5 30 1000 U 5. 048 045 INaOGR Ga? 838 ~ 3o
- — ; 7 5 NPN2xST.141. & 3 x ST.140 . . 088 009 017 N4 OOE 008 836 gy £190 [| OB chaite Ires
T78 50 @ Plasas Diodes DO-7 Glass 30z ‘—"‘*”‘3“‘3‘2 OB T N S AT 130 048] o OF  oi3 INses 0M0 o3 om  ofy fim [ orders vased 44 or over
T 9 20 Hixed Voltages, | Watt Zeoer Dicaes - cooo.o-. OB81Gi9 3 Xé\m‘szx MAT 101 & | x;n‘r 121 %gg 000 Ol4 030 IN4OS 01 o-g 048 068 £250 —m
U100 BA V50 charge sorage Diodss DO-7 Linee _ .. 0583020 4 44 Germanjurm transistors A.F. 0. — 0-35  INd0B] 012 03 058 073 E00 BRA; TEXA
T35 TNE A0, Pianar Trans 705 ke SN1150, undees . G8f 021 4 ACI27NEN Germanium transistors - = GERM, TRANEISTOR!
e e § 022 20 NKT irantistors AF- RE. coded - POWER TRANS BONANZA! Coded and  gusrantest
1212 Silicon Rectibars EDOXy 5/UmA op to 500 £1 2zes 23 10 OA 202 Slicon  diodes  sub-min . Prk No. £QV)
P TN eRF A B, Tranalitars OCZ00 & 38 106 ... ... US50024 § OA Bl diodes - - 055 o GENERAL PURPOST GERN. PNP Ti 82687138 QO7
Tie e = Q25 15 D% Shomm diodes 7571V 75mA . 055 fCoded GPI00, BRAND NEW TO-3 CASE. POBGIBLE
U1¢_ 160 Wilved Sliicon and Germpanivm Dicdes .. (X2 & | REPLACE:—0025-38-29-30-30-36. NKT 401-08-40¢- | 13 & D137s  OCT
Tis— 5 NPY BT Pl Trace. 703 [ice BFVE S000T— S| Q20 8 QA3 Gepmanium dioces sub.zmn 16 - 05 R] 353 T3 8 D126 OCSLE
U1y 96 NP 0. Planar Trans, 100 ke BFY5], 4509: 15 §§ 2 LA B0U ¥1V Diicon sictifers 13425K - 0-55 | 506-408-430-451 482453, TI3027-3028, 2N2504 aNa58A— | 22 2 DIS0, Ol
1 10 3 Amp Silicon Reclifers Btud Type up to 10iray 023028 2 Slhcnn power rectificrs BYZ 13 5744584, 2N811 A & B. 36220-222, ETC. VCBO sov T5 8 2G282T  OCE:
P AF ST cT T S0 ¢ S mansistors 2 x 2N6Y VCEO 50V IC 10A PT, 30 WATTS His 30-170.
017 % um PN o] D7 1x 2N698 ; PRICE 1:24 25-89 i0up FIZE 8 2G3MUB  OCH
18 8 6 Amp 8illcon Rectiftars BYZ1a TyPe up to 6CC PIV . 088 30 7 Silicon switch ransistors 2N 706 NPN 48p each 44p each 40p each /PTIS g ggg;gn 8(6‘?:
T18 25 Bificon SEPN Trankistorslke BCL0S . . ... ... .. - 0 §3§ & Silicom switch transistors 2N703 r:ll"; z O by e 38
Ta0 1515 Amp Bliecs Bechfiers Top Hat up o 1000 PIV . & 3 32 3 P-?:'L Si. ans, 2 x  2N1i3t S mcoxoséghsvmmc 250V NPX T10 8 26417 AFIL’
03020 AF, Germanium Alloy Transistors 2G 300 Series & OCi1._ 088 83;. 3‘5‘,m‘;.ﬁ's\ anRors INTFH o 7l T AL mﬂ“ﬁm‘?"z‘f‘ﬁ 2“3[’55 Al 55p each pak.
Tas B MADT's ilke MHs Beries PNF Tranaistors . ... ...... iﬁ 32 7 Sil NP wans. 2IN236Y, SOOMEH 10RO 2“,\7050 100/IC 8A{30 Watts. —“
3% __ 90 Germasinm 1 Amp Bamog GIM Berles ap to 8¢ PIV. 55 L3 PNE TS 2 X INZOOS & 1 x HFE type 20T SMEZ. 118 WATT g3 | £¥2080 PN AIL. DU
2695 900 MHz NPN Slitcon Trenistors 8108, BEYET _ . 88 zs\(mmggs % 0.5s JOLR PRICE EACH: S 100 qp | TOWER_ P2 | TRANE, g&nml%
U %0 wiiching Bilican Diodes like 1N91¢ Micro-Min. 6§ Q36 7 2N3646 TO 18 plastic womizNPN 055 1142 s 2y | 550 EACH. X
3 = 37 5 2N3083 NPN 2 s D 0p ench,
27 19 NPN Germaniun AF Traosstors TO-3 1Tke AC127 . )Bs 4 431 i 0 =
U39 103 BCR '8 T0O-5 can, p to 600 PAv CABLI 1194 (339 7 PNP wransistors 4 x 2337 U i G R Ll e 120 YCR WIXIE DRIVES
T30 15 Plastic Bllicon FIaoar Trans. NPN 2N2026 ... ... : 0 7NPN wansistors 4 X IN3707, 3 x mams . 053 §BIP 19 NPX TO-d Plastic. BIP 20 PNP. Brand new. | TRANEIRTOR.  Eim
1511 3 Plastic NPN TO-18 2N3904 R \cso 100, VCEQ 30/IC 10A. HFE type 1001t 3mHZ. | RoXa1 & C407, 2N189
5120 _Bllicon PIARAL REN Tnm.l.owhoucAmpﬁ\ﬂm 58 842 FRLE NS A 355 | OUR PRICE PER PAIR: Py oer B ANT
T33 25 Zener Diodes 400mW DO-7 cxec B-18 voltamnixed ... .. 088§ 513 7 g 10[731Nmp-\| transistors . 1155 |1-24 pre. 86p 25-89 pra. 81p 100 pre. 550 § CODED ND 190, 1-24
03 10 Plastic Casa 1 Amp Bilicon Reéctifiers IN4000 B«Hu S... 088 §¢4 7 NPN rransistors 4 x BC 108, 3 x BC 109 c..c. 0 18p each. TO.B NP
174« 30 Bilicon PP Alloy Tvans, TO-0 BOY 26 20802/4 . .. ..... 553 Jé % gg ”;VP\' '{_8 gsulr'm:stlsg?m g AD161/1 62 pxp | FUMBO UOMPONENT | 25 up 17p each.
U ¥illcon Planar Tranxistors PNP TO-1¥ 2N2906 .. 0 £ 827 6 NFN hx gain umlm 3 x  BC67. M P COMP GERM TRANS PAKS ———
036 55 Siidon Flanar NP Transistors T0-5 srxoo':a"!m )-58 A 3[;’(‘: L 70 B o &5 b iy i A YIXED %ué gsm. mubglgof;;
R 30 dilicon Alloy T N0-2 PNF OC200, 28522 . 0-85 + wransistors ¢ s SIS e ELECTRONIC _E. Organ, Metal
S —— 9 4 NPN transistors 2 x BFY31, 2 x BFYS2 .. 12 ~ Egvt. ZTX) p each
LT witching Stiicon Trans. NPN MHz 3N0I1 .. 7884 550 7 BSY 28 NBN switch transistors TO_18 - - 0-58 | SLICON PHOTO TRANSIOR | 1y poxgxrs | aay oty
T390 RF. Germ. PNP Tranaistora 2513031 10-b . . 055451 7 BSY95A NPN transistors 300MHz OSSR 05 and P21, BRAND Y
V40 10 Dual Tranaietors 0 load TO5 282060 ... ... .. ... 5 DURQASTISEREL00 type silican reckifiers L110 RN, Poil data  evallable, | Z3eeptionatly good salue 8th EDITION
Tal 25 &F T TO-5, 0CAD, NET 12 . 75§ 053 25 Sil & Germ. wans. mived ali marked new ... £1.85 | Boljy guaranteed. 2Ny o N
T4l 10 VAF Germantun PRP T TO-1 NKTA67. AF117_ 053 Qs 124 2399 100up R ectralstion snd | TRANSISTOR EQUIVA
) Ericecachady #p 88  Ipdts, ¥ LENTS BOOK. 280
43 25 9l. Trana Plastle TU-15 AR, BCI1S/114 958 LOOK FOR OUR = coils plus many other pages. A wmpm-‘
44 20 o0, Truns. Plastic TO-5 BO115 NPN. ... CEREETI T L SEMICONDUCTOR F.ET.'S Y ol itemat i . R annidil
U35 7 SA 8CR. TU&6 up to 600PIY ... .. Gaeranaans ceniens 110 ADVERTISEMENTS IN ZNsE19  Slp  2N5406 8.:; mately $ibe in waight. | D00k for déjuropﬁ:
Goo No'sTeuloned whove e gren o = FUds o the e af dovies 1 PRACTICAL WIRELESS and 2N S0 DFW10 64y | Price inck P. & P. 2185 | Tranastors Exclogse &
the pak, The devices RADIO CONSTRUCTOR 253823 %lp MPFios 41p]only. BI-PAK £1-85 each.
Am::?!'%iq-: ﬂcﬂl;cd% BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK :TREET {Al0), WARE, HERTS.
gt e L. (STD 0920) 61593.
OF ELE IC COMPONENTS AND ACCESSORIES A TE
AVAILARLE EX. STOCK. RANGE ELECTRONIC eSS 3 OPEX MOR.-SAT. 018 a:m. fo 6 p.m.. FRIDAY UNTIL § p.u.
§RED FOE FREE LIBY. COMPETITIVE PRICES— ALL PRICES INCLUDE V.AT.

LN, »




-the lowest prices!

74 Series T.T.L. |.C’'S

BI.PAK STILL LOWEST IN PRICE FULL SPECIFICATION
GUARANTRED, ALL FAMOUS MANUFACTURERB

I3 25 100+ 1 25 100+
T400 018 617 018 £1-10 £1-07 £1-05 | 74122
7401 [ 3] 017 olé G138 017 016 | 74123
7402 [ 3 617 016 018 017 016 § 1141
7403 [ 17 016 018 17 616 | 4145
7404 (13 017 016 0-i8 037 616 | 74150
1405 (%3 617 016 Gi8 017 016 4151
7406 03 034 031 032 029 027 | 74153
1407 0.3 034 031 032 29 027 | 24184
7408 020 19 018 041 039 035 1 74138
T409 02 039 018 043 039 035 | 74156
%0 01 017 016 050 048 74157
Mt 0-2: 027 25 043 042 | 74160
H4E2 03 034 031 074 871 74161
413 03 031 930 2130 £0-25 £4:30 | 714162
416 04 044 042 096 095 094 | 73163
7417 0-48 44 2 Sl-g £115 £1-05 | 74164
7420 01 017 15 Ikt £30% £1-00 | 74165
7422 05 053 050 £33  E340 £330 | 74166
7423 055 953 0-50 538 034 033 | 74174
7428 055 0-53 0-50 £300  £375 £3-50- | 74175
7426 450 046 043 74 [ 4 064 | 74176
7427 050 0-48 044 £1-19 £182 £1-00 | 74177
7428 055 053 050 (L *71 064 | 74180
7430 618 017 016 072 [ ot ] 064 | 7218
7432 050 0-46 0-44 [ [ &5 075 | 14182
7433 075 073 070 a3s e 075 | 74184
7437 070 068 065 496 353 086 [ 74190
2438 070 068 085 £158  £145  £1.40 | 14191
7440 [ 313 017 016 £107 £144 £1.00 § 74192
7441 074 071 64 £1497 E1M4 E100 | 74193
7442 074 071 64 044 o-£2 040 | 74154
7443 1-20 £1-15 £1-10 =55 040 | 74195
7444 120 £1-18 £1-10 £l £337 £1:21 | 74196
7445 £198 £195 £1-90 £1-10 1 £1-00 | 74187
7546 £1.20 £1.18 £1.10 £150 £140 £1-30 | 74108
7447 £1-10 £4907 £105 050 & 048 | 4199

The AL50 HI-FI AUDIO AMPL
bOW pk 25w (RMS)

0-1% DISTORTION! HI-F! AUDIO AMPLIFIER

@ Frequency Response 15Hz to 100,000—14B.

& Load—3, 4, 8or 16 ohms. & Supply voltage 10-33 Volis,
#® Distortion—better than 0-1%, at 1kEz.

¢ Bignal to nolee ratio SUdB.

# Overall size 63 mm X 105 mrz X 18 mm.

Tallor made to the most stringent specifications using top
qQuality and incer ing the latest solid etate
circuitry concelved to AIl the need for all your A.F. amplifi-

cation noeds.
PULLY BUILT—TESTED—GUARANTEED,

BRITISH MADE. only £3:58 each

1 28 100«
£1-50 £1.45 £1-40
£3.00 £290¢ £2:80

0-85 0-82 ¢79
£1:65 £1-85 £1.45
£2:90 £2.80 £2.70
£1-10 £1.0% £1.00
£1:30 £1.20 £1-i0
£1.98 £1-90 £1.78
£1:50 £1-45 £1.35
£1-50 £1-45 £1-35
£200  £1-% £1-80
£2-10 £2-0( £1-90
£2.10 £2-0( £1-90
£4-40 £4.) £3-85
£4-40 £41 £3185
£2:20 £21 £2.00
£2:20 £21 £200
£3-20 £31 £300
£2-50 £2:4 30
£1-78 £1-6 £1-58
£1-8% £1.7 £1-65
£1-85 £1-7 £1-65
£4-50 (-4 £1-30
£5-00 £4.5 £400
£200 £1.9( £1-75
£320 £31 £3.00
£2-18 £21 £2-00
£2-1% £2:1 £200
£2-15 £21 £2.00
£2.18 £2-1 £2.00
£298 £2-86 ¥l
£2:00 £1-9 £1-90
£1:95 £1.9¢ £1.8%
£1-95 £1-9C £1-85
£5-00 47 £4.50
£5.00 £4.7 £4-50

MODULE SPM80 £3-25

APS0 28 capecially desigued to power 2 of the ALS0 Amplifiers. up to
15 watt (r.m.a) per channel dimultaneous]y. This modula embodies the
lagest and eireult techaiques i lete short
cirenit protection. With the addition of the Maina Transformar MT4},
the wiit will provide outputs of up to 1-5 amps at 35 volts. Slze:
8 mm X 103 mm x 20 mm._ These unita enable vou to build Andio
Syatems of the bighest quality at a hitherto unobtainabl

ideal for many other icati 1 Disco
Addreas, T Thits, ete, Handbook available, 10p.

STABILISED POWER
&

PEYICES MAY BE MIXED TOQUALIFY FOR QUANTIZY PRICE& (TTL 74 SERIES ONLY)DATA IS
A bl Y OR THE ABOVE SERIES OF 20 L1 FORM, BRICE 35p. TRANSFORMER BMT80 £215 p. & p. 25p
INTEGEATED CIRCUIT PAKS
Manufacturers “Fall Outs”’ which include Functional and Pass-Feztional Tnits, Theso are claseed as ‘out-of- | )
2pec’ from the maker’s very righd specifications. but are ideal Iearning about 1.C's and experimental work.
e Conn pan | rite oo an | 2amowms e | TYPE PA100
TIC00=12:47400 055 TICi4=-Bx 7448 0-58 TICO0m 6 X 7400 088 f
DI001=12X 7401 058 UXCA8 =5 X 7448 0-58 TICHL =X 7481 0-35 § Built to a specification and NOT a price, and vet atil] the greatest value on the market,
TICH2 =12 7402 055 VICi0=12 X 7450 6-55 L’I(}B?:GX’T}W 085 § the Paloo‘pmo Ppre-amplifer bupbeen eonz:ived from the 1atest cirvuit techniques.
UIC03=12Xx 7408 0-35 VT35 =12 X 7451 055 TICES =8 x 7494 0-55 igned for use with the ALS0 power amplifier system, this quality made unit
UICO4m 13 x 7404 066 UICE8=12x 7458 958 VICH»BX 7434 055 | incorporates no less than eight sllicon planar traasistors, two of these are specially
VICO5 =12 x 7405 085 VICH4=12 X 7454 0-58 TICED =58 X 7485 0-88 | selected low noise NPN devices for use in the inpux stages.
UICOE =8 x 7408 088 TVIC80 =12 X 7480 085 VICHE =8 X 7406 0-55 ) Three gwitched stereo inputs. and rumble acratch filters are features of the
UIC07 =8 x7407 055 ‘UIC'IO-SX'HZO 0-55 YIC100=5 X 74100 0'85 | PA100, which lso has a STEREQ/MONQ switch, volume, balance and continuoaly
UIC10m 13X 7410 055 UIC72=8X 7472 0-58 VIC121=8 % 74121 085 | variable bass and treble controla,
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E’RE ALL AT SEA...

sea leve!
CDNT!NENTAL SHELF

LIGHT FADES OUT THERMOCLINE
500 m SCATTERING LAYER
BATHYSPHERF_O
910m
Tkm

O 8FNTHOSCOPE  WHALF 1'0 1000m
1350m

3780m
MEAN SEA OEPTH

FNRS ‘__f GREAT OCEANIC BASINS

’ 4000 5000m

\/

/ —'\
TETH EREO CAMERA
gkm

BATHYSCAPH TRIESTE
CHALLENGER DEEP
10800 m

sl
i

Fig. 1. The oceans are deep, as this diagrammatic cross-section shows.
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But where are we?

In recent years man has taken to the seas as never before. In this
article Dr Sydenham discusses position-location on the sea surface.
A following article will deal with sub-surface measurements.

THERE is hardly a square metre of
land surface that has not been seen by
man — even parts of the distant Moon
have been visited. Yet, compared with
our knowledge of the land, the seas

remain virtually unknown to us:
oceanography is a relatively new
science,  Starting , around 1850,

scientific enquiry into the oceans soon
gained ground and today exploitation
of the seas is a multimillion doilar
industry. The first study of note was
the voyage of the Challenger
(1873-1876) in which 150 000 km of
ocean was charted and sampled. This
wealth of fact finally dispelled the
popular notion that the oceans were
all of immense depth and lifeless.

Movement into the depths, however,
was inhibited because of ihe existence
of several significant barriers. Firstly,
it was possible to esiimate their
position in those days, with precision,
only if close to land — there are no
distinguishable marks on the surface of
the sea as there are along a coastline.

Under the surface of the sea the
problems multiply rapidly — see Fig.
%

The pressure increase demands that
the unprotected diver be given time
for his physiological functions to
adjust; natural fight fades rapidly;
hostile sea creatures may be present:
disturbed mud and sift masks the
artificial light. In all, it is oniy certain
kinds of people who dare venture
there without the comfort of a
submersible chamber.

THE NEED TO EXPLORE
THE UNDER SEA

About 70% of the Earth’s surface is
covered by seas — a mere 700 .10°
km2. To many it is an ocean of salt
water, but it is becoming increasingly
obvious that it abounds with food,
minerals and energy. Oceanographers
suggest the fish catch could be as high
as 1014 tonnes a year. We do not, as
yet, come anywhere close to this size
of vyield: fishermen need to know
where the fish are in order to catch
them.

As the known deposits of economic
minerais on land are worked out, the
price rises. [t has now reached a point
where it is economical instead to look
for, and win, minerals from the
sea-floor. For example, diamonds are

now literally sucked from the sea
botiom.

Getting away to @ slow start off the
coast of South Africa in the 1930,
diamond dredging was eventually
shown to be an economic operation.
One dredge extracted a one carat
diamond per 250 kg of spoi! moved —
by comparison, on land the ratio is
around 50 106 kg per carat. However,
when operating dredges it is vital to
know their position accurately in
order to dredge the floor in a
systematic manner.

Diamonds are not the only sea-floor
wealth; tin, gold, sulphur,
organite sands and phosphorites are
also available. Manganese nodules,
growing by chemical action at a
millimetre per thousand years, exist as
dark lumps iying on the sand surface
with densities reaching as high as 30 kg
per square metre.

There can hardly be a person who
has not heard of the seabed oil and gas
wells. Offshore drilling, a practice
developed extensively in the last
decade had its start back in the 1930's.

iron,”

Today huge platforms, supported on
legs that go to the floor, or float at
depth, are now in place in many
oceans and seas. This is big business;
financial returns being such that

\ incredibly expensive and sophisticated
procedures have been justified to aid
the drilling and control of wells.
Accurate position control is essential
for the rig, for it must not drift away
when the drilling-string is drilling a
well.

Whenever man seeks wealth it is
necessary for him to lay claim to his
patch of territory — the problems of
undersea  claimstaking and the
definition and policing of international
water boundaries - are still not
adequately solved — there are no
distinguishable surface marks and no
easy way to provide a fence that is
stable in location.

Budgets of the wealthier countries,
earmarked for oceanographic research,
have been on the increase this decade.
Private industry spends as much as
governments in the race to exploit the
cream of the ocean resources. In the
U.S.A. for instance, research funds run
to $5.108 p.a.

A large part of these monies goes to
fundamental research. Programmes
such as the deep dry-dive experiments

7

\

Fig. 2. Survey vessel equipped for marine site investigation.
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Fig. 3. Trieste — a submersible that has taken man 0 the deepest depths — bristies with

underwater sensing devices.

(the diver undergoes the test in a
compression chamber in the
laboratory — an eguivalent depth of
some 500 m has been reached in this
way by an unprotected man} and the
testing of the now numercus
unmanned and manned submersibles —
the Trieste {a cross section shown in
Fig. 3.) is the best known example —
holding the deepest dive record of
more than 10 km in the Challenger
Deep {at that depth the pressure rises
to around 12kg per mm2.) Not
everyone wishes to go that deep —
there is more urgent work in more
moderate depths. In all such studies
depth and position information is a
vital part of the programme.

It goes withour saying that the
military also nsed to know the
location of submarines, boih of their
country and of others.

Many submersibles are operated by
remote control from a surface mother
ship — sea floor crawlers seeking
minerals, fish nets that automatically
close when a shoal passes into the net,
exploration devices. and deep-sea
rescue modules come to mind. In
order to manipulate these devices it is
necessary to build in sensors ihat will
monitor depth and relative position 50
that contro! can be effected.

We start this survey with a look at
the means available for position fixing
at a point on the surface of the sea.

MEASUREMENTS ON THE
SEA SURFACE

The Iong standing position-location
problem is that of continuously
monitoring the position of a ship in
order that it can make way in safety
on an efficient course. Anocther
important need is that of avoiding
collisions between vessels navigating
the recognized shipping lanes. In
relatively recent times another class of
need has arisen — that of holding a
constant position over the sea bed, for
example, whilst drilling the sea bed
with a floating dritl-rig.

16

USING THE STARS AND SUN

Before the advent of radio-location
methods the only means of accurately
establishing position away from land
was to sight the stars at night, or the
sun by day, using a sextant and an
accurate clock. Between these checks
navigation is achieved by using the
magnetic compass bearing and ship’s
speed to establish up-dated data. The
obvious problem is how to overcome
the effects of cloud that often cover
the stars or sun when a sight is needed.

Total automation of this procedure
became a reality in the 1960's when
the U.S. space programme developed
guidance systems for spacecraft based
on electro-optica! star trackers. There
is, however, little real need for this
degree of sophistication in sea
navigation as other methods exist that
are more reliable and not prone to
problems of cloud masking. The use of
low-light-level optical sensors does,
fact now permit celestiai ’tracklng
systems to be used through clouds, but
the cost is unwarranted in normal sea
navigation.

RAD!O-LOCATION

Radio transmission of signals was
first demonstrated in 1864 using a pair
of kites separated by 30 km. By the
1920°s, radic was an established
routine feature of everyday life in its
communications role, but its value as a
direction finder was only just being
explored. In 1930 Meint Harms, a
German, filed a little known patent
describing 2 method now commonly
known as hyperbolic navigation. The
patent wording suggests that it was
already common knowiedge at that
time that position could be crudely
estimated from a knowledge of the
directional signal strengths from
transmitters. These methods used
amplitude measurements and were,
therefore, not very accurate because of
the varying transmission attenuations.
The patent preamble hints at the
hyperbolic method, in so much as. it

‘the need to take the sum

recognises that sectiona' arezs exist in
space wherein the received signals
from two distant transmitzers wou'd
pass through minimum and maximum
signal strengths. Harms’ contribution
was to suggest that the two distant
transmitters should be locked in phase
so that phase differences zt a receiver
could be used to obtain orzcision
position-location.

it is now agreed that this patent
foreshadowed the now commonly
used Decca system. Harms, |ike many
an inventor beyond his :ime, ried to
interest many notsble companies in
the idea — Lorenz, Telefunken znd
others rejected his idea zs unworkable.
Today the credit for 1thz first
routinely-working hyperbolic locgtion
system goes to Dippy for the
development of a puised system and w0

O’'Brien and Schwartz for the.C\\
method.
Fo constent  frequency

transmission the distance travelled for
a given number of cycles is fixed — if
these were known, distance would be
known (in fact, some methods of
surveying do wuse this procedure).
When a second beam is z/so received
from another direction :the phase
difference between deiines
position along an hyperbolic curve —
not a point in space. With two fixed
base stations one can plot & family of
hyperbolic curves that reoresent phase
differences ranging from zero to many
cycles. If the sum of ths phases is
plotted in a similar way a2~other set of
curves is created — these are ellipses
and they run at right zngles 10 the
phase-difference curves. |, therefore,
both difference and sum arz known,
position can be defined with respect to
the base hine. [t is, however, not as
simple a matter to measurs phase-sum
as it is to obtain <Ziffsrencss, so
another procedure is used that avoids
. It makes use
of a third base station :aking two
phase-difference measurements — one
hyperbolic net is superimposed over
another but at a different angle. This
concept is shown in Fig. 4. With this is
is possible to locate which smali
region, or which curve intersection,
the receiver is at.

The British designed Decca Sea-Fix
system, shown in Fig. 4 wuses
transmission of 1W operating at
2000 kHz: position can be located to
within 2 m in 37 km distances. It is a
coastal system providing little aid for
out at sea. Its North American
equivalent is Shoran, in the main.

The current controversial Omega
system also wuses this hyperbolic
principle — its salient features are that
the transmission is in the 10 kHz
region providing a signal over distances
spanning the Earth, and that it can
also penetrate down into the seas and
oceans enabling a submerged vessel to

Them
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Fig. 4. Ships can locate position by comparing the phase — differences of phase-locked
transmissions received from different locations, hyperbolic radio location.

navigate without surfacing. Only eight
stations are needed to give global
coverage.

A little later than the Harms” patent,
in the 1940’s, radar became reality
making use of the timed flight of a
pulse of radio carrier (radio waves
travel a metre in three nanoseconds} to
give a measure of distance using a
single point transmititer/receiver to
send and receive the refiected echo.
This meant that a more direct method
could be used to locate position, as
range, distance and bearing suffice to
défine location. An alterpative and
more commoniy adopted method uses
trilateration — two radar stations,
placed a known distance apart, each
measure range {only) to the target. As
the three side lengths of the triangle
formed are known, position is known.
An extra station, as shown in Fig. 5,
overcomes fading and other
communication {oss defects.

When positioned away from the base

stations the system can be used in
reverse measuring distance to known

bases from a common point. In the’

HIRAN eduipment a pulse of radar
energy is sent out from the vessel to
base units called transponders; these
only transmit a return pulse when a
signal is received. An interrogator unit
calculates distances and, as we shall see
later, can provide control signals for
steering. Automatic allowance is made
for the fact that the transponders may
not be at the same elevation as the
vessel.

A more advanced system SHIRAN
(S-Band HIRAN) operates over 450
nautical miles using 20 W transmission
to plot position to within 13 m. The
French Trident Il method operates on
270 MHz achieving similar precision.

The advantage of trilateration is that
it gives greater precision, but is said to
be less flexible than the hyperbolic
method. It is, however, ultimately
limited in precision by the finite puise

Fig 5. Ships may aiso locate position using time of flight radar to obtain two or more
distances to known position transmitters, trilateral or ranging radio location.
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rise-times. Yet another system is the
Cubic Corporation Autotape for short
ranges — it can resolve to 0.01 m, even
when travelling at 200 knots in an
aircraft.

If the energy is transmitted into a
very narrow beam — as in laser
radiation — it would be feasible to
measure position using one distance
and an angle. Laser light-houses have
recently been invented to aid
navigation, operating in the normal
way as a rotating and flashing light
source. Perhaps we may see them
developed to yield position
information at the receiving end. For
example, the laser beam can be
modulated and detected to dive
distance between the vessel and the
light-house. Angle is then needed. This
could be achieved by superimposing
another modulation frequency onto
the beam that varies with respect to
the azimuth bearing of the rotating
output beam — giving angle as the
instantaneous frequency measured at
the receiver.

The latest addition to the numerous
variations of the above concepts makes
use of satellites to act as precisely
placed radio beacons in the sky.
Whereas these satellites have enabied
geodetic surveyors to improve our
knowiedge of the Earth’s shape and
the accuracy of the world mapping
grids, there has been justifiable
comment that ocean liners do not
need such accuracy. (The QE2 has
satellite navigation fitted). There is,
however, a definite case for its use in
marine hydrographic surveys where
utmost precision is valuable.

INERTIAL NAVIGATION

A mass suspended in space resists
forces attempting 1o move it;
continuous double integration of the
accelerations experienced by the mass
gives a measure of distance travelled. it
is ~1s0 necessary to use a second device
that keeps the mass orientated the
same way in space so that the
distances obtained are meaningful —
this is wusually achieved with a
gyroscope. For fast-moving vehicles,
such as aircraft, this method can
provide reasonable position accuracy,
for inaccuracy is a function of the
time interval between readings.
Generally, therefore, in sea application
its use is restricted to fine
manoeuvring such as in turning. It also
plays an important part in the
automation of roll stabilisation of
ships, gyro's providing the control
signais that operate the angle of attack
of the correcting fins. The distinct
advantage of inertial methods is that a
remote station is not needed.

DOPPLER NAVIGATION
If the velocity of the wvessel is
integrated with respect to time,
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Fig. 6. Diagrammatic explanation of doppler soner used to give true speeds of ships, and
the units needed in 8 Thompson-CSF instaliation.

distance is obtained. Performed in two
directions, position on a plang surface
can be defined. The doppler method
makes use of the phenomenon in
which a reflected, alternating-iniensity
energy wave has its frequency shifiad
by an amount proportional 1o the
relative velocity between the vessel
and the fixed surface.

No complicated base station is
needed, any reflecting surface sufficing
to return some of the transmitted
radiation. Sea water surface, land or
sea-bed are sufficiently good reflectors
for this purpose. Doppler radar has
been in use for many years but like
inertial methods lacks the large scale
precision afforded by radio-location
methods. 1t does, however, give high
definition over comparatively short
distances.

As seems to be the case in this field
of position measurement at sea, we
can look to the airborne situation to
see how things will develop in at-sea
measurements. For example, in 1964
the moon-shot programme started

| about 1970 the same idea had been
applied to the berthing of ships. In the
Marinex 1973 exhibition, held in
' London, Marconi Marine exhibited a
| speed of approach system developed
to assist the docking of ships,
especially super-tankers. The all-up
weight of some loaded tankers is now

| greater than 500 000 tonnes — even a

slight bump into the wharf could be
| disastrous. There is usually no suitable
l reflective surface ahead of the ship so
1 docking sonars use the doppler effect
‘of acoustic waves reflected from the
dock bottom as shown in Fig. 6. There
are transducers at both ends of the
ship to enable s orientation to be
monitored as well as its velocity. With
units like this the ship’s speed can be
measured to as low as b5mm per
second. The term fine-grained
navigation has been coined for such
applications.

Another doppler system of interest
because of its implications on the
future trends of marine
instrumentation is the Raytheon
airborne  doppler using a bW,
frequency stabilised, CO<4 laser. The
laser beam, modulated at 100 kHz is
I'sent to the ground and a reflection

received back at the moving aircraft.
' The resulting doppler difference, as a
| frequency, gives a measure of actual
| ground speed.

A recent report reveals that a
| powerful laser has been used to obtain
airspeed of an aircraft using the
doppler method facirg forward instead
| of downwind. The aerosols in the air
backscatter the forward-projected laser
beam providing a return signal that is
frequency shifted with respect to the
transmitted beam.

| REMOTE SENSING

| Whilst on the subject of position
location of objects on the sea and
| aircraft, it is appropriate to include the
use of the air-borne thermal scanners.
| These can detect (using the heat
radiation emitted) the presence of
' surface ships at night and in fog, not
only where they are at the time of
- detection but also where they were for
periods up to hours beforehand. The
heated water-wake of a ship remains
after it has passed. Deeply deployed
tatomic submarines are not immune to

design of doppler-radar landing control
for the touch-down on the Moon. By

18

Fig. 7. Airborne thermal scanners such as this can be used to locate relative posisons of
objects at sea even when not visible to the eye.
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this form of detection — their
power-sources must be cooled and this
produces a heat patch on the surface.

The thermal scanner, as the pame
implies, scans a high-sensitivity
infrared detector across the surface of
the sea. The signal strength (related to
thermat emission of the séa surface) is
used to contro!l the intensity of a
visual glow producing a graded black
and white trace that portrays the
thermal amplitude as a visual
equivatent. As the plane flies forward
the lines add parallel to each other, in
sequence, to form a frame in the
reconstructed output display.
Commercial scanners, such as the
Hawker Siddeley unit shown in Fig. 7
have sensitivities of about 0.1 K. This
is adequate to see effects such as the
flow-streams of fresh water entering
sea water and the position of ships at
night. Military scanners probably have
a temperature resolution of 1 mK, and
no doubt, there are satellites orbiting
above us that are taking high
sensitivity pictures of the oceans in an
attempt to plot the deployment of
submarines.

LASER DEFINED LANES

Ships approaching a harbour, dredges
working along a channe!, laying of
submarine cables and similar tasks
need straight line guidance. Laser
beams can fill this need at low cost.
The marine channel light shown in Fig.
8 (designed originally in Australia and
marketed by Decca} consists of a laser
head that has two output beams
emerging nearly paraliel to each other.
The two beams are shaped in cross
section in order that the two overlap
in between their axes. One beam is
mechanically switched with 0.5s on
and 1.5s off, the other has 1.5s on
and 0.5 s off. When navigating up this
dual beam, toward the laser unit, it
appears to the eye as a steady central
spot if righton line,oras0.5sor1.5s
flashing signal depending on which
way the path has erred. Another
method using a laser beam rocks the
beam from side to side with a nodding
mirror to achieve the same purpose
but without the use of two emergent
beams. These laser lanes exist out to
20 km at night and 10 km by day.
With the currently guaranteed laser life
of 18 months this is a cheap and
effective form of guidance.

To complete this survey of surface
measurements we must include
collision avoidance devices.

COLLISION AVOIDANCE

Another measurement need coming

1METRE™
;24

WEIGHT 9.1 KG APPROX.

Fig. 8. The marine channel light uses two overlapping laser beams that flash altemately
to define shipping guidance sfong 2 defined line.
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Fig. 9. Schematic of the prototype L. AD collision waming system.

to prominence is that of providing
ships with a highly reliable estimate of
the position of other vessels in close
proximity. The man on watch is fast
proving to be upreliable, as the
sea-lanes fill with traffic. Collisions are
ever on the increase. Figures from the
U.S. Coastguard suggest that about
200 collisions each year occur because
of inadequate collision warnings.

LAD {Lookout Assessment Device)
was proposed by Sperry Marine 1970
— it makes use of either a radar or
acoustic ranging methods. Details of
LAD are given in Fig. 9. Of the many
alternatives available, Sperry designers
felt that radar was the only truly
useful method on &l counts. Collision
warning radars need to be different
from normal marine radars insomuch
as they must be ultra-reliable in a
continuous operation mode and the
false alarm rate must not be too high
— one per watch is felt to be the
design criteria sought.,

Again we can look to the air to see
what might happen at sea. Collision of
aircraft is a far more serious problem
because of the wusually disastrous
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consequences. Aviation law already
insists on the use of powerful red or
white Xenon strobed lights on aircraft.
Vigilaire (by lora Aircraft Systems)
uses silicon photo-conductive sensors
to detect infrared radiation from these
lamps. It provides a display in the
aircraft cockpit that shows which
sector the other aircraft is in.
Advanced systems incorporate altitude
measurements to ascertain if the other
aircraft is at the same height and,
therefore, a poten-ial threat.

Infrared sensing of ships, from ships,
is a developing military skill — the
thermat signature of ships enables
them to be identified in the dark. It
would seem reasonable to expect
infrared proximity detectors to be
applied to marine collision detection
in the near future.

Later we will look at the ways and
means by which many of these
position location methods are applied
to control the course and position of
vessels.

We will also consider the devices that
have been invented accurately to
locate a position beneath the waves. @
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IM322N & LU

The 555 timer has rightly become an
extremely popular device and is now
well known. The LM322N and its
brothers have certain advantages over
the 555 but are relatively unknown.
This article should put the record
straight,

BY J. BRIAN DANCE, M.Sc.

NATIONAL SEMICONDUCTOR have
recently added a new type of timer to
their range of integrated circuiis. It
can provide time delays from a
microsecond to an hour or more.

The circuit of this device
incorporates a 3.15 V internal
regulator which feeds the timing
circuit itself. The time delays are
therefore independent of the power
supply voltage {which may have any
value in the range of 4.5 V to 40 V}
and the operation of the circuit is
unaffected by ripple or noise on the
power supply line.

The device will operate a relay or
provide an output pulse to another
circuit.

TYPES

This integrated circuit containing
some 35 transistors is available in a
variety of encapsulations. The LM322N
is the cheapest of the rarge at a
recommended price of £2.25 in small
quantities. !t employs a 14 pin
dual-in-line encapsulation with the
connections shown in Fig. 1.

The LM322H is an equivalent device
in a circular can with ten leads; both
the £M322H and. the LM322N can
operate over the temperature range
0°C to 70°C. The circular LM222H
can be used over the range —250C to
+859C, whilst the circular LM122H
and the flat LM122F can be used from
-550C to +1250C. However, it |s
assumed that most readers will find
the LM322N syitable for their
reguirements.

CIRCUIT OPERATION

The operation of a typical LM322N
is shown in Fig. 2. This provides an
output pulse one second after a trigger
puise is applied.

Initially capacitor C1 is held in the
discharged state by the circuit. The
timing operation is started by the
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application of a positive going trigger
pulse to pin 3. This triggering puise
should have an amplitude of at least
2V and a duration of not less than
one microsecond, but the device will
not be damaged by the application of
pulses of up to £ 40 V to pin 3.

The current taken by the trigger
input is typicaily 25 pA. The author
has found that the circuit can easily be
triggered if pin 3 is touched by a wire
held in the hand (provided that one is
not holding a wire connected to pin
6). It is more reliagble momentarily to
connect pin 3 to pin 4.

The triggering process causes the
output stage to be switched and also
allows C1 to commence charging
through R1 from the 3.15 V reference

POSITIVE INPUT PULSE

TRIGGER

1 0GIC

1|

LgaD

DUTPUT

COLLECTOR ULSES
ouTPUT

M cef 4 12

EMITTER

OUTPUT
6
GROUND
|
+

Fig. 2. The use of the LM322N in a one
second timer.

-
-

potential at pin 4. When the voltage
across C1 reaches about 2V, the
output circuit is switched back to its
original state and this capacitor is
discharged. The internal circuit of the
device is designed so that this occurs at
a time egual to R1C1 seconds after the
triggering pulse when pin 7 is not
connected.

o the circuit shown in Fig. 2, R1 =
106 ohm and C1 = 10-6 F, so the time
detay is equal to one second. The
difference between the product R1C1
and the actual time delay is likely to
be around 1 per cent, but the
component tolerances must also be
added to this to estimate the tota!
timing error.

CUTPUT

The output of the timer is a ‘floating’
transistor. In other words, it consists
of a transistor which is not connected
to either of the power supply lines,
but which has its collector and emitter
circuits brought out to separate pins.
This output transistor is switched
between its conducting and
non-conducting states.

In the circuit of Fig. 2, the emitter of
the output transistor is earthed and
the load is placed in the collector
circuit of pin 12. When the transistor
is in the non-conducting state, very
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little current {less than 1 uA) passes
through the load. When the transistor
is switched to conduction, however,
the current passing through the load is
only a little less than the current
which would pass if the load were
connected directly between the power
supply tines {subject to a maximum
current of about 50 mA).

Thus when the transistor is
non-conducting, the output potential
approximates to that of the positive
supply line. When the transistor
conducts, however, the output is only
slightly above ground potential.

The load can also be placed in the
emitter circuit, as shown in Fig. 3. In
this case, the collector of the output
transistor (pin 12) may be connected
directly to the positive supply line.
This type of circuit is useful when one
side of the load must be earthed. The
output potential increases from zero
to near the positive supply line
potential when the ouiput transistor
conducts,

In the circuits of Figs. 2 and 3, the
logic circuit (pin 2) is earthed. In this
case, the output transistor is switched
to conduction when the circuit is
triggered and remains conducting until
the end of the timed period.

If, however, the logic pin 2 is
connected to the reference voltage of
pin 4 instead of to ground, the output
transistor will normally be held in the
conducting state, but will be switched
to the non-conducting state when
triggering occurs.

The logic circuit connected to pin 2
can therefore be used to provide
outputs of either polarity.

Once the LM322N has been
triggered, it will remain unaffected by
any subsequent pulses to pin 3 until
the delay time has elapsed. The circuit
is triggered only by the rising edge of
the pulse applied to pin 3; if pin 3 is
connected to the positive supply line
voitage or to pin 4, the circuit will be
triggered once only even though pin 3

remains positive with respect to
ground.

The load must not be shorted
continuously, but at ambient

temperatures of up to 400C, the
output may be shorted for a time t =
120/Vce seconds where Vce is the
collector to emitter voltage across the
output transistor during the shott.

RELAY DRIVE

The load resistors in the circuits of
Figs. 2 and 3 may be replaced by smali
lamps which are illuminated when the
output transistor conducts.

The circuit of Fig. 4 can be used to
close the relay when a trigger pulse is
applied; the relay remains closed for a
period of 100 seconds before it
reopens when the values shown are
employed.

POSITIVE

TRIGGER PULSE !
-V

V rel

COLLECTOR QUTPUT

EMITTER QUTPUT

OUTPUT

«
&

LDAD

Fig. 3. A circuit in which one side of the
lpad is earthed.

When the output transistor of the
LM322N is switched off, the current
passing through the relay falls rapidly
and a large ‘back e.m.f.’ is generated
across the relay coil. This back e.m.f.
can damage the integrated circuit-and
a protective diode, D1, is therefore
incorporated in the circuit to prevent
this possibitity.

D1 is reversed biased during the time
a current is passing through the relay
and does not affect the normal
operation of the circuit. When the
current to the relay is switched off,
however, the back e.m.f. biases the
diode in the forward direction and the
unwanted pulse is shorted to ground,

The relay used with the LM322N
must operate with a current not
exceeding 50 mA and from a voltage
supply not exceeding about 38 V. The
value of the supply voitage may be
made equal to the recommended relay
operating voltage.

If the logic circuit (pin 2} is
connected to pin 4, the relay will open
when the circuit is triggered and will
close at the end of the delay period.
The author found that this circuit
would trigger only when an OA47 or a
similar type of germanium diode
{preferably gold bonded} was
employed across the relay coil. When
the OA47 was replaced by a iNS14
silicon diode, the circuit could not bhe
triggered, although the output current
did commence to fall each time a
trigger pulse was applied. It appeared

that this effect was caused by
POSITIVE TRIGGER
PULS
WV
3
LOGIC 2 10 +V
V sef 4 12

COLLECTOR QUTPUT

COMPARATOR] 5 1 EMITTER QUTPUN

1 D1
-1— 100uF A OAs7

Fig. 4. A circuit which closes a relay for
100 seconds when a trigger puise is received.
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feedback between pins 1 and 2 and
that one could adequatety suppress the
pulse at pin 1 with an QA47 diode but
not with a IN914.

POWER SUPPLY

The current taken from the power
supply by an LM322N (excluding any
current passed by the output
transistor} is typically 2.5 mA with a
maximum of 4mA. The current
increases to this value at about 4 V,
but little further increase occurs as the
supply voltage rises to 40 V.

The maximum permissible power
dissipation in the device is 500 mW; in
practice, however, one should not
reach this vaiue if the device is
operated correctly. The maximum
voltage drop across the output
transistor is 3 V and 50 mA when the
load is in the emitter circuit, so the
power dissipated in this stage should
not exceed 150 mW. If the device
passes the maximum current of 4 mA
from a 40 V supply, an extra 160 mW
is dissipated in the remainder of the
circuit.

COMPARATOR CURRENT

If the comparator input (pin 5} of
the device requires a current, it shoufd
be clear that the capacitor will take
fonger to charge to the voltage at
which switching occurs. The delay
period will thus be extended.

The maximum value of the pin 5
current in  the LM322N is 1nA
{typically 0.3 nA} when pin 11 is not
connected. Thus if a resistor of 100
megohms is employed for R1 in Figs.
2 and 3, the maximum current of 1 nA
flowing through it to pin 5 will
produce a voltage drop of only 0.1 V
and a timing error of a few per cent.
Thus the small comparator current
enables one to use a large resistor and
hence to obtain iong time delays.

If one uses an electrolytic capacitor,
one must take the leakage current
taken by the capacitor into account
when determining the maximum
possible value of the timing resistor for
a long delay. The voltage across the
capacitor is always small (normally less
than 2 V) and this minimises the
leakage current.

CURRENT BOOST

The current taken by the voltage
comparator circuit connected to pin 5
is too low to enable the circuit to
operate in the microsecond region if
pin 11 is not connected. if, however,
pin 11 is connected to the positive
supply line, the current to pin 5 is
‘boosted” to a maximum value of
100 nA {30 nA in a typical device) and
the circuit wifl then operate with
delays as low as one microsecond.

Pin 11 should be connected to the

‘positive supply line for any timing
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intervals of less than 1 ms. For times
between 1 ms and 100 ms it does not
matter whether pin 11 is left
unconnected or whether it is
connected to the positive line.

Although the comparator current to
pin 5 is increased by the use of the
boost connection, this is no
disadvantage when the delay is short,
since the timing resistor can be
refatively small for short delays. The
increased current flowing through such
a resistor will ~not produce an
appreciable voltage drop. However, the
boost should not be used for long
delays.

- COMPONENT VALUES

Typical values of the timing resistor
and capacitor suitable for various
delay times are shown within the
shaded areas of Fig. 5. The times
where the current boost should be
used and where its use is optional are
also marked.

One may, for example, use a 3.3k
ohm resistor and a 300 pF capacitor to
produce a delay of 1us, 100 k ohm
and 0.01 uF to produce a delay of
1 ms, 1 M ohm and 0.1 uF to produce
a delay of 0.1s and 100 M ohm and
10uF to produce a delay of
1000 seconds.

SUGGESTED TIMING COMPONENTS
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Fig. 5. A chart showing how typical
component values may be selecied for
various delay times.

CONTROL OF DELAY TIME

The time delay provided by the
circuits discussed previously is equal to
the product of the value of R1 and C1
of Figs. 2 to 4. However, it is
sometimes useful to be able to make
variations in this time. This can be
done by altering the voltage at pin 7.

Part of the interna! circuit of the
LM322N associated with pin 7 is
shown in Fig. 6. The delay period is
terminated when the voltage at pin 5
reaches a value equal tc that at the
base of Q7 in Fig. 6, since Q1 forms
one input to a differential amplifier
the other input being connected to pin
5.

R1 and R2 of Fig. 6 have been
chosen so that ihe delay period is
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equal to the product of the values of
the timing resistor and capacitor when
pin 7 is not connected. The potential
at the base of Q1 is 0.633 times that at
pin 4 and the delay period is therefore
terminated when the potential across
the timing capacitor reaches 0.633
times the pin 4 potential. Any
variation of the pin 4 reference
potential does not therefore affect the
timing period.

If the voltage at the base of Q1 of
Fig. 6 is altered by a feeding control
voltage to pin 7, the delay period will

™ ¥V ref [FIN &

CONTROL

Ly
Rt
a3
20k
R2
5 Ok
VOLTAGE
PN 7|

Fig. 6. Part of the internal circuit of the
LM322N which is used for controlling the
time delays by the use of pin 7.

OV (PIN G

TRAGGEN

RESET TIME

At the end of the delay period, the
capacitor C? of Figs. 2 to 4 is
discharged into pin 5. The time taken
for this to occur is approximately
750C1. seconds where C1 is the
capacitor value in farads. The voltage
remaining on the capacitor is about
2.5 mV when R1 exceeds 1 megohm
and about 25 mV when R1 is 10 k
chm.

SOME APPLICATIONS

The LM322N can be used in various
appiications other than those which
merely provide an output pulse at a
definite time after an input trigger
pulse. For example, we have seen how
it can be employed to close a relay for
a definite time after it has been
triggered by a pulse which may be
only a microsecond in duration and
2 V in ampiitude.

Although the input responds only to
positive triggering pulses, a negative
puilse may be differentiated and the
positive going trailing edge used for
triggering the LM322N.
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Fig. 7. A sequential timer.

be terminated when the voltage across
the timing capacitor reaches some
other fraction of the reference voltage.
The delay period can be reduced by
making the potential at the base of Q1
less than 0.633 times the reference
potentiat and can be increased by
making the base potential greater than
this value.

The delay time may be reduced by
connecting a resistor of some
thousands of ohms between pin 7 and
ground, since this will reduce the
potential of the base of Q1. Simifarly,
a resistor connected between pins 4
and 7 will increase the timedelay. If a
potentiometer is connected between
pin 4 and ground with its slider
connected to pin 7, it may be adjusted
to give either an increased or a
decreased delay time.

When such circuits are used, the
resistor values must be chosen so that
the current taken from pin 4 does not
exceed 5 mA. The potential at pin 7
must never exceed 5 V.

The application of control voltages
to pin 7 enables a variation of the
deiay time over a range of at least 5C:1
to be obtained.

h| Ftes
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The device also makes an excellent
pulse shaper. Qutput pulses of any
amplitude up to about 40 V and of
any duration up to an hour or so can
be obtained from short, low amplitude
input pulses. The logic facility can be
used to produce phase inversion if this
is required.

A positive going output puise from
one LM322N timer can be used to
trigger asecond LM322N device which
can produce another value of delay. A
sequential timer consisting of a
number of such circuits can be made
which will produce output pulses
which follow one another at any
desired intervals (Fig. 7). Such
sequential timers have industrial
applications where operations must be
performed at times related to one
another.

COMPARISON WITH OTHER
DEVICES
When compared with the 555 device,
the LM322N has the advantage that
the comparator input current taken
from the junction of the timing
Continued on page 29
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ARC WELDING TODAY

Once a basic electrical power engineering application, arc welding now uses increasingly sophisticated
electronic techniques. This article, by ETI correspondent Dr. Peter Sydenham, and Don Northcote of the

Welding Services Division of Commonwealth Industrial Gases, explains.

DURING a demonstration lecture of
sparks and discharges in 18786, Elihu
Thomson realised that powerful
electric arcs could be used to join
metals by fusing them together,
history records that two wires in his
experiment unexpectedly weided. No
doubt other people of that time had
already had a similar experience, but it
was Thomson who nurtured the idea
in the years that followed. Progress
was slow, however, for at that time
only comparatively weak dc currents
could be sustained.

In 1880, Thomson retired from
teaching to form a company, (that
eventually became the
Thomson-Houston Electric Company)
whose market zim was too promote
the industrizi and domestic use of
electricity. in 1884 circumstances
enabled him to begin the serious
development of welding, for by then
high-current ac generators had been
developed enabling transformers to be
employed to raise the available current
to the tens or hundreds of amperes
needed. Typica! light construction
welding requires from 70 amperes

upward, to heavy work consuming 650
amperes. The arc voltage ranges from
20 to 30 volts. {Few people are aware
of the enormous energy needed to
make an arc weld, The average weld
requires some 5 kW liberated in a
volume of 6S0mm3. The arc
temperature may rise to 6000°C.)

Electric arc welding soon became a
practical reality, being used to join
metals of all kinds in a number of
diverse situations. it was not long be-
fore suitable dc generators were also
designed and from then on, until the
development of electronics, there was
little change in the basic methods of
arc welding,

In essence, arc welding  uses a
low-vpltage, high-current source that
provides an initially high striking
voltage that drops once the arc is
struck — to a limit that provides the
desired current for the welding rod in
use.

Initial development was slow, for the
first electrodes were bare-and did not
produce as good a weld as did
oxyacetylene flame welding. By the

Fig. 1 Alternating current weiding supplies. (a) Leakage-transformer design with shunt.
{b) improved characteristics can be obtained with a separate inductor.
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1930s, however, coated electrodes
were available and arc welding became
the predominant method of joining
metals. The  coating includes
substances that reduce oxidation,
resulting from “the burning action of
the arc, and also forms a shield of siag
that retains ionised gas which would
otherwise escape, with resultant loss of
the flame, at each zero-crossing of an
ac power source, The simplest
electrodes are single piece coated rods
that are used one by one in the
common process known as stick
welding.

POWER SUPPLIES

Schematic diagrams of the two main
types of ac welding plant are shown in
Fig. 1. To strike an arc, it is first
necessary to break down the air path,
forming a conducting gas. The supply
is designed to generate a reasonably
high open-circuit voltage — 40 to 80 V
is typical but is sometimes higher. This
voltage drops as the current increases
in the arc,

In one method of achieving this
characteristic, the primary and
secondary windings of the transformer
are arranged on the laminated iron
core such that the flux from the
primary is only loosely coupted to the
secondary. At no-load, full secondary
voltage is induced. As the secondary
current rises, flux is lost and the
voltage falls, Fig. 1a shows a scheme
by which this is done. Contro! of the
short-circuit current is by movement
of the shunt core.

An alternative method is to have the
two windings more tightly coupled,
using a separate inductor to control
the current — see Fig. 1b. This gives
better control by limiting the rate of
rise of current as well as its final value.

Direct-current welding generators
have field windings that are designed
10 give the same ‘sloping”
characteristics. In some generators a
separate reactor is used to control the
field winding currents,

The slope (of voltage drop) usually
ites between 1.5 to 3.5 volts per 100
amperes of output current, having
been established from experience as
the characteristic that provides the
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Fig. 2. The amount of in-line inductance afters the harshness of the

weld attack.

kind of start that satisfies most
welding operators. The effect of
varying the inductance used is shown
schematically in Fig. 2.

PILOT ARC WELDERS

1f a means of maintaining the
jonisation is provided, bare rods may
be used with ac systems. The so-called
pilot-arc welder incorporates extra
components to do just this: it aiso
provides better control of currents,
especially for light sheet welding.

A resonant L-C system provides a
superimposed 100 kHz current across
the arc gap. This is achieved without
the use of an active electronic
oscillator, using the circuit shown in
Fig. 3. Transformer T; provides
several thousand volts to the capacitor
Cy, and when charged, the voltage
breaks down the air-gap across the gap
G. This momentarily short-circuits the
output of T4 and Cq via Tq, inducing
a transient voltage in To that recharges
C4 in the opposite sense. The sequence
repeats until all energy is wasted in
resistive losses — it provides a decaying
oscillation that appears across the
electrode-to-workpiece gap, ionising
the air whenever the arc extinguishes.

Although the pilot-arc will provide a
nasty shock, it is not lethal, for the
high frequency signal travels only in

Fig. 3. Circuit for providing the pilot arc,
high-frequency signal.
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the skin. An automatic switch shuts
down the pilot arc when there is no
demand for an arc.

WIRE WELDING

it is somewhat tedious to be
continually changing rods on a long
weld run, and the break possibly
introduces a faulty area of weld. A
more recent development feeds a
continuous wire — called wire welding
— through a coaxial shield of gas {in
the main CO» is employed for ferrous
metals, argon for non-ferrous, but
other gasses are aiso used) that serves
the same purpose as electrode
coatings. Many names are used to
describe wire welders, for instance, it

may be called MG (metal inert gas},

wicky wire, shieided wire or short arc,
to name a few in common useage.
Flux-cored wire has also been
marketed in which the metal forms a
sheath that contains deoxidants and
allpying elements needed to provide a
satisfactorily strong and ductile weld.
The layout of a typical
semi-automatic wire welding plant is
given jn Fig. 4. When the operator
presses  the  trigger, wire s
automatically fed through the
handpiece making a sliding contact
‘with an inbuilt electrode. The gas flow
is also started, to shield the arc. No

INDUCED 100 kHz
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slag is left on the weld with this
method, Note that the ac supply is
rectified to dc to obtain optimum
welding perfgrmance.

ENTER ELECTRONICS
For many vyears arc welding
equipment used little,” if any,

electronic circuitry. Today, however,
we are seeing increasing use of it for
control and rectification. This trend
has been brought about by the need
for increased soghistication, and by
the rapidly reducing cost and increased
reliabitity of electronic systems.
Selenium rectifiers are, however, still
used in many plants because of their

high overload capacity under
short-circuit conditions.
Many plants now incorporate a

feedback servp that maintains the arc
voltage at a preset value by
continuouslty monitoring the voltage
and comparing it with the reference.
Any difference is used accordingly to
reset the voltage to the correct value.
This helps the operator to produce a
consistent weld with less skill.

AUTOMATION IN PIPE-LINE
WELDING

Circumstances where the welding
task is repetitive and has a well-defined
geometry set the scene for the serious
consideration of fully automatic
systems. Pipe-lines are such a case for
there complete automation of the
pipe-joining process can render great
savings.

Lengths of individual lines run to
hundreds of kilametres and there are
Jiterally tens of thousands of
kilometres of large diameter {(0.3m —
1m) pipe-lines in daily use at this
time. Current projects in planning or
execution include a 3000km line, of
0.3m diameter, running from Canada
to Northern USA; a 1700km line
from central Australia to Sydney using
pipe nearly 1m in diameter to convey
natural gas; a 611km line of over a
metre in diameter to carry ores in a
slurry mix in the Gulf of Carpentaria
area of Australia. The Lone-Star
pipe-line system of the American
continent has 20,000km of pipe in
operation. This year alone they are
adding 880km more.

Pipes usually arrive on site in
{nominally} 12m {engths, so there are
numerous joins to be made in the tield
to obtzin a one piece pipe-line. These
joints must be executed rapidly as
tine-laying can only progress as fast as
the individual welds are made.

Traditional methods of jointing use
stick-welding by highly skilled welders.
This may suffice in some contracts but
the growing demand for trained men
has become impossible to meet and
fully-automatic methods are being
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Fig. 4. Layout of semi-automatic wire
welder with gas shield.

introduced to meet this need and to
further increase the laying rate.

One automatic system that is gaining
wide acceptance is the CRC-Crose
internal  and  external  welding
machines, The degree of automation

used in their design has been made

possible by the use of electronic
control systems. The main stages of
pipe-laying with this system are as
follows.

After the ends of the pipes have been
bevelled to zn accuracy of 0.2 mm
with a special, portable, on-site,
end-milling machine, they are brought
into line along the string with the ends
butted. The positioning and holding
operation for the first weld is critical:
for this the internal machine is used.
This self-contained 500kg device,
{Fig. 5) moves up the free end of the
pipe {which is usually two or even four
12m lengths prejoined elsewhere on
site} under its own battery power.
Pneumatically-operated shoes expand
outward on each side of the join,
forcing the two ends into circular

Fig. 5. Internal line-up clamp for joining
pipe sections.
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shape and holding them in alignment,
Internal clamps such as that shown are
now quite common, but the
CRC-Cross method goes one step
further,. for their advanced system
carries four MIG welding heads that
weld the inttial {or stringer) pass from
the outside. Two heads, operating
together, weld haif the pipe joint, the
other two then complete it. Whilst this
operation is in progress the operators
are attaching a band to the outside, on
which the external welding machines
run. The stringer pass takes just three

Fig. 6. Two welding
bugs set up to demon-
strate their use to weld
automatically around
the outside of a pipe.

minutes to compiete, after which the
internal machine is remotely released
and driven out ready for the next join,
for this can proceed now that the joint
has sufficient strength.

To fil the vee to full strength and
seal, external machines (called bugs)
are used. Two are shown in Fig. 6.
They have velocity servo-control on
the drive motor to ensure that the
weld speed is constant regardiess of
position around the band. A second
motor gently oscillates the welding
head across the vee to produce a wider
weld. The third motor feeds the wire.
Electronic circuits monitor the arc
voltage, controiling against the desired
set value. Control is obtained by
varying the alternator field using’
siticon  controlled  rectifier SCR
techniques. The circuits have been
designed to produce a power supply
characteristic that has the desired
amount of slope and effective
inductance. This method eliminates
the need for heavy and expensive
control inductors. Conventional-style
plug-in printed circuit cards are used
on the controls; in the event of a fauit
the unskilled operators can easily
effect a repair by exchange. It is vital
in, applications such as this, where a
skilled electronic technician is not
available, that the system does not lose
favour due to inability to keep it
running.

This equipment has been used in
ttaly, America, Britain and is currently
in use on the 240 km line from the
Forties Field to Peterhead in Scotiand.
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A recent record for the laying team
was to make 138 joints in an 8.5 hour
day. Other companies — Midwestern
Specialties Company, H.C. Price,
Thomas Contracting and Coliumbia
(Gas Corporation — have also
developed pipe joining systems that
feature some of the CRC-Crose
facilities.

We have seen how electronics has
gradually been accepted as a means of
improving ~ arcawelding. Current
research developments go even further.

ELECTRON BEAMWELDING

If a work piece is bombarded with a
dense stream of high-energy electrons,
it will be heated by virtue of the
impact energy exchange. This is the
principle of electron-beam weliding. To
date, welding with electron beams has
been limited to comparatively small
tasks, but now work is in hand to
adapt the technique to pipe-tine
joining.

The electron-beam, produced in an
electron gun, is focussed and
accelerated toward the work-piece, the
whole operation taking place in
high-vacuum conditions. A production
electron-beam welding unit, designed
to accommodate metals ranging in
thickness from 0.05 to Smm, is shown
in Fig. 7.

Obviously many design probiems are
involved to use electron-beam welding
when the workpiece cannot be placed
in a vacuum chamber and when the
plant must be rugged for use in
extreme cold or hot areas in the field.
The first difference is the need to
provide an annular doughnut-shaped
shroud, encircting the join, to provide
a vacuum. fInternal and external
expanding rubber tubes are
incorporated to seal off the area for
pumping down to at least 104 torr —
better than the ultimate vacuum of a
two-stage mechanical vacuum pump.

tn one proposed design, the beam is

Fig. 7. A low-power work-
X shop electron-beam welding
plant.

made to track the pipe seam using
magnetic  deflection coils. it s
generally agreed that a right angle gun
deflection system is also needed to
prevent back-sputtering from
contaminating the triode electron gun.
This may seem a lot of trouble to go
to, but there are important gains to be
obtained. Firstly, electron-beam
welding has greater depth of
penetration than conventional
methods, and this means a smaller vee
can be tolerated. In fact a straight cut
pipe can be joined successfully, saving
both time and labour.

Secondly, only one pass is needed to
join a thick pipe. Again, this provides
savings in the whole pipe-laying
operation.

PLASMA ARC WELDING

Yet another ‘‘arc’ process gaining
acceptance is the plasma-jet torch used
to weld, cut or trim metals. An arc,
maintained between positive and
negative electrodes, has gas passing
through it to become ionised into both
positive and negative ions, the whole
retaining charge neutrality. Heat from
this torch is transferred to the
workpiece by virtue of the ion impacts
— it is an efficient process. Plasma-arc
welding holds attractions that the
joints need not be premachined to
close tolerances, the edges can be cut
straight (which is easier to do) and
that the method appears to be more
reliable. Already plasma torches are in
use to “turn-off’ stock in a lathe, to
clean away the greasy surface of
railway lines and for cutting.

No longer is arc welding a power
electrical engineering discipline —
electronic methods are obviously
paving the way to new possibilities.
Who would have thought back in the
1930's that a modified cathode ray
tube device would be used to weld
metre-diameter pipe-lines! L
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BUILD THE

TREASURE
TRACER
MKl

METAL
LOCATOR

@ Incorporates varicap tuning for extra
stability

@ Weighs only 220z and has perfect
bajance

@ Loudspeaker or earphone operation
{both included)

@ Handle knocks down to only 16in
for transport

@ Ministry approved design
@ Excelient sensitivity and stability

@ Kit can be built using only soldering
iron, screwdriver, pliers and wire snigs

@ Drilled, tinned, fibreglass p.c. board
with component siting printed on

@ Incorporates Faraday screen
Send s.a.e. for leaflet
e £ 80
with pre-built Plus -

: 35p Post
coil
gearghicol {inc. VAT)

s e £13.75

Ptus 35p Post
Guzranteed (inc. VAT)

MINIKITS ELECTRONICS,

35d Langley Drive, Wanstead,
LONDON E11 2LN

{Mail order only)
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HAMGEAR
~ PMIX
CALIBRATOR

electronics

TODAY

SOTEEPLATIOMGA L

A long, long time ago, | discovered
(at not inconsiderable expense, frust-
ration and annoyance!) that not ali
manufactuters’ swans possessed thé
stately grace and effortless efficiency
of that beautiful bird: too many
turned out to be rather nasty speci-
mens of the goose family -- a fact to
which a well-stocked attic of junk is
crystal-clear testimony. For the last
18 months or so, | have been a very
satisfied wuser of “Hamgear's’” very
attractive PM 1IBX solid state, mains-
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operated, pre-selector which has served
to convince me that the old adage
that “a good Communication receiver
doesn’t need a pre-selector’” is just
that — an old adage that has been
handed down from generation to gen-

eration of DXers. 1 was, therefore,
delighted when Hamgear Electronics
(address at the end of this Report)
offered to make their PMIX Calibrator
available forinspection, evaluation and
testing: if you dont wish to read
any further than this paragraph, the
summing-up is “here we have another
swan to join the PM HIBX'".

My interest in frequency measure-
ment as an adjunct to DXing started,
as 1 recall, in the early 1960s as the
number of stations on the SW spect-
rum proliferated just about the time
that | came into possession of a really
good Communication receiver for the
first time. Like so many DXers, I had
graduated through a variety of domest-

ic receivers, multi-band portables
{which in those days seemed to share
a common propensity to transfer the
stronger signals in the 49 metre band,
the band they describe as “marine’’)
and early examptes of World War I
“surplus’’ receivers which were neither
correctly aligned (as I now know!} nor
calibrated with any accuracy. A stange
assortment of frequency measuring
gear has graced my shack over the
years - strange indeed! The first, |
think, was a calibrator *‘strip” dis-
interred from the innards of one of
the old 52 sets and using a muilti-
vibrator which, at the drop of a hat,
used to give 9 or 11 “‘divisions’’ per
100kHz (or even 8 or 12!) making
frequency measurement more amusing
than accurate. The successor was a
straight 100kHz calibrator which was
certainly an improvement but involved
tedious graphing of logging scales since
dial calibration is seldom linear over
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even just 100kHz. Next in line, as
| recall, was the Wavemeter Class "'D"’
Mark 1 which covered just 2 to 8MHz
on fundamentals and was not all that
accurate once one started to use its
harmonics to extend the range into
the 20MHzplus range. This soon
gave way to the Wavemeter Class “D"’
Mark Il - an infinitely more accurate
frequency measuring device BUT whi-
ch necessitated a major shack refit
to accommodate the monster and
required the patience of Job and the
judgement of Solomon to decide whe-
ther the heterodyne was a spurious
response or the real thing! Last in my
line of gadgetry designed to ascertain
a frequency with tolerable accuracy
came another “surplus’’ item - this time
" a BC221 Frequency Meter. | am pre-
pared to concede that a new BC221
was probably of laboratory-standard
and laboratory-accuracy BUT mine
{and from fellow-DXers reports, theirs
too!} had a built-in ability to produce
misleading answers which defied alf
efforts to track down the fauli and
restore it to its original pristine elect-
ronic efficiency. We shall pass over
without comment various early [C
devices which came and went unsung
and unhonoured!

What makes the PM X different
from the devices that have preceded
it? Firstly, its aesthetic zppezl - a
neat silver hammer finish case with a
grey panel, measuring only 7 x 5% x
2%in high, with a pleasani-to-handie
convenient size on-off switch cum gain
control and 5 neat toggle switches in
a row across the front. Secondly, a
thoughtful design with a mains neon
{of just the right brightness} on the
front, the mains input a2t the rear and
the output leads at the rear, too,
avoiding those trailing leads which
always seem to get caught up with
one’s feet. Thirdly, and most import-
ant of all, a unit that does the job
it is meant to do without any fuss,
bother or snag.

"Hamgear” describe the PM 1X as
“a sophisticated calibrator giving out-
puts at  1MHz, 500kHz, 100kHz,
50kHz, 10kHz, with modulation at
1kHz being available at all outputs
excepting 50 and 10kHz”, Lifting
the “’bonnet’’ one finds a conventional
mains transformer, fused, supply, giv-
ing a 10V supply for the 2N3710 and
two SN7490’s which divide the 1MHz
crystal output. The harmonics of the
1MHz crystal are available up to at
least 144MHz and the zero-beat ad-
justor allows “‘the crystal to be ad-
justed to set (it} to within 2
cycles of absolute at 1MHz as shown
by MSF Rugby on 5MHz". My
own tests indicated that | could ach-
ieve slightly better accuracy than this
using the standard frequency trans-
missions on 15MHz and, 1 found the

manufacturers’ claim that “stability is
reasonable’”” was something of an
under-statement, In a constant amb-
ient temperature stability was, for all
practical purposes, absolute over a
period of several hours.

Detailed instructions for use are
supplied with the calibrator and it is
pointless to repeat them here. For
ordinary use (up to 30MHz) all that
is needed is to plug the mains lead
into a suitable mains outlet and to
connect a twin [ead to earth and to

the aerial input of the receiver. A |

separate coaxial outlet is provided, to
replace the twin leads, when one is
dealing with higher frequencies and
the marker points were easy to estab-
lish with this in use up to, at least,
102MHz which was the maximum
point tested by me.

The unit was tested in conjunction
with two Communication receivers - a
"Racal” RA17K, which has built-in
marker points every 100kHz, and an
"Eddystone”  730/4, which has -a
500kHz crystai calibrator. There was
complete convergence between the
built-in frequency markers and those
provided by the PM {X and it was of
the greatest use to be able to check
intermediate. points simply by use of
the sequential switches on the PM 1X
front panel. Slight non-linearity in the
tuning dials of the two receivers was
immediately quantified and frequen-
cies could be read to a much higher
standard of accuracy than was prev-
iously the case without the trouble
of preparing frequency graphs against
dial readings. As a further test, the
PM 1X was used to check the dial
alignment of a standard FM receiver
over the 88 to 102MHz range and also
to realign the frequency ranges of a
SW convertor installed in the car and
covering the bands between 90 and 13
metres (using a long extension mains
cable}. Results were more than satis-
factory and the unit performed with-
out a hitch.

All-in-aif, this is a really excellent
frequency measuring unit which will
be a worthwhile addition to any D Xers
shack. The price is £19.75, including
postage and packing, and it is pro-
duced by Messrs Hamgear Electronics,
2 Cromwell Road, Sprowston, Nor-
wich NOR 65R from whom full de-
tails of this and a range of other calib-
rators and preselectors may be obtained
on request {piease enclose a stamped
self-addressed envelope). Like all equip-
ment which does its job it is difficult
to review at length -- it is far easier
to review items which fall down in
one respect or another. | can only
say that ] part with it, after evaluation,
with the intention of acquiring one
at a very early datel Yes - this one
is a “swan”!
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IM322N & GO

Continued from page 22.

resistor and capacitor is about one
thousand times less than that of the
555. This enables long, accurately
repeatable time delays to be obtained
without the wuse of large value-
electrolytic capacitors. The leakage
current of the latter varies with age,
temperature and use and affects the
repeatability of the delay times.

The time delay of the LM322N is
accurately equal to the product of the
resistor and capacitor values used in
the circuit, whereas in the case of the
555 device it is equal to 1.1 times this
product.

The 555 can control a larger output
current (200 mA), but the LM322N
can contro! a larger output voltage and
has a more versatile output circuit.

The LM322N incorporates its own
internal voltage regulator. This enables
the time delays produced by this
device to be less dependent on the
supply voltage than in the case of 555
circuits.

The 555 has the advantage that it can
be operated as a free running or
astable oscillator much more easily
than the LM322N. This opens the field
of applications for the 555
considerably.

The EXAR type XR-220/230 devices
are somewhat similar integrated circuit
timers. They can provide output
currents of up to 100 mA from a
power supply of up to 20 V. Although
they can be used in the astable mode,
they are more expensive than the
LM322N or the 555. The XR-2556
contains two 555 timers in a single
encapsulation,

Long, accurate time delays can be
obtained by wusing the LR171E.
Elremco digital timer without the use
of large wvalue capacitors.
Unfortunately this device currently is
priced at £12 each for small quantities,
although it is much cheaper in large
quantities.

Another {.C. for long delays is the
XR-2240 which employs
programmable digital techniques. Such
devices can, for example, be used to
cause a meter to be read once per
month or to control the irrigation
cycle on a farm,

New timer integrated circuits are
under development, It is expected that
a new version of the LM322N will
become available in an 8 pin
duzi-in-line encapsulation, but will not
have all the LM322N facilities. A 557
device is expected to be available soon
which will incorporate a constant
current source and will provide delays
of up to a few hours without the use
of large capacitors. ®
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LETTERS FROM
OUR READERS

NICE ONE, ET!

Whilst writing for back numbers, | feel
I must tell you how much | enjoy your
magazine. It is the only one of its kind
on the market, two months ahead of
all the others and is read cover-to-cover
by myself and 20 boys on an elect-
ronics course | run.

J.AS. Southampton.

Thanks for the compliment. We don’t
publish too many of these letters thou-
gh we do receive quite a few. We will
also publish nasty ones, assuming they
are constructive as well as being in-
sulting so, if you don’t like what we
do, tell us,

PRINTED CIRCUIT BOAROS

The references given to your p.c.
boards {such as ETI 417} imply that
you make them so can we have more
information on the supply please?

P.J.L. Birch Vale, Derbyshire.

We do not make or market p.c. boards
ourselves. The numbers we use are for
a convenient reference when ordering
a particular board. A number of com-
panies sell p.c. boards which have
appeared in ET! including Ramar Con-
structor Services, 29 Shelbourne Road,
Stratford-on-Avon, Warwicks who
make up a master of every p.cbh.
published in ETI, whether it is called
for or not, and are ready if there is a
demand.

ETI ELECTRONIC
TRANSISTORISED IGNITION

We would like to apologise to ail our
customers who are still waiting de-
livery of the ETI Transistor {gnition
Kit and would like to thank all those
people who are bearing with us and
not threatening us with all kinds of
action.

We would like to put our customers
in the picture:

Firstly, we provisioned for One
thousand Kits, which proved no easy
task for our buyer. When the number
of orders rose to a figure of well over
three thousand, we found that we
were dealing with delivery dates of up

30

to thirty weeks with certain suppliers.
Then, on top of all this, we are now
having further excuses thrown at us by
manufacturers, these being the three-
day week and the acute shortage of
steel, which is used for the trans-
former. However, despite all these
setbacks, our buyer has really worked
miracles and with the promised deliv-
ery of Tag-strips by the end of January
we will be able to send out kits just
as quickly as the Transformers are
delivered.  This should be 4in the
region of one hundred to two hund-
red each week.

The reason we are continuing to
advertise the ETI is due to the fact
that advertising copy has to be with
the magazine at [east three months in
advance and, obviously, when we first
experienced difficulty in obtaining
materials, which was after the first
thousand units, we had no idea of the
length of time the matter would hang
fire.

Bi-Pre-Pak Limited are gravely con-
cerned about the poor delivery of this
kit as in the past we have had such
a good reputation for service; same
day turnaround. We are more used to
receiving letters of delight at our
service rather than letters of com-
plaint.

Bi-Pre-Pak,

The Editor of ET! would like to
endorse the above letter and confirm
that the company involved have been
caught in an unusual position. Both
Bi-Pre-Pak and your Editor have had
experience of similar editorial offers
in the past but there is no doubt that
the ETI kit has been the most pop-
ular offer. of its type ever arranged
in the UK. This also coincided with
the worst shortage of components
that there has ever been.

SOCIAL CONSCIENCE OF
ENGINEERS

In your December issue you refer to a
Hippocratic oath for Engineers.

| would like to point out that in my
book ‘Man, Machines and Tomorrow’
in the last chapter there is given a
Hippocratic oath which | have been
advocating for nearly ten years. | am
enclosing a copy of the printed version

of this oath, of which | have distrib-
uted some 8,000 copies at my own
expense. | think it would be worth
pointing out that we are not behind
the Americans in this respect.
Professor M. W. Tring, Head of
Mechanical Engineering Department,
Queen Mary College, University of
London.

The copy which Professor Tring en-
closed reads as follows:

AN OATH FOR APPLIED SCIEN-
TISTS AND ENGINEERS.

| vow to strive to apply my profess-
ional skills only to projects which,

" after conscientious examination, | be-

lieve to contribute to the goal of
co-existence of all human beings in
peace, human dignity and self fulfil-
ment.

| believe that this goal requires the
provision of an adequate supply of the
necessities of life (good food, air,
water, clothing and housing, access to
natural and man made beauty), educ-
ation and opportunities to enable each
person to work out for himseif his life
objectives and to develop creativeness
and skiH in the use of the hands as well
as the head.

I vow to struggle through my work
to minimize danger, noise, strain or
invasion of privacy of the individual:
pollution of earth, air and water,
destruction of natural beauty, mineral
resources and wild life.

BRITISH AMATEUR
ELECTRONICS CLUB

Since ‘discovering’ your magazine a-
bout six months ago, ! have become
extremely interested in electronics and
although | take several of the maga-
zines and have been reading a lot of
books, | feel somewhat in isolation as
none of my friends share my interest.
Is there any club which | could
join where { could be in touch with
others who are equally interested.

J.K.W. ilford, Essex.
We suggest that you get in touch with

the British Amateur Electronics Club,
26 Forrest Road, Penarth, Glamorgan.
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The resistors, when delivered
are not loose packed as shown but are on
bandoliers in groups of ten.

Please note:

Electronics Today International and B.H. Component
Factors have co-operated to bring ET1 readers a real bargain:
a development pack of 610 top grade resistors covering the
E 12 range from 2252 to 2.2MQ for only £2.65. At less than
0.45p each these resistors cost about one third of the

Offer comprises 10 of each of the following values

100 1k 10k 100k ™
120 1.2k 12k 120k 1.2M
150 1.5k 15k 150k 1.5M
180 1.8k 18k 180k 1.8M

22 220 2.2k 22k 220k 2.2M

27 270 2.7k 27k 270k

33 330 3.3k 33k 330k

39 390 3.9k 39k 390k

47 470 4.7k 47k 470k

56 560 5.6k 56k 560k

68 680 6.8k 68k 680k

82 820 8.2k 82k 820k

Resistors are carbon fitm, %W, 5% types {one or two

values may have a different wattage rating)
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current price yet they are high quality carbon film {not
composition) resistors with a 5% tolerance. There are ten
of each value, supplied on bandoliers. Generally the
resistors are %W but due to the current shortages one or
two values may be 1/8W or %W rating.

Cut
|  TO: ETI/BH Component Factors
| Resistor Offer
|
1

61 Cheddington Road,
Pitstone,

Nr. Leighton Buzzard,
Beds. LU7 9AQ.

Please find enciosed a cheque/P.O. for £2.65 for the
resistor pack.

Name

Address

Offer closes 30th Apr.il, -1954.‘




GOMBHIIMIONN™

WIN A HEWLETT—PACKARD
HP970A DIGITAL MULTIMETER

Every onee in a while an item of elect-
ronic equipment is introduced which

SHIFATESTS

o1t catvgory: i messares . od SRR N B ) DYNACO A-25 SPEAKER
d.c. volts (up to H500V) and resistance EUS & SONY ECM22P MICROPHONE

(1k§2 to 10MEY) guickly and accurately : i SHURE M75-ED CARTRIOGE

selacting the range automatically. A 3%
digit LED display features fully auto- PHILIPS RH521 AMPLIFIER

matic decimal placemant and polarity
indication. It uses rechargesbie nicksl-
cadmium batteries which allow for more
than 2000 measuremsents on sach charge.
Thera are so many features in fact that
it is impossibie to list them all hers, The
VAT inclusive price is over £150 but
next month you have a chance to win
one in ET1's special compatition.

ENTRY COUPON IN NEXT
MONTHS ETI

INTERNATIONAL
4-CHANNEL AMPLIFIER

This major project has been designed and
proved in our own laboratories and has all
the qualities you expact of ET| projects:
clarity, quality and good design. The amp-
lifier is designed for SQ matrix - used by
85% of the makers of 4-channel matrix
equipment.

Aithough highly sophisticated in its oper-
ation, construction has been kept simple by
the use of amplifier modules and an i.c.
decoder.

Each channel gives over 12W at low
distortion. Camplete Circuit details ete.
are given in the March issue.

Tech-Tips, although only a smafi itsmin
ETI, is one of the most popuiar features.
From naxt month wea ars expanding this
feature considerably because of reader’s
requests and we shail be including gen-
aral tips as well as circuits.

PLUS

THE CONTINUING STORYOF ......
ETI SYNTHESISER
CREATIVE AUDIO
ELECTRONICS—ITS EASY

LASER EXPERIMENTS

ON SALE MARCH 15TH-20p

ETi TAKES A PRIDE IN BEING REALLY UPTO
DATE, SO WE QURSELVES DO NQT ALWAYS KNOW
WHAT WILL BE IN THE NEXT iSSUE SO THE FEAT
URES MENTIONED ON THIS PAGE ARE ONLY SOME
OF THOSE THAT WILL BE INCLUDED.

electronics

toddy ~onerona




REVIEWER: Brian Chapman

UNDERSTANDING SOLID-STATE
ELECTRONICS. Available from Data
Sales, Texas Instruments Ltd, Mantoh
Lane, Badford. Soft covers 242 pages
215 x 130mm. Price £1.20 including
postage. {cheques payable to Texas
Instramants Lid.}

=)
~ e SR

There must be many thousands of people who wish they had an
understanding of electronics but are scared off by the complicated
appearance of the subject as presented by many books supposedly
written for beginners.

Here is a book which is suitable for anyone who wants to
understand hHow semi~<onductors work and how they are used in
basic electronic systems.

The book is constructed as @ 12 lesson self teaching course in the
basic theory of diodes, transistors, thyzisters, optoelectronic devices;
and bipolar, MOS and linear integrated circuits. Each lesson is
prefaced by a glossary of the terms which will be introduced, and is
followed by a self-teSt quéstionnaire.

The course is written in layman’s language, is well illustrated, arid
almost completely free of any but the most elementary
mathematics. It may truly be said that no previous technical
background is required at all.

Although the treatment is simple and lucid, it does not skimp on
depth of treatment Hence, having completed this course, the
student would not feel that he has gained merely a superficial
knowiedge of the subject.

No doubt this book is one of the best basic electronic-theory texts

_avajlable. — B.C.

FOUNDATIONS OF WIRELESS AND
ELECTRONICS by M.G. Scroggie

8th Edition. Published by the Butterworth
Group 1971. 521 pages 215 % 135mm.

Soft cover edition £1.80, hard cover £3.00.

This book is one of the traditional basic texts making its first
appearance as long ago as 1936. This eighth edition bears little
resemblance to the first and is completely up-todate, in that it
contains transistor and integrated circuit techniques as well as some
traditional valve theory. The valve theory may well be considered
redundant, but there are still a lot of valves in use, and it serves as a
useful compatison for the FET theory given in parallel with that for
valves.

The real value of the book lies in the soundness of the basic
theory. The coverage is thorough and to a reasonable depth without
sacrificing clarity. This particular feature of a clear, conversational
and easy to undesstand text, is what made Mr. Scroggie one of the
best technmical authors in the field of electronics for almost haif a
century. s
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Apart from its valuc as a standard electronics text, the book could
well serve as an example of how a text should be written.

This book, and in fact all Mr. Scroggie’s books, ate thoroughly
recommended to any budding technician. — B.C.

DIGITAL ELECTRONICS by
Doktor and Steinhauer.

Published by Macmilian 1973.
Hard covers, 270 pages 235 x
155mm. Price £5.95.

This book is part of the Philip’s technical library series, and with
its recent publishing date, is right up to the minute in its treatment
of digital technology.

The text commences with a discussion of analog and digital
techniques, as applied to electronic measurement and data handling,
and then covers coding and switching algebra in considerable detail
before passing on to a treatment of the realization of basic logical
functions by electronic means.

This is followed by the design of the basic logic circuits and then
by the various manufacturing methods used to realize these designs.
An extensive bibliography at the end of the book provides
references for those who wish to pursue individual topics furthet.

Naturally, the book concentrates on devices of Philips
manufacture but this does not affect the validity of the treatment in
any way.

The book 1s suitable for engineers or students requiring a general
survey of digital techniques with particular emphasis on logic and
coding. — B.C.

Hiustrationsin

Applied
NeFt)vpvork
Theory

FE Rogers

ILLUSTRATIONS IN APPLIED
NETWORK THEORY by F.E. Rogers.
Published by Butterworths 1973. 228
pages 215 x 135mm. Price £5.00 hard
cover, £2.50 soft cover.

Pmsencys

A thorough understanding of network theory is vital to any
practicing design engineer, yet it can be one of the most
uninteresting of subjects, causing many undergraduates to develop a
distinct dislike for that section of their course.

The main reason for this is perhaps the lack of relation between
the theory, as taught, and the solution of real engineering problems.

This book attempis to overcome the problem by firstly providing a
well written, fresh approach to basic network theory, and secondly
by providing numerous worked ilustrations of typical problems.
These illustrations are presenied in the form of a question, an
interpretation of the problem and a comment on the technigque
employed. Any limitations of the system used, and points worthy of
note in the solution, are discussed in this comment.

Written by ‘a man who specializes in the teaching of network
theoty, this book should help :emove the traditional distaste for the
subject. — B,C.
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Inexpensive helium-neon laser
can be used for communications,
and innumerable applications in
every area of science.

IN the past ten vyears, lasers have
enabled scientists to know more about
physics than the combined efforts of
ail previous scientific endeavour.

From demonstrations of basic
principles, to, ‘sawing’ up unwanted
buildings, providing sight lines for
surveyors, to shooting down enemy
missiles, applications for lasers are
virtually uniimited.

Until recently, lasers have been
totally out of the realm of all but the
wealthiest amateur experimenter.

But now, simple helium-neon laser
tubes are available at surprisingly Jow
cost. "It is absclutely practicable for
the amateur to build a working laser
for under £100

The helium-neon laser is simply a
‘cofd-cathode’ type of gas tube with
mirrors  mounted  intemailly to
‘generate’ the lasing action, (a fuli
description of the operating principles
of this, and other, lasers was published
in our August 1973 issue}.

To energize the laser, a suitable high
voltage power supply must be used.
This supply is in fact the major part of
this constructional project.

The characteristics required are
shown graphically in Fig. 1(a).

Over the range OA, very little current

CURRENT

o AFFUSS FOTENTIAL

Fig. 1(a). Characteristic V1 curve for a low
pressure gas discharge tube.

o 5 iy =

The ETI laser — note the 9.5 mm thick perspex rings mounted within the tube to take the
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support screws. These rings and the tube mounting base were made from small off-cut of
the material which can be obtained from any acrylic supply house.

1s drawn and no light is given off —
this is known as the ‘dark discharge’ or
‘Townsend’ discharge region. At point
‘A’ (about 6kV for the suggested tube)

a breakdown occurs and the
dark discharge changes to the

characteristic orange-coloured,
neon-glow discharge i.e. the tube is
“fired’. Region A to B is the region in
which this glow discharge continues.
However at C, a further breakdown
occurs and the glow discharge becomes
an arc discharge.

The glow discharge and arc discharge
regions are characterised by
successively lower voltages and higher

GAS DISCHARGE TUBE

R BALLAST

VOLTS

it

Fig. 1{b). A ballast resistor is required to
counteract the ‘negative resistance’
characteristic of the tube. .

|
e

currents, i.e. there is a ’‘negative
resistance’ characteristic.

The laser tube must be operated at
an optimum point that is determined
by tube parameters such as gas
pressure, discharge length and optical
volume in the arc discharge region. For
the tube the specified operating point
is 900V at BmA. T he laser power supply
must hence perform the dual role of:—
1. Supplying at least 6 kV at low

current to fire the tube, and
2. Supplying 900V at b5mA to
‘maintain’ the tube.

A suitable circuit, that does just this,

is a modified form of the Cockcroft

3 O =+
r O -4Em
Da

0 12Em

Tl

Fig. 2. The basic Cockcroft-Walton voltage
quadrupler circuit.
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" PROJECT 524

LASER TUBE DATA oyl i
A R1,2,3,4, Resistor 22 k 1 Watt 5%
Model LGR7620 (Siemens) RE'S ” 27 k 1 Watt 5%
. R? E 12k 1 Watt 6%
Bearr': dav?rgence 3.0 RS > 5.8 k 1 Watt 5%
{mitli-radians) RO « 3.3k 1 Wartt 6%
Beam diameter 1.3mm 2}2’1 MALDL " ;?{“k o X
(for one tenth intensity) R16 s 2.2k — 2
3 VDR1 Voltage Dependent Resistor 220V,1mA, BOOmW
Trigger volts BkV {Home Radic,240 London Road,Mitcham,Surrey CR4 3HD)
K Operating volts 900V c1 Capacitor  50pf 6.5kV min  disc ceramic
i c2 “ 0.014F 3kv “ -
¥ Tube length 220mm c3 = 1000pF 4kVv 3%
it " C4,5,6,7 g S00V lectrotytic
f Tube diameter 29mm cs " %‘f,p 25V b0
3 ’ D1-D16 Diode 1N4007
Ballast resistor 100k a1 Transistor MJE340 (Henry's Radio)
Maximum current SSmA Laser Tube LGR7620 soe hox
; T1 Transformer 240V to 1325V, 13mA see box
Light output power 1mW at 6328A SW1 Switch Double pole on-off
(Mods TEMmngq) f:s;ext and photograph for mechanical components such as box and

The Laser tube LGR7620 is
made by Siemens and can be
ordered from ene of their dis-
i tributors:

1t JVN Components Limited
204-206 High Strest,

§ Bromley, Kent,

1 01-464 1245 e |
({ Douglas Electronic Industries E
! Ltd are preparing transformers

it for this project. Their address is

i Thames Street,

] Louth, Lines.

i Walton, voitage-multiplier circuit. The
.‘ basic configuratzion of this is shown
in Fig. 2.
t The ‘modification’ is simply the
choice of capacitor values. Cq is 001uF =
| chosen to be quite large (by a factor of W
l 100) with respect to Co, C3, and Cq:
g and Cp, Cz, and C4 are chosen such
i that under light loading, as is present
: before the tube actually “fires’, (i.e. in
f the ‘dark discharge’ region,} the circuit
] does in fact operate as a voltage
multiplier but, under the heavier
loading of the glow discharge, these
capacitors cannot hold the necessary
charge for the circuit to continue
operating as a voitage multiplier. Since LIVE o— o
Cy is larger than these capacitors, and :
can maintain sufficient charge, the NEUTRAL 0——o
circuit now acts as a simple half wave SWi
rectifier with Dy and Cq. EARTH 0-—
To overcome the negative resistance =
, characteristic of the laser, a ballast e ey
B . resistor is inserted in series with the
I anode (or cathode} lead to the tube.
| There is usually an optimum -value
specified for this resistor, but it is not
critical and can be varied to obtain _—

cofrect tube operating voltage. MODCR SIS =
I 10uF 25V

, ET! have made arrangements with Fig. 3. Circuit diagram of the laser power supply. =

18 LASER
TUBE
LGR 7620

A12
- CATHODE
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Fig. 4. Printed circuit board layout for the laser power supply.
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Douglas for the supply of suitable
transformer for T1. This has a second-
ary of 1325V at 13mA.

This, after half-wave rectification,
becomes 1870 volts peak and when
muitiplied provides 7.5 kV which is
sufficient to cause the tube to strike
{more than 5 kV).

This simple power supply circuit
would operate the tube satisfactorily
but it can be considerably tmproved to
provide better output stability and
reduced ripple and quantum noise on
the output. This is achieved by
maintaining constant tube curtent by
means of a constant current regulator
incorporated in the cathode lead.
{Transistor Q1).

Varying the current through the (aser
tube will vary the coherent light
output proportionally, and hence, a
signal applied to the base of the
regulator transistor will cause the lasér
output to be modulated. The
modulation source should not exceed
one volt peak {to avoid clipping). The

36

c7 ! g :ﬁ'
@_ .| Jvor

(2]

- TO ANODE

(=]

TO CATHODE

TO TRANSFORMER 5
Fig. 5. Component

overlay.

voltage dependent resistor, VDR1, is
incorporated to prevent the laser being
cut off by over modulatiorn which
would result in Q1 being destroyed.

CONSTRUCTION
Mount the components to the PC
board in accordance with the

component overlay. The board, after
the interconnecting wiring is attached,
is mounted on 12 mm spacers i one
end of thé box. The transformer,
switch, input jack and mains input
cdble are fitted to the other end.

The tube itself may be mounted in a
variety of ways, as long as there is not
a heat source, or heat sink, near the
body of the tube. Uneven temperature
gradients albng or across the tube may
cause buckling and consequent Minor
mirror misalignment.

A good simple method of mounting
the tube is 1o use a three point
mounting for the tubé at both ends of
a piece of aluminium or perspex
tubing. The tubing wili need to be

ALUMINILM OR
PERSPEX TURE

SCREW "
,422%%35\

NYLON WASHER

Fig. 6. Proposed method of mounting the
Jaser tube. 1T perspex tubing is used a
reinforcing piece may be required (see
photo of ltaser).

about 50 mm inside diameter and
about 305 mm (12 inches) long.
Distance between the mounting points
will depend on the type of tube used.
The perspex has the advantages of
insulation and transparency so that the
tube may be seen (for school
demonstrations etc). However the
orange glow from the gas discharge
may be a nuisance in some
experiments. We cemented our
perspex mounting tube to a 3/8
perspex base, and drilled holes through
the combined base and tube to
accommodate the anode and cathode
teads.

The lead from the bailast resistance
to the pin connection of the tube
should be as short as possible.
Connection to the pins must be made
with small clips. BO NOT FORCE the
clips onto the pins, but use a gentle
twisting movement. DO NOT attempt
to solder to the pins. The pin-to-glass
séals are extremely fragile.

Remember aiso that the voltage on
the tube is high — THIS IS LETHAL if
due care with insulation and layout
is not taken.

ADJUSTMENT

When the laser is switchéd on it will
be necessary to adjust the ballast
resistance such that 100 volts s
obtained across the collector to
emitter of Q1. This will also ensure
that the tube operates in the correct
current range.

THE LASER TUBE

The LGR7620 has @ multimode out-
put that is several spatial modes prop-
ogate in the cavity resulting in a multi-
spot output.

The LGR7620 has prealignéd mirrors
and so no adjustment is necessary. A
data sheet will be sent out with each
tube which dives details of connectionis.

JVN Components are able to sup-
ply a limited nuriber of the LGR7620,
the price being £72. However this is
being replaced by the LGR7621 which
costs rather more, about £115. The
cheaper LGR7620 will be supplied to
the first applicants.
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This interesting partern
was produced by intercepting
the beam with bubbie glass.

'LASER

EXPERIMENTS

SAFETY

Although the 0.5 W to T mW
output of this iaser is not parti-
culfarly hazardous it is still ad-
visable to take precautions.

Do not lcok directly into the
beam: nor into any specular
reflections.

THE helium-neon laser generates an
intense, coherent beam of red light at
a wavelength of 6328 8. The laser
beam, having Jittle divergence, lends
itself to the performance of many
experiments which were previously
only possible by the use of elaborate
and expensive eguipment set-ups. In
fact, it is said that research using lasers
has helped develop, in the past ten
years, more physical theory than all
previous, combined endeavour.

In this article we examine, firstly,
some of the peculiarities of the laser
beam and then, some simple
experiments which may be performed
with - a  minimum of ancillary
equipment.

CHARACTERISTICS OF THE
LASER BEAM

Scattering

When we first switch on the laser we
find that the beam itself cannot be
seen, only a spot of intense red light
wherever the beam strikes something.
The beam may be made visible by
blowing smoke or chalk dust into the
beam path. The laser beam then
becomes visible because of the light
being scattered by the tiny smoke or
chalk particles.

ELECTRONICS TODAY INTERNATIONAL—MARCH 1974

Simple observations
and experiments using the

ET) 524 laser.
LASER
B : /
\\ @ o /
/1\/

o MIRROR

R T RRRTTTETTIRERTTTR R RRRRRNRRNNN
4

o = O
@ - ANGLE OF INCIDENCE
@ = ANGLE OF REFLECTION

Fig. 1. Technique for measuring the angles
of incidence and reflection for a plane
mirror.

SECONIDARY REFLECTION

MAIN REFLECTION

GLASS PLATE

Y777 1777777171717 1777777777}
SILVERAED SURFACE

Fig 2. A secondary reflection from the
front of the glass will occur with a back
silvered mirror.
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LASER
B o2
1 e A
« :‘», WATER
en 3
m ., J g
1 SINGY - T2 SING2

m ~REFRACTIVE INDEX OF WATER

17 - REFRACTIVE iINGEX OF AIR

Fig. 3. Pracedure for measuring the
refractive index of water.

Granulated appearance

If the laser beam is expanded by
inserting a lens in the beam path, we
find that the enlarged spot has a
granular or speckled appearance when
it falls onto a diffuse-refiecting surface

CHCULAR APERTUSE

Complex pattern of dots produced by
passing laser beam through frosted glass.

™
b

RARBOWSUT

Fig. 5. Two razor biades can be used to make a narrow 3t for
the production of honzontal diffraction bands {shown right}.

such as a piece of white paper. That is,
the expanded spot seems to be made
up of a large number of tiny spots.

The exptanation for this is that,
although the amplitude of the
reflected hght is constant over the
surface, the phase of the reflected
wave, or its polarization {or both},
varies randomly from ore elemental
area to the next over the illuminated
screen; hence the radiation from afl
these elemental areas adds and canceis
(depending on phase}, in space, to
produce a very complex interference
pattern.

This granular appearance can be put
to very good use in diagnosing
nearsighted vision (myopia}. With the
laser beam held steady, move your
head slowly from side to side and then
observe whether the spots appear to
move in the same direction. if they
move with the motion of your head
{same direction} you have either
normal vision or you are farsighted; if

Fig 4. A tiny hale
punched through
aluminium foil with

the paint of a needle will
produce a circular
diffraction pattern
similar ta that shown on
the right.

DIFFRLCTION RINGS

they move in the opposite direction,
you are nearsighted. For those who
wear glasses, try it both with and
without your glasses.

If the laser beam is directed onto
milk, no specular pattern is observed
because milk is a colloidal suspension,
and the Brownian motion of the
suspended particles causes very rapid
variations of the interference pattern
similar 1o that produced by incoherent
light.

R ACTION SANGS

Colour of the beam

We are struck, at first, by the intense
red colour of the beam, but aithough
as said before, this red colour is a
single 6328 R wavelength, there are
other cofours present.

These may be observed by darkening
the room and placing colour filters in
front of the beam. It will be found
that the laser also has fairly strong
outputs of incoherent light in the biue
and green wavelengths. These are due
to the non-lasing atomic transitions in
the helium and neon gases. We will
leave it to you to try various coloured
fitters and determine which is needed
to transmit individual colour
components of the beam and absorb
those not wanted.

Polarization

The !aser beam is polarized and the
plane of polarization may be
- detetmined by passing the beam

through a piece of polaroid film (or

polaroid sunglasses). By rotating the
polaroid, the plane of polarization of
your laser will be found.

JFurther it will be found that this
plane of polarization rotates with
time. This effect varies from laser to
laser due to small differences in

‘manufacture.

LAWS OF GEOMETRICAL OPTICS

The laser may quite readily be used
to verify laws of geometric optics. In
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all these experiments take care that
reflected or diffracted laser beams do
not enter the eye.

Reflection

One of the first laws of optics is that
the angle of incidence is egual 10 the
angle of reflection. This may be
verified as follows: reflect the beam
off the surface of a mirror as shown in
the diagram, make the beam visible
with smoke and measure the angles @4
and ®; to the normal (line
perpendicular to mirror). It will be
observed that ©, equals 5.
Additionally it will be seen that the
incident ray, the reflected ray, and the
normal all jie in the one plane.

tf an ordinary plate glass mirror is
used in this experiment a second
reflected beam may be observed. This
is because the mirror is stlvered on the
back of the plate glass and
consequently, vyou will not only
observe the main refiected beam from
the sitvered surface, but also a
secondary, less bright, reflection from
the front of the glass.

Refraction

When a ray of light passes obliquely
from air to water, air to glass etc., the
ray changes direction at the interface,
that is, the ray is bent or refracted.
This refraction depends on the relative
densities of the two media. In glass or
water, for example, the velocity of
light waves is decreased and the beam
is deflected towards the normal. This
effect may easily be illustrated by
passing the laser beam through a glass
of water. If the water is made steaming
hot, and a tiny amount of milk or
tiquid detergent is added to it, both
the incident and refracted beams will
be visible. {Steam makes the incident
beam visible}.

LAWS OF PHYSICAL OPTICS

Physical optics is concerned with

Fig. 6. Method of detecting vibration with s faser.

those phenomena vvhich are
characteristic of light itself. The
following experiments verify the

classical wave theory of light. We

cannot treat this subject to any depth -

but full theory can be found in any
standard physics text.

Diffraction

When light waves pass through an
aperture, or past the edge of an
obstacle, they always spread to some
extent into the region which is not
directly exposed to the oncoming
waves. This phenomenon is called
"diffraction’. To explain this bending
of light, Huygens (nearly three
centuries ago} proposed the rule that
each point on a wave front may be
regarded as a new source of waves.
This is a very important principle and
is basic to the explanation of the
diffraction phenomena.

To observe diffraction, simply pass
the iaser beam through a small circular
aperture or a very narrow slit. A smail
aperture is easily made with a needle
point in atummium foil. A slit may be
constructed by bringing two sharp,
clean edges, such as those of razor
blaces, together to form a slit
approximately 0.3 mm wide.

An endless variety of diffraction
patterns can be formed by passing the
laser beam through pieces of broken
glass or patterned drinking glasses or
hair. These diffraction patterns are
formed by imperfections in the glass
and sharp edges. Refraction effects are
also present and hence the patterns are
quite intricate.

OTHER EXPERIMENTS

Vibration detector

By directing the beam into a
container of water at an angle greater
than the critical angle (the angie for
which there is reflection off the
water-air interface and no refraction
through the interface), you can
construct a vibration monitor.
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Any vibration of the base (such as
the floor boards of a house when
someone 1s  walking} will be
transmitted to the surface of the water
as waves which are easily detected by
observing movement of the reflected
beam. Further, if the container of
water and laser are placed on a solid
base in the ground {e.g. a heavy
concrete block}, you now have a
sensitive ‘earthquake’ detector capable
of monitoring slight earth tremors.

Observing heat waves

Since temperature has an effect on
the density of air, it is possible to
observe the shadows of hear ..a.es
with a laser. You can readily obssrve
this by holding a burning matcn or
cigarette lighter tn the path of the
beam after expanding 1t with-a lens.

Optical communications

A simple communications link over
distances of up to % km {depend ng on
atmospheric  conditions can be
established by modulation of 1ne
output of the laser and by detecting
this modulation with a
photo-transistor, or PIN diode,
coupled to a suitsble amplifier. Ths
circuit of a suitable detector.
preamplifier is given in Fig. 7

An input jack is provided on the laser
for a modulation input which should
be a maximum of one volt peak. Signa!
levels greater ihan this will result in
signal clipping.

Much more elaborate systems can of
course, be built with extended
bandwadth and sensitivity, For
transmission over Jong distances, say
up to 1 km, beam collimation and
coliecting optics are usually necessary.

However, because of the inductive
effects of the tube itself, it is difficult
to current modulate this type of laser
tube much above 500 kHz, and
maintatn a reasonable power output.

Further experiments using this laser
will be described next month.
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Constructional details of the

mixer, noise generator/controller

and power supply are provided
in this, the third article in the
series.
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Fig. 1. Circuit diagram of the power supply.
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MODULES to be described this month
are, the mixer, noise generator and
controller, and the main power supply.

These three modules, together with
those described last month enzble the
partly completed unit to be used to
generate quite complex waveforms —
and hence, sounds.

CONSTRUCTION
Power Supply
Assemble the PC board with the aid
of the component overiay Fig. 2. The
power transistors should not be
mounted at this time. Check the
orientation of alli the components
especially checking the 723 regulator,
the tag on the IC being next to pin 10.
The PC board is mounted by % inch

Fig. 2. Component overlay for power supply.

spacers
Fig. 9, which is also the heatsink
for the power transistors. The power
transistor leads must be bent apart and
up at right angles to pass through the
PC board from the underside.

The heatsink should be used as a
guide to determine the bending points.
Since the transistors are on the under
side of the PC board there must be no
strain on the joints, otherwise the PC
board track may be broken. Mount the
transistors, using mica insulators, in
position on the heatsink. The
transistors may then be soldered to the
PC board through the access holes
provided. If required the heatsink may
then be removed for other work to be
carried out.

The mixer and noise generator modules shown mounted in position,
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onto an aluminium panel,

The method of construction of the power supply.

Note particularly the mounting of the power
transistors.

onth’s, érm: =
farger (4600) model
‘Sc_x_mex.df m tomndnenn £l

méiier {3600)

nﬂéﬁion&:;

Mixer

Assemble the PC board with the aid
ef the component overlay Fig. 4.
Check the orientation of ICs and
transistors. With the BC548-558
transistors thera are two different pin
connections used, depending on the
manufacturer. National and Fairchild
versions are the same and as shown on
the overlay, whereas the Philips type is
the reverse. The Philips type can be
identified by the base (centre) lead,
which is bent off centre, away from
the flat. To use the National type bend
the centre lead towards the fiat.

The mechanical assembly is slightly
different for this module than that for
the oscillators. A metal piate is used to
hold all the potentiometers (24) and
three small brackets hold the PC
board. The LED indicators are
mounted on the front pane! itself and
are connected to the PC board either
by soldering, or as recommended, by a
plug and socket.

Each oscillator output is fed to three
potentiometers on the mixer board.
Five pads are rprovided on the PC
board for connecting the common
connection of each set of three
potentiometers. A pin may also be
fitted to each pad so that the oscillator
connection may be disconnected if
required.
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Fig. 4. Component overlay for mixer board.

Noise generator and

controller

_The construction of the maodule is
very similar to that of the oscillator
described last month.

Assemble the PC board with the aid
of the component overlay, Fig. 7. Itis
recommended, that IC sockets are
used for the CMOS. Make sure the
integrated circuits and electroiytic
capacitors are orientated correctly
before soldering in place.

The PC board . is then mounted on
the metal bracket shown in Fig. 12.
The bracket goes on the component
side of the PC board to prevent any
possibility of shorting the copper
tracks. The two potentiometers and
the switch may now be mounted and
wired up. This bracket also holds the
additional switch related to oscillator
4 which is wired up as shown in Fig. 8
The interconnection between this
switch and that in oscillator 4 can be
either by soldered leads or, a plug and
socket can be used.

Soldering with power connected
should be avoided along witi
accidental shorting of the outputs. The
42 output can be shorted for a brief

R1 A2 A3

EARTN

W17

RV21 RVZ72 AV23

RV41 RyA2 RV43

3 na2 5¥ R

Fig. 5. Wiring of potentiometers

on mixer panel. TO PATCHBOARD

TO PATCHSOARD

TO PATCHBOARD




Fig. 6. Circuit diagram of Noise Generator and Controller.
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Power Supply Board
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12 on all power supply outputs. However, if an
= 108 113 output power transistor having a current
N -4 = gain at the specified minimum of 30 (normal
) o 2 S 3 .E range 30-200) is used, excessive current
" ] o o L_Sl- wil! be drawn from the LM301A and it may
be 6 5?. possibly be damaged.
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’ 52 7
S have been made. Resistors R16, 17, 18 and
o 4 o I 7 B
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I3 SoFF resistor across each break,
o= g These precautions will limit the power in
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Fig. 7. Component overiay oi Noise Generator and Controller.

Fig. 8. Heatsink for power supply.

the LM301A to a safe level should a low
current gain power transistor be obtained.
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Fig. 8. Wiring diagram of Noise

ZROM OSCILLATOR 4 Génerator and Controller.

v period without damage; however this is
not recommended.

ol The supply voltage to CMOS must

never be reversed. This could cause the

devices to destroy themselves.
Although the inputs of CMOS are
intemally protected against static
charges, some care is still required in
their handiing. They should be stored

in their aluminium carrier or in
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ek MATERIAL 18 GAUGE ALUM il

conductive plastic. They should be the
last components added to the PC
boards, preferably using IC sockets.

NEXT MONTH

Next month we wili describe the
Enveiope Control, Transient 1 and
Transient 2 modules. It is emphasised
again that we are at present describing
the larger synthesizer. The changes
required for the smaller unit will be
detailed later,
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PARTS LiST POWER SUPPLY PARTS LIST MIXER PARTS LIST NOISE CONTROLLER
R1 Resistor 1k ww 5% {R1,23457  Resistor 33k Hw 5% R1 Resistor 1M %W 5%
R2,11,22,23, R21,22,23,24, i e % R2 o 150k
24,25,26,27 ' 10% " » 2527 33k R3 5 S,
R3 L 75082 = ” R41,42,43,44, T i R4 b lak
B * o 3 o 45, 47 & 33k " E RS5.6,7 o 1ok
R5,8,13,15 " 150  nrw » R61,62,67 pe e R8,14 ” 3.3k
R6,7,12,14 " 10002 ww » 22168226822 x 5 SRS £ ROV10MINI283 N e 100k
R9 3 22082 e 5 WA R45,66,69,86,89 072 PR ) . -
R10,16,17,18,19 22080 Ye W R8,2'8,48,68,88 it 100k " rie RV1,2 Potentiometer 25k lin rotary
R20 ” 18k R10,30,50,70,90 " Caile L & c1 Rt el 3
R21 3 3.9k R11,31,51,71,91  “ AT ONT Capaciicy O-Péﬂmozusn\t/islge 1
RV1 Potentiometer 500{jarge trimtyPe | nyy6  Ppotentiometer 25k lin rotary (C:23 (1)0000::22 c:c:f;zis:er
C1,2 Capacitor 2500UF 25V RV21-26 3 gSk A5 RN ca " 0.001 '
electrotytic RV41-46 X DK A & 5 0.015
S & s - Rvel.sz.sg f %g: C6,7,8 7 33pF ceramic
=2 - n electro ic RV8I,32,8 e " " ' %
11,12 P.g. mounting co.10 10LUF 20V elect.

PC mounting

C€5,6,7,8 o 33pF ceramic C1,2,21,22,41 Capacitor 33pF ceramic
7 4 " 3pF G0
icT Integrated Circuit 723C metal can C42,61,62,81,82 = IC1 Integrated Circuit SCLA400BAE*CMOS
%pe i €3,4,5 10{F 20 Velect. | cp " " SCLA4030AE*CMOS

1C2,3,4,5 " L4 LM301A minidip PC mounting 1IC3 " " SCL4001AE*CMOS

1.Q2 e 1C4,5,6, = S\ LM301A minidip
'83 2 il 323223 ke g ict, 2,21, SHUL inidi *The prefix and suffix of CMOS varies from
Q5.6,9 " MIE2521 v 22,41 Integrated Circuit LM301A minidip manufacturer to manufacturer.
Q7, " MJE2371 1C42,61,62, 3 - Sw1 Toggle switch OPDT

81,82 . 7
D1-D4  Diade 1N4001 or similar g
9587 Zener Diode BEvAaC12 Q1,21,41,61,81 Transistor BC548. BC108 PC board ET| 601 f
563" o PI08e BSveacav - ar similar Metal bracket as per Fig. 12,
y Q2,22,42,62.82 BC558, _E|!C178 Recommended extras

T1 Transformer 240V primary 15 V-0-15V | ONERnL 2 3 14 pin IC sockets Molex type M1938-4 or

sec @ .75A ar more.
SW1 Toggle Switch DPDT 240 V rated
ILP1 240V Neon Indicator

similar

LED 1,21,41,61,81 light emitting diode i
é 8 pin Moiex socket type M2139-8

NSL5023 or similar

PC board ET1 601 n
Heatsink as per Fig, 8.
TOS heatsink fortC1
4 Yo’ spacers
Recommended extras

16 8 pin Molex piugs type A2402-8
1 3 pin Molex plug type A2402-3

PC board ETi 601 b

Metal chassis as per Fig. 10
3 brackets as per Fig. 11
Recommended extras

1 6 pin plug Molex type A2402-6
o 6 pin socket Molex type M2139-6
14 8 pin socket Molex type M2139-8

pins Molex type M2138

pins for above socket type M2138

ETI have made arrangements with Maplin Electronic Suppliers, P.O. Box 3, Rayleigh, Essex for the supply of the components
for the ET! Synthesizer. Maplin are producing a price list for sach part of the series and this will be sent on receipt of a stamped,

self addressed envelope.
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POWER SUPPLY —

How it works

The power supply provides
regulated outputs of +14V, +7V,
+5V, —7V and —14V. The 5V supply
can deliver 60 mA and all other
outputs 300 mA. An additional
output of +13.4V iy provided to
supply the high current requirement
of the headphone output amplifier.
The rectifier and filter is a

conventional system supplying + 20V.

The 5V output is derived from a
MAT23C, voltage regulator (IC1)
which has very good tcmperature and
load rcgulation. The +5 volts is used
as the main reference for the other
supplies. Current limitation is
provided for by R9 which limits the
current to about 85 mA. The output
is adjustsble by RV1 such that
exactly 5V can be obtained.

The output of 1CI can be shut down
in either of two modes. A positive
current into pin 10 or a negative
current out of pin 9 will cause the
output voltage to drop to zero. Use
of this s made in the overload
network of the other supply outputs.

The +7V output is via a series pass
transistor, Q6, which is controlled by
IC3, a high gain differential amplifier
which is used as a comparator. The
nominverting input (positive) of IC3
is connected to the +5V output
where, in addition, the inverting
(negative) input, is connected via a
5/7 divider R21/24. The result of this
connection is that the outpur will
stabilize at +7V. The high gain of IC3
will keep this voltage consisni with
nominal load and supply voltage
changes.

A current sensing resistor. RE, is in
series with the collector of Q6. If the
voltage across this resisior sxceeds
0.6V, the base emitter of Q2 will
become forward biased, tuming it on.
This causes a positive cazrent to flow
into pin 10 of IC1 shutting it down.
Since the output of the +7V
regulator 15 referred to the 435V
output, the +7V supply will also shut
down and the output current wilt be
limited 1o about 400 mA. To prevent

switch on, the output is limited by
ZD3 to about 8.5 volts.

The —7V supply is similar to the
+7V  supply, except that the
reference voltage is now zero voits,
(pin 3) and this is compared to a
voltage at the junction of R26 and
R22. The voltage will be zero when
the output of the —7V is identical to
the +7V but of opposite polarity.
Diode D6 is used to protect the input
of IC4. Overlozad on this output tums
on Q3 which removes current from
pin 9 of ICI shutdng it down. This
shuts down the +7V supply and since
the —7V *“tracks” the +7V output, it
also will shut d own.

The * 14V supplies are identical to
the £7V supplies except for tihe
sensing resistors R20/23 on the +14V
supply.

The +13.4V output is simply an
emitter follower on the +14V rail
This supply should not however be
shorted since no protection is
provided.

MIXER —
How it works

The mixer used is quite
conventional, using an IC (IC1) to
sum the input currents. Individual
gain control is provided by RVI1-35
and overall gain by RV6. Since the
output of this type of mixer is
inverted an additionat IC is used to
reinvert the signal.

Overload indication is provided by
Ql, Q2 and LEDI. If the output
voltage exceeds 5.6V, QI becomes
forward biased and QI and Q2 tum
on, illuminating the LED indicator.
The base resistor R8 prevents damage
to Ql should the output swing
negative. The overload point as
indicated by the LED is chosen to
protect the inputs of following stages
from being overloaded. The mixer
itsclf has an overload point of about
12V.

Mixers 1,2, and 3 are identical
whereas mixers 4 and 5, although
otherwise identical, havc only 2
inputs. The inputs of mixers 1,2, and
3 are wired directly to the outputs of

NOISE GENERATOR AND
CONTROLLER — How it works
White noise is generated digitally by
an 18 bit shift register which is
clocked at about 35 kHz. Several
feed-back loops around the shift
register cause it to generate a
psuedo-random bit pattern which
closely approximates white noise.

The oscillator uses a quad,
dualdinput NOR CMOS gate (IC3),
and although a NAND or inverter
could be used in the circuit, it would
not necessarily be a pin for pin
replacement. Feedback is taken from
the 5th, 9th and 18th stage in the
shift register and these outputs are
“mixed” by IC2 which is an exclusive
OR gate, (sce table) the output of
which controls the ‘D’ input of the
shift registor. Resistor R1 and
capacitor Cl are used to ensure that
the system will start.

INPUTS | OUTPUTS
A|B |

R e

0 | 1 1

1 1o 1
1 0

1 = HIGH LEVEL
0=LOWLEVEL

The output of IC2/1, as well as
being the control for thc shift
tegister, is the white noise we require.
However, due to some unwanted
components above 15 kHz, a low
pass filter is used with a 15 kHe
cutoff. To give an alternate “PINK”
noise output, the filter i3 changed 1o
cut frequencies above 500Hz with a 6
dB/octave slope. Since the output
voltage will fall if some of the
spectrum is removed, additional gain
is also provided when ‘PINK’ noise is
selected.

The controller is a completely
separate function which is used to
add a dc compenent to another signal
or control voltage. This is done by
mixing,; in ICS, a percentage of the
input signal and a percentage of a dc
voliage. The output of IC5 is negative
however, and must be inverted by

over voltage from the +7V supply on the individual oscillators. 1C6.
g
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ELECTRONICS
“it’s easy

it really is.

TO UNDERSTAND the operation of
the basic components used to build
system blocks, and to see how they
work together to produce many
different functions, we must fook at
electricity at its most basic level. This
fays the foundation for understanding
how things operate — and for the
design of simple devices.

We are going to start by considering
a simple torch — basically a light bulb
energised by power supplied from
a couple of batteries.

Figure 1a shows how the torch is
constructed.

It is obviously not very convenient to
use actual photographs or detailed
drawings of all electronic components
— hence a system of representative
symbols is used instead. Each symbol
represents a component or ‘black box’.

Figure 1b shows how the torch
would be drawn using these symbols.
This method of represenation is called
a circuit drawing and is almost
invariably used to depict electronic
circuits.

Looking at the torch as a ‘system’,
the batteries supply electrical energy
to the torch bulb where it is
converted to visible light energy. The
purpose of the connecting wires and
switch is to control when and where
this energy conversion process takes
place.

The paragraph above explains the
purpose and operational requirements
of the torch, but does not expiain why
and how it operates. To understand
this we must look at the internal
action of the components themselves
— getting right at the structure of
matter.

THE STRUCTURE OF MATERIAL

Qur physical world is made entirely
of chemical elements. There are over a
hundred different kinds, but each has
a basic similarity.

46

Each element — no matter what it is
— is composed of tiny entities called
atoms. These in turn consist of even
smaller particles called protons and
electrons. it is the number of such
protons and electrons, and their
orientation with respect to each other.
that varies from element to element.
(There are also a number of other
sub-atomic particles making up the
structure of the atom. These include
neutrons, mesons, etc. These particles
play no part in electronic theory and
for this reason will not be discussed).

Each atom has a central, very dense
part {called the nucieus} that is made
up of one or more protons held
together as a single unit. Around this,
at great speed, whirl one or more
electrons, at a radius considerably
larger than that of the nucleus. The
mass of the electrons is negligible
compared to that of the nucleus. Thus
our concept of an atom is one of shells
of electrons surrounding a tiny
nucleus. Normally there are as many
protons as there are electrons — but
not always, as we shall see later.

As the electrons whirl — at enormous
speed — around the central protons,
outward forces are generated that,
unless balanced in some way, must
inevitably cause the electrons to be
hurled from their orbits.

A fundamental property of protons
and electrons is that each is physically
attracted to the other {whilst electrons
and protons each repel their own
kind}. It is this attractive force
between the protons and the whirling
electrons that {normally) balances the
outward force — thus maintaining a
stable situation.

This attractive or repulsive effect is
known as ‘charge’ By convention, the
charge on an electron is called
‘negative’, and that on a proton is
called ‘positive’.

The simplest of the elements is
hydrogen. This has just one proton in

PART 2

This course, written in down-to-earth language, takes
the mystery out of electronics — explaining it as the
B 'ogical, fundamentally simple, yet far ranging subject

SINGLE POLE SWITCH

30 VOLT
BULB

o i
2 5P%:
15 VOLT

BATTERIES

Fig. 1{a) Exploded view of the common
hand torch.

Fig. (b). The same torch in its schematic
symbof form,

A COPPER ATOM
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Fig. 2. Representation of a copper atom.
Electrons in orbital shells surround a
tightly packed central nucleus of
neutrons and protons. Neutrons are
neutral particles which really are a
combination of proton and electron, To-
gether they exhibit neutral charge. The
valence electron in the outer shell is the
electron which forms molecular bonds and
i also the one which may easily be
stripped off and become part of an
electrical current flow.

its nucleus, and one electron in orbit.
But just where the electron /s at any
time, is impossible to define, for the
orbit changes direction continually.

Moving up the periodic table (the
classification chart listing the chemical
elements in order of number of
protons}) the combinations become
increasingly more complex as the
number of protons and electrons
increase.

Electrons also exist in more than one
shell — following certain basic physical
laws. An element having many shells is
shown in Fig. 2. Normally the charges
balance, giving neutral overall charge,
but if as can be done, an electron is
removed, the atom then has a surplus
of positive charge and is called a
positive jon. If an electron is gained it
is known as a negative /on.
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Like people, atoms rarely exist solely
by themselves. They like to form
associations with others of the same
kind f{or other kinds). These
combinations of atoms are called
molecules and it is large assemblies of
molecules, held together by molecular
forces, that form the physical matter
of the universe. Water, for example, is
formed of molecules each consisting of
two hydrogen atoms and one oxygen
atom.

CONDUCTORS, RESISTORS
AND SEMICONDUCTORS

All matter then is made of atoms
arranged in a more or less uniform
matrix — as shown in Fig. 3. In some
materials a few of the electrons, in the
outer shells, are not rigidly attached to
any particular nucleus, They make
what is called a sea” of electrons,
formed by the free electrons, as
depicted in Fig. 4.

Materials in which this occurs to a
marked extent are called conductors
of electricity — for the free electrons
can be made to flow around a loop of
material if a charge unbalance is
produced in some way. The wires in
the torch, the filament in the bulb
and the switch connections are
conductors. In these, electrons flow
easily, although, as we see later, less
easily in the filament,

~VE CHARGI @t ATOMS AHRANGED
/ IN REGULAR LATTICF

O
V& CHARGED fREE ELECIHUNS
MOVING FREELY WITHIN EATTICE
Fig. 4. In a conducting material, numerous

electrons are free to move around as
portrayed in this simplified picture of &
piece of conductor.

THIS BASIC UNIT BUILDS
TO FORM WHOLE

Fig. 3. How atoms join
together to form
matter.

In other materials the electrons are
tightly bound to the nucleus and there
are no free electrons to form the
*sea’”. It is not possible to produce a
flow of electrons. These materials are
called insulators.

Insulators enable us to isolate
electron flow, thus allowing it to occur
only when we wish. The coating on
the wires and the case of the torch are
both insulators. The insulating coating
ensures that battery power does not
leak away — but is only used to
energize the lamp when we want it to.

Air is an excellent insulator, when
our torch is switched off, for example,
the action of the switch is to separate
a pair of contacts. The air gap thus
introduced effectively blocks electron
flow.

There are no sharp dividing lines
between conductors and insulators. At
one extreme there are exceptionally
good conductors such as silver, copper,
and gold. Then there are reasonably
good conductors such as steel and
brass. At the opposite extreme there
are very poor conductors such as
rubber, dry wood, plastics, phenolic
boards and ceramics. Poor conductors
such as these are generally known as
insutators.

The filament in the torch bulb is a
poor conductor of electrons by
comparison with the connecting wires
and switch contacts. It resists the flow
of electrica! energy. !n so doing, heat
is generated — to the extent that if the
battery can supply the necessary
energy the filament will glow white
hot, thus providing light.

There are, as said before, a range of
materials whose properties lie
somewhere between that of
conductors and that of insulators.
Some of these materials have other
specialised properties — these will be
described later in this series.

CURRENT

If two pieces of material, one with an
excess of electrons, and one with a
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deficiency of electrons, are joined by a
conductor, electrons will flow from
the material with an excess of
electrons to the material with a
deficiency of electrons until the charge
on the two pieces of materia! has been
equalised {Fig. 5).

Material with an excess of electrons
is known as ‘negatively charged’ and
conversely, material with a deficiency
of electrons is known as ‘positively
charged’. Thus electron flow is from
negative to positive,

Early experimenters in electricity
knew nothing of atomic theory and,
unfortunately for us, arbitrarily agreed
to accept a direction of current flow
that is in fact precisely opposite to
that which takes place. This concept is
called conventiona! flow, whilst the
later {and correct) concept is called
electron flow.

The flow of electrons along a

conductor is called an electric current.

it is measured in units called amperes,
{amps for short}, rather than in actual
quantities of electrons, because the
number of electrons flowing s
enormous — even our humble torch
would have well over 102 electrons
flowing through its components each
second! (One ampere = 6.24 x 1018
electrons/second).

Currents in electronic circuits are
usually much smalier than in power
equipment. For example the current
flowing in a pocket transistor radio is
only a few hundredths of an amp. in
an electric heating radiator it is several
amps. The current picked up by the
aerial of a radio receiver is only a few
millionths of an amp.

So that they may be expressed more
easily, electrical units are, where
necessary, prefixed to indicate a larger
or smaller value of the base unit. These
standard prefixes are shown in Fig. 6.

VOLTAGE
Current flow is caused by 2n
imbalance of positive and negative

charges. This imbalance may be called
‘electron pressure’. The greater the
difference between the positive and
negative charge the greater this
electron pressure will be.

The amount of imbalance is called
the ‘voltage’ — the unit of electron
pressure being the ‘volt'.

Voltage, being akin to pressure,
determines the amount of current
flow.

Like the unit for current, the volt is
also given suitable prefixes to cover
the wide variations in magnitude that
can occur in electrical phenomena.
The voltage level in a radio receiving
aerial will be a few microvolts.
Lightning strikes may be in megavolts.

In our torch, each battery provides
1.5 volts. When the two batteries are
connected together their voltages add

a7
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to provide 3.0 volts.

An older term — electro-motive force
— is still sometimes used for voltage.
Yet another term is voltage potential
— or just potential.

RESISTANCE

Electrons inevitably colilide with
atoms as current flows through any
material capable of electrical
conduction. These collisions impede
the flow of current and cause the
material to heat up.

Current flow is also affected by the
cross-sectional area of the material, for
just like water, more current can flow
through a large conductor than a small
one.

The combination of these effects —
which cause a material to impede the
flow of current is known as
resistance. Resistance is measured in
ohms, a unit often represented by the
Greek letter Omega (§2}.

In many instances resistance is an
undesired effect, for by impeding the
flow of current, and thus causing heat
to be generated, energy is wasted. The
leads connecting a car battery to the
starter motor are, for example, made
of large sectional area and kept as
short as possible in order to reduce
this wastage of energy.

But in other applications — especially
in the field of electronics — resistance
is defiberately used to contro! current,
voltage — or both.

Resistors, manufactured for use in
electronic circuits, have either a fixed
or an adjustable value. Their values of
resistance may vary from fractions of
an ohm to billions of ohms. A number
of typical resistors are illustrated in
Fig. 7, {The ohmic value of resistors is
usually shown in the form of concent-
ric bands of colour — the relevant code
is shown in Fig. 8).

OHMS LAW

We have seen that an increase in
voltage will cause an increase in
current flow, and that increased
resistance will cause a decrease in
current flow. Ohm, in the 19th
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THE RATE OF FLOW IS
LIMITED BY TH{ RESISTARGE
OF THZ CONDUCTING PATH

Fig. 5. Current is a flow
of charges.

century discovered that there is an
exact relationship between voltage,
current and resistance.

This relationship, which has become

E Fig. 6. Prefixes of units used to denote
smalf and (arge numbers.

tra T 30'2  1,000900,800.000.0
gga & 10Y 1,000,000,000.0
mega M 108 1,000,000.0
Wlo & 10° 1,000.0
miti wm WY poot

micrs g 165 0,000,001

mns 0 10 0.000,000,801

picc  p 1817 0.000,000,000,001
femto ¥ 10°'S  £.080,000,000,000,061
amo 2z 10*® 0.000.000,000.060.900,601
Still used but should be svoided:

hecte b 102 3p0.0

deca da 107 100

g 4 107 om

for example, 1.85 MO = 1.85 106 0=1850,000

FIG. 8. KNOWING RESISTOR VALUES

l

RESISTORS
0 — BLACK
1 BROWN
2 — RED ———F1RST DIGIT
3 - ORANGE SECOND DIGIT
4 — YELLOW i r~—Nu‘."ﬁER OF ZEROS FOLLOWING
5 — GREEN ] TOLERANCE — RED 2%
| 6 - BLUE i Y r gOLD l[?lk
| 7 — VIOLET ILVER %
8 — GREY [TITT 1 NO BAND  20%
9 - WHITE
READING THE RESISTOR CODE Tolerance
Resisiors are coded with coloured bands = -
to ease the problem of marking such +5% £10% £00%
small components, 1 o
The numbers corresponding to the ten t
colours used and the values per position 10 1.0 10
are: 1.1
For example, 180 000 ohms is coded 1.2 12
with the first digit brown, then grey and iis [ 15 15
finally yellow. The fourth band indicates 16
. the tolerance that the value has with 18 18
respect to the staled value. For example, 20
silver indicates 10% tolerance meaning
the 180 000 ohms could vary beiween 2.2 252 2.2
180 000 £ 18000 i.e. 162 000 to 2.4
198 000. 2.7 257,
These tolerance may seem to reflect 30
poor mznufacture but in most circuies
they are, in fact, quite satisfactory. gg 33 33
Relaxing the tolerance enables the maker 3' 3
to sell tham more cheaply. 4'3 -9
PREFERRED VALUES '
If the maker tried to produce and sell gz 4.7 4.7
every value of resistance that exists 5.6 56
there would be chaos and the costs 5 :
. 6.2 i
would be greatty increased. The actual
values made. therefore, are Jimited to 6.8 6.8 68
a range called the preferred values. These 75
are listed below g?

The values may seem illogical at first
sight, but this is not so. They stem from
the fact that the tolerance extremes
of a value reach the extremes of adjacent
values, thereby covering the whole range
without averlap. Values normally
available stop in the megohm decade.
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known as Ohms law is perhaps the
most basic and certainly one of the
most used laws in the whole of
electronics and electrical engineering.

From it the designer can determine
just how much resistance is needed to
fimit current to desired values at
various valtages, to establish what
voltage is needed to perform certain
functions, even in the case of oyr
torch, to calculate how much
resistance the bulb filament must
have to be able to produce the desired
light.

Ohms law may be expressed as

et il
R
where 1 = current in amps
V = voltage in voits
R = resistance in ohms
That is, the current flowing in a

circuit is linearly related to voltage,
and also linearly related to the inverse
of the resistance.

Thus if we know any two quantities
we may calculate the third, eg, we may
find the wvoltage if current and
resistance are known by using simple
algebra on the formula. This then
becomes:—

Y = iR

Similarly, resistance may he found
by using the form:—

R = —l"

For example, the total resistance of a
circuit, in which one volt causes one
amp to flow, is one ohm. Or if 10 volts
is applied across a resistor of 10 ohms
— then a current of one amp will flow.

Conductors and Insulators are reaily
so-called because of their largely
different values of resistance (for
meterials of the same size and
cross-sectional area). There are also
certatn materials called
semiconductors that do not conform
to Obms law — more about these later.

COMBINATIONS OF
RESISTORS ;

We have seen that if we know the
total resistance in a circuit, together
with the applied voltage — then we can
calculate the current flowing. Often
however we will find that there are a
number of resistances connected
end-to-end ({serigsj, or across each
other {parallel} — or even mixtures of
the two. In such cases it is necessary to
work aut the ‘effective’ resistance of
the whole circuit.

" Resistors in series have a total
resistance equal to the sum of each.
For example, in Fig. 9 the total
resistance is 2060 ohms. Obviously the
total must exceed the value of the
largest of the resistors — a good check
that a decimal place has not been lost.
In our torch, the total resistance is

Iy

Typical resistors — the ones on the left are
adjustable in value

that of the bulb plus interconnecting
wires and switch contacts. But here
the resistance of the wires and
contacts is so small {tiny fractions of
an ohm) that they do not significantly
affect the total and thergfore may be

ignored.

100082 10002 504}

Y
THIS1S A SYANDARD/
SYMBOL OF THE

FIXED VALUE RESISTOR

O
Fig. 9. Resistors connected in series, total
resistance is 2050 ohms.

Resistors in parallel are rather more
tricky. The rule here is

=R1+_1_+-1_

Ak
R total Rz Ra

where R total = total resistance where
R4, R2 etc = individual resistors.

Thus the circuit shown in Fig. 10 has
a total resistance of 45.45 ohms. (Note
that with resistors in parallel the total
must a/ways be smalter than the value
of the smallest resistor.

o

10009 > 10002 5002

o

Fig. 10. Resisters connected in paraliel. Total
resistance is 45.45 ohms.

When a circuit has 2 comhbination of
series and parallel resistars (Fig. 11 for
example}, the total resistance can be
determined by reducing individual sets
in turn. The two paraliel 10 ohm
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resistors reduce ta an effective value of
5 ohms. Thus we now have two five
ohm resistors in series — equivalent to
10 ohms. Finally we have this effactive
10 ohms in paralle! with the remaining
single five ohms resuiting in a final
effective value of 3.33o0hms.
POWER RATINGOGF
RESISTORS

When discussing the

1082,

energy

100
58

AMAN

O

Fig. 11. Combination of series and paraile!
resistors — their effective resistance is 3.33
ohms — as shown in Fig. 11b,

3382

AN

relationships of black boxes we said
that some dissipate power — a resistor
does this of course, producing heat
energy that is lost. |t is essential to
know just how much heat is
dissipated, for overheating could lead
to incorrect operation - oOr even
failure if that resistor was not designed
to withstand the heat generated.

Power is measured in units called
watts. The method of calculating
power dissipated ip a resistor ig




W = VI where W equals power in watts
| equals current in amps
\ equals voltage in volts

By substituting the appropriate Ohms
Law equation for V or | we obtain two
other equations. Thus substituting
V =1iR we get: —

W=(IR)i=12R v

Similarly substituting | =— we get: —
W=V.V/R= VZ/R,

Hence if we know any two of the
three Ohms Law gquantities we can
calcuiate the power dissipated in a
resistor as well.

For example, a resistor of 1000 ohms
connected to a supply voltage of 10

volts has
W = 102/1000 = 0.1W (or 100 mW),

Resistors come in various . wattage
ratings, either as fixed values or
variable for use where the value needs
to be adjusted. Ratings range from
1/8 W ta 25 W and more. The majority
of circuitry wuses 1/4 and 1/2W
resistors. A point worth remembering
is that the rating quoted is the
maximum that the manufacturer
recommends. A resistor run at that
rating gets quite hot. it is good design
to use them to only haif the rated
value, ®

ELECTRONICS -inpractice

THE best way to learn practical skills
is to be actually involved with the
hardware. Now is the time to start
building circuits in order to learn how
to solder properly and to become
familiar with components.

If you do not already have them you
should purchase a small set of the
essential handtools. You will need a
lightweight soldering iron, a pair of
side cutters, long nose pliers,
screwdrivers and preferably an electric
or hand drill complete with drill bits.

In this first exercise we will use
resistors in conjunction with a device
called a relay. The complete circuit is
given in Fig. 12 and a list of parts
needed for the exercises is given to
assist you in purchasing the necessary
components.

As this is the first encounter with
practice the procedure will be
carefully detailed.

The 12 V supply can be obtained by
using eight 1% volt torch-cells placed
positive to negative to obtain 12 V.
Alternatively, a 12V car or motorcycle
battery, or a model train supply, will
do in this instance.

The relay is a switching device in
which the current flowing in the
coil magnetizes a soft iron core which
pulls down an armature. The armature
in turn mechanically actuates a set of
contacts. In the relay specified, the
operation of the armature and
contacts can be seen through the
plastic cover. The relay has two sets of
contacts. We will use this component
to build many simple and interesting
devices.

A switch between the circuit and the
battery supply is desirable but not
essential for operation.

The coil of the relay specified has a
resistance of 18582 so, if you calculate
the current flowing when operated
from 12 V, you should get 65 mA.
Wire the circuit without the resistor R,
and check that the lamp lights when
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Fig. 12. Basic relay circuit

the switch SW1 is closed.
Next, place the resistors, one by one,

12204035 333
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Fig. 13(a). Light dependent resistor
ftype ORP 12)

N

BESISTANCE

10000
LUX

10 100 1000
LIGHT INTENSITY

Fig. 13b. Characteristic curve of ORP-12
light dependent resistor.

in series with the relay coil and find
the vatue that just enables the coit to
pull in contacts, turning on the lamp.
In each case calculate the current

ANY SMALL
12V LAMP

PARTS LIST
1 — 12 V battery or supply and
connector.

1 =12V lamp {100 mA to 320 mA)
and holder.

1 — Miniature relay,

185§, two change-over contacts.

1 — Relay holder socket.

1 — Single pole switch.

10 — %W, resistors, assorted say,
47,100,470, 1.0k, 1.5k 4.7k, 10k,
160k, 1M.

1 — ORP 12 light dependent resistor
{LDR]}. Hookup wire of assorted
colours.

1 — Mounting board 24 holes by 3
inch.

This sketch shows the actual component
connection for the circuit shown in Fig. 12.

flowing through the relay, and the
power-rating needed of the resistor.
You should be able to do this by
referring to the theory given. Having
found the value of R, calculate the
voltage that just operates the relay
{having found the current flowing and
knowing the coil resistance, it is a case
of applying Ohms Law). Knowing the
voltage required, and the current,
calculate the power required to
operate the relay. Confirm your resuits
by then using the coil resistance rather
than the current.

Understanding Ohms law s
absolutely essential and tests such as
the above will help provide this
understanding.

Having now determined the
characteristics of our relay we can use
another interesting device, the light
dependent resistor (LDR)}, to turn the
relay on whenever light -falling on the
LDR exceeds a certain level.

This device may be wired in place of
‘K| in Fig. 12.

Unlike a normal resistor the LDR
changes its resistance in accordance
with the light intensity falling on its
grid-like structure {see Fig. 13a). The
relationship between light level and
resistance is non-linear and is best
expressed by means of a graph, as in
Fig. 13b. Such a graph, as it tells us
the characteristics of a  particular
device, is called a Characteristic Curve.

We  previously determined the
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Fig. 14. Replacing resistor R with an LDR (see text), vill allow the
relgy to be operated by & light beam. Relay contacts 6 and 7 are
used to hold the refay in once it is operated. Omit connections to

these contacts if hold operation is not required.

resistance necessary to just operate the
relay from a 12 volt supply. By finding
this value of resistance on the graph
we can look across and down, to find
the corresponding light intensity
necessary to the relay when using an
LDR type ORP 12.

A well lit room is generally around
100 lux and bright sunlight up to 8000
lux or more. The intensity must be
higher than the amount determined
from the graph for reliable operation
of the relay.

Just as for an ordinary resistor, the
power dissipated in the LDR may be

calculated. Note however that this
must be done for each light level, and
that the power dissipation in the LDR
rises rapidly as the light intensity
increases.

CIRCUIT MOUNTS

There are many ways to construct
circuits. The simplest is to use brass or
copper plated nails placed in a piece of -
dry wood. Although this witl suffice, it
is better in the long run to use a board
made specially for the purpose. As the
course proceeds we will discuss various

other means.

A good start is to use ready drifled
matrix board with hole spacings at
0.25 inches.. There are other boards
with holes at 0.1 inch centres, but the
extra space afforded by 0.25 inch
centres makes it easier for beginners.
Pins are sold that push into the holes
ready to take the components.

The spare contacts on the relay can
be used to hold the relay on once it
has been operated, even though the
light has been removed. This method
of operation is called latching. The
circuit for this is given in Fig. 14. The
normally-opened contacts close when
the relay operates, shorting out the
LDR. To release the relay operate
SWi1.

Do not cug the leads of components
unless the circuit is to be permanent.
Also, do not solder too close to the
component body as the heat can
damage it.

No doubt you can think of many
uses for this light sensitive relay. The
contacts can switch currents up to 1
ampere at a voltage up to 100 V. Do
not use it to switch circuits connected
to the 240 V mains: it would be Ietha‘

SCGLDERING

Good soldering is most
important — many of the
problems that beginners have
with their first projects are due
to poor joints. The following
hints will aid you to become
adept at soldering.

1. Purchase a good quality
iron with a wattage rating
between 15 and 25 watts.

2. Use only resincored solder
(60/40 tin-lead content). Do not
use acid flux.

3. A new, or worn, iron will
need tinning. To do this let the
iron get quite hot and file the tip
smooth to expose fresh clean
copper. Quickly, before the
copper has time to discolour,
apply resin — cored solder — it
should flow all over the tip
forming a shiny coating.

4. Keep your soldering iron
clean. Wipe it frequently with a
damp cloth or sponge.

5. Make sure the connection
to be soidered iv clean. Wax,
frayed insulation, and other
foreign substances will result in
inferior joints.

6. With older components, or
copper wire, it will be necessary
to clean and tin the individual
components before soldering

them together {see 3 above).

7. Attach the wires to be
soldered. Do not make more
than a half turn in a lead to be
soldered — twisting makes
subsequent removal difficult.

8. Heat the connection with
the iron and apply the soider to
the connection. Do not melt
solder on the iron and carry it to
the joint,

9. Keep the iron on the joint
until the solder just commences
to flow on the connection. Too
ltttle heat results in a
high-resistance joint {known as a
dry joint) too much causes
component damage and
evaporates the tin component
again causing a poor joint. This
step requires practice.

10. Let the solder harden
before moving the connection.
Then check for a smooth bright
joint. A joint that has been
moved wilt have a crystalline

appearance, may have a high
resistance and will fracture
easily.

Good soldering is a matter of
practice. If you follow the above
hints, it will be only a matter of
time till you are making
professional joints.
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Poor connections look crystalline and
grainy, or the solder tends to bilob.
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Heat both the
wire and the
connection
point.
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Attach the wire.

Apply soider Let the connection

to both the harden before

tip and the moving the wire.

connection. Then check for a
smooth, bright
joint.
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CREATIVE AUDK

A practical guide to creating and producing your own sound
by Terry Mendoza B, Sc. (Hons),

PART
FOUR

AS the name implies, multi-track is the
technique of combining multiple
separate recordings into one composite
master.

Its most critical application is in the

production of muiti-instrumental
music, but it may also be applied to
documentary creation or drama
presentation.
At its simplest, multi-track recording
may be utilised purety on grounds of
economy — if the recordist is a
musician results can be obtained by
combining both roles, if the recordist
is not musically blessed, then at feast
one musician wil! be required. It is a
great deal easier to find one violinist .
and re-record him six times than it is
to find a willing six-piece violin
section.

But having said that, it should be
stressed that multi-track music should
aim to do more than just produce the
impression of a number of musicians,
where only one had played in reality.

The first problem encountered in
multi-track  work is  maintaining
adequate quality. The process involves
the copying of signals from one tape
track to another in combination with
further signals. mmaculate planning is
essential, maximising the signal
qualities by minimising the number of
layers. Another major difficulty is the
achievement of the optimal
instrumental balance; perfection here

depends on careful
plenty of practice.
Let us consider the stages in making
a piece of multi-track music before
going on to consider the many
additional techniques that can be used
to add sparkle to the finished product.

THE SCORE

hie .arrangement and
instrumentation are the first things to
consider once a tune has been selected.
The instruments and any incidental
sounds should be in keeping with the
mood of the piece; for example, a
highly reverberated bass saxo:hone for
a sinister piece and a jangle piano for a
comedy one. Most people will initially
find it easier to work to a full score;
once written it is subdivided, say into
bass line, rhythm, melody,
counter-melody and ‘twiddly bits".
Always bear in mind that change
sustains interest. combinations of
instruments, lead ‘voices’, musical key
and tempo.

RECORDING QUALITY

Clean, demagnetised heads are, as
always, essential. The earliest recorded
tracks undergo most quality loss,
hence one should always work from
the least important {or least
quality-conscious) instrument, usually
rhythm or drums. The last track
normally carries the lead. Melody lines

listening and

DOUBLE-SPEED TRUMPET

l ELECTRONIC ORGAN

RHY THM GUIT AR merrreremereee—eef>

DRUM COUNTER-RHY THMS

DRUM COUNTER-RHYTHMS

DRUM (L. 00Pt BASIC BLEAT

CUE [ SILENCE I INTRO

DRUM

LINK DRUM (LQOP) BASIC BEAT

RISING
REVERB. BEAT

Fig. 3 Graphical representztion of final composite master as

discussed in the text,
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offer the advantage of immunity to
eXtraneous noise, but may be just as
susceptible to hiss or mains hum.
Where the lowest fundamental pitch of
an instrument is above 100 Hz, a
simple inductive high-pass filter may
be inserted between the instrument
and the recorder. Mains hum is most
obtrusive when ‘double speed’
technique is used (replaying a track at
twice the speed it was originally
recorded}, as this raises the pitch an
octave, taking the hum well into the
audible spectrum. If a filter, such as
the one illustrated, {see Fig. 1) is used,
it should be noted that the waveform
will be affected.

MULTI-TRACK PROCEDURE

A simple set-up is illustrated in Fig.
2. The first track is laid down on
machine 1, in the example being
considered, this will be a drum track,
made by playing different-sized
cardboard boxes. It must be recorded
at the maximum possible gain just
below distortion level and, most
important, the timing must be very
exact. Any timing error on the original
recording will throw the rest of the
instrument timings out and
synchronized playing will be difficult
or impossible. Let us suppose we only
record six bars of straight ‘box
rhythm’,  without any linking
‘middle-8’ or introductory drumming.
A manageable number of bars are
accurately cut from the tape and
joined to make a continous rhythm
loop, as detailed in the first part of
this series.

The existence of very small speed
differences between recorders must be
acknowiedged and, generally, tracks
recorded on a particular machine must
be replayed on that same one to avoid
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the siight but unwanted pitch change
that would otherwise occur. Luckily
though, the ‘box rhythm’ does not
have pitch values of any conseguence,
so the loop can be transferred to
machine 2. Monitoring the loop over
headphones, without feeding it onto
the first recorder, a synchronized one
beat to the bar i recorded via
microphone, leading to a linking
passage, still keeping in strict time
with the loop. The same goes for an
introductory drum passage. Using the
same techniques, two bars of cue
drumming followed by one bar silence
are recorded prior to the true
introductory drum passage. Eventually
this dummy cue passage will be cut off
once the tape is complete, but it serves
to enable all the instruments to be
fuily synchronized from the first bar
of the introduction.

The rhythm loop is then fed onto
machine 1, via fader 2, ensuring that
maximum gain is being utilised. If
desired, a more complex rhythm czn
be recorded simultaneously on
machine 1 by opening fader 1 and,
using headphones, playing along with
the loop replay from machine 2, and
balancing the recording levels F1 and
F2 against each other. The tape on
machine 1 can now be edited to give,
in the correct order: cue drumming,
one silence, introductory drumming,
‘x" bars of composite drumming,
linking drumming and ‘y” bars of
composite drumming.

The chord accompanimeni can now
be recorded. The intreduction of pitch
gives the added difficulty that all
instruments must be tuned to the same

scale. When using a ‘fixed tuned’
instrument (a vibraphone is one
example), the rest of the instruments
should be tuned to the fixed one,
using it as a reference. Let us assume
that an electric guitar is to provide the
chord rhythm. A fresh tape is laced up
on machine 2 and the set-up patched
so that machine 1 plays back the
completed percussion track and this is
mixed with the electric guitar signal,
possibly through the hum-filter, The
electric guitar is set to give maximum

Fig. 5 Seif sync circuit {only one channel illustrated}
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Fig. 4, 24 channel
multitrack recorder
utilising two-inch
wide tape
{manufactured by
awm}

gain compatible with least abberation
of quality and, monitoring the
recording inputs of machine 2, the
percussion/guitar levels adjusted to
give the best balance at the highest
undistorted modulation possibie.

Monitaring can be carried out over
loudspeakers as microphones are not
being used; it is recommended that the
loudest possible monitor signal levels
are used to permit the detection of
any less obtrusive flaws in the signal.
Once the guitar has been tuned, 30
seconds or mare of chromatic ‘A’ are
recorded on the fresh tape — to be
used as a tuning reference on later
occasions. A few rehearsals at playing
along with the taped percussion will be
necessary. before laying down the next
copy on machine 2. Thus the new tape
will consist of a tuning period
followed by cue drumming and finally
the percussion/rhythm track proper.
We shall confine ourselves to two lead
instruments in this initial experiment,
one playing up to the drum link and
the other playing the remainder.

At the moment the composite tape is
on machine 2, and must be left there
due to the pitch considerations already
discussed, so the set-up must be
juggled around to replay on machine 1
and record on machine 2. Although
two lead instruments are to be
featured, intelligent planning can
permit the exercise to be conducted as
only one overall copy.

The overdub of the first lead
instrument is carried out normally up
10 just past the drum link. Machine 1
is then stopped as the first instrument
will not be playing in the latter half of
the tune. The composite tape on
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Fig. 8 Economic pan-pot arrangément
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machine 2 is run back to a short way
before the drum link and the second
lead instrument rigged up and
balanced. Setting machine 1 to record
again the second lead instrument is
playing along with the backing to the
end of the tune, The tape on machine
1 now has two completed halves of a
tune. It is now quite simple to splice
them together using the drum link
from the first half of the recording to
allow the ambience of the initial lead
instrument to die away.

TRICK EFFECTS

Trick effects are a prerequisite for
success in the multi-track process. Let
us assume one of the lead instruments
is a trumpet. The trumpet can monitor
his backing track via headphones or
atternatively, a sor:  talk-back
loudspeaker. If the replay and
recording machine speeds are both
dropped one speed during this
overdub, revérsion to the original
speed 'will raise the trumpet pitch one
octave and halve its characteristic
attack and decay times giving an
ethereal reedy effect. It also can
enable the trumpeter to provide an
extremely rapid counter-melody if
required, due to the doubling of the
replay speed.

We now wish to put a memorable
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ending to our tune which at present
just tails off after the second lead
passage. Returning to the original
rhythm loop, the first beat of a bar is
cut off and spliced into the middle of
a long length of {eader tape. This single
sound is replayed on machine 2 and
recorded on machine 1 whilst
simuitaneously feeding the signal from
the replay head of machine 1 back
into the recording channel. This results
in the well-known tape-echo effect.
The signat wil! build up fo instability if
the feedback level is too high, instead
of dying away after half a dozen or so
repetitions. Trial and error will
eventually give the new recording of
the single beat a long echo-decay time
{to save time it may be an idea to loop
the leader and keep re-recording the
effect until satisfied).

The newly-recorded effect is now
copied yet again, this time removing
the power from the capstan motor on
the recording machine the instant
before dubbing so that although the
dubbing still takes place the recording
machine tape-drive will be
continuously slowing down. This latest
copy will consist of a reverberated
beat, the pitch and rapidity of which
will rapidly rise ‘until it disappears
from the audible spectrum. This effect
can now be spliced onto the composite

master at the end of the tune and at
the position where the first beat of a
new bar would have occurred.

It is evident that quality may be
maintained over periods where less
instrumentation is needed,by splicing
in passages from earlier takes; during
passages where ‘everything_is playing’
background hiss will not be noticeable
anyway.

When all else fails, one neat trick is
to cover the hiss by overdubbing a
final track of rolling cymbat and
snare-brush.

To avoid bringing up hiss, any fades
or quieter passages should be made so
on the last practicable dub.

Although double-spced has been
mentioned earlier, half-speed is just as
valid a technique, i.e. doubling record
and replay speeds whilst adding an
extra voice. It is a difficult proposition
however, as one has to synchronise
with the extremely rapid
{double-speed) tempo and the result,
though it is one octave lower, tends not
to be very accurate. The principal use
of half-speed is with the acoustic
electronic dubbing link for ‘cavern’
reverberation, as detailed in Part 1 (see
p.39).

EQUIPMENT POSSIBILITIES

The foregoing description has
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assumed the wuse of two mono
recorders, so it should be stated that
virtually the same capabilities may
exist on a versatile 3-head stereo
recorder,

All professional multi-channel tape
recorders are equipped with self-sync.
facility, that is to say previously
recorded material may be monitored
through the recording head so new
tracks being laid down are in
synchronisation  with the existing
ones.Hence only after sixteen or even
twenty four tracks have been laid
down, will one copy be necessary — to
provide the final stereo master — and
quality will naturally be at a premium.
Fig 4 illustrates a recorder of this type.

Figure 5§ illustrates a circuit
surtable for use with one channel of a
stereo recorder {the preamplifier was
designed with an input impedance
characteristic matching a nominal
3000 ohms at 1000 Hz. The record
function is disabled in the ‘safe’ mode
and the other two modes are
self-explanatory. The equalizer
introduces a complementary high
freguency boost to compensate for the
high frequency roll-off due to the
relatively large record head-gap, in
comparison with the much finer replay
head-gap. Self-sync’'ing on a stereo
machine gives the undoubted
advantage that two independant tracks
can be laid down before the first dub
becomes necessary, i.e. when
transferring this recoding to a second
recorder in combination with a new
instrument.

A second stereo deck will allow
stereophonic multi-track music to be
accomplished, but to achieve a true
stereo effect, as opposed to a left/right
ping-pong situation, some form of

stereo routing is necessary — a
‘pan-pot” or panning-potentiometer.
The sensation of linear ‘aural

movement’, in common with all our
senses, is dependent on the existence
of a logarithmic/antilogarithmic
relationship between the sound levels
reaching our two ears. The pan-pot
must mimic this gain reiationship; one
way is to use a pair of ganged
back-to-back log/antilog
potentiometers. These tend to be
prohibitively expensive as it is very

SIGNAL OUT
{"PHASED")

difficult to make such potentiometers
track accurately and match well. A far
more economical solution is illustrated
in Fig. 6;ganged linear potentiometers
are utilized with the linear law
distorted to a log law {approximately)
by a pair of low value load resistors.

MIXING
The simple mixing circuit iliustrated
in Fig. 2 will be found in all

reasonably equipped recorders, mono
or stereo. Active mixing is always to
be preferred to purely resistive mixing
in all types of audio work. An ideal
specification of a multi-tracking mixer
might run as follows:

Five channels, three with pan-pots to
two output groups. two direct
channels, one feeding only the right
hand side and a similar one for the
left; variable equalisation, sensitivity,
and feedback for monitoring can be
useful on each channel, and
break-jacks at each stage of the mixer
channels so that limiters/compressors,
reverb. units etc. can be patched in at
will. (See Fig. 7.}

The mixer designs previously
published in ETI offer a useful guide
to possible circuttry.

HALF TRACK EFFECTS

A whole range of unusual effects are
possible when a half-track stereo

recorder is used. When there is a
narrow spacing between record and
replay heads and a high tape speed is
chosen, a “parallel wall” single echo
can be achieved by simply dubbing
from one track to another, then
playing the original and the copy (i.e.
both tracks) simultaneously. More
startling results are obtained by
pan-potting the two tracks around the
stereo field whilst they are being
copied onto a second stereo recorder.

If the spools are swapped over after
making a recording ‘reverse play” will
be obtained — an interesting effect as
the attack and decay are transposed. A
reversed drum rhythm loses its
percussiveness and is transformed into
a rhythmic pattern of whooshes; a
piano track similarly treated assumes
an organ-fike attack characteristic.

If a reversed passage is tape echoed
and the echoed piece then restored to
its rightful direction, the outcome will
be the conventional original track with
each note preceded by a swelling ‘echo’
of the note — its pre-echo. Softly
strummed guitar gives an effect not
unlike the flamenco style of playing.

TAPE SPEED

When carrying out a recording with
conventional tape-echo, if the tape
speed is adjusted by gently pinching
the tape as it enters the sound channel,
an eerily different sound is obtained
due to the varying discord set-up

between the music entering the
recorder and the pitch of the
tape-echo.

An eccentric capstan, produced by
building up a layered lump of splicing
tape on one side of it, will impart a
warble to any tape played or recorded
on it — indeed some of the cheapest
tape machines seem to have this
facility already built-in!

The reiationship between replay {or
recording) tape speed and pitch has

o
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= OG-
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Fig. 3 Phasing with a single stereo recorder {output tracks parafieled)
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long been one of the most important
tools for music concrete. A single
note, or noise replayed at different
speeds, will provide a chromatic scale
of notes which can be edited to
perform any desired melody. The
origin of the effect may have been
anything from a bedspring to a
preumatic drill! It is usually edited
into a loop which can then be played
on the variable speed machine.

Tape machines may be modified in
one of two ways to suit them to this
type of work:

1. Mains synchronous capstan motors
may be amenable to powering by an
auxiliary unit which is essentially a
variable frequency sine wave source
(with suitable amplification).

2. Different radii capstan sleeves may
be bolted to the main capstan — finely
engineered sleeves offer the less drastic
alternative but have the drawback that
glissando effects are impossible.

EXTENDED LOOP FEEDBACK
Where musicians prefer to ad-lib,
instead of working to a full score, this
process is most effective. It is based
loosely on conventional tape echo
which, to recap, is the feeding back of
a replay of a newly recorded signal to
the record head a2t a slightly lower
level, so that although perpetuated,
each repetition s at a lesser
magnitude. If the small gap between
the record and replay head is now
expanded to around five secondsworth
of tape, a newly-recorded musical
statement will take five seconds to get
to its first repetition and re-recording.
This gives the musician adequate time
to accompany himself on the
re-recording and continue the process
ad infinitum or until he makes a
mistake — when this happens the error
crops up every five seconds as well!
The procedure is easier to carry out
with two recorders, the first one
recording and the second replaying,
although it should be feasible on a
single 3-head machine if a lengthy loop
is taken out between the record and
replay heads. In the former case the
recorders are spaced the required
distance apart, using chair-legs as
necessary as additional tape guides.
The tape is taken through the first
sound channel, thence across the room
and through the second sound
channel, with the take-up spool placed
on the second machine. Head
cleanliness is essential and so is very
careful setting of the replay and record
controls of both machines. tf the
replay setting is too high the
composite tape will get continuously
iouder until it enters distortion, and if
too soft the initial passages will
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quickly get lost under tape hiss. The
fine balance point between the live
music being fed to the first machine
and the taped accompaniment from
the second machine can only be
determined by experiment. A useful
dodge is to repeat earlier musical
statements  occasionally as  this
reinforcement will prevent them
becoming fuzzy and indistinct which
otherwise results as the number of
copies increased.

PHASING

Phasing or skying gained popularity
in the ‘psychedelic’ era and is still with
us; it consists of combining a signal
with itself, delaying one part by a
short variabie amount. The frequencies
within the signal which have been
delayed by . wavelength will cancel,
and the others will be subject to
varying degrees of cancellation or
reinforcement, depending on their
phase relationships.

Altering the delay between the signal
and its time-shifted counterpart affects
the phase relationsips and alters the
"phasing’’ sound.

There are legion methods of
producing phase, and a few of the
commoner ways are outlined below:

{a} Electronically (Fig. 8). a signal is
fed to an all pass phase-shift network,
the shift being governed by a single
potentiometer. The output of the
network is suitably attenuated to be
combined at equal gain with the
untreated signat.

(b) Using a single stereo recorder
(Fig. 9) the signal is recorded
simuitaneously on both tracks. On
replay the head is moved in a direction
paraliel with that of the tape
movement, using the azimuth
adjustment screw, and the two output
channels are combined.

{c} Using a 2-head mono machine
{Fig. 10), an additional head is wired
in parallel to operate on the unused
track, the lower one if it is a half track
recorder. The recording is made on a
clean tape. During recording or, if

UPPER TRACK
OPERATICON

et :

preferred, on replay, a loop is induced
between the two replay heads using
some kind of swinging guide
arrangement.

(d} Using one stereo recorder and
one other recorder; this method is very
effective and requires no special
construction, but total success is rarely
achieved, and an edited combination
of various takes is often the best
solution.

The material to be phased, preferably
with -some sort of cue for signal
synchronising is placed on the second
recorder and carefully copied onto the
lower track of the stereo (first)
machine. Both tapes are rewound and
the lower track copy routed so that it
can be copied onto the upper track in
combination with replay of the tape
still on the second machine. The levels
of both tapes are balanced and the
second recorder paused at the cue
signal. The stereo recorder is started
{lower track playing, and upper track
recording) and as the cue from the
lower track is heard the second
recorder is released. The two tracks
wifl probably be well out of
synchronisation (giving a parallel wall
echo type effect) and, by slowing
down or speeding up the tape on the
second machine with a hand
respectively placed on feed or take-up
spools, synchronisation is gradually
achieved. The material goes through its
most intense phasing just prior to
sync. and jockeying the spools will
cause the pitch of the effect to rise
and fall.

Whichever technique is adopted, the
phasing will be /east effective with
simple, pure tones, and most effective
with complex harmonic signals i.e.
fuzz guitar, cymbal and drum
percussion.

To conclude, muiti-track is a highly
creative art which relies on imaginative
scoring, playing and engineering, well
maintained equipment and plenty of
patient practice.

Next month we shall be looking at
documentary compilation.

LOWER TRACK
QOPERATION

e s
RECORD/

ERASE PLAY 1

HEAD HEAD

OPERATION OF
LEVER INTRODUCES
PHASE DIF FERENCE
BETWEEN ORIGINAL
HEAD SIGNAL AMD

SIGNAL FROM
ADDITIONAL HEAD

ADDITIONAL MOVEABLE
GUIDE POST

Fig. 10 Phasing system for use with 2 head mono machine
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Compiled by Alan Thompsdn
1t is pleasant to note that the first day of March is, so far as
meteorologists are concerned, the first day of Spring as well as
being the day on which Welshmen throughout the world celebrate
the birthdate of their patron Saint David, Perhaps this vear, more

than usual, the end of winter will only be moaned by the small boys
who see in its passing the start of an endless (to them) wait until the

return of Guy Fawkes day and the chance of days of ice and snow are

here dgain. Older folk will be less sad to see the days lengthen and
the sun regain some of its warmth.

In some ways, Spring marks the passing of the DX season for
another year because the high days of Summer are, in general, not
the time for really superb DX catches. However. the period around
the Spring equinox often provides some realty good DX conditions
in the early evening hours, especially towards Africa on which
continient our spotlight is beamed this month.

Throughout the year there is no real difficulty in hearing African
radio stations on the international shortweve bands and there is
little point in giving frequency and time detaik owing to the time
passing between this piece being written and its appearing in print.
Suffice it to say that the 19, 25, 31, 41 and 49 metze bands all carry
their quota of African stations and in reasonable reception conditions
it is possible to log some 10 or 15 countries in that confinent in the
course of just one evening’s listening. Major “"African” broadcasters
to be heard in the international bands, with broadcasts in English,
include Ascension Ishand — where B.B.C. has its “Atlantic Relay
Station” - the Arab Republic of Egvpt; Ethiopia - from whete the
Radio Voice of the Gospel, ETLF. sperates — Ghana; Liberia - two
distinet English language broadcasters in this small West African
republic use the international bends. Firstly, the Voice of America
has a relay base at Monsovia, 20d, secondly, Radio Station ELWA
may be heard aiting missionary programmes from the same city ~
Morocco (with a Voice of Americe relay base at Tangier); Nigeria:
Rwanda (where the West German overseas broadcasting organisation,
Deutsche-Welle, has a relay base at Kigali) and the Republic of
South Africa.

Those are the easy-to-hear stations and countries but there are
something like 60 separzte radio countries in the African continent
and some of them, e.g. Tristan da Cunha and St. Helenia, are, for all
practical pwposes, incapable of being heard in the British Isles.
However, with a fair amount of effort and a good measure of luck it
is possible to log & very high proportion of those 60 so let’s have a
look at the when and where of DXing some of the less common ones.

Z stands for Zambia and whilst you may be fortunate enough to
hear its External Service after 1600 GMT (usually on 17895kHz in
the 16 metre band), you are more likely to log this country by means
of its Home Services. The best frequencies to try are 3346 and
4911kHz and the ideal time is about an hour each side of duskin
the Spring period. Next door to Zambia stands Rhodesia, which is
often audible at the same time (and on the same days of good
propagation) as Zambia. This one, too, is usually captured on the
90 or 60 metre bands, and frequencies worth a try are 3396 or
3306 in the 90 m.b., and 4828 or 5012kHz in the 60 m.b. Staying
in the same part of Afriai, if you manage to hear either Zambia and/
or Rhodesia then its time to try for Malawi - the best frequency for
this is 3380kHz and Radio Blantyre is often heard somewhat later
in the evening often coming to a peak around 2000 to 2100 GMT.

Moving across to the west side of the continent we find a mass
of countries in the bulge inwards of the land-mass around the Guif
of Guinea. A nice little group of domestic services can be found in
a space of just under 20kHz on the 60 metre band — at the lower
end, Radio Yaoundé€ operates on 4972.5kHz, with one of the two
Radio Ghana home services on 4980kHz and Radio Nigeria’s Lagos
Home Service transmitter using 4990kHz. Sandwiched amongst
that group you may be lucky enough to locate Radic Ugandd on
4976kHz, or, more difficult, Radio Tananarive ip the Malagasy
Republic (the current name of Madagascar) on 4985kHz. Lastly,
should you hear a station in Arabic on 4994kHz it is probable that
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it will be Radio Omdurman in the Sudan which used this channel
for years before moving to 5038kHz: stations have a habit of
returning to old channels and 5038kHz is not the best of channe]s
so Omdurman could well make another frequency move."

One of the casiest West African stations to log in late evening is
Radio Abidjan in the Ivory Coast. Whezeas, the previous group are
normally at their best from about 1800 to 2100 (indeed, some of
them close at around 2100), Abidjan comes into its own after Radio
Kiey vacates 4940kHz at 2200 GMT and then has programmes of
lively national music to round off its day. The L.F.R.B.’s “Tentative
H.F. Broadcasting Schedule’ for the period starting in March is not
published as these notes are being written (hence the absence of
international band frequencies throughout this article!) but Abidjan
has been using 11920kHz for a number of years and its 100kW
transmitter puts in excellent signals on most evenings.

From the fairly easy to two of the more difficult! Sierra Leone,
the Land of the Lion, is one of the REAL DX catches for African
DX fans, as the only frequency used which will propagate to the
UK. is now 331 6kHz, a channel occupied by a utility station
(which works long, hard and strong!). Try (and that’s the operative
word!) around about 2100 to 2300 GMT - it took me 3 years of

" listening just about every night until suddenly there it was and at

good strength, too! Gambia is a little less difficult and this one, too,
has only one frequency that offers a logging. 4820kHz carries its
Home Service over a transmitter of just 3.1kW and to make things
worse maost of the programming is in local languages. The English
identification is “This is Radio Gambia broadcasting from Banjul”,
the name of the capital having been changed about a year ago.

Last of all in this round-up of African DX, Spanish Sahara is one
of the real so-and-so’s to hear on shortwave. It can sometimes be
heard throughout the evening on 7230kHz in periods when that
channel is not being used by one or other of the European broad-
casters, but it is seldom better than fair — the fanguage used is
Hassania, a defivative of Arabic with many Spanish importations,
and there are news relays (one at 2100 GMT) from the studios of
RNE in Madrid. Another place to try for this one is 4627kHz where
a point-to-point link between El Adjun and Villa Cisneros operates
(sometimes in AM and sometimes in SSB) using a SkW transmitter.
The PTP link is in operation irregularly so don’t be surprised if you
don’t log it at first try.

Good luck with your African Safari! PXing Africa is fun and
the Spring evenings are ideal for it so why not have a go and let me
know how you get on. My address is 16 Ena Avenue, Neath,
Glamorgzan SA11 3AD. and if you’d Eke to see your best African
(or any other for that matter) QSL in print, send along a
good black-and-white ‘photo and FT1 will pay £1 for every one we
use. Photos can not be retumned and coloar pics are not suitable
for reproduction. Send your “phoios to me together with a few
words about this station and your logging: leave the rest to us and
you could be a £1 better off! Need say that the rarer the QSL the
better the chance of its being used, so now’s your chance to gei
into print with that QSL that came from a lucky fluke or Zom real,
concentrated, hard graft. Until next month, then, over to you, and
from me, 73.
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Tomors

NOW 1S THE TIME to think about
Christmas presents; at this time last
year pocket calculators were at about
the £80 mark but a lot of £20-£40
calculators were given as Christmas
presents last December. Next Christ-
mas you will have the choice of two
digital presents, a pocket calculator at
£16—£20 or a digital watch at less than
£100.

Although calculator prices have
tumbled in the past year, the basic
price of a calculator is not the com-
plexity of the chip but the cost of the
case, keyboard and display. Until
someone comes up with new tech-
niques of cheaper production of these
items, the basic cost of a calculator is
going to be about £10. [t will be
interesting to see if the basic four
function machine will disappear com-
pletely as the price of machines like
the new Sinclair Executive or the
Sinclair Scientific slowly drops to the
area of £20 by this time next year.

In August 1972 the Hamilton Watch
Corporation produced 500 digital
watches called the pufsar. Some of
you may have noticed Roger Moore
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wearing one in “Live and Let Die’, it
was a typical James Bond watch at a
price of £1000. At last year's RECMF
show in London, Solidev iaunched
their digital watch at a price of about
£200, very similar to the pulsar. The
watch used LED readouts and to
conserve battery power a button had
to be pushed in order to read the time.
The logical readout to use is liquid-
crystal which consumes power in mic-
rowatts but these devices require 50V
peak-to-peak a.c. in order to opaque
efficiently. However, a new type of
liguid-crystal has now been produced
and tested to an extent to satisfy
watch manufacturers.  This is the
Twisted Nematic crystal which relies
on a polarising system and requires
only a few volits to operate.

The availability of such a display
has persuaded Cal-Tex of California
to produce a chip to provide digital
clock/watch functions and drive low
voltage liquid-crystal devices. The
chip, designated the CT6002, is avail-
able in five different packages - the
die, a 34-pin Flattie, 40-pin DIL, a
module ready for casing and the com-

LY

E'ECtrUr‘.BS by Jobha Mikkes-Hiskpatrich

plete watch with strap, etc. The
completed watch will be available in a
few weeks at about £150—£200 but
the author has already built a cliock
using the Flattie package and it runs
from nine hearing aid batteries and
should continue to do so for several
months.

The CT6002 is a single chip com-
plementary MOS circuit that contains
all of the logic necessary for a digital
readout wristwatch using a field effect
liquid-crystal display. Designed to
operate directly from a single 1.5V
silver oxide battery, the chip contains
an inverter for the quartz crystal
oscillator, countdown chain, minutes
and hours counters, seven segment
decodets, level translators/drivers for
the display and active components that
can be used to form a reguiated power
converter. The chip applies a.c. drive
to the individual segments of a 3%
digit display, giving a presentation of
minutes and hours based on a 12 hour
cycle. In addition a signal is provided
to turn the colon or decimal on and
off at 1Hz

The timekeeping abilities of the
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CT6002 begin with a guartz crystal
oscillator; a complementary inverter
is provided with accessable input and
output. The frequency of the crystal
can be either 32,768Hz or 65,536Hz
because the length of the countdown
chain can be altered by the frequency
select input to give either a division by
216 or 215,

Two switch inputs allow setting of
the watch in three modes:-

1. Advance hours at 1Hz rate, min-

utes counters continue counting.

2. Advance minutes at THz rate,

hours counters heid.

3. Hold existing display and reset

- seconds counter to zero.

The a.c. drive for the liquid-crystal
display is generated from the 32Hz
square wave in the countdown chain.
The 32Hz waveform, like all logic
levels on the chip, has an amplitude of
1.5V. In order to drive a liquid-crystal
display the amplitude must be changed
to about 8.0V, therefore the 32Hz
square wave is passed to a level trans-
lator and driver circuit. This new
32Hz signal is passed to the common
output terminal to be passed on to the
backplane of the display. At the same
time the signai is inverted and passed
to the 22 segment output drivers. In
response to low-level logic signals from
the timekeeping section of the chip,
the outputdrivers apply either the true
or the complement of the common
output voltage to the segments of the
display. If the true waveform is applied
then the voltage differential between
the common backplane and the seg-
ment is always zero and thus the seg-
ment is ‘off’. If the complement of
the waveform is applied then the
backplane will vary between —8V to
+8V, whilst the segment voltage goes
from +8V to —8V and thus the seg-
ment wili be ‘on’.

The 8V reguired can be provided 3

from separate batteries or from a
power converter which requires only
a few external components to generate
the higher voltage. This works by
using a voltage sense input which gates
a pulse output. The pulse output is
amplified by a transistor and passed to
a transformer or other inverter and to
a small reservoir capacitor.

The voltage on this capacitor is
sensed by the voltage sense input
which in turn can gate the pulse out-
put to increase or decrease the cap-
acitor voltage.

The CT6002 can be obtained thro-
ugh Bywood Electronics, 181 Ebberns
Road, Heme!l Hempstead, Herts. Prices
of the chip, the liquid-crystal and the
guartz crystal makes this as expensive
as a clock at present but perhaps some-
one will do a constructional article
when prices drop a little.

61 Cheddington Road,
Pitstone,

Nr. Leighton Buzzard,
Beds. LU7 9AQ.
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ANOTHER 555 SOURCE

Although industrial supplies of the
555 timer are a little easier than they
have been recently, it seems that yet
another company-has decided to sec-
ond source this little device. The 555
was first introduced by Signetics and
second sourced by National, Motorola
and now by Raytheon. Jermyn have
stocks of the Raytheon 555 timers in
mini-dip (8-pin) packages. The 555
can be used as a conventional timer
with a period from microseconds to
hours, as an astable or monostable
multi-vibrator, as a missing puise de-
tector, as a pulse width modulator and
in many other circuits and system
configurations.’

Raytheon 555s from Jermyn,
Vestry Estate, Sevenoaks, Kent.

THIS MONTHS SPECIAL OFFER

Hands up all of those that can think
of a nove! use for the 741 Op Amp
that has not previously been published.
The author searched and asked all
over the place for examples to publish’
with this article to show the uses of
the devices offered this month but
found that this and other magazines
had covered most of the applications
as level detectors, audio amps, MOS-
TTL-MOS interfaces etc. All we can
say is that our benefactors this month
are B. H. Compgnent Factors and that
they are offering three brand new
741s for the princely sum of £1
including VAT and P&P. The offer is
limited to 100Q devices or 333 packs
and as the 741 normally retails for
40p this is likely to be a well sub-
scribed offer. As usual, please enclose
an s.a.e. for return of your money if
thg offer runs our before your order
arrives.

SPECIAL OFFER
To B. H. COMPONENT FACTORS

Please supply three 741 Op Amps as mentioned in Electronics Today

|
l
l
l
|
|
| enclose cheque/M.O./P.O. for £1 to cover the cost of the components, l
|
{
l
|
i

L Offer closes 30th April 1974 or when 1000 Devices have been sold. I



NOISE-CANCELLING MICRO-
PHONES

AB Pearl Mikronlaboratorium, a
Swedish company, have announced
noise-discriminating microphones,
available is two versions in the UK.
The military version {Model ME8}
features a noise-discriminating ceramic
capsule, which reduces background
noise by 80 to 95%.

This fightweight robust hand
microphone is suitable for use in
situations where high ambient noise,
or feedback, or a combination of
these, prevents the use of normal
microphone techniques. An internal
amplifier provides a high output line
level (4.5V).

The frequency response of the M68
is restricted to the range 500 to
5000Hz. An alternative version
(ND@8]} is available with an extended
low-frequency response. An additionat
feature of this model is the thumb-
operated volume control mounted on
the microphone body.

Allotrope Ltd, 90 Wardour Street,
London W1V 3LE.

SINGLE AXIS LOW POWER
MAGNETOMETER

Pictured above is the Plessey Radar digital display equipment which forms part of
the Action data Automation (ADA) Weapon System aboard HMS Bristol, Britain's
latest guided weapon destroyer, HMS Bristol is the Royal Navy’s first operational
vessel to be so fitted. Her action information organisation is designed around the
Plessey display system which incorporates a comprehensive fit of display consofes
for detection, tracking and engagement of targets.

Thorn Automation has recently
introduced a single axis, low power,
jow cost magnetometer. The unit -
the S.A.L.P. magnetometer - has been
designed as a compact, low power
consumption, sensitive magnetometer.
The unit requires 6V d.c. and con-
sumes approximately 100mWw,

The S.A.L.P. magnetometer can be
used for a variety of applications. For
example, general use as a moving
anomaly detector; industrial applic-
ations. including detaction of small
steel components, sieei bolts in rubber
belts, ferrous materials jn brass,
magnetic inclusion, testing for magnet-
ically clean areas for tooling control,
quality control exercises, medical
applications including respiratory
monitoring especiaily for premature
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babies and other applications including
vehicle compass development.

The major feature of this magneto-
meter is the automatic balance system,
The auto-balance allows the magneto-
meter to detect variations of magnetic
field in three range * 1000 gamma,

+ 100 gamma, £ 10 gamma, in a
static field of up to 60,000 gamma.
The selected range, selected by a link
in the unit gives an output of £ 1V
for each range, Letween 100V/0e and
10,000V/Qe.

The S.A.L.P. unit is completely
self-contained and includes two printed
circuit cards, between which is housed
the fluxgate. Size is 7in. long x 2in.
diameter.

Thorn Automation Ltd, P.O. Box 4,
Rugeley, Staffs,

NEW FIRE ALARM SYSTEM

Any Fire Alarm System is only as good
as the sensors which it employs and the
cables which transmit the information
from the sensor back to the control
unit. Whilst the sensors are covered by
a variety of minimum operating stand-
ards the cables are normally left to the
installation or at best are recommended
to be "protected”’.

The new Fire Alarm System annou-
nced by Photain Controls Ltd. of
Randalls Road, Leatherhead provides
for complete protection of the external
sensor cables as a standard feature and
any "‘break’’ or “short”” in the cables
results in the alarm operating immed-
iately. This is achieved by fitting a
“Loop Sensor”’ at the end of the cable
run which balances the circuit. A
"break" or “short” in the cable puts
the circuit out of balance and operates
the alarm.

The Control Unit is solid state and
is contained in a pressed steel housing
9in. x 6in. x 4in. and is complete with
a '"mains on’’ indicator light and key
on/off switch. It contains fully floated
Nickel Cadmium batteries providing
24V at 0.5A and a battery charging
circuit.

The standard 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
belis or electronic sirens for over 30



minutes. The batteries will re-charge to Using this unique control system,
full capacity within 24 hours.

Any number or type of Fire Alarm unskilled personel which will consider-
Sensor can be connected to the two able reduce the cost of providing an
wire “monitored” loop circuit - nor- effective fire alarm system for all types
mally closed sensors being wired in of buildings and in particular for Hotels,
series and normally open sensors wired Boarding Houses, Nursing Homes and
in parallel, In addition solid state similar premises, which are now sub-
ionisation smoke detectors can bz ject to stringent fire regulations.
connected in parallel on the same two Recommended retail price is £48.00.

installation can be carried out by

wire circuit,
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Typical applications of Honeywell’s new photoelectric con-
trofs include any kind of counting activity - here, a unit eyes
vehicles passing into a car park; the obvious control function
is to activate ‘Car Park Full” signs and lock inward gates to
the park when a certain number of cars have entered, A
similar unit located on the park’s outward gates monitors
vehicles leaving, so that an exact count of the number of
cars in the park is always available,

Apart from a wide range of counting applications in
industry. photoelectric controfs can act as positioning de-
vices, speed controflers, process controliers, quality control-
lers and safety devices. In all these areas, the photoelectric
control responds to the interruption - or the restoration - or a
light beam by throwing a switch to bring about some control
activity.

ELECTRONICALLY CONTROLLED
TRANSMISSION FOR CARS

A new electronicaliy controlied
automatic transmission system for cars
has been developed by Associated
Engineering Developments (Cawston
House, Cawston, Rugby, Warwickshire.

The company has granted an option
to Votkswagen to licence the system
for use in cars.

Under a specific test programme
the suitability of the electronic control
equipment for use in Volkswagen
vehicles will be examined. BMW are
also evaluating one of their 3.0S
saloons that has been modified at
AED's R & D Centre, to accept this
new form of transmission control.

The AED system in effect replaces
the conventional automatic trans-
mission’s familiar but complex hydrau-
lic labyrinth of oilways and valves
with an electronic governor or
throttle linkage inputs as these are
derived electronically to save space
and weight. [tis extremely flexible in
terms of the gear change programmes
available to the user and the quality of
the change is optimised at all times by
precise control of the main hydraulic
feed pressure within the gearbox. This
technique eliminates ‘hard’ gear shifts
and engine speed run-up during shifts,
so prolonging the normal life of gearbox
components. Mechanical coupling of
the transmission selector lever to the
gearbox is no longer necessary, since
transmission mode selection is initiated
entirely by electrical switching. This
feature alone makes the new system
very attractive to the car interior
designer, insofar as transmission
selection can be of conventional ‘T’
bar form or more conveniently consist
of a row of illuminated push-buttons,
TV “touch-plates’ or even a single
rotary switch.

Several failsafe facilities are incor-
porated including electronic interlocks
to prevent forced changes at excessive
speed, and ‘fail to top gear’ in the
event of electrical faults. This means
in practice, in the unlikely event of the
electronic package malfunctioning, it
can simply be un-plugged thus per-
mitting the vehicle to be safely driven
home in top gear, whereas a major
fault condition on a ‘conventional
automatic’ normally immobilises the
vehicle until it has been rectified by a
specialist service engineer.

SOLAR-POWERED WATCH

A solar-powered watch is now on sale
in the USA. Described by its manu-
facturers (Ness Time, Palo Alto,
California USA) as the ‘most significant
development in watches since the
quartz watch’, the device sells for
around $500.

61



news digest

OP AMP SELECTION GUIDES

A complete new, up to date set of
operation amplifier selection guides is
now available from National Semicon-
ductor. The guides contain complete
information on all of National’s hybrid
and monolithic op amps, including the
new quad op amps, the LM124 and
the LM3900.

The complete set of operational
amplifier guides consists of two mili-
tary guides, one for hybrid integrated
circuits and one for monolithic IC’s;
two industrial guides, one for hybrids
and one for monolithic IC’s; and a
commercial monolithic guide.

To make device selection simple,
the guides provide information on
input characteristics including input
offset voltage, offset voltage drift, off-
set current and bias current. Also
included are specs for voltage gain,
bandwidth, slew rate, output current,
common mode range, differential
input voltage, and supply voltage and
current. The number of external
compensation components required
and the package types the devices are
available in are also indicated.

National Semiconductor (UK) Ltd,
The Precinct, Broxbourne, Herts.

EUROPE'S FIRST
COMMUNICATION SATELLITE
FAILS TO ACHIEVE ORBIT

Britain's Skynet Il, the first operational
communications satellite designed and
built outside the USA or Russia, was
launched from Cape Kennedy on
January 18th by Thor-Deita rocket
but due to second stage failure, it did
not achieve orbit. The 9601b satellite
was designed and built for the Ministry
of Defence by Marconi Space and
Defence Systems Limited.

However, its sister spacecraft,
which is due to be launched later this
year, has sufficient capacity to over-
come this set back. Skynet il will
form the space segment of the most
comprehensive military satellite
communication system in the world,
carrying British defence communicat-
ions over an area from the UK to the
Far East. These spacecraft will
replace the smaller, US designed and
built, Skynet | satellites already in
orbit.

The prime contractor, Marconi
Space and Defence Systems Ltd., has
built equipment for every British
satellite to date and is now the first
UK electronics company to take the
prime responsibility. The Philco-Ford
Corporation, is Marconi’s major sub-
contractor on the Skynet 11 project,
providing important sub-systems and
components.
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The complete Skynet system
comprises, in addition to the satellites,
a network of ground terminals includ-
ing the 42 foot master communication
station at Oakhanger, 40 foot semi-
static terminals, 21 foot air transport-
able terminals and the new 3% foot
shipborne terminals for the Royal
Navy. =~

The Skynet |l satellite is built in
the form of a cylindrical drum with
solar cells covering the entire curved
surface. It will measure approx-
imately 78" long overall with a
diameter of 75", The second
satellite will be launched into a
highly eiliptical orbit by a Thor-Delta
rocket. Transfer into synchronous
orbit will be achieved by firing a solid
fuel apogee motor contained in the
satellite itself and mounted along the
major axis of the cylinder. The
complete satellite will be spin 3tabil-
ised at about 90 revolutions per min-
ute from the time second stage burning

ceases. However, once in synchronous
orbit the communications antenna will
be de-spun and controlled to point
constantly at the earth.

BRAIN TRANSPLANT

Dissatified with his brain power, the
Man enquired the cost of suitable
transplants.

“Artist’s brains” said the Surgeon,
"are £25 a pound lawyer’s brains
about £60 a pound; doctor’s brains
are £200 a pound and at the top of the
line we have some politican’s brains at
£2500 a pound.

"My Goodness,” said the Man, “Why
are Politican’s brains so expensive?”’

“Do you have any idea’’ replied
the Surgeon, “just how many polit-
ician‘s brains it needs to make up a
pound?*’

WIDE RANGE OF DIGITAL PANEL
METERS

it
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Signatrol Ltd, of Cheltenham, Glos.,
has completed arrangements to market
in the U.K. digital panel meters from
two leading U.S.A. manufacturers.

With Signatrol's own range of
digital panel meters, the three ranges
combine to provide what the company
claims is the most comprehensive
choice of such meters from a single
U.K. source.

The U.S. companies are: Gralex
Industries {part of the General Micro-
wave Corporation) ar.d Faratron !nc.
{a principal supplier of military
components in the U.S.A.}.

In broad terms the complete range
will embrace 2%, 2%, 3, 3%, 3% and
4% digit meters, some being seven-
segment display, others Nixie tube.
There are single polarity and bi-polar
types as well as mains operated and 5V
logic power supply models. Notevery
permutation of those variables is
available but some of the features

common throughout are: binary coded
decimal outputs, display blanking,
programmable decimal points, adjust-
able conversion rates, hold-read and
external trigger capability.

Mains operated meters of 2% and
2% digit types are single-polarity and
have d.c. voltage and current input
ranges. Operating on the step-ramp
converter principle, they offer 30
options on the fuli-scale range. Mains
operated 3, 3% and 3% digit are bi-
polar of the floating differential input
type, with voltage input ranges, and an
accuracy of the order of 0.05 per cent.
The 4% digit bi-polar version has both
voltage and current inputs and offers
higher accuracy (0.01 per cent} and
ultra-high impedance facilities.

Meters suitable for 5V logic power
supplies are also bi-polar, with trans-
former isolated inputs and accuracies
of 0.05 per cent.
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SIMPLE COMPRESSOR
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THIS simple compressor is very effective when tape
recording from the speaker terminals.of a receiver.

Input can vary anywhere from 200 mV to six volts and
the output will remain very close to five millivolts.

Attack time is approximately three milliseconds and
refease time is approximately one hundred milliseconds.
The diodes should be high back resistance types; 1N914's
should be suitable.

THE GOOD MIXER

do. QUT
47082 25uf
=
220pF I sc. OUT

A mixer is a very useful device in any workshop.

it may be used as a frequency meter {signal generator in
one input, unknown signal in the other, listen for beat note
at ac output), to find parasitics in transmitters, as an
untuned detector-monitor etc.

For best wideband performance, all leads should be kept
as short as possible. Input impedance is close to 50 ohms,
and sherting one input has little or no effect at the other
input,

Germanium diodes are the best types to use for good
sensitivity. Hot carrier diodes are even better.

TECH~TIPS CIRCUITS

In the next month or two we aim to increase appre-
ciably the space devoted to Tech Tips. In order to
have a good choice, we are prepared to consider any
submitted by companies or readers. All items used
will be paid for.

Drawings should be as clear as possible and the
text should preferably be typed. Circuits for consid-
eration should be sent to The Editor, Electronics
Today International, 36 Ebury Street, London SW1W
OLW.
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DRAUGHTING AIDS

M.Sc. Course in
Electrical Engineering

with specialisation in any onz of the fallowing:

Electrical Machines,
Power Systems,
Communication Systems,
Electronic Instrumentation Systems,

Control Engineering and Digital
Electronic Systems,

Design of Pulse and Digital Circuits
and Systems,

The Course, which commences in Octaber 1974, may be taken on 2
Ful' Time. Part Time. sandwich or Block Release basis, and is open o
applicants who will have graduvared in Engineering or Science, or wha
will hold equivaient qualificatians, by that date, The Science Research
Council has accepted the Course as suitable for che teaure of its
Advanced Course Studentships.

Research in Electrical Engineering

Applications are aiso invited from similarly gqualified persons who wish
to pursue a course of research leading to the Degree of M Phil. ar
Ph.D. in 2any of the above subjects.

Application forms and further particulars from the Heazd of the
Department of Electrical Engineering (Ref: M.Sc. 8), The University
of Aston in Birmingham, BIRMINGHAM B4 7PB.
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Give your P.C. Boards that professional
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@ 5C PHOTOELECTRIC CIRCuITS & SYS EMS by P.S.Smith. BE pp...o.ovaunnunnaan 30 @

. 110 Samiconascior Projects For The Home Construetor by A .M. Marston, 134 pp o.... £1.80 .
410 Irtegreted Circult Projects For The Home Constructoc R.M.Mgarston_ 138 pp - £1.80 ®

. HOW _O GET THE BEST OUT OF YOUR TAPE RECORDER by £.J.Guy. 142 PR---o £1.50 ‘

@ CRELTIVE TAPE AECOADING by Vivien Cspel. 183 pn. Shows advenced ¢ .

® /7 = HECO=2Z3S by H.W.Hellyer. 239 A must for the enthugiast . . d .

. L;\.)E = STANDING ELECTRON!C IRCUI by lan R.Sin¢lair. 204 pp. 127 ilfus 3. S .
UNCERSTANDING ELECTRONIC CONMPONENTS by lan A.Sinclair. 218 pp. 130 Hlus. £3.50 ®

® FALLT LOCATION EX;'—'!C!SES in Redio & TV Servicing by K.J.Bahiman. Vol. 0.80

@ “AULT LOCATICN EXESCISES in Ragio & TV Servicing by K. J.Bohiman. Vor. 2 ..... £1.35 @

() WORLD RADIO TV ~ANDBOOK 15972, 26th Edition. 384 pp. Special reduced offer. £1.00 @
WORLD RADIO TV =SANDBQOK 1973. 27th EXiion. 400 PP - caacaccancnanans ... E3.00 .

[ ] COMPUTER SCIENCE P.Harvey. A general introduetion and principles . £2.0

@ RADIO TECHNICIANS SENCH MARNUAL by H.W. Haiiyer 215 pp. 121 tlus caon @

@ AUDIO TECHNICIANS SENCH MANUAL by John Earf. 182 pp. 114 lllustrations £3.00 .

. HANDBOOK OF TRA TOR EQUIVALENTS & SUBS TITUTES by B.B.Bgbani ...... £0.40 .
SERVICING WITH T SCILLOSCOPE by G.J. King. 176 {ilustrated ........... £1.80

PP-

Q BEGINNERS GUIDE < ZADIO by G.J.King. Tth Edition. 204 pp. lllustrated ....... £1.00 ‘

@NEWNES RADIO& T /ISION SZAVICING books bought & sold (all years) Good price= paid.. @

.Please add 10% for Poss 15— znd Packing an ail books. Send large S.A.E. for FREE booklists . ®

e BELL’'S TELEVISION SERVICES :

° 190 KING’'S ROAD, HARROGATE. YORKSHIRE. Telephone 0423-55885 °
0000000000000 00000000000000000000000000000
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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.

Fascia panels, dials, nameplates etc
in etched aluminium, 6p for details,

Ramar Constructor Services,
29 Shetbourne Road,
Stratford on Avon, Warwicks,
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ESSENTIAL BOOKS

HOW TO MAKE WALKIE-TALKIES FOR
LICENSEDO OPERATION. Oniy 40p., p.p. 10p.
2 Copies sent for 80p. post free.

MOBILE RADIOTELEPHONE EOUIPMENT
HANOBOOK. Gives circuits, data and (ltustra-
tions plus some valuable modification details
for commercial radio telephone equipment
including Pye and other popufar manufacturers.
Price £4 including postage.

HOW TO MAKE 2 & 4 METRE CON-
VERTORS FOR AMATEUR USE. 60p. p.p.
10p. AOVANCEOC BOOK OF CRYSTAL SET
OESIGNS. 40p. p.p. 10p.

THE GOVERNMENT SURPLUS WIRELESS
EQUIPMENT HANOBOOK. Gives circuits
data and iliustrations plus valuabie information
for British/USA receivers, transmitters, trans)
receivers. With madifications to sets and test
equipment. Latest impression £3.25 including
postage.

OIRECTORY OF GOVERNMENT SURPLUS
WIRELESS EQUIPMENT OEALERS. Gives
details of surplus wireless equipment stores
and dealers including addresses, plus equipment
and spares that they are likely to have availabie.
A valuable book only 40p. p.p. 10p

All the books in this section are at greatly reduced
prices and are bargains of a lifetime making ideal
gifts.

AN ILLUSTRATEO ENCYCLOPAED'A OF BAL-
LOONING. This remarkable book is the result ai
several years research into aeronautical lizerature
With nearly 200 pictures, 20 of which are in
colour. 13*x10". Pyblished at £6.30. Knock
down price £3.50. p.p. 50p.

THE THEORY OF GUIDED ELECTROMAGNETIC
WAVES. The most comprehensive book yet w{il
ten about wavaguides. transmission lines, cavity
resonators. Over 500 pages. Ideal for anyone
interested in Radar & UHF. Published at £11.50.
Knock down price £4. p.p. 50p.

THE SCATTERING AND DIFFRACTION OF
WAVES. A goldmine of information for the experi
menter, amateur and scientist. Profusely ilius
trated. Published by Oxford University Press at
£1 60 Knock down price 80p p.p. 20p.
PRINCIPLES OF ELECTRICITY & MAGNETISM.
Page & Adams. An important baok fer the student.
elecironics enginger and technicran who wishes
10 improve his basic knowledge. 532 pages. Hard
back. Fully illustrated. Published at £4.50. Knock
down price £1.50. p.p. 25p.

THE FAMILY LAWYER. Provides 2 velume of
answers to everyday problems, 790 pages fully
illustrated concentrating on matters that affect the
layman. includes cvery conceivable aspect of the
law. Published at £6 50. Knock down price £3.50.
p.p- S0p

HANOBOOK OF SATELLITES AND SPACE
VEHICLES, A comprehensive working hand-
book that provides important data both tabular
and graphical enabling space scientists,
technicians and telecommunication enginsers to
acquire a greater working knowledge of
satelhite and sSpace vehicle dssign, launching,
orbiting etc. includes a detailed coverage of
COMMUNICATIONS IN SPACE. An im-
posing book of 457 pages. Published at £8.20
Available at the trade price of £6.50 post free.

PERSONAL CALLERS WELCOME AT OUR
NEW SHOWROOM & TRADE COUNTER,
Hartleys Yard, Off Town Street, ARMLEY, LEEOS
12. Just past The White Horse Inn. The North's
largest selection of Radio and Electronics Books
plus thousands of books on all subjects at
discount prices

Al inal  order to: Dept. ET4, GERALD
MYERS (Bookseller & Publisher), 18
SHAFTSBURY STHEET. LEEDS LS12 3BT,

CITY & GUILDS
EXAMINATIONS

Make sure you succeed with an
ICS home study course for C &
G Electrical Installations, Tele-
communications Technicians
and Radio Amateurs. Free de-
tails from:—International Corres-
pondence Schools, Dept. 755E,
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
courses; approved by leading
manufacturers. Also radio and
audio courses. Free details from:
International ~Correspondence
Schools, Dept. 755E2, Intertext
House, London SW8 4UJ.

TECHNICAL
TRAINING

Get the qualifications you need
to succeed. Home study courses
in Electronics and Electrical En-
gineering, Maintenance, Radio,
TV, Audio, Computer Engineer-
ing and Programming. Also self-
build radio kits. Free details
from: International Correspon-
dence Schools, Dept. 755E3,
Intertext House, London SW8
AUJ.

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.

WILMSLOW AUDIO

The firm
for
speakers/!

Baker Group 25,2 8or 150hm . £ 6.60
Baker Group 35,38 or 15 ohm . £ 7.50

Baker Detuxe 12" dfcone . ... £ 9.75
BakeriMa) Ofe G et e Waees 4 “olat £ 7.50
Baker Major Modute. . . . . ... £ 9.50
Baker Regent. . ... . . £ 7.00
Celestion PST8{for Unllex) STl
Ceilestion MF1000 horn. . . . . . £10.45
Celestion HF1300 . ... .... £ 6.16
EMI 13x8,380r150hm . ... f 215
EMI13X8150d/c38150hm NERI3
EMI13x8n’tw45038150hm £ 3.60

EMI] 13x8 type 3508 ohm . . . . £ 825
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
FanePop1Swatt 12 ... ... £ 4.40
Fane Crescendo 18 . . . . . . .. £47.50
Fane Crescendo 15 . . . .. ... £36.00

Fane Crescendo 12A or 12B . . . £29.00
Fane Crescendo 12BL . . . ... £30.00
Fane 807T 8 'roll surr.80r15 ohm £ 3.85
Elac59RM 109 15 ohm ,59RM114

Bl NN AR S o e Tath £ 2.65
Elac 6% d/fc rollsurr8ohm A (TRl
Elac 4" tweeter TW4 . . . . ... CRIE2
Goodmans 8P 8 or 150hm. . .. £ 4.49
Goodmans 10P 8 or 150hm . . . £ 4.70

Goodmans 12P 8 or 15 0hm . . . £11.65

Goodmans 15P 8 or 15 ohm . . . £18.00
Goodmans 18P 8 or 16 ohm . £31.00
Goodmans 12PD 8 or 15 ohm £15.25
Goodmans 12PG 8 or 15 ohm . . £14.50

Goodmans Audiomax 12AX , . £38.65

Goodmans Audio 100 . . . _ .. £ 8.50
Goodmans Axent 100 ., .. ... £ 6.60
Goodmans Axiom401 . . . ... £15.10
Goodmans Twinaxiom8 . . . . . £ 6.79
Goodmans Twinaxiom 10 . . .. £ 7.61
e T 2 T Ve e AR e 1 s gl £ 4.75
DRI | 4, ot A e e din. £55875
KeR Bl Omes gy, i e AR
Kef B200. . . . . e R X £ 7.50
ISET BB ORI ot | i sy £11.75
e D N i S e £ 1.92
KR DN L0 0 a Sl e T £ 4.12
e RN 3 s e e Ve £ 2.75

Richard Allan CGST 8''dfc8ohm £ 6.35
Wharfedate Super 10 RS/DD .. £ 9.80
Wharfedale Lintin 11 kit {pair). . £17.50
Wharfedale Glendale {pair) . . . . £31.50
Wharfedale Dovedale {pair) . £48.50
Richard Allan Twinkiteach ... £ 7.85
Richard Allan Triple 8each . .. £11.76
Richard Allan Tripleeach . ... £17.50
Richard Allan Super Tripleeach . £20.75

Goodmans DIN 20each . .. .. £ 8.75
FaneMode 1each ........ £ 9.90
Helme XLK25 {pair} . ...... £18.17
Helme XLK50 lpair) ... .... £37.18
Kefkit11each .. ........ £23.50
Kefkit t1teach ., ... .. R = 3400

PRICES INCLUDE VAT,

Cabinets for Hi-Fi and PA., wadding,

vynair etc. Send for free bookiet-

“‘Choosing a Speaker*”’,

FREE with orders over £7-HiFi Loud-

speaker enciosures book.

All units guarantead new and perfact.
Prompt despatch

Carriage and insurance; Speakers 35p

each, Kits 75p each {£1.50 pair}

Tweeters and crossovers 20p each.

WILMSLOW AUDIO

Dept E
Swan Works, Bank Squara, Wilmslow,
Cheshire SK9 IHF.
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INDEX TO ADVERTISERS

Adiltar. SR e L e SN e Ab 4 GeraldiMy eIt = s N N o AN
ATEON: st Dokl SR . . HentysiBadless =0 Jh 5 Leii i s
NSt Uni{zersity. B o e e LaboratariesS s S o rii S ail oS 08
Bell’s Television Services . . . . . . . 64 Lynton. 5. AR - Sl SR Tt mte s St it
B.H. Component Factors. . . . . . . 4b Maplin Electronic Supplies . . . . . . 66
BiEfakSss saserrmammmriat o ko, 292518 Minikits Electronics. . . . . . . . . 27
BB S L E s . | 22 a Ve o Ramar Constructor Services. . . . . . 64
BizPro:Palkit st o= s e Y rsndh Trampus Electronics . . . . . . . . 64
Bywood. SXSREFEE T T ak, S e e a0 WilmslowAudio . . . . . . . . . .65
Decon SRRrarta s & i e o el g B g

MAPLIN ELECTRONIC SUPPLIES ~ "*=....

P. 0. Box 3, Rayleigh, Essex. Tel: Southend-on Sea {0702} 44101
VA Please add 10% to the final total. Post and Packing
FREE in U.K. {10p handiing charge on orders under 50p)

YNTHESISE

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!

R OANEBELDERS L WERNOULYOU: NEED | OUALTIRES AREORESTEOSSIBLE PRICES
Circukry. e e N IT' [The MES 7!5974 Catalcégu_e CA3046 14-pin DIL Transistor Aﬁa}" 69p"
(3 Master Frequencics on ONE tiny circuit board. : S’al'SAOC‘]gliED w%?lgedsozfrl\s (l} LH03%42C T05 FET IIP OP-AmP £3<88**
LOOK AT THESE AMAZING AOVANTAGES| tempting new lines, BRIM- | LM301A  8-pin DIL  Op. Amp 55p
:m::]l e foma SINGLE bt mamer szl R MING OVER with | NE555V  8-pin DIL  Timer 79p*
initial mning for the WHOLE ORGAN: ONE. / J § \ clear illustrations and | NE561B 14-pin DIL Phase Locked
S[\(PLE ADIUSTMENT. * Rclative luning NEVER detailed datg. %
DRIFTS! * External control sllows instant tune-up / =7, Loop £4.45
1o e musicians, % OWPDS Wil dreccy drive Mo WE'RE WAITING | 5G149sD  14-pin DIL For dra
types of cEnders inchuding the SAJII0. % And each K pin our Quadrant
oniput can ako be osed as a dimmct tone source. % Var TO RUSH YOU Multipliet £2 ‘75*
able q_PTH -\ND RATE twemulant opnona.l extra. A COPY E -
¥ r:_.g 4 pni plogin_sdge Connisian. "% C)°6‘r511f‘§ ) A ; SG3402N  14-pin DIL Wideband Amp/
3T x 4-5m. % Very W= pawer consumrg&on Yog i be P[OMSPTRI:ESR%IDE Mulupher £l .69*
% EXTREMELY ECONOMICAL | * Sac plens Wlé Ao tem. EXCITED MAT23C 14-pin DIL 2-37V Voltage
B iy puacamendl | Do O o by our BIG VALUE dis Regulator 85p*
und Jul CLaNS. =
MO2¥ Satth tremutazt) ONLY count vouchers, STAG- | uA741C 8pinDIL O *
AR u - p. Amp 36p
£D!VLloz (without tremulant) £12.25. Sl GERED by our UNBEAT- | 7414 TOS AM. Radio TRF  £1.20
5 ABLE speed of service. MC1303L S
ai tl st ste WwAards 2.
o R o T Take the first step toward g R R A
iwo:ziln;m"t' any, svpe Of maser oscilator including the reat service NOW! Send | MC1310QP FM Stereo Decoder £3.15
o s B R SRkt T 1Y Bower Ay 212
e o pack ot 13 00 e 2 S OR epcal and leave the rest to us! *Tull data in our catalogue. Price 25p
66 ELECTRONICS TODAY INTERNATIONAL—MARCH 1974



~ APOLOGY!

We would like to apologise to all of our LM380 customers power output due to tack of heatsink. We attempted to
for the delay in despatching their orders. The manufact- find another supplier but to no abail. We have however the
urers supplied us with the 8-pin package of this device following devices in stock as at 16th January 1974.
instead of the 74-pin package, the 8-pin device has limited
4 2
INTEGRATED CIRCUITS y ~N
MM5311 6 digit clock chip with BCD and £ 9.00 ’ SEVEN SEGMENT DISPLAYS
seven-segment outputs, interfaces DG12 Phosphor-diode (Fluorescent] £ 2.00
MMS314 At MMB311 but noBCD £ 7.20 tubes digit 12.5m m.
S ut no outputs. 2 R X 3
MM5316  Four digit alarm clock with alter- £15.00 DE%07 ';;%"‘;g;pg_gig Lo £ 2.00
nate seconds display,Sleep and DL747 Light-pipe LED in DIL package, £ 2.62
Snooze features.Interfaces directly Giant 0.6ins
to DG12 and TAB055 displays. S AR ¢
MK5017AA Six digit clock chip with alarm  £14.00 DL34 Foukr %1 in dlglt:: in 14-pin DIL  £10.00
and Snooze,interfaces to DG12 P OO :
< = ol T!L360 Six 0.1in digits in 16-pin DIL £15.00
D L34 and TIL360.As used in ET! k. Co c
Sept. 73 TIMTRONIC PaL R SO IO, o a
CT700 e 5 TA8055 Four 0.6in Liquid-crystal digits £13.00
1 Six digit clock/alarm/calendar  £18.00 (dativar Y eXHocTRARRiEreskh
chip. k J
ZN4ai4q AM radio chip, as used in many £ 1.10 /
articles,
LM380 2%W Audio Amp in 14-pin pack, £ 1.50
{out of stock). -
LM377 Two LM380s in one pack, 14-pin £ 2.70 'r KITS AND PCBS \
DIL
e LML L gl N TIMTRONIC  Kit for ET) article, MK5017AA,
DuescEnres t jan four DG12s, IC socket, PCB  £24.00
(which are not available). e Yans
LM. ... Other National audio chips available to 5316-LC MM5 316, socket TA8055 £32.00
order we will have the 1800, 1805, etc PCB and 'instruct‘ions. 4
when available. 5314-J M
5565 General purpose Mono/Astable timer. 90p - urbe ;Ax g:’;_‘;d;"g;\estbgr Eé‘l;m-" £26.80
LM322 High stability precision timer. £ 250 - o A i R =g
CA3081 16-pin DIL cpntaining? NPN £ 1.47 Complete kit less case, etc.  £30.00
Common-emitter transistors, for CASES Perspex Timtronic case 2.50,
AR i s LED e e Wood 5314 case £4.50.
2 :n?)‘:feg ROSCOIOT-COllgEt oY ERT- PCBs Timtronic or 5316 or 5314 kits
¥ . £2.50. PCB for six DL.707 for
OTHERS We have a few calculator ICs at special b A A
; orices, please ring for details. \_ Digitronic type project £1.00. %
\. ;o
£ h
LEDS, SDCKETS ETC.
TiL209 These and similar LED lamps, 20p Pin Headers. 14 and 16-pin units which may 40p
Red colour. be used as DIY ICs or as a plug for DIL sockets.
RED & GREEN We still have a few pairs of 50p Flat cable. 16 way flat cable for use with pin 35p
LEDs which we are clearing headers, metre. : : ;
at a special price. 1 red & 1 green. DILSWs A range of miniature switches in
24 & 28-pin LS sockets, high quality gold £1.15 a 16-pin DIL pack. 1 pole 8 way
contacts, etc. 75p, 2 pole 4 way 80p, 4 pole
40-pin LSI sockets, high guatity goid contacts £1.35 2 way 85p, DILVARI four 1 pole
etc. 2 ways 90p.

16-pin low insertion force sockets for 1C test: £2.00

L ing, etc.
i

CLOCK DATA SHEETS —SAE. ADVICE — PHONE 044262757

POST & PACKING — 10p. OVERSEAS {AIRMAIL] 50p. VAT — ALL PRICES EXCLUDE VAT,
PAYMENT C.W.0. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED.
QUANTITY DISCOUNTS ON MOST 1 TEMS — STATE REOUIREMENTS FOR QUOTATION.

BYWOOD ELECTRONICS

181 EBBERNS ROAD

HEMEL HEMPSTEAD

HERTS. TEL.0442-62757.

24 HOUR ANSAPHONE ON-LINE.
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Over 150

Practical Radio & Electronics
Certificate course includes a
learn while you build

3 transistor radio kit.
Everything you need to know
about Radio &
Electronics

' This FREE 5, maintenance and
TREE 75 :
wWavs to en TPl | repairs for a spare
 Zrowhsg 7 ‘;C/,b,}%‘s time income and

engineer a =

better future

find out how
in just 2 minutes

That’s how long it will take you to fill in the coupon. Mail
it to B.LE.T. and we’ll send you full details and a free
book. B.I.LE.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.LE.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 vourself 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 Associatc Membership had been approved. I can honestly
say that this has been the best valuc 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 iove, with unlimited prospects”.—Student J.A.O. Dublin:

My training with B.I.LE.T. quickly changed my earning capacity and,
in the next few years, my earnings Increased fourfold”.—Student
C.C.P., Bucks.

FIND OQUT 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 scek. There’s no surer way of
getting ahead or of opcning up new opportunities for yourself. It
will cost you a stamp to find out how we can help you. Write to
B.I.LE.T. Dept. pgt11 Aldermaston Court, Reading RG7 4PF.

a career fora
better future..

</
;<’— = CUT OUT THIS COUPONm e aus ms
Tick or state subject of interest.

I Post to address below. l
MECHANICAL Man. Prod.—cont.  Constructional-cont.
IA.M.S.E. (Mech.) 00 Quality Control [] Buildi : DI
Boiler Inspect. Salesmanship O Brilding Drawing [J|

& Operation O Storekeeping O Bulild. Foreman [J
C&G Eng. Crafts 0 Work Study 0 Carpentry&Join. [
C & G Fabricat. Works Civil & Municipal
giesellnEng.t_ B Management [ (:Erxtgintat?_'ilag1

ng. Inspection onstructiona.

Eng. Metaliurgy [ DRAUGHTSMANSHIP Engineering 8]
I Inst. Eng. & Tech. [ A-M.LE.D. O Construction DI
Inst. Motor Ind. [J Design of Elec. Surveyors O

Mainten. Eng. [J . Machines O Institute
Mechanical Eng. (] Die & Press Tool Clerkof Works [
Sheet Metal Work [ Sign O Council Eng. Oy .
Welding O Electrical Geology DI
il ereny o Heal 6 e
ea ent.
l ELECTRICAL & Gén, Dravghts- e A AL BI
ELEGTRONIC TS O Tnet afBunld
I e gGSEII:ec(E}Eer&) E]] Jig & ToolDes. [ mgt'_Worl}"gs;rs u
C &G Elec, Inst. LRI iE ] Plilligtl‘lwag%up. 0
C&GElec. Tech. [ RADIO & TELE- e Ll o0 ]
Computer Elect. [] COMMUNICATIONS  pabicrvgienc L]
Elec. Maths 00 Colour TV (el e, )
Elec.Science [ C & G Radio/TV/ gesuctural Eng- A
Eecgr?éﬁfgng- E Electronics =~ [] S veying 8
ecirica. - c& ‘elecomm.
Install. & Wiring [J 'recc}};r 7 GENERAL I
Meters Prac. Rad. Elec. Agricultural Eng. []

& Measuring (With Kit) O Council of Eng. |

Instruments [] Radio Amatenrs Inst.

Exam. [0 Farm Science a

| manacementa  madioBérvicing - Generalmaucet. O
PRDDUCTION & Repalrs O Gen Plastics
Auto.Control [ Radio&TVEng. [ gacn gtl?den ule 2
Computer Prog. [ ITraps.Course [0 F ac"& Rule []
Electronic Data TV Main. & Serv. [J uﬁg th?pplled DI

Processi O :
imatng® 0 AUORSMR | Rebigemtion O
Foremanship O AMIMI 0O Sa.]eeE echt. I:ll
Inst. Cost&Man _ A'p G Cert, O Tech, Regore~ =

Accountants [0 autoLngineer. [  Writing
Ll Vb g AutoRepair O Timber Trade
Metrication g g g; an zéutO»Ens- O University Ent.
Motor Trade Man. [ Management [

Network Plan. O /AMIDIpl. .
Numerical Gont. 00 Motor Vehicle G.C.E.
O%ggggggl {7 Mechanics m}
€ SAY
PersonnciMan. () CONSTRUCTIONAL 580" & ‘A
anning wng. LN O 1V1
Production Eng. [3 Architecture E ti:flisos:o%ﬁns

Coackhing for many major ezams.
including ONC, C & G, etc.

POST TODAY FORA |

group passes

I To B.LE.T., Dept. BEL11 ON BE111 I
I Aldermaston Court, Reading RG7 4PF
I NAME.___ = 5 S I
Biock Capizals Please
ADDRESS s, ot et i I

OTHER SUBJECTS 5 5 A
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