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MAKE A REV COUNTER
FOR YOUR CAR

The ‘'TACHO BLOCK'. Thes
encapsulated block will turn any
0-ImA meter into a linear and
accurate rev., counter for any,
car with normal coil ignmition

- £1 ¢ l 0 each

BI-PRE-PAKLTD

Co. Reg No. 820919

SEMI-CONDUCTORS TO THE WORLD

OVER

1,000,000

TRANSISTORS IN STOCK

We hold a very large range of fully marked,
tested and guaranteed transistors, power tran-
sistors, diodes and rectifiers at very competitive
prices. Please send for free catalogue.

Silicon planar plastic transistors

Unmarked, untested, factory clearance. A random
sampling showed these to be of remarkable high
quality

Audio PNP, similar to ZTXS00, 2N3702/3, BCY70
etc.

Audio NPN, similar to ZTX300, 2N3708/9,
BC10789, BCI168/9 etc.

Please state Audic NPN or Audio PNP when
ordering.

ALL AT S00 for £3.30. 1,000 for £5.50. 10,000 for
£44 P. & P. Ilp 1.000.

OUR VERY POPULAR 4p TRANSISTORS
TYPE *A"” PNP Silicon alloy, TO-S can.
TYPE *'B" PNP Silicon, plastic encapsulation.
TYPE "E” PNP Germanium AF or RF.

TYPE “F” NPN Silicon plastic encapsulation.
TYPE "G’ NPN silicon similar ZTX 300 range.
TYPE "H’* PNP silicon similar ZTX S00 range.

" RELAYS FOR
8 VARIOUS TYPES £ I e I 0

P&P2

Our famous P! Pack is still

leading in value for money.

Full of Short Lead Semiconductors & Elec-
tronic Components, approx. |70. We
guarantee at least 30 really high quality
factory marked Tranistors PNP & NPN
and a host of Diodes & Rectifiers
mounted on Printed Circuit Panels.
Identification Chart supplied to give
some information on the Tran.
sistors. Please ask for Pak P.|
Only 55p. | Ip P & P on this Pak.

A CROSS HATCH GENERATOR FOR
£3-85 138

YES, a complete kit of parts including Printed
Circuit Board. A four position switch gives
X-hatch, Dots, Vertical or Horizontal lines.
Inu;raud Circuit design for easy construction
and reliability. This was a project in the September
1972 edition of Television.

This complete kit of parts costs £3.85, post paid.

A MUST for Colour T.V. Alignment.

ELECTRONIC
TRANSISTOR IGNITION

Now in kit form, we offer this "‘up to the minute'
electronic ignition system. Simple to make, full
instructions supplied with these outstanding
features:—

Transistor and conventional switchability, burglar
proof lock up and automatic alarm, negative and
positive compatability.

This project 1s a *'star” feature in this issue.

Our kit 1s recommended by the ETI magazine.

Complete kit including p&p £7.92
Ready built and tested unit £3.02
extra

’--\

1-12 13-25 26-50
40 Wart 22p 20p 18p
90 Watt 264p 24¢p 22p
Range 2. VCE. Min 40. HFE Min 40.

- 13-25 26-50
40 Wart 33p 3lp 29p
90 Wart 38ip 36ip 33p

Complementary pairs matched for gain at 3
amps. | Ip extra per pair. Please state NPN or

PNP on order.

PLASTIC POWER
TRANSISTORS

NOW IN TWO RANGES

These are 40W and 90W Silicon Plastic Power
Transistors of the very latest design, available
in NPN or PNP at the most shatteringly low
prices of all time, We have been selling these
successfully in quantity to all parts of the
world and we are proud to offer them under
our Tested and Guaranteed terms.

Range |. VCE. Min IS. HFE Min IS.

F R E E CATALOGUE

nunslsroas
RECTIFIERS,
DIODES,
INTEGRATED
CIRCUITS,
FULL PRE-PAK
LISTS

INTEGRATED CIRCUITS
We stock a large range of .Cs at very competi-
tive prices (from | |p each). These are all listed
in our FREE Catalogue, see coupon below.

METRICATION CHARTS now available
This fantastically detailed conversion calcula-
tor carries thousands of classified references
between metric and British (and U.5.A))
measurements of length, area, volume, liquid

measure, weights etc.

Pocket size I5p. Wall Chart  |8p.

SOCKETS
14 pin type at I6¢p each
16 pin type at 18p each

LOW COST DUAL IN LINE |.C.

Now new low
profile type.

BOOKS

We have a large selection of Reference and

Technical Books in stock.

These are just two of our popular lines:
B.P.l. Transistor Equivalents and

Substitutes:

This includes many thousands of British,

U.S.A. European and C.V. equivalents.

The lliffe Radio Valve & Transistor

Data Book 9th Edition; p. & p. 23{p. 75p
Characteristics of 3,000 valves and

tubes. 4,500 Transistors, Diodes, Recti-

fiers and Integrated Circuits.

NAME

ADDRESS

Send for lists of publications
N.B. Books are void of VAT

40p

ALL PRICES INCLUDE 10% VAT
MINIMUM ORDER 50p. CASH WITH ORDER
PLEASE. Add |)p post and packing per order
OVERSEAS ADD EXTRA FOR POSTAGE.

TELEPHONE: SOUTHEND (0702) 46344

DEPT. H. 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX
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oOLAR SOLUTION

he feature ‘Solar Solution — is it the answer to the
energy crisis’ — is one that we have been working on for
two months. During this time there have been a number of
articles and TV programmes covering the same subject but our
research has been very extensive and the article includes many
unpublicised activities.

To obtain the necessary material we have literally made contacts
all over the world: Britain, U.S.A., Australia, France, Japan,
India, Israel, Soviet Union, Egypt and South Africa. We have
also interviewed a number of researchers in this field.

What has struck us has been the enormous activity that has
been going on, most of it initiated within the last two years.
However, one point stands out: much of the work has been
conducted in isolation. Many of the researchers we spoke to
were unaware of the activities of almost identical work being
pursued elsewhere in the world.

Interest in harnessing the sun’s energy is growing and, to say
the least, it seems a pity that co-operation is, as yet, on a limited
scale. Qur technology has reached the stage when any research
into a new field is extremely expensive and this is surely an
ideal field for international co-operation. Harnessing the sun's
energy must be one of the few fields where there can be no
military applications (we can think of none anyway) and it is
also one which could help the underdeveloped nations. These
nearly all lie in the equatorial regions which are best suited to
harnessing solar energy. Similarly, these underdeveloped nations
do not have vast plants and capital tied up to produce their
electricity from fossil fuels and, starting from scratch, they
would seem to be ideal areas to develop.

We have been careful in our presentation of this subject to
avoid overstating the case for solar energy—that is our reason
for having the question mark in the sub-title. We have drawn
attention to the problems as well as to the benefits. Nevertheless,
itis certainly a field worth pursuing and one in which international
co-operation is needed. Let us hope that this can be achieved
before too long. —H.W.M,




J. T.EDEN ELECTRONICS
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Please send your remittance with order: cheques, P.O.'s, M.O.’s
should be made payable to J. T. EDEN ELECTRONICS and
crossed. Cash should be sent by registered post. Add 12p. for
post and packing charge: orders are despatched by first class
post. If an item is temporarily out of stock and is not expected in
from our supplier for more than a week, a credit note is issued
for the value and should be included with your next order. We can
also despatch the item to you when it arrives and not charge you
for the post and packing If you would prefer, we can also refund
the amount to you. Please let us know what you would like us

to do.

As V.AT.is chargeable, please add 10% of the total value (that
includes the 12p. post and packing charge). In order to try and
keep prices down we have decided to charge only 5% to orders
of £5 and over, so if you just include 5p. in the pound, we will
pay the rest in the form of a discount to you.

Finally, if you think there are any significant omissions or lines
you like us to stock. we will try to include them in our new
catalogue which will include capacitors, potentiometers, meters,
kits and more semi-conductors.
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J. T. EDEN ELECTRONICS, P.O. Box 5, LANCASTER LA1 3HZ.
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A NEW TRANSISTOR FOR 3W AND
3GHz

The photo shows a UHF broadband
power transistor for 3GHz and 3W
mounted on a film-type circuit
measuring 0.6 x 0.6mm. The two
wires are used to connect emitter

and base of the component. The
transistor design made visible in the
photo is typical for microwave
technology: close spacing and strip
widths in the um range ensure a
favourable emitter edge length to
collector-base capacitance ratio. The
resistors arranged on the left in front
of each emitter strip are used to keep
the current load uniform and in this
way to achieve a good overall HF
quality factor. The high frequencies —
research has shown that a value of
4GHz is at present possible — and a
drive current of up to 0.1A are obtained
by extremely shallow surface diffusion
of boron and phosphorus ions and by
multilayer metallization on a gold
base, which also results in high
reliability. The silicon planar system
is protected against the effects of
humidity by nitride passivation.

The new transistor was photo-
graphed by the “Autoscan’’ sampling
electron microscope, which has a
greater depth of field and a resolution
several powers of ten higher than an
optical microscope. In this way very
favourable methods of assessing new
semiconductor components present
themselves, in which conventional
electric measurements can be supple-
mented by an electron-optical check of
the fine structure.
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A technique for enabling satellites to
find their own way around the earth
without having to rely on ground
tracking stations is being designed at
Honeywell’s Aerospace Division under
contract from the U.S. Air Force Space
and Missile Systems Organisation.

The technique — called Autonomous
Navigation Technology (ANT) — will
enable a satellite to identify its
position even before it completes one
full orbit of the earth. This particular
solution to satellite self-navigation,
along with two others being developed
by other companies, will be considered
by the U.S. Air Force for possible
equipment development.

The ANT concept calls for use of a
gravitational model of the earth, stored
in a satellite’s computer memory,
which will be continually refined by
data provided by optically sensing
various earth landmarks.A major part
of the Honeywell effort will be to
develop a laboratory prototype of the
landmark sensing device, called a
Down Sensor Assembly (DSA).

The DSA is a telescope that looks
vertically at the earth, and receives
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reflected or radiated energy from
features of the earth on its photo-
detector. For maximum accuracy
two such telescopes strapped to the
satellite body are required. An image
viewed on the first detector will be
“seen’’ by the second detector an
instant later. The time lag between
the two sightings is the basic
measurement used to update the
satellite’s position and speed.
Horizon sensors and star sensors
used to align the satellite after orbit
is achieved have already been developed
and most of the ANT testing will be
accomplished through computer
stimulation of these devices.

FASTER REHABILITATION WITH
COMPUTER SUPPORTED EDUCATION

Believed to be one of the largest and
most complex rehabilitation centres in
the whole of Europe, The Heidelberg
Centre in the Federal Republic of
Germany provides retraining facilities
for physically handicapped adult
students unable to practise their own
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profession.

Computer supported education is
among a wide variety of teaching
techniques employed at this centre.
At the heart of the Centre is a
computer complex containing two
IBM and two Siemens digital com-
puters. One computer, in addition to
helping to control a host of adminis-
trative functions, stores hundreds of
programmed lessons on subjects
ranging from electronics engineering
to business administration. The
computer records, analyses and corrects
students answers, assisting and guiding
them to the correct solutions. Because
students use CRT terminals to
communicate with the computer, they
can continue their studies even from a
hospital bed.

From a maximum of thirty
students, each with a CRT terminal,
in a building approximately 3Km
from the main computer, data is fed
along a link to the computer.
Normally each terminal would
require a telephone link of its own,
but using Racal-Milgo multiplexing
equipment only one data link is
required, thus reducing line rental
costs.

EMI-SCANNER, WINS
QUEEN’S AWARD

The Central Research Laboratories of
EMI Limited have won a 1973 Queen's
Award to Industry in “‘recognition of
their outstanding achievement in
technological innovation’. The award

is for the EMI-Scanner — the
company'’s revolutionary computerised
X-ray system for the diagnosis of

brain disorders which was described in
ETI of June 1972,

Fully proven in clinical trials, the
machine can build up a highly detailed
picture of a patient’s brain with much
greater sensitivity and clarity than
conventional X-ray equipment. The

development will enable brain diseases
and defects to be diagnosed and
located quickly with less discomfort
and exposure to X-rays for the patient.

In November last year, the system
won Britain’s equivalent of the Nobel
Prize, the MacRobert Award of
£25,000 and a gold medal for Godfrey
Hounsfield and EMI.
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A method of assessing the flight
behaviour of various projectiles is
currently being used by the
Directorate of Proof and Experi-
mental Establishments, Ministry of
Defence. The method uses the sun
and a photovoltaic V-shaped attitude
sensor carried on board the projectile.
The attitude data is telemetered
from the projectile to ground receiving
stations. The data consists of pulse
pairs generated from the sensor, which

when processed result in a record of
the projectile’s attitude with respect
to the sun.

The pulse pairs are transmitted at
the projectile’s spin frequency of
several hundred revolutions per
second. These are demodulated from
the receiver and displayed on a
Honeywell Line Scan FO-CRT Type
1856 in parallel with being recorded
on magnetic tape.

Dynachem

GIRL BY INSTALMENTS!

Electronics manufacturers throughout
Europe are receiving a series of
unusual sales leaflets from a
manufacturer of specialist

chemicals used in the making of

New Dimensions in Chemistry

printed circuit boards.
Dynachem are sending out four

leaflets spaced at regular intervals.

On the front of each will be printed

a tantalising part of the company’s

DYNAGIRL, an exquisite young lady

well worth a second look. By keeping
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the leaflets, the recipient will be ablé
to build up a complete picture.

On the reverse sides will be
information about the company’s
range of photo-resists, plating
solutions, brighteners, cleaners and
ancillary chemicals.
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— Marcon: Magnification Meter TF 329G
l ‘ THYRISTOR LIGHT DIMMER _ Airmec Frequency Meter Type 726
MIGHTY MIDGET L - For any lamp up to 250 watt. Mounted on switch glll( to_fit in place of  Sparton Laboratery Amplifier 1§ c's—350kes Aws S1a
Probably the finest possible radio, as described in Practical standard switch. Virtually no radio interference rice £3-35. Industrial GEC Quartz Xtal Activity Test Set 2 —20 mefs

Wireless, January 73. All electronic parts £2-20 post paid. “ model SA £330,

Muirhcad Phasemeter D729 BM

- Muirhead Phasemeter D729 BS
10 AMP DIMMER CONTROL K CI B [C 34
1 CHIP RADIO For the control of lighting on stage or in a studio or for control of portable equipment 1n  RCA Flutter Indicator.
Ferranti’s latest device ZN414—gives results better than  workshops. etc. This has two 13 amp socket outlets each s controlled by a 5 amp soiid state  Metna Standard Sig Generator 50mics.  50m/cs to
superhet. Si ied witl hnical notes and circuits  regulator. The overall length 1s 17%in.. width 34in. and depth [4in. In the end 18 fitted + S m
£1.38 each. {0 for £11-11, master On/Off switch indicator, lamp and fuse. Price £8-25,
METAL CHASSIS
TUNE NT Al AL A o o v TR P S il B R
Standard size t4in. wafer—silver plated § amp. contact. standard jin. spindle 2in 3 s
Eg.e?wrimenﬁng‘mgholhtilprgﬁe E long—with Iockixg washer and nut. take 3 P Q. 3600 type relays. There is also a removeable
Kit No. 1 Plessey Miniature Tuning Condenser with built- No.of Poles 2way 3way 4way Sway 6way Bway 9way 10 way 12 way cover over this section measuring 4° long x ¥ x
in L\{' switch and 3in. Ferrit slab and litz 1 pole 44 Up  Mp  4p  4p  Mp  p  Mp  4p ¥ The chwss also has a few holes and could
wound MW coil 72p. 2 poles 4p  Mp  p  Mp  Mp Mp  4p 7T 7 take a small transformer and or salve holders also some
Kit No.2 Air spaced tuning condenser 6in. ferrit rod Ltz 3 poles MUp Mp p Mp M B I LI £ i holes for controls s etc. This 1s an ideal
wound MW and LW coils. And wave change 4 poles “4p 4p 4 T T 77, 77p  £1.32 £1.32 v - pol S
switch 94p. 5 poles 44p 44p 1 1 £1-04 £1- £104 £160 £1-60 chasss for making up a relay umlfx( similar. These are
KitNo.3 Au spaced TC with slow motion drive 8in. ferrit 6 poles 4p Tlp  7p 77p  £1-04 £1.04 £1-04 £1.87 £1.87 e but in ! and may have
rod with litz wound LW and MW coils. And wave 7 poles 17 1 1 £l £1.32 £1.32 £132 £215 £215 a few resistors etc. still attached. Price 40p each.
change switch £1-10. 8 poles bil) 1 7 £1-04 £132 £132 £132 £242 242
KIT No.4 Permeability tuner with fast and slow motion Igl"':f‘ ‘7';9 ;;P “0‘ Hg; H% H& ﬂgg 338 ﬁz,g
driv d LW loadi ils. And wave ch poles p > 9 3 3 H
Seitchp e CeamtAcols) S wavel change 11 poles 1% £104 £104 £132 £187 £1.87 £1.87 £3.28 £3.28 CLOCKWORK TIME SWITCH
12 poles 77 £104 £1.04 £1.32 £1.87 £1.87 £1-87 £3.52 £3.82 Fur del]l.»ma the hswﬂchms ondfor ur to 12 hours.
Bzing clockwork this s independent of the mans and
15 therefore useful for remote operation or for battery
12 VOLT 14 AMP RsllszlEllBo(lJJ-{c{dog tg:‘&};ﬁ &7 (00, 88 08 £ appliance. The front dial which is calibrated in hours
POWER PACK SOChE s in)mem box to take standard 13 am fuscg s turned through the required revolution then after

This comprises double-wound 230/  plugs and on/off switch with ncon warming light. Supplicd complete with 6 feet of heavy Preset ime double pole 15A switch operates. Made by
240)’_: mlinsdlr;&s)lgrmx"_ :rilh le&:inve cable. Wired up ready to work, £2-48 plus 25 p. & p. Smuths Price £1-68.

rectifier  an L Sm ng.

Price £2:20, plus 20p post & p-ckin: CAPACITOR DISCHARGE CAR IGNITION

. This system which has proved to be amazingly efficient and 0
Heavy Duty Mains Power Pack. Output voltage adjustabie bl first the Wi Worl: MAINS TRANSFORMER
from '15-40V in steps—maximum load 250W—that 's from ELEcTROMC GNmoN | (5 dﬁi"},‘}“’p{"ﬂs or ’;;’“,:n,,,g(;f, shoul LIS 280 ur Ref. MTIL. Drop thiough chassis—open con-

6 amp at 40V to 15 amp at 15V, This really is 8 high power efficient version (Pracrical Wireless June). Price £5-8S plus 30p struction 240v Pnmary—9. A Secondary, Price
hﬁ.")’ duty ;‘!“":!':y'u;tﬂgfe"s of "f‘"ikns"e‘?g’h:;‘;e- 0:;;‘“(‘"“’?:‘:: post. When ordering please state whether for positive or negative systems. Also available. 17p cach

1424 E ! Ly Y r .
Siftcon rectifiers and smoothing by 3,000mF. Price £633 ready made ignition systems for 6v. vehicle. £5-78 plus 20p.
plus 63p post. CENTRIFUGAL BLOWER
Miniature mains driven blower centnfugal type blower umt
by Woods. powerful but specially built for quiet running-
dniven by cushioned induction ‘motor with specaaily built
low noisc bearings. Overall size of blower 1 approx. 4° =
4" x 4. When mounted by its flange air 1s blown into the
equipment but to suck mir out mount it from the centre using
a clamp, ideal for cooling clectncal equipment. or fitung into
a cooker hood. film drying cabanet or for removing flux smoke
when soldening etc.. etc. A real bargain at £2:04.

MAINS TRANSFORMER

Our Ref MTJ2. Parmeko Neptune series. This 1s a
totally enclosed ‘C" core construction. upright mounting
and black enamelled. For 230/240v Sec. 25-0-25v at
50 mA Ideal for mounting on metal chassis mentioned
abeve. Ex equipment but unused. 77p each.

MICRO SWITCH

5 amp changeover contacts, LIJ’ cach.
10 for 99p. 15 amp. S.P. Model 18p,
changeover 17p each.

3 POST OFFICE TYPE 3000 RELAYS

MAINS OPERATED SOLENOIDS ELECTRIC TIME SWITCH Ex equipment but guaranteed perfect—any not so would
Model 772—small but powerful Made by Smuths these are A.C. mains operated. NOT be changed.
L in. pull—approx. size 1§ x 14 CLOCKWORK. Ideal for mountng on rack or shelf or can | .. Rel REL J1. Has 6 sets of change over contacts
x t4in., 660%. —s be built _l:(;o box zv‘mrl: lJAssocket. ﬁ completely ad;u\lahlﬁ and 2000 ohm coil. $8p each.

4001 in. . S tume periods ours. 5 amp changecover contacts wi

Yoge x#m. ljp‘? pull. Size sm(cf}a’ecxrcuup%n o ot dudhg ‘:hm genods £2.78 post 2- -Ref REL J2 2 panrs that close when relay ener-
Model i—14in. pull. Size and ins., 23p. Additional ime contacts $3p pair. g1zed and 2000 + 1000 ohm coil. Price 44p.
3 3% 24 x 2in. £1-98 plus 20p 3 Ref. REL J3. 2 pairs contacts that close and 6.4.
post and insurance, K ohm coil. 44p.

MAINS TRANSISTOR POWER PACK SPECIAL SUMMER OFFER 1 REV. PER MINUTE MOTOR WITH

Designed to operate transistor sets and amplifiers. Adjust- Mullard Unilex at Pre V.A.T. price. You want 8 good stereo system—uwell here's an offer you GEAR-BOX
abie output 6v.. 9v., 12 volts for up to 500mA (class B should not miss! The four Mullard moduies all in ongnal manufactures cartons and with Made by the famous Chamberlain & Hookman Lid
wonni). Takes the gl|§;7ofpw of the following batteries:  omginal makers guarantee. £7 the lot. Control umit with name plate and 4 spun aluminium -

PP1, PP3. PP4, PP and others. Kit comprises:  faced control knobs £3. Total £10 post and VAT paid. 2 Goodmans Speakers £3. These could be made to dnve clock or similar. Really
mngs lransfo;mer rectifier, 's{mflothin; and llon;:i lr‘;sis}or robust retiable unit. Price 99p each.

condenscrs and instructions. Real snip at only £1-10 plus

30p postage. d MULLARD AUDIO AMPLIFIERS

Allin module form, each ready built complete with heat
sinks and connection tags. data supglied.
t

110 REV. PER MINUTE MOTOR WITH

Model 1153 500mW power output 12p. GEAR BOX ‘ .
TIME SWITCH Model 1172 750mW power output 94?. Gaod American make. Operates from mains and will
Smith's mains dniven clock with 15 amp Model EP9000 4 watt power output £1-60. drive switch mechanism or other medium device. Size
switch, also notes showing how you can FO':ZOS"“"‘ CHBM‘ or slere%predlmp.ll-”. appron. % ¥ x ¥ with & diameter drive
wake l’upc with rv|nus|ec lpllylm;. keul:| boil- iscount 1f 10 or more ordered. shaft. Price £2-20.
ing or come home to a warm house, .
w{m off bur, l?lrs. keg 5“ warm, halve
your heating bill, etc. £2:25,
WINDSCREEN WIPER CONTROL 12v CAR BLOWERS
Vary speed of your wiper to suit conditions. All parts and Units made by Delco. 6 Bladed § dia. fan inside
EDUCATIONAL KITS—all with pictorial Instructions to make. £2-48. heavy duty cylinder. These have really powerful series
instructions wound motors giving a ternfic air suitable for ventilating
g or heating & car, boat, caravan etc. Price £2-20 plus
EI;{'I!SFE%IEANCE 40p post and insurance. (note these are intended for
. 12v D.C. but can be run from A.C. up to 30v. The
Il(‘:i:sl]e ‘d;’:':ﬁ::e] HORSTMANN 24-HOUR TIME SWITCH higher the voltage the more the air flow.)
crem thesg are With 6 position Hrogummer, When fitted to hot water systems this could
excelient value for ~ Programme as follows:—
money. We do not P’°56"“'“° Hot Water C‘""SWH"“"‘ 13 AMP SWITCHED SOCKETS
L LT expect to be able By G.E. lugs. i
to repeat this offer once stocks are sold. Brief description of ! T“X“DD"IY og —’I(7] EelcchS(ru;ldl.;?) ;_;rpcl(;or e
cach kit is given below and with 3 kits or more we give 2 Il Day O P @ .
FREE an accurate || piece balance kit. Price of kits 44p 3 Twice D'}‘Y Twice Daly
cach post paid. Special price for all 7 kits £3.00 with free g All Day c All Day

V.H.E. AMPLIFIERS

With built in mains power pack. these are valve ampli-

balance kit. . Y y
KA2 Lens Klt. Eleven parts, including candle. one concave  Svuitable of course. 1o programme other tban central heating and hot
lens. one convex lens, stage and slit frame, etc. Watch light water, for instance, programme upstairs and downstairs_electric heating

v fiers. are mztal cased and coax nputs and outputs.
rays bend as they pass through different lenses. or heating and cooling or taped music and radio. In fact there 18 no
KA3 Water Purﬁp Kie. Thirtcen parts. Top of pump 1s  hmit 1o ihe versatility of this Programmer. Mains operated. Size 3mn Optimum amplification at T.V. frequency—Useful also
transparent so thal operating parts may be observed. Small  3in.x 2in. deep. Price £3-85 as illustrated but less case. for re building 1nto another unit which needs a mains
arts are brig’l_nly colouredb:o bedsccf relsily Wh*l:lt wolrakmg. power pach. Price £2-78p.

ree types of pum may made: Lift pump. rorce Pump

and Force Pump with rescrvoir and nozzle. N TAPE PLAYB.ACK UNITS 6
KA4 Buue’r_ t. Eleven parts. Tlransplrem covers allow the m:'l:‘;w:ﬁ“"dbkhﬂ‘dﬁeg I;Reedc:lour:;lelleheun’;ll;wr::dy r’l‘:s'ﬁor"k‘ 3 CORE MAROON COTTON
operation o pune;ml'? t;ens«n. lIustrlsl:s“clr:'dml::ﬁ:“lnh"’-':‘ and we understand that they are in good going order. We COVERED FLEX
aperating buzzer. have not tested them but would exchnnr any that do not work Very best makers but old coloured code. 6
ﬂ7 Eﬁclm Magnet Kit. Fifteen parts. includes compass. properly These have a superior motor driven flywheel to control amp—23 36 100 yd coit £2 plus S0p.
Makes two electro magnets. one with one layer of wire and the tape through the capstan and also an even equally uscful 15 amp--7036 SO yd col £395 plus
one with several layers of wire. Picks up tacks, nails and valve "“f“ﬁﬂ with EL84 output. In a steel case with carrying S0p past
any small parts showing how magnetism works. handle. Two models offered, good as new £6 $0 and some {
K A8 Curvent and Resistance Kit. Twenty nine parts. includin what used at £3-50. 75p carnage up to 200 miles then 50p per Jl Byt "y (Blectncal)  Lid. 7. Park  Street,
bench and light bulb. Conduct interesting and_educationa 100 miles extra. Crovdon CRO1YD.

projects to learn the application of “OHMS LAW™ and sce
the difference in current and resistance with different types

?("f{ée" etl?slg’l.:lg'ght parts, including bell and push button Where postage is not stated then orders J. BU LL (ELECTRICA L) LT D-

switch. Build a complete electric bell and see how the hammer over £5 are post free Below £5 add 20p

13 triggered to make the bell ring. ; S.A.E. with enquiries please. (Dept. E.T.) 7, Park Street, Croydon, CRO 1YD
éﬁﬁ.ﬁ?ﬁ.’;‘;,{ﬁ‘.{,&‘?f.‘&_'"“ EALIERIpar L e£yTto callers to 102/3, Tamworth goad, Croydon
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SOLID STATE VALVE

Co-operation in the field of high-
voltage direct current was established
between ASEA and the two
Scandinavian power utilities, ELSAM
and NVE, in order to bring about the
installation of a new type of thyristor
valve in the Danish station of the
Konti-Skan DC transmission link
between Denmark and Sweden. This
new ASEA generation of thyristor
valves has been developed to meet
future demands on HVDC power and
voltage levels. The valve, which is
replacing one of the permanent
mercury-arc valves, is planned to

run commercially for a couple of
years in order to gain service
experience.

The thyristor valve for HVDC has
been developed within a very short
period. In 1967 ASEA introduced the
thyristor technique to HVDC through
the installation of a thyristor valve for
a test period in the DC transmission
link between Gotland and the main-
land of Sweden. The research and
development carried on since then
have resulted in a new type of
thyristor valve with a design
principle prepared to meet any
voltage and power levels expected
for HVDC transmission schemes to
come. The new valve has 125MW
output (125kV at 1000A).

The thyristor valve is built up
from modular units, each comprising
six thyristors. Each unit has its
separate cooling system, valve
damping circuits and control
equipment. By means of series
connection of the modular units
the voltage can be adapted to the
optimum voltage level determined
by the DC line.

Air is used for both cooling and

insulation. The control unit for each
thyristor obtains its auxiliary power
supply directly from the thyristor
voltage.

COMPUTER SYSTEM FOR
CRIMINAL INVESTIGAT!ONS

A major breakthrough in the fight
against crime has been achieved in the
United States by the introduction of a
low-cost computerised investigation
system. Developed by the Oakland
Police Department’s Research and
Development Division, the system is
based on a Hewlett-Packard mini-
computer.

The computerised system performs a
number of investigative functions by
utilising the often fragmentary
descriptions supplied by witnesses
to a crime. It helps identify criminals
by comparing known physical
characteristics and methods of
committing crimes with information
already contained in police files.

As well as identifying a vehicle
(and hence the driver) involved in a
crime, it can also match fingerprints
found at the scene of a crime with
those on file. A fingerprint file search
that formerly took four or five hours
can now be completed in fifteen to
twenty minutes.

The computer is interfaced with two
microfiche viewers. One displays
photographs so that witnesses can
identify offenders, while the other
contains classified fingerprints which
can be compared with prints taken
from the scene of crimes.

In the first few weeks of testing the
system, with only a partial data base,
eight burglars were identified and
arrested as the result of computer-
directed fingerprint searches. At least
six robbery suspects were identified
from photographs and another
suspect was identified solely on his
nickname.

Data formerly on fingerprint cards,
police records and photographs are
now stored on files in the computer
system or on microfilm. The system is
capable of storing information on
more than 25,000 peopie and on
31,000 vehicles.

Criminals’ photographs are main-
tained in a microfilm viewer which is
interfaced with the minicomputer.
The computer file contains nicknames,
first names and up to 25 physical
characteristics of each subject (sex,
race, height, weight, hair colour,
complexion, fingerprint data etc).
The police records can be searched on
any one, or a combination of these
characteristics.

radiation i
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chopper
ret |}
olp
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‘ to
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e interface g filt 391-‘2
ilter
pulses i e 60Hz
1
time pulses
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Block diagram of experiment

CONCDRDE 001 FOLLOWING THE
SUN

On the 30th June 1973 Concorde 001
flew astrophysicists from Queen Mary
College, London, to study Pnhomogen-
eities (electron temperature and density
as functions of height and position
above the photosphere) on a scale of a
thousand Kilometres in the sun’s
chromosphere during the eclipse by
the moon. Concorde flew into the
shadow of the eclipse and followed it
to obtain about 80 minutes of total
eclipse.

The diagram shows the experiment
which was conducted. Radiation
(infra-red) from the sun was chopped
and fed into a Michelson Interferometer

ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1973

which was repeatedly scanning, 10 take
in the wave-lengths of interest.
Radiation from the interferometer was
then focused onto a Rollin detector —
an indium antimonide crystal cooled by
liquid helium. The output from the
detector was amplified and fed into

a phase sensitive detector, the output
of which was voltage to frequency
converted and stored on a magnetic
tape for subsequent analysis.

SKYLAB CREW WELDS WITH AN
ELECTRON BEAM

Welding was one of the experiments
conducted in the Skylab mission to see
how molten metal behaves in a weight-
less environment. Since welding will

11



INSTANT GLOCKS

Choose your combination fromthe tables below.
If you need any help, please feel free to phone us.

¢ Els 5 DISPLAY INTERFACE B

AHEHHREEHRRMRE 7 2t Ui
CLOCK 198388§§m8°° 2l , ;32
CHIP 1%lecielg|%|2|3(315|2\8] = |3|5]5 |85/ )8 -

~lT|lo|~ |2 | -|lald|0|lvln| a |0|-|0|o|o|» = o
MM5311 || vlv ||y 28 ||V 11-19] 8 £11.50
MM5314 (|| vy 24 | lviviviviv 11-19] 8 £11.00
MM5316 | /(14| || |vIviv] |v]v] 40 viviv 8-29| 4 £16.00
5017AA |vv| [vivIivivivl T/ 124]2]>2 V|V 5-24| 8 £14.00
5017BB ||| |vIv v 24 |72 v]v] 5-24| 8 £14.00
5017AN |v|v] [vvivlviv] [V]v] 28 27 ] viv 524 8 £15.50

HEIGHT =
DISPLAY[ ELne 22022 & COST UNIﬂ
CODE ! TYPE | PACK | & | pig |pack| 25 3|2| 58 REMARKS oigiT | PRICE
DL34 LED | 14PIN | 4|01]|02] 4 2v | CALCULATOR TYPE | £2.50 | £10.00
TIL360 —l— LED 16PIN | 6 10.1/0.2| 6 2v | CALCULATOR TYPE £2.50 | £15.00
DL707 LED 14PIN | 1]03] 07 ] 1 2v. | SSMTOMAN7 TIL302 | £2.00 | £2.00
DL62 LED 16PIN | 1{06]09 | 1 J 2v £6.50 | £6.50
DG12H |pH-D10DE| TUBE | 1]03[10| 1 | | |15 £2.00 | £2.00
SP151 SPERRY | FLAT [3%|05] 1.2 V| |160v| SPECIAL SKT AvaiL. | £2.00 | £7.50
TA8055 |[LIQ.CRYS| EDGE | 4 |06 | 1.3 VIv| & | Reflective/Transmission | £3.25 | £13.00
D.LY. LED | g ERO | 13| 3 2 21 LED LAMPS £5.00 | £5.00
- —

SOCKETS — 24 or 28 pin £1.15, 40 pin £1.35
CASES — WE ARE HOPING TO HAVE CLOCK CASES SOON, PLEASE PHONE BEFORE ORDERING.
KITS — 5017AA + PCB + SKT + 4 DG12s + INSTRUCTIONS. £24 — AVAILABLE NOW

5017BB + PCB + SKT + 4 DG12s+ INSTRUCTIONS. £24 — AVAILABLE NOW

MMGE316 + PCB + SKT + TAB055R + INSTRUCTIONS. £31 — AVAILABLE SEP/OCT

MMbGE316 + PCB + SKT + SP151 + INSTRUCTIONS.
CLOCK DATA SHEETS —SAE.
POST & PACKING — 10p. OVERSEAS (AIRMAIL) 50p. VAT — ALL PRICES EXCLUDE VAT.
PAYMENT C.W.O. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED.
QUANTITY DISCOUNTS ON MOST ITEMS — STATE REQUIREMENTS FOR QUOTATION.

BEY000

£26 — AVAILABLE OCT/NOV

ADVICE - PHONE 0442-62757

BYWOOD ELECTRONICS

181 EBBERNS ROAD
HEMEL HEMPSTEAD

HERTS. TEL.0442-62757.
24 HOUR ANSAPHONE ON-LINE.
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be necessary in future space missions,
Skylab’s crewmen tested an electron
beam welder developed for the space
agency’s Marshall Space Flight Centre
by Westinghouse Electric Corporation’s
Astronuclear Laboratory.

Electron-beam welding is one of the
newest technigues for metal joining
and, in many respects, possibly the
most desirable. One advantage is that
welding is so rapid that the heat in the
weld has no chance to spread to the
surrounding metal to make it brittle
and susceptible to cracking. The pro-
cess produces exceptionally deep,
strong, uniform welds and it can be
applied to a variety of metals and
alloys including all those likely to be
used in space.

A unique feature of the new West-
inghouse welder is that it is a com-
pletely self-contained unit. |t measures
36in long by 13in in diameter. With-
out the battery it weighs 77 pounds,
the battery weighs 43 pounds. Earth-
bound counterparts are powered by
large external power supplies. The bat-
tery produces 100A at 28V for about
10 minutes.

A tungsten filament generates a 20kV,
100mA, tightly focused electron beam
that does the welding. The electron
gun is attached to a work chamber
which during the experiments is vented
to space, producing a vacuum. This has
two important advantages. One is that
the better the vacuum, the better the
electron beam welds. The other advan-
tage is that the absence of air and part-
icles means there are no contaminants
to affect the quality of the weld.

£30M TRANSATLANTIC PHONE
LINK

The cableship Mercury has started to
lay a £30 million telephone cable
linking Britain and Canada. Handling
more than 1,800 telephone conver-
sations simultaneously the cable,
Cantat-2, will be the biggest single
telephone cable across the Atlantic,
carrying more telephone calls than
all the existing transatlantic cables
combined. The cable system will be
used for communication between the
UK and mainland Europe, and Canada

and the USA.
Being financed and operated

jointly by the British Post Office and
the Canadian Overseas Telecommuni-
cations Corporation, the 3,000-mile
cable is being provided to meet the
massive growth in telecommunications
between Britain and North America.
In ten years ‘phone calls between
Britain and Canada have risen
eightfold from 135,000 calls a year

in 1962 to their present level of more
than a million a year. This will rise
again to nearly 6 million a year

by 1980. Growth in calls between the
UK and the USA has risen from half-
a-million in 1962 to more than

4% million in a year in 1972, and by
1980 this will have reached 24 million
a year.

Cantat-2 will have 473 repeaters.
The task of the repeaters is to
amplify telephone signals on their
undersea journey. In the deepest
parts of the Atlantic repeaters will
be under a pressure of three tons to
the square inch, and are protected by
deep-sea pressure housings.

2,800 transistors will be used in the
amplifiers in Cantat-2, each with a
design life of at least 25 years.

Cantat-2 will also have 31
equalisers, spaced at approximately
90-mile intervals in the cable and
placed in pressure housings similar
to a repeater. Equalisers are electrical
circuits designed to compensate for
variations in the match between
repeater gain and cable loss. The
electrical characteristics of the
cable are altered when it is placed
in the sea, and equalisation
compensates for the difference
between the predicted and actual
change.

Equalising these differences
ensures that the performance of
telephone circuit over the whole of
Cantat-2’'s frequency range will be
virtually identical. The equaliser is
initially assembled at the cable works
and finally completed at sea during
the course of laying operations.

Cantat-2’s 1,840 circuits are
arranged as 23 supergroups, trans-
mitting in the frequency band
312-6, 012k Hz in the UK-Canada
direction and 8,000-13, 700k Hz in
the Canada-UK direction. In
addition four speaker circuits of
nominally 3kHz bandwidth each,
use the frequency bands 6,024-6,
036kHz in the UK-Canada direction
and 7,976-7, 798k Hz in the Canada-
UK direction, for system and circuit
maintenance.
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The cable itself is predominantly
of lightweight design and will weigh
no more than five tons a mile. Less
than two inches in diameter for most
of its length the cable has an outer
conductor of aluminium. Its strength
is centred in a steel rope inside an inner
copper conductor. External armour
will be used to protect the cable at
the UK shore end.

LASER FOR CLOUO HEIGHT
MEASUREMENT

ASEA, Sweden, have developed a new
low-power cloud ceilometer, QL 1210,
as complementary equipment to the
high-power type introduced some years
ago. This smaller unit is intended for
use at airfields, meteorological stations
etc., for the continuous recording of
cloudbase height up to 1000m (3300ft).

An injection laser transmitter is
employed, using a gallium arsenide
diode. The light intensity is well below
the limit for non-injurious radiation, so
it is not necessary to take any special
precautions in use or during servicing.
A 2-core telephone line connects the
transceiver to a pen recorder, set up
indoors.

The control unit sets the recorder
pen off on its sweep at the same time
as a light pulse is transmitted. When an
echo pulse is received the pen begins to
write, having reached a position on the
scale corresponding to the height of
the cloud. ®
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NEW VAT INCLUSIVE PRICES

7¢ Series TTL
INTERNATIONALLY

KNOWN BRANDS

Ist. GRADE DEVICES AT NEW

ROCK BOTTOM PRICES

PRICE BARRIER SLASHED

LE]

READOUTS

:gp :Op 14pin Ol 23p 13%p
i i
30p 19p
;7p g‘;p 55p 41p 10p
0p p 770 57%p 10p
16p 74p 82%p 10p
99p 74p Ref LED 1 Dip Breadboard 4.15" x 6 15" 110p
Verostrip 85" x 15 26%p
Spot Facs Cutter 40p
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BRIDGE RECTIFIERS

RATING TYPE TOLERANCE
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DIGITAL CLOCK
on

a
chip
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MSI IC.s & numerous

PV 1 amp RMS 2 AMP ]
20p 35p
22p 40p 6 -
25p 45p
38p 50 o BREAKTHROUGH
PRICE £1-49
RECTIFIERS ™
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6% 15w | GaAsp LED's
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9p 17%p RED
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‘Ggp £Ip65 LEOS 0175 75P
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LUl 270! 10,
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K< 151000 20 25K 7

10 8% 13

ity

TRANSISTORS and DIODES

other compoaents. Either
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n

similar to DIGITRONIC
P.W. March 1973
Only

With 4 LED’s £15-59
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o Ste
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Unstitilinnd Vs in of b €299
¢ Edmanntors funey
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. A ver A E16%
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rie - -~ 9+9 A €27
7% Voh €2
" 3 4%.6 7% 9 12 Vein up 10 £37
»y Staldmmd Coe Bttnry Comvery
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‘. R Viun 33
- ‘ - ® pon® .
. " e —
o »
1 . "
" ENERS
- All 5% toferance
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128 18p
BZX70 27p
st gl _J

OVERSEAS CUSTOMERS DEDUCT

ONE ELEVENTH

I.C. SOCKETS

v

DUAL IN LINE
m

13%p P 39%p
15%p 26%p 44p
30%p

HEAT SINKS

TV2forTO 66 15p. S5Ffor¥O 5
TV3forTO 3 16p 18F for TO 18

S'up

DIP10 2 for
SL403D

DIP14 5 for
EA1.000

Tva for 70 126
TV5 for TO 220

14p O

L
- 16p
o

10DN400
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‘7 ‘vl\ l\{‘]"l“l?q "N l{l?‘!l}l“ qvl\ UNLESS SHOWN OTHERWISE P&P ON UK
1 1 p2 VIN 4 AN ORDERS IS 8p OVERSEAS ORDERS AT (,OST

=== EA1000 A1005MS
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I FREE HEATSINK
LP118S
£4.85 £31.35+p & p49p Our Price £2 49 Our Price £6 35 Our Price £9.38 Our Price £5.95
[ 7
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FREE wt
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o !
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359 40p 3*p
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mos ~p . 96p
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b a2 450 : 443;*
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£1.79 mﬁ €165
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£159 A State-of-the-Art Digital Voltmeter 1.C. LLISKUl AL £ =
€105 £4 92
66p. £4 92
£165 N Motorola gY 10. supplied €145 €349
Coil-less Phase-Locked Loop | compiet FREE G269 arx
leaflet No. 11 88p €308
o 83p €229
1.C.St d\ B o =
£L.otereo DCCO er Owur Price £3.05 ape o
159 €137
MC1312 €8s sa Gub9 =
€07 £254
FREE £242 £515
£565 81p
£395 £149 £165
. ud =
M 001' ”l"e £2.‘” 75 £165
83p £165
£110 £159

Dept 7
MQ MW 56, Fortis Green Road, London. N10 3HN
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INDYCTORS Potentiometers

o T (1 RRANTI T O | s
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—— ING/¢ £1.32 54

R.F.CHOKES  u

aap
p&pSp 18p
£ — 57p
a4p
DENCO
coiLs
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"l 44p each @
S5p
55p et
l i 76p T3pms New Silver and Black Knob  16%p
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49p sech
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-
2 4 100
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87p es 6tp
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Tuning Can U VDR's § Thermistors
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he basic circuits for a TTL

digital clock are well known

and usually require from 20-25
i.c.s. These designs however, apart
from their complexity, are subject to
spurious mains pulses which frequently
mean that the clock will gain a few
seconds each day. In addition, the
power requirements are not insignificant
and a current drain of 0.5A is typical.
These problems have resulted in true
electronic digital clocks being very ex-
pensive and no company has produced
these in quantity.

Commerical digital clocks usually
use flip-over digits or ‘Nixie" tubes
switched by rotary switches. Both
these types use a synchronous electric
motor. A true electronic clock has no
moving parts (except for the setting
switches) and will not wear out. In fact,
a true electronic clock could still be
running when electricity goes out of
fashion!

For this reason an electronic clock
could be regarded as a pretty good in-
vestment but how about one that makes
full use of the accuracy of a electronic
technique and operates as an alarm or
displays time and date alternately?

Using TTL techniques the com-
plexity would present serious prob-
lems — thirty or more i.c.s would be
required and the current drain would

be about 1A. The associated switching
would also be highly compiex.
Wouldn’t it be wonderful if the
technology which produces calculator
chips could be applied to clocks... well,
it has! Mostek, who produce a cal-
culator chip found in many machines
have recently introduced a range of
clock chips. The range is known as the
MK5017 and there are three variations:
the AA which has an alarm circuit, the
AN with alarm and sleep circuitry and
the BB which has a calendar facility.
The AA and BB are very similar and
with a few modifications a clock built
with the MK5017AA will accept the

Vssq1 @ 24p 50/60 Temp
Voo d b 50/60 In
Dy ¢ KA
Do d P KB
D34 P Tone
D8 5017/aA P 1Hz
Dso PO Ref
D¢ ® P
SGH P AM
SF o PSA
SE @ P SB
SDd 12 13pSC
(a)

BB chip.

In this feature we shall describe the
AA, digital alarm clock version but the
modifications to incorporate the BB
will also be given.

MOSTEK 5017AA ALARM CLOCK
CHIP

The MK5017AA is designed to drive
7-segment luminescent-anode display
tubes directly without interface cir-
cuitry. Either four or six digits can be
accommodated and the clock will work
from 50 or 60Hz mains frequency. The
clock always works in the 24 hour
mode for alarm setting reasons but

Vss €41 o 24 p50/60Temp
Voo 4 R50/60In
D, ¢ PKA

D, « PKB

D3 4 PN/C
049 wmksowyes A"

Dy o P& Ref
Dg o pg

SG o P INH

SF o P SA

SE ¢ »SB

SD 12 13psSC

(b)

Fig. 1. The pins connections for the a) MK 5017 /AA (alarm clock) and b) MK5017/88
{calendar clock).




either 12 or 24 hour display can be
selected, if the 12 hour display is
selected, the AM/PM output can be
used to show which part of the day the
time refers to. Time setting is simplified
since separate controls of the hours,
tens of minutes and minutes is provided
The alarm time is set in a similar way
to the time of day, and then stored in
a RAM (Random Access Memory) and
continuously compared to the current
time; when co-incidence is detected,
the alarm circuit is switched on. The
alarm is a 700Hz signal modulated at
1Hz which may be fed via a simple
transistor amplifier to a loudspeaker.
The display output is a multiplexed
7-segment output on 6 digit drives, the
multiplex frequency is decided by a
CR network external to the chip.
Supply voltage is 11-18v D.C.(un-
regulated) at 16mA. The pin configur-
ation is shown in Fig. 1a.

tional and has two separate secondary
windings. One of these goes to the
heaters of the display tubes via a
dropping resistor. This is only necessary
to enable awidely available transformer
to be used. The heaters of course
operate from a.c.

The 50/60 TEMP point is for a useful
feature; if there is a short interruption
of the mains frequency and a DEAC
rechargeable cell is incorporated, the
chip will continue to work, the 50Hz
being provided artificially by the net-
work R1, C1.

On the right hand side of the circuit
it will be seen that the decimal of the
second display can be arranged in three
ways. It can either be on permanent,
flashing at 1Hz or only be shining
during a.m. if the clock operates on a
12 hour display.

The @ REF and @ points connect
to a preset pot which controls the

flicker rate of the displays.

The tone output is the alarm signal
which gives 700Hz switched on and
off at 1Hz. The switching associated
with outputs D1-D6 is rather more
complex than shown in the circuit but
is amplified in Fig.3. There are optional
links for 60Hz operation and for 12
hour operation.

CONSTRUCTION

The basis of the Timtronic is an
extremely complex |.C.which, although
physically very small, contains thous-
ands of transistors. It is far from cheap
and should be handled with care. It is
supplied protected by a piece of black
plastic material which prevents static
building up with possibly disastrous
results. Do not remove this material
until the last minute. It is essential that
the I.C. is mounted in a socket so that

[ * PERMANENT
FLASHING
50/60 TEMP 1Hz < DEC'MAL AT 1Hz
AM/PM
AM INDICATOR
| IN
50/60 SPEAKER
MK5017/AA 1
Vsg TONE BC109
VoD # REF]
)
KA
Dxg6 Dig5 Digd Dig3 Dig2 Dig! SA SB SC SD SE SF SG #
T M '
swa|swsl sw3 i /',2/24 il 1
o Jo1
250v 2; ! 50/60 Hz Iink
50/60Hz o :
.5 | o : DISPLAYS , | 4
3 | f—-' S1 B
+~——-ds
o12 o3 o st " P g
DISPLAY 1 A
M10 E
R4 1 |
270—390 1 4
(see text) 10 G
< < () <
© 0 <02 <= o oy Cude Sr <o
o x 2xla Jx x Calx (el el
21 ok
] =
68k 39k (see text) 150K

MOSTEK MK50178B CALENOAR
CIRCUIT

The features of the BB chip are similar
to the AA. The time is displayed for
eight seconds and then the date for two
seconds; either may be latched on for
longer periods (as when setting), by
use of the time set or calendar set
switches. The BB also includes an
Inhibit pin which when connected to
Vss causes the display outputs not to
switch and thus means that the clock
can share a display with an existing
calculator or similar device. The pin
configuration is shown in Fig. 1b.

CIRCUIT OPERATION
The circuit, as far as the constructor is
concerned, is extremely simple and is
shown in Fig. 2. As you will see, there
are a mere handful of components in
addition to the chip itself.

The power supply is fairly conven-

Fig. 2. The complete circuit of the alarm clock. See the text for the differences for the
calendar clock. D6-D9 and D12-D15 are all 1N914 diodes.

DIG 4 DIG6 DiIG3

D14

Swi
(Alarm
enable)
K8

D15
(Remove tfor
60Hz ameraton)

sw2 '

(AIay‘mI
set

“— 1 —_—

SW3 ' Swa '
{Snooze (Time
switch) set) 09
(Remove for
8 D& 12hour display)
@)
DIG4a DIG 6 0IG 3

Fig. 3. The controlling switch circuitry.
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handling, etc., can be kept to a mini-
mum.

The printed circuit board pattern is
shown in Fig. 4. As can be seen, this is
far from a simple pattern with very
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TIMTRONIC

close tracks. For those readers who
want to purchase a p.c. board, ready
etched, drilled and with the component
siting printed on top, these are available
— see the components list.

The p.c. board has been designed as
small as possible and this means that
the tracks are very close together. For
this reason care must be taken to avoid
‘bridging’ with solder.

The instructions which follow des-
cribe the method of construction of the
Timtronic 5017 AA Digital Alarm Clock.
Construction for the Timtronic 501788
Digital Clock-Calendar is identical in
nearly all respects. Where differences
occur, they are clearly noted in the
text.

CONSTRUCTION OF DISPLAY SEC-
TION

The recommended display tubes for
the clock are either DG-10A or DG-12C
The latter have a slightly larger digit
size.Wire lead-out diagrams for each are
shown in Fig. 5.

The two heater leads are easily
identified by the red sleeving which is
on them. It will be seen that there are
either 6 leads to the front of the tube
between the heater wires (DG-10A), or
5 leads to the front between the heater
wires (DG-12C). You should now iden-
tify the grid wire on each of the tubes
you are using. It is one of the leads to
the front, and location is a simple
matter using Fig. 5. When you have
located each grid wire, mark it in the
same way as the heater by slipping a
short peice of insulation on to it

Now locate the decimal point {DP)
lead on each tube, and remove it on all
but one of the tubes by snipping it off
as close to the tube as possible. The
tube on which you leave the decimal
point lead will become the hours
units’ indicator, or DIG 2. Finally, if
you are using DG-10A tubes, remove
the two leads marked ‘N/C’ (not con-
nected).

Start building up the display section
by inserting DIG 2. This is the tube on
which you left the decimal point wire.
Sélder it into position between one-
eighth and one-quarter of an inch above
the printed circuit board. This will give
the tube a certain amount of flexibility
for final positioning, when you come to
align all four tubes.

Do not solder in either the heater
wires, or the grid lead on DIG 2 for
the moment. Work on these will follow
after the other tubes have been soldered
into position.

After you have soldered DIG 2 into

18
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Fig. 4. The PCB pattern shown full size.

Al
Sk

F—r—o

GRID ©

\’g i J//DP

°H GRID O

e Ho
e

Fig. 5. The pin connections for the alternative tubes. The DG-12C is shown on the left,

the DG-10A on the right.

position, insert DIG 1, and then DIG 3
and DIG 4 in exactly the same way.
Try for as good alignment as possible
asyou insert each tube, paying especial
attention to the relative heights of the
actual digits in the tubes. You may
find that the outer glass body of the
tubes varies slightly in height, and it is
therefore wise to check that the digits
themselvesare in line horizontally with
each other.

The printed circuit board has been
basically designed for DG-10A tubes.
If you are using DG-12C tubes, you
will find their slight extra width makes
fitting a little more difficult, but they
will fit satisfactorily if care is taken.

When all four tubes are in position,
twist together and solder the heater
leads between DIG 1 and DIG 2. Make
the twist as close in to the tubes as
possible, removing the red sleeving to
assist in this, then snip off the surplus
wire. Repeat this on the two heater
leads between DIG 2 and DIG 3, and
between DIG 3 and DIG 4.

ELECTRONICS

This process will effectively have
connected the heater leads in series.
Now the heater lead on the left-hand
side {looking at the tubes from the
front) of DIG 1 should be extended
with ashort piece of wire, and soldered
into the point marked HTR 2 on the
printed circuit board. Now connect the
heater lead from the right-hand side of
DIG 4 to HTR 1 on the PCB.

Finally solder a wire, which should
be insulated, to the twisted join in the
heater wires between DIG 2 and DIG 3.
Solder the other end of this wire to the
point marked HTR 3 on the PCB.

TESTING THE DISPLAY

All connections in this section are
temporary. First, connect between 2
and 3V across the points HTR 1 and
HTR 2. The polarity is not important.
When this isdone, you will probably be
able to see the heater filaments glowing
very faintly. Do not worry at this
stage if you cannot, however, and
certainly do not increase the voltage!
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Now connect the negative side of a
PARTS LIST 9V source to HTR 3, and the positive

R1 Preset Resistor 100k miniature skeleton type side of the same source to the iz =

R2 Resistor 39k 5% 1 W or %W of DIG 1, and also to any one of the
R3 ” 47k o segment wires of DIG 1.

R4 = 270-390ohms 1W — see text When the 9V positive is applied to
ag gg: 5% %W or %W one of the segment wires of DIG 1, one
R8 " 68k v and only one, of the DIG 1 segments

R9 ” 68k ” o should light. If no segment lights,

R10 68k " measure the voltage across each heater.
g}; e ?g(';k" @ It should be approximately 0.75V. if
R13 " 150k” " this figure is obtained, then check all
R14 o 150k” " connections. I1f more than one segment
::5 . 150k™ lights, check for solder bridges across
m?, @ }gg: v the ‘runs’ on the underside of the PCB,
R18 o 150k” z or for short-circuits between the leads
R21 Preset Resistor 100k miniature skeleton type of the tubes.

R22 Resistor 1k 5% %W or %W When one segment lights successfully
C1 Capacitor 0.1uF Mylar, polyester, ceramic etc. . .D'G 1, repeat the te,St for the re-
c2 o 0.1uF mainder of the segments in DIG 1, and

c3 ” 100uF 50V electrolytic then carry out an identical check on
ca " 60pF ceramic, polystyrene atc. DIG 2,DIG 3and DIG 4. This is a total
Integrated Circuit MK 5017-AA or MKS5017-BB Of.zg.CheCks' including the decimal
point in DIG 2.
g; - Fi :Ng:: Do not proceed further with con-
i N struction until these checks have been
g Al Rl successfully carried out. When they
D6 2 1N914 have, disconnect the voltage sources
D7 " 1N914 and leads used for the testing.
D8 " 1N914
D9 1N914 FINISHING THE DISPLAY SECTION
o2 . oo CONSTRUCTION
D14 ’ 1N914 Solder the grid lead of DIG 1 to the
D15 ” 1Ng14 point on the printed circuit board
@1 Transistor  BC109 marked SC1. The grid lead will probably
DISPLAY TUBES be stickingout to the front of the tube,
Four DG-10A or four DG-12C luminescent anode seven and so you will have to carefully bend
segment display tubes. it down and feed it to the rear of the
TRANSFORMER tube, passing it under the two soldered

240 volt primary, 0-20, 0-20 volt secondary (R.S. Components Miniature heater. wires. Make surfa the in§ulatiop of
20V type) the grid lead prevents it shorting against

any other wires.
Repeat this process for DIG 2, sol-
dering the grid lead to the point marked

LOUDSPEAKER
75-80 ohm miniature type, or GPO telephone earpiece

SWITCHES SC2. In the same way, solder the grid
SISy singie-pole on-off miniature switch leads for DIG 3and DIG 4 to the points
SW2. ..single-pole push-to-make push button marked SC3 and SC4 on the PCB
SW3. ..single-pole push-to-make push button Finally i t3nd kolder int iti .
Swa, ..single-pole push-to-make push button nally insert and solder into position
SWE.....ocereinrins two-pole four-way rotary wafer the plain wire links L1, L2 and L3.

These may be uninsulated wire, since
MISCELLANEQUS

- . . : re is li likelih f an rt
Case, solder, fine gauge insulated wire in several colours, 24-pin socket for the '.S little lihood of any shorts
integrated circuit, transistor socket if desired, transformer mounting screws, occu".'ng- i
3 volt and 9 volt batteries for initial testing of displays, etc. This concludes the construction of

SYMBOLS NOT USED—RS, R19, R20, D5, D10 and D11. the display section.

A kit of the PCB, socket, four display tubes and IC is CONSTRUCTION OF THE MAIN
available from: BYWOOD ELECTRONICS, 181 Ebberns Road, CLOCK CIRCUIT

Hemel Hempstead, Herts for £24 plus VAT (inc. postage) First, insert the 24 pin i.c. socket into
the holes on the p.c.b. The socket may
be either way round. Insertion must be
done with great care and may require

some patience! You may find that a
o small screwdriver will help to align the

HTR2 b

2-3v

gmﬂmonm»

LLLLI

pins of the socket to the holes in the
board, and it will certainly be worth:
s W LE while taking a few moments before
j you begin insertion to straighten any
pins which may have become slightly

misaligned.
After the socket is firmly in position,
solder all 24 pins on the underside of
the PCB. Again, take your time over

HTR1 HTR3

=

v

Fig. 6. Test circuit for testing the displays.
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this as this is one point at which the
space between the pins is very small,
and it will be easy to accidentally
bridge the gaps with solder. When you
have finished, examine the soldering
carefully to make sure no bridges have
occurred.

Under no circumstances insert the
clock integrated circuit at this stage.

Most of the rest of the components
can now be inserted and soldered into
position.

The first of the differences between
the Alarm Clock and the Clock Calendar
must now be mentioned. Diode D9 is
not inserted for the Clock Calendar.
This will provide a conventional 12-
hour clock display, but the clock chip
will nevertheless operate in 24-hour
mode. It is necessary to operate the
Clock Calendar with a 12-hour display
to ensure that the months indication
is correct when the clock switches to
calendar display. If diode D9 is inserted
then the clock display will be 24-hour,
but the calendar months will only run
up to ‘11" for November, ‘O" for
December, and then revert to ‘1’ for
January. This is because of the inte-
grated circuit design.

Constructors of the Alarm Clock
may also omit diode D9 if they prefer
a 12-hour, rather than 24-hour display,
There will be no side-effects from
doing this.

Should either clock be intended for
operation on 60Hz mains frequency,
diode D15 should also be omitted.

The penuitimate items to be added
are the two links L4 and L5, and the
transistor. The short link L5 poses no
problems and need not be insulated,
but link L4 should both be of insulated
wire and also somewhat slack. The
slackness is required to allow the link
to fit round one side of the transformer
which is, as you will see, mounted
quite close to L4.

The resistor R4 should be left until
last and the value should lie between
330 ohms and 390 ohms if DG-10A
tubes are being used, or 220 ohms and
270 ohms if DG-12C tubes are being
used. We suggest you use the larger
value initially, as it is very easy to
apply too much voltage to the heaters,
which will over-run them and immedi-
ately destroy the displays!

The aim is to secure the optimum
heater voltage without actually getting
the heater wire glowing visibly. You
may therefore find that you will have to
experiment with slightly different values
of resistor for R4 to achieve this state.

There is a second reason for making
R4 the last component to go into

20
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Fig. 7. The component layout on the PCB.
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.
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Fig. 8. The back panel il N
wiring. L
A

S,

SPEAKE

R
CONNECTIONS

position — it must be fitted in such a
way as not to touch any other com-
ponent. Since it is dropping most of
the 20V output from one of the
transformer secondaries, it gets very
hot.

The best position is lying across
links L1, L2 and L3 but not in contact
with them. You should also note that
part of R4 will lie under part of the
transformer windings.

WIRING THE CONTROL BUTTONS
AND SWITCHES

The basic wiring for the control buttons
and switches is as shown in Fig. 3, but
the purpose of some of them differs,
according to whether the Alarm Clock
or the Clock Calendar is being con-
structed.

SWITCH SW1:
ONLY

Alarm Clock: To enable the alarm, the
switch is closed: to disable the alarm,
it is opened. After the alarm is disabled
it may be re-enabled immediately with-
out causing the alarm to continue
sounding. The alarm will now sound
again 24 hours later. In this way, the

‘ALARM ENABLE'

KA KB

s M AS SN

24-hour alarm capability of the clock
is fully utilised.

Clock Calendar: Switch SW1
used in the Clock Calendar.

SWITCH Sw2: 'ALARM SET' OR
‘CALENDAR SET’

Alarm Clock: This is the alarm set

switch. When the switch is closed, the
display will show the content of the
alarm counter — in other words, the
time for which the alarm is set. This
will not disturb the clock timing oper-
ation, and when the switch is released
the display will revert to showing time.
The switch is also used when actually
setting the alarm time, in a way which
will be described under ‘Switch SW5’
later.

Clock Calendar: This is the Calendar
Set switch. The normal operation of
the Clock Calendar is to display the
time for 8 seconds and then to display
the date for 2 seconds, switching from
one to the other occurring automatic-
ally. When the Calendar Set switch is
closed, the display will show the calen-
dar only. This switch is used when the
calendar is set initially, and when it is
reset at the end of months containing
less than 31 days. This process will be

is not
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described under ‘Switch SW5’ later.
SWITCH SW3: 'SNOOZE’' ONLY

Alarm Clock: This switch temporarily
resets the alarm when it begins sounding
to allow a short period for an extra
snooze! Hence the name ‘SnoozeSwitch’
The reset period is a timed 7 minutes
before the alarm sounds again. At this
point the switch can be reactivated for
a further 7 minutes. The maximum
number of reactivations is 8, as the
alarm automatically disables after 60
minutes, if it is not disabled with
Switch SW1 before that time.

Clock Calendar: Switch SW3 is not
used in the Clock Calendar.

SWITCH SW4: ‘TIME SET' ON BOTH
CLOCKS WITH SMALL DIFFEREN-
CES

Alarm Clock: Setting the time is ac-
complished with the clock circuit coun-
ting or temporarily stopped, and is
done via SW5 (described next) . However
it is desirable for accuracy to set the
time with the clock stopped, subse-
quently releasing the clock against a
known time reference source (the tele-
phone time clock, for example). Switch
SW4 allows this to be done. When the
switch is closed, the internal seconds
counter resets to ‘00" and the clock
operation stops until the switch is
released.

Clock Calendar: As noted, the clock
calendar alternates between a time dis-
play for 8 seconds, and a calendar
display for 2 seconds. If Switch SW4 is
closed, time will be displayed con-
tinuously. It has already been seen that

Inside view of the prototype.

SW2 causes the calendar to be displayed
as long as the switch is closed, but it
should be further noted that both
switches should not be closed to-
gether; if they are, incorrect display
conditions will result. Switch SW4 is
thus used when time is being set
initially via SW5 (described next).
However, the clock circuit will con-
tinue counting, even though SW4 is
closed — counting will actually occur
on digits less significant than the digit
being set.

SWITCH SW5: HOURS, TENS OF
MINUTES AND MINUTES TIME SET

Alarm Clock: Assuming your wiring is
as shown in Fig. 3, and you are
therefore using a 2-pole, 4-way switch,
the first position allows normal clock
operation. The second position will
cause the minutes to count from ‘0’ to
‘9" at two counts per second. No other
digit will be affected. The third position
will cause the tens of minutes to
count from ‘0’ to ‘5’ again without
affecting any other digit. The fourth
position will cause the hours and tens
of hours to count from ‘00" to ‘23" if
you have constructed a 24-hour clock,
or from ‘1" to ‘12’ if you have con-
structed a 12-hour clock. In the latter
case, the tens of hours digit will not

at any time show a ‘0’ but will remain
off until 10" is reached, when it will
then show the “1°. All of the foregoing is
equally true when the ‘Alarm Set’
switch SW2 is closed, and the display
is showing the contents of the alarm
counter; incrementing of the alarm
counter is done in an identical way to
incrementing of the main time display.
Clock Calendar: The preceding details
regarding setting the time display on
the Alarm Clock are equally true for
the time display on the Clock Calendar.
When the Calendar Set switch SW2 is
closed, the date will be displayed and
may be set. Special note: the first two
figures of the display are the month,
and the second two are the day. This
is in accord with common practice in
many Continental countries and in the
USA. When the setting is done, DIG 4

FINAL WIRING OF THE SWITCHES

The final wiring of the switches may
now be done, following the wiring
diagram given in Fig. 8.

We suggest you wire the switches
‘loose’ first of all,rather than mounting
them into the case. This will allow
reasonably long lengths of wire to be
used for the wiring: any circuit ‘bugs’
which might occur to be traced easily;
and the final wiring into the case to be
done with much shorter lengths of
wire for neatness and appearance.

TESTING THE CIRCUIT

Before commencing testing, the trans-
former must be connected to the mains
and to the p.c.b. Do not mount the
transformer on the board at this stage.

After you have connected the mains
lead to the transformer, and before you
do anything further, we strongly urge
you to cover the mains tags of the
transformer with two short tengths of
insulating tape, both at the top and, if
your transformer also has tags on the
mains side at the bottom, over those
also. As testing proceeds, it is all too
easy to become deeply interested and
unwittingly lay one’s hand, wrist or
arm on the mains point.

Connect one of the 20V outputs
from the transformer to the points
near R4 marked ‘0’ and ‘20’. Switch
the mains on and check the heater
filaments in the display. If you have
followed the instructions carefully,
and chosen the value of R4 correctly,
you may just be able to see the faintest
possible glow from the heaters in a

Rear view showing the switches and speaker,

will run from ‘0’ to ‘9’; DIG 3 from ‘0’
to '3’; and DIG 1 with DIG 2 from ‘01’
to ‘12'. As before, the setting of any
one digit will not affect the setting of
the others, with the obvious exception
of DIG 1 and DIG 2 which set in
conjunction with each other. When
the calendar is set, the clock time dis-
play will reset to the AM portion of the
day automatically. This means that
calendar setting should always be done
before setting the time, or considerable
frustration is likely to ensue!
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totally darkened room! |f you can see
nothing, do not worry — this is highly
desirable, and you know from your
early testing of the heaters and seg-
ments that all is probably well.

Transformers do, however, vary in
their output voltages, and you may
have a perceptible glow from the
heaters. Should this occur, you will
need to switch the mains off and
change R4 for a slightly higher value.
Don’t forget that R4 will be very hot
by this time.
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When you are happy with the heaters
switch off again, and connect the other
20V output from the transformer to
the two remaining points marked ‘0’
and ‘20°. Switch on again, and check
the voltage across C3, and the voltage
between the positive end of C3 and
pin 2 of the socket. The voltage
across C3 should lie between 30V and
40V while the voltage between C3 and
pin 2 should be between 15V and 20V.

If your voltages do not correspond
with these, check the power supply
components. L.ook particularly at the
polarity of capacitor C3, and the
polarity of the diodes D1, D3 and D4.
If the polarities are right, check the
functioning of these components, their
positioning on the PCB, the adequacy
of the soldering, and so on.

When the correct voltage ranges are
obtained, switch off the mains again.
Now check on the two preset potenti-
ometers. The wiper of each one should
be set to approximately mid-position.

The integrated circuit can now be
inserted into the socket. Take the
greatest care at all stages of this
operation, because this is an expensive
component deserving respect!

Handle it by the ends, keeping your
fingers away from the pins. Take care
not to short the pins out,even with your
fingers, and do not short the pins to
any component on the board. Make
especially sure that, when you start to
insert the component into the socket,
it is the right way round. Pin 1 on the
component is identified with an arrow,
while Pin 1 for the socket is clearly
marked on the board and in Fig. 7.
Seat the component firmly into the
socket before proceeding further.

The mains can now be switched on
again. The display should then light up
and show ‘88.88'. This particular dis-
play of four ‘8's is the standard indi-
cation that power has failed and then
been restored. |f the display appears to
be flickering or pulsing, make a small
adjustment in either direction to the
preset R21 until the flicker disappears.

Now close the ‘Time Set’ control
SW4 and then open it again. The
display should immediately change to
'00.00° in the case of 24-hour clocks,
or '12.00’ in the case of 12-hour clocks.
Counting will also begin, but this will
only become obvious quickly on the
Clock-Calendar, when the display will
switch from time to calendar after 8
seconds; hold the calendar display for
2 seconds; and then switch back to
time. It will become clear that the
Alarm Clock is counting satisfactorily
after 1 minute, when DIG 4 will change
to 1.
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CONCLUDING THECONSTRUCTION
All that remains now is to mount the
transformer permanently and to place
the clock in whatever case you have
decided to use, setting the switches
into their final positions.

The transformer will need to be
mounted on the p.c.b. if you are
planning to use the plasticcasedesigned
for the clock.

It is highly likely that the tags on
the secondary winding of the transfor-
mer not only protrude above the top
of the secondary, but also below. If
this is the case, you will have to bend
those below either backwards or for-
wards, to clear resistor R4.

Before you finally mount the trans-
former, there is one more point to
note. We suggest you place a small
piece of insulating material — black
vinyl insulating tape, for example —
between the base of the transformer
and the PCB. Make the insulation a
little larger than the transformer base
and, if you use insulating tape, bend it
up slightly on each side of the trans-
former, so that it runs along the
windings. This will avoid any last
possibility of shorts occurring between
the transformer and any other item on
the PCB.

Actually mounting the transformer
and reconnecting the secondaries to the
board is straightforward, and requires
no comment beyond a suggestion that
the connecting wires should be as short
as possible, and neatly twisted to-
gether.

ALARM CLOCKS: SETTING THE

TIME

1. For ease of explanation, let’'s assume
the time, when you come to set the
clock is 10.13 p.m.

With one hand, close the ‘Time Set’
switch SW4. With the other hand,
move Switch SW5 to its 4th position

2. The hours will now start to count
forward at the rate of 2 digits per
second. This isn't nearly as fast as it
sounds, as you'll see. If you have
built a 24-hour clock, you should
be ready to move SW5 to its 3rd
position when the hours figure reac-
hes '22'. iIf you have built a 12-hour
clock, be ready to move SW5 when
the hours reach '10'.

3. When you move SW5 to its third
position, the hours will stop coun-
ting and remain set on either ‘22’ or
‘10" while the tens of minutes begin
counting. Again, be ready to change
SW5 to its 2nd position when the
tens of minutes reaches "1’

4. When SW5 is changed to its second
position, tens of minutes will stop
counting and remain on ‘1°, while
the minutes units will begin coun-
ting. Again, you should be ready to
change SW5 back to its 1st position
when the units figure — and this is

important, if you want accuracy —
reaches either ‘4" or ‘5.

5. When SW5 is turned back to its 1st
position, the time showing on the
display will either be ‘10.14" or
'10.15". Throughout this process
you will have kept the ‘Time Set’
switch SW4 closed, and you should
continue to keep it closed to prevent
the clock starting to count before
you are ready.

6. On the assumption you have a phone
and it’s close at hand, you can now
dial the ‘speaking clock’. As it
announces that the time is precisely
10.14 or 10.15 release the ‘Time
Set’ switch.

7. The telephone clock will continue to
announce the time for about 90
seconds and we suggest you stay on
the line until the next precise minute
arrives. Your morale will be enor-
mously boosted to see your clock
change in precise synchronism with
the speaking clock!

CLOCK CALENDARS:SETTING THE

TIME

1. The basic instructions for setting the
time for the Clock Calendar are
exactly as given for the Alarm
Clock.

2. Remember, however, that less sig-
nificant digits than those actually
being set continue to count, even
though the ‘Time Set’ switch is held
closed. This means that minutes and
seconds are counting while the hours
are being set, and seconds are coun-
ting while the minutes are being set.

3. If near-perfect accuracy is wanted,
it is therefore necessary to slightly
change the setting order. We then
use the fact that less significant
figures to those being set continue
to count in the Clock Calendar, while
more significant figures are discon-
nected from the counting chain. The
only constraint is that the setting
must be done at any time before 12
noon,because we shall be setting the
calendar after the clock, and when
the calendar is set, the clock reverts
to the AM part of the day.

4. First,switch the mains off complete-
ly, and then on again. This will
produce the standard ‘power failure’
indication of '88.88'. Now move
SW5 to its 4th position. and then
obtain a standard reference time
source, such as the speaking clock.
Stand by with your finger on ‘Time
Set’ switch SW4 and, when an exact
minute is reached by the time source
close ‘Time Set’ and hold it closed.

5. The display will now switch to
'00.00°, seconds will start to count
internally, and the hours display will
start to count visibly.

6. When the correct hours indication
appears,move SW5 to its 3rd position
to begin incrementing the tens of
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minutes. Again, when the right digit
appears, move SW5 to its 2nd posi-
tion.

7. This will increment the units of
minutes, and SW5 should be moved
back to its original 1st position
when the correct minutes unit ap-
pears. Providing you have comp-
leted the process within one minute
from obtaining the reference time,
this will be the minutes unit figure
of the reference time.

8. Only after you have the correct time
indication, and switch SW5 is back
in its first position, should you
release ‘Time Set’ switch SW4.

ALARM CLOCKS: SETTING THE

ALARM

1. Setting the alarm is a very simple
matter, and is done exactly the
same way that the time was set,
excepting that the ‘Alarm Set’ switch
SW2 should be held closed through-
out the process, and not ‘Time Set’
switch SW4. The time will remain
undisturbed throughout the process
but remember not to open the
‘Alarm Set’ switch until switch SW5
is back in its 1st position.

2. To test the alarm operation, set an
alarm time one or two minutes
ahead of the time display on the
main clock, and close the ‘Alarm
Enable’ switch SW1. When the main
clock reaches the time set on the
alarm, a quiet but insistent ‘beep...
beep... beep’sound will be heard
from the loudspeaker.

3. If the ‘Snooze’ switch SW3 is mo-
mentarily closed, the alarm note
will cease immediately, and resume
after 7 minutes have elapsed.

4. If 'Alarm Enable’ switch SW1 is
opened, the alarm note will also
cease immediately. The ‘Alarm En-
able’ switch may then be closed
again, as the alarm will have auto-
matically reset and will not come
on again for another 24 hours.

5. If you have constructed a 12-hour
version of the Alarm Clock, there is
one further point which you will
need to note. The display is 12-hour
but the clock operation remains 24-
hour, as does the alarm operation
also. It is therefore possible to set
the alarm to a certain time, and for
that time to be reached on the main
clock display without the alarm
sounding. This is because the alarm
will have been set into the other 12-
hour segment of the 24-hour clock.
You should therefore check, if you
are operating a 12-hour clock func-
tion, that this is not likely to occur,
by testing the alarm function. We

would not like you to hold us res-
ponsible if you arrive at work 12
hours late!

6. When you first test the alarm func-
tion after construction, it may be
that the alarm will only produce one
quick ‘beep’, or not sound at all.
Should this happen, place a 3.9K
resistor in series with the grid of
DIG 3. This should cure the prob-
lem. If the brightness of DIG 3 is
slightly affected by the resistor,
place a similar resistor in series with
the other three grids to restore even
brilliance.

CLOCK CALENDARS:SETTING THE

CALENDAR

1. Calendar setting is achieved very
simply by pressing ‘Calendar Set’
switch SW2 and then moving SW5
to its 4th position.

2. This will cause the months to incre-
ment but remember that the calendar
display shows the months first and
the day-date second.

3. When the right month figure is
shown move SW5 to its 2nd position
to increment days.

4. When the calendar setting is correct,
move back to its 1st position and
release ‘Calendar Set’ switch SW2.

EXTRA DATA DN THE CLOCK IN-
TEGRATED CIRCUITS

Experienced constructors may be inter-
ested in some extra information. We
suggest, however, that great care is
exercised if any circuit modifications
or additions are attempted.

THE ALARM CLDCK

AM DUTPUT

Pin 16 of the chip carries an AM output
which is near Vss for an AM indication
and is open-circuit for a PM indication.
It can be used to convert a seven-seg-
ment ‘P’ to an ‘A’ for example, or to
advance an external calendar. The
transition occurs at 12 hour intervals.

1Hz OUTPUT

Pin 19 of the chip carries a 1 Hertz
square-wave. Blinking of an external
a.m./p.m. or seconds indicator is pos-
sible. The 1Hz output is modulated
to maintain the relative intensity at the
same level as the time display.
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TEMPDRARY AC POWER FAILURE
Temporary power failure can be toler-
ated if a battery back-up is provided.
Pin 24 oscillates at a frequency deter-
mined by R1 and C1, and continues to
provide an approximate line frequency
provided that a Vdd is maintained
within the chip’s operating range. With
the display tubes used, power is not
required to operate them, since the
filaments are a.c. driven. A small re-
chargeable battery is required, however
to power the chip, and this must supply
at least 18V. However, the cost of re-
chargeable cells for this facility is so
high that many readers will think this
facility something of an extravagance.

THE CLOCK CALENDAR
ALT OUTPUT

Pin 19 of the chip carries at ALT out-
put, which indicates whether the time
or the date is being displayed. During
the time display, the output will be
near Vss. The indication occurs when
neither ‘Time Set’ nor ‘Calendar Set’
are closed. The output can be used to
select either a colon or a dash, as re-
quired, or used to select the 24-hour
display during the time display period,
if 24-hour display conditions are pre-
ferred.

FULL SIX-DIGIT DISPLAY

A full six-digit display is possible,
basing the necessary wiring on that
demonstrated by the printed circuit
board supplied. A modification to the
value of R4 will be needed, and this
should be calculated with great care,
using data and voltage indications pro-
vided elsewhere in these instructions.
It will probably be possible to contain
the extra two digits on the PCB, if
the transformer can be mounted else-
where. Alternatively, a new display
section can be constructed, using
Veroboard or a similar material, and
running leads from the main PCB to
appropriate points on it. Pins 3 to 8
or: the chips provide the digit drives
for the display, while pins 9 to 15 are
the seven-segment decoded segment
drives. Pin 1 is Vss and pin 2 is Vdd,
which should be 0V and between 11V
and 18V respectively.
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"ARROW EIGHT”
Long range stereo U.K. or
Continental

Expensive
Equipment

Then why not have the
aerial it deserves ??

Whether your requirement is simply clean Stereo from a
local transmitter, or good recording from Continental
stations, our extensive range meets the demand. From
the basic ‘H’ to the superlative ‘ARROW SIXTEEN’

strict quality control, and design expertise, give specifi-

cations to meet every need.

ARROW RANGE FEATURES

I SPECIFICATIONS : Standard Economy Arrow  Main Arrow Eange
{ Model H |3 | aEt 6 7 | six | Seven|Eight [“16” | *New reflector design giving
Gain @ 93Mhz. 25 | 4 5 76 |88 | 97 [108 [123 [148 high gain and good front to
F.to B. dB 92 [137 [159 | 18 | 20 | 22 [228 [ 239 |265 | 29 back ratio.

| A. Ang. Degrees 78 |68 | 67 | 66 | 63 | 59 |58 | 56 | 45 | 38 N

Length—inches 32 | 42 | 72 | 42 [ 72 102 | 84 [114 [162 [222 Narrpyv acceptance angles and
Height .. S S N T 1 T 21 [40 | 40 | 88 | 65 | minimal side lobes.

W/load @ 100mph 12b | 16lb| 20ib| 2d4ib| 271b| 30fb | 32Ib| 38lb | 55Ib | 90Ib *Ideal for rotator operation.

PRICE including £ £ £ £ £ £ £ £ £ - . .

V.AT. & Car. 275 (385 [4.95 |7.15 a,ao“‘w.uslumgl:w,zo l>21.45 40.70 Suitable for Continental and

NEW ZODIAC
ELEVEN MODELS

16 to 142 ELEMENT

*High Forward Gain
*Narrow Acceptance Angle
*Excellent Back Rejection
*Flat Response

*Minimal Side Lobes

U.H.F. STANDARD RANGE
*Good Basic Design

*Low Weight

*10, 15, 20 & 30 Elements

AERIAL ROTATORS

We stock Stolle Auto and Memo
models.

For heavy duty work we have the
C.D.R. A.R.22.

TRADE SUPPLIED
DETAILS ON REQUEST

i

ZODIAC TWENTY-FIVE
WIDEBAND - GAIN - 1510 19 dB
F.to B. 28-34 dB. A. An. Min. 14°,

INSTALLATION SERVICE

*Fully skilled rigging teams.

*Field strength meter alignment.
*Special ladders for roof work.
*Percussion masonry drills.

*Full insurance cover—all risks.

*Five years' guarantee parts and labour.

RANGE—up to 100 miles from LUTON.
Booking—write or phone for details.

R SMITH

AERIALS

T.V. F.M.

difficult U.K. areas.

*Deep support boom for rigid
mounting.

LONG RANGE
U.H.F. COLOUR

GROUP “A* or WIDEBAND

*British made by Specialists
*Low Weight and Windloading
*Twin & Quadruple Booms.
*Businesslike Appearance
*|deal for Rotor Operation

U.H.F. "/ARROW" RANGE
*Efficient Reflector Design
*Five Models Groups A, B & C.
*High Performance — Low Cost

ACCESSORIES

Complete range of masts, brackets
etc. Send for catalogue of all
products.

MAIL ORDER SERVICE

Fast service — goods despatched
promptly on receipt of cash or
cheque with order. Advice free by
post or telephone.

Designers & Manufacturers of Radio and Television Aerials of all Types.
98 ASH ROAD, LUTON, LU2 9AX Telephone: LUTON 36561

For catalogue or information 0582-36561

9.0 to 6.0 Monday to Saturday—callers welcome—5 mins from exits 10 & 11 M.1. motorway
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THE WATERGATE

BUG G I N G — how it was done, Collyn Rivers reports.

SOMETIME during the second week in
June 1972, two men, James McCord
and Howard Hunt, entered the
Watergate headquarters of the US
Democratic Party and installed a
number of bugging devices in selected
areas.

The two conspirators were
subsequently spotted by an alert
security guard — and their subsequent
trial and indictment triggered off a
scandal that has made the late and
unlovely President Harding's escapades
of the 1920’s seem by comparison to
be mere peccadilloes.

The main bugs consisted of so-called
‘infinity  transmitters’ and were
installed inside each of four telephones
inside the Democratic Party’s
headquarters.

The Watergate infinity bugs were
adaptations of the ‘conventional’
infinity transmitters described in our
article on bugging in June, 1972,

These bugs enabled all sound within
the bugged rooms to be picked up and
transmitted to the conspirators’
listening station in the Howard
Johnson Hotel — just across the road
from the Watergate building.

HOW THEY WORKED

A block schematic drawing of these
bugs is shown ({in simplified form) in
Fig. 1. The section that was installed
inside each telephone is shown in

dotted lines. This section consists of a
frequency sensitive decoder that
actuates a miniature multi-pole relay.
The conspirators used a resonant reed
encoder that was switched onto the
telephone line immediately after the
bugged telephone’s number had been
dialled. This encoder generated a tone
{probably 500 Hz) that was detected
by the decoder concealed within the
bugged telephone. This caused the
relay to be actuated which in turn
open-circuited the bell ringing circuit
and connected the handset’s
microphone to an inbuilt audio
amplifier the output of which was
connected to the telephone line.

Thus the bugs, once actuated by the
conspirators, picked up all sound
within the room and transmitted it to
the bugging headquarters — even
though the handsets were still on the
rests: if a third party tried to ring the
number whilst the bug was in use he
would receive a normal ‘busy’ tone.

The conspirators also installed a
small microphone and low-power FM
transmitter inside a fire alarm smoke
detector that was conveniently fitted
to the ceiling of the Democratic
headquarters. The low-power signals
from this unit were received just
outside the Watergate building and
then relayed by a more powerful

\ ‘
X (]
N ]
' MINIATURE i
X AUDIO LINE !
' —O- »
2 . TOVICTIMS !
= _ AUDIOLINE ! . 4 [ TELEPHONE !
TO EAVESDROPPER'S ] o—) g 0
TELEPHONE . K BELL AND ‘
' - ° DIALCKT LINE s
BELL AND ' T |
DIAL CKT, . '

+ | 500Hz g
” ' | RESONANT H q
t | REED H '
| ECODER gy '
' ]
' __J"o 1
4 ' - ]
500 Hz ' VOICE !
RESONANT * | OPERATED '
REED ' | RELAY '
ENCODER ' ‘

L]

]
: | '
f ]

Fig. 1. This is a block schematic drawing of the main bugs used in the Watergate
af?air. The section shown inside dotted lines was installed in the bugged telephones.
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transmitter to the
headquarters across the road.

bugging

The relatively sophisticated bugs
described above appeared to be
mass-produced. They carried no

manufacturer’s name — but this lack
of identification is normal practice.
Certainly, even outside the USA, it is
not too difficult to purchase this type
of equipment if one is sufficiently
determined and can pay the high
prices involved. But surprisingly — at
least to those who are not aware of the
extraordinary amount of surveillance
equipment commercially available —
most of the electronic bugging
equipment used by McCord and Hunt
was purchased on the open market.
For example the conspirators bought a
considerable quantity of
communications equipment —
transmitters, receivers, microphones,
etc. from the Kelcom Division of Bell
& Howell. Invoices and shipping
documents from that firm show that
the equipment was shipped to McCord
and his associates on May 26 — about
three weeks before the bugs were
installed.

Bell & Howell state that the
equipment sold to McCord was normal
off-the-shelf communications gear.
The company does in fact make
surveillance equipment but this they
stress is sold only to ‘bona-fide law
enforcement agencies’. They
emphasize that they did not make any
of the actual bugging units used in the
Watergate conspiracy.

Another firm that supplied
equipment to McCord was the CEI
Division of Watkins-Johnson.

This division specializes in the
manufacture of military electronic
countermeasure receivers — it s
believed that the sale to McCord and
his associates was for a type RS 11
wideband receiver. This receiver is a
standard commercial item — produced
as an offshoot of the company’s
military equipment — and is available
to anyone who wishes to buy one.

The Watergate inquiry is not yet over
and it is quite probable that evidence
may vyet be given which will highlight
the ever increasing use of surveillance
equipment — not only by industrial
saboteurs — but by the FBI, the CIA,
the Secret Service, and now it seems at
the highest levels of government itself. @
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U023 30 MADT s like Mz Series PNP T 530 2 Bilicon power rectifiers BYZ 1.4 ... . 050 Appll».'ﬂan! Bnnd ned Cwded R 2400
- =3 Q29 4 Bilicon tranclstorn 2 x INOWE, 1 x SNWNT, VCBO 950°VCEQ 160°IC 8A W Watts, ——
U24__ 20 Germanium 1| Amp Kectifiers GIM Beriea up o 500 FIV_ 080 1 x IN69H. 0580 | HPE typs 2¢1T SMHZ. 115 WATT su || 2X2060 NPX BIL. DUAL
U235 95 %00 MHz NP Bilicon Transistors 2N708, BEY27 0500Q=0 7 Bilicon wwitch transistors 2N708 NPN 080 OUR PRICE EACH POWER NPX | TRANS. CODE D169
T35 30 Fast Bwiiching Sillcon Dimdes ke 15974 Micro-Nin. 050§ Q01 8 Bilicon awitch transistore 2576 NN oso] 'y e T50up I sop BacH. | TRXAS, ur price 259
U27 12 NPN Gennanlam AF Tranaistors TO-1 like AC127 0508Q32 3 PNP Sg;lwn transistors 2 x 2N1181. 1 x iy
2010 1 Amp M'K's TO-5 can, up to 600 PIV CRB1,25.000 . 1.00 AN . 0804 g111CON 50 WATTS MATCHED NPN PNP 120 VCR MIXIE DRIVER
U013 Plastic Nilicon Planar Trans, NPN 3N2926 . . . . . 050 g": ;::::w" "\P:"-ﬂnﬂmr- ﬂ\l;l'm ——r O300RBIP 19 NPN l:m-v Plestic. Bm 90 ?NP](B',‘"".,,";}’ TRANSISTOR. Sim.
o I E — A can transista 2N2%69, JONMH VCBO 1 VOEO 3MIC 1nA, F type 100t Am . f B3X21 & C407, 2N1893
U'.u .zn Bilicon Planar Plastic NPN Tnm:lov Noise Amp 2N3707 0 50 (code PORT) - 050JOY R PRICE PER PA FULLY TESTED AND
U532 43 Zener Diodes 400mW DO-7 case 3-18 volts mixed 0800qus 3 Slicon PNP T03. % x INW4 & 1 x 154 pee " pre 55) 196 pre. 809 | CODED ND 120, 1:24
U33__ 18 Plastic Case 1 Amp Bilicon Rectifiers IN 4000 Beries . . 0 80 NBou 0850 17p #sb. TO3 NPN
450 Allicon PNP Alloy Trans, TO-3 BCY46 J5M3 4 o50]Qss 7 a 348 TO-1% plastic %00 MHz NPN 050 AD161/162 pyp | TUMBO COMPONENT |25 up 16p ench,
T35 35 dilicon Planar Transistors PNP TO-1K ZNZ006 050 | Q37 4 2N3034 NPN Eilicon tranaistars . 0800 yp GOMP GEAN TRANK PAKS B are. suath =
T 33 dilicon Planar NPN Transistors TO-3 BPV5051 53 080 Q%8 7 NPN transstare 4 x 2NUTHL 8 x INVIAL . 0B0JOVR LOWERT PRICK wi ®IXKD PE T Yol o1
T 0 Silicon Alloy Transistors 50-2 PNP OCEN), 98322 .. 060 e Zall] ELECTRONIC East. ZTX300 8p each.
Udd 20 Fast dwitching Silicon Trans. NPN MHz 2N8011 0 50 SILICON PROTO TRANSISTOR oY PO ”_.“ s Any Qty.
U39 30 KF. Girrm. PNP Ty IN1304 3 TO-5 . | 0 50 | ELECTRONIC SLIDE-RULE TO-1% Leny =nd NPN Nim. te nas — e ————
T30 10 Dudl Tranaistors 6 lead T0.5 2R2050 —_ 080 The MK 8lide Rule, dowined v @mplify Electranic cal-JBE 3 T and P BRANDE 4 piinatty geod ratue | NEW EDITION
Ol B RF( G featuren the ioilowing fealtn'—- Cunverson of | NE ull _ dabu - avefiahts. 1971
. 0] Frevuency and Wavelenith, I'alulstin of L. ¢ ari {ofFully gusmntees fowrtars,  capacitors,
U42__10 VHF T687 AF117 030K of Tuned Circults, Resstance amd Moil-liqucimsrs Area of QU7 L84 2008 10 up | L0000l ] TRANSISTOR EQUIVA-
C43__ 25 81, Tranw. Plastic TO-18 AP, BCUIN 114 080 Circles. Volume of Cilidors, Hewamcs o Condusters. | B0 A 'y 3 A LE‘I‘TB BOOE. A com.
T4 20 8 Trome S TCTTON Welght of Conducters. |eibel Culwulstioes  Amis Fune- ’ > . i*te Crums reference an
by LT u‘f;‘",r:::uc ) :“ ',”'\PN O8O tiime. Natural Loge amd Fumtism Multiphioatisn and F.ET.'S wul jere Approvi- | rquivadnts  beok  for
-R. TUGG up to EIOPIV 100§ ivision. Squaring, Cubitig and yusre Rooes, Cenwermion [UNMIS  asp  onok 80p el ) i weight, | Evramen, American and
of kW und Hp. A must for every electrunic *ndineer and [aN380)  50p SNG4 40p - b & P, 21 50 [ LRI Transiators,
Code Nu's. mentioned above sre given as a guide t the type of device I | enthusiast. Bize: 2 cm. x 4 cm. Crmplets with tass and %1 35p  BPWIn 4op | Prictincl P. & P. 41508 aijusive to BI-PAK
the pak. The devices themselves arc uormally unmarked. lastrustions. Prive eash: 83 35 [ 2n000 30p MPEL0G 40p | only, 80p each.
A LARGE RANGE OP TECHNICAL BI.PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK STREET (A10), WARE, HERTS.

AND DATA BOOKS ARE NOW
AVAILABLE EX. BTOCK.
SEND FOR FREE LIST.

COMPETITIVE PRICES—

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

TEL. (STD 0920) 61593.

OPEN MON.-SAT, 9.15 a.m. to 8 p.m.,, FRIDAY UNTIL 8 p.m.
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74 Series T.T.L. 1.C’S

BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION
GUARANTEED. ALL FAMOUS MANUFACTURERS

-the lowest prices!

The ALS
50W pk

0-1% OISTORTION{ HI-Fi AUDIO AMPLIFIER

0 HI-FI AUDIO AMPL
25w (RMS)

1 25 1004 1 25 100+ 1 25 100 + @ Prequency Response 15Hx to 100.000—1dB.
018 014 012 | 8N7480 015 014 012 | BN74123  $280 #2770 £2:80 @ Load—3, 4, 8 or 16 ohma. @ Bupply voltage 10-35 Volta.
015 014 012 | BN7451 015 014 018 | BNTal4 067 064 058
016 014 012 | BN7483 015 014 013 | BN74146  81:50 #1440 £1-30 ® Distortion—beter than 0-1°% at 1kHz.
018 o-}: 91z | sNTa 918 o-“ o-g 8NTAI0 00 4270 ::-& ® Signal to nolse ratlo 80dB.
018 0 018 N7460 16 0 o BN74181 8100 098
015 014 012 | 8N7470 029 088 024 | BN74183 8120 8110 090 O el cEn (D mn £ 1. Jfm £ Wiy
035 081 o028 BNT4T2 029 026 024 ANT4154 4180 #8170 81:00 Tallor made to the most stringent specificationa using op quality
035 031 028 BNT7473 087 036 032 8N74185 §140 8130 8120 componenta and Incorporating the latest soild state circuitry conceived
018 017 016 | BNT4T4 037 035 032 | BN74156  £140 130 £120 t0 811 the need fot all your A.F, amplification needs.
018 017 016 BNTATS 045 043 042 BN74157 £1:90 81-80 8170 FULLY BUILT—TEBTED—OUARANTEED.
018 o-a 012 | 9N7476 0 g vas 038 BNT4160 :} 80 l{-'lg :} :
0es 0 023 | BN7480 0 084 058 | 8N7418 80 817 3 0 8
088 031 098 | BN7461 8120 6115 8110 | BN74162 8400 43-75 43-80 BRITISH MADE. only £ 5 each
029 028 024 | BNT4s2 087 086 085 { BN74163  $4-00 83-75 $3-50
043 040 038 | SNT4I 2110 8105 096 | BN74164 8290 #2156 8210
043 040 038 | 8N4 £100 085 090 | BN74165 4285 4220 215
015 014 012 | BN748S 2360 8380 8340 | BN74166 4350 $328 $3-00 o
050 048 045 | BNT4u8 032 081 030 | BN74174 230 $220 210 W R
050 048 045 | BNTI8Y 0500 45-28 8500 | 8N74175 #1800 £1:60 81-40 N
080 048 04 8NTI% L osd 088 | 8N74176 ﬂ-n g-n gw !
045 042 040 N7491 1 096 090 | BNT4177 - -30 .
070 o0& 0w | 8xuw 067 oe 088 | SNTiW o0 1% 4140 . MODULE SPM80 £3 25
016 014 8N7493 087 084 0 N74181  88-60 88 -78
0-4: 042 0-14: s.u;wa e o o-: NTm 1200 8180 #1-80 APS0 s especiaily deaigned to power 2 of the ALS0 Amplifiers, up to 16 wats
080 07 070 ANT49S 077 074 008 BN74184 £3-60 8325 4$300 (r.m.s.) per channel simultaneously. This module embodies the latest com-
064 062 0860 BNT499 087 084 078 B8N74190 #1-95 6190 4185 ponenta and clreuit techniques Incorporating complete short circuit protection.
B O Tl | U O O RIS, ) ] With the addition of the Malns Transformer MTHO, the unit will provide
067 064 058 BN74103 097 094 088 8SN74198 22-00 $£1-80 £1-75 vutputa of up to 1-5 amps at 33 volta. Bize: 63 mm x 100 mm X 20 mm. These
067 084 058 BN74107 040 088 036 BNT4194 $2-70 #£2:80 4£2-50 unita enable you to build Audio Bystems of the highest quality at & hitherto
8130 2125 #120 8N74110 083 083 050 BN74196 4200 £1-90 #£1:80 unobtainable price. Also ideal for many other spplications Includipg— Diseo
§130 8198 #1820 | BN74111 8125 8115 #1120 | gn7q196  81.80 8170 $1:80 Bystems, Publlc Address, Intercom Unita, etc. Handbook avallable, 10p.
) Gl O | e % 0% % | eNtaer  ss m70 a0
N7T4 36 81 1- .
2100 097 096 | BN74131 040 037 034 [ BNT4198  45:50 45:00 84:80 TRANSFORMER BMT80 £2'15 p. & p. 25p
£1.00 097 096 | BN74123 8140 £1-30 $1-10 | BNT4199 8550 85-00 M50
NUMERICAL INDICATOR TUBES|STEREO PRE-AMPLIFIER TYPE PA100

MODEL CDé8 QR11e 3015F Bullt to & specification and NOT s price, and yet atill the greatest value on the market,
Mialtron the PA1000 stereo pi has been d from the latest circuit techniques.
= — [~ o R Designed for use with the AL50 power amplifier system, this quality made unit Incorporates =
Anode voltage (Vde) 1. 170““!‘ B ! ),":m" -~ a3 less thu elght silicon plansr transistors, two of these are specially selected low noise
Cathode Current (mA) 23 14 8 All indicators | NPN devices for use In the input stages.
= |k | 0-9 + Decimal | Caree awilched stereo inputa, and rumble and scratch filters are features of the PA0U, 4
Numerical Helght (mm) 16 13 1 ﬁ‘m. All side | which also has & STEREQ/MONQ switch, volume, balance and continuously variable —
—r—— I - ewing. bass and trebt ls. 3
Tube Height (mm) a7 32 2 data for all Ct O Guis il
— ————| typesavaliable | SPECIFICATION:
I T, 7 () B i e on request. Frequency responsc 20Hz—20kHz +14B Baas control 4+ 1548 at 20Hz
C. Driv " BP vl N Harmonic distortion better than 0-1° Treble control +15dB at 20kHx
IS LG BRI [RERY ot EEL Inputa; 1. Tape head 1-25mV Into 50KR Filters: Rumble (high pass) 100 Hx
33 d 2. Radio, Tuger  36mV into SOKE ey oraich (ow pas) WMz
B B - 3. Magnetic P.U.  1-3mV into 30KQQ ignal/nolse ratlo tter than +
s f170 g £2-09 All input voltages are for an output of 230mV. Input overload 264B
Tape and P.U. inputs equalised to R1AA curve Bupply 4345 volta at 20mA
within 4 1dB from 20Hz to 20kHs. Dimensiona 292 x 82 x 83 mm

INTEGRATED CIRCUIT PAKS

Manufacturers “"Fall Outs’’ which inclue Functional and Part-Functional Units. These are classed as ‘out-of-

wpec’ from the maker's very rigid specifications. but are Ideal for learning about 1.C’s and experimental work,

Pak No. Contents Price Pak No. Coatents Price Pak No. Oontenta Prive
UICOH 1247401 050 VIC46« 5 x 74468 0:50 UICES =5 x 7486 0-50
vICHl  12x 7401 050 VICHT ~ B X T447 080 UICH0~3 x 7490 050
U1C02 + 12 x 7402 050 UIC4H « 8 x 7448 0580 UIC91 =8 x 7481 0-50
UIC03 + 12 x 7403 050 UICs0» 13 x 7450 060 VICY2 =5 x 7492 0-50
UICOo4 » 12 x 7404 050 V1351+12x 7431 0-50 UIC93 =5 x 7493 0-50
UIC05 ~ 12 x 7403 050 VIC53 + 12 x 7453 0-50 UICo4 =5 x 7494 050
VICH8 « 8 x 7406 0 80 VIC54 <12 X T454 0-80 UICS3 =5 x 7493 050
TICOT KX 7407 080 VICKH~ 12 % 7460 080 UIC96 =B x 7496 080
1"IC1)=12x 7410 0 50 TIC70 ~8x 7470 080 TICLI00 w5 X 74100 080
UICIS ~Hx 7413 080 VIC72 ~8x 7472 080 U1C121 =5 x 74121 0-50
TIC20 = 12 x 7420 050 VICTI=BXT4T3 080 UIC141 =5 x 74141 050
UIC30 « 12x 7430 050 VICT4~ 87474 080 UIC151 =5 x 74151 050
UIC40 - 12x 7440 050 TICTE =B x 7476 050 UIC154 =5 x 74154 050
UIC41 « B x 7441 050 UIC76 WX 7476 050 UIC193=5 < 74193 050
UIC42 ~3x 7442 050 UICK (=3 x 7480 080 UVIC199=5 x 74199 050
UICH3 + 5 x 7443 0 50 TICB1 = 5 x 7481 080

TICH4 =8 X 7444 080 UICH2 « 5 x 7482 050 UICXT 38 Assorted 74'a 1 50
UICH3 =5 x 7443 050 1 UICH3 « 5 x 7483 050

Packs cannot be sp!it, but 23 sssorted pleces {our mix) is available aa PAK UIC X1.

SPECIAL COMPLETE KIT COMPRISING 2 ALS50's,
1 SPM80, | BMTS0& | PAI0O ONLY £13.00 FREE p.&p

only£1 315

The STEREO 20

The "Bterec 20° amplfier Is mounted, ready wired and tested
on & one-plece chanals measuring 20 cm X 14 em X 50 cm
Thia compact unit comes complete with an‘off switch, volume
control, balance, base and treble controls. Attractively printed
front panel and matching control knobe. The ‘Stereo 20’ has
been designed to At into most turntable plinths without
fnterfering with the mechanism or, sltermatively, into & sep-

arate cabinet.

Output power 20w peak Input 1 (Cer.) 300mV Into 1M
Treq. res. 25H3-25kHz Input 2 (Aux.) 4mV into 30K
Baas control +12dB at 60Hz

Harmonle distortion
typically 0 23° at 1 watt Treble con. £ 144dB at 14kHz

£12-25 freep. & p.

NEW COMPONENT PAK BARGAINS

Pack
No. Qty. Description Price
C 1 250 Resistors mived values approx. count by weight 0-50
C 2 200 Capacitoms mixed values approx. count by weight 0-50
C 3 50 Precision Reslstorn 19, mixed values 0-50
€4 75 §th W Resiators mixed preferred values 080
cs 3 Pleces assorted Ferrite Rode 050
cé 2 Tuning Oangs, MW LW VHF 050
c1? 1 Pack Wire 50 metres assorted colours 050
C K 10 Reed Switches 050
(o] 3  Micro 8witches 0-50
Cl10 15 Assorted Pota & Pre-Scta . 0-50
C11 5 Jack Bocketa 3 x 3 35mm 2 x Standard 8witch Types 0-50
Cl2 40 Paper Condensers preferred types mized values 0-50
C13 20 Electrolytics Trans. types 050
Cl4 ) Pack assorted Hardware—Nuts Bolta, Orommets etc. 0-50
C15 4 Mains Toggle Bwitches, 2 Amp D P 050
C16 20 Assorted Tag Strips & Panels 0-50
C17 10 Amsorted Control Knobe 0-50
Ci18 4 Rotary Wave Change Bwitches 050
Cle 3 Relays 6 24V Operating . 050
C20 4 Bheeta Copper Laminate approx. 10" x 7° 0-50
Please add 10p post and packing on all component packs, plus & further 10p on pack Nos. C1,
€2, C19, C20.
RTL MICROLOGIC CIRCUITS DUAL-IN-LINE  IC's. TWO  Ranges
Price sach PROFESSIONAL & NEW LOW COST.
1-24 2590 100 up PROF. TYPE No. 1-24 25-99 100 up.
‘TRO 14 pin type 3p 2 28p
Epoxy TO-5 case ulL800 THO 18 ., , 38p 32p 30p
ul.l:‘ll-ll"l;ul 2 p gate gg: gg: g:
¢
uL923 3-K fip-flop 86 > 4 Jeor ST i
Data and Circuita Booklet for 1C'a Price 7p. BP8 16 16p 14p 12p

Type No. 1-24  23-99 100 up
BP 201C—8L201C 83p 53p 45p
BP 701C—8L701C 63p 50y 45p
BP 709C—8L702C 63p 80p 48p
BP 702-72702 53p 45p 40p
BP 709—73709 36p 34p 30p
P 700P~ uA700C 36p S4p 30p
BP 710—72710 Hp 42p 40p
BP 711—-uA71l 45p 43p 40p
BP 741—72741 Bp 80p 80p
MATOICUATOIC 28p 26p 24p
TAA 63— 70p 80p 86p
TAA 293— 90p 76p 70p
170p 188p 150p

TAA 330
8.0.8. EA1000 £2-63

ROCK BOYTOM PRICES
LOGIC DTL 930 Series 1.C's

Type co

No, 1-24 25-99 100 up
BP9SO 12 1y 10p

BP932 13p 12p 1p

BP933 13p 12p p

BP935 13p 12p 11p

BP936 13 12p 1p

BP9 13p 12p 11p

BP945 25p 24p 22p

BP946 12p 11p 10p

BPOHY 28p 24p 22p

BP#51 85p 80p 86p

BP9S2 12p 1lp 10p

BPY093 40p 88y 38

BP9094 40p 38 35p

BP9097 40p 38p 35p

BP909Y 40p 38 3

Devices may be mixed to quality for
qusntity price. Larger uantity prices

on spplication (DTL 080 Series only).
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SYSTEM 12
STEREO

Each Kit contains two
Amplifier Modules, 3
watts RMS, two loud- lay
speakers, 16 ohms, the

pre-amplifier, transformer, power supply
module, front panel and other accessories,
as well as an illustrated stage-by-stage instruc-

0
g“,\

tion booklet designed ONLY
for the beginner.

Further details avail- £1 6'95
able on request, FREE p. & p.

Al preces quotad in new pence Coro No. 388-7006
Please send atl orders diract Lo warehouse 3nd desodtch department

-PAK

P.O.BOX 5, WARE - HERTS

Postage and packing 8dd 100, Overseas add eatra for asemadd
Menimum order S0p Cash wilhorder please

Guaranteed Satisfaction or Money Back
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SETTING UP
P.A. SPEAKER

SYSTEMS

THERE are four primary
considerations when using cone or
horn speakers as a part of a PA system.
These are the power available to the
speakers, the number of speakers, the
type of speakers, and the placement
and connection of speakers.

The first step is to survey the
proposed installation and carefully
determine how many and what type of
speakers are needed. The following
table may be of aid in this respect.

SPEAKER PLACEMENT

The most complex step in speaker
installation s their placement and
hookup. Conditions under which each
system must operate vary so widely
with each installation, that only the
primary steps are given when
considering speaker placement. For
indoor systems, two kinds of
placements can be used. The speakers
may be positioned flat against the

AMPLIFIER SPEAKERS NEEDED FOR

POWER INDOOR INSTALLATION
6to 8W Two 8-in. speakers

15to0 18 W Two 12-in. speakers

25 to 30 W Four 12-in, speakers

45 to 50 W Six 12-in. speakers

60 to 70 W Eight 12-in. speakers

SPEAKERS NEEDED FOR
OUTDOOR INSTALLATION

One 12-in. speaker
One trumpet

Two trumpets
Three trumpets
Four trumpets

There are several types of speakers
available, and the choice of speakers
depends upon five main factors:

1. Geometry and acoustical
characteristics of the area to be
covered.

2. Ambient sound level in which the
speakers must operate.

3. Fundamental use of the system
(i.e. — speech or music reproduction.)

4. Fidelity and intelligibility
requirements.

5. Economic factors.

30

walls, and the axis of the speakers
rotated so that they radiate energy at
an angle from the wall. The speakers
may also be positioned in the corners
of a room. Variations from these two
arrangements must be considered
where there are alcoves, balconies,
booths, dividing walls, and side room:s.
In such cases, extra speakers must be
set up to prevent dead spots resulting
from unusual reverberations or
blanking by obstacles.

For outdoor systems, the main

by Bogen Division of
Lear Siegler Inc.,
Paramus, New Jersey.

considerations are direction of sound
and the area to be covered. Here
brute-force is generally used by
employing highly-directive trumpets.
Bear in mind that subjective loudness
drops approximately 45% to 55%
below the previous level each time the
distance from the speaker is doubled.
Also, directivity (amount of power
concentrated along the speaker axis)
increases with the size of the speaker
horn.

SPEAKER CONNECTIONS

When connecting the speakers
together, impedance matching and
phase relation must be considered.

Efficient transfer of power from the
amplifier to the speakers is the prime
consideration in a sound system. The
two methods of transfer of power are
connection from the amplifier directly
to the speaker voice coils, and
connection from the amplifier to the
speaker voice coils through a
transformer. The first method is used
when short runs of wire not over 200
feet in length and simple speaker
arrangements involving low
impedances are used.

The second method is used when the
wire runs are over 200 feet, when
there are complex speaker
arrangements, and when it is desired to
have less than 15% power loss in the
transmission lines. The use of
transformers also simplifies impedance
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calculations and facilitates changes in
complex speaker arrangements.

IMPEDANCE MATCHING
WITHOUT TRANSFORMERS

For the most efficient transfer of
power, it is important that the total
speaker impedances match the output
impedance of the amplitier. Single
speakers should be matched as shown
in Fig. 1.

AMPLIFIER

2 SPEAKER
com g )
GND ¥

FIG. 1—-SINGLE PA SPEAKER is connected
like thls. Just match the two Impedances.

When there is more than one speaker
in a sound system, calculations of total
speaker impedance are based upon two
formulas:

(a) For series connection of speakers,
add the individual speaker impedances
together to obtain the total matching
impedance (see Fig. 2).

AMPLIFIER
82 (@]
TWO 40
com SPEAKERS
GND

FIG. 2—SERIES SPEAKERS are selected so
the sum of impedances matches ampiifier.

(b) For parallel connection, add the
reciprocal of the individual speaker
impedances together to obtain the

reciorocal of the total matching
impedance (see Fig. 3).
e el o
2y 2y 29.......... Zn
AMPLIFIER ‘—-T—
sw——

TWO 8Q2
SPEAKERS

COoM
GND
-

FIG. 3—PARALLEL SPEAKER connections
tend to cause excessive line losses.

It is generally not advisable to use
more than two speakers in parallel.
Operation with less than 4 ohms
impedance will result in excessive line
losses.

(c) For series/parallel connections,
combine the two formulae as the
speaker connections indicate. For
example, in Fig. 4. apply the series
formula for A and B, then for C and

D. Take the results of this and apply
the parallel formula to obtain the final
matching impedance:

A C
AMPLIFIER |
8| @
COM @ B D
GND
[
FOUR 8%
SPEAKERS

FIG. 4—SERIES-PARALLEL connectlons may
be used to gain deslired power distribution.

A+B=X (1)
C+D=Y (2)
Al i
Z- XY (3)
ZTan e (4)
X+Y
POWER DISTRIBUTION WITH
TRANSFORMERS

In a series system of speakers, all
with the same voice coil impedances,
equal power distribution will occur.
However, if one speaker has 4 ohms
impedance and another 8 ohms, the
power consumed by the 4 ohm
speaker will be twice that of the 8
ohm speaker.

In parallel systems of speakers, all
with the same voice coil impedances,
equal power consumption will result.
When speakers of different impedances
are connected in parallel, the smaller
impedance speaker will receive the
greater power. If one speaker is 8
ohms and one is 16 ohms, the 8-ohm
speaker will consume twice as much
power as the 16-ohm speaker.

When operating speakers on voice
coil impedance (without transformer),
use as heavy a wire as possible.
Speaker cable runs of 100 feet or over
should be at least 16 s.w.g. wire, Runs
from 50-100 feet should be 18 s.w.g.
wire or larger.

IMPEDANCE MATCHING WITH
TRANSFORMERS

The proper use of transformers with
speakers far from the amplifier
prevents comparatively large power
losses in the transmission lines. In
complex installations having large
numbers of speakers, the use of
transformers simplifies power
distribution,

Constant-voltage transformers are
most commonly used for this purpose,
though impedance-matching
transformers may be used in some
sound installations. The
constant-voltage transformer has its
secondary tapped for different values
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of power (watts) for the speaker. The
primary matches the constant voltage
line, which is either 25 volts or 70
volts.

CONSTANT VOLTAGE SYSTEM

The constant-voltage system was
developed particularly for use in large
multi-speaker installations, but that
does not prevent smaller installations
from enjoying its advantages.

The constant-voltage method greatly
reduces the amount of computation
necessary to determine the proper
transformer taps when varying sound
levels are required. It also permits the
addition to, or changing of, an existing
system without recalculation of the
total impedances and the power
required.

A favourable load condition exists if
the total power consumed by the
loudspeakers is always less than or
equal to the amplifier rating.

When the constant voltage
transformer taps are marked in watts:

1. Choose the transformer with a
matching secondary (8-ohm secondary
for an 8-ohm speaker).

2. Select the power tap desired, and
connect to speaker.

3. Connect the constant-voltage line
to the primary.

If the transformer is marked in
impedances, the required power can be
determined by applying the formula:

z=€e%/p
Where Z = Required transformer
impedance in ohms, E = Amplifier
output voltage (25 or 70 volts) and
P = desired power at the speaker in
watts. '

MISMATCHING SPEAKER TO
AMPLIFIER

Mismatching upward (connecting an
8-ohm speaker to the 4-ohm output of
an amplifier) will decrease the power
delivered to the speaker. Power loss
will be about proportional to the
upward impedance mismatch (50%
when connecting an 8-ohm speaker to
a 4-ohm amplifier tap). Mismatching
cannot ordinarily damage a
well-designed amplifier.

As a general rule, no serious
frequency response deficiency will be
noted if upward mismatches up to
about five-to-one ratio are used.

Downward mismatching (connecting
a 4-ohm speaker to an 8-ohm amplifier
tap) should be avoided. It will reduce
the amplifier power output and
overload the output tubes or
transistors, seriously affecting their life
and performance.

PHASING SPEAKERS

When more than one speaker is used
in a sound system installation, it is
advisable to phase the speakers to
reduce the cancellation effect.
Speakers out of phase lose up to
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one-half of their normal volume and
operate with degraded tone quality
and increased distortion.

For speakers facing in the same
general direction, the speakers are in
phase when their respective
diaphragms move outward and inward
at the same time. With two speakers
facing each other, proper phasing is
achieved when the diaphragm of one
speaker moves outward as the
diaphragm of the other speaker moves
inward.

Phasing is done by checking the
polarity of the speaker terminals with
respect to the movement of the
speaker diaphragm, and connecting the
speakers to produce the diaphragm
movement or phasing desired. With
loudspeakers of the same make and
model, the respective diaphragms
should move in the same direction
when the terminals are connected in
the same manner, but it is safer to
check the polarity.

Where different speakers are used,
carry out the following procedure to
determine the diaphragm movement
with respect to the speaker terminals
for speakers connected in parallel:

1. Connect one lead from a 1.5-volt
dry-cell to one voice coil terminal of
the speaker.

2. Momentarily touch the other lead
from the dry cell to the other speaker
terminal.

3. Observe direction of cone or
diaphragm movement (either inward
or outward)} when the circuit is closed.

4. Note this direction of the
movement on a slip of paper.

5. Mark the terminal connected to
the positive pole of the dry cell if the
movement is outward, mark the
terminal connected to the negative
pole if the movement is inward.

6. Repeat steps 1 through 5 for other
speaker or speakers to be checked.

7. Connect the marked and
unmarked terminals according to the
manner of electrical arrangement
shown in Fig. 5 if the speakers are
facing in the same direction. [f the
speakers face each other, make
connections as shown in Fig. 6.

In simple sound systems, it may be
easier to check phasing by listening to
a low audio frequency while
alternating the speaker leads. The
human ear can usually detect when the
low frequency sound is at the higher
volume, indicating that the speakers
are properly phased.

BALANCED LINE CONNECTIONS
In most sound installations,
unbalanced speaker lines will provide

satisfactory performance. A typical
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unbalanced line installation for a
25-volt system is shown in Fig. 7.
Two-conductor unshielded cable is
normally employed in such
installations. One conductor s
connected to the 25-volt terminal on
the amplifier output strip. The other
wire goes to the common terminal,
which is then connected to ground.

However, in more elaborate systems
where input lines are run in close
proximity to the speaker lines for
extended distances, currents in the
speaker lines may be picked up by the
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FIG. 5—PA SPEAKERS facing same way are
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have line transposed for in-phase operation.
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FIG. T—A 25-VOLT UNBALANCED tine Is typi-
cal. Balanced lines are for special cases.

input lines. When these stray currents
are fed back to the amplifier, hum and
crosstalk will be introduced into the
system, or the amplifier may oscillate.

For this reason, balanced line
connections are recommended for
installations in which long input and
speaker lines are run close together. A
balanced line is obtained by

under-grounding the commaon
terminal, leaving the outputs floating.
In a balanced line, any current which
is developed in one side of the line is
offset by an equal and opposite
current in the other side. This greatly
reduces the possibility of inducing
stray currents in nearby input lines.

In some balanced line installations, it
may also be necessary to connect the
appropriate centre-tap terminal to
ground, and to ground the amplifier
chassis.

If hum or other pickup is
encountered with a balanced line as
described above, it may be necessaty
to run a shielded two-conductor cable
to the speakers and to ground the
shielded two-conductor cable to the
speakers and to ground the shield at
the amplifier end.

SOUND COLUMN SPEAKERS

Sound columns are designed for
sound reinforcement in theatres,
auditoriums and arenas where it is
necessary to cover a large area with a
minimum number of speakers. A
sound column consists of six or more
cone loudspeakers enclosed in a
rectangular cabinet lined with acoustic
material. Depending on the size and
type of cone speakers employed, the
output rating of a sound column may
range from 25 to 200 watts. The
terminal strip and sometimes a plate
for mounting a line-matching
transformer are located on the rear
panel.

The arrangement of the speakers in
the column is such that their acoustic
output adds up in the forward
direction, so that the effective throw
of the sound column far exceeds that
of the individual cone speakers. The
effective throw or maximum distance
at which sound from the column s
distinctly audible 1s usually between
100 and 200 feet.

Because of its configuration, the
sound column produces a highly
directional beam pattern, which
permits the sound to be aimed over &
well-defined area of the installation
site. Since about 90% of the acoustic
output of the column s confined to
this pattern, there is virtually no
random sound available to cause
reverberation or reflection.
Consequently, a sound column can be
properly directed to cover a hall ot
section of a hall most effectively and
to keep harmful reflections away from
the floor and ceiling.

In addition, the geometrical
configuration of the speakers in the
column produces a sound dispersion
pattern which is quite broad in the
horizontal plane but much narrower in
the vertical plane. In a typical sound
column, the horizontal dispersion
pattern is 120°, which is a great deal
more than that of the individual
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speakers. However, the cumulative
effect of the in-line speakers produces
a vertical dispersion pattern of
approximately 25° as shown in Fig. 8.

PLACING SOUND COLUMNS

A typical sound column installation
is shown in Fig. 9. The sound column
is placed in the general vicinity of the
original sound source (singer, speaker),
as close as practicable to the source.
Having the Iloudspeaker sound
originate near the original source
provides a more natural effect for the
audience, and avoids confusing the
performer.

The column is placed so that the
microphone is below and slightly
behind the sound column, to minimize
feedback. The sound column s
oriented so that its vertical distribution
will deliver nearly equal minimized
feedback. The sound column s
oriented so that its vertical
distribution will deliver nearly equal
loudness to all listeners, from front to
back, except those who are within the
effective range of the speaker’s voice.

A sound column can be aimed quite
accurately at this point by the light
reflection method. Attach a small
mirror to the face of the column
centre. Standing at the aiming point
with a light directed at the sound
column, have the column adjusted for
maximum light reflection from the
mirror,

CONNECTING SOUND COLUMNS
One or more sound columns may be

connected to an amplifier in a sound

system. The columns are normally

SOUND
COLUMN
SPEAKER

SYSTEM

FiG. 8—RADIATION PATTERN from a verti-
cally orlented sound column is horizontal.

SOUND SOUND

nf%UMN /DISPE RS'ONj

APPROX
5 FEET

FIG. 9—HOW SOUND COLUMN IS PLACED
for most effective coverage of an audience.

connected in parallel as shown in Fig.
10.

Sound columns normally have an
impedance rating of 16 ohms. If only
one sound column is used, connect
the amplifier leads to the 16-ohm
output terminal. For two sound
columns in parallel, connect the leads
to the 8-ohm terminal.

There you have it, a quick guide to
PA speaker installation — use it to
simplify your next PA job. ®

AMPLIFIER

AMPHENOL

PLUG Oﬂ

TRANSFORMER
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5 o |COMMON 2z | common
IMPEDANCE ﬁ s
SELECTOR
LEAD SOUND SOUND
COLUMN 1 COLUMN 2

FIG. 10—ONE WAY to connect sound columns to PA ampllifier system. Here two 16-ohm columns
are In parallel across the amplitier output adjusted for an 8-ohm load Impedance.
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LETTERS FROM
OUR READERS

ELECTRONIC TENNIS

| was recently invited to play “tennis”
in a West End pub by some friends
of mine who had discovered an elec-
tronic game there. The game looked
like a big, old fashioned, TV set.
On the screen a white dot bounced
diagonally up and down, backwards
and forwards. Beneath the screen there
were two knobs—one for each player.

The game was quickly explained
to me—the rules were like those of
tennis, but the "’ball” (represented by
the moving dot) was allowed to bounce
off the ’side walls” (the top and
bottom of the screen as the players
see it). A dotted line indicated the
position of the “‘net’”.

On insertion of a coin, two “men’’
(represented by vertical 15mm lines)
appeared on the screen. By use of
the control a player can move his
““man” across the court (seen by the
viewer as a vertical movement).

A skillful player will move his
“man” into the path of the “ball”,
which will bounce the ball back to
his opponent. If a player fails to
return the ball, his opponent scores
a point and this is registered on the
score display projected onto the screen.

Variation is introduced when the
“ball” doesn’t bounce cleanly off the
“man”. Sometimes it will reverse
along its incident path, sometimes
bounce back at a different angle.
Clever features of the game include
the “’serve’” facility—where the “ball”
appears to come out of the ‘“‘net”
on service, cutting down the time
available to prepare the return shot—
and the realistic “ping’’ sound which
accompanies the successful return.

| was absolutely fascinated by the
game and soon got the hang of the
play (although | seemed to deteriorate
after | had won my first pint!) Trying
to work out the electronics has kept
me occupied for days—it must be
something simple.

It is good to see electronics coming
into the amusements field and | hope
to see more such games around (I
have quite a few ideas myself).

—R.P. London, W.1.

We managed to contact the owners
of this particular game and they say
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it is the only one of its kind in the
country. It was brought over specially
from the United States where games
like this have been in use since the
late 60’s

Production is soon to start in Eng-
land too, but only on this one model.
In the US there are already 5 aside
football games, squash and doubles
games, based on the TV screen idea.
The electronics are pretty intricate
and a special I.C. board, with over
fifty circuits, will be imported from
the States for use in the British
model. The rest of the circuitry is as
in a standard TV set

COMPONENT PROBLEMS

Through your columns | would like
to draw attention to the bad service
that everyone | know seems to be
getting from mail-order component
suppliers lately.

They seem to be getting worse
and worse with part-orders being de-
livered more often than not. lsn't
it time that these companies pulled
their socks up?

| am sure many of your readers
have had the same experience and |
wonder if you, as a magazine, can
draw attention to this situation in
the hope that these companies will
not like the adverse publicity.

—K.T.Eye, Suffolk.

We have had a number of comments
similar to the above. If we knew of
any company dragging its heels, we
would be the first to criticise.

However, the current situation is
almost certainly not the fault of the
component suppliers as there is a
serious world wide shortage of almost
all electronic components. This is made
worse in the UK. because of our
current boom which has added to
the problems.

We are in touch with several com-
ponent suppliers and to a man they
are in serious trouble with obtaining
supplies. Even mundane components
such as resistors are becoming harder
and harder to obtain. You could ans-
wer that the distributors should keep
higher stocks but even those who
had massive stocks have had these
exhausted.

One small electronic company we
know wanted several thousand each
of 8 resistor values His usual sup-
pliers could only help him with one
or two values and it took 30 ‘phone
calls and five different suppliers to
fulfil his requirements. These resistors
were not unusual either, being standard
%W types in the E 12 series

The delivery times being quoted
by the makers normally now run into
six months or more. If a manufacturer
can’t get hold of stock, you can
imagine what it is like for the retailer.

We can only suggest to readers
that they show a little patience until
this chronic shortage is overcome and
take it easy on your retailer—his prob-
lems are much worse than yours

BRITISH AMATEUR TREASURE
HUNTING CLUB

May | offer the following background
information on amateur treasure hunt-
ing which may be of interest to
readers who construct the “COIN
COLLECTOR’ metal detector feat-
ured in your July issue.

There are 30,000 amateur treasure
hunters in Britain and our activities
are governed by a strict CODE OF
CONDUCT which was written with
the help of the Department of the
Environment at a time when our
hobby was under severe attack from
professional archaeologists. It is ab-
solutely essential that anyone who
uses a detector should abide by this
code; any reader who wishes to ob-
tain a copy may do so by sending
a stamped addressed envelope to me.

The British Amateur Treasure Hunt-
ing Club welcomes the publication
of do-it-yourself metal detector cir-
cuits. The Club is currently campaig-
ning in its magazine, “TRUE TREAS-
URE MONTHLY", for a reduction
in the retail prices of many detectors
now on the market which are far
too costly and which do not do
what their manufacturers claim. You
would do us a great service if you
made do-it-yourself detector circuits
a regular feature of your magazine.

Edward Fletcher, Editor, TRUE
TREASURE MONTHLY. 24-9 Trellick
Tower, 5 Goldborne Road, London
W10. P
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RANSISTOR IGNITION will be

standard equipment on tomor-

row’s cars but today you can
easily fit the ETI Electronic Transistor
Ignition to your present car, old or
new. |t will give the proved advantages
of smoother engine running, greatly
extended life from spark plugs and
contact breaker, freedom from plug
fouling, plus worthwhile improvements
in miles-per-gallon, performance and
pollution . . . all this plus a burglar
foiling facility!

STANDARD IGNITION

The simple ignition circuit which is
still used in virtually all mass-
produced cars is shown in Fig.1. In-
credibly it was designed 60 years ago
by Charles Kettering as an improvement
on early magneto ignition. The way it
works and the reasons why it is no
longer adequate for today’s highly
developed petrol engine are as fol-
lows.

the primary resistance. This high cur-
rent tends to overheat the coil and
run down the battery if a car's
ignition switch is left on with the
engine stationary.

Primary current causes magnetic
flux in the coil, representing stored
energy of value %LI2 joules. When a
spark is required, the contact breaker
opens and the primary current is bro-
ken. As the previously created flux
collapses it induces voltages in the
coil windings, proportional to their
numbers of turns. The peak voltage
induced in the primary is about
300V but, since the secondary has
about a hundred times as many turns,
the secondary voltage is about 30,000V.
This is sufficient to ionise the air gaps
in the distributor (between the rotor
arm tip and whichever terminal con-
nected to a spark plug is nearest) and
at the selected spark plug, so a spark
occurs. Actually the spark plug is
not firing in air but in a gas com-

miles driving the first signs of pitting
become visible — see the photograph.
Pitting creates sharp edges on the con-
tact faces which worsen arcing; the
available spark voltage is reduced since
arcing limits the voltage achieved in
the primary. Also pitted contacts have
significant resistance when closed so
that optimum current (energy) is no
longer built up in the primary. Even-
tually the loss of engine performance
becomes so serious that the contacts
have to be replaced.

THE ‘CONDENSER’

This is a small capacitor which is
connected across the contact breaker
to reduce pitting and improve the spark
slightly. When the contacts open, this
capacitor is in effect connected across
the coil primary and slows down the
voltage transient so the contacts have
a better chance of breaking the pri-
mary current cleanly. It is only a par-
tial improvement, sufficient to make

e Ve >
(GNITION® 0_08_ JOULES
v S M SPARK PLUG S 006 T T T T T e
FLUX
. CONTACT PRIMARY —0-04? ENERGY,
=4
BREAKER
?::ggucu:n DISTRIBUTOR CURRENT
INg Wi w_/ '-002
contacts open CAM o_.
b Ssroomen l Y4CYLINDER
CHASSIS | +6 CYLINDER AT 6000 rpm
Fig. 1 {Above) The standard (Kettering) ignition circuit as P
fitted to virtually all mass produced cars for 60 years. Y 8, CY,'—'NDER
Fig. 2 (Right) After the contact breaker closes, current in l 1
the coil primary builds up at an exponential rate. Dotted 0? CONTACTS 10mS
lines show the times when the contact breaker opens for CLOSE

different sizes of engine at high speed. This graph assumes

the contact breaker is in good condition and is driven with

50/50 mark /space ratio.

The contact breaker (or ‘points’)
in Fig. 1 is driven by a cam to
break the current in the ignition coil
primary every time a spark is re-
quired to ignite the petrol vapour in a
cylinder. Consider when the contact
breaker has just closed. The battery
is then connected across the primary,
via the ignition switch and, since the
primary has inductance, the current
increases at a slow exponential rate
as shown in Fig. 2. With typical
primary inductance and resistance
values of 10 millihenries and 3 ohms
the circuit’s time constant (the time
for the current to reach 63% of its
final value) is about 3.3 millisecond,
though there is considerable variation
between coils. If the engine is not run-
ning (so the cam is not turning) the
primary current will settle at its maxi-
mum value of 4A or more which is
set only by the battery voltage and

4

pressed to 200 Ibs per square inch or
more which requires a higher voltage
to ionise it.

The weak link in the Kettering
circuit is the contact breaker. This
is a simple mechanical device which
must be driven relatively slowly com-
pared with rise of voltage in the pri-
mary; this is dictated by practical
factors such as the return spring
strength, the weight of the moving
contact and the allowable force on the
distributor cam. The unavoidable
result is that the primary voltage
transient rises faster than the break-
down potential of the newly opening
air gap in the contact breaker and
therefore arcing occurs in the early
stages of contact breaking. Besides
wasting some of the energy stored in
the coil, this arcing detaches metal
from one contact face and deposits
it on the other and after only a few
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the Kettering circuit barely useable,
and the capacitor must not be too
large or the spark voltage will suffer.

DESIGN LIMITATIONS

Two situations stretch conventional
ignition to its limit. These are:

a) Starting on a wintry morning

when the starter motor loading

reduces the battery voltage and

hence the primary flux so only a

feeble spark is available to ignite a

cold mixture, and

b) High speed running when the

time between sparks does not allow

adequate flux to build up.

Most drivers are well aware of
shortcoming a) but it is not well
known that most cars withconventional
ignition suffer from misfiring at high
speeds, though there is a definite loss
in m.p.g. and smoothness. The reason
for spark deterioration at high speeds
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Electronic
Transistorised
Ignition

A surprising feature of the inverter
circuit is that it continues to function
weakly if one of the transistors is
removed or goes open circuit, This
might suffice to get you home at 30
m.p.h.!

In most previously published de
signs the inverter is allowed o ‘see’
a short circuit (via the bridge rectifier},
for example at switch-on when C1 i
not charged, and every time the S.C R
fires. Although this does no damuge
it causes the inverter to run briglly
in a high-frequency low-efficiency mode
since the only inductance loading the
transistors is the leakage inductance of
the transformer. An alternative is to
design the inverter o stop osciliating
when shorted but this presents starting
delay problems. For this design it was
thought preferable to keep the inverter
running continuously in the propef
audio-frequency high-efficiency mode
A simple way of achieving this 1s by
having a resistor In series with the
secondary winding. The inverter now
continues to run audibly even if the
bridge output is shorted. If a milll
ammeter is used to do this a short
circuit current of 30 - 40mA gun be
measured indicating the circuid has
excellent ‘pick up’ after each spark
Note that T1 and the secondary rasistor
normally run warm but get guite hot
if the bridge output is shorted cantirs
uously. No difficulty has been found
relying on the backswing from the
ignition coil to turn off the SCH
specified in this circuit, in spite of the
high charge current.

OVERSHOOTS

The inverter provides adequate
output voltage to start the engine af
reduced battery voltage of 8V or
less yet will not exceed 400V with
a fresh battery, so no attemgl
been made to use the inverter wave
form overshoots for output regulation
As can be seen on the waveforms
in Fig. 7 the overshoots are small,
partly because the primary of T1
is bifilar wound for low leakage
ductance and partly because most of
the overshoot power is taken by the
neon indicator.
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for another trigger pulse to be pro-
duced until C1 discharges. D6 blocks
the discharge current which cannot flow
until the contact breaker closes and
must then flow through the compara-
tively high value resistor R6 and R5.
Thus a new trigger pulse cannot be
prtoduced until the contact breaker
has been closed long enough to dis-
charge C3. This arrangement effectiv-
ely makes the system immune to false

"4riggering caused by contact breaker

bounce. The component values are
chosen to suit the trigger character-
istics of the S.C.R. specified and may
not suit other types.

The trigger circuit for positive
chassis in Fig. 9 works similarly with
the difference that the trigger is a
megative pulse which is passed by D5
10 the S.C.R. cathode. Since the gate
it connected to chassis this gives the
correct trigger conditions. When the
5.C.R. fires the discharge current flows
theough D7.

FULL CIRCUIT

The full circuit is shown in Fig. 10
and has the features of easy switch-
from transistor to conventional
whition by means of toggle switches
§1, 582, and convertibility for positive
of negative chassis by mounting a
link sirip in alternate positions on a
mininture terminal block. The main
ulements of the circuit have been
described; the connections to the ter-
minal block are rather complex but
can be understood by reference to
Fige. 8 and 9. When S1 and S2
Jre  both switched to conventional
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the inverter still receives power) and
the normal connections for Kettering
ignition are remade i.e: coil primary
connected to ignition switch and con
tact breaker. This switchover facility
can be used while the engine is running
for comparison purposes.

COMPONENTS AND
CONSTRUCTION

For obvious reasons the unit must
be dependable while driving. To this
end all the components specified are
of high quality and in many cases
of higher than necessary ratings. Con
struction must be equally sound. Com-
ponent substitutions are not recom
mended e.g. slide switches should noi
be used in place of the toggle switches
because of the inductive circuit swit
ched, nor is it a good idea to remoie
these switches to the dashboard.

The components -are mounted on
the lid of a standard Norman AB10
aluminium box for easy access. The
layout is shown in Fig. 11 and in the
photograph. Drilling details are given
for the box in Fig. 13 together with
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PARTS LIST
220ohm 5W wirewound
2200hm o
75k "
75-390hm 10W "'

1% W 5%
82k " "
230k o o

0-47uF or 0-5uF 440V a.c. tubular(MFD type TSAC)
3500uF 25V electrolytic
220nF {0-22uF)

1N4C06 or 1N4007

1N4001 (or -2, -3 etc.)

TAG 1/600

NPN silicon plastic power type with min Vce of
50V and min gain at 500mA of 40,

tnverter Transformer (Bi-Pre-Pak)

Heavy duiy DPDT toggle switches

B5A 1%in fuse with holder

11 way miniature terminal block with screws and
solder tags (Carr)

Nommm A210 chasas with lid; Heatsink; Neon bulb; 2 x 10 way tag
wiripe, Tritmietor thounting hardware; Grommets; Coloured wire; Nuts and

belis atc

A compliete kit including pvednlled chassis is available to readers at the
spocial pries of £4.92 A built, tested and guaranteed unit is also available
ot cotiuced cost: These offers are limited to ET{ readers using the coupons
oh page 77, Ol pnd September 30th 1973.
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POWER TAGSTRP
TRANSISTOR

Electronic

MCA

' - t - d WASHER 3
ransistorise ;
- -
INSULATING
BUSH
@

Fig. 12. Method of mounting power
. X transistors. The shaded part is the heatsink.
an aluminium heatsink for the trans-

istors and inverter transformer but the
kit is supplied with a predrilled chassis
and V‘{'” ok |n.th|s case be necessary. An excellent example of pitting on a contact
It is convenient to mount as many breaker. Due to the very much lower current
components as possible on the tag- switched for an elec(roqic ignition system
. . . such problems are eliminated.
strips before mounting the tagstrips
in the box. Pass the tagstrip mounting

bolts through both the lid and the %
heatsink. Then mount the plastic
power transistors using the mica R e Pt 1 s b e .— j T— i
washers and insulating bushes supplied TR v e
to isolate the metal part of the trans- : | i -
istor (collector) from the box — see ' Rt = ,',"_*o *
Fig. 12. The transistor mounting bolts ‘ - 1
are live to the collectors. o % ety Orifes same as Shaded
- n i area on hd
Mount the toggle switches, trans- ! ! — - :
former, fuseholder and terminal block. , * W T
The wiring can now be completed. = ——a _
Take special care to make robust . 527 & A S
connections to the transistor leads, 5. L " : 75 ARENE S
using sleeving to prevent shorts. Wrap : ‘ \s V," f 20 vRyy (] , D eBa CLEARANCE
component wires round tags before ) =1 =y

soldering to give strength to the joint. xD)
Be careful with connections to the
small tags on the terminal block, this
is mounted with pin 1 on the right

when viewing the unit from the out- Continued on Page 76
— ————

-, o ‘

Fig. 13. The chassis drilling details. The three-eighth inch
holes may have to be larger with some toggle switches.

Fig. 11, ETI Transistor Ignition Component layout. (Proto- . .
type has Q1, Q2 in slightly different positions, also has an An internal view of the unit. This is one of several prototypes
unused position 12 on the tag block). and uses the components supplied in the special kit.
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WHAT TOLOOK FOR IN

OCTOBER..

FRPaVE LSS THICK FILIN

- Thick film technology facilitates the mass production of
b . resistors which cannot be incorporated on the silicon chip
- - : r of an integrated circuit. Thick film circuitry is being
- - ot I | adopted by many manufacturers—for various reasons.
m -~ Decreased size and enhanced reliability attract the
professional and military market. For consumer and

automotive users mass production of uniform packages
decreases assembly costs.
s -r-u "5 The technology is based on the screen printing of glazes
: ¢ on to a ceramic substrate. Next month we tell you about
1.9 . il the design of thick film substrates, their production and
‘ ‘. d - ol k. . . s 5 . D0 . .
their uses in “"hybrid circuits” for many applications.

B nuoio warrmere )|

Our direct reading Audio Wattmeter gives instant power

readings in r.m.s. watts and level differences in decibels.

It operates at any frequency within the audio range and is

specifically designed for Hi-Fi amplifiers with output

impedances of 4, 8 or 15 ohms. Three ranges are provided— A

up to 500mW, to 5W and to 50W. P
Next month full details of circuit boards, calibration )

and metal work will be provided for this project, enabling

you to make yourself an instrument invaluable in the

checking of amplifier performance.

MAGNETIC LEVITATION

Repulsive or attractive? This is just one of the debates
going on amongst researchers into magnetic levitation/
suspension. The latest interest of researchers is in using
principles of magnetism in the support of high speed
trains. A recent contender in the field of train levitation
is the principle used by Bachelet in 1912 but discarded as
impractical. This utilises eddy currents, induced in a
thick aluminium plate by a fluctuating magnetic field, to
provide the repulsive force to lift the vehicle. Recent
developments in cryogenics and superconductivity now
make this form of transport a practical possibility.

electronics

ON SALE MID-SEPTEMBER—20p

ETI TAKES A PRIDE IN BEING REALLY UP-TO-
DATE. SO WE OURSELVES DO NOT 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.

today ~eonerona
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We are facing a vitally im-
portant energy challenge. If recent
trends continue unchecked, we could
face a genuine energy crisis. But that
crisis can and should be averted, for
we have the capacity and resources
to meet our energy needs if only we
take the proper steps and take them
now.”’

President Nixon, 18th April, 1973.

THE

oULAR

SIX MONTHS AGO, if someone had
used the term ‘Energy Crisis’, the
chances are that it would have re-
quired a lengthy explanation. Today
it is such a common talking point
that it is running the danger of being
overstated. What are the facts?

In the United States, which con-
sumes a third of the world’s energy,
a number of independent filling stat-
ions have had their supplies stopped
by the oil giants because they no
longer have a surplus. That is all that
has happened; why then are we getting
concerned? The answer is that although
this is only a beginning it has focused
attention on a potentially very serious
situation. Every TV station, every
newspaper, every centre of higher
learning has taken out the crystal
ball and is gazing into the future. . .
most of the time the forecasts are
gloomy.

We, Homo sapiens, have increased
our standard of living so enormously
in the last 100 years that we are
beginning to effect our environment;
in addition to increasing our standard
of living we are also multiplying our
numbers very rapidly, adding to the
problems.

in the developed countries we are
surrounded by machines: motor cars,
combine harvesters, air conditioners,

SOLUTION

IS IT THE ANSWER TO THE ENERGY CI

central heating plants and so on. The
definition of man used to be the too/-
maker (though this is now falling
from favour) and as we have pro-
gressed we have harnessed a variety of
energy forms to operate these tools
to make our lives more comfortable.

For thousands of years we harnessed
the energy of the ox and later the
horse. Then we harnessed the wind
for sailing ships and windmills, then
the waterwheel.

The industrial revolution required
large resources of energy and coal was
the answer. It is no coincidence that
the industrial revolution started in
Britain, on an island that has been
called a ‘floating coal mine’.

As we progressed we found that
oil was more convenient, especially
for transport, and if we call the last
century the ‘age of coal’ we must refer
to the last 30 years as the ’age of
oil’.

Oil is a marvellous resource. It is
cheap (at the moment), easily trans-
ported and stored, it is stable and,
until now, has been abundant. We
have continued to use a large variety
of other energy forms but oil is domi-
nant. The trouble is that oil is a
limited resource and is being used
up at a staggering rate.

Production of oil in the United
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Methods of harnessing the sun’s power.

This diagram illustrates that there are
a variety of approaches that can be

taken.

RUSIS ?

SPECIAL REPORT BY
HALVOR MOORSHEAD

SOLAR ELECTRIC POWER

States has reached its peak and will
start to decline before the decade
is out. To fill the gap between supply
and demand the Americans are now
beginning to buy on the world market
in a big way and the pressure is on.

What of the Alaskan and North
Sea oil fields, surely these are going
to save the day and what of the
continual discoveries still being made?
The predictions have taken account of
future discoveries: we are without
doubt now consuming oil faster than
new fields are being discovered. There
are still substantial reserves but our
appetite is so great that nearly all
the experts agree that if we continue
to use oil at the same rate we will
not have a drop left in twenty years
time. Many of the cars being turned
off the production lines today will
stitl be around then and it will be
within the lifetimes of most of us.

In fact things will not happen this
way. As the reserves are exhausted,
the price will soar upwards and other
energy forms will be found, leaving
oil for specialised uses.

One danger we run into in an ar-
ticle of this type is that we cannot
predict the future with any certainty,
for technology is moving at a remark-
able rate. We could fall into the
‘Malthusian Trap’* of predicting too
far ahead, while assuming that con-
ditions will not alter. However, we
are looking into the forseeable future
and we can safely say that alternative
energy sources must be found and
found pretty quickly. The alternatives
must be operative and on a vast scale
within twenty years. What are the
alternatives?

*Thomas Maithus (1766-1834) in his
gloomy essay ‘The Principle of Population’
foresaw the maximum world population as a
fraction of what it is now and a declining
standard of living. He calculated what the
population would be but did not forsee the
huge improvement In agriculture or tech-
nology. He said that technology could not
increase as there was not enough grazing
land for the horses necessary to provide
the motive powerl
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COAL

There is still plenty of coal, even
bearing in mind our appetites. The
known reserves of coal, in energy
terms, are at least 15 times greater
than for oil and this is despite the
fact that modern technology has not
been applied (to any great extent)
to finding new reserves.

Coal has its disadvantages. The un-
worked seams are deeper and deeper
and more costly to mine; there is
the problem of subsidence and there
are social problems. In addition, most
coal produces SO, when burnt and
it is not easy to transport.

Even so, coal may well gain in
importance and help to fill the gap
before another energy source is found
but, like oil, it is a diminishing, non-
replaceable source and it is not the
long term answer.

NATURAL GAS

Natural gas and oil are closely
allied; if anything the gas will run out
before the oil. Gas is very important
in certain parts of the world, notably
North America and Britain, where
in the last few years it has become
a major energy source.

Despite there being substantial re-
maining reserves, gas, like coal, is
certainly not a long term answer.

NUCLEAR ENERGY

If we are forced to look into the
future it seems likely that our needs
will be met by nuclear energy, but
this is some way off. The conversion
of matter into energy makes a very
attractive formula. A few pounds of
matter, when converted into energy,
is enough to satisfy a person’s energy
requirements for life. We are a long
way from this, however, and at present
we are confined to using a limited
number of elements, such as uranium
for this.
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Despite the fact that, in terms of
weight, we need very small quantities
of uranium, there are not vast reserves
and the processing requires a substantial
back-up industry.

There is also the political question:
are we prepared for nuclear power
stations, as used in the developed
world, to be installed in less stable
countries? Once you have a nuclear
power station and access to uranium
it is not too difficult to make your
own nuclear bombs!

There are also the problems of
radioactive waste which are very
serious. A variety of methods are
used to dispose of this but none are
truly safe. These problems will no
doubt be overcome but an answer
has been sought for the last 20 years
and still the problem remains.

Nuclear fusion wuses deuterium
which is abundant (enough to last
us 10° years!) but, despite intensive
research, this is more theory than
practice at the moment. We know it
works but we have a long way to
go and this still poses the problem
of waste disposal.

GEOTHERMAL

We all know that the inside of the
earth is very hot. In certain parts
of the globe, where ground water
comes into contact with hot rock,
high pressure steam is produced which
can be harnessed. Italy, France, New
Zealand, USA, Japan and the USSR
already harness this energy but the
natural occurance of this phenomenon
is rare,

It has been suggested that we could
create these conditions artificially but
this has yet to be tried and there
are not suitable conditions in many
parts of the world.

OTHER ENERGY SOURCES

We have been very ingenious at
harnessing various energy sources.
Hydroelectric stations are in use all
over the world and produce cheap
electricity but there are few remaining
sites which can be used. The great
dam building days of the 1930’'s and
the 1950°s are over and every available
site in Western Europe and the USA
has been used.

Tidal power is used in France.
By damming suitable estuaries, the rise
and tall of the tide can be harnessed
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““l think the gods are warning us about an impending energy
crisis” {from the Daily Telegraph at the time of the recent

Solar Eclipse)
to drive turbines. The French scheme
has had severe problems but is now
operative. But once again the potential
and the number of sites make this a
curiosity rather than an answer.

For centuries the wind was the sole
motive power for ships and the major
energy source for grinding corn; even
today in remote locations it is used
to generate electricity. However, the
capital investment and inconsistency
of wind does not make it anything
more than a curiosity.

The temperature gradients in the
ocean could provide staggering quan-
tities of energy but, as yet, no com-
mercial plant has been built. This,
however, holds out great promise. The
difference between the temperature
at the surface and at the depths
of the oceans can be as much as
20°C, and energy can be harnessed
from any potential heat difference.
This is, of course, one aspect of
harnessing the sun’s energy. This sug-
gestion is not new, having been pro-
posed by J. D'Arsonval in 1881. The
chief advocate now is C. Zener of the
Carnegie-Mellon University, U.S.A. In
1966 a cost analysis of this project
indicated that it would compare with
a conventional power station.

The disadvantages are the physical
size of such a plant. Water would
have to be pumped 1000 metres
through a 12 metre diameter tube.
Various methods could be used to
convert a 20°C heat difference into a
higher potential difference.

This scheme appears fairly attract-
ive but very little work has been
done on it and the scheme remains
on the drawing board with a number
of problems remaining.

THERMAL POLLUTION

We do not wish to ‘write-off’ any
of the above but vast research remains
to be done on those which appear
promising. All may be used as our

demands increase but we have to
take an overall view of our world
and the effect we are having on it.
The American astronauts, returning
from the moon, could only make out
one unnatural feature on the surface
of the earth—the massive smoke plume
from the Four Corners power station
in the south western U.S.A.-—one of
the largest power plants in the world.

We have become acutely conscious
of poliution even to the extent of
overstatement, as with most good
causes, but we normally think in
terms of industrial waste and effluent.
If we think in terms of pollution we
must also think in terms of heat
poliution,

A speeded up radar view of south-
east England in the winter shows vast
flocks of birds leaving London every
morning to feed on the surrounding
countryside. At dusk the process is
reversed. Why? Because the tempera-
ture at the centre of London is about
2°C higher than that of the surround-
ing countryside and this in turn is
due to the quantity of energy con-
sumed in the city and suburbs.

At present this effect is localised
and of little importance but it can be
calculated that in 50 years the world
temperature will rise by 1°C and in
100 years by 5°C. There are two
schools of thought as to the con-
sequences of this. The good news is
that plant life will take up the excess
and become more prolific. . . the bad
news is that it will start the melting
of the polar icecaps with the low
lying parts of the world being flooded.
Even if we accept the optimistic view,
there is obviously a limit to the
ability of plant life to absorb the
extra heat.

This warming up of the environ-
ment will happen with most of the
energy sources mentioned in our survey
of possibilities but it does not apply
to one which we shall now investigate—
Solar Power.
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THE SUN

The sun has been worshipped by
most races at one time or another
as a god. When one realises the poten-
tial and power of it, a cynic could
well suggest that perhaps we should
never have stopped.

The statistics are easy to come by
but the scale is almost outside our
imagination. The sun is 865,000 miles
across and is a vast nuclear fusion
bomb, gobbling up matter at a pheno-
menal rate and releasing it as energy.
At the centre the temperature is cal-
culated to be 13 million degrees centi-
grade (a coal fire is under 1000°C).

At this temperature atoms are
split into separate nuclei and electrons
—in such a state this is called plasma.
The atomic nuctei frequently collide
with each other at great speeds and
reactions occur between them. This
process converts hydrogen, of which
the sun is chiefly composed, into
helium and releases enormous quan-
tities of energy in the form of electro-
magnetic radiation.

Although the sun is on average
93 million miles away, the energy
falling onto the surface of the earth
is sufficient to sustain life for thousands
of millions of years to come.

This energy has been stored on
the earth by natural phenomena in a
number of ways. The organic life of
more than 100 million years ago has
become coal and oil and this is due
to the sun. The temperature gradients
in the ocean, wind and hydroelectric
power are also a result of the sun's
power. (Geothermal and nuclear power
are not a direct result of the sun's
energy, however).

We are rapidly using up this stored
energy in the form of fossil fuels
while the other forms do not at
present seem easy to harness with
present technology.

On a normal day the energy falling
on the surface of the earth is equiva-
lent to over 1kW per square metre-
and taken over the whole earth this
is about the nearest we can get to an
unlimited reserve.

AVAILABLE POWER

Enough energy falls on the earth
in a 15 minute period to supply our
requirements for awhole year. Looking
at it practically, worldwide energy
requirements until the year 2000
could be derived from the energy
falling onto 250 miles square.

This energy is virtually limitless,
pollution free, available anywhere in
the world and it would not upset
the temperature balance of the earth.
The surface temperature would fall
where collection takes place and this
would be channeled to population

centres where it is released; these
would cancel exactly.

One query may arise. As the sun
has been feeding this energy onto the
surface of the earth for about 4,000
million years, why is the earth not
heating up naturally? The reply is
that the earth itself is in balance
and almost exactly the same quantity
of heat is reradiated as we receive,
maintaining an equilibrium. We can
channel this to new areas and con-
centrate that energy without upsetting
the overall balance.

LIMITATIONS

It is tempting to propose the sun
as the obvious answer and to take
the ‘why-didn’t-we-think-of-it-before’
attitude. It is also tempting to regard
the sun’s energy as free... it is not.

A lot of rubbish has been talked
about new energy forms, for instance,
that atomic power would reduce the
cost of electricity to virtually nothing.
Electricity is cheap but even if the
fuel was free the price would drop by
only 20 per cent. In most of the
world 80 per cent of the cost of
electricity is accounted for by the capi-
tal equipment, the power lines, the
personnel, etc., and only one fifth
by the fuel cost. This has been the
problem with nuclear power stations.
The electricity from these costs about
twice as much as from coal or oil
despite the fact that they use only
a few pounds weight of fuel each
year because the capital cost is so
very much greater than for convention-
al power stations.

This formula applies to solar energy.
Whatever methods are used to harness
it, it will have a massive capital cost
and this has to be paid for by the
user. Most of the realistic protagonists
of solar power estimate that the cost
will be at least twice that of conven-
tional methods but this still makes it
competitive with nuclear energy. Cost,
however, must take a back seat; new
energy sources must be found. On the
other hand, these estimates do not take
account of major technical break-
throughs, though this is an unwise
argument. We have no right to assume,
or even guess, that there will be
technical breakthroughs in this field
while assuming there will not be break-
throughs in completely new sources
of energy.

Another temptation is to advocate
the sun’s energy because the tech-
nology is easily understood. A 15-
year-old schoolboy can understand the
technology necessary for many of the
sun power schemes while very few
understand the processes and prob-
lems of nuclear fusion for instance.
We have mentioned these qualifications
before explaining the various methods
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proposed in order that we keep the
whole thing in perspective.

Not everyone is enthusiastic about
the idea: a Committee of the U.S.
National Academy of Sciences only
last year reported that sun power
was unlikely to be of much impor-
tance for future energy needs and
we cannot dismiss such an august
body of gentlemen. However, research
is not only continuing but is ex-
panding in all parts of the world.
The U.S. Government has increased
the budget for research in this field
ten-fold, from $1.2 million in 1972
to $12 million for the coming year.
Considerable research is also going
on in France, Australia, India and
Israel. It has been suggested that a
number of the Arab states are pre-
pared to back research from their
oil revenues as their countries will
be ideal collection areas; this could
give them something to fall back on
when the oil wells dry up.

Research in Britain appears to be
on a very minute scale at present.
This is probably due to the fact
that, as far as the energy crisis is
concerned, Britain is one of the best
placed countries in the world. The
Table of Per Capita Energy and Oil
Consumption for the world (1970
Data) shows that Britain is rather
less dependent on oil than most
countries due to the considerable use
of coal and nuclear energy (Britain
easily leads the world in this). The
natural gas and oil deposits in the
North Sea will shortly be brought
into production. On the other side
the climate in the United Kingdom
does not exactly encourage research
into sun power!

HARNESSING THE ENERGY

Harnessing the sun’s power is not
a new idea and from 1860-1920 a
large number of solar engines were
built. Some of these were remarkably
ingenious but the technology of the
time was not able to provide the
precision necessary for viable mass
production. In the 1920’s oil started
to grow in importance and the in-

47



THE
oULAR
SOLUTION

centive for continuing the research
disappeared. One photograph shows
a solar collector in use beside the
Nile River in 1913.

The main disadvantage with harnes-
sing the sun’s energy is the low density.
Although the energy is equivalent to
over 1kW per square metre, the con-
version efficiency is likely to be con-
siderably less than 100 per cent: most
researchers will be happy with 25
per cent efficiency. From the table of
energy consumption it will be seen
that Australia, West Germany and the
U.K. have very similar figures, each
person using a little less than 0.08
barrels of oil per day equivalent; con-
verted to electricity equivalent this is
12kWh per day per head. If we as-
sume a 25 per cent conversion rate,
this will necessitate about 4 sq. metres
of collection area each (the 1kW ap-
plies only in daylight of course) or
20 sq. metres per household—and this
does not allow for the rapid growth
which is taking place. Even if individual
solar collectors were cheap, this area
is rather large for many houses and
would be impractical in a city.

There are two main methods of
collecting this energy—high concentra-
tion and low concentration.

HIGH CONCENTRATION METHOOS
~THE ODEILLO FURNACE

Five thousand feet up in the French

—

A solar collector built
in 1913 and used be-
side the Nile River.

Pyrenees, near the village of Odeillo,
is the world’'s largest solar furnace
which is the inspiration of Professor
Felix Trombe, Director of the Solar
Energy Research Laboratory. This is
a massive concave mirror which con-
centrates the energy from other mir-
rors feeding into it. This enables the
sun’s energy to be concentrated 16,000
times and is equivalent to 1000kW
and a temperature of 3,800°C.

This furnace has been designed pri-
marily for research but is already
in limited industrial use where super-
high, super-pure heating is required,
such as in the fusion of silicas.

The furnace sounds a simple con-
ception but is considerably more com-
plex than it appears. The ‘feeder
mirrors’ have to track the sun across
the sky very accurately and these
feeder mirrors total 325 sq. yards.

This research project is by far the
most advanced in the world and is
at least working but it is very un-
likely to be the model for a major
power plant. The siting of the Odeillo
project was carefully chosen; in the
high Pyrenees there are few overcast
days and at this height the water
vapour, which cuts off much of the
energy at lower altitudes, is very low.
The size of the furnace is considerable

Lo

The Odeillo solar furnace high in the French Pyrenees.
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and though 1000kW sounds a lot,
it is only sufficient for about 500
homes.

TROUGH COLLECTORS

The University of Minnesota and
Honeywell Inc. are co-operating in the
research of trough collectors and have
been given a substantial grant by the
U.S. National Science Foundation to
pursue this.

Unlike many of the research pro-
jects being undertaken, this one is
aimed at finding a solution for large
scale energy needs and to the mass
production of collectors. Most of the
work so far has been theoretical and
at the time of writing a prototype
has not been built. Nevertheless a
considerable amount of research has al-
ready been devoted to this by Roger
Schmidt of Honeywell and, since the
design 1s based on current technology,
it looks promising.

The basis of this method is the
trough-shaped collector which would
concentrate the energy onto a ‘heat-
pipe’. This, in effect, would raise
the temperature to about 1000°F
and feed it to one end of the pipe
where a heat exchanger would pro-
duce high pressure steam to be fed to a
conventional generator. The heat ex-
changer would also incorporate an
eutectic material, that is, one that
will store heat and act as a reservoir
during the night. The problem of
storage has not yet been dealt with
but it is of course vital. We shall
not be able to use the sun as an
energy source unless we have a
reasonably constant energy supply.
Electricity is not easily stored, bat-
teries can be used but show only a
tiny capacity and are prohibitively
expensive. In Britain the Central Elec-
tricity Generating Board has a scheme
where at night, when there is an
excess of electricity, water is pumped
to a high reservoir and during the
day this is fed down again to provide
hydroelectric power, but this is not
very efficient and the number of
suitable sites is limited.

On the other hand, heat can be
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stored fairly easily. The University
of Minnesota/Honeywell method is to
melt salt in periods of excess heat
and rely on the latent heat released
during the cooling process to keep the
cycle fairly constant.

The size of the trough is somewhat
arbitrary but for efficiency, ease of
transport and repair, etc., the best
size would seem to be 40ft. x 10ft.,
but larger or smaller units may prove
to be better once the research has
been done. The cross-section of the
trough is a parabola but surprisingly
the design of this proved to be rather
complex and a massive computer pro-
gram had to be drawn up to design it.
This parabola concentrates the sun's
energy by a factor of 20 onto the
heatpipe. Various reflective surfaces
are being tried. The heat pipe itself
has to be coated to provide high
acceptance for the wavelengths re-
ceived from the sun but low emittance
at infra-red. This is necessary to pre-
vent the heat being reradiated. A
suitable coating has been developed
and tested at the necessary high tem-
peratures; this consists of alternating
layers of alumina and molybdenum.
The heat pipe is surrounded by a
glass tube and the space evacuated to
reduce convective losses.

HEAT PIPE

The heat pipe is a sealed hollow-
bored tube containing a fluid which
changes phase—from liquid to vapour
and vice versa. The pipe operates
by absorbing energy along its whole
length, which causes the fluid to vap-
orise and release energy at one end
by condensing the vapour back to
liquid. This then runs back down
the tube to repeat the cycle.

Heat pipes act like a diode—heat
can only travel one way and the
process is not reversible. They are
also amazingly efficient, being a thou-
sand times better conductors of heat
than a solid copper rod.

A variety of liquids show promise,
especially water, but this has the
disadvantage that at high temperatures
steam is rather corrosive and has a
maximum operating temperature of
325°C. Other materials are being in-
vestigated, such as potassium and Dow-
therm, but water seems the most pro-
mising.

The heat pipe feeds into a heat
exchanger where it will convert steam
for feeding the generators. The heat
can either be stored at each collector,
or centrally at the generating station.
A material that stores heat in melting
and releases it in freezing has the
advantage that the temperature stays
nearly constant. Some eutectic salt
mixtures have been developed for this
purpose. The Philips Research Lab-

TO CONSUMER USE

The University of Minnesota/Honeywell suggested method for producing electricity from

the sun’s rays.
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The principle of the heat pipe/refluxer.

oratory at Aachen in West Germany
has demonstrated the suitability of
a mixture NaF,—CaF,. This stores
350kWh per cu%ic metre but at a
rather high temperature of 745°C,
rather too high for use with water.
The search is on for a suitable material
which stores heat around 300°C. As
little research has yet been conducted
in this field it is not regarded as a
serious problem.

Another method of storage would
be to bubble the high pressure steam
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into a pressurised water tank. The
temperature inside would rise but,
due to the pressure, the water would
not be converted to steam. When
the steam is required the pressure is
reduced and flash vaporisation occurs.
This method of energy storage is al-
ready to use and allows about 100kWh
per cubic metre to be stored.

Each of the associated solar collec-
tors would provide 2kW averaged over
a 24 hour period but the range would
be enormous, from a 25kW peak to
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nil for periods of darkness.

The parabola would have to track
the sun across the sky to achieve
maximum efficiency.

Costs have already been worked
out and such a collector produced
in reasonable quantities would work
out at £600. A complete generating
station would need 500,000 of these
units to produce 1,000 Megawatts. With
the connecting pipes, storage and gen-
erating plant the cost would work out
at £400 investment per kilowatt as
opposed to present conventional sys-
tems which cost about £80 perkilowatt.
As we have mentioned before, on a
purely cost basis solar power does
not stand up well.

The solar farms, the name already
coined for these collecting areas, could
serve a dual purpose. They would
almost certainly be sited in desert
areas and would provide a considerable
amount of shade which would en-
courage fertility in the soil.

The collectors would have to be
washed regularly to retain the ef-
ficiency and this waste water could
be used for irrigation of these dry
areas ... a minor point but an ad-
ditional benefit.

Anyone who doubts the benefit
of this shading should consider one
of the rare benefits of pollution. The
smoke haze surrounding Salt Lake
City in Utah, U.S.A., has cut down
the sunlight to such an extent that
the desert is becoming fertile again!

The Honeywell/University of Min-
nesota scheme is not the only one
based on the trough type collector
and other people are working along
the same lines, notably Aden and
Marjorie Meinel of the University of
Arizona who have a prototype col-
lector in operation,

Individual collectors could be used,
siting these on the roof of a house
but this would require individual gen-
erators. Simpler versions without stor-
age and with no generators could
find a market. In the areas of the
world where these collectors could be
used, one of the main uses of elec-
tricity is for the powering of air
conditioning plants - which are only re-
quired during daylight when the sun
is strong. More than one expert has
forecast that sun-powered air condit-
ioning plants will be available before
the end of the decade.
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Sunshine catchers like these may be the answer to the power shortage. This artist’s
impression shows a solar farm in the desert, with sun collectors providing shade for grass

to grow.

Surprisingly a solar collector will
have a slightly higher efficiency during
the winter than in the summer. The
shorter daylight hours and lower air
temperature are more than compen-
sated for by the lower concentration
of water vapour in the atmosphere
which allows more sunlight to reach
the collector.

SATELLITE SOLAR POWER
STATION

The most ambitious plan for har-
nessing the sun’s energy must be the

idea of Peter E. Glaser of the U.S.
company Arthur D. Little. This has
attracted the support of some major
companies and N.A.S A,

This scheme would utilise a mas-
sive artificial satellite in synchronous
orbit around the earth. This would
comprise a massive bank of solar cells
about 18 sq. miles in area. The current
generated would be fed to a micro-
wave transmitter (a frequency of
3.3GHz has been proposed) and beamed
down to an earth receiving station,
3 miles in diameter. This would com-
prise a vast array of half-wave dipoles

Peter Glaser’s satellite scheme could provide enough
energy for the largest of the world’s cities using a satellite

with a collector area of about 18 sq. miles.
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which would connect to solid state
rectifiers. Schottky barrier diodes at
present have an 80 per cent micro-
wave rectification efficiency at 5 watts
and afigure of 90 per cent is envisaged.

This  scheme would generate
5,000MW, enough to keep the world's
largest cities going. Being in space
there would be far more energy col-
lected by the cells as the attenuation
of the atmosphere would not be pre-
sent and the satellite would always
be operating providing a source of
energy 24 hours a day. It is thought
that there would be no harmful effects
if a bird or plane flew into the
microwave path though this requires
investigation,

Precise alignment of the beam
would be necessary and this could
achieved by transmitting a beacon
from the ground station back along
the same path.

There are disadvantages and they
are major ones. This scheme assumes
a technological breakthrough in several
areas—especially in the price reduction
of solar cells which would have to
cost about one thousand times less
than at present. It would also require
several hundred space shuttle flights
and this is not yet in operation.

This scheme is certainly imaginative
and should not be condemned for
that reason, but it is certainly a very
long way off. Even the protagonists of
this scheme do not expect a proto-
type before 1990 even if the go-ahead
was given now. Optimistic cost fore-
casts give a figure of £400 per kilowatt,
similar to the solar farms and, incid-
entally, both are again similar to the
capital costs for a nuclear power
station. However, the satellite solar
power station costs assume cost reduc-
tions on a massive scale; solar farms
and nuclear power do not.

SOLAR CELLS ON EARTH?

If the solar cell is a possibility
for a satellite, why not on earth?
Despite truly extensive research we
have not come across anyone seriously
proposing this. It would assume an
even greater cost reduction than the
SSPS and would give no power at
night and considerably reduced power
in cloudy conditions. Storage would
involve conversion from electricity to
some other medium, probably heat,
and this would reduce efficiency.

It is tempting to suggest that house
roofs could be made from a bank
of solar cells but although it is simple
in its conception, it lies a long way
behind the other schemes for cost
and practicality.

FLAT PLATE COLLECTORS

Solar farms require reliable weather
conditions and are unlikely to be of
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Solar power is already harnessed for many space profects including Skylab. Unfortunately,
one of the solar collector plates failed to open and is causing some of the current problems

of this project.
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use in ‘atitudes of 40° or more but
diffused light can be harnessed any-
where for low temperature uses.

We suggest you try a simple experi-
ment. Get hold of a glass bottle, paint
it matt black, fill it with water and
put it outside. After an hour or two,
measure the air and water temperatures
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with a thermometer. We set up this
experiment which demonstrates per-
fectly the principle of the flat plate
collector.

With an air temperature of 72°F,
after an hour the water temperature
was over 100°F. We also put water
in an unpainted bottle and this had
risen only to 85°F.

With a properly designed system, it
is quite possible to achieve temperat-
ures of 140°F, rather warmer than
is comfortahle to the touch. About
12-15 per cent of the energy con-
sumption in the industrialised nations
is used for heating water up to this
sort of temperature.

Water heaters of this type, which
usually look like a modern central
heating radiator, were popular in Aus-
tralia and the U.S.A. in the 1930's
and over a million homes in Japan
today use roof mounted flat plate
collectors as the source of warm and
hot water. Surprisingly, these are be-
coming less common, especially in
Japan where they are associated with
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a low standard of living.

Flat plate collectors are best built
into the original structure of the house
and this need not make the building
unattractive as the architects’ draw-
ingsfor ahouse in Atlanta, U.S.A. show.

Atlanta is in a sunny area of the
world but plans are well advanced for
the construction of such a house in
the North of England. This is being
designed by a team led by S.V.
Szokolay of the Central London Poly-
technic.

Flat plate collectors are only con-
sidered to be a very basic system
which must be used with a con-
ventional heating system, but the sav-
ing in fuel bills can be quite dramatic.

A number of swimming pools in
Britain are heated by solar power:
the photograph shows one such in-
stallation for a 50,000 gallon pool at
East Grinstead. You can buy one of
these flat plate collectors and the
cost is less than £60 for a 25 sq.
foot unit and a few houses have
these fitted already. Including instal-
lation, the cost should be less than
£100 and this can show a dramatic
saving in fuel costs with the cost
being recovered in a few years. Sun
Trap units, the proprietary name, are
made by Solar Heat Ltd., 99 Middleton
Hall Road, Kings Norton, Birmingham
20.

USING THE ELECTRICITY

All the methods of harnessing the
sun’s power have been designed to
produce electricity or direct heat.
Electricity can be fed easily to remote
locations. Already power lines cross
international boundaries. The peak cur-
rent periods in Britain and France
are different and a power line laid
under the English Channel feeds current
to France during their peak and the
process is reversed during the British
peak. The huge Cabora Bassa dam
on the Zambesi in Mozambique will
provide electricity for several countries
in southern Africa, so there are already
precedents for transmitting electricity
large distances. Northern Europe could
take electricity from the Sahara for
instance, either using conventional
power lines or via superconductors.

Electricity, however, is not the
most convenient energy source for all
uses—especially in the field of trans-
port.
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Architect’s drawing for a house in Atlanta, Georgia, U.S.A., which has been specifically

designed to incorporate flat-plate solar collectors.

The electric car has- been dreamed
about for a long while and we are
continually hearing that it is ‘just
around the corner’l The facts are
that electric cars have been produced
and Enfield Automotive, Isle of Wight,
expect to make 500 before the end
of the year. Even so, mass production
is some way off. Most of the proto-
types use lead-acid batteries but there
is probably not enough lead available
for true mass production of cars based
on this. Energy cells are lighter but
much more research is required to
improve the efficiency.

Petrol is such an ideal material
with regard to the power in each
gallon that artificial production may
be the answer. Towards the end of the
last war, after the Germans lost the
Rumanian oil wells, they were able
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A whole range of hydrocarbons,
including petrol, are produced in South
Africa by Sasol. These are produced
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tic synthesis of hydrocarbons using the
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duced in this way and is sold under
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it is a limited resource.
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is possible; after all, the elements
are carbon and hydrogen, both of which
are very plentiful. Hydrogen can be
derived from water while carbon can

be obtained from CO, in the air
or from limestone and chalk—both
of which are plentiful. Enormous

quantities of energy however are need-
ed for this production.

There are a number of advocates
for Hydrogen Power, especially in the
United States. Rather than combining
the hydrogen with carbon to form
petrol, it can be used directly. There
is plenty of water and using electricity
it can readily be broken up into
hydrogen and oxygen. A hydrogen car
is actually running, it has been de-
veloped by the University of California,
and only the simplest modifications
are necessary to a standard motor
car to enable it to run off hydrogen.
It is of course pollution free and
it is claimed you can drink the ex-
haust! The hydrogen is carried at
high pressure and the storage space
is comparable to a conventional petrol
tank.

WHAT IS THE ANSWER?

In this article we bhave described
various research work going on all
over the world, but the subject is so
vast that we have only been able to
give a very general outline of the
subject. We have not even mentioned
some schemes and have concentrated
only on the most interesting or those
which we consider most practical. We
have commented but have avoided
judgment.

Let us look into the future and
guess at the developments in the next
few decades.

1975-1980

Qil goes up considerably in price
due to an anticipated shortage, but
production continues at a high
level due to intensified searching
for new fields and the working
of previously uneconomic sources
(e.q. the Tar Sands and oil-shale
in North America). New power sta-
tions are either coal burning or
nuclear, but environmental argu-
ments oppose these.

1980-1990

Intensive investigation to replace
oil takes place and also a massive
investment in solving the nuclear
power problems, but aiso in solar
research. Oil continues to rise in
price and hydrogen becomes an
important source of energy, especi-
ally in transport and towards the
end of the decade surpasses oil in
importance. Hydrocarbons are pro-
duced from coal on a very large
scale.

(0TTA 600D
A SOLAR HEATER
DOES ME =71+

Apart from the technical problems, the use of solar power could well necessitate some
changes in the law: what will be your rights with regard to shadows cast by other people’s

property for instance.
1990-2000

Solar power used on a large scale,
either using solar farms or by har-
nessing ocean temperature gradients.
Hydrogen power supreme for trans-
port but petrol and oil stil! impor-
tant. Nuclear power gaining in im-
portance as the problems are solved.

2000-2010

Nuclear power dominant in the
industrialised world, solar power
elsewhere. Hydrogen universal for
personal transport.

2010-2020

Nuclear power and hydrogen are

dominant though existing solar

power stations continue.
Predictions in the past have almost
invariably been wrong and so this
time scale may be wildly out. What
we can say with certainty is that a new
energy source must be found, and
found fast, to take over from oil.
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Various problems beset nuclear power
at present and until solutions are
found we are going to have to find
an alternative. Solar power has its
own problems, especially with regard
to cost, and it may not be the answer,
but it is certainly worthwhile investi-
gating. . . and time is running out.
ET! would like to thank the fol-
lowing for their help in compiling
this article and for their permission
to use drawings and photographs:

Roger Schmidt, Honeywell Inc., Minneapolis,
Minn., U.S.A., and Michael Young of the
U.K. office.

Peter Glaser, Arthur D. Little tnc., Cam-
bridge, Mass., U.S.A.

William H. Woodward, N.A.S.A., Washing
ton D.C., US.A.

S.V. Szokolay, The Polytechnic of Central
London.

Solar Heat Limited, 99 Middleton Hall
Road, Kings Norton, Birmingham 30.
International Solar Energy Society, Australia
and New Zealand Section.

U.S. Treasury; CNRS, Paris, France; Daily
Telegraph; H.M.S.0O.; Shell Oil; Sasol; Helen
Gimple, Researcher.

53



g -
!
-
: . e >
. ol g
- P - .
f - a= '
_—
- - .
——— & 2 q~ )
: — » "

*

e e WP —

W W

s

b

- ".

Y W ¥ f
IRTEERE NS R IS WA

-~ .

» idp

LR B

&ERSONAL

e i~ - » .
-_ - »
. i
M.
) X -y e
o \ L “t'f' --m.- .
== | RS - - ER—
‘--‘ — r-
- - o ST S
e -~ Ao 4 -
A 1 =t g —
"O“.t!_ e~ f!f'z"‘.‘
———, 0 e
) » v
‘h r, vﬂ. o
ml..l e
= - . ' $
— ey - - -
: : ”
e -
— - . »
- 9
4 ;] >
b} - g
- ' s 97
e 4 . " ’
LR S . L J
— .
—. 3 m—
=
< - &
- -.3 - pon—
V‘?/r
-
- -
: - .-
5 e . T @
- —~ ': i —

-

Logic board of Hewlett Packard HP35 calculator

CALCULUS

Had you been late for an
appointment with Julius Caeser,
you would no doubt have hailed
a passing hire chariot and

galloped hastily on your way
through the cobblestoned streets

of ancient Rome.

As you progressed you would
have heard a periodic clunk
coming from a device mounted
on one of the wheels. This
device was called a “hodometer’’

— or road measurer. Every time
the wheel rotated one turn, a
pebble would pass from one
container to another via a small
hole. At the destination the
driver would simply count the
number of pebbles to calculate
the charge,

The Latin word for pebble is
“calculus’” — and so we see how
our english world ‘calculate”
had its beginning.

JUST what does make a calcuiator
tick? It is not possible to answer this
question fully in a short article such as
this because even the simplest of
four-tunction calculators is based on
one or morte integrated circuits
containing at least 5000 transistors.
These are arranged in a logic array
which would have astounded the
computer engineer of 20 years ago
in fact it’s still amazing! So we will not
get involved too much in the ‘innards’
of the integrated circuits themselves
but will describe the way they are used
in currently availabie machines.

The small electronic calculator can
add, subtract, multiply and divide.



CALCULATORS

-the inside story

How they work, and how to
choose one.

Most models can handle the decimal
point, either by presetting it or by
using floating point arithmetic. The
number of displayed digits varies
between six and 16, depending on the
model, with negative results {so called
credit balances in the business world)
clearly indicated as such.

Operations are done nearly
instantaneously, and the machines are
silent, small, light, and in most cases
service-free. Some personal calculators
are capable of remembering a constant
for repeated multiplication or division,
and some have a completely separate
memory which may totalise numbers
for recall whenever required. Still
others, to be described later, can solve
functions  such  as logarithms,
trigonometric identities and such like.
One recent model is even capable of
solving accounting equations (such as
compound interest) at a single
keystroke — and all this for a selling
price of around £200.

With such features as these, and with
the virtual assurance that prices will
continue to fall dramatically, (we
hazard a guess at £20 per 8 digit,
four-function calculator by the end of
the year) it seems most likely mum
will be checking the grocery bill on her
pocket four-function calculator, and
the kids in a few years time will all
have their personal, electronic
slide-rule to remove the unnecessary
drudgery from mathematics.

The electronic calculator, although it
looks simple enough, is really the most
complicated machine available to the
consumer today. In a way it may be
said to be a scaled down version of a
digital computer with some important
differences. The computer is designed
for flexibility and hence it needs to be
continually reprogrammed for each
problem of a different kind. It must
also be capable of performing many
different functions with the computed
data — It may drive a teletype, control
a process automatically, or print out
the data at high speed. It may also
produce a range of answers to a
problem from a string of input
variables. Thus we say that the
computer is not dedicated to any one

job. But it suffers for this by having
complicated input and output
structures. Thus to add two and two
by computer you must first program
the machine to perform arithmetic and
instruct it what to do with the results

- a time consuming process for one
calculation to say the least!

The personal calculator on the other
hand, is a dedicated machine. It solves
mathematical problems in accordance
with a program that is built into the
integrated circuits. It accepts data
from a manual keyboard only, and
presents its output almost invariably
direct to a display. Some other types
of calculator approach the computer
more closely by having external
program capability, but they are stil/
calculators not computers because
they are dedicated to solving
individual mathematical problems. The
computer on the other hand may solve
thousands of such problems in less
than a second in order to perform its
programmed function. Nowadays the
two machine capabilities overlap to
some extent and it is sometimes

difficult to differentiate between a
programmable calculator and a
mini-computer, but that is another
story.

The calculator revolution moved into
full swing when Texas Instruments
(the inventors of integrated circuits in
the late 50's) began mass producing a
single-chip, MOS/LS!| calculator-logic
device in late 1971. Bowmar and
Eldorado Electrodata were the first to
use these devices to manufacture small
calculators which retailed in the US
for around $200.

30 000 TRANSISTORS IN YOUR
POCKET

It is interesting at this point to
compare these LSI (Large Scale
Integration) calculators with the first
electronic computer ENIAC. This
machine, built in 1946, used 18 000
vacuum tubes and occupied 1800 feet
of floor space. The LS! calculfator
contains up to 30 000 transistors, in
integrated form, and can be carried in
your pocket.

Typical of the latest
four-function and
memory calculators
is the ELS1-811A
from Sharp,
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Fig. 1. Simplified block diagram of a calculator showing interconnection of the major

component blocks.

This degree of miniaturization was
made possible by the progress in MOS
(Metal Oxide Semiconductor)
technology. Where, for example, an
RTL (Resistor Transistor Logic) or
TTL (Transistor Transistor Logic)
integrated circuit contains on average
10 transistors per silicon chip the
integrated circuits fabricated with the
MOS  technology can typically
accommodate 1000 to 5000
transistors per chip.

This increase by a factor of at least
100 in the number of transistors per
chip opened the way for using
integrated  circuits as  memory
elements, where 1000 or more bits of
information can be stored in one
integrated circuit. In fact, single chip
devices capable of storing 8192 bits of
information are now available.

Another  advantage of  MOS
integrated circuits, in addition to
miniaturization, is their small power
consumption. Typically the power
consumed by an MOS integrated
circuit is 10 microwatts per transistor,
compared to 10 milliwatts per
transistor in an RTL circuit. Nothing
being perfect in this worid, MOS
integrated circuits have also certain
drawbacks. One of them is their
relative slowness (microseconds
switching times rather than the
nanoseconds required by modern
computers). Another drawback has
been the relatively high cost, in
particular when compared to a large
magnetic core memory. But MOS
prices have fallen such that they are
now challenging even core as a storage
medium. A third drawback is that
early MOS circuits could easily be
damaged during handling through
static electricity discharges. Therefore
special precautions, like grounding of
all tools, have to be taken during
production, assembly, and testing of
such circuits. Most modern MOS
devices incorporate protection
circuitry against this eventuality, and
some later families such as CMOS may

be handled without fear of such
damage.
Considering the advantages and

drawbacks of the MOS technology, it
can be seen that it is ideally suited for
personal calculators where speed is not
too important and a division lasting
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100 milliseconds is still considered
pretty fast.
A typical personal calculator

contains from one to six MOS LSI
integrated circuits with a total of 5000
to 30 000 transistors and perhaps a
dozen or more discrete transistors and
a few non-MOS integrated circuits to
interface with displays. Chips are now
coming on the market which include
all circuits except power supply, display
and keyboard. Typical of these newer
systems is the Philips EDC200/210 set
(see Fig. 1).

In a typical calculator, MOS
integrated  circuits  perform  the
arithmetic and memory functions,

direct the flow of logic, and store the
instructions and results. The discrete
transistors  provide the interface
between low power, low voltage MOS
integrated circuits and high power,
high voltage displays (e.g. Nixie tubes).
Discrete transistors are also used for
clock signal generation and for voltage
regulation. Standard TTL or RTL ICs
are used for interface between MOS
ICs and medium-power, low-voltage
displays like LEDs {Light Emitting
Diodes). Standard ICs are also used for
translation of numbers from the form
in which they are handled by the
calculator into appropriate display
form (either numbers 0-9 in Nixie
tubes or the proper segments in
multiple segment displays).

The main blocks of an electronic

calculator are the power supply,
keyboard, display circuitry, clock
generator, input scanner, registers,
arithmetic control unit, the ROM

(Read Only Memory) for instruction
storage, and the output control. We
will not describe the power supply or
the keyboard as these are entirely
conventional.

CLOCK GENERATOR

The clock generator provides a series
of pulses at a rate between 20
kilohertz and 500 kilohertz, depending
on the calculator model. These pulses
synchronize the flow of information
between various calculator blocks and
step the logic through the program
steps contained in its ROM (Read
Only Memory).
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INPUT SCANNER

The input scanner continuously scans
the keyboard so that it can detect
which key has been depressed. The
numbers from the keyboard are
entered into the input register and the
selection  function  (—,+,x,5) s
translated into an initial address to the
ROM. The input scanner is then
disabled until that key is released and
the control ROM has completed its

function. This prevents erroneous
entries.
REGISTERS

Every calculator has at least two or
three shift registers. Firstly there is an
input register which stores the number
entered by the keyboard one digit at a
time in BCD (Binary Coded Decimal),
each digit requiring four bits of
storage. Thus the number 1973 would
be stored as: —

1 9 7 3
G001 1001 0111 0011
{8421 weighting)

A 12 digit calculator would therefore
require 48 bits of storage capacity in

each shift register.

Each number as it is stored in the
input register is decoded and appears
on the output display.

When an add, subtract, multiply, or
divide command is entered, the
command is stored and the contents of
the input register are transferred into a
register known as the ‘Accumulator’,
freeing the input register to accept a
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- Fig. 2(a) Block diagram and (b) circuit diagram
o - of Mostek, two chip, 12 digit calculator with
= constant and memory. The display is multi-
3 plexed, and transistors are used to interface
- the output of the chips to the high voltage
(el o : requirements of a Panaplex display.

MK 5014P -

Fig. 3(a) Prototype calculator using the Philips
EDC200, two chip set and the Philips Pandicon
display type ZM1500/12. It has 12 digit
capability, full memory, percentage floating or
fixed point operation, and round-up or round
down.
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Fig. 3(b) Circuit diagram of Philips EDC200 shown in Fig. 3(a)

new number. When the first key is
selected for the new number the input
register is cleared, and the new digits
are stored and displayed as the keys
are pressed. The calculator now awaits
a new command. If the ‘equals’ key is
pressed, the command is carried out
(for the two stored numbers) by the
arithmetic and control logic, and the
result displayed.

For multiplication or division a third
register is used to shift the digits left
or right and store intermediate results.
This register is therefore sometimes
known as a multi-quotient register.

Those calculators which have a
‘Constant’ facility have a switch that
prevents  the number  initially

ELECTRONICS TODAY INTERNATIONAL

transferred onto the accumulator from
being cleared. Successive operations
may therefore be performed without
continually re-entering the constant.

A further register may be used as a
‘memory’ in which totals can be
accumulated. The contents of this
register can ideally be separately
cleared or recalled to the input register
for further processing as required
without destroying the contents of the
memory. This facility adds
considerable power to the calculator.

ARITHMETIC CONTROL UNIT

The arithmetic control unit provides
logic for performing additions and
subtractions. Multiplication is

SEPTEMBER 1973

performed by repetitive addition and
shifting of digits in the multi-quotient
register in association with the ROM.
In the same register, division s
performed by subtraction and shifting.
Most calculators, depending on the
circuitry, will either truncate (cut
short) the results, or round them to
the next digit. For example, a simple
calculator will show 2+ 3 = 0.6666, a
more elaborate one would show the
result as 0.6667. Because all numbers
are stored and operated upon one digit
at a time, the calculators are true
decimal machines. Therefore, the
results are exact as long as they can be
represented with the number of digits
available for display.
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READ ONLY MEMORY

The Read Only Memory provides
instructions to the arithmetic unit and
to the registers in order to perform the
required arithmetic operations. Part of
each instruction is the address of the
next instruction in the ROM. Both
multiplication and division require
approximately 50 instructions each.
The keyboara operation entry leads to
the address of the first instruction
corresponding to a particular
arithmetic operation. The control is
then transferred to the second
instruction using ‘ts address attached
to the first instruction and so on until
the complete operation is performed.

OUTPUT CONTROL

Output control transfers the number
stored in the output register to the

display indicators. To save on
B CD-to-decimal translators, the
display ndicators are generally

operated in time-shared mode. Digits
are scanned and transferred one at a
time and the display is repeated every
few milliseconds. At this fast rate, it
appears to the eye that the display is
continuous.

Other functions of the calculator are
imbedded within previously described
major blocks. These are control of the
decimal point, storing of constants for
multiplication or diviston, checking for
negative results and activation of the
negative sign, checking for overflow
etc.

OISPLAYS

In personal calculators, particularly
those designed for battery powered
operation, the display poses a problem
in terms of both power dissipation and
cost.  Older calculators  almost
invariably used single neon-indicator
tubes for each digit. But with this type
of display a high voltage power supply
is required as well as drivers capable of
high voltage operation. Neon indicatot
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Fiq. 4. This Texas
Instruments’ chip
set is for an eight
digit floating-point
calculator with
5 constant facility. The
28 pin pack,
TMS0/03, is MOS/LS!
and performs the
calculator logic.
The other four
chips decode the
outputs to drive a
seven segment LED
display.

prices cannot be reduced much below
about £1.00 per digit, and this coupled
with extra mounting and driver costs
has ruled them out for new designs. In
fact one of the pioneers of neon
indicator tubes is phasing them out of
production completely except for
replacement quantities.

Those displays which are at present
enjoying the most favour are
multi-digit units constructed using gas
discharge, light-emitting-diode  or
liquid-crystal technologies.

Gas discharge displays such as the
Panaplex or Pandicon are favoured
where large -digit size (%'’ or more) is
required. Up until recently LEDS
{hght emitting diodes) have enjoyed
almost exclusive use in calculators
employing digit heights of around
g However they are still too
expensive to be used for the larger
digit sizes. More recently liquid crystal
displays (LCDs) are being used as ‘life’
problems and ac drive requirements of
these displays have been largely
overcome.

The tendency now in the ‘pocket’

Fig. 5. Circuit
diagram of the
Heathkit 1C-2009
calculator kit which
uses Texas
Instruments MOS/
LS! chips.

calculator field is to integrate all the
display drive circuitry into the one
chip together with the rest of the
logic. Thus true one-chip calculators
are beginning to become available.

THE SCIENTIFIC CALCULATOR

The four-function calculator,
although extremely useful, has limited

mathematical capability. !t cannot
handle very large or very small
numbers, nor can it handie
transcendental functions (that s,

trigonometric, logarithmic,
exponential etc) or in most cases even
square root. Thus they are a long way
from replacing the  ubiquitous
slide-rule.

A new class of personal calculator is
now appearing, members of this family
being known as scientific calculators.
Typical examples are the Hewlett
Packard HP35 and HP80, the MITS
7400 and the shortly to be released
Texas Instruments SR10.

The block diagram of an HP35 can
he seen in Fig. 7. The essential
differences between this and the
four-function system is the inclusion
of more registers, four of which are
arranged in an operational stack, much
more extensive ROM to perform the
transcendental function calculation,
and a re-orientation of the display so
that numbers may be represented in
scientific notation. The 15 digif
display is capable of registering and
operating on, numbers between 10-9¢
and 9.999999999 x 10+99, the last
two digits of the display being used to
represent the exponent.

Calculators of this class can be said
to truly replace the slide rule. They
provide an accuracy which had

previously been unattainable even with
logarithm

seven place and

trigonometric tables.
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Fig. 6. Typical 12 digit calculator, the
Sanyo ICC3101 uses two chip logic and a
seven-segment, fluorescent display panel.

WHAT OF THE FUTURE?

In the future, we see the four
function calculator remaining as a very
cheap (£15 and non repairable) unit
for the consumer market, and a
memory will probably become a
standard feature.

The pocket scientific calculator will
have more models dedicated to
specific branches of engineering. For
example — as the HP80 is dedicated to
accounting problems, we will see
others dedicated to  surveying,
navigation, electronics etc.

No doubt for the desk range we will
also see the incorporation of a cheaper
printer, and plug-in programmers will
also become available, at reasonable
prices, which will give the calculator a
capability approaching the
mini-computer. Already one company
has plans to introduce such a
programmer for its under £250
scientific calculator. The question now
arises — Now that we have all this
calculating power what are we going to
do with it? L

Power On
Circunt

LED Dinpla

Ansde Drimwr

(bipole

nstruc ton
Desoder

Control And Timing Circutt (WOS/LS1)
Fig. 7. Block diagram of the HP35 calculator.
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Fig. 8. Logic card of the HP35 calculator 1s deceptively
uncomplicated in the light of the calculator’s
capabilities.

Fig. 9. Gold-plated keyboard contacts, display decoders
and the three display chips (each with five characters)
of the HP35.
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Arthmatic And
Register Circuit (M85/LSN

Fig. 10. (left) The Mini- Executive
8-digit calculator trom Advance
uses one-chip logic for fixed or
floating point operation with
constant facility.

Fig. 11. An alternative for those
who wish to build a calculator into
other equipment is this MAPS

14 digit system from National
Semiconductor which has two
memories, percentage and
constant as well as floating or
selectable fixed point operation. A
version using scientific notation
will shortly be avatlable.
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Dr Sydenham discusses the
measurement of force and
related topics in this, the
final part of this series.
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hysical objects have a property
Pof mass as well as size. This is a

fixed value for an object
(provided time has no influence). It is
the magnitude of the gravitational
attractions upon it that decides its
weight (weight = mass gravity). An
object exerts a force upon its support
due to the gravitational attractions.
When zero gravity exists there is no
such force — articles float in outer
space because the gravitational pull of
the heavenly bodies is negligible. A
force can also be exerted by an
accelerating mass (as Newton realised
with his force = mass x acceleration
equation) in the absence of gravity.
Gravity is but one form of
acceleration. A force can also be
created by duvices such as springs or
magnetic attractions which do not rely
on acceleration or gravity.

Basically then, the weight of an
object is decided by our knowledge of
the gravitational pull acting on it.
Fortunately, variations in gravity with
time and place (on the Earth at least)
are small compared with the precision
needed in most commercial
applications and a fixed value, or even
a total disregard for it, suffices. (For
example the roughly 12 hr period
gravity variations due to the effect of
the changing orbit of the Moon are
roughly one part in 107.) The
standard value of gravitational
acceleration is 9.80665 m/sZ.

Units of mass, weight and force in
existence are varied. The Imperial
systems’ pound and slug (an
engineering term used for mass as
opposed to weight) have been
confusing to the uninitiated. The
distinction between mass and weight is
often not made.

Metrication now dictates the use of
the kilogram kg as the mass unit and
the Newton N as the force unit. As
force and weight are often
synonomous it has been usual practice
to qualify force by the use of the
letter f as in Ibf but now only Newtons
N and kilonewtons KN are to be used
for force with the gram g, kilogram kg
and tonne t being reserved for mass.

Not always is it the total force of a
system that is of interest. Instead it

may be a derived quantity. Pressure is
the force exerted by a distributed
force on a unit area of surface. Torque
is variable acting about a pivot joint
that is created by a force effectively
acting at the end of a lever arm.

Common Imperial pressure units are
pounds per square inch, psi, or inches
of mercury Hg or water Hy0. (A
column of liquid exerts an absolute
pressure at the bottom depending on
its density and the height of the
column). In the new metric system the
unit of pressure is the pascal Pa (Pa =
N.m-2). Older units were kilograms per
square centimetre or metre and
centimetre height of water or mercury.
In meterological measurements of
atmospheric pressure the millibar mb
is commonly used — weather charts
express pressures of highs and lows in
hundreds of millibars mb. A standard
atmosphere is now exactly defined as
101.325 kPa, but millibar units will
still be used in weather records. A
pound per square inch equals 6.89kPa.

To further confuse the issue, vacuum
pressures (those less than atmospheric
in general) often use a unit ‘torr’ that
is the pressure exerted by 1 mm of Hg
at 0°C. In this range it is also
acceptable to use mm Hg and uHg
units. Specific mention is made of
vacuum gauges for they measure low
pressures by quite different methods
to the above atmospheric pressure
devices.

To conclude this brief resume of
units there are three forms of pressure
definition. Firstly it can be expressed
in an absolute sense, pure vacuum
being zero pressure. In absolute terms
atmospheric pressure is the familiar
14.7 psia or the 101 KPa mentioned
above. {Note the use of ‘a’ to denote
absolute). Secondly, a gauge pressure
can be used, psig for instance, where
atmospheric pressure is used as a
reference datum of zero pressure.
Thirdly, pressure might be the
difference between the unknown and a
convenient datum pressure other than
atmosphere. This is the differential
pressure — psid is how it is denoted. If
the pressure is stated in the column
height form it could be designated as
inwg (water gauge) or inH,O
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measuring inches of water.

Torque is now correctly expressed as
newton metres N-m but the many
older units such as pounds
force-inches, ounce-inches,
dyne-centimetres, kilogram-metres and
others will be in use for a considerable
time to come. They should not,
however, be used in newly-prepared
documents describing new products.

THE STANDARD OF MASS
AND CALIBRATION OF FORCE

As force, weight, pressure and torque
depend on mass it is appropriate to
discuss the means by which the unit of
mass is standardised.

Like all standards, that of mass is
man-made — there is nothing about
our everyday experience of nature that
is regular enough to suggest its use as a
standard. The aim, therefore, has been
to provide commerce and science with
a certain piece of substance that is the
sole mass standard. The earliest mass
standard seems to be the bega used by
the Egyptians around 3 800 BC. it was
a cylindrical object with rounded ends
(perhaps to ensure no corners could be
knocked off?) that weighed around
0.2 kg. It is said our Troy weight
system developed from this. As
civilisations flourished independently
in those times there were also other
standards. Today the standard is
universal and is a lump of
platinium-iridium that is held by the
International Bureau of Weights and
Measures (BIPM) in Paris. This object
defines the prototype kilogram — all
others are substandards and are
calibrated by comparison with this.

Many modern standards are now
based on atomic phenomena (a verbal
definition of an apparatus enables any
group to construct its own standard to
the same precision without need to
actually inter-compare the two -
atomic phenomena give excellent
results) but to date it is not possible to
relate the prototype kilo with the
fundamental mass unit {1.66 10-27kg)
to a precision equal to the current
arrangements of merely weighing the
unknown and the standard. Even a
comparatively simple beam-balance
can be used to compare similar masses
to within parts in 10® when used with
adequate precautions. |f the masses are
of different material the task is not so
simple. Firstly, the bouyancy of each
in a fluid will be different due to their
different volumes, and secondly they
each will have a different quantity of
absorbed gas. The use of vacuum
weighing to avoid the bouyancy
problem only introduces a problem by
removing the absorbed gas that is
regained when the vacuum is released.
The practical solution (standards must
be a practically useful arrangement) is
to compare different masses in a

STANDARDISED

MASSES

Fig. 1. Calibration of force transducers fa)

dead weight device, {b) balance method.
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standard air pressure.

In use, a standardised mass will exert
a defined force due to gravity. Force
transducers are therefore calibrated by
putting them in series in a force loop.
The two ways of doing this are shown
in Fig. 1. Deadweight testing rigs go as
high in capability as 100 000 000 N.
Balances usually are used to calibrate
to 10 000 N

FORCE TRANSDUCERS

The need to determine the force
acting in a mechanical loop arises in
the calibration of pressure transducers,
in the testing of civil structures where
stress levels must be known, for
weighing both static and moving loads,
in the testing of automatic
machine-tool structures, as the basis of
accurate electric current determination
and in force-balance devices
mentioned earlier.

Unlike other variables there are
comparatively few forms of force
measuring transducer. The main
principle employed makes use of an
elastic mechanical member that
deforms proportionately with loading.
A secondary output transducer
monitors the resultant displacement.

The design-aims for the elastic
member are to achieve a linear
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movement of adequate magnitude that
suits the available microdisplacement
sensors. It must also have low
mechanical hysteresis, a long fatigue
life and be minimally influenced by
environmental factors such as
temperature. A few of the force
sensing elements in common use are
shown in Fig. 2. In each arrangement
the sensor is usually placed at the
position of maximum stress. Resistive
strain gauges, inductive and capacitive
sensors are generally wused. The
complete device is termed a load-cell.
In some designs a solid-block is
machined out to produce areas of
considerably high stress to enhance the
sensitivity. In the measurement of
dynamic force systems a compromise
must be made between the load cell
spring rate (a more elastic cell gives a
larger strain signal) and the sensitivity
obtained (a less elastic cell results in
higher resonant frequencies but gives a
smaller output signal).

Piezo-electric ceramics provide an
electrical output directly from the
application of force across the
device. During the initial period of
force variation, charge will flow to
balance the energy but as there is only
a fixed amount of energy available for
a given force distance product the

61



ACTIVE STRAIN
GAUGES

FO!IRCE

\.’:’&\4 ;

O/P

ELEMENTS

FORCE

INDUCTIVE
SENSOR

FORC

PROVING
RING?

\
MECHANICAL
DIAL GAUGE

FORCE
: et ~
77777/
FORCH
® H SAUCES
/. YETSY s 77 T
62

Fig. 2. Elastic elements used in force
transducers. (a) cantilever; (b) simply
supported beam; (c) proving ring; (d)
disk cell; (e) solid or tube column.

signal eventually drops to zero. To
extend the duration of the signals (to
give the piezo device quasi-static
performance) an extremely
low-leakage amplifier is used to read
the charge flow. When measuring
rapidly varying alternating forces, as
for instance in machine-tool vibration
analysis, there is a continual energy
supply and the high input impedance
amplifier is not as vital. The force
transducers are extremely stiff so little
deflection occurs across them.

Many instruments rely on springs to
provide a calibrated balancing force
that can be used to measure an
unknown force. There is a basic
difference between such dynametric
devices and force assessment by the
use of weights.

The weight of an object determined
by the absolute method wusing a
beam-balance will be the same
regardless of the value of gravity for
both masses are equally attracted. A
spring devised determination, however,
will vary with gravitational changes,
for the spring provides a constant
force distance relationship. (This is the
basis of many sensitive gravity-meters).

CHEMICAL BALANCES

Beam balances have been in use since
the earliest times and even a crude
arrangement can be used to compare
weights to high precision. In the 18th
century the rise of research interest in

chemistry created a continual need for
better balances. Joseph Black reported
results of a chemical weighing to the
nearest grain {0.065 gm). By the 19th
century Handolt was weighing 500 gm
loads to several micrograms.

The simple beam balance has been
continually developed to reduce the
errors in knowledge of the length of
the arms, to increase the sensitivity by
reducing frictional errors and to
simplify the balance adjustment and
reading arrangement. Modern balances
often make allowance for bouyancy
effects and are quite different in
appearance from the traditional beam
balance. Counterbalancing loads are
sometimes applied by front mounted
knobs and this provides for simple use
and direct readout of value.

Microbalances measure small loads to
micrograms resolution, (they are,
however, not often small in size). Most
make use of a fine torsion-fibre or
ribbon suspension that is twisted by
the load. To determine the exact load,
a counter-torque is applied to rezero
the beam. Figure 3 is schematic of a
commercial electro-balance. The
sample is placed in one pan and a
roughly equal weight in the other. To
achieve balance the current in the coil
is varied until the photocell
displacement detector receives a
standard illumination level. The
process is easily automated to follow
changing weights. A recently
developed microbalance makes use of
a magnetic field suspension system to
support the load without mechanical
restraint. The field-coil current needed
to establish position balance is a
measure of load. M odern
microbalances can resolve weights of
less than a microgram.

—___ RECORDER

S

SAMPLE

Fig. 3. Schematic of the Cahn electro- balance.
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In measurement
and control

DYNAMIC WEIGHING
An automatic readout weighing
machine consists of a platform

operating on effectively frictionless
pivots that bears down upon a
load-cell. Details of a commercial unit
are shown in Fig. 4. If the load is
stationary, the reading is reliable, but a
moving load, such as an animal or a
travelling string of goods wagons on a
railway or material on a conveyor belt,
will produce a more complex signal
such as that shown in Fig. 5. Averaging
the value eliminates the fluctuations
about the true mean but to obtain a
fast response more sophisticated
adaptable filtering is used. The power
of such methods is shown by stating
that a simple R-C low pass filter gives
200 times greater error than a
weighted averaging method (patented
by Avery) when used in an equal,
short-time period.

PRESSURE SENSORS

The range of pressures that exist is
vast and ranges from tens of megabars
(108  atmospheres) down to
inter-stellar space pressure  (10°19
atmospheres).  Consequently many
techniques are used to suit the range.

As with force transducers the
commonest  procedure uses a
mechanical elastic element coupled to
a microdisplacement transducer. The
main difference is that pressure
transducers usually do not need the
stiffness essential in force sensors.

Commonly used sensing elements are
shown in Fig. 6. The limiting factor is
usually the magnitude of mechanical
hysteresis and perhaps bearing friction
in the simpler devices.

The most general need for accurate
pressure measurement around an
atmosphere is for weather mapping
and for elevation determination
(barometric levelling). The aneroid
barometer uses a stack of bellows to
drive a pen or transducer. The best
resolution instruments are termed
microbarometers. The schematic of an
advanced instrument is given in Fig. 7.
Note the quartz helical bourdon tube
that is used because of the excellence
of its stability and spring-rate.
Microbarometers have been used to
detect the pressure surges caused by
nuclear test explosions on the opposite
side of the globe.

Pressure sensors using an elastic
element are not absolute and must be
calibrated against those using a head of
liquid as a reference, or by the use of
dead weights driving a piston filled
with liquid.

COMPRESSION LOAD CELL \
N\

LOAD FRAME
\

HANGAR BAR

FLEXURE CABLE

TRANSFER LEVER ARM

DIAL INDICATOR

DIAL INDICATOR STAND——

FULCRUM
FLEXURE

Fig. 4. Inside details of a Martin Decker deck scale.

LOAD CELL
SIGNA‘L

e [
.

4

TIME bl

INITIAL TRANSIENT AS
LOAD GOES ON TO LOAD CELL

VARIATION DUE TO DYNAMICS
OF MOVING LOAD

Fig. 5. Typical weighing signal produced by rolling stock passing over a battery of load cells.

The standard mercurial barometers,
of the Kew or Fortin pattern, are
devices in which the height of a
mercury column is measured against a
mounted scale. |f the column is
coupled to the pressure within a closed
system via a pipe it is termed a
manometer. These are used in
abundance in hydraulic research as
readouts for pressure difference flow
meters and in aerofoil section
investigation. Chemical reactions often
must be monitored under precisely
known pressure conditions.
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Manometers used in this work are
often made more precise by
electrically sensing the position of the
top surface of the column. Auto
tracking inductive sensors, such as that
given in Fig. 8, and capacitive or
optical sensing have been employed to
resolve to micrometers. One
micromanometer measures the surface
height with an optical interferometer
that looks at the mercury surface from
above.

An analog output signal may be
undesirable from a pressure sensor. A
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Fig. 7. Block diagram of the Mensor helical quartz pressure sensor having digital
readout to 0.0005% of full scale.

sensor developed at the Royal Aircraft
Establishment uses the force-balance
technique in an oscillatory mode.
From the schematic of Fig. 9 it can be
seen that the driving coil forces the
diaphragm against the pressure,
opening the contact. This in turn
de-energises the electrodrive, setting
the system into vibration. The average
duration of the contact dweil is the
measure of pressure. This form of
transducer can provide a time-duration

modulated signal that is easy to

transmit due to its binary nature.
Another  transducer derives a

frequency modulated output by

monitoring the natural resonance of
the sensing diaphragm. An
electromagnetic excites the diaphragm.
A capacitive sensor monitoring the
displacement is coupled to the
excitation driver and the two oscillate
at the resonant frequency. As pressure
changes so does the frequency.

VACUUM PRESSURES

From 1 mm Hg (1 torr) to an
atmosphere is low vacuum, from 103
mm to 1 mm is medium vacuum. High
vacuum extends from here down to
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Fig. 8. The height of the liquid column
is measured by slaving the detecting coils
to follow the armature in this servo-
manometer.
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Fig. 9. Schematic of the RAE vibrating-
contact, pressure transducer.
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106 mm, very high from 109 to 106
mm. UItra-high vacuum is a pressure
less than 10 mm of Hg. Mechanical
pressure gauges are often capable of
measuring to 103 mm Hg but for
better than low vacuum it has been
necessary to employ quite different
methods.

For the pressures of 104 mm Hg
upward, the simplest vacuum gauge is
the thermo-conductivity wunit. The
heat transfer from a heated sensor
depends upon the mass of gas
thermally coupling it to the container
heat sink. The lower the vacuum the
less the transfer. Earlier designs used a
purely resistive sensor connected to a
Wheatstone bridge to monitor its
temperature via its resistance change —
see Fig. 10, and this is commonly
called the Pirani gauge. Another
variation uses a thermocouple to
measure the temperature. The most
recently introduced models make use
of a thermistor sensor instead. In this
range the MclLeod gauge — a type of
manometer, provides an absolute
method.

Below 10-3 torr, ionization gauges
are used that rely on the ionization of
the gas molecules to determine
pressure. In the hot filament kind a
heated cathode provides electrons that
are accelerated by a grid to make
impact on an anode, providing ions in
the process. (The design is similar to a
triode valve.) Positive ions are
collected by an electrode and the ratio
of ion to electron current is a measure
of gas pressure. The Bayard-Alpert
configuration, shown in Fig. 11a, has a
small collector to reduce errors from
unwanted soft X-ray generation. The
anode collector can be replaced by an
electron multiplier and versions using
this can detect 10-18 torr pressure
changes.

VACUUM - ]

/( _a— FILAMENT
{—

FINE ANODE
COLLECTOR
—

!

ACCELERATIMG

Fig. 11. lonization gauges used to
determine vacuum pressures. {a) This
Bayard-Alpert sensor uses a hot filament;
{b) In the Penning gauge a cold cathode
is used.

The Penning, or Philips gauge, shown
in Fig. 11b, is a cold-cathode,
magnetic field, ionization pressure
sensor. A discharge current s
established by the application of 2000
Vdc between the anode and cathodes.
The purpose of the magnetic field is
considerably to lengthen the electron
path (it makes them travel in a helical
locus) enhancing the chance to form
ions. The current drawn is the sum of
electron and ion currents and s,
therefore, not a linear measure of
pressure. These are useful in the range
107 to 1073 torr. The cold cathode is
often preferred, for an unintentional
vacuum loss will not destroy the
cathode as would the heated version.

For pressures below 107 torr there
are other methods. The Redhead gauge
is also a cold cathode, magnetic,
instrument but the internal layout is

SENSING ELEMENT
IN VACUUM

Q
LOW VOLTAGE
O o/r O SUPPLY
COMPENSATING
ELEMENT
Ve
1 ANAAA %
Fig. 10. Thermo conductive Pirani

vacuum pressure gauge.
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different being based upon the
Magnetron. It has the advantage of
giving a linear ion-current to pressure
relationship down to at least 10-10
torr.

The Knudsen radiometer gauge is
occasionally used and is the only
absolute method for the range 10-8 to
10-2 torr. A small mirror is suspended
in the vacuum by a torsional filament
that also supports a moving
paddle-vane. Fixed close to the moving
vane ends are two others that are
heated. The momentum of the gas
molecules passing near the heated
plates causes them to bombard the
unheated vane deflecting it in
proportion to the gas mass present.
The mirror forms part of an optical
level readout.

SOUND MEASUREMENTS

A coustic propagation involves
pressure wave travel. The above
mentioned pressure gauges are of little
value for sound pressure measurement
due to the high frequency low pressure
characteristics of sound waves. The
detector, therefore, (the microphone)
is designed to have a bandpass
response including the frequencies of
interest. Generally microphones have
to couple an air medium so a
comparatively compliant diaphragm is
used to obtain an efficient acoustic
match. Motion is transduced with a
displacement sensor. Microphones in
use use piezo-electric  crystal,
capacitance and moving-coil principles.
When making sound-level

AL
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Fig. 12. The Dawe Sound lzvel meter.

measurements it is necessary to use
specially designed meters, Fig. 12. in
these a stable characteristic
microphone produces a basic pressure
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Transducers
in measurement
and control

signal. This is processed to allow for
the random-like nature of sounds and
for the frequency characteristics of the
human ear.

By definition a sound level pressure
(SPL) of OdB is 0.0002 ubar this being
the lowest discernible level for the ear
(the pressure is 109 psil). The
compensated noise-level (that makes
allowance for the frequency response
of the ear) is expressed as the effective
perceived noise level EPNL. The
threshold of pain occurs at 144dB. At
4 km. Concorde 002 produced 120
EPNdB. The loudest noise produced is
probably that generated by the NASA
50ft steel and concrete horn — 210dB
which is 400 000 acoustic watts!
(Don‘t tell any pop groups! — Ed).

TRANSDUCING TORQUE

Torque is the product of a force
acting at a distance, so for static shaft
measurements a torque transducer is
little more than a load cell driven via
an arm (as shown in Fig. 13a). As the
shaft is constrained it is not of any
value for measuring rotating shaft
torques.

A simple way to monitor the rotating
shaft is to fix a strain rosette at 45
degrees to the axis (for this is the
maximum  stress direction) and
connect the gauge to the bridge via slip
rings as shown in Fig. 13b.
Mercury-wetted rings have been used
for extreme rotational rates;
monitoring at 30,000 r.p.m. is quite
feasible. A  more sophisticated
arrangement is shown in Fig. 14.
Power to excite the bridge is induced
by magnetic means, thus avoiding the
problems associated with sliprings. A
similar approach is to mount the
power supply on the shaft along with
the circuits and radio-telemeter the
output. This has the advantage that
the sending receiver and transducer
needs no rigid position tolerance. It
has been used in the measurement of
tail-shaft  torque in  automobile
research.

When the rotation is constrained, as
with bearings at each end, a phase
difference method can be employed.
Detectable ‘marks’ (for inductive,
capacitive or optical sensing) are
mounted around the shaft at two
points as shown in Fig. 15. Fixed
proximity sensors generate two
alternating waveforms which will have
the same frequency but a varying
phase-difference depending upon the
amount of twist in the shaft. (This
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method is similar to a shaft encoder
principle described in the earlier
discussion on angle transducers). The
major disadvantages are that there is
no output when the shaft is stationary
and that the frequency at which the
phase comparison must be made varies
with speed.

FURTHER READING
"Handbook of

Transducers for

Fig. 13. Torque measurement. (a) Load
cell and lever suffices if rotation is not
needed; (b) Slip-rings enable the shaft to
turn whilst monitoring torque.

Fig. 14. This Philips
torque transducer sup-
plies power and monitors
the output of a strain
gauge bridge via a new
contact inductive
coupling head.

Fig. 15. Measuring the
torque of a rotating
shaft by the phase

difference method.
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Electronic Measuring Systems” H.N.
Norton, Prentice Hall, 1969.

"Measurement Systems: Application
and Design” E.O. Doebelin, McGraw
Hill, 1966.

"Weighing Vehicles in Motion” A.C.
Fergusen, Trans Inst. M.C. 1969, 2,
12,214-222.

“Development of the Chemicai
Balance’” J. T. Stock, Her Majesty’s
Stationery Office, 1969, ®
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ESSENTIAL BOOKS

THE MODERN DICTIONARY OF ELECTRONICS. Con-
tains concise definitions of more than 18,000 terms in
electronics, communications, micro-electrics, fibre optics,
semi-conductors, computers, medical electronics. Fully
illustrated. Essential to any collection of electronics
reference books. |deal for workshop and laboratory.
£6.50 post free.

HOW TO MAKE WALKIE-TALKIES FOR LICENSED
OPERATION. Only 40p. p.p. 10p.

HANDBOOK OF BASIC ELECTRONIC EQUIPMENT.
Gives specific details of the components and equipment
used in Radio, Television, Tape-Recording. Record
Playing, Short Wave Listening, Amateur Radio. Enables
you to choose the best components and accessories and
use them economically and safely. lliustrated. £1.75 post
free

RADIO HANDBOOK. Latest impression. 974 pages. W.I.
Orr. 19th edition. A comprehensive communications hand-
book written especially for the radio enthusiast and
electronics engineer. Includes every aspect of radio likely
to be of interest to the constructor and amateur. Contains
the latest designs and developments. £7.50 post free.
THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT
HANDBOOK. Gives circuits data and illustrations plus
valuable information for British/USA receivers, transmitters,
trans/receivers. With modifications to sets and test equip-
ment. Latest impression £3.25 including postage.
DIRECTORY OF GOVERNMENT SURPLUS WIRELESS
EQUIPMENT DEALERS. Gives details of surplus wireless
equipment stores and dealers including addresses, plus
equipment and spares that they are likely to have available.
A valuable book only 40p. p.p. 10p. Aliow 28 days for
delivery as directory is being brought up to date.

99 WAYS TO IMPROVE YOUR SHORTWAVE LISTENING.
Essential to all SWLs. £1.90 post free.

PERSONAL CALLERS WELCOME AT OUR NEW
SHOWROOM & TRADE COUNTER. Hartleys Yard,
Off Town Street, ARMLEY, LEEDS 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.

PROBLEMS IN ELECTRONICS WITH SOLUTIONS. A
must for student, technician, and electronics engineer.
Contains 349 problems, answers and how they were
arrived at. Inciudes all aspects of electronics, amplifiers,
power supplies, computers, aerials, waveguides, trans-
mission lines. 307 pages. Only 90p. p.p. 10p.

COSMIC RADIO WAVES. Start a new hobby — RADIO
ASTRONOMY. This big book of 444 pages is an ideal
handbook for the beginner and established enthusiast.
Numerous photographs and illustrations. Published by
Oxford University Press. Price £2.50. p.p. 25p.

THE SCATTERING AND DIFFRACTION OF WAVES. A
goldmine of information for the experimenter, amateur and
scientist. Profusely illustrated. Published by Oxford
University Press. Price £1.60 post free.

TRANSISTOR SUBSTITUTION HANDBOOK. Gives the
substitutes for thousands of European, American and
Japanese transistors. Where no substitute is available
shows how to select a replacement. Includes over 10,000
types. £1.40 post free.

HANDBOOK OF SATELLITES AND SPACE VEHICLES.
A comprehensive working handbook that provides im-
portant data both tabular and graphical enabling space
scientists, technicians and telecommunication engineers
to acquire a greater working knowledge of satellite and
space vehicle design, launching, orbiting etc. Includes a
detailed coverage of COMMUNICATIONS IN SPACE. An
imposing book of 457 pages. Published at £8.20. Available
at the trade price of £6.50 post free.

Alt mail order to: Dept. ET2, GERALD MYERS (Book-
seller & Publisher), 18 SHAFTESBURY STREET,
LEEDS LS12 3BT. Callers welcome to new showroom
address shown in advert.
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THE HIGHEST PERFORMANCE DIGITAL FREQUENCY
COUNTERS AT THE PRICE IN THE WORLD
EVERYBODY BUYS THEM

= 8T - -3

e

301 5 (PR S]] 37 I\HI
STABILITY 3 parts in t*
SENSITIITY 50mV

4916 DIGIT 32 MH:
TABHITY 1 part i 1(F
SENSITIVITY 101

501 8 DIGIT 52 MH:
STABILITY 3 putrts in 10®
coystal oner

SENSITIVITY 10mV

7018 T 50 MH2
TABILITY 3 parts in 10°
SENSITIVITY 10mV

8O1A 8 DICIT 300 MH:z

STABILITY 3 parts in 108

SENSITIVITY 1OmV

PRICES EXCLUSIVE OF VAT

ELECTRONIC START/STOP version PLUS £10
MEMORY version PLUS £25

DIRECTLY COUPLED INPUT AND SPECIALS TO ORDER

Wirite for illustrated leaflet

Supplied to and acclaimed by professional engineers everywhere
who have purchased our electronic instruments for the

past 10 years.

Norwegian Agent: ELECTRO-TRADE, TRONDHEIM, NORWAY.

£75

£110

£160

£170

£260

R.C.S.ELECTRONICS
NATIONAL WORKS, BATH ROAD,
HOUNSLOW, MIDDX. TW4 7EE
Telephone: 01.572 0933/4
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Are you reading this magazine whilst you
are lazing in a deckchair with the sun blazing
down on you? Perhaps you are reading it in
a hot crowded train or bus on your way to
or from work, or even at work? In any case
it is a bit difficult to imagine the darker
evenings to come in only a couple of months,
those beautiful evenings spent over a hot
soldering iron and birds-nest wiring. Perhaps
we can help you plan those evenings with
some of the products we have this month.
As the first Electronics Tomorrow article has
not been published whilst this is being
written, we are a little short of response
from manufacturers, etc. on new products
but we have enough for this month so lets
get on with it.

LSI TIMER CIRCUIT

Many of you may have seen this on Tomor-
row's World in May, set up to demonstrate
its ability to run the house whilst you are
away by switching on lights, air-conditioning,
etc, to deter burglars. It was also mentioned
in the July ETI but we have chased up a bit
more data for this column. Itis the LR171E
made by Ferranti for Elremco for long or
short term accurate timing pulses. Elremco
are in the timer business already and have
made their name with mechanical timers,
the introduction of a solid state timer is an
obvious move from which the amateur might
benefit.

An integral operational amplifier is used
to form a relaxation oscillator with an ex-
ternally adjustable timing period. These
pulses are passed to a counter chain capable
of dividing by 4096, this means that a pulse
width of, say. one second produced by 1pF
can be converted to a pulse width of just
over one hour, the alternative method of
ustng S000pF in the original CR network
would be bulky and also unreliable in
temperature and humidity changes. A digital-
to-analogue converter on the chip may be
used with a meter to show how much of the
timing period has elapsed... just think of the
applications for that alone. A total of five
driving_outputs are supplied A and A at
4096, at 2048, at 1024 and Q10
at 512 input pulses, these can be combined
to give eight switching periods each one
eighth of the main period.

One of the most interesting parts of the
data sheet on this device is the supply
cumrent at typically SmA for battery oper-
ation or, if you want to run it off the mains,
do so: the supply voltage reads min.6V,
typical 12V, max (this is not a printing
error) 450V d.c.! Just think of the hours
spent getting SV d.c. ripple-free and stabilised
a'SV for other ICs, one of my pet moans is
transformer sizes but perhaps they won’t be
needed in future? Data and devices (1).

555 + 555 = 556

Or to put it another way two 555°s are now
a 556. The Signetics 556 is a tourteen-pin IC
containing two 555 timers, no data or prices
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Battery-operated general purpose
timer, 2 seconds - 5 minutes. The
gating oscillator is used as a drive
for a speaker which sounds at the
end of the timing.

were available from Signetics at the time of
writing as the device is not scheduled for
release until October. Similarly no prices
have been set at present but it seems un-
likely that the 556 is going to be twice the
price of the 555. If you haven’t yet become
familiar with the 555 type of timer it would
be a good idea to do so, these devices are
going to be as popular as BC109s in circuits
in a few months,

The 555 timer can function as the heart
of an automatic battery charger. The circuit
is intended to maintain full charge on a
standby battery supply for an instrument that
is not always connected to mains supply.
These kinds of instruments usually use NiCD
batteries or similar, the battery charger is
typically for calculators, DMMs, etc. The
zener diode provides a reference voltage for
the two on-chip comparators through the
timers internal resistive divider network.
Calibration is done with known voltages
across the battery terminals and OF Fadjusted

to the high (ie stop charging) voltage and the
ON to the low voltage, with NiCD cells
these are typically 1.2V and 1.4V per cell.
The timer output in this circuit switches
between 0 and 10V d.c. R1 is used to limit
the current and D2 blocks the batteries
discharging through the 555.

In the second circuit two 555’s or one
556 are used to produce an inexpensive
burglar alarm for the car or home. The first
5§55 produces a time delay of, say, five to
ten seconds to allow entering and leaving:
turning off the ignition causes 12V to be con-
nected to the timer, opening the driver’s donr
(or similar microswitch) connects the timer
trigger to ground and thus starts the delay
timing. The second timer is able to trigger
as soon as the delay is complete, the trigecr
of the second 5§35 is held high until one of
the sensing microswitches is closed, these
could be under the driving seat or connected
to one of the car functions. The output from
timer two could be fed via a relay to the car
hom or lights. Two alarm enable switches
are shown although only one is required, the
one on the ignition is for the lazy owner
who forgets that his car is “‘alarmed” and
works on the principle that if the car alarm
goes off the last thing a thiet is likely to do
is switch on the ignition. Anyway they are
two new circuit ideas to play with, if you
have any more let usat LTI know, they might
be worth publishing.

555,556 Data: 2, 555 chips: 3.

WILLIAM TELLS ALL!

Having mentioned our William we could
either go on to apples or arrows, it happens
to be Arrow’s catalogue. Arrow Llectronics
Ltd is a mail order firm working from
Brentwood, Essex, their catalogue arrived
recently and it proved to be quite interesting
as catalogues go. The first few pages list
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semiconductors and prices; all popular tran-
sistors and ICs are stocked. Similarly, several
pages are devoted to capacitors, knobs,
other hardware, rectifiers, resistors, diodes,
and switches. Some of the more interesting
products stocked are RCA COS-MOS logic
circuits, IC mounting pins (DIY sockets),
Motorola ICs (MC1303, 1310), some thick
film circuits, opto devices and ultrasonic
transducers. One of the thick film devices,
the NMC457, is a 75db gain amplifier
requiring only a 9V supply, microphone and
3000hms headphones. It is stated as being
suitable for hearing aids, null detection pro-
cess amplifiers and sensing applications. The
price is £3 (plus VAT), quite reasonable,
Catalogue: 4.

NUMBER CRUNCHER

This is the name given to the Texas TMS0117
LSI chip announced recently, Basically it
can be imagined as a ten-digit calculator
chip but, instead of keyboard inputs and
scven-segment outputs,data are entered and
extracted in BCD format allowing interface
with other ICsand thus enabling the TMSO0117
to become the heart of a complex device. In
addition to the formal calculator operations
this will add 1, add 1 until overflow,
subtract ! to zero, shift left, shift right and
exchange operands. The rather vague data
received so far states that the chip can be
used so that “‘special purpose, dedicated,
processing systecms can be constructed at
ridiculously low cost.” Unfortunately the
low cost would need to start with the
£26.50 required for the one-off price of the
chip. It would seem reasonable that manu-
facturers of these kind of chips would make
a limited number available to schools, clubs,
etc, one day it might pay off with genius
designs/designers in the future, In the mean-
time: Data from : 5,6, Chips from 5.

P ——

The Texas TMS 0117; it feeds on numbers
but ar which end?

Whilst on the subject of Texas Instruments
and data on their devices some readers may
be interested to know that they run a sub-
scription service enabling you to receive
data shects, books, etc, as thecy become
available. The author joined this service about
a year ago for £6 and has received about 9
data books. 20 booklets and numerous
data sheets but is, however, still waiting for
the TMSO0117 data booklet. I'or details of
the service write to: ‘Subscription Service’
at 6.

MORE TIMERS

In addition to second sourcing the Signetics
timer with the LMSSS, National Semicon-
ductors have another timer the LM322. This
is a precision timer that offers great ver-
satility with high accuracy, operating voltages
are 4.5V to 40V unregulated, The output of
the timer is a floating transistor with built in
current limiting. It can drjve ground referred
or supply referred loadsup to 40V and 50mA,
The floating nature of this output makes it
suitable for interfacing,lamp or relay driving,
and signal conditioning where an open col-
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Simple Slot Together Method of Assembly

No: 4 self tapping pozidriv screw.

Construction and assembly of the clever new Veroboxes

lector or emitter is required, The trigger
input has a threshold of 1.6V independent
of supply voltage but is fully protected
against inputs as high as plus or minus 40V,
even when using a 5V supply. An internal
3.15V regulator is included in the timer to
reject supply voltage changes and to provide
the user with a convenient reference for
applications other than a basic timer. Ex-
ternal loads up to SmA can be driven by the
regulator. An internal 2V divider between
the refercnce and ground sets the timing
period of 1 R/C. The timing period can be
voltage controlled by driving this divider
with an external source through the Vadj
pin, timing ratios of 50:1 can be achicved.
The data sheet received on this device is
beautiful, for a start it contains full data,
electrical characteristics, performance graphs
(12 of them), schematic diagram, definition
of terms and 14 application examples.
Price of the LM322 is £2.50.
Data: 7, Devices: 3, 8.

BUILO IT YOURSELF BOXES

As mentioned earlier, one of my pet moans
is transformer sizes, another is casing, The
aluminium boxes, plastic boxes and die-cast
boxes available are all very well as long as
they are not to be seen. So far no manu-
facturer has taken a production case for a
clock or calculator or even anything non-
clectronic and made it available to the public
and thus if you need to house something
attractively there is no alternative but to make
your own metal, plastic or wooden casc
which, if your handiwork is anything like
mine, finishes as a mess if it finishes at all.
Now Vero have introduced a range of plastic
cases and a range of extruded aluminium
cases, the latter are called Veroboxes. These
Veroboxes are based on a finned aluminium
unit SO0mm wide and in units of 25mm decp
from 25mm to 200mm. The units slot
together and screw to an end plate to give an
attractive range of boxes that can be left in
the raw or sprayed with paint (matt black is
very effective) or anodised, etc. Two types
of extrusion are used, a corner joint and an
extension joint, thus a SOmm cube would
use four 50mm deep comer jointed ex-
trusions and two SO0mm high, 100mm wide
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and 75mm deep would use 75mm deep
extrusions, four corner joined and two ex-
tension jointed plus two SOmm by 100mm
end plates, The boxes come in a plastic wallet
with extrusions, end plates and screws, they
are ordered by quoting the end plate dimen-
sions and then the depth, thus our two
examples are a 50-50/50 and a 50-100/75.

Out of cighty standard Verobox kits avail-
able to industry, Vero have releascd only
six kits for retail, a telephone call to Vero
confirmed that they are quite willing to
deal with direct orders for any of the other
74 kits at industrial prices. They also said
that they might extend the retail range if the
demand is large anough, so here’s your
chance to affect future product availability.
The kits available and their prices (exclusive
VAT) are listed below, the first six are the
retail kitsand the rest arec examples of the in-
dustrial kits,

50-50/S0 49p 50-50/25 40p
50-100/50 73p 100-100/50 98p
100-100/75 117p 100-150/50  125p

50-100/100 91p 100-100/125 140p
50-150/200 187p 200-200/200 401p

If ordering direct from Vero don’t forget
to add VAT and about 5% for carriage and
packing charges. Data and cases: 9. 1t is also
worth asking about the range of plastic cases.

REFERENCES

1 Llectrical Remote Control Co. Ltd. P.O.
Box 10, Bush Fair, Harlow, issex CM186L2
2 Signetics International, Yeoman House,
Croydon Rd, London SE20

3 Bywood Electronics, 181 Ebberns Rd,
Hemel Hempstead, Herts.

4 Arrow Electronics Ltd. 7 Coptfold Rd,
Brentwood, Essex.

S5 SDS Components Ltd. Hilsea Trading
Estate, Portsmouth, Hants PO3 S5JW

6 Texas Instruments Ltd. Manton Lane,
Bedford, Beds.

7 National Semiconductors (UK) Ltd. The
Precinct, Broxbourne, Herts.

8 Atlantic Components Ltd. 143 Lough-
borough Rd, Leicester LE4 SLR

9 Vero Electronics Ltd. Industrial Estate,
Chandler Ford, Hants SOS 3ZR

NB. Please note that all prices exclude VAT
and carriage.
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FromITT.
Acompletelynewkind  _rczensies

* Hermetically-sealed precious metal

of changeover relay. & Sy cpaityof 30

* Max. current and voltage contact
ratings are 500mA and 150V. a.c.,d.c.
respectively.

Coit voltages (d.c.) 6, 12, 24 and 48V.

Withstands high levels of shock

and vibration. From 50Hz to SkHz

and acceleration of 100g.

% Pins provided for direct-mounting
onto 0,1 in. module printed circuit
boards.

* Dimensions:
26,25mm x 12,5mm x 11,5mm.

Phone Harlow 26811 Ext. 642 now
for more information.

ITT Components Group Europe,
Electro-Mechanical Product Division,
EdinburghWay, Harlow, Essex. CM20 2AQ.
Telex: 81146.

* %

Don't let its size
fool you.

We've recently developed
a changeover relay quite unlike any
other on the market. It's called a
diaphragm relay and offers almost exactly
the same performance as a mercury-wetted
relay yet is smaller in size. And a lot
smaller in price!

Distributor quantities available

from ITT Electronic Services. Harlow 26777 ITT
Components

J-BEAM F.M. 68 THE OUTSTANDING BRITISH ENGINEERED F.M. AERIAL
STILL UNRIVALLED IN « PERFORMANCE « QUALITY # AND PRICE *

20 Mil¢g Radius
Professional Ingtallation Service

Wq also stock the new broadband J-Beam F.M.4S, 1, 2, 3, element F.M. arrays high performance A.M. vertical rod aerials, all U.H.F. T.V.
aerials, Stolle Memomatic and Automatic aerial rotators, balanced twin feeder, coaxial cables, masts, fixings, amplifiers, baluns, and a host
of other accessories. Please send large S.A.E. for catalogue to:

APOLLO AERIALS, STATION FORECOURT, GUILDFORD STREET, CHERTSEY, SURREY
TEL CHERTSEY 60320 and BYFLEET 43151
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FASTEST IC FET OP AMP

National Semiconductor now claim to make
the industry’s first really fast - and really
easy to use - IC FET-input operational
amplifier. The new LH0062/LH00620 is an
order of magnitude faster than conventional
IC FET amplifiers, yet it plugs directly into
standard monolithic amplifier sockets to
solve system performance problems immedi-
ately.

The circuit contains a monolithic dual JFET
chip and a specially designed bipolar op amp
similar to the LMI118. National’s inter-
digited dual JFET design assures tight input
matching. Typical offsets are 2mV and 1pA.

No external components are required for
operation, since the amplifier is internally
compensated, compensation and balancing
can be added, if desired. Speed ratings with
normal compensation are 15MHz bandwidth
70V/us slew rate, and lus settling time to
0.1%. Feedforward compensation almost
doubles the speed, while an extra capacitor
lowers settling time.

Gain is 100V/mV and noise currents less
than 0.1pA rms. Other characteristics are
similar to those of quality monolithic am-
plifiers. The supply range is ¥SV to 20V
The LHO0062 is specified over the full
military temperature range.

Both are available in 8-pin TO-S and 14-pin
dual in-line packages. The TO-S version is
pin-compatible with most monolithic op
amps.

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

ULTRA-LOW PROFILE TRIMMERS

High performance low profile cermet trim-
mers designated 3835 GB Series are now
available from Amphenol. In a standard
length of 19.2mm and measuring only 5.8
mm high and 4.3mm wide, these devices are
very well suited to applications requiring
high packing density or with limited space
available for discrete components. Resistance
values range from 10011 to 2M/fL

Amphenol Limited, Thanet Way, Whit-
stable, Kent CT5 3JF.

NEW QUICK-HEAT TUBE

A new 12in monochrome picture tube that

warms up so rapidly it can present a clear
picture within five seconds of being con-
nected to a heater supply has been intro-
duced by Mullards. Type A31-410W, it has a
deflection angle of 110° and operates with
an anode voltage of 12kW. It requires a
heater supply of 11V at 140mA.

Mullard Ltd, Mullard House, Torrington
Place, London W.C.1.

FERRANTI CUT LED DICE COSTS

The Special Components Department of
Ferranti Limited at Gem Mill have announced
reductions in the price of red and green LED
dice of up to 50%.

Ferranti, who were the world’s first manu-
facturers of LEDs, are now opening up an
entircly new area of this rapidly expanding
market. The availability of these dice, which
can be mounted and bonded by techniques
identical to those used in silicon technology,
will enable traditional device manufacturers to
enter the LED field without committing
effort to the development of growth and
processing techniques for the complex I1I-V
compounds. In addition, it will cnable hybrid
houses and existing LED manufacturers to
produce green cmitting lamps and displays
at highly competitive prices, as semi-conduc-
tor dice are now being offered at 6p each in
medium quantities, falling to 4p for larger
orders,

The devices, which are manufactured from
gallium phosphide for green emission and
gallium arsenide phosphide for red emission,
are available as dice for producing individual
lamps or matrices, bars for bybrid seven
segment arrays or full monolithic seven
segment devices 1.25mm and 2.5mm high.
Ferranti Limited, Special Components Dept.
Gem Mill, Chadderton, Oldham, Lancashire
OL9 8NP.

PRECISION POTENTIOMETERS
High precision 10-turn potentiometers
specially developed to satisfy the design
requirements in industrial electronic cquip-
ment are now available from Sasco.

The 47130 Series of Micropots with
wire-wound elements offers a wide range of
standard resistance values from 101 to 200
kfl + 5% with linearity tolerances + 0.25%

(1001 — 100kN) not exceeding + 0.5% at
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the highest and lowest resistance values.

The components have a power dissipation
of 2W (+40°C), an insulation resistance of
1,000Ml minimum and a noise figure of
1000 E.N.R. max. Rotational life is 2 x 106
revolutions.

Two versions of gold-plated Beryllium
Copper terminals give the option of solder
connection to wired circuits or plug-in to
printed circuit assemblies.

The tough polyamid housing is resistant
to most solvent and cleansing agents and
there is high resistance to shock, vibration,
humidity and other environmental character-
istics.

These compact 10-turn potentiometers
have an overall length of less than 3cm.

Sasco Ltd, PO Box 2000, Gatwick
Road, Crawley, Sussex, RH10 2RU.

V-F ANNOUNCE SMALLEST PANEL
LAMPDRIVER

What is claimed to be the smallest hybrid
display panel lampdriver currently available
has been introduced by V-F Instruments
Limited of Gloucester. The new LD401
Series Hybrid Lampdriver announced by
the Company consists of six 60mA drivers
in one flatpack measuring 0.375in x 0.375in
x 0.075in thickness, or approximately one-
half the volume required for the next smallest
available unit. Unlike the larger DIP packaged
lampdrivers which provide only four drivers,
the new hybrid package is a hermetically-
sealed, all-metal type.

Capable of driving a wide variety of
lamps from different lamp voltages up to
20V d.c. the LD401 Series offers complete
flexibility for a broad range of special driver
requirements. Principal applications, in
addition to its use in lampdrivers, are as
relay drivers, power driversand hex inverters.
Input is DTL and TTL compatible.

Another important feature of the hybrid
lampdriver is extremely low power consump-
tion, typically SOmW from the 5V power
supply. **On” voltage is typically less than
0.2V, and remains so over the unit’s opera-

ting temperature ranges from —55°C to
+125°C.
V-F  Instruments Ltd, Northgate

Mansions, 110 Northgate Street, Gloucester
GL1 ISL.
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DIGITAL PANEL METER

48 x 48mm . . . less than 4 square inches, is

all the panel space required by Schlumberger’s
new miniature 3% digit DPM, the 6520.

The 6520 features a floating input, auto
polarity, 0.1% precision. a + 1999 display
using 7 segment tubes with a polarised
green filter and a range from 2 to 200V.
The decimal point can be preset by the user.

Easy to install, the 6520 requires only
S5V d.c. + 10% (1.5W) and allows direct
replacement of existing analog meters at low
cost.

Schiumberger Instruments et Systemes,
12 place des Etats-Unis, Montrouge, France.

PLANAR DIFFUSED PHOTO
DIODE

A planar diffused photo-diode which, when
reversed biased has a leakage current pro-
portional to the incident light. has been
introduced by RS Components. With the
fast linear response it is ideal for photometer
circuits and many applications, for instance,
batch counting, punch card reading, intruder
alarms etc. The diode is housed in a two
lead TO18 case with end window. It costs
85p and is available from RS Components
Ltd, PO Box 427, 13/17 Epworth Street,
London EC2P 2HA.

CMOS IN PLASTIC PACKAGES

Motorola Semiconductors have just announ-
ced that 39 devices from their standard CMOS
logic family are¢ now available in plastic
packages. In the past, ceramic packages have
been used for all CMOS devices manufactured
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by this company.

The new devices, all in 14 or 16 pin dual-
in-line plastic packages, have the same elec-
trical specifications as the standard ceramic
packaged components with type numbers
suffived CL. They will operate over the
extended commercial temperature range of
-40 to +80°C and are roughly 107 cheaper
than their ceramic packaged counterparts.

Motorola Semiconductors Ltd, York House
Empire Way, Wembley, Middx.

NARROW ANGLE HIGH INTENSITY
LED LAMP

A new GaAsp solid state high intensity LED
lamp - the NSL5027 - has been introduced
by National Semiconductor.

The new lamp has a very high intensity at
10mA and is intended for front panel pilot
lights, optical coupling and back panel
lighting.

It has a forward current of 70mA, a
reverse voltage of 3V and a power dissipation
of 140mW.

NEW PC MOUNTING MICROSWITCH

Feltec Components Ltd have announced
the availability of a new microswitch,

Type 9201, for printed circuit mounting.
The switch has a SPDT action and a 14 lead
DIL package area
1, 6. 7 and 14.

using pin positions

Theswitch has a minimum life expectancy
of 106 operations, and has contact ratings
of 3A at 24V a.c. or 1A at 250V a.c.
Insulation resistance of the standard type is
better than 100M{l. Alternative case and
contact materials are available for applica
tions requiring lower contact resistance or
higher insulation resistance.

Feltec Components Ltd, Weydowin Road,
Haslemere, Surrey.

SAMPLE/HOLD CIRCUITS

Guest International Ltd have available the
S/H725 and S/H725WB sample/hold circuit
which are suitable for insertion into 16-pin
DIL sockets.

Both units are packaged in mall,
compact. completely self-contained medule
measuring just 1.4 x 0.6 x 0.481n and offer a
linearity of better than 0.01%. Sample-to

hold offset error is under 2mV and the
devices will operate with signals in the
+ 10V range. They have an aperture time of
under 100nS and aperture uncertainty time
ot 10nS.

Both units are powered by + 15V at
10mA and operate over the 0 to 70°C tem-
perature range. Tney use high reliability
components and should find applications
in such areas as the holding of a signal for
an A'D converter and as cascading sample/
holds,

Guest  International  Ltd, Redlands,
Coulsdon. Surrey, CR3 2HT.

NEW TRANSISTORS

New transistors from Mullards for use in
high-power, high-quality audio amplifiers
are families of complementary pairs that can
give outputs of up to 100W. l‘or example, in
applications where an output ot 6 to 15W is
required, pairs from the transistor family
BD433 to BD438 are suitable. (Odd numbers
are NPN types, and even PNP.) These have a
maximum Vepo rating of 22 to 45V and a
total dissipation of 36W.

Silicon power transistors type BD266
and BD267 torm a complementary pair that
can give a high-quality, audio output of
28W: they are also suitable for use in general
purpose amplifiers and switching applica-
tions. Both are monolithic epitaxial-base
Darlington transistors. Consequently, with a
collector current of 3.0A and a collector-to-
emitter voltage of 3.0V, each has a typical
Hyp of 1500, a high value that enables a
simple drive circutt to be used with them.

The BD266" is a PNP device with a
maximum Ve rating of 60V, and the
8D267 uan NPN type with a maximum
Vo ot 80. The maximum Icy rating is
124, and with a mounting base temperature
not greater than 25°C a total dissipation of
S5W 18 permussible.

Other new Darlington devices to be shown
are types BDX62 to BDX67. which are power
transistors with TO-3 encapsulations. Com-
plementary pairs selected from these for use
in audio amplifiers will give outputs of 25
to 100W. Typical hyp values are 1500, and
peak collector current ratings are 12, 16 or
20A. Total power dissipations vary from 90
to 150W, and the devices have a transition
frequency ranging from 2.5 to 7MHz which
makes them particularly suitable for use in
high-quahty amplifiers.

Mullerd 1td, Mullard House, Torrington
Place, Lowdon W C./ ®
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DIGITAL MULTIMETER
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Fluke International claims that its new
systems oriented instrument offers unusual
capability in a 5% digit multimeter. The
standard configuration combines high ac-
curacy measurement of d.c. volts, true
r.m.s. a.c. volts and a broad resistance range
plus a unique self-test feature for rapid
checkout of all measurement functions.
Many systems options, available for both
factory and field installation, are also
offered.

Basically, the instrument offers 5% digits,
autoranging and autopolarity, functional
self-test, S ranges of d.c. volts to measure
from 1pV to 1100V, 4 ranges of true r.m.s.

a.c. volts measuring from 10pV to 1100V
and 7 ranges of resistance to measure from
100uf) to 12Mf.

Other features include switched four-
pole filter with true broadband noise re-
jection, variable sample-rate control, push-
button selection of range and function with
complete interlocks, 100V guarding and
1500V overload protection.

Options include data output, remote
control and real time ratio for four terminal
d.c./d.c. ratio measurement.

Fluke International Corporation, Garnett
Close, Watford WD2 4TT.

LOW COST POWER UNIT

NEW STROBES

We have information from two companies
manufacturing stroboscopic equipment. Elec-
troplan Ltd have a new Strobe Automation
range of instruments and accessories on the
market. Therc is a low cost torch, covering
the speed range 3 to 100 flashes per second,
and the 15K stroboscope, with a speed rang:
of 4 to 250 flashes per second.

The 15K stroboscope from Electroplan

The 5K model is an intermediary instru-
ment, suitable for demonstrating the prin-
ciples of the stroboscope by analysing the
movement of rotating parts. The prices range
from £30 to £110.

S.E.Labs Limited have developed an instru-
ment (Type EMG6) with an extended range,
from S to 1,000 flashes per second. By

A new, low cost, regulated d.c. power supply
- made by Zauie Industries Ltd — is
available from PBRA Ltd.

Designated Type 2005, the unit has an
output range of 0 — 20V d.c. at 0 to 0.5A.
Both line and load regulation is within 0.01%
+ 1mV. Ripple and noise at full load is less
than 1mV peak-to-peak and resolution is

within SOmV. The unit has a 20uS$ transient
recovery time and a total drift figure of less
than 0.1% +4mV over an eight hour period.

Measuring only 3in x 6in x 8in, the 2005
has its own voltmeter and separate ammeter
built in, and is priced at £25.00.

PBRA Ltd, 33 Holmethorpe Avenue,
Holmethorpe Trading Estate, Redhill, Surrey.
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The S.E. Labs EM6

illuminating once every revolution, mac-
hinery moving between 300 and 60,000
r.p.m., can be observed. (Up to 120,000
r.p.m. if every second cycle is observed).

See over
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A 6in scale meter indicates the rate in
flashes per second and the corresponding
shaft speed in r.p.m. The flashing can be
controlled in one of five ways - (1) using the
internal continuously variable oscillator, (2)
by an external mechanically operated switch
(3) applying external sine or squarewave
pulses, (4) introducing the supplied photo-
electric transducer, or (5) locking to multiples
or sub-multiples of the mains supply fre-
quency.

The lamp reflector can be operated, by
using the extension lead, separately from the
control unit. An output pulse is supplied at
half the flash rate, facilitating the driving of
ancillary equipment or digital counting.

Electroplan Ltd., P.O. Box 19, Orchard
Road, Royston, Herts.

5 DIGIT, 32MHz COUNTER

We have news of a portable (225.8mm x
177.8mm x 92mm, 3'lbs), easy to operate
piece of equipment from RCS Electronics.

The RCS 301 Counter is a straight fre-
quency counter based on a new deisgn with
leading zero suppression, automatic level
control and decimal point. The instrument
will measure from 0-32MHz in two ranges
with 1Hz resolution. A low voltage § digit
7 segment display is employed so a d.c.
supply of 10 to 15V may be used, instead
of mains operation using the internal fully
stabilized P.S.U.

RCS Electronics, National Works, Bath
Road, Hounslow, Middlesex.

ELECTRONIC THERMOMETERS
Electroplan have been appointed as the
distributors for a range of new Comark
electronic thermometers. There are five in
the range covering -120°C to +1100°C. The
instruments are easy to use and are calibrated
for direct reading in ©C. Cold junction
errors and problems from the resistance of
thermocouple and lead length are eliminated.
Four of the thermometers are calibrated for
Chromel/Alumel thermocouples, the fifth
is calibrated for Copper/Constantan.

The 1601 and 1621 models are 2% RSD
units for general purpose use with varying
resolution depending on the range. The 1602
has a 1°C resolution with suppressed zero.
For measurement in 10°C steps the 1604 and
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1605 types have a resolution of 0.1°Cat an
accuracy of % 0.5°C. These thermometers
are claimed to be ideal for a wide range of
research and practical laboratory applications
in agricultural, process industries and aca-
demic environments.

Electroplan Limited, PO Box 19, Orchard
Road, Royston, Herts. SG8 SHH.

ATORCH THAT TESTS FUSES

Every electrician carries two basic tools - a
torch and a fuse tester. Now Fluvent Electric
have combined them in one simple instru-
ment that slips into the pocket. The Fluvent
FuseTester looks like an ordinary hand
torch, taking two U2 batteries. It comes in
two models - the standard in metal, the
heavy duty encased in rubber.

The instrument functionsas a conventional
torch and, without change, as a tester for
circuits and fuses. It must never be used, of
course, on live circuits, sockets or switches.
Each model is fitted with a pair of leads
which, when applied to each end of a fuse or
section of a circuit, make the torch bulb
light if the circuit is complete. One lead is
arm length, making it particularly useful for
reaching inaccessible corners. Sockets on the
body neatly show and protect the leads when
the instrument is not in use. Recommended
prices (without batteries) are - standard
£1.20, heavy duty £1.80, from electrical
wholesalers or direct from the manufacturers.

Fluvent Electric Ltd., Newton Avenue,
Longsight, Manchester.

ALUMINIUM SOLDER
Multicore Solders Ltd., have announced that
their ‘Alu-Sol’ - believed to be the first cored
solder that readily joins aluminium and
many of its alloys - is now available to the
amateur constructor. This does not mean,
however, that one can now solder aluminium
using a standard soldering iron.

The specific heat of aluminium is high
(about 2% times that of copper) and its
thermal conductivity is good. To bring the

job to the required temperature range (280-
370°C) a larger capacity of heat is needed
compared to that necessary in most soldering
jobs. These thermal charact:ristics, however,
mean it is easier to heat the assembly evenly.

Unless the amateur is prepared to buy a
large capacity soldering iron (with the recom-
mended tip temperature)another method will
have to be devised, using a hot plate for
instance. Care must be taken to keep the
finished joint dry, possibly by painting with
a protective coating, because aluminium is
subject to a greater degree of oxidation and
electrochemical corrosion than most metals.

DIGITAL SIGNAL GENERATOR
Radiometer A/S of Copenhagen, have an-
nounced a new digital signal generator, the
MS30. This is an AM-FM instrument which
covers the frequency range 50kHz to 520
MHz, indicated on an 8 digit display witha
10Hz resolution. A coarse frequency setting
employs electronic tuning in steps of 10MHz
and 100MHz and a fine tuning control
covers the entire range continuously. In
combination with a 3 digit selector and a
frequency lock capability this provides very
precise and very easy frequency selection.
Both accuracy and stability are * 10Hz

Output level is also digitally displayed on
a 3 digit indicator in uV, mV or dBm and
the output can be adjusted within the range
+10dBm to -126dBm by means of an
electronically controlled 1 and 10 step
attenuator and a verier. The r.f. output
includes an on/off facility and is protected
against unwanted signals up to 20W.

A third 3 digit display indicates the mode
frequency and AM% or FM deviation of
either of two modulation generators. One
generator has 6 fixed frequencies of 150,
300, 400, 1000, 3000 and 6000Hz with an
accuracy of £ 1% and the other has con-
tinuously variable frequency from 300Hz to
3kHz with an accuracy of £ 1 digit.

Another feature includes facilities for
phase locking the internal 10MHz reference
signal to an external reference so that when
required the MS30 can be frequency locked
with another MS30.

The RF frequency and the output level of
the MS30 can be programmed via an inter-
face unit and several versions of this unit
are available to cover the requirements of
most OEM and automatic test systems.

Marketed through International Instru-
ments Ltd, Cross Lances Road, Hounslow,
Middlesex. ®
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In the recent production of Don Giovanni,
at Covent Garden, the voice of the Com-
mendatore’s statue reached the audience
through an AR-LST speaker system con-
cealed beneath the stage grillwork. The
real singer was singing into a microphone
off-stage. Many people have been listening
to a loudspeaker and thinking it to be
‘live’ music.

The photo shows a Covent Garden
technician removing the AR-LST from its
concealed position after a dress rehearsal
of Don Giovanni.

AUDIO NEWS

The Royal Opera House owns 5
AR-LST’s, which have been used a number
of times this season. The offstage brass
band in Aida was actually a pair of these
speakers, painted black and placed near the
end of the proscenium.

The AR-LST is the professional version
of Acoustic Research’s basic acoustic sus-
pension speaker system.

Acoustic Research International, High
Street, Houghton Regis, Dunstable, Bed-
fordshire LL15 5QJ

VACUUM RECDRD CLEANER

The manufacturers, R.I. Audio, claim that
their new “Groovac” record cleaner is the
only unit available which removes dust from
records by vacuum cleaning. It has long
been recognised that vacuum cleaning is the
best way to remove dust, especially fine dust.
Now the suction method is available for the
effective removal of the fine dust particles
which collect inside record grooves and
which are responsible for record and stylus
wear,

A tracking force of only 0.7 gram has
been achieved by using a lightweight design
with lubricated-for-life bearings throughout.
This is considerably below the 3 to 6 grams
force of simple brush cleaners. Low tracking
force allows fine hairs to be incorporated in
the Groovac cleaning nozzle which ensure
efficient removal of dust from the bottom
of record grooves — most brush cleaners have
hairs with a diameter which is larger than
the width of the record grooves. Low
tracking force also means an almost im-
measurable reduction in turntable speed, a
reduction which is at least three times less

than that caused by brush cleaners.

o
& \\\ —
'

The Groovac consists of a precision
lightweight arm, and a suction unit which is
acoustically isolated in a special enclosure.
The suction unit has been designed to be
inaudible at a distance of 2 metres; it has
a mains switch and indicator, and is attrac-
tively finished in teak. The arm takes less
space than brush cleaners — the counter-
weight projects less and the arm occupies
less height. It mounts by means of a con-
venient magnetic base, and its height is
adjustable to suit different turntables. When
not in use it is simply rotated outwards and
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lowered onto its integral rest. The price is
£6.90 plus VAT and is available from hi-fi
retailers or direct from the makers.

R.I. Audio, Kernick Road, Penryn,
Cornwall,

MINIATURE CASSETTE
RECORDER

Here is a pocket-sized, (6Y2in x 4in x 17/8in,
1.61bs without batteries) Cassette Recorder
with all the features you would normally
find only on larger machines.

JVC’s model CP-1646 has an unusual built-
in Condenser Microphone which operates in
two ways. Retracted into the record casing
it behaves as an omni-directional microphone
recording all the surrounding sounds. When
pulled out from the casing it becomes a uni-
directional microphone picking up only those
sounds at which it is aimed. I‘urthermore
JVC have fitted an Automatic Level Control
circuit,

Control of the CP-1646 cassette-drive
mechanism is simple: the one-touch record-
ing button is interlocked to the playback
button so that recordings can be made with
just one finger. Autostop, automatically dis-
engages the mechanism thus switching off
the whole electrical circuit, and the power
is switched off to conserve the batterics. A
pausc button is also fitted, and the normal
Fast/Forward/Rewind switch and Eject but-
ton are provided.

Other features are a combined recording
and battery level meter. An earphone can be
fitted for monitoring purposes, and an ex-
ternal microphone can be plugged in if
required. In addition, a remote control
socket is fitted which allows all the recorder’s
functions in either the record or playback
mode to be controlled externally. Power is
normally obtained from 4 built-in cells, but
it can be run off the a.c. mains or a car
battery if necessary.

CASSETTES AND AMSTRAD
AMPLIFIERS

AM.S. Trading (Amstrad) Ltd. have now
set up facilities in their new enlarged Ser-
vice Department to give advice on the
use of Cassette/Tape Decks with Amstrad
Amplifiers. Should the Cassette/Tape Decks
owned by any Amstrad customer prove
non compatible, the Service Department
can modify the Amplifier as necessary at
a cost of £3.00. All arrangements should
be made through Simon Angel — Service
Manager.

A.M.S. Trading (Amstrad) Ltd., 89
Ridley Road, Dalston. London ES.
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Electronic
Transistorised
Ignition

Continued from Page 42
side with the heatsink uppermost.
Check these tags cannot foul the
edges of their rectangular cutout. Use
insulating sleeving on all exposed wires.
The neon is held in a black rubber
grommet to improve visibility and give
physical protection. All connections to
the vehicle are by means of heavy
gauge colour-coded cables which pass
out of the unit through a grommet.
Note that C1 and C2 are held secure
by the wire from the fuseholder to
TB6 being passed over them. R4 is
mounted flat against the bottom of
S2. Check that there are no shorts
to the box when the two halves are
screwed together. Solder the five links
on the link strip and screw it to the
terminal block in the correct position:

LEFT (heatsink uppermost) for

positive chassis;

RIGHT for negative chassis.

INSTALLATION AND USE

With the ignition switched off, dis-
connect the existing leads to your
car's ignition coil. Mount the unit
by means of two screws passed
through the base of the box in a
convenient part of the engine com-
partment, less than 30in from the
ignition coil and in a position well
away from the hot exhaust manifold
and reasonably well ventilated. DO
NOT mount unit on engine. A good
position is on a flat surface such as
the main bulkhead since this helps
heatsinking. Recheck the polarity
setting, then connect the colour coded
leads as follows:

RED: To ignition switch. Normally
the lead just disconnected from the
ignition coil SW terminal can be used
but there must be no ballast resistor
in series with the supply to the unit.
Beware of ballast resistors incorporated
in the SW lead.

BLACK: To chassis. This lead can
be anchored under a nearby bolt
to ensure a low resistance connection.
It may seem anomalous that on positive
chassis vehicles, red goes to battery
negative and black goes to positive!

GREEN: To the contact breaker in
the distributor. It can be connected
to the free end of the lead previously
disconnected from the CB terminal of
the ignition coil.
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The completed unit. The heatsink should be sprayed

matt-black.

BLUE and YELLOW: To the CB
and SW terminals of the ignition coil.
Remove any suppressor capacitor on
the coil.

Check that all connections are se-
cure (especially those to the coil)
and taped to prevent shorts. Dress
all wiring neatly and clear of hot or
moving engine parts.

Put both toggle switches towards
the heatsink and switch on the ig-
nition. The neon should light and a
whistle come from the unit showing
the inverter is working. Start the car
and observe the neon while revving
up; it should not dim greatly. Treat
your car to a new contact breaker,
a plug gap check and a garage tune-
up since these will not have to be
repeated for a long time. |f the garage
is suspicious of transistor ignition,
switch back to conventional. Resistive
(suppressor) plug leads in poor con-
dition should be replaced as they
deteriorate faster with transistor ig-
nition.

BURGLAR FOILING

If the toggle switches are put in
alternate positions (one up, one down)
neither transistor nor conventional ig-
nition circuits are complete and the
engine will not start. This feature
can be used to immobilise the car

when parked. Most car thieves will
give up at this but a stronger deterrent
can be arranged for more persistent
thieves. A wire can be taken from
the unused pole {b) of S2 (see circuit
and layout) to the coil of the horn
relay (if fitted) or to an extra hidden
relay which when energised operatesthe
horn or other alarm. Then if the
ignition is disabled by putting S1
down and S2 up, any unauthorised
use of the ignition switch will energise
the relay and sound the alarm. Since
the alarm supply at S2b comes via
the ignition coil primary it may not
be able to operate the horn directly
although this may be possible with
some horns if they are sufficiently
sensitive. Horns that are switched in
their chassis returns cannot be used
without a relay.

SPARK POLARITY

At speed the tip of a spark plug
runs at high temperature and some
cathode emission, as in a radio valve,
occurs. This means that the break-
down voltage is slightly lower for
a negative spark pulse {with respect
to chassis) than a positive one. The
effect is usually ignored and is fairly
academic with transistor ignition
where adequate spark voltage is always
available. However some claims are
made that reversing the leads from
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Electronic
Transistorised
Ignition

the unit to the ignition coil (blue
and yellow) improves performance and
there is no harm in experimenting.

To increase the spark energy an-
other 0.47uF or 0.5uF capacitor can
be added across C1 but the unit is
then suitable only for fairly low-
revving engines with 4 cylinders or
less.

Please note that this project is only
suitable for 12V cars and we are unable
to provide modifications details for
6V models. )

SPECIAL OFFER FOR ETI READERS

Use the coupons below to order either the kit or a
built, tested and guaranteed version of the ET!
Electronic Transistorised Ignition, in both cases at
£2 less than the normal price.

—USE THIS COUPON FOR THE BUILT VERSION—

To: DOLPHIN DESIGNS, New Farm House,
North Shoebury Rd., Shoeburyness Essex.

Please find enclosed a cheque/PO for a built version
of the ET| Electronic Transistorised Ignition at the

special price of £8.91 which includes postage,
packing and VAT.

Namesalize . SEmm B it - ok el s P & e
Address . . .. ...

This offer applies only to orders postmarked before
September 30th 1973 after which the normal resale
price of £11.00 applies. Please allow 28 days for
delivery. Orders at the special price will not be
accepted unless accompanied by this coupon.

USE THIS COUPON FOR THE KIT

To: BI-PRE-PAK LTD., 222 West Road, Westcliff-
on-Sea, Essex SSO 9DF

Please find enclosed a cheque/P.O. for a complete
kit of the Electronic Transistorised Ignition at the
special price of £5.92 which includes postage,
packing and VAT.

Name = . 8L ... e Aol AR . k
Address . . . ...

This offer applies only to orders postmarked before
September 30th 1973 after which the normal resale
price of £7.92 applies. Please allow 28 days for
delivery. Orders, at the special price will not be
accepted unless accompanied by this coupon.
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P.G. BORED?

— not with the

DEGON-
DALC

A unique drafting aid for the

electronics engineer enabling
him to prepare in minutes a
perfect PCB.

A fine-tipped marker charged
with a free-flowing etch-resist
ink. Simply 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 available in France, Ger-
many, ltaly. Switzerland, Austria and all Scandinavian countries.
Send for details of local supplier.

: Please send me further details on the 33PC: :
| Name - |
| |
| Address |
| |
l B N — '
| Postto: DECON LABORATORIES LTD. |
| FREEPOST |
| PORTSLADE, BRIGHTON |
| (No Stamp Needed) '
—————— et B B B RS S —— |
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PORTABLE AC/OC
RECOROING YOLTAMMETER
Fitted with se te zero-marking pen
Accurscy ) 5% DC 2 5% AC Messure-
ments ranges — AC and OC 5 15 150
250 S00mA 155 Amps 5 15 50 150
250- SO0V OC only 150mV Frequency
range 45 to 1000 c/s Chart width
100mm Chart speeds 20-60-180 600
1800 5400 mm'hour Weight 22 Ibs

Price complete with accessones

£78.00

WHEATSTONE BRIOGE
AND CABLE FAULT LOCATOR

Messurement of resistence in the range
of 0005 to 1 megohm Locaton of cable
fautts using Veriey loop method Location
of cabie faults using Murray loop method
Measurement of asymnwtry of wires
Use of four-decade secton 88 8 resis
tance box The brdge consists of four
decade switches giving s range from 1 to
9999 ohms in ) ohm steps Accuracy
from 1 to 99 990 ohms 0 5% #om 01
to « 9999 ohms 1 5% from 100k 10 1
megohm 5 0% trom 0005 10 00999
ohms 50% Owmensions 300x230x
150 mm  Waeight  Appron 12 Ibs
Price complete with connecting lesds

£41.00

[ ]
Electronic Brok
r Y

AC/OC MULTIMETER

With tau1 band suspens:on movement
Senmbwity 20 000 ohma per voit on OC
and 4 000 ohms per voit on AC

Technucat Dats

00606860 800mA 3 Amps OC
03330300~A73 Amps AC 06812
312 30 80:120-600 DC 1200 Voits
36 15 60 150 1300 600 900 Vohs
AC 4510 20 000 Hz

500Q S5 50 S00kQ remstance Decibel

range - 10 t0 - 12dB Accuracy ™ of
FSO1} DC and remstance messure
mants - 25 Prce With test leads and

storage Case

£8.00

3" SINGLE BEAM
PULSE OSCILLOSCOPE

For display of pulsed and penodic wave

forms in electronic  crcuits  Vertcal
ampitier Bandwidth 10 MH: Sens
twily at 100 KHz V RMSmm 1 25
Horizontsl Amplter Bsndwdth 500

KHz Sensitivity 8t 100 KHz V RMSmm
sec  Free nmng 20 200 000 Hz n
3 25 Preset traaered sweep 1-30004
nine ranges Cabbrator pps Dimensions
22013601430 mm  Weight 40 Ibs
115 230V AC oy

£39.00

4-RANGE
GENERAL
PURPOSE
TEMPERATURE
RECOROER
Type 01

Specially designed compact  seit
contained instrument  for  recording
temperstures up 1o 500°C  The mam
design objectives were for an easy 10
ise  fobUSt instrument suitsbie for use
n the laborstory and in the field The
four ranges sre 10°C 50°C 100°C and
€00 C These ore selected by push
buttons allowing full use of the 3
wide chart Two chart speeds 1 and
6 per hour sre provided by the 240V
SO0Hz synchronous chart drive

he 3% basic accuracy of the instrument
which 13 sdecuste for most applications
has been achieved without introducing
stability problems in the d ¢ amplifier
malking the recorder idesl for use in
schools colleges and universities and by
unskilled personnel The recorder s
complete with N1ChNiIA1  thermo
couple and mains lesa This product is
brand new and manufactured in our own
laboratories with three month oudrantee

£95.00

plus £5 00 packing and ceiriage

T

This inetrumaent basically consists of »

i empitfier which
meesures the voltage scross & spacified
losd it W providod with 40 losd
velués ranging from 2 50hm to 20KOhm

THREE CHANNEL
HIGH SPEEQ RECOROER

Stnp Chart Recorder Chart length 1756
Footage indicator Width of recording
channel B0mm Chart speeds ected
by pushbutionst 12 12 3060120
300 600 3000 mm per minute Full
deflecron current BmA Internsl 1mpe
dance 210 ohms Externsl impedance
BOO ohms Oimensions 51023452175
mm Weight 44 Ibs Price complets
with sccessones

£90.00

NEW

new ciamp typo smmaeter having 8

Known »s the AMPERTEST 890,
manutactured in ltaly by

tncal measuring instruments
The Ampertest 890 uses the

one hand. has 6 currant
with the first division et

supplied with the

mA to 80 amps

Electronic Brokers Limitod ennounce the introduction of 8
current ranges plus 2
voltsge ranges for use of 50 to 60 shtamating current supplies
the nhew istrument (8
Industris Construzioni Etectro
meccenicha, one of Europs’'s lergest manufacturers Of elec:

tamiliar clamp of ‘pincer system
10 maessurs the current flowing 1n 8 conductor without breek-
ing the circuit Tho meter. which (8 dosigned to be used with
tanges from 3 to 600 smps 183
100 mA The current ranges may be

1 current transtormer which 1
L ..n'r?m::m providing ranges from 300
f8d with the first dwisien at 10 mA In
sddition thers sre two 8¢ voltsge rsnges, 250V and 60OV

10 CHANNEL
EVENT RECORDER
Qemaned for recording sequences of
p to len dfferent operdticns e g
seawence of schine 1o¢ ston
swirching  smauentes 4t Recora
presented in the form of squire  puines

When energised pen moves by ap
mately 4mm 10 the night of zero ne
Response tme 100 mitiseconds Chart
width  110mm  Chart  'ength SOh
inv copacity 72 hours Chart speeds
20 80 180 800 1800 5400 mm hour
Size 16041602255mm  Weeht 9 Ibs
Price comptete with accessores

£52.00

AMPERTEST 690 —

A NEW CLAMP TYPE AMMETER

AC CLAMP VOLTAMMETER
' ot used for
emmus T ent of AC votages #nd

et vThout bbsring cirduts

Specification

Meassurement ranges Current
10 25 100 250 500 Amps  Voltage
300 800 V Accurscy 4%  Scale
tength  60mm Overal  dmensons

283x94x38mm Waeight 1 5 Ibs

£10.50

Y e

0;~

'Y B
L
I XX T
'.."
Soese,

OOUBLE BEAM OSCILLOSCOPE
Designed tfor investigation and messure
ment ot puised and penodic waveforms
The use of two independent vertical
defiact:on amplifiers pernyts the dispiay
and snelysis of two different wevetorms
simultaneously Display sres 35290 mm
Repetition rates of investigsied wave
forms SO Mz to | MHz Range of puise
tength 0 358 to 1 sec Range of amph
tudes O 04 10 400V Maxumum smplitude
without  externsi  sttenuator 100V
Charsctenstics  of vertical amplifiers
Ampliier psssband 8t 10b OC 10 1 mHz
Ampiitier passband at 3db OC to S mHz
Sensitivity 81 medium freouen at
broad pessband S00mm/V  Sue of
undistorted pulse display 40mm Input
impedance 05 - 015 Megohms
shunted by 45pF Input Impedance with
externsl sttgnustor § Megohms shunted
by Y3pF Vohs attenustion fatios of
the built-in sttenustor 11 1 10 1 100
11000 Time Base Preset calibrated
sweep duratcons — microseconds  per
em02 05 ¥ 2 5 10 20 50 100
Miliseconds per cm 02 0S5 1 2 §
10 20 50 100 Fres-running ime bass
frecuency range 50 Hz 10 1 mHz
Sweep sync voltage and ingger voltage
05V Mauimum trigger pulse repetition
rate 10 kHz Buitn amphtude calv
brator Amphtude of test pulses with
duration of 0 35 isec or longer 0 04-100V
fundamental efror of the calibrator

10 Frequency of quartz crystsl
calbrator 100 kHz Overshoot of pulse
top for pulses with rnise tme not below
0 Visec 10% Instrument warm up ime
30 min Power nputs 220250 « SO Hz
Oversll dimensions 2680x550x376 mm
Weight 55 Ibs

£87.00

MULTIMETER
01110100 1000mA 2 5-10 20-
250 500 1000V AC/DC Sensitwity AC
and OC ol ran, except 10V-10 000
Ohm V. Oimensions 212x118275 mm
Weight "2 9 Ibs Price compiste with
steel carrying case and test lesds

£4.95

ELECTRONIC

A:, ‘:‘ il:a:: ":MF:::: n,,‘:::’:.:.:: fsd The connections for voltege measurements are made Tl M E DEI—AY
vol - he bsse of the
frequency A special negetive feodback by two lesds and piobes which plug into sw‘TcH
Im"- ."m,: 0 Gy lm“,;‘ jeaje to 22 ‘ir':;n:::q:l 10 be used I8 selected by rotating & msl) serrated “
d 10 the
S o Gy & the 1 on the side of the inatrument This action bringd Specification :
L ol remowvi 3
load values or the power ranges iDe ‘;;v”;"r'”';:: l‘::"": the "":.'l: x:m'm, % u",g, the Delay period 1-25 mwutes adjustable
posst ong A 1 1t m Operat

Lot meter movament is clamped by the ON-OFF switch to prevent :7;?,9.00?5:;5:)\/““:“:“ Somper s‘,’:
{04 rmages from 1wW 10 10 W damage dufing transit Y " s
Lovel messuring range The qupcﬂlll 690 s supplied complete with vottage a3 :Bu s;_n:;m m s;:g
RYRL from 3 8 10 +408 messuning lasds and probes and cOmbined Twin wire adaptor/ mounting  Box
Frquency rongs from 20 Hz to B3KM: current transformer ;& solid leather carrying case A
Acawscy Wit 05 68 belt fitting pouch is svailable as an extre
Load input res:stonces 40 Velves
Rearstsnces accorecy better tham 5% £37 50
Ingtrument Calbealion AMS -

£89

—.
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Fantastic value in Test Equipment

o Ve

Y vimad e

TV SWEEP MARKER

MOOEL 300 LOGIC PRDBE

A compact easy 10 operate logic prabe

As 8 hght-emitting diode 1s used the umit GENERATDR TVP' vU 187
sctustes with fow power It does not
atect the circuit under test because of Su-:'lblo o "'9"'"."" of “:"'d CIAUD
n television sets Incorpors sweep
:’.::u::‘::l.:"";.;::‘:. SLALALD h‘Gh ¢ Qenerator & market generstor and MINMTURE Pt" RECDRDER
crystal controlled oscillator operating st Provides permanent record of DC SINGLE C HANNEL
55 MHz Sweep irequency range 1 30 currents uUp to ImA  Emunéntly suitable
£5.50 MHI. 170-260 MH; Fund, 470-780 | PORTABLE WHEATSTONE BRIDGE |ftor use where $pace s lirmuted Separate HIGH SPEED RECORDER
MHz Harmonic Marker frequency range | Designed for messurements of OC |ume marker pen provided Chart width | Chant length 1750  Footege indicstor
BOmm Chart length 40ft Chart speeds: | Width of recording channel 80mm

plus 75p packing end carnage 2 286 MHz, 480 BOO MHz resistances in the renge of 10 to 10
Megohms Basic accuracy 0 0% ohms to | Slow 20-60-180 mmmour Fast 800- | Chart Speeds (selected by push buttons)
1800-6400 mm/hour Dimonsions 120x | 1 2-6-12-30-60-120-300-600-3000 mm

10* ohme 15 0 2% Dimensions 300x230x y
120u285mm  Weight 77 Ibs (35 Kg). [ per minute Full deflection current BmA,

£1 95 'w 160 mm Weight approx 13 Ibs
£59 w Price compiete with accessones intemal impedance 210 ohma Extemal
- impedance BOO ohms. Dimensions
\N £39.00 320x340x178mm  Weight 35 ks
iy '® ¢ com, X

Price complete with accessones

£55.00

Buy it ¢
or what i
ACCEssopy 01 buy g g, wiedl X 1D a0peogig, ol
ST0conven t can pg L tem, " con m,
TTHE Supgp 8 Other ¢ Porature, o,
rclamp . TESTER 68om 1o CO880ries 10 gnmg 88 and phag, seq o
or mea /7 Signaj HEFoLLowy Sytem  opar, 107 the 880473 ST And (he,
. Sunng g T G vontiam; 1 men, " s o range T g
""c"'c:;'(;"“ ’n,e('lor empel’a'urc "rnu'n: (08t motery :::,":g" Over cmeon
" b
e o i R
L] 2 ang Cove
oy ""9-""»03'(;':‘:
'gnals for v 2009,
gauss Phage g """ £33s = Transigy,
€ o stor
1€ pease Sequence _Electronic Voltmeter  Tester
Tedsuring 'cator Toinaicere i For tran
Magnete the phage o,"‘" Pstance  Siators gng
fierd - SeQuence of ! "Mohmg diodes
Stranging - -  ®3phgg, ,,zgh"“ €11.00
ms -

£1195 Supply €598

-2

d EH.T, p, 25 ang  tom 2
000v 5 95 0% Extonds 2 g :-m%m
. -

- " . o
-
e ] . > 3 -
DISTORTIDN METER | = i e
U 2 L G LF SIGNAL GENERATOR \ s
Fully tranmistonsed for messursmant of TVP' G 1185 B I "I
overall  distortion ! signals  with - -
Feauencies betwean 10 He and 1 MKz | T genarator proviging wide|  WDW AND FLUTTER METER ——J - J
Built-in electronic voltmetsr can also bs range of sauarewave 8nd snewsve Type WF 371 RCL BRIDGE Typs P 968 AM-FM GENERATOR Type AF 1085
Permits i and accurste calibration of

ately for meassunng AC signsis Suitable for measunng distortion
Solid stete, high stebility unit Can bs For messurement of ACL snd capscior
modern radio receivers Surtable for

used
voltage basic nose gain or sttenua Q8N or attenustion when teshing the
110N over 8 wide frequency range tr v p of low-t y | Presst for either the E factor and figure of
Distortlon me! eauipment 8t 3150 Hz or the Amencen standsrd ot | ment Q Coneiste of 8 system of awitch.| Celibration and testing in the laborstory
Freauency rangs (in & ranges} from 10 Sinusoids! output 3000 Hz  Provided with builtin | sbls brioges, & 1 KHz @ and 5| AM fr Y tsnge: from 140 KHz 1o
oscitiator sensitive tuned detector Particularty| 46 MHZ in 6 ranges expanded renge
ung of small production| 430-530 KHz FM ftrequancy renge:
95-12 MH:' 86-110 MHz Frequsncy

Freauency range Lin 4 ranges) from 10
ranges)” tram 0 03% 10 100 Mimimum H2 to 100 KHI Output voltage trom 1| Specifications DOIN ¢nd CCIR Input | suitable for [}
1esting voltage 300 mV approx Input mV to 10 V Output impedance 800 | S9nal 20 mV rms 1o 20 V rms spprox | bstches and selection of component

constant  Freauency accuracy | Freavancies (switchable) 3150 Hz ang parametere sccuracy’ bettsr than 1% RF output
3000 H: Ranges [fiutter) - 0 1% | Measurement ranges voltage adjustable from 0 1 wN 10 0.1V,
Output impedance. 75 Ohm constant

Hz to 1 MHz Oistortion fector (n 7

impedance 100 KOhm 40 pF approx Ohm

Mithvoltmeter. better than 2% Harmenic dmtortion

Voltage range {in 12 rangesl trom 1 my less than 0 3% (50 Mz 30 KHz) 0 3» 1% tsd Onhindics. istance from O 1 Ohm 10 11 MOhm

10 300 V fsd Levsl range Irel 100 776 Sausrewsvs output tron 2% max Inout impedance | Capacitance fom 1 pF to 1100 w | Modulstion: AM. FM AM + FM

V) from « 52dB 10 - 75dB Freauency Freauency range lin 4 ranges) from 10| 1OmORm  mex  Builtin  oscieror | Inductence #om 10 M to 1100 H | Amphtude modulstion: 400 Hz. from 0.

range from 10 Hz to 2 MHz Bandwidth 110 100 KHz Output voliage trom 100 | 3000 Hi or 3150 Mz switchable Stab. | Accuracy 47— 1% Dissipation factor D | 50% adjust  Freauency modulation:

mV to 10 Vp Output impedance y better than 01 Shihs  for | rom 1 10-' 10 50 Quality factor Q | 1000 Hi adjust. Deviation from 0 - 4/
0 1% dynamic 50 Hz | from 002 to 1000 (nternsl oscistor 50 KHz External modulstion: AM
FM from 30 Hzto 15 KHz

(within 3 dB) up ta 8 MHz Accurscy
2 7% Ohn constant Risetime less than | cakibraton
1 KHz

better than 5% (nput impedanrs
MOhm 50 pF spprox 10nS 2% ne
£249.00 £165.00 J' £225.00 . £170.00 & £225.00

ALL EQUIPMENT BRAND NEW AND GUARANTEED FOR 6 MONTHS Add £2 towasils the cost ol pack

my el carttage on Al stems

ADD 10% VAT TO ALL PRICES @ PROMPT DESPATCH MAIL ORDER ' V¥ fouwnyoniaptwivn
miicated)

CALLERS WELCOME MON FRI9A.M.t05-30 P.M.SAT 9-30 A.M.to 2 P.M.

-

it B

- : Please send me :

) | enclose cash/cheaue/P.0 '

1 Name ]

= U Address )

i 1

ELECTRONIC BROKERS LTD. | 1
49-53 Pancras Rd, London NW1 2QB. Tet:01-837 7781 L
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In subminiature switching, low cost needn’t mean low quality! That's the Get the full data on hardy,
message that British-made Arrow CT series carries round the world— home-grown Arrow CT sub-mins.

gaining ready acceptance wherever it goes. Those rugged little lever —_—

switches pack maximum performance into minimum size and weight. Single /'57 I ARROW -HART (EUROPE) LTD.
and double pole versions with 2 or 3 way action, give a choice of levers in ’ W PLYMBRIDGE ROAD, ESTOVER,

bright chrome or seven colours. They meet ratings up to 2A at 250V ac, ___ /# [0/ [ PLYMOUTH PL6 7PN, ENGLAND.
and with their C.S.A. and U.L. approvals they'll help you show the flag. TEL 0752 701155 Telex 45340 Cables ARROWHART PLYMOUTH

Arrow switches right across the panel

O

U. K. Distributors ITTELECTRONIC SERVICES HARLOW - 027-96 26777 RENFREWSHIRE -

[ ish Offi
B Muime :LtACE S'I%LIN:;CF:B TS Johnstone 23457 LEIGH - Leigh 5211/2/3 SUTTON COLDFIELD -021-355 4511 BRISTOL - 0272 290125
Telephone - 0786 3823 C.E.S. LTD. CROYDON - 01-686 0505 COMWAY ELECTRONICS BRACKNELL - 0344 24765
5.A.S.C.0. LTD. CRAWLEY - 0293 28700 GLASGOW - 041-221 6152 3

JERMYN INDUSTRIES. SEVENOAKS - 51174

Overseas Agents in Arablan Gulf, Belgium, Ceylon, Denmark, East Africa, Eire, Finland, France, Greece, Holland, Hong Kong, India, Israel, Italy, Kuwait,
Federation of Maiaysia, Norway, Philippines, Portugal, Singapore, South Africa, Spain, Sweden, Switzeriand, Trinidad and Western Germany,
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Compiled by Alan Thompson

GEAR - that's the subject of this month’s compilation: a subject of
which D Xers never tirel Numerous letters indicate that many of you
are intrigued by some of the gear which appeared in the picture at
the head of the first DX MONITOR so let me take you on a
conducted tour of my shack adding, as we go, some notes that |
hope will be of interest and use to fellow D Xers.

AERIAL

There are two basics in any receiving installation - the
receivers and the aerials. Currently, I'm using five separate aerials in
the search for those elusive DX signals. The first is the easiest to
describe - it is the “'Aerialite’’ Mastatic vertical aerial, all 18ft. of
which rises slimly from a rear chimney. This aerial may not have
any terrific ‘gain’ - the manufacturers make no claims in that
regard - but if you live in a noisy location it can certainly be
recommended for the way in which an ingenious feeder set-up
eliminates a lot of the noise-blanket of electrical interference which
exists around any house in an urban location. The second one is also
a vertical which was erected experimentally about 3 years back and
has never been taken down because - despite all theoretical
considerations - it does give an astonishing amount of pick-up, even
though it has a feeder of about 80ft. between aerial base and
receiver terminals.

Third comes the aerial which brings in most of the low-powered
African stations that form my real favourite hunting ground.
Erected so that it runs in an east-west direction it is an inverted-L,
about 50ft. long including the vertical portion, and is only 20ft.
high at best, falling to about 15ft. at the receiver end. Aerials 4 and
5 really go together - basically, they are derived from a long -wire
about 130ft. long, mounted some 45ft. high. This is centre-tapped
to form a ‘T’ and is also tapped at one-third of its length, which you
will recognise as forming a ‘Windom’. In practice, the two feeders off
the same aerial cause no problems at all, and the aerial switching is so
arranged that both feeders can be fed to a receiver at the same time,
if required, which gives an improvement of an S-point or more on
some signals. Comparison with separate aerials of ‘T’ and ‘Windom’
construction show no appreciable difference between them and
the ‘composite’ system | am using. Each aerial is fed to a DPDT
switch so that when it is not in use it is connected direct to earth-
useful in thundery conditions and a good way of avoiding interaction
between aerials. DPDT switches are used in preference to SPDT types
since some of the aerials are fed by coaxial cable and others by single
wire feeder: the use of DPDT swtiches means that it is easy to
accommodate changes in the system (something that is always going
on). The selected aerial is fed to a home-brew pi-network coupler,
concealed in the space behind the control panel under the receivers,
and from there can be easily switched to either of the two main
receivers, or to any other receiver that may be on test.

RECEIVER

That brings us to the receiver department and the main receiver
is the "’Racal’’ RA1 7K (right centre of picture), a professional
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Communication Receiver covering from about 500k Hz to 30MHz
without any break at all. This 23-valve job is for me the ultimate
in receivers for DXing for two reasons — firstly, its stability is
such that one can tune to a frequency and be sure that the
recgiver will still be ‘spot-on’ however long the DX session

lasts, and, secondly, the degree of bandspread is astonishing,
spreading each MHz band over 5ft. so that the total medium- and
short-wave spectrum occupies something like 150ft. with each
kilohertz clearly marked on the superb dial. As you might guess,
RA17's don’t come cheap!New you wouldn’t have a lot of change
from £1,000 and a second-hand one in good condition is likely
to separate one from about £300: I'm sure, though, that anyone
who has used one will agree that it is money very well spent as
the mechanical and electrical construction is superb.

The other receiver (the one under my left hand in the ‘photo) is
not at all well-known and my example has been somewhat modified
as it needed some pretty extensive re-furbishing when | acquired it.
Itis an ex-Royal Navy receiver, the ‘‘Rees-Mace Marine’ model
CAT, sometimes known as the A.P.100339, and it is another
general coverage receiver spanning about 50kHz to 31MHz in 8
calibrated wavebands, and using 12 valves as well as requiring a
separate power-pack (not visible in the picture). This is not the
world’s best receiver above about 10MHz but its performance on
the lower frequencies is excellent and | find it ideal for medium-
wave DXing.

PRESELECTOR

Sitting atop the “CAT"’, we find a ‘‘Hamgear’’ P.M. [IBX
pre-selector and this is a mains-powered solid state device covering
frequencies above about 1.5MHz. The pre-selector is claimed to
give between 20 and 25db gain in that frequency range and has
proved to be really excellent when used with the ‘’Racal’’. A
switching arrangement allows it to be taken in or out of circuit as
needed. For years, there has been much speculation as to whether a
good Communication Receiver requires a pre-selector, and it has
even been suggested that there is something amiss with the receiver
if one is needed! To me, this seems to be one of those hoary chest-
nuts which remains in circulation for ever and a day — if not,
perhaps, someone can explain why ‘‘Racal’’ do ( or did?) make a
pre-selector of their own for use with the RA 17-series, which are
generally acknowledged as being the best receiver ever made using
valves. D Xers are concerned with achieving the best possible
signal-to-noise ratio they can, so one starts with getting as much
signal as possible to the aerial terminal of the receiver, reducing, in
the process, the noise pick-up as much as possible. Now, the early
stages of a receiver add their own noise to the signal and, thereafter,
both signal and noise get amplified in the various stages of the
receiver. If one can insert, between the aerial and the receiver, a
device which has a low noise level of its own then it is axiomatic
that the signal-to-noise ratio at the receiver’s aerial terminal will be
better than would be the case without the use of such a device.
This pre-selector, using an F.E.T. front-end, certainly does improve
the signal-to-noise ratio and makes otherwise useless signals into
fair DX-copy.
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DK
MONITOR

AUDIO PROCESSING

The audio side of the set-up is uncomplicacted: the *Racal’’ has
only a small panel speaker for monitoring purposes, whilst the
*“CAT" has no loudspeaker of any kind - both, of course, are
provided with a variety of outlets for taping and other purposes
and these are brought out to suitable sockets on my
control panel. The main audio feeds from each are switchable to
an old ""Tripletone’” amplifier (top left) which has the valuable
asset of providing control over bass, treble and middle-range audio
frequencies - a great asset in eliminating a lot of background ‘mush’
from a signal. The small box-of-tricks on the top-right of the
picture {surmounted by an S-meter connected to the "Racal”’)
is another device for ‘cleaning-up’ the audio delivered by the
receiver and is to a design of ETI’s Editor, Halvor Moorshead,
when he was associated with **Practical Wireless': briefly,
this **Audio Processing Unit’’ helps to eliminate heterodynes
by selective attenuation of some of the audio frequencies.

Some readers suggested - perish the thought! - that our
picture was posed, as the pair of headphones | was wearing
were not connected to a receiver. Sorry to disappoint you but
for reasons of convenience | prefer to use stereo ‘phones — they
are much more comfortable for late-night listening — so I've
duplicated the ‘phone output of the "Racal’’ and the “CAT"’ on
the control panel. In the picture, the *Racal’ ‘phone socket is
feeding directly into the "*A.F. Processing Unit’”" and | am
monitoring the resulting signal from the socket on the control
panel. One mark for me!

CONTROL PANEL

You can not see the complete Control Panel in the picture but
it really consists of a hardboard drawer which slides into the
racking on which all this gear is mounted, and has a plywood
front panel. However often it is said "Electricity is dangerous’
so a large red neon glows when any mains-operated equipment
circuit is ‘live’ even if the equipment is switched off. Everyone in
the house knows that in an emergency knocking off that red
neon-cum-switch puts everything out of action! These DPST
plus neon switches are not cheap but their price could be the
price of a human life so they are worth fitting even though they
may never be needed. Each piece of equipment is switched
on-and-off by means of a small push-button switch and has its
associated neon indicating that the circuit is ‘live’.

The remainder of the panel is taken up with the controls for
the *’pi-network coupler’’, mentioned earlier: switches for the
routing of aerials to the receivers: switches for routing the audio
to the amplifier and to tape-recorder sockets and so on. The aim
has been to make DXing as easy as possible and to avoid having
to stop operating to connect in a tape-recorder or some other
gadget. It is a custom-built job and | would recommend anyone
embarking on such a project to spend a lot of time in the design
stage so as to get something that really suits their needs. Such a
panel is expensive to build both in money terms and in time
spent on the work and is not easy to modify at a later stage:
this is my third essay in this field and 18 months after it was
built | can already see that next Winter is likely to have
me building Version No. 4 to accommodate various ideas that
have since sprung to mind. Some prospect!

That then is my shack, or, at least, part of it. |’ve not
mentioned the lazy DXers best friend — a time switch which
allows you to check a channel whilst you are tucked up snug in
bed! — nor the tape-recorders, nor the reference works that one
needs nor........ But those are all subjects that must wait until
next time we talk about shacks. See you next month, but for the
present "’So long’’ and Good Dxing! Reports as usual should be
sent to me at 16 Ena Avenue, Neath, Glamorgan SA11 3AD
and if you want a reply enclose an s.a.e.
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There are a number of parameters which determine a
transistor’s performance but the main ones for low voltage
use are leakage and gain. The circuit shown above will
indicate both. Two transistor sockets are required, one for
NPN devices, the other for PNP; this simplifies switching.
With the switch SW1 set on leakage the current passing
through the device is indicated on the meter: modern tran-
sistors, even germanium types should show only the tiniest
reading if any at all. For gain R1 is applied between base
and collector. RV 1 should be adjusted so that short-circuiting
the emitter-collector contacts just registers full scale de-
flection.

Gain can be directly calibrated onto the scale but this is
best done by noting deflections given by inserting transistors
of known quality.

MEASURING HIGH RESISTANCE ON LOW
SENSITIVITY METERS

MULTIMETER
SET ON
OHMS RANGE

BLACK RED
ILEAD LEAD

TEST PROBES
Ql

SILICON NPN

Many inexpensive multimeters are unable to give useful
readings on the ohms range much above 47k. However, by
using almost any silicon NPN transistor (BC107 for example)
in the arrangement shown will give considerable deflections
for quite high values. The meter’s scale will not apply but by
noting the readings from high tolerance, high value resistors
and some interpolation, fairly accurate measurements can be
made. Note that on a multimeter the Black (negative) lead
connects to the battery positive on the ohms range.
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A new radio-clock re-
corder, the JONAN
“FAB’’ ensures that
listeners never miss im-

JONAN “FAB”

) portant radio pro-
y grammes. ITS
seorte - SECRET  is a
. remarkable clock
which is preset to
e start its built-in
cassette recorder

at any hour.

If you find a programme scheduled incon-
veniently you merely set the clock and leave
JONAN *“*FAB” to its job and return to hear
the recorded version whenever you wish.
JONAN *“FAB” can also be used as an
ordinary radio, cassette-recorder or clock
radio.

Two simple controls preset the recorder; one
dial selects the time, a second dial sets pro-
gramme length. Sixty minutes can be recorded
on one cassette. JONAN *“FAB” receives
medium wave and FM on battery or mains
and is fitted with automatic level control,
socket for external speakers, microphone (of
course, there’s one built-in as well) or tele-
phone pick-up.

I enclose 3p stamp for illustrated leaflet
NAME , |
ADDRESS — — |

NA N Send 3p for leaflets to:
276 West End Lane,
London N.W.6 l

Bush LMeissweon BREXE |

DISCOUNT COLOUR!

Perfect working order. Repolished
cabinets. 30 DAY GUARANTEEI

19” DECCA £77

19” GEC £88

22" PHILIPS/DECCA £132

25" DECCA/BUSH/GEC/BRC 2000/
PYE£110

CASH AND COLLECT PRICES, V.AT.
included.

3 or over less 10% discount

BRAND NEW 26" COLOUR TV
CABINETS

Slight seconds without backs. All with
doors in Dark Teak. Delivered for £10
cwo

MONO UHF TV‘'S

Sold complete but unserviced with
tube tested. Good cabinets. Valve
tuner type inc..—

BUSH 128, SOBELL 1000, GEC
2000, THORN 900. Singles £5 each
(add £2 delivery). 6 for £25. Delivery
extra.

Transistorised tuner type makes inc.:
THORN 950, BUSH 141, GEC 2010
to 2038. Philips style 70. Singles £10
each (add £2 delivery). 6 for £50
delivery extra.

TRANSISTORS FOR BRC 3000
R2008 (Line) R2010 (Chopper)
Singles £1 each. Any twelve £10
inclusive, Send cwo.

Send SAE for list of UHF tuners
valves, tubes, washing machines etc.
Open 6 days every week.
TRADE DISPOSALS
1043 Leeds Road, Bradford 3.
Tel 8radford (0274) 665670

and
Peacock Cross Industrial Estate,
Burnbank Road, Hamilton.
Tel Hamilton (06982) 29511

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 Shelbourne Road,
Stratford on Avon, Warwicks.

GETTING BORED WITH ELECTRONICS?

Some things are repetitive. once you have built an astable multivibrator. they tend to get bonng—tried a 555
timer ? It works in mono or astable modes for long or short pulses (95p). How about building a radio tuner for
your record player. the ZN414 chip makes this simple (£1.10). LEDs ? We have a fantastic choice— LED
lamps—TIL209 or HP4480, 4 for £1.50, 50 for £10; large lamps (HP4480). 35p each, 50 for £15, RED and
GREEN LEDs £1 per pair. LED displays—T1L302 (or similar) £2.50 each, TIL.312 (similarto MAN4) £2 each—
imited quantity. TIL360 6 digit package £18. DL34 four digit package £15. DL62 (4°) £6.50.

Phosphor diode displays DG12 £2 each.

CLOCKS CLOCKS CLOCKS CLOCKS Bywood s now foremost in the LS| clock chip market (who else
has four different clock chips /n stock with two more on order ?) MM5311—the original—£11.50. MK5017AN
with alarm or and radio controls £15.50. MK5017AA with alarm or MK5017BB with calendar. either of
these two Is offered with a PCB, socket and suitable displays (4DG12s) at £24.

Don’t get bored. If none of the above fascinate you how about liquid crystal displays, DVM chips etc?
This technology Is here to stay. Bywood have got it or can get it—give us a try.

VAT. All prices above EXCLUDE VAT, add 10%. P. & P. Please add 10p post and packing.

You can have clock data sheets for a S.A.E. or our 1973 catalogue (2nd issue) for 16p. (And we haven't
even mentioned our calculators yet— but they are in the catalogue.)

You may phone us for help on 0442 62757 and you can use your ACCESS card for phone or personal
purchases—Service from Bywood !

EviO0D

ELECTRONICS, 181 EBBERNS ROAD, HEMEL HEMPSTEAD, HERTS. 0442 62757
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See page 84 for
details on how
to book space
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THIS SPACE COSTS
£10 PER MONTH FOR
A MINIMUM OF

3 MONTHS = £30,

THIS SPACE COSTS

£20 PER MONTH

FOR A MINIMUM ﬁ MINI-ADS THIS SPACE

OF 3 MONTHS = £60. COSTS £30 PER
SPECIFICALLY DESIGNED MONTH, FOR 3
FOR THE SMALLEST MONTHS = £90,

ADVERTISER WHO WANTS
RESPONSE. MINI-ADS ARE
CHEAPER THAN THE

STANDARD RATE BUT MUST BE
BOOKED FOR AT LEAST 3
MONTHS .

team up wWith the

new |OO|< Hi

1S YOUR BUSINESS SELLING ELECTRONIC EQUIPMENT?
IS YOUR BUSINESS SELLING QUALITY AUDIO EQUIPMENT?
ARE YOU LOOKING FOR EXPERIENCED STAFF?

THEN

TAKE ADVANTAGE OF QUR NEW CLASSIFIED SECTION
THIS SPACE COULD BE YOURS FOR ONLY £20 PER MONTH
FOR FULL DETAILS OF THE REALISTIC INTRODUCTORY RATES

CONTACT

ALEX G MELLON, ADVERTISEMENT MANAGER
ON 01-7302136/7/88

OR WRITE TO: ELECTRONICS TODAY INTERNATIONAL
36 EBURY STREET LONOON SWIW OLW
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FM TUNER .conione

Approved parts for this outstanding design (W.W. April 18712).

Featuring 873 LV senmitivity. Mosfet fron end. THOUSANDS

Ceramic I.F, strip. Triple gang tuning, }V r.m,s, NOW IN USE

output level, suitable for phase loched decoder,

as below. Designer's own P.C.B. EXCLUSIVE

FURTHER PRICE R!DUCTIOE

Basic Tuner Parts with Screening Bos, VARICAP TUNED

NOW LESS THAN £11 50. Please send S.A.E lists. VERSION

NEW ALIGNMENT SER € .

HESAM VG Please send for details.
etails on request.

SOLID STATE TUNING INDICATOR

(W.W. April '72). Tuning is indicated by the balance of two light emiiting diodes. The kit
includes, LED's, high gain transisiors, P.C.B., resistors, mounting kit and Instruction booklet.
Order T041. Price £1 72 plus P. & P. 10p. with iwo LED's (or £1 88 with extra LED for *'stereo’
lamp-see decoder).

DIAL CHASSIS KIT

Now available—inciudes ail dial drive componenis, dial plate, decoder mounting bracket,
tuning scates, decoder-tuner tagstrips, etc., 4-way 2/3 pole rotary switch and instruction booklet
Price £213 ptus P, & P. 17p (Note may be purchased without dial drive components.)
PHASE-LOCKED STEREO DECODER KIT

Now with free LED "'stereo on'' light—complementing this superb decader (W.W. Sept. '70)
Suitable for wide variety of tuners including the NELSON-JONES TUNER

Complete kit ONLY £7 8. P, & P, 16p.
NEW IC Stabilised PSU. §/C, overload protected, tow rippie. £355. P. & P, 18p,

LIGHT EMITTING DIODES (Red)

improved efficiency type, mech. identical to HP LED, panst or PCB mounting with
free mounting clip—clear or biach—pleass state. Order LEDIA. Please add postage.

Monsanto miniature PCB mounting with radial leads.
Order LED2. Please add postage.

NOW ONLY 33p each with connection data.
Note. Tuner metalwork and case now matches TEXAN

TEXAN AMP.

Please enquire about delivery.

AERIALS—3 ELEMENT VHF/FM (Outdoor)
A good aenal is essential for optimum Stereo Radio reception.

ONLY £280. P. & P. 4p.
Coax Sp/melre. (Masts and Fixing kits available).

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW

[
7 SEGMENT LED Displays.

Lowest cost.

0-325"" characters. Continuous segments

(not dotted) 0 0
GaP high efficiency Red Light Emission
TTL compatible. o o

Common anode and common cathode

: 0 0
types available.
LOW COST 0 0
Prices: °
Common anode type £2-46 each o o
£1-97 25--
Common cathode £2-33 each
£1-83 25
4 dig. common anode £2-33 each

7447 decoder driver (for C.A.) £1:30 each
All devices available from stock.

V.A.T.

FROM APRIL 1st ADD V.A.T. AT 10%
TO ALL PRICES

SPECIAL OFFER

4 function 8 digit display calculator with CONSTANT
KEY, fixed or FLOATING DECIMAL, clear last entry key.

Complete with BUILT IN RECHARGEABLE CELLS,
mains charging unit, AND carrying case. Full 12 months
guarantee.

ONLY £45'00 p. & p. 50p.
Phone Repton (028389) 3580

FREQUENCY COUNTER

If you want a frequency counter, either 10MHz or 40MHz
guaranteed, you should consider our modules. Our crystal
timebase has been supplied to Industry, Government research
and Universities—now we can supply everything for measuring
frequency.

COUNTER GATE: This unit converts TTL decade displays into
a frequency counter, using only a reference and power supply.
It provides the rest ‘O’ puise and has display 'hold’ facility,
10MHz guaranteed, 7-pin package, with data £9.90 each.
TIMEBASE . Our popular G8 timebase gives 13 simulatneous
TTL frequencies {10Hz to 10MHz) with good stability {0.005%)
normally from stock, £23.00 each.

TIMEBASE Il. Electronically switched version, covers 1Hz to
100kHz with outputs at 1MHz and 10MHz. Ideal for counters or
ATE, £24.00 fibreglass pcb.

Ditto, but larger pcb to take our counter-gate package £24.50
DISPLAYS. Our LED displays at £12.00 each will be announced
this month. They will be built and 10MHz tested. Supplied on
fibreglass pcb. All normat counter facilities

PRESCALERS and PREAMPLIFIERS will be available next
month.

LOGIC DETECTOR for TTL, a LED shows Logical 1. Operation
to 12MHz, input 150k £ with protection to mains voltage.
These units do not have to be hand-held. Supplied boxed, with
leads and clips £6.50 each. Quantity discounts 10-up.

Send for further details (private enquiries: 3p stamp, please).

Our module catalogue available at 25p SpP&pP.

All goods sold subject to our Terms and Conditions.

SPOTRON (U.K.) LTD.
P.O. BOX 81, WALLINGTON, SURREY

Telephone (normal office hours) 01-669 0571
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M.Sc. Course in
Electrical Engineering

with specialisation 1n any on> of the following:

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 Cctober 1973, may be taken on a
f Time, Part Time, sandwich or Block Release basis, and 1s open to
apphcants who will have graduated 1n Engineering or Science, or who
will hold equivalent qualifications, by that date. The Science Research
Council has accepted the Course as suitable for the tenure of its
Advanced Course Studentships.

Research in Electrical Engineering

Applications are also invited from similarly qualified persons who wish
to pursue a course of research leading to the Degree of M.Phil. or
Ph.D. in any of the above subjects.

Application forms and further particulars from the Heal of the
Department of Electrical Engineering (Ref: M.Sc. 8), The University
of Aston in Birmingham, BIRMINGHAM B4 7PB.

THE UNIVERSITY

OF ASTON
IN BRMINGHAM
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NEWSAGENT:

Please deliver ELECTRONICS TODAY
I INTERNATIONAL for 12 months, starting with
the issue:

NAME
ADDRESS

GIVE THIS COUPON TO YOUR LOCAL
NEWSAGENT

...by your local newsagent

For only £2.40 a year (12 issues at 20p each) you
ensure that every copy of ELECTRONICS

TODAY INTERNATIONAL will arrive on your
doorstep as soon as it is published — and that
you'll never miss out on it if an issue happens to

sell out.
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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.LLE.T.
home study course gets results fast - makes learning easier
and something to look forward to. There are no books to buy
and you can pay-as-you-learn.

Why not do the thing that really interests you? Without losing a
day’s pay, you could quietly turn yourself into something of an
expert. Complete the coupon (or write if you prefer not to cut the
page}. No obligation and nobody will call on you . . . but it could be
the best thing you ever did.

Others have done it, so can you

“Yesterday | received a letter from the Institution informing that my
application for Associate Membership had been approved. I can honestly
say that this has been the best value for money I have ever obtained — a
view echoed by two colleagues who recently commenced the course”.
Student D.1.B., Yorks.

“Completing your course, meant going from a job I detested to a job
that I love, with unlimited prospects”.—Student j.A.O. Dublin.

“My training with B.I.E.T. quickly changed my ecarning capacity and,
in the next few years, my earnings increased fourfold”.—Student
C.C.P., Bucks.

AIND OUT FOR YOURSELF

These letters —and there are many more on file at Aldermaston Court
speak of the rewards that come to the man who has given himself
the specialised know-how employers seek. There’s no surer way of
getting ahead or of opening up new opportunities for yourself. It
will cost you a stamp to find out how we can help yox. Write to
B.LLE.T. Dept.BEI08 Aldermaston Court, Reading RG7 4PF.
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Practical Radio & Electronics
Certificate course includes a
learn while you build

3 transistor radio kit.
Everything you need to know
about Radio &
Electronics
maintenance and
repairs for a spare
time income and

a career fora

better future.

Tick or state subject of interest.

I MECHANICAL
I A.M.S.E.(Mech.)
Boil

Man. Prod.—cont.

Post to address below. I

Constructional-cont.

Quality Control ([J Buildi

er Inspect. Salesmanship O
& Operation O Storekeeping a
C& G Eng. Crafts [J Work Study m)]
C& G Fabricat. [ Works
EleseIInEng. " B Management [J
. ection
Bne. Metaliaory [ DRAUGHTSMANSHIP
I Inst. Eng. & Tech. 0 A-M.LLE.D. a
Inst. Motor Ind. [J Design of Elec.
Mainten. Eng. [J _ Machines u]
Mechanical Eng. [J Die & Press Tool
Sheet Metal WorkJ _ Design a
Welding O Electrical
Draughtsman- o
ship
ELECTRICAL & Gen. Draughts-
ELECTRONIC manship o
AMS.E.(Elec.) O jjg & Tool Des. ]
g i g' E%gg anss; B Tech. Drawing [J
C& G Elec. Tech. J RADIO & TELE-
Computer Elect. [0 COMMUNICATIONS
Elec. Maths O Colour TV (]
Elec. Science O C & G Radio/TV/
ElectronicEng. [0 ~ Electronics a
Electrical Eng. [J C& G Telecomm.
Install. & Wiring 0  Tech. a
Meters Prac. Rad. Elec.
I & Measuring (with kit) O
Instruments (0 Radio Amateurs
xXam. 0O
I I\P/IANAGE]!JIIENT & Raz:i%g Serl'vlclng .
RODUCTION epairs
Sy fRaneIiE B
omputer Prog. -
El}gctrom? Data . TV Main. & Serv. J
rocessing
Estimating d ﬁg!gé‘né'ERO o
Foremanship O AMIMI g
Inst. Cost & Man A.E.C. Cert. o
Accountants 0] ‘AyoEngineer.
Inst. Marketing [ Auto Repair a
Management U c&GAuto. Eng.
Metrication O Garage
Motor Trade Man. 0 ~'Mgnagement o
Network Plan. [ MAA/IMIDIipl. [
Numerical Cont. (O Motor Vehicle
Oxi%ratlongl g _Mechanics 0
esearc
Personnel Man. [J CONSTRUCTIONAL
Planning Eng. O A.M.S.E.(Civil) O
Production Eng. O Architecture 0

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

POST TODAY FOR A
| BETTER TOMORROW

I To B.LLE.T., Dept. BEI08

Q
Aldermaston Court, Reading RG7 4PF

I‘NAME

Block Capitals Please

ADDRESS

I OTHER SUBJECTS

Accredited by'C.A.C.C.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOG

uilding C]l
Building Drawing [J
Build. Foreman
Carpentry &Join. [J
Civil & Municipal

Engineering
Constructional

Engineering 0
Construction d0
Surveyors a

g
a

[m]
=

Institute
Clerk of Works
Council Eng.
Geology g
Health Eng. dJ
Heat & Vent. 0]
Hydraulics d
Inst. of Builders [J
Inst. Works &
Highway Sup. O
Painting & Dec. [J
Public Hygiene [J
Road Engineer. [J
Structural Eng.
Surveying

g
a
GENERAL

AgriculturalEng. [J
Council of Eng.

Inst. g

Farm Science g

General Educat. [

Gen. Plastics a

g

a

g

g

g

a

Pract. Maths

Pract. Slide Rule

Pure & Applied
Maths

Refrigeration

Rubber Tech.

Sales Engineers

Tech. Report
Writing ]

Timber Trade 0

University Ent. [

G.C.E.
58 ‘0’ & ‘A’
LEVELS SUBJECTS

Over 10,000
group passes

l BEI08

AGE

~< P ..
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The entrancing world
of SANSUI's quadrasonic 4-channel stereo.

The complete range of Sansui’s sophisticated
4-channel equipmentat yourdealer’s now!

England : VERNITRON(UK)LTD. Thotnhill Southampton S09 5QF Tel : Southampton 44811

Saresui KO
e tirintaad A0y 4. CHANNEL STEREO
RO PORATION 32-17 61st &




