
Australia 75c  New Zealand 85c  South Africa 70c  Malaysia $2•25 



Teleplay 
1101Npresents 
PROGRAIV1 A GAME 
iNiTiel FREE STAR* OFFERS 6 

A whole library of easy tomes fo oy  
assemble cartridge ga r 
you and all the family ks  TV 

to enj 

— all in full colour  OK on Black and White   
-- will save you pounds ir 

the long run. 

Our INTRODUCTORY OFFER consists of a bargain that cannot be snuffed at - a Kit consisting of a Professi ot ball 

onal 

Finished Inject Moulded Box -- * Joystick Hand Controls —  one cartridge on which consists of 10 games- Fo , 
Tennis, Solo Squash (1 l & 2 players), Hockey, Basketball (1 & 2 players), Shoot etc. *Mains.Adaptor. All holes are. 
pre-drilled — No Specia equipment required. You'll be surprised how easy it is to assemble this superbly enjoyable kit! 

tor g Q 

Every 3 months a NEW game will 
become available to  you and those 
already under production include 
Submaries, SP'e War, Wipe Out 
and many more.  The price of these 
vvill varY from £12 W E19 dependi Cartridg 

ng 

upon the complexityN O  trol — rea 

of the game.  e 

Additional Cartridges  W  available include: Stunt Cyc1e — 4 games — Cartridge and Hand Controls — 04.90 

lank BattAe — Cartridge and Hand Con s  03,90 Road  Race — 2 games  Cartridge  Contro ls al dy with bas ic ki 

Cartridges come co  Mplde te with printed case an easy to follow 
assernbly instructions. 

Electrical know/edge is not a necessity to assemble this project — just simple soldering. 

Cheques and Postal Orders to be made payable to TELEPLAY: send your order (No Stamp Needed) to 
Teleplay, Freepost, Barnet, EN5 2BR or telephone your order quoting your Barclaycard or Access number. 

Queries and Technical Advice offered either by phone or by calling at our shop. 

BARCLAYCARD 

4-111 111  

SHOP OPEN -10am to 7pm - Monday to Saturday 
CLOSE TO NEW BARNET BR STATION — MOORGATE LINE V*.Pkwar keroa 

All parts fully guaranteed. 

EUROPE'S LARGEST STOCKIST OF TV GAME COMPONENTS. 

14 Station Road, New Barnet, Herts EN5 1QW Tel: 01-440 7033/01-441 2922 



This Month's Snip. 35w speaker kit, all good British made 
speakers, the kit consists of 8" woofer, 41. mid range, 31" 
tweeter all tor 11 chrn and finally the terminal panel which also 
houses crossover unit. 100 sets only to first corners, price 
£16• 50 including post and VAT. 

Project Box... Nicely made in black plastic with threaded 
brass inserts to hold the lid which is fixed by four corner 
screws. There are three sizes available 75 a 56 a 35rnm, price 
1110p, 98 x 71 a 36mm price 71/p and 115 a 95 a 36mm price Nip. 

Instru ment Buzzers, made for the GPO ex unused equipment 
price Up. 

Klaxten Type Alarm. Battery Operated gives a good loud 
note with only a I 5v battery, gets unbearable as voltage 
incr , ideal for personal or car alarm, price 1116p. 

Stereo Headphone Lead. Black curly 10ft approx temina-
lions, stereo jackplug one end-miniature two in plugs the 
other. Price Sip 
Stereo Decoder Kit uses latest techniques, size approxi-
mately 31" v 1" x f" complete price £5 05 or made up and 
tested El S6 extra. 
Stereo Beacon Light if required 45p extra. 

Cassette Microphone. Dynamic 600 ohm with on/off switch 
and stand for desk top work, price £1 42. 
Mains Operated Pu mp. Most readers will know that we 
stock the Jabsco pump which was made to work with portable 
drills, the Orice is £2 441, now in response to demand for a 
mains °periled pump we have coupled this foal10 rpm motor, 
mounted them on a metal chassis and offer this as a general 
purpose pump. It is suitable for most liquids and certainly for 
water. The pump is self priming and will lift the liquid up to 
quite a head but naturally the delivery will fall off depending 
upon the lift. Price £11 26. 
Flexible Conduits made from a thin but very tough plastic 
ribbed to give extra strength but very lightweight and very 
flexible and can be bent through a very small radius. Uses in 
addition to carrying most fluids, these conduits can also be 
used for cable tidying and protection and even make do 
flexible drive for a slow speed turning operation. Two sizes 
available r and 1" internal diameters approximately. It is 
interesting to note that the 1" one is a reasonably good fit 
on the inlet/outlets of the above mentioned Jabsco pump. 
Price 27p per metre, post 11p per metre. 
Double Ended Motor, mains operated, capacitor run approx. 
1 h.p., this has spindle coming out each side and should be 
very suitable for converting into a double ended polisher or 
grinder, holes conveniently placed in the housing make it 
very easy to stand in the right position and the speed although 
not high is adequate. Limited quantity only, we are offering 
these with capacitor at Eit 

• H.P. Motors. Normal base mounting. ex computors but 
tested, 230-240v 50hz good length spindle mostly American 
make, El Si. 
13 Amp  r Switch made by Carr, Fastener Co. (Dot) 
again available price 27P. 
Luminous Rocker Switch, suitable for 13 amps at mains 
voltage, these are illuminated with neon through amber panel, 
snap-in fixing into hole size 11" x 1)". Special bargain 311p. 

Three position Rocker Switch. 10 amp changeover with a 
centre off standard size clip fixing Duihes into hole area size 
approximately 1" a .6" which is standard for many rockers. 
Special bargain this month, 10 for 11 62. 

II Minute Clockwork Ti me Switch made by Smiths and as 
fitted to many tumble dryers, washing machines. etc. Very 
useful for other timed applications, when rotated 15 double 
pole main switch makes ctrcLit and stays on for up to 1 hour 
depending on the amount you turn the spindle. Special snip 
price Et 23. 
Clockwork Air or Gas Switch made by the famous Smiths 
Company, winding the clockwork opens the vat:. and 'tits 
the air or gas come through for maximum of two hours 
depending upon the amount the clockwork is rotated. Inlet 
and outlet are threaded normal gas size, price £3 76. 

Connecting Wire Bargain 100 yards PVC insulated con-
necting wire 14/36 on a drum. conductors made by BICC, price 
1E1 3$. 
Calculator Key Board Ex broken up calculators, these are 
approx. 21" square and have the normal 0-9 buttons plus on/off 
switch, divide, multiply, plus, minus button as well. Limited 
quantity only tip. 
Versatile Performer our 12v 1 amp ref. No. TM10 is a very 
useful transformer, there is plenty of space between the wind. 
no and the laminations to add (or subtract turns) if for 
instance you want an additional 2 or 3 volt winding this can 
be very easily added without de-lamming the transformer 
We have adequate stocks of these and can give a discount of 
up to 30% depending on how many you buy. One off price is 
£2 14. 
Just Arrived Few only so hurry if you want one. Garrard 
Mini Auto Record Changers Model CCIO, very neat deck size 
only llf" a Itii" requiring only 2" clearance below deck. This 
plays all sizes of records and is fitted with a stereo ceramic 
cartridge, price L10-50. 

I.C.'s on Computor Board Total of 16 I.C.'s as follows: 
3 Off 7403. 2 Off 7406, 1 off 7407, 1 off 7408, 2 oft 7409, 2 off 7413. 
1 off 7414, 1 off 7352. One metal encased type numbers look 
like 14406. Panel with other components one of which we 
believe to be a crystal. Price 9Sp per board. List price of only 
14 Of the IC's came to over £4 and we understand that *hese 
are unused boards. 

Charge Rate Meters As our old friends will know we have in 
stock 2 amp and 3 amp charging meters, we have now acquired 
some 5 amp and 6 amp. These are all the same size that is It" 
diameter and all the same price, II1p each. 
3 Plug and Socket Bargains 3 way plug and socket 32p. 
6 way plug and socket 411p, 12 way 114p per pair. 
Multiple Slide Switch. This is a 6 pole changeover with 
centre off, price Up. 
Heavy Duty 3 Core Appliance Lead 15 amp wire, Oft long, 
conventional yellow-green, brown and blue, Grey pvc outer. 
prepared ends, this flex normally sells at 311p per metre. 
10 leads for £3 Ti. 
Heavy Duty and 4 Core Appliance Lead Black rubber out, 
copper cores adequate for 13 amps, coloured as follows 
yellow/green, brown. grey and green. Oft long. 10 leads for 
£4 24. 
2 Core Appliance Lead with continental 2 pin plug black 
and blue insulated 5 amp cores with very flexible grey rubber 
outer, £3 H. 
Chrome Plated Metal Legs, heavy duty, really good quality 
made originally for an expensive Decca outfit, height 12". 
£2'19 per set of four. 
Experimenters Relay Parcel. A Special offer is 10 type 600 
relays all different coil values covering most experimenters 
needs. Total retail value ES 16-yours for £3-75. 
Motor with fan blade-it you want something to cool a 
cabinet or if you are making a cooker hood or a blower heater, 
this may be the answer. I" stack induction motor with a set of 
Smith's fan blades, approa. 5' diameter. Price Et .26. 

MULLARD UNILEX 
A mains operated 4+4 stereo t 
system. Rated one of the finest 
performers in the stereo field 
this would make a wonderful gift 
for almost anyone in easy-t0-
assemble  modular  form  and 
complete with a pair of Plessey 
speakers this should sell at about £30-but due to a special 
bulk buy and as an incentive for you to buy this month we 
offer the system complete at only £115 including VAT and 
Postage. 

SHORT WAVE CRYSTAL SET 
Although this uses no battery it 
gives really amazing results. You 
will receive an amazing assortment 
of stations over the 19. 25, 29, 31 
metre bands  Kit contains chassis 
front panel and all the parts £1 96-
crystal earphone Up. 

BREAKDO WN PARCEL 
FOur unused, made for computer units 
containing  most  useful  components 
and  these  components  unlike  those 
from  most  computer  panels,  have 
wire ends of usable length. The tran-
sistors for instance have leads over 1-
long-the diodes have approx. r leads 

74, 
List ul  • Jr components it as follows: -17 assorted 
transistors-38 assorted diodes-60 assorted resistors and 
cOndensers-4 gold plated plugs in units which can serve as 
multipin plugs or as hook up boards for experimental or 
quickly changed circuits (note we can supply the socket 
boards which we made to receive these units) The price of 
this four unit parcel is £1 including VAT and post (consider-
ably less than value of the transistors or diodes alone). 
DON'T MISS THIS SPLENDID OFFER. 

FLUORESCENT TUBE 
INVERTOR 
For camping - 
car repairing - 
emergency light-
ing from a 12v 
battery you can't 
beat fluorescent 
lighting. It will 
offer plenty of well distributed light and is economical We 
offer invertor for 21" 13 watt miniature tube for only £3 75 
with tilt,e holders as well 

24 HOUR TIMERS 
VENNER 

As illustrated with sun correction made 
'or G P 0 phone boxes used perfect £2 95 
20 amp switching contacts 

EXTRACTOR FAN 
Ex computers-made by Woods of 
Colchester. Ideal for fixing through 
Panel -reasonably Quiet running-
very Powerful 2500 rpm. Choice of 
two sizes 5" or 6)" dia. £5 and ES. 

SPIT MOTOR WITH CARTER G BOX 
r •  Probably one of the best spit motors 

made Originally intended to be used 
in very high priced cookers, however 
this can be put to plenty of other uses, 
for instance your garden barbeque or to 

o• . irt for stone polishing; in fact there are no ends 
to its uses Normal mains operation Ed 32. 

HONEY WELL P.B. 
MICRO SWITCH 
1-2 or 3 10 amp 250V changeover micro' 
switch thro panel mounting by cock nuts 
1" die black knob 1 switch 400 2  
S W 3 switch 70P. 

HUMIDITY S WITCH 
American made by Ranco, their type No 
J11. The action of this device depends 
upon the dampness causing a membrane 
to stretch and trigger a sensitive micro. 
switch adjustable by a screw, quite 
sensitive-breathing on it for instance 
will switch it in. Micro 3 amp at 250V ac, 
Overall size of the device approx. 311n 
long, 1 in. wide and If in deep. 75p. 

SWITCH TRIGGER 
MATS 
Wiring dig, supplied for complete house 
protection-'Keep Those Robbers Away' 

13" • 10"-£2 10 
24"  18" -E2 60 

Terms: Prices include Post & VAT. But 
orders under £6 00 please add 50p to 
offset packing. Bulk enquiries-Please 
Phone for Generous Discounts 688 1833. 

J. BULL (ELECTRICAL) LTD 
(Dept. P. W.), 103 TAM WORTH RD., 

CROYDON CR8 1SG 

IT'S FREE 
Our monthly Ad   Advertising Bargains List gives 
details of bargains arriving or just arrived-often bargains 
which sell out before our advertisement can appear-It's 
an interesting list and it's free-lust send S.A.E. BilOw 
are a few of the Bargains still available from previous 
lines. 

Fluorescent Choke for Ott. Tube. This is another excep-
ttonal bargain. It is a polyester filled almost silent running 
65 watt choke made by GEC at only El 'V. Just what sort of 
bargain this is will be realised when you look at the new prices 
for chokes, the recommended list price of 65 watt is now over 
£3 -50. 

Car Plugs. These go in the cigar lighter socket. They have 
been out of stock for a long while, but we are pleased to say 
they are once again in stock. new price of course 44p + 4p 
each. 

Self-adhesive paper discs V' ideal for marking leads as you 
take them Off, Or for providing quick insulation of soldered or 
twisted joints. El 311 for box of 5,000. 

Pick-up Cartridges. We have two extra special bargains this 
month-"Sure" magnetic type number 77DB for £3• 36 + 366 
and "Ronette" turnover mono cartridge standard replacement 
tor DC4000 series price £1 • 71. 

Multi-core Cable. 7 cores each pre insulated and colour 
coded, screened overall then with pvc outer covering. A 
miniature cable diameter appro... 1", price 20p per metre 
available in lengths up to 15 metres. 

Tape Deck, solenoid operated. This comprises mains motor 
mounted on a frame with heavy flywheel and capstan. Record, 
play, rewind, etc., intended to be Operated by solenoids but 
the solenoids have never been fitted nor are these available. 
It should require little ingenuity to make this manually 
operated or even to adapt other solenoids to control it. Price. 
complete with record/playbach head and erase head. £4.75. 
Break before mak* wafer switch. We are sometimes asked 
for these but we do not normally keep a range. However, we 
have some 2 pole 5 way with 1r wafer, a well made switch 
which we can offer 45p + 5p each. 

Latching Relay, i.e. a relay that once closed stays closed 
until deliberately opened, is often needed in a circuit. Some 
relays latch mechanically, but these are expensive. Our 
relay 013500 having multiple contacts and a double wound coil 
lends itself to electrical latching, simply use one of the 
surplus pairs of contacts to maintain the closing current or to 
bring in an auxiliary closing current, a very useful relay-
will close on 6 volts, 12 volts, 124 volts or from the mains 
through 15 watt 1 amp (or 5K resistor) and small rectifier. 
Special snip price on SO + 4p. Good quantities in stock. 
usual discounts. 

AM/FM Tuning Condenser as fitted to many Japaense and 
Hong Kong portables, this has two tuning sections and four 
trimmers, approximate size 1" a I" s V. Price 67p. 
Battery Charger Kit comprising 2 amp transformer, 2 amp 
full wave rectifier and 2 amp meter suitable for charging in or 
12v battery. Special bargain price £3 te. 

dattory condition testers. This is another item which has 
been out of stock temporarily but we are pleased to say in 
stock again. Price now £4 SI + 36P Post 600• 

RF Attenuator fitted into a die-cast 10 sectioned case with 
a line of switches on the top panel and co-ax input and output 
sockets. Switches give db attenuation oft, 2, 3, 5, 10, 10, 10. 10. 
Not new but in perfect condition. Price £3 74. 

Pendant phones ex G.P.0 very useful as extensions, these 
do not take up any room on the desk, just screw the hook 
switch to the wall. Limited quantity a 211. 

Solenoid 4-6v, size approx. 1" x 1" x 4" thick twin coils give 
excellent pull Fitted with lever giving approx. • 4" push or pull. 
Price 430. 

Cold cathode tube Sw•ss made "Elasta" type no. ER 12A. 
We have no technical information on this tube and if any 
reader has this we will be obliged for any information. Price 
of the tubes 43p. 

AC mains operated relay with single changeover 10 amp 
contacts, open type single screw fixing through the base, 
price alp. 

Frequency changing auto transformer for the operation of 
American equipment off our mains. These have an output of 
115v at 60c p.s loading 90w. The frequency Of the output is 
shown by a vibrating reed type indicator. Limited quantity 
£35 each 

Push Switch, metal body and metal push, normally on. 
These are replacement in many "break glass" fire alarms. 
Made by Arrow, contact rating 250v 5 amps. Price MP. 

Push Switch, double pole changeover contacts rated at 
10amps 250 volts made by the American Honeywell Co. A very 
reliable and robust switch with plenty of applications. Oblong 
plastic body, snap fitting into a hole size 11" a 1" 27p + 
2o each 

Ditto but latches down and has to be pulled up. price 4So• 

Power Supply for 12v cassette players the "Smooth Flow". 
Give 12w up to 75 amps, as in neat plastic case with lead for 
mains, terminals for connecting to cassette, also the mains 
transformer is double insulat ed and has overload protection. 
Price only VI 25. 

Sim mer Stets, very useful device where you want to control 
the heat from an element, used on most electric cookers, 
these are really pulsed thermostatic switches, the length of 
the "on" time depending upon the setting of the knob and 
heat at sensor head The simmer stat will control up to 15 
amps Price £2 IL Knob is not supplied but is available at 33P. 

Multi-voltage transformer 13 watts, an extremely versatile 
transformer and it .5 quite surprising the number of different 
voltages which may be obtained by using its two windings 
or parts of these windings in assisting or opposing modes. 
In addition to these, such voltages as 20-0-20 or 25-0-25 or 
130-0-130 may be obtained The two secondary windings are 
(1) 50v tapped at 30v and (2) 290v tapped at 240, 220, 200 and 130. 
Special snip price only Ell 30. 

Quick Cuppa. Mint immersion heater, ideal for taking on 
holiday, for maiming a "quick cuooa" tea, or for having by the 
bedside for baby's feed etc. 250w heater 411 230 volts or ap-
proximately 90 watts  ilo volts. Price £2 IS, 
Neon Screwdrivers. Two useful models:- 7)" price 7111p and 
si" price 55p. 
2406 1mA Moving Coil Panel Meter. A large instrument, 
size approximately 41" souare at the front and 41," deep. 
Intended for panel mounting, its scale is calibrated 0-7 and 
it was intended to be used as rev. counter £14 each. 
Pr   Switch. Adjustable through a range of pressures 
from where it can be operated by sucking or lowing to 
approa 50 psi-10 amp changeover rnicroswitch, metal body 
with threaded inlet. Price Et N. 
Push-Push Switch. Fixed through pan& this is a ratchet 
action, double pole changeover switch, the contacts we 
understand are hard gold plated. Spindle is 1" diameter so 
that a standard radio knob can be fitted. Price 3111s + 3p. Good 
quantity available at usual discounts 
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700+ Top quality components for the beginner and expert 
alike. Despatched by return (1st Class for small packets) 
subject to availability. Discounts. 5% above CS, and 10% 
above £20. 

741 
ONLY 

3013 

555 
ONLY 

50p 

111209 
ONLY 

15p 
Components below are a small sample from our range 
Many more semiconductors available. Additionally we can 
supply priced component lists for all E.E. projects from Oct 
77 onwards. Send SAE for up to four. Let us quote you for 
any requirements—Export welcome. 

ACE MAILTRONIX LTD DEPT EE TOOTAL STREET 
WAKEFIELD W. YORKSHIRE WFI 5JR 

Capacitors  Cases  Presets  Transistors 
Electros-  Polystyrene  Min. Horiz.  BC308 
Axial  MB I  58p 8p  
Value CAE)  MB2  69p  10051- 
1/63V  Op  MB3  83p  2- 2h1P, 
2.2/63V  Op  (at 1. 2.2+ 
4-7/63V  Op  4-7 decades) 
I 0/63V  Op  Vero Cases 
10/25V  Op  75 Series 
22/25V  Op  410  390p  Min. Vert. ep 
47/25V  Op  411  430p  100a-IM a 
I 00/63V  259 ''' 412  555p  (at 1, 2.2 4- 
I 00/25V  10p 237  240,  4'7 decades) 
220/25V  25p 

37p  238  300p 470/63V   239  350p 
470/25V  349 798  4509  Transistors 
1000/63V 46p  AC126  20p 
I 000/25V Sep  ACI27  20p 
2200/25V 85p  ACI28  279 

65 Series  ACI41  219 
2514  1809  ACI42  lip 
2516  210p  AC176  28p 

Tantalu m  2518  2309 
0.47/35V  14p  ACI87  21p 

2520  260p  ACI 88  21 p 
1 0/35V  149  2522  340p  ACI87 8MP 
2'2/35V  16p  2523  6909  53p 
4 7/35V  17p 
10/25V  219  AC I87K  219 
22/16V  24p  ACI88K  21p 
47/6-3V  24p  Vero Boards  AD149  799 

0.1"  AD161  7Sp 
2.5" x 3-75"  AD162  7Sp 

SOp  ADI 61,2 
3-75" x 3-75"  MP 

599  AF127 
2-5" x 5"  59p  AF139 
3-75"x 5" 66p  AF239 

BC 107 
BC 08 

Dec & Blob  BC109 
S. Dec  216p  BC I 26 
T. Dec  399p  BC 140 

BC 142 
BC 143 

Blob 0 I"  BC  BC I 48 
2 ' 5"/5"  33p   
2 5"/3 '75" 2Sp  BC I 49 
3 75",5"  SOp  BC I 54 

Polystyrene  BCI57 
Value (pF)  BCI 58 
10  69  BCI59 
22  69  LEDS  BC161 
33  69  TIL209R  15p  BCI67 
47  6p  TIL209G  35p  BC168 
100  6p  TIL209Y  3Sp  BCI69 
150  6p  LEDO 2"R 15p  BC170 
220  6p  LEDO 2"G 3Sp  BCI71 
330  6p  LEDO 2"Y 3Sp  BCI72 
470  69  DL707  100p  BCI73 
680  69  BCI77 
1000  6p  BC178 
1500  OP  1.C. SKTS  BCI79 
2200  6,9 8 PIN DIL 21p  BC 1821  
3300  69 14 PIN OIL  BC1831 
4700  9p  249  BC184L 
10000  9P  16 PIN OIL  BCI86 

27p  BCI87 
BC207 

Cera mics  BC208 
SOV  BC209 

(Pack 3)  10p  Resistors ZW  BC2121 
22  (Packs of 3,)  BC2131 
33  69  BC2141 
47  BC237 
100  BC238 
150  Carbon Fil m  BC239 
220  BC301 
270  1 ' -10M '  BC303 
470  BC307 330  E12 Values 

560 
1000 
2200 
4700 
0.014F 
0 022uF 
0 047uF 

Polyester-
Radial 
O 001 
0 0022 
0 0047 
O 01 
0 022 
0 047 
O1 
O 22 
O 47 
1 0 
22 

7p 
7p 
79 
7p 
79 
7p 
89 
9p 
lap 
18p 
369 

2p 
BC309  2p 
BC327  7p 
BC328  Sp 
BC337  Sp 
BC338  Sp 
BC44 I  349 
BC46 I  36p 
8C547  3p 
BC548  3p 
BC549  4p 
BC557  6p 
BC558  Sp 
13C559  Sp 
BCY70  20p 
BCY7I  20p 
BCY72  16p 
BD 115  54p 
BD123  80p 
BD I 24P  90p 
BDI31  68p 
BDI32  70p 
BD 131. 
2MP  140p 

BD133  SOp 
BDI35  41p 
BD I 36  39p 
BDI37  40p 
80138  4Sp 
BD139  42p 
80140  42p 

160p  BF180  359 
36p  8E181  )Sp 
48p  BF194  139 
Sip  BF195  13p 
139  BF196  13p 
13p  BF197  13p 
139  BFX84  24p 
209  BFX87  29p 
3Sp  BFX88  29p 
30p  BFY50  23p 
309  BEY51  23p 
Op  BEY52  23p 
Op  BSX20  219 
1p  M)480  12Sp 
69  MJ48I  1559 
29  MJ490  137p 
2p  M)491  1739 
Sp  MJ2501  246p 
329  MJ300 I 205p 
2p  MJE340  49p 
I p M)E520  SIP 
2p  M1E2955  99p 
6p  MIE3055  8Sp 
I p MPF 102  409 
39  0C28  120p 
4p  0C35  8Ip 
9p  0070  3Sp 
9p  0071  16p 
9p  0081  3Sp 
I p TIP3IA  42p 
Ip  TIP32A  44p 
I p T1P4 I A  S9p 
Sp  TIP42A  59p 
7p  TIP2955  104p 
I p TIP3055  6Sp 
I p TI543  35p 
1 p ZTX107  149 
1p  ZTX108  14p 
I p ZTX109  14p 
I p ZTX300  17p 
6p  ZTX500  18p 
6p  2N697  22p 
6p  2N706  18p 
32p  2N 1131  30p 
329  2NI132  30p 
1 1p  2N 1613  24p 

Transistors 
2N17Il  24p 
2NI893  25p 
2N22I 9  29p 
2N2369A 22p 
2N2646  92p 
2N2905  289 
2N2926G  13p 
2N29260 12p 
2N3053  22.p 
2N3054  73p 
2N3055  65p 
2N3702  I p 
2N3703  I p 
2N3704  I p 
2N3705  1p 
2N3706  1p 
2N3771  2 Op 
2N3772  1959 
2N3773  280p 
2N38I9  24p 
2N3866  97p 
2N3904  lip 
2N3906  12p 
2N5457  429 
2N5458  42p 
2N5459  43p 

Signal 
Diodes 

AAII9  7p 
0A47  99 
0A90  7p 
0A91  7p 
0A202  99 
1N4148  4p 

Rectifiers 
BYI27  14p 
N4001  Sp 
N4002  7p 
N4004  79 
N4005  Bp 
N5401  14p 
N5404  169 
W O4  319 

Zeners 
400 m W 
3 3V-I5V  lip 

Regulators 
7805  1559 
7812  ISSp 
7815  1SSp 
723011  609 

I.C.s 
741  30p 
747  99p 
748  SOp 
555  50p 
556  99p 
4001  269 
4011  26p 
7400  1Sp 
7402  lap 
7490  62p 

Switches 
Slide DP  19p 
Push Make2Op 

All prices include VAT.  P&P FREE over £2.  20p under 

Name 

Ad ress   

Cot an ACE up uour sleeue! 
ACE MAILTRAIIX LTO 
Dept EE Ronal Street 

Walf.theld WYorkshin WEI 5J1i 

4Re MIGHTY MIDGETS 

SbOtitl ulEO 
IRONS AND  
ACCESSORIES 
18 WATT IRON inc. No.20 BIT 

RETAIL PRICE 
each inc.v.a.t. 
£3 • 78 

POSTAGE 
extra. 
22p 

SPARE BITS 44p — 

STANDS £3 • 25 65p 

SOLDER: SAVBIT 20' 52p 9p 

"  10' 26p 4p 

LOWME LT 10' 65p 9p 

I.C. DESOLDERING BIT 88p 9p 

BIT SIZES:  No.19 (1•5 mm) 
No.21 (4•5 mm) 

No. 20 (3 mm) 
No. 22 (6 mm) 

(q@ 

7 
From your Local Dealer or Direct from Manufacturers 

SR. BRE1NSTER LP 
86-88 Union St • Plymouth PL1 3HG 
:17 II TRADE  ENQUIRIES  WELCOME 

• 

wis ms mimuniu mmi misim mINO 

TECHNICAL TRAINING 

IN ELECTRONICS AND 
TELECOMMUNICATIONS 

ICS can provide the technical knowledge that is so essential to your success: 
knowledge that will enable you to take advantage of the many opportunities 
open to you. Study in your own home, in your own time and at sour own 
pace and if you are studying for an examination ICS guarantee coaching 
until you are successful. 

City and Guilds Certificates: 
Telecommunications Technicians 
Radio, TV, Electronics Technicians 
Technical Communications 
Radio Servicing Theory 
Radio Amateurs 
Electrical Installation Work 
MPT Radio Communications Certificate 

Diploma Courses: 
Colour TV Servicing 
Electronic Engineering and Maintenance 
Computer Engineering and Programming 
Radio, TV, Audio Engineering and Servicing 
Electrical Engineering, Installation 
and Contracting 

POST OR PHONE TODAN FOR FREE BOOKLET 

ICS To: International Correspondence 
Schools 

DeP1268Y Intertext House, London 
SW8 4l..1.1 or telephone 622 9911 

Subject of Interest   

Name   

Address    

  Tel'   Age:   
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15 240 Watts! 
HY5 
Preamplifier 

HY30 
15 Watts 
into 8:2 

HY50 
25 Watts 
into V 

HY 120 
60 Watts 
into 82 

HY200 
120 Watts 
into V 

HY400 
240 Watts 
into C2 

PO WER 
SUPPLIES 

Th• HY5 is a mono hybrid amplifier ideally suited for all applications All common input 
functions (map Cartridge, tuner, etc) are catered for internally The desired function is achieved 
either by a multi-way switch or direct connection to the appropriate pins The internal volume 
and tone circuits merely require connecting to external potentiometers (not included). The HY5 
is compatible with all I L P. power amplifiers and power supplies To ease construction and 
mounting a P.C. connector is supplied with each pre-amplifier. 

FEATURES: Complete pre-amplifier in single pack—Multi-function equalization—Low noise 
—Low distortion—High overload—Two simply combined for stereo. 

APPLICATIONS: Hi•Fi—Mixers—Disco—Guitar and Organ—Public address. 
SPECIFICATIONS: 
INPUTS. Magnetic Pick-up 3171V; Ceramic Pick-up 30n11/: Tuner 100mV; Microphone 10mV; 
Auxiliary 3-100mV: input impedance 4 - 7k0 at 1kHz 
OUTPUTS. Tape 100mV; Main output 50OrnV R.M.S 
ACTIVE TONE CONTROLS. Treble j 12dB at 10kHz; Bass ± at 100N7 
DISTORTION. 0 1% at 1kHz. Signal/Noise Ratio 55015. 
OVERLOAD. 313c1B on Magnetic Pick-up. SUPPLY VOLTAGE ± 16-50V 
Prig', C5 27 + 78p VAT P&P bee. 
The HY30 is an exciting New kit from I.L.P. It features a virtually indestructible I.C. with short 
circuit and thermal protection. The kit consists of IC., heatsink, P.C. board, 4 resistors. 5 
capacitors, mounting kit, together with easy to follow construction ana operating Instructions 
This amplifier is ideally suited to the beginner in audio who wishes to use the most up-to-date 
technology available. 

FEATURES: Complete Kit—Low Distortion—Short. Open and Thermal Protection—Easy to 
Build 
APPLICATIONS: Updating audio equipment—Guitar practice amplifier—Test amplifier— 
audio oscillator. 
SPECIFICATIONS: 
OUTPUT PO WER 15 W R.M.S into 80: DISTORTION 0 1% at 1-5 W. 
INPUT SENSITIVITY 500mV. FREQUENCY RESPONSE 10Hz-111Hz-3d13. 
SUPPLY VOLTAGE ± 18V. 

Priest Ell 27 + 78p VAT P&P free. 

The 11̀150 leads I.L.P.'s total integration approach to power amplifier design. The amplifier 
features an integral heatsink together with the simplicity of no external Components During the 
past three years the amplifier has been refined to the extent that it must be one of the most 
reliable and robust High Fidelity modules in the World. 

FEATURES: Low Distortion—Integral Heatsink—Only firs connections-7 amp output tran-
sistors—No external components. 

APPLICATIONS: Medium Power Hi-Fi systems—Low power disco—Guitar amplifier. 
SPECIFICATIONS: INPUT SENSITIVITY 500mV. 
OUTPUT PO WER 25 W RMS into 80 LOAD IMPEDANCE 4-160 DISTORTION 0 04% at 25 W 
at 1kHz. 
SIGNAL/NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kHz-3dB. 
SUPPLY VOLTAGE , 25V SIZE 105 50 25mm. 
Price £11-111 + £1 52 VAT P&P bee 

The HY120 is the baby of I.L.P.'s new high power range. Designed to meet the most exacting 
requirements including load line and thermal protection this amplifier sets a new standard in 
modular design. 

FEATURES: Very low distortion—integral heatsink—Load line prot ection —Thermal protec-
tion—Five connections—No external components. 

APPLICATIONS: Hi-Fi—High quality disco—Public address—Monitor amplifier—Guitar and 
organ 
SPECIFICATIONS: 
INPUT SENSITIVITY 500mV 
OUTPUT PO WER 60 W RMS into 80 LOAD IMPEDANCE 4-160 DISTORTION 0 04% at 80 W 
at 11414x. 
SIGNAL'NOISE RATIO 90dB FREQUENCY RESPONSE 100Hz-4511Hz-3dB SUPPLY VOLTAGE 
, 35V. 
SIZE 114 SO 85rnm. 

Price £15 Si + £1 52 VAT P&P free. 

The HY200 now improved to give an output of 120 Watts has been designed to stand the most 
rugged conditions such as disco or group while still retaining true Hi-Fr performance. 
FEATURES: Thermal shutdown—Very low distortion—Load line protection—Integral heatsink 
—No external components. 

APPLICATIONS: Hi-Fr—Disco—Monitor—Power slave—Industrial—Public Address 
SPECIFICATIONS: 
INPUT SENSITIVITY 500mV. 
OUTPUT PO WER 120 W EMS into 8(1 LOAD IMPEDANCE 4-160 DISTORTION 0 05% at 100 W 
at 1kHz. 
SIGNALNOISE RATIO fledB FREQUENCY RESPONSE 10Hz-451tHz -3dB SUPPLY VOLTAGE 
-,- 45V 
SIZE 114 50 175mm. 
Prime £17 55 + £2 • 24 VAT P&P Bee. 
The HY400 is I.L.P.'s "Big Daddy" of the range producing 240 W into 411 It has been designed 
for high power disco address applications. If the amplifier is to be used at continuous high 
power levels a cooling fan is recommended. The amplifier includes all the qualities of the rest 
of the family to lead the market as a true high power hi-fidelity power module. 
FEATURES: Thermal shutdown —Very low distortion—Load line protection—No external 
components. 

APPLICATIONS. Public address—Disco—Power slave—Industrial. 
SPECIFICATIONS: 
OUTPUT PO WER 240 W RMS into 40 LOAD IMPEDANCE 4-160 DISTORTION 0 1% at 240 W 
at 1kHz. 
SIGNAL NOISE RATIO 94dB FREQUENCY RESPONSE 101.1z-45kHz—.3dB SUPPLY VOLTAGE 
45V 

INPUT SENSITIVITY 500mV SIZE 114 100 85mrn. 
Prim, £311 51 +  if VAT P&P bee. 

PSU36 suitable tor two HY30's La 44 plus 81p VAT. PIP free. 
PSU50 suitable for two HY50's El 18 plus £1 *2 VAT. P/P free. 
PS1170 suitable for two HY120's £14 58 plus £1 17 VAT. PIP free. 
PSU90 suitable for one HY200 £15 15 plus £1 21 VAT. P/P free. 
PSU180 £25 42 + Et D3 VAT 
B1  + LI le VAT. 

Free Post & Packing applicable to United Kingdom only. 

TWO YEARS' GUARANTEE ON ALL OUR PRODUCTS 

Please note, free post ± packing applies to U.K. only. Cash with order sales. 

I.L.P. ELECTRONICS LTD., 
CROSSLAND HOUSE, NACKINGTON, 
CANTERBURY, KENT, CT4 7AD. 

Tel: (0227) 64723 
Reg No 202141535 

Please Supply 
Total Purchase Price 
I Enclose Cheque -3 Postal Orders J Money Order 
Please debit my Access account j  Barclaycard account Fl 
Account number   
Name and Address 

Signature 
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THIS IS A PO WERFUL 
RADIO RECEIVER! 

"EDUCATIONAL KITS OF 
EXCEPTIONAL QUALITY" 

(AUDIO rnagazin•) 

The sa me kit is also 150 other di fferent 

actual working projects e.g.: 

Computer & Logic Circuits. 
Electronic Organ, Timer, Light 
Control, Agility Tester, Lie 
Detector. Siren, Horn, Buzzer, 
Bird, Metronome. 
Cds cell light & sound control, 
Photogun, Light Oscillator, 
Light Switch, Light and Sound 
Morse Code, 
Field Strength Meter. 
Hygrometer, Sphygometer. Etc . 
Etc 

Radio Receiver. Transmitter. 
Amplifier, Audio Generator, 
Signal Tracer & Injector, 
Continuity Tester. Telegraph, 
Photoradio Receiver, Radio 
Receiver/Microphone Mixer 
Illuminorneter, Voltmeter, 
Ammeter, Sound Level Meter, 
Ohmmeter. Diode & Transistor 
Tester, Transparency Indicator, 
Etc . Etc. 

The above is just a selection of the circuits available-
you can also design your own circuits with these superb 
new Denshi-Gakken "EX" construction kits. 

No previous experience of electronics is required but 
you learn as you construct and have a great deal of fun 
too. The kits are completely safe for anyone to use. 

Kits are complete with very extensive construction 
manuals PLUS Hamlyn's "All-Colow" 160 page book 
"Electronics" (free of charge whilst stocks last). 

ALL KITS ARE FULLY 
on sets (to increase the 
available, plus spares and 

150 PROJECT KIT £39.75 

120 PROJECT KIT £33.75 

100 PROJECT KIT £29.25 

Prices include educational 
p & p (in the U.K.). 

GUARANTEED. Add-
scope of each kit) are 
accessories as required. 

60 PROJECT KIT £25.75 

30 PROJECT KIT £18.95 

15 PROJECT KIT £16.75 

manuals, free book, VAT, 

Callers at 20 Bride Lane will be very welcome. 
Trade and Educational enquiries invited. 

Cheque/P.O./Barclaycard/Access No. (or 11p for !Pus-
strafed literature) to DEPT EE 

ELECTRONI-KIT 

20 BRIDE LANE, LU DGATE CIRCUS, 

LONDON, EC4Y 8DX (01 353 6430) 

SINCLAIR PRODUCTS 
Microv.ion Tv  now in stock £200. 
PL31435  digital  multimeter  £27 23. 
Mains adaptor £3 24. Deluxe padded 
case £3 25. New DM235 digital multi. 
meter  P 0 A  Cambridge  program-
mable calculator £13 15. Prog. library 
£2 IS. Mains adaptor £3.20. 
S-DECS AND T-DECS• 
S-DeC £3 39. 7-DeC £4 41. u-DeCA 
ES 52. u-DeCB ES 73. 16c111 or 10705 
adaptors with sockets £2 14. 
CONTINENTAL SPECIALITIES 
PRODUCTS 
EXP300 £6 21. EXP350 £3 40. EXP600 
El H.  EXP650 £3 Si.  EXPOS £2 46, 

£9 64. P13100 £12 74. LM1 £30 99. 
LP1 £33 44. LP2 £111 44. 
TV GAMES 
Send s.a.• for free data  New Racing 
Car TV games chip AY-3-8603 plus 
economy kit £.20 II. Tank Battle chip 
AY-3-8710 plus economy kit £13 IS. 
Stunt Motor Cycle chip  AY-3-8700-1 
plus  economy  kit  £12 50.  10  game 
Paddle 2 chip AY-3-6000 plus economy 
kit £14 74. AY-3-13500 chip plus economy 
kit El IS. Modified Shoot kit £4 IS. 
Rifle kit Ell N. Colour Generator kit 
£7 SO.  Attractively  cased  assembled 
TV games: 4-game models (Tennis, 
Football.  Sou•sh and Paints)  black 
and white £11 $5. Colour £14 50. 
MAINS TRANSFORMERS 
6-0-6V 10Orna 79p, 11a Et 35. 0 3V 11a 
£1 U. 9-0-9V 75ma 71p, 1a Et 99, 2a 
£2 60. 12-0-12V 50ma 79p, 10Orna trip, 
111E2 49. 13V 1a 95p. 15-0-15V 1a 1E2 70. 
30-0-30V ta £3 59. 
JC12, JC211 AND JC40 AMPLIFIERS 
A range of integrated circuit audio 
arnplfiers supplied with free data and 
printed circuit. JC12 6 watts £1 Ge, 
JC20 10 watts £2 IS. JC40 20 watts 
£4 20. Send s a e. for free data on our 
range of matching power and preamp 
kits 
FERRANTI ZN414 
IC radio chip £1 0$. Extra parts and pcb 
for radio £3 55. Case £1. Send 5.a e. 
for free data 
PRINTED CIRCUIT MATERIALS 
PC  Etching  kits.  Economy  £1 75, 
Standard £3 62. 50 sq ins pcb 41p. 1 lb 
FeCI £1 IS. Etch resist pens: Economy 
45p, Oslo 73p. Small drill bits l'„ ins 
or 1min 2Ip each  Etching dish Up. 
Laminate cutter 7Sp. 

BATTERY ELIMINATOR 
BARGAINS 
TV games power unit stabilized 7 7V 
10Orna  £3 10.  3-way  models  with 
switched output and 4-way multi-jack: 
3/4I/6V  100ma £2 92.  6/71/9V 300m• 
£3 35. 1611m• radio mod•Is same size 
as a PP9 battery with press stud con-
nectors 9V £2 U. 6V Et ES. 41V £2 $5. 
9V+9V  50. 5V+6V Et 50. 41V+41V 
£4 H. Cassette Recorder mains unit 
71V 100ma with 5 pin din plug £2 55. 
Car convertors 12V dc input Output 
9V 300ma £1 SC Output 7IV 30Orna 
£1 SO. 
BATTERY ELIMINATOR KITS 
Send s a e for free leaflet on range. 
11141m• radio types with press stud 
connectors  41V £1 Si. 6V £1 $S. 9V 
£1 SO.  41+41V  £2 SC  0+6V  Et H. 
9+9V £2 50. Cassette type 711/ 100ma 
with  din  plug  £1 SC  Heavy-duty 
13  way types 411617/111/11/13/14/17/21/ 
25/28134/42V. 1 Amp E4-65. 2 Amp £7 25. 
Transistor  stabilized  11-way  types 
for low hum 3141/6/71/9/12/15/18V. 100ma 
£3 20. 1 Amp El NI. Variable voltam* 
stabilized models. 2-18V 100ma £3 GO. 
2-30V 1A Ell 05. 2-30V 2A £111 $5. Car 
 dare 12V dc input. Output 9V 
/71V&V 1A Stabilised £1 $3. 
BI-PAK AUDIO MODULES 
Send s.a.e. for data. S450 tuner £23 51. 
AL60E4 N. PA100 L111 71. SPINA E4 47. 
BMT80 ES IS. MK60 £34 74. Stereo 30 
£20 12. 
BULK BUY OFFERS 
Minimum purchase £10 any mix from 
this section. IN4148 1 3p. IN400'2 3 Op. 
BC212 Op. 741 kW 13p. NE555 ltdil 
723 14 dil Up. Oslo pens 59p. AC76023N 
exact OCIUIV of SN76023N with improved 
heat sink 711p. Plastic equivs of popular 
transistors. BC1011 3 Sp, 8C109 4 4p, 
BCY71 4 7p, BCY72 4.4p. Fuses 2Ornm 
5mrn cartridge 25.  5, 1, 2, 3, 5ArnP 

guickblow type I 7p. Antisurge type 
3 4p. Resistors  E12 10 ohm to 10M. 
IW  0 Sp.  1W  1 Op.  Polyester 
capacitors 250Y 01, 022.  033. 047m1 
2 7p.  015m1 1 1p,  068rnf 1 4p, 0 lint 
1 5p, 0 22m1 3p, 0 33m1 2 Sp, 0 47m1 
4 Op.  Polystyrene  capacitors  E12 
63V  15  to  6800p1  2jp.  Ceramic 
capacitors 50V El2 22p1 to 1000pf 1 Tr, 
E6 1500 to 3300001 1.7p. 47000p1 2P. 
Electrolytic• 50V  47. 1, 2rnf Sp. 25V 
5rnf Sp. 10mf 4p. 11IV 22m1 Sp. 33. 47, 
100mf Op. 220. 330m1 Op. 470m1 11p. 

S WANLEY ELECTRONICS 
DEPT. EE, 32 Gold••1 Rd., Sw•nley, Kent SRI 5E2 

Callers by appointment only Please add Mp to the total cost of order for postage. 
Proc•• include VAT. Ov•  ustorners deduct 7% on items marked • and 11% 
on others. Official credit orders welcome. 
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TUAC 
TRANSISTOR UNIVERSAL AMPLIFICATION CO LTD 
PHONE 01-672 3137 872 9380 
MANUFACTURERS OF QUALITY AMPLIFICATION AND LIGHTING 
CONTROL SYSTE MS 

PRICES INCLUDE VAT. P & P FREE 

correct at 1. 8.78 
TO ORDER BY POST 

Make cheques/P.0 s payable to TUAC LTD. (EE98) or quote 
Access/Barclaycard No. and post to TUAC LTD. (EE98) 119 
Charlmont Road, London SW17 9AB. We accept phone orders 
from A cCeSS'Elarclaycard Holders Phone 01-872 9080 

NE W FROM TUAC 
ULTRA QUALITY HIGH PO WER 
New D.C. Coupled Design 

AMPLIFIERS 
Featuring 
Electronic Short Open & Thermal Overload Protection 

Irrel Spec. 
Input Sensitivity 0 775v R MS (0.0.13 lat 25K Ohms 
Frequency Response 20 Hz-20 KHz 
Hum & Noise - 100 dB Relative full output 

T.H.D. at full power 0-1 % 
T.D. 500 300 W Into 2 Ohms 

220 W into 4 Ohms 
140 W Into 8 Ohms 

Power supply P.S. 300 
T.D. 150 150 W Into 4 Ohms 
100 W into 8 Ohms 
Power supply P.S. 150 
T.D. 150. 60 Version 110 W Into 8 Ohms, 40 W into 15 Ohms 
Power supplies P.S. 60 

Note P.S. 300 will drive 2 T.D. 150 amplifiers 

All output ratings are R.M.S continuous sl ne wave output. 

£.45.00 

£3040 

£26•25 
£11140 
£17.75 
£1540 

4 CHANNEL SOUND 

TO LIGHT 
SEQUENCE CHASER 

- 4LSMI 
• Full wave control 
• RCA BA Triacs 
• 1000W per channel 
• Fully supresmd and fused 
• Switched master control for sound 
operation from }W to 125 W 

• Speed control for fixed rate 
sequence frorn 8 Der minute 
to 50 per second 

• Full logic integrated circuitry with 
optical isolation for amplifier 
protection 

Model 50 1 500W Per channel as 
above without sound triggering 

AMPLIFIER MODULES 

SPEC. 
INPUT SENSITIVITY 
00 mV for full output 
Frequency response 
20 Hz-20 KHz 
HUM & NOISE-70 dB 

TL39 5" x 5" • 2" 
• 35 watt R.M.S. continuous sine wave output 
.275 watt 10 amp output Transistors  £13.25 
TM* 55503M 
• 110 watt PUS. contInuou• sine wave Output  418 .50  
• 2 R.C.A. 110 watt 15 amp output transistors  4. 

TL1110 5 s 5 3In 
• 100 watt R.M.S. continuous sine wave output  £21 . 50  
• 2 R.C.A. 150 watt 15 amp output transistors 

TP US  7 • 6; • 3in 
• 125 watt R.M.S. continuous ware output  £27• 50 
• 4 R.C.A. ISO watt 15 amp output transistors 

STEREO DISCO MIXER 
With touch sensitive switching and auto lade 

INPUTS Four identical stereo inputs available with any equalisation Two magnetic and two hat supplied as 
standard High quality slider control on each channel Volume treble and bass controls for each pair of sliders 
Sensitivity meg 3mV IA IA A comp I Flat SOrnV at 1kHz Bass controls 1808 at 6014z Treble controls t113013 at 
1 5kHz 
OUTPUT Up to 3 volts I. 1 2dE1I available Attenuated output for TUAC Power Modules Rotary master and 
balance controls Band width 15Hz - 25kHz t dB 
P F L Output 250mV into 8 ohms Rotary volume control Monitoring facility for all 4 cnannels Selection via 
touch sensitive illuminated switches Switched visual cue indicator 
Miscellaneous F•crlitiew Two illuminated deck on off switches Mains illuminated on off switches Auto fade 
Illuminated on off Switch Mains powered won integral screen and back cover Complete with I till Instructions 
Sae 25in long • 6in nigh • 3in deep 

Mono Disco Mixer with autolade  £49.00  £149.00 

FRONT PANEL FOR LIGHTING 
EFFECT MODULES 

(complete with switches, neons and knobs) 
as illustrated 

1:411.4.1 
For S 1 LMB  £7 • 25 
Sae 8'' • 4' 

FUZZ LIGHTS 
Red. Green, Blue 

Amber  £24.50 

TA/14t 

4LSM 1 £6 • 00 
Size 6  x 

£8 25 
Comt) ,ed vvrt, 3SD V 

Size 9" v 43" 

POWER 

SUPPLIES 

Vacuum varnish impregnated Transformers 
with supply board incorporating pre-amp supply 

PS250 for supplying 2 TP 125s 
PS200 for supplying to TL 100s 
PS6040 for supplying 2 TL6Os 
psm 4- 45 volts for TP 125 
PS100 ± 43 volts for TL 100 
PS110 -4- 38 volts for TL60 
PS30 ± 25 volt for TL 30 
PSU 2 for supplying disco mixer 

£30 00 
£30 00 
£30.00 
£18.50 
£1740 
£15-50 
£11 75 
£7 50 

STOCKISTS - CALLERS ONLY 

Al Music. 88, Oxford Street. Manchester (Tel 061 236 03401 

Geo Mathews. 85.87 Hurst Street, Birmingham (Tel 021-622 1941 /' 

Soccodr. 9. The Friars (Tel Canterbury 609481 

Cookies Disco Centre. 126128. West Street Tel Crewe 47391 

Garland Bros Ltd . Deptford Broadway. London 01 692 4412 

Luton Disco Centre, 88 Wellington Street, Luton (Tel Luton •117331 

Session Mu m. 163, Mitcham Road, Tootang (Tel 01-672 34131 
Mon-Set lOarn to 6pm Closed Wed. 

Trade & Export Enquiries 01472 3137 

SUPPLIERS TO H. M. GOVT DEPTS MANUFACTURED AND ASSE MBLED IN GT. BRITAIN FULLY TESTED AND GUARANTEED 

SEND NO W FOR OUR FREE 28 PAGE ILLUSTRATED CATALOGUE. SEND STAMP PLEASE 

3 CHANNEL 

LIGHT MODULATOR 
SILMB 

• RCA BA Triacs 
• 1 000W per channel 
• Each channel fully suppressed 
arid fused 

• Master control to operate from 
11,Ar to 125 W 

• uli wave control 

Single Channel Version 1500 Watts 

ADD SEQUENCE CHASING + 

DIMMING EFFECTS FOR 

TUAC 3 CHANNEL LIGHT 

MODULATOR 

.•••••‘. 

• Speed Control 3 per min to 1 0 per sec 
• Full logic Integrated circuitry 
• Dimmer control to each channel 

3SDMI £15.25 
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Projects...Theory... 

and Popular Features .. a 

A judiciously arranged light accom-
paniment to music can be a pleasant 
feature in a domestic setting. The 
trouble is that many designs for sound 
to light converters are intended for 
use in large halls and cater for illumi-
nation levels in the order of kilowatts, 
which is often on a par with the audio 
power dissipated at such venues. 
For home use something on a much 

smaller scale is required and the 
Sound/Light Unit described in this 
issue meets these more modest needs. 
The circuit is very simple and in-
expensive. The only caution required 
to those new to electronics construc-
tion is the safety aspect, since this is 
mains operated equipment. Due re-
gard should be paid to the advice 
given in the article concerning proper 
insulation of connections and the use 
of the recommended kind of box for 
housing the unit. 
This sound to light project does 

not finish with the electronic control 
unit of course. It is up to the in-
dividual constructor to devise and 
build up his own light display using 
coloured electric bulbs. Here is an 
opportunity for artistic skill to be 
exercised in developing a pleasing and 
effective colour display to blend with 
the room surroundings. 
While still in the music area, another 

project takes us back to the public 
sector, since the Tone Booster is likely 
to find great favour with pop groups. 

The designer has wisely specified a die-
cast box as housing for this unit in 
recognition of the rough usage com-
monly experienced by pop group acces-
sories. But it's a testimonial to solid 
state circuitry that the internal elec-
tronics of such units seldom let one 
down despite shock and blow suffered 
in the normal course of duty. 
Now for something quite different. 

Uncertainty about the condition of the 
car battery can be one consequence of 
the meagre instrumentation provided 
on many popular cars. The remedy is 
in our readers' own hands —see the 
Battery State Indicator in this issue. 
Hardly a month goes by wittiout 

another useful item for the worit-hop 
being presented to EVERYDAY ELEC-
TRONICS readers. This month it is a 
R.F. Signal Generator. A fitting com-
panion to last month's A.F. Signal 
Generator. 
Some items of test equipment you 

can't really build yourself, such as 
multimeters for example. These have 
to be bought, although there is an 
alternative offered to EVERYDAY ELEC-
TRONICS readers this month. For you 
can win one! Not an ordinary multi-
meter, but an electronic AVOmeter, 
this will be the prize awarded to five 
winners of our free-entry competition. 

Our October issue will be published on Friday, September IS. See page 665 for details. 

Readers' Enquiries 
We cannot undertake to answer readers' letters requesting modifications, 

designs or information on commercial equipment or subjects not published 
by us. All letters requiring a personal reply should be accompanied by a 
stamped self-addressed envelope. 
Telephone enquiries should be limited to those requiring only a brief reply. 

We cannot undertake to engage in discussions on the telephone, technical 
or otherwise. 

Component Supplies 
Readers should note that we do not supply electronic components for 

building the projects featured in EVERYDAY ELECTRONICS, but these 
requirements can be met by our advertisers. 
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By 
D. S. Gibbs 
and 
I. M. Shaw 

MANY guitars, even some very 
expensive models, produce a 

sound which is muddy and lacking 
in bite. This can be corrected and 
the guitar given a clean brilliant 
tone by emphasising the higher 
order harmonics in the output 
signal. The Tone Booster is de-
signed to do just this. 

FREQUENCY RESPONSE 
It has a frequency response 

which rises steadily throughout the 
audio range, reaching a peak at 
about 5 kilohertz. It also has the 
added advantages of a very high 
input impedance, which will not 
load the guitar pickup, and a low 
output impedance to drive any 
amplifier or effects unit. (Fig. 1). 

The  low  frequency  gain  is 
approximately unity so that the 
unit can be simply plugged in be-
tween the guitar and the amplifier 
without any adjustments. 

CIRCUIT DESCRIPTION 
The circuit of the Tone Booster 

is shown in Fig. 2 and consists of 
a two transistor complementary 
amplifier with a bridged-T circuit 
in the feedback loop. The gain of 

the amplifier is inversely propor-
tional to the feedback. 

This type of circuit was chosen 
as it has excellent d.c. stability and 
will operate with a wide range of 
transistor gains and supply volt-
ages. The current drain is very low 
—just over ImA—and a very long 
battery life can be expected. 

At low frequencies, from about 
40 hertz to 300 hertz, the circuit has 
a gain of unity but as the fre-
quency rises above 500 hertz the 
feedback  via  the  bridged-T  is 
reduced and so the gain of the 
amplifier increases. At a frequency 
given by: 

1 
f   
2rr (R4R5C2C3) 

which is 4-8 kilohertz for the com-
ponents used, the feedback from 
the bridged-T is at a minimum 
and the circuit has maximum gain. 

Above the resonant frequency 
the gain falls back towards unity. 

The frequency response curve of 
the tone booster is shown in Fig. 1 
and it can be seen that the output 
reaches a peak of about 23dB, 
corresponding to a gain of about 
15 at 4-8 kilohertz. 
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Fig. 1. The frequency response curve of the Tone Booster showing a peak at 
48 kilohertz which boosts the higher harmonic content of the original. 
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N.0.• NORMALLY OPEN  NC.- NORMALLY CLOSED 

FOR THAT EXTRA TOUCH 

OF BRILLIANCE TO 

GUITAR SOUND 

Fig. 2. The complete circuit diagram for the Tone Booster. Note that the input socket SKI 
also acts as the supply on/off switch, operating when the input jack plug is inserted. 

; 
starts here 

CONSTRUCTION 

Guitar accessories have to be 
tough to survive and so this unit 
is constructed  in a small alu-
minium diecast box. This provides 
a rugged enclosure which can be 
kicked around without ill effects. 
Construction is very simple and 

most of the electronic components 
are mounted on a small printed 

Everyday Electronics, September 1978 649 



circuit board. 1 he  upper pattern 
to be etched is shown full-size in 
Fig. 3. Make this board in the usual 
way and then drill all the holes to 
suit. Next drill all the holes in the 
box to accommodate SK1, board 
fixings  and  outlet  cable.  The 
printed circuit board can be used 
as a template for drilling its own 
mounting holes. Two 6BA bolts are 
used to hold the p.c.b. in place and 

The completed prototype circuit board. 

nuts are used as spacers to hold 
the board off the bottom of the 
box. One of these screws also 
earths the circuit board to the box 
to prevent hum, Fig. 5. 
Solder all the components on to 

the printed circuit board, making 
sure that the transistors and the 
electrolytic capacitor are the right 
way round. Check that all the leads 
are cropped off short under the 
board or they may short out to the 
box. Then solder the screened out-
put lead, the positive battery lead 
and the two input leads to the 
board and fix it in place with two 
more 6BA nuts. Figs. 4 and 6. 
The input jack socket can then 

be wired up as Fig. 6 and a jack 
plug wired on to the end of the 
output lead. Glue a piece of foam 
rubber inside the lid to hold the 
battery in place. 

COMPONENTS 

All the components for this pro-
ject are readily available standard 
parts, but the input jack socket 
SKI is a little out of the ordinary. 

HO W IT WORKS 
AMPLIFIER GUITAR 

AMP/SPEAKER 

The signal from the guitar is fed to an amplifier whose gain is governed 
by a frequency dependent feed-back circuit, which is tailored to produce 
a peak in the response at about 5 kilohertz. This emphasises the higher 
harmonics in the guitar signal and gives it a cleaner and more penetrating 
sound. 

This has to have two switched con-
tacts; the front one (nearest the 
nut) being normally open and the 
rear one being normally closed. 
When the guitar jack is inserted 
the front contact closes and con-
nects the battery negative to the 
earth rail of the unit, thus switch-
ing the Tone Booster on. At the 
same time the rear contact opens 
and allows the signal from the 
guitar to pass through the circuit. 

This type of jack socket is com-
monly used on guitar accessories. 
Capacitor C3 also requires some 

mention. This component should 
have a tolerance of 10 per cent as 
it determines both the resonant 
frequency of the unit, and the 
amount of high frequency boost it 
provides. 
The battery drain is only about 

1 milliamp and any cheap type of 
PP3 battery is quite satisfactory. 

COMPONENTS 
Resistors 
R1  330kf2 
R2 
R3 
R4 
R5 
R6 

820kfl 
4.7kf2 
2.21d2 
2.2kf2 
4 7k 

All 3 watt carbon film ± 5% 

Capacitors 
Cl  0.1 /4F polyester type Mullard C280 
C2  2200pF polystyrene 
C3  0.1 pF polycarbonate type Mullard C344 

(see text) 
C4  100pF 5% polystyrene 
C5  0.1 kiF polyester type Mullard C280 
C6  150µF 16V elect.  See 

Transistors 
TR1  ZTX384 silicon npn 
TR2  BC415P silicon pnp 

Shop 
Talk 

Miscellaneous 
SK1  switched jack socket, earth contact normally 

open, signal contact normally closed 
PL1  standard jack plug 
B1  9V type PP3 
Printed circuit board, size 55 x 55mm; aluminium 
diecast box (size 110 x 60 x 30mm approx-
imately); battery clip to suit B1; screened lead; 
connecting wire; 68A bolts (2 off); 6B A nuts (4 off). 
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Fig. 3. The underside of the printed 
circuit board shown full-size. The black 
areas are the regions of copper to 
remain after etching. 
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Fig. 4. The component layout on the topside of the printed circuit board. 

BOTTOM OF BOX  6BA SCREW 
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Fig. 5. Method ot mounting the printed circuit board. 
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Fig. 6. Complete interwiring details for the Tone Booster. The wires to the input socket, battery and board have been 
shown across the battery for clarity. Use screened cable for the output lead. 
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The completed Tone Booster showing the positioning of the printed circuit board, 
input socket SKI and battery. The battery is held in position by a piece of foam rubber 
stuck to the underside of the case lid. 
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Showtime 
H AD the privilege this year of taking 
two well known retailer friends of 

mine to the Paris Components Show. 
We had talked about it for several years 
and this year we actually made it. I am 
always advocating visits to these 
Exhibitions wherever they are held, 
and I am informed we have one in 
London taking place in November at 
Seymour Hall, on the lines of the old 
Radio Hobbies Exhibition. This will be 
a must,  especially  as  EVERYDAY 
ELECTRONICS are taking a stand there. 
Going back to the Paris show, this 

is probably one of the largest in the 
world, as all the major countries are 
represented, including America and 
Soviet Russia. There are two things 
that always strike me about this 
Exhibition. The first is, it is always very 
efficiently organised by the French 
Trades Federation, and the second is 
this. At the London and Provincial 
Shows, they have attractive females on 
the stands, but I am sure they are all 
hired from "Rent a Girl" or some such 
organisation. Physically, they are gen-
erously endowed, a fact they are at 
great pains to reveal but, unfortunately, 
they are usually short on grey matter. 
Now in Paris there are a number of 

quite attractive girls on the stands, but 
invariably they are employed by the 
firm whose stand they are manning or 

NTEILIGENCE 
By PAUL YOUNG 

should I say "Aomanning" and it you 
ask them questions about their firm's 
products, you will soon discover they 
are not "just pretty faces". To people 
like my retailer friends and myself who 
are there to study the latest in elec-
tronics this is most helpful. 
In the past I must confess I had 

reduced "doing the Exhibition" down 
to a fine art and always reckoned to be 
in and out in three hours flat. No such 
luck this time! In such august com-
pany, I was forced to examine every 
stand in minute detail, and finally 
staggered out on my knees, about 
thirty minutes after closing time. 
However, I had my own back, after 

the show was over. I took my friends 
round Paris and showed them com-
ponents they never knew existed, and 
in case any of you mistakenly think I 
dragged them against their will into 
low night clubs, I mean of course the 
more elevating things like, the Mona 
Lisa, the Winged Victory, and the Venus 
de Milo not forgetting of course the 
Eiffel Tower, and you cannot get more 
elevated than that! 

Response Time 
I was gratified at the large response 

regarding the speed of electricity. I 
have had letters from masters and 
students explaining the difference 

There is no point in using expen-
sive high power batteries as at this 
low current their life will be no 
longer. The battery should be re-
placed when signs of distortion are 
heard, or when its voltage on load 
falls to 6 volts. 

BASS GUITARS 
Although intended for normal 

guitars, a number of bass guitarists 
have reported favourable results 
with the Tone Booster, particularly 
in reducing excessive bass output. 
For this mode of operation we 
recommend that the input capaci-
tor Cl could be reduced to about 
0-01 microfarad to give a low fre-
quency —3dB point at about 80 
hertz. 

1,11,1111111111111111111111111111111111111411111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

between Electron Speed and the Speed 
of Electricity;  some  of these  are 
reproduced elsewhere in this issue. 
I particularly enjoyed David Edwards' 

letter for his amusing comparisons. 
Of course, there may be mutterings 
going on about Paul Young's abysmal 
electronic knowledge, but you have to 
remember when I was a lad we were 
booted out to work at fifteen without 
any formal training. However, for the 
benefit of my fellow morons let me 
explain it simply as I understand it. 
The diagram Fig. 1 shows a four-

inch length of tubing respresenting 
the conductor, inside of which are 
eight pieces of dowel rod, each 4 inch 
long. The pieces of rod represent the 
electrons. If I push an extra "electron" 
into the tube one will pop out the 
other end. 
Now imagine this tube to be 100yds 

long, filled to the brim with dowel rod. 
My friend Bill is at the other end and I 
shout to him, "I am sending you down 
an electron", and push one in my end 
of the tube. In less time than it takes 
to say "EE", an electron pops out into 
Bill's hand. He does not know it's not 
the same one that went in my end. 

Fig. 1 

Looking at it in terms of speed, assum-
ing it takes me two seconds to push 
my electron into the tube, that electron 
has travelled 4 inch in two seconds, 
but the one that Bill has just caught 
has apparently travelled 100yds in the 
same time. If my hypothetical tube was 
ten miles long the same would ar5ply. 
I know that I shall be deluged with 

letters from my bright readers pointing 
out a fallacy, which is this. By this 
reasoning, the longer the tube the 
faster the speed, and if I make it long 
enough I can exceed the speed of 
light. Can you hang on a minute while 
I ring the Patent Office? 
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By Dave Barrington 

Amplifier Kits and Modules 
This month we would like to turn 

our attention to audio amplifier kits 
and modules. 
Regarding hi fi, as a general rule of 

thumb you only get what you are 
paying for. Also, your ears are the 
best judge of what's good for you. 
This is why most good hi fi shops 
have special demonstration rooms 
for customers to appreciate the goods 
they are buying. Even then this is not 
enough and most top grade shops 
will arrange for you to have a demon-
stration at home, where the equipment 
can sound completely different in 
your own living room; usually due to 
furnishings and room and window 
sizes which deflect or absorb the 
sound. 
Of course, all the above comments 

really only apply to the higher price 
range of equipments. It has been our 
experience that at the lower end of 
the price and performance range, 
apart from a few exceptions, the best 
value for money are the custom built 
modules, build-it-yourself kits and the 
constructional projects that occas-
ionally appear in magazines. Here 
the reader is well catered for by our 
advertisers and this month Greenweld 
have sent us their latest amplifier 
design. 
This simple "low fi" amplifier uses 

only four transistors  and  a few 
associated components. Suitable for 
crystal input, the amplifier is ideal for 
incorporating into a record player for 
the teenage room. The quality of 
sound is passable and an output 
power of 1 to 1# watts from an 8 ohm 
speaker is claimed for this amplifier. 
Considering that the kit comes. 

complete with a printed circuit board, 
all the necessary wire, components 
and simple to follow instructions, 
including diagrammatic details of sol-
dering, the Greenweld Amplifier Kit 

would seem to be a good purchase at 
only £2 including post and packing. 
This price does not include a mains 
transformer (£2.20) if you wish to 
operate from the mains, or the bat-
teries for battery operation. 
For want of a better description, the 

"building bricks" from ILP already 
have a high reputation and are cer-
tainly worth further investigation when 
designing an audio system. 
Just  by  wiring  various  bricks 

together you can have a simple good 
quality 15W mono or stereo amplifier 
or a high power job giving you over 
200W output. 
Their latest offering is the Dynamic 

Duo. This is a power amplifier block 
providing 15W per channel stereo or 
30W mono specially designed for use 
with any car radio/tape unit and a 
pair of speakers. 
Finally, mention must be made of 

the audio modules from Tuac, Stirling 
Sound and Bi-Pak. If you have not 
already sent for details of their excel-
lent range of audio products we 
recommend you to do so. 

Calculator/recorder 
An item that may be of interest to 

the executive and some of our readers 
with £70 to spare is the Wye MCT 550 
dual cassette recorder and calculator. 
One side of the unit is a micro 

cassette recorder with automatic level 
control, built-in microphone and 30 
minute recording time from a C30 
micro cassette. Rewind time for the 
recorder is claimed to be better than 
200 seconds and power output is 
claimed to be 150m W. 
The other side of the unit is an 

eight-digit  I.c.d.  display calculator 
featuring automatic constant,  per-
centage, memory, square root and 
the usual mathematical functions. 
The recommended retail price for 

the MCT 550 is £69-95 and further 
details can be obtained from Wye 
Audio Products Ltd., Dept. EE, 27 
Station Road, Brimington, Chester-
field, S43 1 JJ. 

Last Month's Constructionals 
We should like to pass on a few 

further points regarding purchasing 

The dual Calculator/Tape Recorder from 
Wye Audio Products 
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Greenweld low cost amplifier kit 

components for last month's con-
structional projects. 
First, the M.W.Mini radio would 

appear to be very popular and some 
readers seem to be having difficulty in 
obtaining a suitable tuning capacitor. 
This item, as stated last month, can 

be any value between 200 and 300pF. 
A suitable type is the C530 or C531 
from Greenweld price 67p and 74p, 
plus 25p postage and packing. 
For the case a Vero type 75-1413 can 

be used. This is slightly larger than the 
original but should be available from 
the usual Vero outlets. 
Following recent enquiries into the 

difficulty in obtaining the displays for 
the Chronostop, we were informed 
that the American company Inter-
national  Electronics  Unlimited,  of 
Village Square, P.O. Box 449, Carmel 
Valley, CA 93924, USA are able to 
supply for the sum of 50 cents. 
When writing specify the four-digit 

type HP 5082-Series (7414). Also, note 
that on orders under £5 you should add 
50p for shipping. 
It has also been pointed out that 

Tandy list a range of displays that may 
be worth further investigation. 

Construction Projects 
This month, hopefully, there should 

be no component buying problems 
regarding the constructional projects. 
However, a few small items are worthy 
of mention. If readers experience any 
difficulty in obtaining the thyristor 
called for in the Sound to Light project 
they can be obtained from Maplin. 
The high voltage capacitors are also 
available from Maplin (order as Mix-D). 
The only component to look out for 

in the Tone Booster is the switched 
jack socket. This can be obtained 
from Davian Electronics, Dept. EE, 
13 Deepdale Avenue, Royton, Oldham, 
OL2 6X D. They can supply the printed 
circuit board. 
The printed circuit board should 

also be available from Tamtronik Ltd. 
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THE purpose of this unit is to 
assure the motorist that the 

battery is being charged and that 
it is holding its charge. 
Indication is by means of two 

light emitting diodes one green 
and one red, which are illuminated 
respectively when the battery is 
being charged or discharged. 
Both 1.e.d.s are extinguished be-

tween those two states. 
Normally the dynamo or alter-

nator "cuts in" around 12.75 to 
13-25 volts to commence charg-
ing, so it is arranged for the green 
indicator to come on at about 13 
volts. Assume now the battery has 
been fully charged, as a check 
upon its holding capacity, if at 
sometime later (say 12 hours) the 
starter motor is switched on, the 
terminal voltage will drop but 
should not fall below 10.5 volts, if 

it does the red 1.e.d, will come on 
indicating  that  the  battery  is 
suspect. 

CIRCUIT OPERATION 

With reference to the circuit 
diagram, Fig. 1 RI and VR1 act as 
a potential  divider  across  the 
battery. The voltage tapped off at 
the slider of VR1 is applied to the 
inverting input (pin 2) of the 
operational  amplifier  ICI.  This 
voltage is compared with the volt-

age on the non-inverting input 
(pin 3) which is clamped to the 
negative terminal of the battery. 
If the battery voltage rises so 

will the voltage on pin 2 causing 
the output of ICI to go negative 
with respect to the voltage derived 
from the centre tap of the resistors 
R2 and R3. 
The 1.e.d.s D2 and D3 are con-

nected back to back and in this in-
stance  current  will  flow  only 
through D2, and cause this to light 
up. When the battery voltage falls 

Fig. 1. Circuit diagram for the Car Battery State Indicator. 
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the output from ICI goes positive 
relative to the centre tap and so 
D3 conducts and illuminates. 
If by mischance the unit to the 

battery is connected the wrong 
way round (polarity reversal) diode 
DI will not conduct so ensuring 
that the i.c. is not damaged. 

The prototype unit was con-
structed on a piece of printed cir-
cuit board size 95X 15mm which 
was housed in a length of plastic 
conduit. The end of the conduit is 
capped and two holes cut out of 
the end to accommodate the two 
1.e.d. indicators. The other end of 
the tube is capped to hold the 
board firmly in place. A hole in 
this end allows the leads to the 
battery to pass through. 
This method of construction and 

assembly is not critical and may 
be changed to suit individual tastes 
and fitting requirements. 

COMPONENTS 
Resistors 
R1  8.2k11 
R2  33011 
R3  33011 
R4  15k11 
All 1 Watt 
carbon ± 10% 
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Potentiometer 
VR1  2.2k1/ horizontal sub-

miniature  carbon  in. 
preset 

Semiconductors 
D1  IN4148 or similar silicon 

diode 
D2  TIL209 green led. 
D3  T I L209 red led. 
IC1  741 differential opera-

tional amplifier 8 pin 

Miscellaneous 
Copper clad board for p.c.b. 
measuring 95 x 15mm; plastic 
conduit or other housing to 
suit; lengths of red and black 
flexible cable; 1mm insulated 
sleeving; socket to suit IC1. 

Fig. 2a Printed circuit board 
left after etching. 

master shown full size. The black areas are the copper that is 
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Fig. 2b. Layout of components on the printed circuit board. Note the polarities of the diodes 
D1 to D3 and IC1. 

Components mounted on the topside of the printed circuit board. 

The completed Battery State 
Indicator housed in some 
plastic conduit. The 
light emitting diodes 

in the end cap 
are clearly 

visible. 

CIRCUIT BOARD 
The copper pattern to be etched 

on the board is shown full size in 
Fig. 2a with Fig. 2b showing the 
layout of the components on the 
top side. Although not used by the 
author in the prototype, an inte-
grated circuit socket is recom-
mended for ICI. 
Begin by assembling the resistors, 

preset and i.c. socket. Pay atten-
tion to polarities of Dl. D2 and D3 
when  connecting these  to the 
board to ensure proper operation. 
The 1.e.d.s specified have fairly 
stout leads and can be bent as 
shown so that the glass body of the 
1.e.d.s is aligned to fit into the 
holes in the front-end cap. One leg 
of each 1.e.d. should be fitted with 
a length of insulating sleeving to 
avoid possible shorting. 
Two adequate lengths of lead to 

reach the car battery terminals 
when the unit is fitted in the car 
should next be attached and IC1 

inserted in its socket, paying atten-
tion to the polarity notch between 
pins I and 8. 

SETTING UP AND 
CONSTRUCTION 
Connect the leads to the correct 

battery  terminals  in  the  car, 
start the car and increase the 
engine speed until the dynamo 
"cuts in". Adjust VR1 so that the 
green 1.e.d. just comes on. Both 
upper and lower limits have now 
been set. 
The  unit  can  be  connected 

permanently across the battery as 
quiescent current is only about 28 
milliamps, which can be considered 
negligible for a car battery. 
The unit should be installed to 

be easily visible to the driver, such 
as on the dashboard in the neigh-
bourhood of the other panel instru-
ments, or below the dashboard on 
the parcel  shelf. This can be 
attached by a couple of collar 
mounts as shown in photographs. 

JE1 
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BY 
GEORGE 
HYLTON 

MATHS AND MEASUREMENTS 

HERE WE are at the last part of this series, if you 
came in halfway through, do not worry for there 

will be more series of this nature in the future. 
The aim of Teach-In '78 has been to concentrate on 

the essentials. A lot of time has been spent on current 
flow and such like. One inevitable consequence is that 
a lot has been left out —most of which is mathematical. 
This was, however, the intention of the series and 

unless you intend to design circuits you do not require 
a lot of maths in order to understand electronics. 
Aids such as abacs, nomograms, alignment charts 

etc. are all different ways of avoiding maths. Many of 
the fundamental laws appear in these handy forms. 
In electronics however there are certain formulae you 
just cannot do without. 
So please pay attention, all in this part is essential 

and must be fully understood before venturing out 
in the wide world of electronics. Finally, a wide variety 
of measurements need to be made and we include 
examples of what to expect. 
First then the subject of decibels, a subject many 

people find hard to grasp. 

DECIBELS 
Decibels are used to describe amplification and 

attenuation — gains and losses. The point about 
decibels, dBs, is that they avoid big numbers like 
17,000,000 or small ones like 0 -00000027. All those 
noughts are confusing. 
For each number like that there is an equivalent 

number of decibels. For example, a voltage gain of 

10,000 is 80dB. If only one ten-thousandth of the input 
voltage gets through an attenuator the output voltage 
is said to be 80dB down, or —80dB. 
If a signal goes through a sequence of amplifications 

and attentuations the overall gain or loss is obtained 
by adding up all the individual gains and subtracting 
all the losses. So the amplifier in the block diagram 
of Fig. 12.1 has an overall gain of 44dB. Note that 
OdB means neither gain nor loss, in other words the 
input and output voltage are the same and the gain 
is 1. 

MIXER 
-6dB 

1 41••• 
PRE-AMP 
+20dB 

••• 414•• 
TONE 

CONTROL 
OdB 

OVERALL GAIN • 30 +0 -4-20 -6 • 44dB 

POWER 
AMP 
+30dB 

10. 1111•• 

Fig. 12.1. To find the overall gain, you add the individual gains and 
subtract the losses. 

GOLDEN TRIANGLES 
Engineers have a very simple aid to finding the 

right Ohm's Law relationship. As you will remember, 
Ohm's Law can be expressed in three ways, depending 
on which of the three quantities, current, resistance, 
voltage, you want to work out: 

1=V÷R 
R=V÷1 
V=1XR 
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(a) (b) (c) (d) (e) (f) (g) 

Fig. 12.2. Golden triangles to help you remember common formulae; (a) Ohm's law, (b,c,d) power laws, (e) inductive reactance, (f) capaci-
tive reactance, (g) wavelength/velocity/frequency. 

The last of these is the only one you need remem-
ber. Write it in a triangle as in Fig. 12.2a. Now cover 
up whichever quantity you want to find and the dia-
gram shows how to find it. Cover V and you are left 
with / X R. Cover I and you are left with V±R and so 
on. The line across the triangle reminds you that two 
of the relations are fractions. 
The same trick can be used with any relationship 

where one of the quantities is obtained by multiplying 
the other two together. The other triangles give other 
common relationships. When working out reactances 
it is useful to remember that dividing by 27 is nearly 
equivalent to multiplying by 0-16 or 16/100. The last 
triangle shows how to convert frequencies into wave-
lengths. 
The unfamiliar symbol, A, is an "1" in Greek 

and is called lambda. It stands for wavelength. The 
velocity of radio waves and light waves in space or 
air is 300 million metres per second. The velocity of 
sound in air is about 330 metres per second at sea 
level, and less higher up where the air is thinner. 

REACTANCES 
Adding resistances and reactances in series cannot 

be done simply. This is because the reactance changes 
the phase of voltage and current so that the two are 
not in step. Also, inductive reactance tends to cancel 
out capacitive reactance. 
If the circuit contains just R and L in series, you 

find its impedance by drawing a triangle, Fig. 12.3. 
Similarly for R and C in series. 

X OHMS 

R OHMS 

Fig. 12.3. Using a right angled triangle, problems involving reactance 
and resistance can be solved. 

You first need to find the reactance of the L or C, 
at the appropriate frequency. This can be done with 
an abac or by calculation. Similarly with R and C. For 
L, C, and R all in series find the reactances first, 
take one from the other then draw the triangle using 
the remainder for the "reactance" side. 
Often RC circuits are used as voltage dividers whose 

output depends on the frequency as well as the 
voltage, for example in tone controls. 

In this case you can get a fair idea of the per-
formance of the circuit by applying a rule of thumb, 
as in Fig. 12.4. 

1 

07 

VOW 

VIN 

FREQUENCY 

ric 

Fig. 12.4. The approximate response of an RC filter can be repre-
sented by straight lines, The true response is the dotted curve. 

Find the frequency at which the reactance X is the 
same as the resistance R. To a first approximation 
the response is flat up to this frequency, which is 
called the cut-off frequency, fe. After that, it is down 
by half for each doubling of frequency. So if f ,= IkHz, 
and the output is then IV, at 2kHz it is 0-5V, at 
4kHz, 0 -25V and so on. 
A doubling of frequency, in musical terms, is raising 

the pitch by one octave. And a halving of voltage is 
a reduction by 6dB. So it is often said that such a 
circuit gives a "high-frequency roll-off of 6dB per 
octave". If R and C are reversed, or an inductance 
substituted for C the response goes the opposite way, 
rising by 6dB/octave for f, then flattening out. 
Actually there is no sharp corner at fe, but a rounded 

one, as shown dotted. The response is really —3dB at 
f., which is about 3 per cent less than the input 
voltage. 

GRAPHS 
Suppose you want to know how the current taken by 
a torch bulb increases as the voltage is increased. 
A graph, Fig. 12.5, is a handy way of looking at the 

IS  3  4.5 
V (VOLTS) 

Fig. 12.5. Current/voltage graph for a small lamp. The curve shows 
that the resistance increases with current. 
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problem. You may only be able to increase the 
voltage by using more and more 1 - 5V cells, but the 
graph fills in the intermediate voltages for you. 
This illustrates a point which keeps cropping up 

again and again in electronics. The curve shows the 
relationship between voltage and current in a d.c. 
circuit. But the thing which relates voltage and cur-
rent is resistance. In an earlier part we gave graphs 
of various resistances, they were straight lines, this 
one is not. So what is the resistance of the lamp? 
There are two answers to this question. If you say 

that resistance is voltage divided by current, then you 
can work out the resistance at, say 3V, by dividing 3V 
by the current: 3V -200mA= 3V ÷ 0 2A= 15 ohms. 
Evidently the resistance is not always the same, since 
at a higher voltage this sort of calculation gives a 
higher resistance. 
The other answer is the one you get if you note 

how much more current flows when the voltage is 
increased a little. Increasing the voltage from, say, 
6V to 75V may increase the current by 15mA. That 
is, a change of 1- 5V produces a change of 15mA. 
This gives a resistance of 100 ohms. This kind of 
resistance is called the incremental resistance. 
Coming back to ordinary straight line resistance 

graphs you find that the lower the resistance the 
steeper the slope of its graph. The slope indicates 
the resistance. In the lamp graph, the slope gets 
progressively less steep as the voltage is increased. 
That is, the resistance gets higher as the voltage is 
increased. 
Earlier we described a way of simplifying a common 

calculation: finding the equivalent of resistances in 
parallel. The job can also be done with a graph, Fig. 
12.6. You can make this yourself with a sheet of 
graph paper. (The width of the base is unimportant.) 

RI 

12 

10 

RI 

0 /   

S  R3 

R3 

• 

12 

to 

R2 

6 

4 

2 

• 0 

Fig. 12.6. A simple parallel resistance calculator. The example 
shown is 6 and 10 ohms in parallel, and equals 3.75 ohms. 

TRANSISTOR CURVES 
This idea that on voltage/current curves the slope 

indicates the resistance is useful when you look at 
voltage/current graphs for transistors. 
The collector voltage, VeE, collector current, 

curves, Fig. 12.7, are a good example. It is clear that 
the "resistance" of a transistor, as seen by its col-
lector supply voltage VcE  is very low (steep slope) 

when VcE  is small. But above a certain voltage it 
comes very high (graph almost a horizontal line). 
Transistors in amplifiers are always operated with 
VcE above the "knee" (where the curves bend). You 
can see that equal increments of base current then 
produce very nearly equal increments of collector 
current. The transistor is in this respect a linear 
amplifier. 

IC 
(rnA) 

VCE (V a rS) 

Fig. 12.7. Collector voltage/current collector curve for an npn 
transistor. 

However, if you look at the base voltage/base cur-
rent curve, Fig. 12.8, you can see at a glance that the 
base current is not a linear function of base voltage. 
As a voltage controlled amplifier, a transistor is far 
from linear. It is also clear that the incremental 
resistance of the base/emitter circuit is low compared 
with the d.c. value VBE /IB. In normal operation the 
transistor is biased to, say, VoL of 650mV. If h is then 
10/LA, the d.c. resistance is 650+10= 65kfl. 
The incremental resistance, which is what a small 

a.c. signal superimposed on the d.c. bias sees, is about 
one twenty-fifth of this. Linearity can be improved by 

+VCE 

200  400  600 

VBE 

BOO 

Fig. 12.8. The curved shape of the base voltage, base current 
characteristic shows that distortion is inevitable when a transistor 
amplifier is voltage driven. 
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TEACH IN '78 
END OF COURSE TEST 

12.1.  For general electronic use, which type of solder 
(tin/lead composition) would you use? 
a. 60/40 
b. 50/50 
c. 40/60 

12.2.  An electron has what type of charge? 
a. negative 
b. positive 
c. no charge 

12.3.  An I.e.d. is a: 
a. light emitting diode 
b. light dependent resistor 
c. light dependent diode 

12.4.  If / 2 amps, R 10 ohms. What is the voltage? 
a. 5 volts 
b. 20 volts 
c. 0.5 volts 

12.5.  A transistor is a: 
a. voltage amplifier 
b. sound amplifier 
c. current amplifier 

12.6.  In a circuit containing only a resistance, 
reducing the resistance: 
a. reduces the current and increases the 
voltage 

b. reduces the current and decreases the 
voltage 

c. increases the current, the voltage remains 
the same 

12.7.  The function of a coupling capacitor is to: 
a. pass d.c. and block a.c. 
b. ,ass a.c. only 
c. pass a.c. and block d.c. 

12.8.  If V 10 volts, / 5 amps. The resistance is: 
a. 2 ohms 
b. 50 ohms 
c. 0.5 ohm 

12.9.  The "resistance" of a capacitor is small when 
the capacitance is: 
a. large 
b. small 
c. equal to the reactance 

12.10 A circuit contains a resistance of 1MS/ and a 
capacitance of 1000fiF. 
The time constant is; 
a. 1 second 
b. 1000 seconds 
c. 10 seconds 

12.11  A changing magnetic field in an inductor 
induces: 
a. a voltage 
b. nothing 
c. a current 

12.12. A rejector circuit is: 
a. LC in parallel 
b. LC in series 
c. LR in parallel 

12.13. Applying a negative signal to the negative 
terminal of an op-amp gives: 
a. a positive output 
b. a negative output 
c. no output 

12.14. A transistor operating at an /, of 10mA, has an 
hFE of 100. What is the a.c. input impedance? 
a. 250 ohms 
b. 25 ohms 
c. 50 ohms 

12.15. A movement of electrons is an: 
a. electric charge 
b. electric voltage 
c. electric current 

12.16. A voltage of 5 volts is applied to a circuit. Ten 
milliamps flows. What is the power? 
a. 50 microwatts 
b. 50 milliwatts 
c. 5 milliwatts 

12.17. In a capacitive circuit the: 
a. voltage lags behind the current 
b. voltage is in phase with the current 
c. voltage leads the current 

12.18. A transformer has a turns ratio of 6 : 1. Ten 
volts is taken from the secondary. What is the 
primary voltage? 
a. 70 volts 
b. 60 volts 
c. 50 volts 

12.19. Amplitude modulation is a method of varying 
the: 
a. frequency of a carrier wave 
b. number of sidebands 
c. amplitude of the wave 

12.20. To perform the logic operation: A and B -C, 
you would use a: 
a. NAND gate 
b. NOR gate 
c. AND gate 

12.21. In a symmetrical multivibrator, what sort of 
waveform would you expect to see on an 
oscilloscope? 
a. a 50/50 sinewave 
b. a 50/50 squarewave 
c. a pulse waveform 

12.22. A 15V Zener diode passes 1mA. The power 
dissipated is: 
a. 15W  b. 15m W  c. 5m W 

12.23. A perfect transformer has 240V, applied to the 
primary when delivering an output of 6A at the 
secondary, the primary current is 2A. What is 
the secondary voltage? 
a. 80V 
b. 20V 
c. 240V 

12.24. A 10mA f.s.d. meter is required to read 100V. 
If the meter resistance is 200 ohms, what value 
multiplier is required: 
a. 200 ohms 
b. 9800 ohms 
c. 1000 ohms 

12.25. What does the parameter hFE stand for? 
a. large signal current amplification factor 
b. small signal amplification factor 
c. large signal voltage amplification factor 

12.26. The reactance of an f30mH coil is about 
500 ohms. What is the operating frequency? 
a. 1kHz 
b. 800Hz 
c. 100Hz 

12.27. A photocell is used to generate: 
a. a current 
b. movement 
C. a voltage 

12.28. A resistor dissipates 15 W when 2-5V is 
applied. What is the current flowing? 
a. 37-5A 
b. 6A 
c. 1.35A 

12.29. A signal is said to be in anti-phase when the 
phase difference is: 
a. 180 
b. 90 
c. 270 

12.30. Calculate the total resistance of the following 
resistors in parallel: 680, 68s1, 34i1; 
a. 102 ohms 
b. 170 ohms 
c. 17 ohms  Answers on page 663. 
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driving the base from a source whose impedance is 
much greater than this ac. impedance. The ac. or 
incremental base/emitter resistance is usually called 
the small-signal input resistance. The d.c. resistance 
is called the large-signal input resistance. 

TUNED CIRCUITS 
A great many electronics applications use LC tuned 

circuits. Occasionally you will find yourself having to 
make an LC circuit. The chances are that you will not 
have the right value of L or C in the spares box. Can 
you use something near to the right L, say and com-
pensate by adjusting C? 
article specifies a tuned circuit using L=3mH and 
Yes, within reason. Suppose, for example that an 

C=800pF. You have a good selection of capacitors 
but your only inductor is 2-5mH. The rule is that to 
keep the frequency the same the product L X C must 
be the same. This has to be 3 X 800= 2400. So if 
L =2-5, C must be 2400/2-5= 960pF. This is not a 
standard value and you have to decide from your 
knowledge of the circuit whether to use 1000pF and 
tolerate a tuning error or to make up 960pF from stan-
dard values such as 300+330+330 pF. 

MEASUREMENTS 
To make experiments you must be able to make 

measurements. The indispensable instrument is the 
multimeter. When you buy one, get the best you can 
afford. Three major considerations are: Handiness, 
Sensitivity, Robustness. 
Handiness covers such things as the ease with which 

the scales can be read. Avoid instruments with a lot 
of scales on their dials. The best instruments have 
voltage and current scales which go in multiples of 
3 and 10, e.g. 0-3V, 1V, 3V. by, 30V, 100V, 300V. 
Two scales do for all these. In addition there should 
be an ohms scale and possibly a dB scale. 
Sensitivity is only important because an insensitive 

multimeter upsets the circuit to which it is connected 
when measuring voltages. A d.c. sensitivity of 50,,AA 
f.s.d. ( =201d1 per volt) is excellent. 
Robustness does not so much mean mechanical 

strength as the ability to withstand electrical over-
loads. A meter whose pointer bends on the first severe 
overload is not much use. Cheap meters may have 
protection diodes across their coils. These prevent 
excessive current from flowing on the voltage ranges 
but may be ineffective on the current and resistance 
ranges. 
More expensive meters have mechanical or mag-

netic cut-outs which disconnect the meter when there 
is an overload. 
You will notice that accuracy has not been men-

tioned. High accuracy is always worth having, but is 
not really needed for the majority of measurements. 
Most multimeters have errors of less than 5 per cent. 
A few have errors of only 1 per cent. 
Electronic multimeters are attractive in some ways 

but less so in others. For ordinary purposes they are 
not worth the extra cost. If you can afford something 
electronic, it is better to buy an oscilloscope and an 
ordinary multimeter. 

(a) (b) (c) 

The ohms measurement on a multimeter requires 
an internal battery. The usual arrangement, Fig. 12-9, 
has an internal standard resistance for each range, 
and a "set zero" control to compensate for changes in 
the battery. 

SET 
ZERO 

METER COIL 

STANDARD 
RESISTANCE 

TERMINALS 

 0 

Fig. 12.9. Typical "ohmmeter" circuit section of a multimeter. 

To set zero you connect the test leads together then 
adjust so that the meter reads zero ohms. It is then 
ready for use. Note that the positive plate of the 
battery is in fact the negative test lead. This is neces-
sary to make the current go in the right direction for 
the ohms measurement. When using the ohms ranges 
to check transistors and diodes, remember this 
polarity reversal or you will get peculiar results. 

TRANSISTOR CHECKING 
To check a diode you connect the leads first one 

way then the other, Fig. 12.10a. The resistance is very 
high one way when the diode is reverse-biased by the 
battery, and relatively low the other way when the 
diode conducts. 
Since a silicon diode does not conduct until there is 

0-5V or more across it, its large-signal resistance is 
higher than a germanium diode's. Transistors are 
roughly checked by regarding them as two diodes with 
a common terminal, Fig. 12.10b and c, 

NPN 

Fig. 12.10. Testing transistors using a multimeter. This test also 
enables the polarity of an unknown transistor to be found. 

The base is the anode in npn transistors, and the 
cathode in pnp. Check the collector/base diode and 
the emitter/base diode separately. They should both 
behave in the same way as a simple diode. If the 
ohmmeter is applied to collector and emitter one of 
these diodes must be reverse biased so no current 
can flow, or at most only a small "leakage" current. 
In germanium transistors the leakage is relatively 
large, also in power transistors, so a germanium 
power transistor may pass quite a high leakage cur-
rent and still be all right. 
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These tests give no indication of current amplifica-
tion. A simple test for hn, (large-signal current ampli-
fication factor) uses a calibrated potentiometer. Fig. 
12.11. 

RI /Mil 

Ft2  b 

TRANSISTOR"' 

%•• 1 

UNCER TEST  e 

R• 
1014 

RS 
PIO 

VCC RV 
CHOOSE POLARITY 
TO SUIT TRANSISTOR 

Fig. 12.11. Measuring hFE with a variable resistance. 1. Connect 
meter as shown dotted and note voltage reading. 2. Transfer from 
Y to X. 3. Adjust R1 to obtain the same reading. The hFE value 
is then the value of R1 in kilohms as a number. A centre zero 
meter may be connected to makemeasurement easier. 

The transistor passes a collector current of about 
4mA when Vcc=9V. The polarity of lice and the 
meter must be set to suit the polarity of the transistor. 
A centre-zero microammeter can be used instead of 
the meter as shown. A sensitivity of about 500-0-500 

f.s.d. is suitable. Resistor R1 is adjusted so the 
meter reads zero. 

THE OSCILLOSCOPE 
The cathode-ray oscilloscope, c.r.o. for short, is the 

indispensable tool of the professional electronic en-
gineer. It shows him how voltages in a circuit are 
actually changing. 
The principle is really very simple. A c.r.o. draws 

a graph on its screen. The horizontal axis is time. 
The vertical axis is voltage. The pencil which draws 
the graph is a thin beam of electrons: the screen 
is coated inside with a "phosphor"; that is crystals 
which glow when the electron beam strikes them. 
For most purposes it is convenient to make the 

beam, once it has traversed the screen, come quickly 
back and traverse it again, and so on. In this way 
the graph is constantly being redrawn. So long as 
the next graph is exactly superimposed on the pre-
vious one the trace is clear and steady. Synchronis-
ing circuits in the instrument provide for this. 

TIME BASE 
The oscilloscope has its own internal circuits for 

moving the beam horizontally. These are known as 
the time-base. The speed is adjustable to suit the 
rate at which signals are changing. If you are looking 
at sinewaves you generally want to have at least 
one complete cycle on the screen, so the time-base 
should cover about the same frequency range as the 
signals. For audio work this might be 10Hz to 20kHz, 
but generally speaking the upper time-base frequency 
is higher, perhaps 100kHz or 1MHz. 
The time base speed is often given instead of 

frequency. The screen is usually provided with a 
scale or graticule marked in lcm squares. The speed 

is then given in terms of the time taken for the 
beam to move lcm. 
Since the signals to be examined may be quite 

small a vertical amplifier is provided, also called 
the Y-amplifier. A modern general purpose oscillo-
scope will have at least enough Y-amplification to 
produce a lcm vertical spot movement for an input 
of 10mV, "10mV/cm" in the specification. It will also 
be able to do this from d.c. to at least a few mega-
hertz. 

ANS WERS (To Part Eleven) 

11.1. phototransistor (b) 
11.2. one I.e.d, and one photodetector (b) 
11.3. + 0-6V (a) 

11.4. 5MCI (c) 
11.5. reversed-biased by a d.c. voltage (a) 
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TEACH-IN '78 GLOSSARY 
Throughout the series various terms have been given prominence in the text. These terms in 

bold type are now listed here. Many of the terms you will find yourself using a great deal, so it 

is well to remember them. 

ACCEPTOR CIRCUIT. A circuit which passes signals 
of a particular frequency easily. A series-tuned LC circuit. 

BACK E.M.F. An e.m.f. generated when the current in an 
inductive circuit changes. This back e.m.f. opposes the 
change. Back e.m.f. is a general term, not specific to 
switching off. 

BAND WIDTH. The difference in frequency between the 
high and low limits of a signal path. For example an a.m. 
transmitter modulated by audio up to 10kHz has a trans-
mitted bandwidth of 20kHz. 

BEAT FREQUENCY. When two sinewave signals are 
"mixed", a lower frequency "beat" is produced. 

BIASING  (A  TRANSISTOR).  Applying  the  d.c. 
voltages and currents which enable it to operate. 

CARRIER FREQUENCY. The frequency of a com-
munications system with no signals present. Modulating 
the carrier enables signals to be carried. 

CATHODE. The electrode by which electron current 
leaves a circuit (to flow back to the battery or power 
supply). 

COMPLEMENTARY PAIR. A pop transistor working 
in push-pull with an npn device, or the equivalent with 
f.e.t.s. 

CONTROL GRID. The electrode of a valve to which the 
signal is applied. 

CURRENT AMPLIFIER. Active circuit for making small 
currents larger. A transistor is an example. 

DEMODULATION. Method of recovering the audio 
information from a radio transmission. 

DETECTION. Demodulation by rectification of an a.m. 
wave. 

DIELECTRIC. Material through which an electric field 
can pass. The insulation between the plates of a capacitor. 

DIFFERENTIAL AMPLIFIER. Amplifier which responds 
to the differences between two input voltages. Also called 
a difference amplifier. 

DRAIN. The electrode of a field effect transistor by 
which the current carriers (holes or electrons) leave the 
device. 

ENVELOPE. Term used of radio transmissions, etc, 
meaning the outline of the modulated wave pattern. 

GATE. Control electrode of a field effect transistor. 

INDUCTANCE. 1. The ability of a current to store 
energy in the form of an associated 
magnetic field. 

2. A quantity expressing a circuit's 
inductance.  If a change of one 
ampere per second induces one volt 
the inductance is one henry. 

3. The  self-inductance  of  a coil, 
expressed in henries. 

INTERMEDIATE FREQUENCY (If.). Frequency to 
which the wanted signal is changed in a superhet receiver, 
to facilitate amplification and filtering. 

INTERMODULATION. Result of mixing two or more 
signals in a non-linear device. New frequences are thereby 
generated. 

INTERNAL FEEDBACK. Coupling of output and input 
of a transistor, etc, inside the device itself. 

IMAGE FREQUENCY. Frequency which differs from 
the wanted signal frequency of a superhet receiver by 
twice the if. 

LOGIC. Chain of precise reasoning. The electronic 
circuits which carry out logic. 

MODULATION. Method of impressing information on 
to a carrier wave. 

MONOSTABLE. Circuit which has one stable and one 
unstable state. After operation it returns to the stable state. 

MOVING COIL. Type of transducer. A coil suspended 
in a magnetic field—when current flows, the coil moves. 
If the coil is moved, an e.m.f. is generated. 

MOVING IRON. Piece of soft iron suspended in a 
magnetic field. The iron moves when the field changes 
and vice versa. Used in pickups and meters, etc. 

MULTIVIBRATOR. Circuit having two states, each 
unstable. A relaxation oscillator which generates square 
waves. 

MULTIPLIER RESISTORS. Used to enable current 
meters to measure voltages. 

MUTUAL CONDUCTANCE. Relationship between the 
input voltage and output current of an amplifying device. 

NOISE. Unwanted sound. Any unwanted fluctuations, 
especially random ones. 

NULL. Control setting at which a signal falls to zero but 
rises when the control is moved to either side. Point in 
a frequency response curve where the response is zero. 

OPERATIONAL AMPLIFIER. An integrated circuit 
amplifier used for performing some mathematical func-
tions. An i.c. differential amplifier. 

PARALLEL-TUNED CIRCUIT.  A circuit which is 
tuned by L and C in parallel. 

PEAK CLIPPING. Where the peaks of a wave are cut 
off, say for example in an overloaded amplifier. 

PERIOD. Time taken for a wave to complete one cycle. 

PHOTOCOUPLER. Device for coupling two circuit 
sources, with no electrical or magnetic connection. 

PHOTO-DARLINGTON. Compound emitter follower 
in which the input transistor is a photo-transistor. 

PHOTODETECTOR. Device for detecting the presence 
of light. 

PILOT CARRIER. Small carrier transmitted with an 
s.s.b. signal and used to reconstruct the missing carrier 
in the receiver. 
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POTENTIAL DIFFERENCE. Difference in volts between 
two parts of a circuit. 

PO WER. The rate of doing work. In electrical circuits, 
voltage times current. 

REACTANCE. The impedance of a capacitance or 
inductance. 

REGULATION. A number which expresses the extent 
to which a power supply is affected by connecting a load. 

REJECTOR. A parallel tuned LC circuit. A circuit which 
rejects unwanted signals of a particular frequency. 

RESISTANCE. Property of a conductor to resist the 
passage of current. The higher the resistance the smaller 
the current. 

RESONANCE. Refers to the property of organ pipes, 
etc, to be frequency selective. Applied by analogy to 
frequency-selective electrical circuits. 

REVERSE VOLTAGE. A voltage of the wrong polarity. 
A voltage which biases a diode to the non-conducting 
state. 

RIPPLE. Small amount of a.c. voltage present on the d.c. 
output of an ac. mains power supply. 
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SECOND CHANNEL INTERFERENCE. Interference 
in superhet radio receivers due to the breakthrough of a 
signal on the image frequency. 

SERIES-TUNED CIRCUIT. A circuit which is tuned 
by L and C in series. 

SIDEBANDS. Frequencies above and below the main 
carrier produced by modulation. 

SIGNAL-SOURCE RESISTANCE. The internal imped-
ance of a source of signals. 

SIGNAL-TO-NOISE RATIO. SNR — signal + noise, 
noise 

usually expressed in decibels. 

SMOOTHED. A d.c. voltage from a Flower supply is 
said to be smoothed when the ripple is reduced by a filter. 

SOURCE. Electrode of a field effect transistor from 
which electrons or holes enter the device. 

TIME CONSTANT. In RC circuits the time taken for 
the capacitor to charge to about  of full charge, or dis-
charge to 1 of full charge is known as the time constant 
and is simply R x C seconds. 

TOLERANCE. Specified range in which the value of a 
component can lie. 

TRANSCONDUCTANCE. Mutual conductance. 

TRANSDUCER. A device for converting one quantity 
into another. 

VERTICALLY POLARISED. A radio signal is said to 
be vertically polarised when the electric field is vertical. 

VOLTAGE DIVIDER. Device for dividing a voltage. 

W ORK. The amount of energy expended. 

W ORKING VOLTAGE. The safe operating voltage of 
a capacitor, transistor, etc. 

ZENER DIODE. A semiconductor diode which has a 
precise breakdown voltage. Used for stabilising voltages. 
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A Matter of Distortion 
A few months ago I reported on an 

Audio Engineering Society meeting 
which reviewed the people and pro-
cedures involved in reviewing hi-fl 
equipment. Since then the situation 
has polarised. Several respected loud-
speaker manufacturers have declined 
to make their speakers available for 
reviews because they believe that re-
viewers are not competent to review 
them. 
Essentially their argument is that 

if a manufacturer spends half a million 
pounds on computerised equipment 
to design and test his speakers, it is 
unfair for anyone with lesser equip-
ment to judge them. In turn some re-
viewers argue that all the money and 
equipment in the world won't guaran-
tee a good loudspeaker and what 
really matters in the final analysis is 
how the finished product sounds to 
average ears—So far there is impasse. 

Two Camps 

Meanwhile,  another dispute has 
blown up, this time over amplifiers, 
and it seems the hi-fl industry and 
press is dividing itself into two camps. 
To cut a long story short, one camp 
believes that if two amplifiers produce 
the same measurements when ana-
lysed with sophisticated test equip-
ment, they will sound the same. The 
other camp believes that apparently 
similar amplifiers need not necessarily 
sound the same. 
Those who believe that some inde-

terminable difference exists between 
apparently  similar amplifiers  have 
come to be known as the "musicality" 
faction. This is because musicality is 
the term they use to describe the 
subtle,  unmeasurable  something 
which they feel some amplifiers con-
tribute to (or fail to remove from) the 
reproduction  of music.  The anti-
musicality faction argue that if a differ-
ence is there it can be measured. 
The two camps confronted each 

T 
By ADRIAN HOPE 

other recently at another Audio Engin-
eering Society meeting and although 
no conclusions were reached some 
fascinating points of view were aired. 
In defence of musicality it was argued 
that of two amplifiers of apparently 
exactly similar specification, one can 
produce a stereo spread of sound in 
which the listener can audibly recog-
nise a dozen musical instruments, 
while the other produces a spread in 
which at least one extra instrument is 
distinguishable. 
Everyone agrees that a good ampli-

fier will produce clean separation of 
instruments (provided that they are all 
there cleanly separated on the original 
recording) whereas a poor amplifier 
will muddle the reproduced sound and 
make all the recorded instruments 
merge into a confused jumble of 
sound. But the anti-musicality faction 
argue that the difference between a 
clean and muddled sound should 
always be measurable by electronic 
test techniques. 
"Yes"  say the  protagonists  of 

musicality, "we agree, but no one has 
yet been able to measure the kind of 
difference about which we are talking." 
In short, the musicality faction believe 
they can hear a difference between 
amplifiers which measure the same 
using currently available techniques. 
Recently a nulling technique has 

been developed by some engineers to 
enable an audio system to reproduce 
only the distortion which its circuitry 
introduces into the music. Results of 
tests show that some amplifiers pro-
duce so little distortion that it is virtu-
ally inaudible on its own. 
"Yes", say the musicality camp, "we 

acknowledge this but we still believe 
we can hear a difference between two 
amplifiers which is shown by the null-
ing test to introduce equally tiny 
amounts of distortion." 
One interesting idea is that the 

human ear hears distortion in a non-
linear way. What sounds like a minute 
amount of distortion on its own, may, 

when enveloped by the music from 
which is has been derived, adversely 
affect that music to a surprising degree. 
In other words, even the inaudible 

amount of distortion added by a good 
modern amplifier may make sufficient 
difference to music reproduced by that 
amplifier to offend the sensitive ears. 
There is now a move to look more 

closely at even that tiny amount of dis-
tortion. 
Another suggestion is that there are 

some sonic differences which just 
aren't ever measurable. It was re-
marked that you can't measure why a 
Stradivarius violin sounds as it does, 
even though everyone acknowledges 
a Stradivarius has a unique sound. 

Arrogant 
For my money the most attractive 

suggestion, was that put forward by 
Michael Gerzon, the Oxford Mathema-
tician who is the prime mover behind 
the Ambisonics surround sound sys-
tem as backed by the NR DC and used 
by the BBC and IBA. Gerzon drew 
spontaneous applause from the AES 
audience when he stated bluntly that 
it was "arrogant" for anyone to argue 
that because a difference can not 
currently be explained scientifically it 
does not exist. 
The human ear, he reminded those 

present, has taken several billion years 
to develop and its operation and 
dependence on signal transforms is so 
complicated that it would require 
10,500 parameters to describe it. Some 
aspects of the human ear, for instance 
hysteresis effects, are beyond the 
current limits of mathematics. 
Without doubt there are more fac-

tors involved in audio perception than 
any of us have even begun to under-
stand. To recognise this is the first 
step to understanding why two pieces 
of equipment, apparently electronically 
identical, may to some people sound 
markedly different in performance. 

"/ can't understand why this digital electronic 
watch gives the hours, minutes, seconds and day 
of week, but not the year." 
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FREE NOT MONT 
HANDY 
RESISTORS 

GUIDE 
and II1TEGRATED 

Tailored for the pocket—a "good com-
panion" for constructors and all who 
use electronic components. 

METAL H 1111TER 
An advanced design using a v.l.t, discriminator circuit. Distinguishes 
between ferrous and non-ferrous metals. Variable sensitivity. Easy to 
set up. 

CMOS MW/LW RADIO 
An unusual design based on a CMOS digital i.c. Suitable for the forth-
coming frequency changes of Radio's 2 and 4. 

TT L ELECTRONIC 
Do m IT DIGITALLY  TEST-BED 
This series has been planned to give you a broad 
understanding of digital electronics in logical 
steps by both theory and experiment. The latter 
are carried out on the TTL Electronic Test-Bed, 
purpose designed for Doing It Digitally. 

A versatile "test-bed" for the designer, 
experimenter and student 

AND 
A most for all who follow the Doing It 
Digitally Series. 

drifkailics OCTOBER 
ISSUE ON SALE 

FRIDAY, SEPTEMBER 15 
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FREE  rn M I%  ̂
ENTRY  L.J I V  !PETITION 
NO MONIS 

One of the most important pieces of equipment in your workshop must surely be a multimeter. Thus 
it makes sense to have a really reliable meter if you want the best results. 

This month we have got together with AVO Ltd. to present this free-entry contest in which no less 
than FIVE readers can win a superb Electronic AVOMETER. 

Reliability is a foregone conclusion, for AVOMETER instruments 
are synonymous with all that's best in meters, and they have a 
world-wide reputation of which they are most jealous! The model 
we have chosen for our prizes is the AVOMETER EM272 which 
could cost you around £60 to buy. 
Features that particularly make this a "must" for our readers 

include simple range selection and effective overload protection. 
Measurements may be made on both ac. and d.c. up to 3A and the 
meter is particularly useful for checking transistorised equipment 
because of the very low current consumption required to achieve 
full scale deflection. 
Accurate voltage measurements may be made up to 1 kV, and 

resistance up to 40 MD. Being an electronically amplified multi-
meter, readings may be made at audio frequencies. All AVO instru-
ments are fully repairable. 

HOW DO YOU RATE THESE FUNCTIONS OF A MULTIMETER? 

A D.C. Current Measurement 

B Resistance Measurement 

C D.C. Voltage Measurement 

D Power (dB) Measurement 

- - - - - - - FREE ENTRY 

Please post to: 
EVERYDAY ELECTRONICS, 
MULTIMETER COMPETITION, 
55 EWER STREET, LONDON, SE99 6YP 

My order of usefulness for the eight 
functions is listed on the right. In 
entering the competition, I agree to 
the rules as final and legally binding. 

NAME   
(Mr.'Mrs. Miss) 

ADDRESS   
(Block letters) 

E Continuity Test 

J A.C. Voltage Measurement 

K Diode (Semiconductor Junction) Test 

L A.C. Current Measurement 

COUPON — — — — —  —  —  

1st 

2nd 

3rd  . 

: 4th 

5th 

6th 

7th 

8th 

Closing date for entries: Friday, September 29, 1978. 

— — —  —  — CUT ALONG THIS LINE —  — — —  —  — 

HO W TO ENTER 
Listed are eight of the functions of a multimeter, but how useful 

are they to the average EVERYDAY ELECTRONICS reader? That's 
where you come in! Simply evaluate these functions then place 
them in what you consider is their order of likely usefulness to the 
average EVERYDAY ELECTRONICS reader. 
Write the key letters of the eight uses, in ink (pen or ballpen,) 

in order of choice in the spaces on your entry coupon. For example, 
if you consider Continuity Test is likely to be the most useful of 
them all, put E in the first space; the letter of your next choice goes 
against second, and so on for full eight. 
Complete the coupon with your own full name and address, and 

post in a sealed envelope to: EVERYDAY ELECTRONICS MULTI-
METER COMPETITION. 55 EWER STREET, LONDON SE99 6YP, 
to arrive not later than Friday, 29th September, 1978, the closing date. 

IMPORTANT 
Before sealing. copy out —on the OUTSIDE back of 
the envelope —the eight key letters in exactly the 
same order as they appear on your completed coupon. 
Do not enclose any correspondence or matter other 
than the coupon. 

COMPETITION RULES 
There is no entry fee, but each attempt must be 

fully completed in ink on the proper printed coupon 
cut from Everyday Electronics, and bear the entrant's 
own full name and ac.dress. 
Every acceoted entry will be examined and the 

prizes, as described. will be awarded to the five 
entrants who, in the opinion of an exoert panel of 
Judges. have shown the most skill and judgement in 
listing the eight functions in order of importance. No 
entrant may win more than one prize. 
In the event of a tie or ties for any of the prizes, a 

further eliminating contest will be conducted by post 
between the tying competitors to determine the 
winner, s. 
Any entry which does not comply with the (printed 

instructions or is received after the closing date will 
be disqualified, as will any received mutilated or 
illegible. incomplete, bearing  alterations, or with 
more than one key letter in each space. No responsi-
bility will be accepted for entries lost or delayed in 
the post or otherwise. 
The judges' decisions and those of the Editor of 

Everyday Electronics in all other matters affecting 
the competition, will be final and legally binding. No 
correspondence can be entered into. 
The competition is ooen to all readers in Great 

Britain, Northern Ireland, the Channel Isles and Isle 
of Man, except employees (and their families) of (PC 
Magazines, the printers of Everyday Electronics or of 
Avo Ltd. 
The winners will be notified, and the result announced 
in the earliest possible issue of this magazine. 
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BOOK REVIEWS 
SCIENTISTS MUST WRITE 
Author 
Price 
Size 
Publisher 
ISBN 

Robert Barrass 
£2• 95 (Paperback) 
215  135mm 176 pages 
Chapman and Hall 
0412 15430 7 

TI fik; sub-title "A guide to better writing tor scientists. 
engineers and students" indicates clearly to whom this 

work is addressed. In short, it is likely to be of benefit to 
anyone (degree or no degree)  whose work involves 
presenting technical information in a written form. And 
this includes would-be contributors to magazines such as 
EVERYDAY ELECTRONICS. 
Technical writing, of whatever form, demands adherence 

to certain  disciplines and  the  usage of  established 
standards, terms and symbols; and above all the avoidance 
of ambiguity in explanations and descriptions. There is a 
dangerous tendency to be satisfied with the first attempt 
when writing an article, report or thesis. This must be 
overcome. As the author very rightly states: "The apparent 
spontaneity of easy-reading prose is the result of hard 
work, for every writer needs to correct and improve his 
first drafts". This is perhaps the most important lesson of 
all for the inexperienced writer. 
This book provides a comprehensive course for private 

study and will be of permanent value as a source of 
reference. Besides advice on using words, composition, 

style, and planning the arrangement of different kinds of 
written work, guidance is given on the use of numbers, SI 
Units, graphs and diagrams, and on the preparation of 
manuscripts and typescripts and checking proofs.  F.E.B. 

THE COMPUTER AGE 
Author  Martin Campbell-Kelly 
Price  £4.50 
Size  260  190mm 120 pages 
Publisher  Wayland 
ISBN  85340 485 2 

A FIRST flip through this book suggests that the text is 
overshadowed by the abundant illustrations, mostly 

photographs of personalities or equipments, many of which 
occupy whole pages. But a reading amends this impression 
for, economical though it may appear to be. the text 
succinctly covers all the notable names, inventions and 
major events that have a rightful place in a history of 
computers. 
The author skilfully shows that real progress in the 

evolution of the calculating machine and computer (from 
Stonehenge on) has always been due to stimuli provided 
by urgent need —as arising from advances in science and 
navigation in the 17th Century which encouraged work on 
mechanical calculating machines, and more recently from 
the demands of the Second World War which brought 
about the electronic computer. 
From this point on, the story is really that of the 

advancement of electronics. And so to the microcomputer 
and the fascinating possibilities for its employment in the 
years immediately ahead. 
An entertaining, factual account for the general reader. 

Should be popular with schoolboys and their fathers alike. 
though the price does seem a little high.  F.E.B. 

CROSSWORD  7 By D.P. NE WTON 

ACROSS 
1 A chip with a programme. 
8 One in a thousand. 
9 Required to square the 
circle. 

10 Situations vacant for the 
semiconductor. 

11 Persons pronouncing 
judgement. 

14 Very large voltages. 
15 Terminally, these are 
associated with cathodes. 

16 Sphere. 
17 What happened to the 
opposites? 

2.0 A vehicle for heavy-duty 
connections. 

23 The capacitors of 
yesteryear were never as 
artificial as this, Polly 
says. 

25 Translate the end into a 
past essential activity. 

27 Sliding storage boxes. 
28 Regular body, useful on 
reflection. 

29 Before noon. 
30 Man in a magnetic field. 
32 A means of making 
connections without wires 
(7,7). 

DOWN 
1 Device for making work 
easier. 

2 Conductivity reciprocated 
in unitary terms. 

3 Make capital of an 
impedance of resistance, 
capacitance and 
inductance in series. 

4 Noises from a loudspeaker 
resulting from making 
and breaking the circuit. 

5 Half a note difference? 
6 The Fatherland. 
7 Item of footwear. 
9 Italian dish? No, the 
forerunner of an effect 
which generates 
electricity from pressure 
on a crystal. 

12 Descriptive of a 
component free from drift 
with cutting connotations. 

13 Dielectric slimmed. 
18 Then vine twisted for a 
network theorem. ( Anag. ) 

19 Objects for amusement. 
20 Small insulator for 
trading? 

21 A head of this gave power 
to the Victorians. 

22 An eye for a wire. 
23 A grinder. 
24 Stumble on a 
safety-switch? 

26 To walk as a vagrant. 
28 Two for a long tail. 
31 In this way. 

Solution on page 680 
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K.F. SIG\AL 
GE\EKATOK 

By F. G. Rayer 

Tlos  instrument  provides  a 
modulated  radio  frequency 

output in the range 150kHz to 
30MHz, and also an audio output 
for the testing of audio circuits. It 
uses ready-manufactured coils hav-
ing adjustable cores, so that cali-
bration can be set closely to that 
on the scale given. 
A signal generator of this type 

allows alignment and testing of 
radio frequency, intermediate fre-
quency, and audio circuits, in the 
way explained later. 

CIRCUIT DESCRIPTION 
The  circuit  for  the  Signal 

Generator is shown in Fig. 1 and 
oonsists of three distinct sections: 
range switching, r.f. oscillator, and 
a.f. oscillator. Each will be des-
cribed in turn. 

RANGE SWITCHING 
The range switching comprises 

coils Li to L6 and switch Si. Vari-
able capacitor C4 tunes the wind-
ings selected by Sib, the latter is 

connected to the gate of TR1. The 
feedback windings are selected by 
Sla and passed to the drain of 
TR1.  Capacitor C3  is included 
across L6 to obtain better coverage 
on  this,  the  lowest  frequency 
range. Resistor R1 is used to pre-
vent excessive oscillation when 
Range 1 is used. 
All the tuned windings are re-

turned to the chassis or negative 
line, and all the feedback windings 
are connected to C2 and R2. 
The wavebands used  are as 

follows: 

Range 1. 30 to 18MHz 
Range 2. 18 to 6-5MHz 
Range 3. 7 to 2-2MHz 
Range 4. 2.5 to 0.8MHz 
Range 5. 1 to 0-325MHz 
Range 6. 0.325 to 0-15MHz 

These are marked on the cali-
brated scale, for direct reading. 
It will be noted that tags 8 and 9 
are the feedback connections for 
all ranges. However, the tuned 
windings have different number-
ings, as shown, to suit the type and 
range of coil in each position. 

R.F. OSCILLATOR 
The r.f. oscillator comprises TR1 

and associated components. The 
variable capacitor has an integral 
slow motion drive, and needs to be 
the same value as listed if the 
ready calibrated scale is to be em-
ployed. 
The 3-pole 3-way switch S2 pro-

vides RF OUTPUT, OFF and AF OUT-
PUT. With the switch in the posi-
tion shown, as in Fig. 1, section 
S2c completes the positive battery 
circuit. Drain current for TR1 is 
provided by R4 via S2b. This 
supply point is modulated with an 
audio tone available at the junc-
tion of R6 and R7. Switch section 
S2b takes the modulated r.f. via 
R4 and C6, to the output attenua-
tor VR1. Signals then go from the 
isolating capacitor C8, to an output 
socket on the front panel. 

A.F. OSCILLATOR 
An audio frequency is provided 

by the multivibrator comprising 
TR2 and TR3. This modulates TR1, 
so is heard as a tone when the 
signal generator is tuned to the 
same radio frequency as a re-
ceiver. The frequency is about 
400Hz. 
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With S2 in the AF position, 
switch S2a interrupts current to 
TR1, so that the r.f. oscillator is 
not in use. Switch S2b takes audio 
from CIL so that an audio signal 
is provided as the output. This is 
used for tests on amplifiers and 
audio circuits. 
In the central position, OFF, the 

supply is disconnected from both 
the r.f. and a.f. sections. 

CASE 
The case is a Universal Chassis 

box, with overall dimensions of 
178 X 152 X 102mm, and an extra 
178 x 152mm flat plate. First bolt 
together top, bottom and sides, 
with 4BA bolts through the holes 
provided. Check this is square, and 
drill the panel, top flange, and side 
flanges for 8BA bolts, or self-
tapping screws. Similarly drill and 

HOW IT WORKS 

LEVEL 

Upon switching the generator on, a coil is made to resonate at a 
particular frequency dependent on the setting of the TUNE control. A 
feedback winding associated with this coil passes a small amount of the 
signal back to a transistor. The transistor amplifies this signal thus 
providing a "boost" to the already circulating currents in the coil. The 
final output is now a strong radio frequency source. 
The output can either be passed direct to the output, or via a MODULATOR 

which can be switched in at will. The purpose of this section is to impress 
onto the main signal an audio tone. Thus when the signal is tuned in on 
a receiver, the normally quiet r.f. is heard as an audio tone. A useful 
addition in this design is the ability to use the modulator separately. 

temporarily fit the back plate. The 
panel is removed and not replaced 
until all wiring is finished. 
Punch or drill holes for VR1, the 

switches, output socket, and C4, 
(see photos). The variable capaci-

tor is set back lOmm, using 4BA 
bolts with two nuts on each. Fig. 2. 
Check that it is square and level 
with the panel, and that the bolts 
do not project through the front 
capacitor plate. 
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Fig. 1. Complete circuit diagram of the RF Signal Generator. Voltage readings are positive and taken with the unit switched to Range 5. 
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RI SIG\AL 
GE\EKATOK 

POINTER 

KNOB  BUSH  I I 10mm SPACERS 

SCALE GLUED TO 
FRONT PANEL VARIABLE 

CAPACITOR 

Fig. 2. Method of mounting the capacitor 
to the front panel. If other types are used 
then the dimensions may need to be 
altered. 

ALL DIMENSIONS IN mm 

Fig. 6. Constructional details required for 
the battery mounting bracket. 

excluding case 

FRONT PANEL IS2x178mm 

Fig. 4. Complete wiring details for the unit. All wiring should be kept short and tidy as 
possible, otherwise calibration may be affected. Insure that no wires foul the moving 
vanes of the variable capacitor. 

PAXOLIN 

STRIPS 

18 m m 

SPACER 

LOCKING 
NUT 

Fig. 5. Mounting the coils. It may be necessary to increase the spacing a few extra milli-
metres if it is found that on alignment the brass thread of the coils touch the front panel 
This was not found to be so on the prototype. 
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COIL MOUNTING 
As the adjustable core scre‘N s 

cannot project through the front 
panel, the six coils are fitted to 
strips  of  Paxolin  or  similar 
material. One strip is about 115x 
25mm and two are 85 X 25mm. 
They are set back 18mm from the 
panel, either by means of 25mm 
6BA screws with extra nuts, or by 
18mm spacers. Countersink the 
screw heads so that the scale can 
lie flat. 
All coils can then be mounted 

as in Figs. 4 and 5. Initially set 
the core screws with about 12mm 
projecting towards the panel for 
L2. L3 and L4, lOmm for Li. and 
6mm for L5 and L6. Put a 6BA nut 
on each for locking later. 

WIRING 
All the wiring for the Signal 

Generator is shown in Fig. 4. Begin 
by mounting the components on 
the  tag  strip  which  itself  is 
mounted on the front panel. Note 
that the two earthed tags also hold 
the output socket in place. Next 
wire lengths of 22 s.w.g. tinned 
copper wire with sleeving, on the 
various coils. In particular make 
the connections to Li and L2 as 
short and direct as possible. 
Now wire these leads to the 

appropriate tags on the rotary 
switch. The remainder of the com-
ponents can then be soldered in 
place. Make sure you have made 
the right connections to the coils, 
for this purpose different coloured 
sleeving could be used. 

BATTERY BRACKET 
A mounting bracket is required 

for Bl, and is fitted to a panel at 
the bottom of the case. 
The dimensions of this is shown 

in Fig. 6. If alternative batteries 
are used, the sizes will have to be 
altered. Alternatively if a very 
large capacity battery is used, it 
cap be omitted altogether. 

TESTING 
With a battery connected and 

S2 turned to AF,  an audio tone 
should be obtained at the output 
socket. This can be checked with 
phones or an amplifier or similar 
means. The amplitude is adjusted 
by VR1. If there is no tone, check 
connections at the tagstrip in par-
ticular. 

COMPONENTS ' 
Resistors 
R1  100i2 
R2  1-2142 
R3  1 MO 
R4  10kL2 
R5  2.7ki2 

R6 
R7 
R8 
R9 
R10 

All are IW carbon -2L 5% 

Potentiometer 
VR1  10k12 In. 

680C2 
Mil 
220kfl 
12kf2 

Capacitors 

C1  250pF silver mica 
C2  1n F disc ceramic 
C3  50pF silver mica 
C4  365pF variable single gang 

with slow motion drive 
C5  150pF disc ceramic 

C6 
Cl 
C8 
C9 
C10 

See 

page 653 

15pF silver mica 
4.7nF polyester 
2nF polyester 
4.7n F polyester 
4.7n F polyester 

Semiconductors 
TR1  MPF102 n-channel field effect transistor 
TR2  BC108 silicon npn 
TR3  BC 108 silicon npn 

Miscellaneous 
L1  White range 5  L4  Red range 2 
L2  Red range 4  L5  Red range 1 
L3  Red range 3  L6  Blue range 1 
Si  2-pole 6-way rotary 
S2  3-pole 3-way rotary 
B1  PP6 9V battery 
SK1 surface mounting co-axial socket 
Universal chassis 178 x 152 x 102mm (7  6 x 4 inches); extra flat 
plate 178 x 152mm; Paxolin panel 115 x 83mm; battery clip to suit B1; 
100 x 25mm mounting bracket for Bl; 12 way tag strip with two tags 
earthed; 22 s.w.g. tinned copper wire; sleeving; three round pointer 
knobs; material for scale; length of 75 ohm co-axial cable; test prod; 
crocodile clip; and plug to suit SKI; 6BA hardware as required. 

1 All Denco valve type minature coils 

Layout of components on the rear of the front panel of the R.F. Signal Generator. The Paxolin 
strips for mounting the coils and spacers are clearly shown. 

Everyday Electronics, September 1978 671 



300 

325 

kHz 

250 

MHz 

OFF 

200 190 
180 

170 

160 

150 

Fig. 7. Full size drawing for the scale. This may be traced or cut out as required. The markings should 
agree closely throughout the ranges, if calibrated accurately. 

With S2 at RF and the band-
switch on range four or five, the 
tone should be heard on a portable 
receiver nearby, tuned over the 
medium wave band, or around 500 
to 1500kHz as the case may be. If 
not, check connections around TR1, 
the bandswitch, and coils. 

The completed 
interwiring of the Unit. 

SCALE 

The scale is shown full size in 
Fig. 7. This is fixed to the panel 
with adhesive, and the pointer or 
cursor is lined up with the lowest 
frequency  with  the  capacitor 
closed. The pointer may be stout 
wire, soldered to the spindle, or 
can be made from transparent 
material, having an indicating line 
scratched with a sharp tool. 
This may be fixed with small self 

tapping screws to a brass bush ob-
tained from an old control knob. 

CALIBRATION 

By using a receiver tuned to 
transmissions of known frequency, 
the coil cores can be adjusted to 
obtain the best agreement between 
frequency and readings. One check 
per band may be used. This can be 
200kHz on range six, any known 
mw. station on ranges four and 
five, with the standard frequency 
transmissions  of  2-5MHz  and 
5MHz for range three. 

With the signal generator set at 
5MHz by this means tune the re-
ceiver to find the generator 2nd 
harmonic on 10MHz. This will pro-
vide a tuning point of 10MHz for 
the  generator  on  range  two. 
Adjusting the receiver to this will 
give  20MHz (2nd harmonic of 
generator heard at 2 X 10MHz) for 
band one. Alternatively, various 
short wave stations often announce 
their frequency, and can be used 
as check points. 
The  actual frequency ranges 

should be found to agree closely 
with those listed. The harmonic 
output can be tuned in with a re-
ceiver in the usual way. For ex-
ample, if the generator is tuned 
to 1MHz, the signal can also be 
received at 2MHz, 3MHz, 4MHz, 
and further multiples. 
These harmonics grow progres-

sively weaker, so are generally 
ignored. They may be used, how-
ever, to cover 60 to 36MHz with 
the 30 to 18MHz range. That is, 
multiply band one readings by 2. 
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METHOD OF USE 
(A.F. TESTING) 
Shown in Fig. 8 is a circuit of a 

five-transistor receiver. We will 
show how tests to localise a fault 
can be made. No signals are re-
ceived and the battery voltage has 
been found satisfactory, the re-
ceiver is switched on. 
Clip the earth lead to the nega-

tive line. Switch the generator to 
AF OUTPUT. The audio tone should 
be heard if the prod is touched on 
A or B, at the secondary of the 
driver transformer T3. 
If not, TR4 and TR5 are not 

working. If the tone is heard, 
transfer  the  prod  to  C (T3 
primary). If the tone is no longer 
heard, T3 is defective. 
If the tone is heard, take the 

prod to D, TR3 base. The tone 
should be heard, with extra ampli-
fication from TR3. If not, TR3 is 
not operating. 
Note that when the tone ceases, 

the fault lies between the point 
then tested and the previous point. 
For example, if the tone is heard 
with the prod on D, taking the 
prod to E checks the printed cir-
cuit foil or wiring from D to E, 
while with the prod on F, C8 is 
checked, while G clears the foil or 
connection from F to G. 
Similarly, injecting the tone at 

H checks R6, and at I checks the 
volume control VR1. 

c. 1.c.  C1 

R2 

4 .• • 

When the fault is localised in 
this way, components and connec-
tions are tested or examined in-
dividually. Thus if the tone is 
heard with the prod at C, but not 
at D, then TR3 is not working, so 
R7, R8, R9 and C9, with TR3, and 
connections here, are suspected. 
In the same way, if the tone is 

heard with the prod on E, but not 
F, then C8 may have a broken lead, 
or otherwise faulty. 
Should the tone be heard with 

the prod on I, the audio section 
is working. The intermediate fre-
quency circuits can then be tested. 

R.F. TESTING 
Put the prod on J, TR2 collector, 

switch for RF OUTPUT and tune the 
generator  around  455kHz  to 
470kHz. If the tone is heard, the 
transformer T2 and detector cir-
cuit D1 are operating. 
Take the prod to K, TR2 base 

when the tone should be heard 
with more amplification. Taking 
the prod to L checks TI. 
Tests of small parts of the cir-

cuit can be made as necessary, as 
explained earlier. For example, if 
the signal is heard with the prod 
at L, but not at M, the foil, con-
nection, or joints from L to M are 
in need of examination. 
Further tests would be at N, TR1 

collector and 0, TR1 base. For 

these, the generator is still tuned 
to the  intermediate frequency, 
generally about 455 to 470kHz. 
By working backwards through 

a circuit in this way a faulty sec-
tion can very quickly be located. 
The generator is also used to 

trim or align a receiver. However, 
the prod should not be taken 
directly to the aerial circuit at P 
for this purpose, as tuning will be 
upset. Instead, loosely couple the 
generator signal to the ferrite rod 
winding. 
This may be done by placing the 

generator output lead near P, or by 
taking generator output and earth 
to a coil having about ten turns of 
insulated wire, which is positioned 
a little distance from the ferrite 
rod of the receiver.  1=1 

TR1 

L _ 
Ti 

• 

RF SECT ON 

12 4 

TR2 

R7 

TR3 

3)   

3 TR4 
E2-• 

TR5 

512 

AF SECTION 

 0411114 0-•••••••41.+VE 
Si 

Fig. 8. Representative circuit of simple superhet receiver, used here to illustrate the method of using the signal generator. 
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Everyday News 
NATIONAL STRATEGY ON 

MICROELECTRONICS 
Microelectronic technology will have the deepest 

significance in the 1980s for the way in which the 
skills of the British people are used, and I wish to 
ensure that within the present state of knowledge 
we are fully aware of all the ramifications in 
reaching our conclusions on the social and economic 
consequences  of  this  technology —The  Prime 
Minister, in his trenchant statement of June 19, 
outlining Government intentions following publica-
tion of a detailed report on the microelectronics 
industry by the National Economic Development 
Office. 

The Government has identified three separate 
problems in developing its strategy on micro-
electronics: 

• developing a UK manufacturing base for our 
own chips. 

• various forms of assistance for the manufac-
ture of standard and special chips by com-
panies already established in this country. 

• and encouragement of British Industry to take 
full advantage of the new technology. 

BIG INVESTMENT 
IN INMOS 

Action by various official 
bodies followed quickly on 
the PMs policy statement. 
On July 21 The National 

Enterprise Board announced 
its agreement to invest £25 
million in INMOS Ltd, a new 
company formed to design 
and manufacture integrated 
circuits for worldwide sales. 
The agreement has been 
entered into with the Com-
pany and with its Founders, 
Dr.  Richard  Petritz,  Dr. 
Paul  Schroeder  and  Mr. 
Iann Barron. 
The  intention  is  that 

INMOS will concentrate on 
next generation MOS tech-
nology.  Its products  will 

include a range of Very 
Large  Scale  Integration 
(VLSI) memory and micro-
computer devices. 
To attract the necessary 

calibre of experienced staff 
into INMOS, key employees 
will have the opportunity to 
purchase Ordinary shares in 
the Company. 
INMOS is being estab-

lished  as  a transatlantic 
enterprise  marrying  the 
skills and resources of the 
UK and  USA.  Corporate 
headquarters and produc-
tion will be centred in the 
UK with technological and 
product development split 
between the UK and USA. 
A prototype production line 
will be based in the USA. 
but by 1981 it is planned 

that volume production will 
be established in the UK. 
It is expected that 4,000 
jobs will be created in the 
UK by the mid-1980s. 
Sir Leslie Murphy, Chair-

man of NEB, said: "We see 
this investment as comple-
mentary to the activities of 
existing British Companies. 
"INMOS is one of the most 
important NEB investments 
so far and will make a 
major contribution to the 
range  of microelectronics 
activities in Britain, which 
are essential to the future 
wellbeing of our manufac-
turing industry." 

64 KILOBIT 
MEMORIES 

The aim of INMOS is to 
be in the vanguard of new 
developments  leading  to 
the 64,000 bit memory. 
It is already expected that 

next generation devices will 
contain as many as 200,000 
elements on a single chip 
of silicon. This will permit 
microcircuits containing 
64,000 "bits" of computer 
memory,  or  even  entire 
computer  CPUs  to  be 
fabricated as single devices. 
Thus low cost, extremely 

powerful  microcomputers 
will open up a vast market 
for application in a host of 
commercial and consumer 
goods. 

£70m DOI SUPPORT 
FOR INDUSTRY 

On July 26 the Secretary 
for State for Industry an-
nounced a £70 million scheme 
over five years to assist the 
development and manufac-
ture of microelectronics pro-
ducts. The programme will 

assist the development and 
manufacture of those micro-
electronic devices where a 
close  engineering  inter-
action between  user and 
supplier is needed. Assist-
ance will be given on a 
selective basis to viable pro-
jects which contribute to 
the strategy of strengthen-
ing the UK microelectronics 
industry as a whole. 

ELECTRONICS APPLI-
CATIONS DIVISION 
A new Electronics 

Applications  Division  has 
been  set  up  within  the 
Department  of  Industry 
with the tasks of stimu-
lating  awareness  of  the 
competitive  advantages 
offered by microelectronic 
techniques — in  particular 
microprocessors — and  en-
couraging their adoption by 
companies in all sectors of 
British industry and com-
merce where they can be of 
benefit. 
This new division will be 

responsible for implementa-
tion of the Microprocessor 
Application Project (MAP). 
The aim of MAP is to 
encourage UK industry to 
apply microprocessor tech-
niques to a wide range of its 
products  and  production 
processes. 
The DOI will make every 

effort to alert industry to 
the  potential  of  micro-
processors  but  will  in 
addition utilise the services 
of existing industry training 
bodies  and  educational 
institutes.  The  DOI  will 
underwrite  appropriate 
training courses and sub-
sidise  the attendance  by 
representatives  of  manu-
facturing industry. 

ON THE AIR 
The Lanussi balloon trans-

atlantic crossing attempt had 
all its electronic gear fitted 
by Racal-Tacticom Ltd, in-
cluding  a 28,400  channel 
Racal HF SSB radiotelephone 
in the gondola and the up-
link  equipment  from  the 
operations  room  at Royal 
Air Force, Upavon. 

Other  benefactors  from 
the electronics industry in-
cluded  Avionic  Systems 
(rescue  beacons),  Collins 
Radio (avionic equipment), 
Hewlett-Packard (HP-67 cal-
culator), RCA (hard cash) 
and Varley (batteries). 
Win or lose it's good to 

know that the spirit of ad-
venture still lives and enjoys 
fine support from industry. 

Parking Problem 

Parking space for telecom-
munications satellites in geo-
stationary orbit 22,000 miles 
from the earth is becoming 
overcrowded  according  to 
NASA sources. Popular park-
ing spots for maximum earth 

coverage  for  broadcasts 
could  be  the  subject  of 
future international dispute 
as more nations enter the 
space age. 

There are currently over 
100 space vehicles in geo-
stationary  orbit  including 
debris from earlier, now non-
operational, vehicles. 
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... from the World of Electronics 

—ANALYSIS 

WORDS, WORDS, WORDS! 
Word processing is a technique which does for words what 
electronic data processing has done for figures. An upsurge of 
interest by business people is apparent from the attendance 
of over 6,000 at the recent International Word Processing 
Exhibition and Conference. Some 40 equipment exhibitors 
showed their wares but there are over 60 companies world-
wide already in the word processing business and more to 
come as entrepreneurs latch on to the prospect of a £2.5 
billion market by 1985. 
The technique is not exactly new. Tape-controlled type-

writers have been around for years typing "standard" letters 
or invoices, pausing at the appropriate points for a typist to 
manually insert the variables, such as a person's name or title, 
or a sum of money. 
Today's word processing installation is far more elegant, 

far more flexible in use and has far more features for far less 
money. In case you haven't already guessed, it's our new friend 
the microprocessor which has effected the transformation. 
Plus a visual display unit, floppy disc memories, and a high-
speed printer. 
Economic forces have also helped. Wages keep going up 

while electronic equipment prices go down. It costs at least 
£6,000 to employ a typist in London if you include the cost of 
office accommodation and administration and today you can 
buy a tip-top word processor for £8,000. 
So if one typist with a word processor can do the work 

formerly done by two, the cost is paid for in less than two 
years. Not a bad deal. 
What do you get for your money? Certainly the old trick 

of the standard letter but now typed without error at 500 
words per minute. And, as the words entered into the system 
are first displayed on the screen of the VDU, you can have 
full editing facilities—insert a comma, change a word or 
phrase, delete a paragraph, insert a new sentence. 
You can file the correspondence on a floppy disk which 

will hold in electronic form about 150 letters for instant 
recall, either on the screen or printed out in hard copy. 
And you can link word processors together so that you can 
transmit the letter or memo to another office in the building 
or, for that matter, to Tokyo, Toronto or Timbuctoo. In the 
same way you can access the files of other word processors. 
These machines don't get tired. At the end of the day 

they will type out 500 perfect words a minute just as they 
did at the start. 
The word processing revolution is only just starting. 

Its consequences will be economic and social. But it is un-
likely to cause mass unemployment for office workers as the 
office workforce in the UK is expanding fast (another million 
or more will be needed by 1980 according to some estimates). 
It will certainly remove much drudgery, and that can't be bad. 

Brian G. Peck. 

Royal Safari 
The escort cars of King 

Hussein of Jordan have been 
fitted with British 100 watt 
HF SSB radiotelephones. The 
models are the Safari, built 
by  Redifon,  and  supplied 
after  a gruelling  2-week 
demonstration tour through-
out  Jordan  with  faultless 
operation, even 1,000f t below 
sea level by the Dead Sea. 
King  Hussein,  himself  an 
active radio amateur, took a 
personal  interest  in  the 
trials. 

Another recent order for 
Safari was for linking mobile 
game wardens over 200,000 
square miles of country, the 
order coming from Kenya's 
Ministry  of  Tourism  and 
Wild Life. 

The  Portman  Interconti-
nental Hotel, London. claims 
to be the first in the world 
with  Teletext  for  hotel 
guests. There is no charge 
for the service but you need 
to ask for it when making 
reservations. 

THE BLACK ART 

The  old  model  T Ford 
could  be  supplied in any 
colour provided it was black. 
In fact you had no choice. 
Bright colours have been a 
feature of electronic instru-
ments for a number of years. 
Now  a market  survey  in 
Europe conducted by Scoper 
Instruments has shown that 
black is in favour again. 
So,  the  latekt  Scopex 

4DIOA  oscilloscope  (itself 
comparable  in  popularity 
and price to Ford's original 
best-seller)  has a jet-black 
case and panel for export 
although it seems you can 
still  have  a lighter  hue 
model in the UK. Marketing 
has always been something 
of a black art. 

It's Crazy! 
The  first  schizophrenic 

cmos integrated circuit has 
been announced by National 
Semiconductor. The makers 
refer to its "central nervous 
system"  and  to  its  "split 
personality". Perhaps like a 
few people you know. 
These crazy i.c.s. believe 

they are memory devices at 
the input end and can be 
addressed as RA M via address 
buffers. The output, however, 
is equally convinced it is a 
driver with multiplexed out-
put to drive 7-segment I.e.d. 
or gas discharge displays. 
Typical  applications  are 

said to include MPU  display 
buffers, clock systems, silent 
hospital paging systems, per-
sonalised message receivers 
and,  wait  for  it—pin-ball 
machines. 

THE CHIPS ARE DO WN 
A new kind of chip shop was opened in Kingston-upon 

Thames recently. Here you will not be able to satisfy the 
"inner man" but you will certainly be in for a feast if you 
wish to try the very latest in video games. 
Called Silicon Chip, the shop is claimed to be the first 

UK Television Games Discount Centre where you can find 
on display the very latest in home TV and entertainment. 
It is fitted out with seven TV sets to allow game devotees 

to try their skills on one of the large range of "off the 
shelf" games. One of the many items of interest on display 
was the Optim Viewpoint Teleprojection system which 
will give you a 52-inch screen for your viewing and add 
a touch of realism to your games. Also available is a 
home entertainment centre for under £100 with plug-in 
cassettes ranging from learning Maths to Space Wars. 
The address of Silicon Chip is 46 London Road, Kingston, 

Surrey. 

Photo. lirchercl Bonheod 
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N0  DOUBT  many constructors, 
both young and old have been 

amazed by the light shows of 
modern disco's, where the DJ takes 
an almost savage delight in expos-
ing his (or her) victims to blazing 
colour. This is often dubbed, by 
the younger generation as a "mind-
blowing" experience. 
Most  commercial  units  offer 

three or four channels, each fre-
quency selective but the com-
plexity of these units would put 
them out of reach for most be-
ginners. The unit described here is 
not tuned to any particular fre-
quency  but  is dependent  on 
volume. This is of no draw back as 
the aim of this project is to pro-
duce a pleasing effect and this unit 
certainly fulfils this. 
For those not familiar with 

sound to light converters, the basic 
circuitry consists of an electronic-
ally controlled mains switch, which 
provides the on/off switching of 
the lights in time with the music. 
The effect produced by this present 
design is to modulate the bright-
ness of a bulb, or set of bulbs, in 
sympathy with the volume of the 
music. 

DESIGN CRITERIA 

Before designing this type of 
equipment one must consider the 
following factors; 

1. The amount of lights to be con-
trolled. Most commercial units 
aimed at discos offer lkW or 
more per channel. This was how-
ever considered excessive and 

750 watts was decided upon as 
being on the generous side for 
domestic situations. About 200 
or 300 watts being enough for 
most rooms. 

2. The sensitivity of the unit is the 
minimum volume at which the 
lights come on. This is of reason-
able importance, as most neigh-
bours would find disco sound 
levels a strain. The unit des-
cribed here works well in the 

SAFETY FIRST 

For total safety insure that 
the unit is constructed in a 
plastic box. If a metal box 
must be used insure that it is 
connected soundly to earth, 
and that there is no risk of any 
mains wiring coming into 
contact with the box. 
Throughout  construction, 

insure that all exposed joints 
are well insulated. 

range of 300mW to 50W. This 
depends on the type of thyristor 
used. To obtain the sensitivity 
range stated above it is strongly 
recommended that the type of 
thyristor specified is used. 

3. Performance is also affected by 
the type of light bulbs used. The 
higher the wattage of individual 
bulbs the slower the effect. The 
type of bulbs used by the author 
were 60W coloured bulbs, as ob-
tainable from Woolworth's. The 
author also uses 100W reflector 
spots, but they produce a less 
dynamic effect, taking time to 
heat up and cool down. There is 
obviously room for experiment 
here and the final choice is a 
matter of personal preference. 

CIRCUIT DESCRIPTION 
The  circuit  for  the  Single 

Channel Sound of Light Converter 
is shown in Fig. 1. Potentiometer, 
VR1 acts as potential divider, the 

Fig. 1. Complete circuit diagram of the Sound/Light Unit. 
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output of which is fed to the 
secondary of a 9 volt mains trans-
former. This transformer provides 
both a high degree of isolation of 
the audio system from the mains 
and also provides a degree of volt-
age gain increasing sensitivity. The 
output  of  the  transformer  is 
applied  between the  gate and 
cathode of CSR1. 
When  sufficient  volume  is 

applied to the audio input so as to 
satisfy the trigger requirements of 
the thyristor, it switches on the 
lights, which remain on till the end 
of the mains half cycle. It then 
switches off until the trigger re-
quirements are again reached. 

The simplicity of this circuit 
does not warrant the use of a cir-
cuit board. The unit is constructed 
using point-to-point wiring. 
The prototype was constructed 

in a plastic box approximately 
100 x70 x 40mm. The use of a 
plastic case is recommended for a 
neat appearance, and for safety. 
The first step is to drill the case. 
The positioning of the components 
can be seen from Fig. 2 and the 
photographs. 
If a metal case is used then it is 

imperative that some form of in-
sulated mounting must be used for 
the thyristor as the tag is intern-
ally connected to the anode. 
The side of the case must be 

drilled for VR1 and the holes for 
the input and output leads which 
should be fitted with grommets. 
Final touches such as four plastic 
feet, Letraset, and eventually a 
knob are then added. 

MAINS FILTER 
In any equipment where the 

mains voltage is switched on and 
off rapidly, a certain amount of 
interference will be experienced 
on nearby audio equipment. 
With the design here the only 

interference that was found to be 
excessive was that caused on a 
nearby pocket transistor radio. By 

L 0  

MAINS INPUT 
ci 
0-44F 

• 3111  Lt* 

.Q.D.ous velp,  i000000000000' • 381 
04,01pF 

TO EQUIPMENT 

* SEE TEXT 
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Fig. 3. Circuit diagram of the mains filter. 

moving the radio some two metres 
away from the converter the inter-
ference was totally eliminated. If 
interference is caused, then care-
ful positioning of the units should 
eliminate all but the most stubborn 
interference. 
In cases where no amount of re-

positioning has any effect a simple 
filter may be connected in series 
with the mains supply. The circuit 
for such a design is shown in 
Fig. 3. 
Construction is quite straightfor-

ward as can be seen in Fig. 4. 
The only points worth noting are 
the capacitors must be of high 
quality, and all exposed soldered 
joints should be well insulated. The 
coil, Li is wound using medium 

size stranded insulated wire. It is 
wound in "bifilar" fashion having 
38 turns. That is, the two separate 
windings, each of 38 turns are 
wound side by side, giving the 
appearance of two alternate coils 
on the same former. 
Finally if an on/off switch is re-

quired this can be inserted in the 
supply to the filter. 

IN USE 
A lead is connected to the mains 

input terminals fitted with a 3 amp 
fuse, and the lights are wired up to 
the  appropriate  terminals.  The 
audio input is taken from across 
one of the speakers in the system. 
The unit is then plugged in and 
the sound source is switched on. 

Photograph of the completed Sound to Light control unit. For safety the components should 
be mounted in a plastics case. If a metal box must be used make sure that it is connected 
soundly to earth and that no mains leads can touch the box. 
The black wire from the transformer is a centre tap connection which is not used and should 
be taped away from the other wiring or can be cut close to the transformer bobbin. 
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COMPONENTS 
CONVERTER 

Resistor 
VR1  470i1 

Semiconductor 
CSR1  C106D or similar 44 
400V thyristor 

Miscellaneous 
Ti  9V 100mA mains trans-
former 

LP1,  2 etc. standard 240V 
coloured  light  bulbs  as 
required, maximum of 750 W 
total. Plastic case 100  70 
40mm or similar; large round 
knob; five way terminal strip; 
6BA hardware; four stick-on 
feet;  connecting  wire;  34 
mains lead. 

See 

MAINS FILTER  Page 653 
L1  See text 
C1  0.1pF  1000VDC  mixed 
dielectric 

C2, 3 0-001pF 1500VDC mixed 
dielectric 

Ferrite rod 85  , 8mm; in-
sulated wire; two two-way 
terminal  blocks;  Paxolin 
panel  130  30mm; two 
2-way terminal blocks for 
mounting L1. 

Li 
appr 
co £4 Converter 

L1 -50 Filter 

Fig. 2. Wiring details for the unit. Particular attention should be paid to the quality of wiring 
as mains voltages are present and could prove lethal if wired incorrectly. 

LPZETC 
MAINS INPUT 

The authors prototype version of the mains filter unit. 
The mounting strips have been replaced with 
2-way plastics terminal blocks. All 

wire leads should be covered 
with insulating sleeying. 

PANEL 

PLASTIC MOUNTING BRACKETS 

L  N 
/  /  TERMINAL BLOCK 

MAINS M ir 

Fig. 4. Constructional details for the filter. Safety is of vital importance here, so 
insure that construction is of high quality. The three capacitors are held in place 
using strips of insulating tape and the completed filter housed in a plastic case. 

MAINS TO 
EQUIPMENT 
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MAINS 

COLOUR KEY 

B. BLUE 

Go GREEN 
R• RED 

W• WHITE 

• YELLOW 

P 
"0 1 

Fig. 5. Suggested housings for the lamps. In (a) is a simple three lamp unit intended 
to be used horizontally. Shown in (b) is a square formation of four lamps. The 
arrangement in (c) could be rather ambitious as these types are normally floor 
mounted and very tall with more lamps than those shown. An alternative to the 
mundane square type is the triangular one shown in (d). All the types shown can 
be fitted with frosted glass, thick coloured perspex, etc., over the lamps, as shown 
in (e). The background can be made from coloured tin foil. A simple wiring arrange-
ment (f) showing the use of different wattage lamps to obtain a more unrelated 
display. 

20W 

60W 

SOW 100W 

HOW IT WORKS 
IJT I 

•••••' 

ZERO CROSSING 
DETECTOR 

ELECTRONIC 
SWITCH 

The circuit is based upon the switching action of a thyristor. This device 
behaves very much like a diode, blocking current in the reverse direction. 
But in the forward direction it presents a high impedance until a voltage 
is applied between the gate and cathode. It then changes to a low im-
pedance allowing the current to flow. It remains in this state until the 
current flowing between the anode and cathode falls below the holding 
current. In effect we have an electronic switch which switches off when it 
has detected that the a.c. voltage has reached zero, and switches on 
again when there is a voltage present. In the circuit the trigger voltage is 
obtained from the audio source via a level control, and isolated by the 
transformer. 

By adjusting VR1 a point can be 
found to produce the most pleasing 
effect. This has to be adjusted for 
different volume settings or pos-
sibly different records. 

DISPLAYS 

The choice of mounting the 
lights are left to the constructor, 
one or two points should however 
be observed. First remember that 
the maximum wattage which can 
be connected to the unit is 750W. 
This entails making the most of the 
small number of lamps which go 
to make up this wattage. Housings 
which can be used to good effect 
are those with reflective back-
grounds. 
Different coloured materials can 

be used for the lamps in the hous-
ing, remember of course that what-
ever the number of lamps, they 
will all be flashing at the same 
time. Adequate ventilation must 
also be provided, 750 watts is a 
lot of heat. 
Shown in Fig. 5 are a few pos-

sible ideas. These of course do not 
have to be strictly followed hence 
no sizes have been given. Using a 
number of housings each with 
different  coloured  backgrounds, 
placed  in suitable positions,  a 
pleasing result can be obtained. 17C 

Everyday Electronics, September 1978 679 



LETTERS 
Cost of Time 
Referring to the July issue, page 576 on 

electronic watches, George Hylton does 
not comment on the colossal cost of 
watch batteries. I recently paid, at a well 
known chain store, £1.60 for a pair of 
RW47 which is the small type for ladies 
watches. These lasted less than two 
months which, at capacity of only 55mAh 
and about 15mA for a reading, is not sur-
prising. This is about £10 per year. 
Why are batteries, containing such a 

small amount of material, so expensive? 
Why do they not make a rechargeable 
type? 
Why do they warn you on no account to 

recharge? I have just recharged the above 
pair of batteries at 2.1m A for about 17 
hours. They read nearly 2V each. This is 
too high to risk putting straight in the 
watch and I will bring it down to the 
normal 1.6V (usual reading of new battery 
without load) with a little discharging 
through a high resistance. I see no reason 
why they should not have a new lease of 
life. 

E. T. Robins, 
Worcester Park, 

Surrey. 

Speed of Electricity 
Regarding  Paul  Young's  query  in 

Counter Intelligence in the July issue 
asking for the speed of electricity, having 
just taken physics 'A' level I think I can 
answer this question. 
Electrons are the "carriers" of the 

electricity and in physics there is a simple 
formula for determining their velocity: 
Velocity of electron= (current flowing in 
amps)— (cross-sectional area of wire x 
number of electrons per unit volume x 
charge on an electron) 
or, in physics notation: 

v =   
Anq 

Now, let's feed in some typical values. 
/— 1m A= 10-3A, A=lmm2=10-6m2, n=6 x 
1026 m-3, q=1 .6 x 10-0 coulombs, which 
gives us: 

10-3   
V — 

10-9 x 6 x 1029 x 1.6x 10-19 

= 10-5 metres per second 

Although the electrons move so slowly, 
the electronic forces that set them in 
motion are propagated round a circuit 
with great rapidity—in fact very nearly 
with the speed of light (3 x 109 metres per 
second). 
If the current in this example flowed 

steadily along such a wire as used in the 
example in a transatlantic cable (3,000km 
long), it would take about 300 years for a 
given electron to traverse the ocean. And 
yet a small displacement of the electrons 
at the London end sends a wave of electric 
forces along the cable, and a similar 
displacement of the electrons in New 
York occurs within 1/100 second! 
Even in the circuit of a small electronic 

torch it is doubtful whether a given elec-
tron could pass right round the circuit 
before the battery ran down. 
I hope this has proved helpful to you, 

and while I'm writing I would like to say that 
I find your articles very interesting, and as 
soon as I get my EVERYDAY ELECTRONICS, 
Counter Intelligence is one of the first 
things I peruse. 

D. Edwards, 
Grimsby 

Using Mr. Edwards' derived velocity, we 
calculated the travel time from London to 
New York to be 9512 years. 

A Teacher's Notes 
My pupils at school have the same 

problem as Paul Young in understanding 
the movement of electrons in circuits. 
Below is a copy of my notes which I use 
to explain the problem. 
Consider a conductor of cross-sectional 

area A square metres which contains n 
electrons per cubic metre. The number of 
electrons in a conductor at any time is 
constant; that is, the same number enter 
it as those which leave it. Although each 
electron has a different velocity we can 
call their average v metres per second. 
This means that all the electrons in the 
shaded area (in diagram below) pass 
point a in one second. 

/ CURRENT 

Volume of a to b—Av, hence number 
of electrons in this volume=nAv. 
Since current / amps is charge per 

second and an electron has charge e (e= 
1.6 x 10-19  coulombs) then I= nAve 

therefore v = — 
nAe 

For copper, n (the number of free 
electrons) is 1029 electrons per cubic 
metre. If the current flowing equals 1 amp 
and the area of cross-section of the wire 
is 2 x 10-7 square metres (approx. 0.5mm 

diameter), then v — 
nAe 

1 

1029 x 2 x 10-7 x 1-6 x 10-19 

= 3.1 x 10-4 metres per second. 

Now the speed of light = 3 x 109 metres 
per second so light travels 1012 times as 
fast or reciprocally, electrons flow at 
1 billionth the speed of light for the above 
conditions. 
Although the electrons move slowly, 

circuits  work  almost  instantaneously 
because a small displacement of electrons 
at one end of a wire sends a wave of 
electronic • forces along  it at speed. 
Example, London to New York via trans-
atlantic cable, about 1/100 second. 

G. Horley, 
Dartford, Kent. 

The Sluggish Electron 
I am writing in response to the "speed 

of electricity" mentioned in a recent 
Counter Intelligence. Well, the term is 
ambiguous for two reasons: 
(1) You should refer to the velocity of 

electricity, since it has both magnitude 
and direction (electron flow). 
(2) the "speed" of electricity, or velocity 

of same, may be considered to be either 
the velocity of the electrons or the velocity 
of the signal, which is caused by dis-
placement. 

Am 

In the former case; consider a cross-
section of wire of cross-sectional area 
equal to square metres A, containing 
electrons whose mean drift velocity is 
v metres per second. Consider a length 
of wire XY (see diagram). The total number 
of electrons flowing past Y in one second 
will be the total number of electrons in the 
shaded volume, i.e. vAn if n is the number 
of electrons per cubic metre. Total charge 
per second =Avne, where e is the charge 
on an electron (e= 1-6 x 10-°C). 
Therefore current 1=vAne 

hence mean drift velocity, v = —/-
Ane 

e.g. Copper, n=10". Consider a current 
of 1 amp flowing through a copper wire of 
cross-sectional area 2 x 10-7 square 
metres (approx. 0.5mm diameter). 

v — 
2 x 10-7 x 1029 x 1.6 x 10-0 

1 

=3.1 x 10-4 metres/second. 

Based on this, a 1 A signal would take 
300 years to travel from New York to 
London (3000km). 
In the second case the displacement 

reaction travels at 3 x 109 ms-1. 
I. Gardner, 
Bolton. 

Crossword No. 7—Solution 

ltfI C R ,0,03 R0 t E'S S 0 a 

A  H C L E E 
C  t  SVI L L I M  'PI 
'P O L E S t RI TI C g 
I O D K T It- H T 
'N E G A TI V E S 0  Z A 
E E N ORS 

V oriRAc aED 
tuS H 0 2 
E I  E P0L yESIrER 
Al'E V E S R M 
ORA wERS WRI s m 
Am  m mcoLA P M 
M  I L I I E 
P RI MT E D C I R C UI T 
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TM DIV COOT: 
in more ways than you think 

Computers, Calculators, Watches and Timers are all dependent upon 
Digital Electronics. 

But not ONLY instruments such as these—for digital techniques are 
assuming an ever-increasing role throughout the whole field of 
electronics. 

Starting next month, a new EVERYDAY ELECTRONICS series 
Doing It Digitally will explain the elements of logic circuits—which 
are the foundation of digital electronics. 

No prior knowledge of electronics is necessary in order to follow 
the theory or to perform the practical experiments based on TTL 
integrated circuits which will provide an essential ingredient of this 
I 2-part Series. 

Doing It Digitally will be a natural follow-on for those who have just 
completed our current Teach-In series. While more experienced 
constructors, students, and many of those already engaged pro-
fessionally in electronics will find Doing It Digitally an ideal refresher 
course in this all-important area of modern electronics. 

We anticipate a big demand for the October issue, and for subsequent 
issues of this magazine. (Last year there was an overwhelming demand 
for our Teach-In series—and the first few issues quickly went out-of-
print.) 

We urge all who have a serious interest in modern electronics— 
whether as a potential career or as a stimulating and worthwhile 
hobby—to take steps immediately to ensure their future copies of 
EVERYDAY ELECTRONICS. 

To   
(Name of Newsagent) 

Please reserve/deliver the OCTOBER issue of 
EVERYDAY ELECTRONICS (40p) on sale SEPTEM-
BER 15th, and continue every month until further 
notice. 

NAME   

ADDRESS   

 1 
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AVOMETER EM272 
FIROM the extensive range of test equipment  available  from  the 
manufacturer of the "industry stan-
dard" Avo 8 multimeter, we have 
chosen the Avometer EM272, the 
prize in our competition this month, 
as the subject of this report. We were 
impressed with its specification and so 
added this to our armoury of test 
instruments in the EVERYDAY ELEC-
TRONICS Workshop. 
The EM272 multimeter is small 

enough to be called a pocket-size in-
strument as it measures only 146 X 
95 X 57mm and weighs only 450g, but 
has a measuring capability normally 
associated with larger bench instru-
ments. 

RANGES 
In all there are a staggering 49 

ranges. Full-scale deflection on the 
voltage ranges for both a.c. and d.c. 
are 30mV, 100mV, 300mV, IV, 3V, 
100y, 300V and 1000V. Both a.c. and 
d.c. currents can be measured from as 
low as 100 nanoamps up to 3 amps in 
seven full-scale ranges: 31,A, 30/4A, 
300pA, 3mA, 30mA, 300mA and 3A. 
The resistance range employs the 

usual non-linear scale and on this in-
strument is calibrated  zero  to  4 
kilohms full-scale. The selector switch 
enables multiplication factors of X 10, 
x 100, x 1,000, and X 10,000 thereby 
allowing resistance measurements up 
to 40 megohms to be read. 
In addition to these scales is a dB 

scale appearing on the meter facia as 
—20dB to +2dB, with OdB represent-
ing the standard level of 0.778 volts, 
corresponding to Im W into 600 ohms. 
This facility is used with the multi-
meter set for a.c. voltage measure-
ment. 
Alongside  the  voltage  settings 

around the selector switch appear dB 
levels and these are to be added to 

the value indicated by the needle 
to provide dB measurements from 
—30dB to +60dB. 
A further uncalibrated scale on the 

facia is included to monitor the level 
of the 15 volt internal battery used 
to power the electronic circuitry of 
the multimeter. 

HIGH INPUT IMPEDANCE 
One of the advantages of electronic 

multimeters over the passive types is 
their extremely high input impedance, 
or sensitivity as it is often referred to, 
which in the EM272 is 316 kilohms/ 
volt on ranges up to 30 volts and 10 
megohms for higher ranges. This low 
loading effect makes it ideal for use 
for checking electronic systems con-
taining  cmos  devices,  f.e.t.s  and 
other transistor equipment, since only 
minute currents are required to be 
drawn from the test circuits for f.s.d. 
The instrument can be used with 

confidence on audio signals in ampli-
fiers and radios for example, as the 
frequency response is within ± 5 per 
cent up to 20kHz an all a.c. voltage 
ranges up to 100V, relative to 50Hz. 
This figure applies to all a.c. current 
ranges. 
This instrument will be found most 

useful by the trade for electronic, 
radio and TV servicing and certainly 
cover the needs of the amateur elec-
tronic construction in EVERYDAY ELEC-
TRONICS. It would also be a very use-
ful tool in the school or college elec-
tronic laboratories. 

ACCURACY 
The accuracy of indicated readings 

is quoted at ±25 per cent on all volt-
age and current ranges except 30mV 
where it is ±5 per cent. Mid-scale 
resistance readings are accurate to 
within ± 5 per cent. 

All ranges are protected with a 
3.15A fuse and current overload is 
typically rated at 10 times full-scale 
setting. Overload on a.c. and d.c. volt-
age ranges is 260 volts r.m.s. on 
ranges up to 10 volts, and 1,000 volts 
for higher ranges. 
The EM272 is powered by two bat-

teries, a 1.5 volt cell for resistance 
measurements and a 15 volt battery 
for the electronic circuitry. 
We found the multimeter easy to 

read and operate. The 75mm scale 
length  for  voltage  and  current 
measurements is calibrated 0 to 100 
and 0 to 30. All current measurements 
are read on the 0 to 30 scale. 
A smaller non-linear scale for resist-

ance measurements appears below the 
voltage/current scales that is cali-
brated 0 to 4 kilohms, the scale centre 
being 40 ohms. 

PANEL FEATURES 
Selection of the parameter to be 

measured (volts [dB] /current/resist-
ance) is achieved by a multi-position 
recessed rotary switch in conjunction 
with a small two position switch that 
selects d.c. or a.c./resistance. 
When in the a.c. resistance position 

this switch has further smooth rota-
tion and acts as a mechanical zero 
for resistance ranges. A novel idea 
but this does mean that the resistance 
zero has to be reset after any d.c. 
measurements have been made; could 
be frustrating at times. 
There are three sockets for the 

connection leads, one being a common 
terminal that would normally be fitted 
with a negative (black) lead. One of 
the remaining sockets is used for the 
positive lead when making voltage 
measurements, but when current or 
resistance measurements are to be 
made, this lead needs to be fitted in 
the other socket. This is the only point 
of criticism we have for this model. 
We feel a switch could have been in-
corporated to carry out this operation. 

TEST LEADS 
The EM272 is housed in a robust 

shockproof moulded plastic case in 
two tone grey and comes equipped 
with a pair of flexible test leads, 1.2 
metres long and terminated in sockets 
to enable pluggable crocodile clips or 
prods to be fitted. A pair of clips and 
prods are supplied. 
The two batteries required are also 

supplied together with a comprehen-
sive  instruction booklet containing 
specification, description, operating in-
structions and technical information 
with the circuit diagram. 
The cost of the Avometer EM272 is 

£53.55 including V.A.T. and is avail-
able from all AVO stockists. A syn-
thetic "soft" carrying case is avail-
able for this multimeter, type Ever-
ready PVC, at a cost of £4-81 in-
cluding V.A.T. 
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THANKS to the popularity of the 

microprocessor,  associated 
peripherals such as the program-
mable read-only-memory (pRom) are 
now available to the home con-
structor at a reasonable price. The 
PROM is a powerful tool and can 
be implemented as a data store, a 
logic decoder or as a character 
generator. 
Last month we examined the 

basic  principles  of  character 
generation and in this article we 
shall be describing how to program 
and use the "TEXAS" SN74188A, 
a rri, 256-bit field programmable 
lead-only-memory  (PROM)  as  a 
character generator in a television 
game. 

IMPROVED CHARACTERS 
It is a pity that TV games de-

signers, who show such imagina-
tion in transforming many aspects 
of human activity onto the small 
screen, are content to represent 
the players as unrealistic rect-
angular blobs. With a little imagi-
nation and the help of a PROM all 
the characters in Fig. 9, and more, 
could be displayed in place of 
existing figures. 
The memory of the SN74188A is 

organised as 32 words of eight bits 
each, such that when a word is 
selected, by means of a 5-bit binary 
address, it appears as an 8-bit 

VISION 
AME 5 By N.HUNTER 

part 2 
• HOW A PROGRAMMABLE .•••:••• 
READ-ONLY MEMORY CAN BE 
USED AS A CHARACTER 
GENERATOR 

parallel output. The binary address 
00000 will select word 1 and the 
address 00001 will select word 2, 
and so on up until address 11111 
(word 32). 
Prior to programming, all 256 

memory locations contain a low-
level output and the programming 
procedure open-circuits metal links 

Left-hand Forward 

Ball 

which result in a high-level output 
at the scheduled locations, see Fig. 
10. The programming procedure 
will be described more fully later 
on in this article. 
If the parallel outputs of a PROM 

were serialised by a parallel input 
shift register, a train of pulses 
would be clocked out, output Y8 

Goalkeeper 

Fig. 9. Off-screen photographs of improved "games" character forms achieved using the 
techniques described in this article. 
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NORDSN  

3 

10 

12 
13 
14 
IS 
IS 
17 
11 
TI 

20 
21 
22 
23 
21 
21 
26 

30 

32 

OUTPUTS 
BINARY 
A SS 

E  • 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 

0 1 1 0 
0 I I I 
1 0 0 0 

1 0 0 1 
1 0 1 0 
0 1 1 

1 1 0 0 
1 1 0 1 

1 1 1 0 
1 1 I 
0 0 0 0 
0 0 0 1 
00 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
0  0 
0  I 
1 0 0 

1 1 0 1 
II 10 
1 1 1 

Fig. 10. The 256 memory locations of the SN74188A 
arranged as 32  8-bit words. Word 1 is shown 
programmed. 

GOALKEEPER 

TEE1 ,NANO FL •FIC 

RIGE11. NANO DOR SRC 

Fig. 12. The program for the four characters of Fig. 9. 

SHIFT REGISTER 
CLOCK INPUT 

!NEE 

OUTPUT ON 

Fig. 11. Serial sing the 8-bit parallel output of the PROM with 
a shift register. 

71 LEFT  PLATER 

A7-3-11S00 

RIGID PLAYER 

TINE SE 

CXDS/ITT 
NTERNRC 
BuFFER 
C04010 

NOX1STABLE 

a 

FD  

Fig. 13. Separating forwards from goalkeepers. 

T  GOALKEEPER 

RN FOXY/ARO 

RIP GOALKEEPER 

leaving the shift register first, fol-
lowed by Y7 then Y6 up to Yl, the 
logic level of each depending on 
the word selected and the locations 
programmed. 
Fig. 11 shows the serialised out-

put word corresponding to the 
binary address 00000 of Fig. 10. By 
using a binary counter to select the 
word required and clocking it with 
line syncronous pulses, the con-
tents of the PROM will read out on 
successive lines such that each 
logical 1 in the memory will cause 
a bright-up on the screen. 
If the input pulses clocking the 

binary address counter are divided 
by N then the same word will be 
read out over N lines, thereby ex-
tending the vertical length of the 
character. The horizontal width is 
determined by the shift register 
clock frequency. 

It is also possible to have not 
only one character of 32 words 
length but, also eight characters of 
four words, and four characters of 
eight words—it is in the latter case 
that we will consider. 
Fig.  12 shows  a PROM  pro-

grammed with the four characters 
of Fig. 9 each of eight words length 
and eight bits wide. The black 
squares represent a logical 1 and 
these will be the locations whose 
fusible links are open-circuited 
during programming. 

A PRACTICAL EXAMPLE 
Let us assume that we are going 

to replace the ball and the players 
of an existing football game with 
the characters of Fig. 12. 
If the eixsting set-up consists of 

a number of logic i.c.s then there 
will be an output unique to each 

player and the ball. Each output 
will consist of a train of white level 
pulses which correspond in time to 
the bright-up of that particular 
player or ball, it is these pulses 
that  clock  the  binary  address 
counter mentioned above. 
However, if the system is based 

on a games chip such as the AY-
3-8500 then a circuit similar to Fig. 
13 must be used to separate the 
players. 
As the same PROM is used to 

generate characters several times 
during the period of one line, a 
method of remembering how much 
of  each  character  has  been 
generated at any time is needed. 
This is achieved by counting the 
output pulses on several binary 
counters, one per output, and then 
applying their outputs in turn to 
the word select of the PROM. 
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AVONou'll 
never meet a better 
meter 

Nobody makes a more impressive range of 
analogue meters for the professional than Avo. 

And within this impressive range is a series of 
smaller meters which can be picked up with a thumb 
and forefinger and slipped into a pocket for those 
applications where simple portability is a crucial factor. 

These are the Models 71 and 73 Multimeters, the 
electronic EM272, the electrician's "Multiminor" MM5, 
the 300 and 1200 Clampmeters and the LM4 Lightmeter. 

These instruments may be smaller than the rest, 
butthey're equally big in quality, accuracy and reliability. 

Otherwise we'd never call them Avo. 
Get in touch today and we'll let you have the 

full facts. 

IcI 
AVO LIMITED 
Archcliffe Road, Dover, Kent, CT17 9EN. 
Telephone: 0304 202620 Telex: 96283 

Thorn measurement & components Division 
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LP GOAL KEEPER 
0 

0000& PEEPER 
0 

t PLAYER 

,,ELD MESA! 
0 PULSE 

'Cl   

89 —iT 
„ 

acz—i 
7493 

IC6 

IC2  UP A 

OA .6'12.1 — 

Ed9q9 
7493 

14 

R PLAYER 

1C3 VP 
99-29 CC CIA 013 16P 
7493 

1C4 

8ALL 

93 

IA IC5  
UPA AC 
08 

-99  
KO 

IC14 TI 72 v3 

OUTPUT TO MOD.; ATOR 

191 

R6 3900 
W v R739012 

'11C15 

Asa. 
01. 44.. K2 

'CO 

03 .6 
1  7490 

CI 09 
63-41114-11 
04  

04  

R2 
IC10 3900 
- 

• c. ' 
c CI 

C 11 
TRI 
mos 

IC12  
RI6 1200 

RK 
RA C 21 1 1- 1  

IT/C 
6 RID YEIT 

R 
7'23171r*SECZE TEX I 

Fig. 14. Circuit for generating the characters depicted in Fig. 9 and Fig. 12. 

INPUT PULSE 

1010A a OUTPUT 

KOS 0 OUTPUT 

KUA 0 OUTPUT 

IC128 0 WWI/ 

ICTI OD 

ICAO PIM DATA SHIFT REGISTER 

CLOCK W ei REGISTER Ch POSITIVE '40200 095 

1-71T 

Fig. 15. Voltage waveforms of circuit shown in Fig. 14. 

CC 

Fig. 14 shows a circuit that will 
generate the characters of Fig. 12, 
when inserted between the output 
and modulator of a TV football 
game. 

OPERATIONS 
The operation of Fig. 14 will now 

be explained. Reference should 
also be made to Fig. 15. 
At the start of the TV field the 

five input counters (IC1-5) are re-
set to zero by the field pulse, this 
will have been generated from 
within the existing circuitry. As 
the first input pulse goes to logical 
1 (i.e. the start of the first line of 
the first character) several things 
happen: 
The three  open-collector AND 

gates (IC6-9) transfer the outputs 
of the binary counter to the binary 
select inputs of the PRO M (IC14); 
the diode encoder (DI-9) selects 
the character required by applying 
a 2-bit binary code to word select 
inputs D and E of the PRO M; the 
two bistables (IC10) are clocked. 
IC10a is wired as a monostable 

such that its Q output loads the 
parallel output data from the PRO M 
into the shift register, IC15. IC10b 
initiates a train of pulses by enab-
ling the two monostables (IC11) to 
multivibrate and clock the shift 
register, thereby serialising word 
one of the PRO M. 
The BCD counter, IC13, allows 8 

cicck pulses to be generated and 
then resets itself and IC10b. When 
the input pulse goes negative it 
clocks the input counter so that on 
every other pulse (i.e. every two 
lines) the next word is read out of 
the PRO M and after 16 lines (eight 
in the case of the ball, where N =1) 
t h e  complete  character  is 
generated on the screen. 

THE BALL CHARACTER 
The ball character is different 

from the others in that it is half 
the height and width. The differ-
ence in height is overcome by 
arranging the input counter (IC5) 
to divide by one only, such that 
the complete character is displayed 
in eight lines. 
By applying the ball input to the 

gate of an f.e.t. a logical 1 will 
cause the f.e.t. to conduct and re-
duce the value of the IC12a timing 
resistor, thereby doubling the fre-
quency of the multivibrator and 
displaying the ball as a half-width 
character. 
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LOOK! Here's how you 
master electronics. 
....the practical way. 

Build an 
oscilloscope. 

• i•st stage of your training, you 
actually build your own Cathode ray 
oscilloscope! This is no toy, but a test 
instrument that you will need not only 
for the course's practical experiments, but 
also later if you decide to develop your 
knowledge and enter the profession. It 
remains your property and represents a 
very large saving over buying a similar 
piece of essential equipment. 

This new style course will enable anyone to 
have a real understanding of electronics by a 
modern, practical and visual method. No 
previous knowledge is required, no maths, and 
an absolute minimum of theory. 
You learn the practical way in easy steps 

mastering all the essentials of your hobby or to 
further your career in electronics or as a self-
employed electronics engineer. 
All the training can be carried out in the 

comfort of your own home and at your own 
pace. A tutor is available to whom you can 
write, at any time, for advice or help during 
your work. A Certificate is given at the end of 
every course. 

WINN 

2 Read, draw and 
understand 
circuit diagrams. 

In a short time you will be able to 
read and draw circuit diagrams, under-
stand the very fundamentals of television, 
radio, computors and countless other 
electronic devices and their servicing 
procedures. 

3 Carry out over 
40 experiments 
on basic circuits. 
We show you how to conduct 

experiments on a wide variety of differen• 
circuits and turn the infor mation gained 
into a working knowledge of testing, 
servicing and maintaining all types of 
electronic equipment, radio, t.v etc. 

All students enrolling in our courses receive 
a free circuit board originating from a 
computer and containing many different 
components that can be used in experiments 
and provide an excellent example of current 
electronic practice. 

= MI = MI IIMMI M EI  NI = IMMO N EM M N  IM M M IR 
To find out more about how to learn electronics in a new, exciting and absorbing way, just clip the 

coupon for a free colour brochure and full details of enrol ment. 

British National Radio & Electronic School 
P.O. Box 156, Jersey, Channel Islands 

NAME 
EEB9 

ADDRESS   
Block caps ple a 

INNIS M IR M N W M MI MI N M  IMMI = IR N MI  M IN IS M  O M W WI  1 
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The output pulse width (t„) of 
the 74123 monostable (IC12), for 
values  of  timing  capacitor  C 
<1000pF, is given by: 

- 0.28 CR (1 +9!-.) 

where t,„, is in ns, C in pF, and R in kf) 

However, it was found that no 
timing capacitor was needed, as 
stray capacity was sufficient with 
the values of resistance chosen. 
Nevertheless the reader may wish 
to use the above equation where 
different pulse widths are required. 

MODIFICATION OF 
EXISTING CIRCUITRY 
It is obvious from the above that 

the exact number and width of in-
put pulses must be applied to the 
input  counters  otherwise  not 
enough or too much of the charac-
ter will be displayed. Some modifi-
cation of the existing game may be 
required to achieve this. 
The easiest way to check whether 

the correct width, and number, of 
input pulses is produced, is to dis-
play the results on the screen and 
adjust ti and t2 (Fig. 16) until the 
whole of the generated character 
is just visible. 
It will not be immediately ob-

vious if the input pulse width is 
too great until, when playing the 
game, the ball will rebound from 
the player some distance away 
from it. This is because the "con-
tact" circuitry of the game is still 
playing  with the  original  rect-
angles. 
Adjustment of ti and t2 on i.c. 

games chips is usually not possible, 
but the width of the character can 
be altered by varying the fre-
quency of the multivibrator, and 
the length of the characters should 
not need altering. 
In a black and white system the 

output of the shift register can be 
fed straight into the existing OR 
gate along with the boundary and 
other bright-up information, but in 
a colour system (Fig. 17) separate 
outputs  are  required  for  each 
colour. This can be achieved by 
applying the input pulse to the 
appropriate  AND  gate,  allowing 
each output to be coloured as 
necessary. 
It would be possible incidentally 

by using more logic (Fig. 18) to 

Fig. 16. The two timing periods 
that may need to be adjusted 
to  enable the  generated 
character to fit the existing 
rectangle. 

,cc 

12 

16 LO S PCP PLATERS 
8 L NES KR BALL 

TO COLOuR 

6.004AATOR 

Fig. 17. Additional circuitry needed for a colour system. 

OMAR v 
INPUT 

CO WER 

GOALKEEPER OUTPul 

GOALKEEPER 

• = CURED 
- PERSON 

S., I 
REG'S, ER 

TV LAE 18. 

S 6 
7 

9 F • e 0 OF EliNARY RiP1/1 CO WITER 
1112 

13 •I 
Kit 

Fig. 18. Example of partial colouring of a character. 

arrange for different lines in the 
character to be coloured individu-
ally so that a player could have 
coloured shorts, for example. 

PROGRAMMING THE TEXAS 
SN74188A 
As explained earlier the pro-

gramming procedure open-circiuts 
metal links which results in a 
logical 1 at the selected locations. 

The procedure for use with the 
Texas  SN74188A  is as  follows 
(see Fig 19): 

(1) With  17,-.,.= +5V±0.5V  select 
the word required by applying 
+5V to the appropriate binary 
select inputs. 

(2) Disable the outputs by apply-
ing +5V to the enable input (pin 
15). 
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ENABLE 

ouT•try 
OF BIT BERs3 
PROGRAMMED 

t,0 . 

R,OOrns 

ArEhns 

OK 

SV 

OV 

OREN  I  OREN 

  0 7V 

Fig. 19. Programming waveforms. 

240 

DR3 
enilS 

1C2  •   

rERRATive BALL 

ROCKET 

1°0 
•  • 
RACING CAR 

POCKET PLAYER 

hOOTOROCLE 

Fig. 21. Suggestions for further "games" 
characters. 

RS TOM 

INAOCA 

680a, waaccs sv 
OS 

WO * YR 
1042 

1C3 
741 

TR4 BFP Is 

ADIAT VP? 
TO 50/E •SV 

MO 

to. 

OII U 

DA 
ta 

TR1 
"X V 

TO SE 
A  4. FROGRANDED 
a 

lc, LA 
TRIM  4- INNaRt 

4—C  HOBO 
D SELECT 

) E 

ENABLE 

RH 
an 

1 129 

 0 ec000m 

P-/ aos, 
FoR 
PROGRmo 

41 

C4 
DICO1 

00 5,0./7 

RI 04 Ca 

IRS 
BC 109 

Fig. 20. Manual programming circuit. 

(3) As only one location can be 
programmed at a time, open cir-
cuit all outputs except the one to 
be programmed a'id apply —07± 
0.1V to this. 

(4) Apply the programming pulse 
(V„= -1-10V±1V) and when the 
10V level is achieved enable the 
outputs for a period of not less 
than 700ms. Disable the outputs 

before  removing  the  program 
pulse. 

(5) Repeat steps (2) to (4) for each 
output of this address to be pro-
grammed. 

(6) Address the next word and re-
peat steps (2) to (5). 
Readers can design their own 

manual programming circuit on 
the basis of the above information, 

or they may construct the proven 
circuit shown above, Fig. 20. Note 
that the power supply must be cap-
able of supplying 100mA at +10V. 

FURTHER SUGGESTIONS 
Shown also in Fig. 21 are a few 

suggestion for programs that could 
be included in TV games. As an aid 
to programming we would suggest 
that readers wishing to design 
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DEDICATED TV GAME I.C.'S 

Type Name Possible Game Selections 

AY-3-8500 

AY-3-8550 

AY-3-8610 

AY-3-8710 

A Y-3-8760 

Ball and Paddle 

Ball and Paddle (2 axis) 

Superstar 

Battle 

Cycle 

Tennis; Soccer; Squash Practice; 2x Rifle Shooting. 

As AY-3-8500 but with selectable horizontal motion. 

Tennis; Hockey; Soccer; Squash Practice; Gridball; 
Basketball Practice; one or two player target. 

Two player Tank battle. 

Stunt Cycle; Drag Race; Motocross (easy or hard); 
Enduro (easy or hard). 

PROGRAMMABLE GAMES SYSTEMS 

Type Cartridges available 

Gimini Economy '8600'. Basic system allowing up to 
10 plug-in cartridges. Used in conjunction with 
AY-3-8615 game/colour processor. 

Gimini Mid-Range 8950. User programmable or 
library plug-in cartridges. Consists of CP1610 
microprocessor, RO-3-9500 ROM and graphics 
interface circuit AY-3-8950-1. 

AY-3-8603-1 
AY-3-8605-1 
AY-3-8606-1 
AY-3-8607-1 
AY-3-8610-1 
AY-3-8750-1 
AY-3-8765-1 

Roadrace 
Submarine 
Wipe-out 
Rifle 
Superstar 
Superspace 
Cycle 

Spellbound; Jumble; Hangman; Strategy; Bulcow; 
Battleship; Astro War I; Tic Tac Toe; Hex Pawn; 
Even-Cybernetics; Munch 

Gimini Full Range 8900. See Text for full details  User programmable RO-3-9500 ROM. 

their own should draw the 256 
locations as squares  on graph 
paper, as in Fig. 12, and colour 
them  accordingly,  listing  each 
word with its binary address. 
Remember that the program-

ming procedure is irreversible and 
once a location is put to logic 1 it 
can not be altered; however un-
programmed locations can be pro-
grammed at a later date. 
Readers are advised to be 100 

per cent sure that the manual 
programmer circuit is functioning 
correctly  and  the wave  forms 
correspond to Fig. 19—an incor-
rectly programmed device could 
be a costly mistake. Should the 
reader be in any doubt about his 
or her technical ability, or feel the 
cost of programming prohibitive, 
custom - programmed  RO MS  are 
available from several suppliers. 

PROGRAMMABLE GAMES 
The  PRO M  has  been  found 

another use in TV game tech-
nology, as the program memory in 
General  Instrument  Microelec-
tronics latest innovation —the pro-
grammable  game.  The  Gimini 
8900 game system is based on a 
modified CP1610 microprocessor, 
optimised  for  video  processing 
applications. Associated with this 
is  a  resident  graphics  RO M 
organised into 256 8 X 8-bit charac-

ters and programmed with a full 
set of 64 alpha-numeric characters 
plus any other symbols the user 
might require for background and 
moving objects. 
The actual instruction set (game 

action and program rules) is stored 
in  a user - programmable  RO M 
organised into 2048 X 10-bit words 
and controls the microprocessor 
operation to provide endless game 
situations incorporating up to 512 
characters —quite an improvement 
on the tennis game we looked at 
last month! 
The  advent  of  the  micro-

Chess 
Challenger 
computerised 
chessboard for 
play-by-yourself 
chess 
enthusiasts. 

processor-controlled  system  has 
enabled designers to move away 
from conventional games that rely 
on superior manual dexterity and 
co-ordination for victory and to 
concentrate on those requiring tac-
tical ability. The Gimini 8900 can 
be programmed for playing simple 
tactical games such as "Hangman", 
"Battleships" etc, and a chess play-
ing machine that could be adapted 
for TV display is now available. 
How long will it be before all 
those games previously played on 
boards ("Monopoly" etc) are dis-
played as television pictures?  Yr1 
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Marsh SCall in and see us 9-5.30 Mon-Fri 9-5.00 Sat 
Express Mail Order Tet orders on credit cards £.10 min 

Trade and export enquiries welcome 

ed,Ne awe 9era pecte-deed 

A. Marshall (London) Ltd. Dept. EE Head Office mail order: Kingsgate House, Kingsgate Place, NW6 4TA. Tel: 01-624 0805. 
Retail Sales London: 40-42 Cricklewood Bdwy, NW2 3ET. Tel: 01-452 0161/2. Telex:21492. London: 325 Edgware Rd., W2. Tel: 01-723 
4242. Glasgow: 85 West Regent St., G2 2QD. Tel: 041-332 4133. Bristol: 1 Straits Pde., Fishponds Rd., BS16 2LX. Tel: 0272 654201. 

TRANSISTORS 
2N696 
2N697 
2N698 
2N891) 
219700 
2N7011A 
2N708 
2N718 
2N718A 
2N720A 
2N722 
2N727 
219974 
219916 
219917 
2N918 
219929 
2N929A 
2N930 
2N930A 
2191711 
2N1889 
2197890 
2197893 
2N2102 
2N2192 
2192193 
2N2193A 
2N2194 
2N2194A 
2192195 

39 
31 
49 
$I 
• 34 
•31 
• 34 
34 
44 
1115 
45 
se 
31 
33 
34 
45 
37 
37 
37 
IS 
3• 
30 
3. 
30 
SO 
SS 
SO 
$2 
42 
45 
40 

2N2195A 
2192217 
2N2218 
2N2218A 
2192219 
2N2219A 
2192220 
2N2221 
2N2221A 
2N2222 
2N2222A 
2N2369 
2N2369A 
2192646 
2N2647 
2N2903 
2N29134 
2N2904A 
2N2905 
2N2905A 
2N2908 
• 2N2906A 
2N2907 
2N2907A 
2N2923 
2N2924 
2192925 
2192926 
2193053 
2N3054 
2N3055 

2N3390 SO 2N3905  1$  2195086  34  2196707  4$  AD161 N BC1586  13  BC184LC  IS 
2N3391  40 2193906  11 2N5087 30 2196108  55  AD182 OS BCI NC  13  BC212  15 

40 2N3391A  45  2194037  55 2N5088 39 2196709  SS  AF101) GO 13C16913  13  BC212A  15 
5$  2N33112  17  2194032  IS 2N5089 30 2N6111  49  AF109  52  8C169C  13  8C21213  15 
3$ 2N3393  17 2N4036  72 2N5190  IS 2N8121  41  BC107  15  BC177  22  13C2121.  11 
31  2193304  17 2194037 110 2N5191  75 2196122  44  BC107A IS BC177A  22  8C212LA  11 

2N3395  19  2N4058  22 2195792 SO 2196123  41  13C10713  14  BC17713  25  BC212LB  1$ 
39 2193396  19 2194059  17 2N5193  75 2N6124  45  BC108  IS  BC178  22  BC213  15 
39 2193397  19 2194060  33 2195784 14 2196725  75 igEligial4  111  BC178A  2$ BC213A  15 
25  2193438  15  2N4081  19 2195195  97 40381  8  111  BC17813  35  BC2138  15 
25 2193440  75 2194062 21 2195245  37 40362  55  BC108C  17  BC179  25  BC2I3C  15 
25 2N344I 112 2194064 3$  2N5246  31 40383  45  8C109  16  BC179A  25  6C2131  17 
25 2N3442  45  2N4074  IS  2195247  41 40408  12  BC10913  17  BC1798  2$  8C213LA  17 
27 2193638  17 2194127  27 2N5248  44 40409  02  BC109C  IS  8C179C 24 8C21318  17 
27 2N3638A  17  2194122  27 2195294  44 40410  12  BC140 31 BC182  12  BC213LC  17 
II 2N3702  14  2194123  19 2195295  44  40411  10  BC141  32  BC182A  12  8C214  17 
55 2193703  14  2N4124  19 2195254  41 40504  17  BC147  13  BC18213  13  13C21413  17 
GO 2N3704  14  2N4125  19 2N5298  44 40595 91 13C1478  13  8C1821.  IS  BC214C  17 
31  2N3705  14 2194726  19 2195447  111 40473  08  BC148  13  BC182LA  15  BC2141  111 
31  2193706  14 2N4284  34 2195448  II 40689  30 13C14813  13  BC182LB  15  BC214113  1$ 
31  2193707  14 2N4286  22 2195449  20  AC126  44  BC148C  13  BC183  12  BC214LC  IS 
31  2N3708  12 2194287  22 2195457  32  AC127  411  BC149  15  BC183A  12  8C2378  15 
25 2193706  12 2194288  22 2195458  35  AC128  41  BC149C  15  6C16313  13  BC238A  13 
25 2193777  15 2194289  22 2N5459  32  AC151  43  8C1574  15  BC183C  13  EIC2386  13 
25 2193772 24 2194347  20 2195460  IS  AC152  54  BC158A  1$  8C1831  15  BC238C  13 
2$ 2193773  15 2194348  55  2195484  37  ACIS3 59 BC158B  15  8C18.3LA  15  BC23913  15 
17 2193879 31 2194918  55  2195485 44 AC153K  59  BC159A  17  BC183LB  15  BC239C  17 
17 2193820 39 2194979  79 2N54116 44 AC176K 70 BC1598  17  BC1831C  IS  BC257A  11 
19 2N3821 N 2N4920  93 2195490  04  AC175  $4  8C1130  311  8C184  12  EIC2S88  111 
17  2N3900  20 2194927  54  2N5492  51  AC187  59  8C181  8C184B  13  BC259B  19 
25  2193907 34 2194922 00 2N5494  55  AC187K  55  BC167  13  8C184C  13  BC300  43 
72  2N3903 20 2194923  75 2195496  57  AC188  51  BC18713  13  BC1841  IS  8C301  43 
75  2N3904  11 2194924  14 2N5027  541  AC188K  65  BC188A  13  BC18418  15  13C302  37 

BC303 
8C307. 
BC307A 
BC307B 
BC308 
13C30813 
BC309A 
13C30913 
BC309C 
BC327 
BC328 
BC337 
BC338 
BC547 
BC547A 
BC5478 
BC548 
BC549 
BC54913 
BC549C 
ec357 
BC558 
BC559 
BCY70 
BCY7t 
BCY72 
80115 
60131 
60132 
1313135 
613138 
130137 
80138 

54 
14 
111 
14 
14 
15 
IG 
IS 
IS 
22 
29 
24 
23 
13 
13 
13 
13 
14 
14 
IS 
14 
13 
15 
21 
21 
11 
SS 
55 
75 
44 
40 
41 
41 

80139 
B13140 
80167 
80182 
130183 
60797 
130235 
80238 
80237 
80238 
50239A 
BD239C 
802404 
80240C 
13024141 
80241C 
602424 
80242C 
80243A 
80243C 
E10244A 
60244C 
60245A 
60245C 
80246A 
60246C 
1313433 
613434 
80435 
130436 
130437 
80438 
60529 

43  80530 
43  130535 
N B0536 
20 1313537 
35  80538 
95 130539 
40 80540 
41  /30X14 
44  130518 
44  80Y20 
44  131)Y55 
59 130Y56 
40 86115 
59 86190 
49 8F181 
GS 13F167 
55  BF173 
52 66177 
115  BF178 
117  BF179 
70  13F180 
17  BF181 
II 13F182 
15 13F183 
72  BF184 
93 86185 
44  BF194 
44 BF195 
44 BF196 
45 BF197 
SS  BF198 
SS  66199 
49 8F224J 

SS 
70 
70 
74 
77 
GO 
SO 
32 
90 
10 
to 
10 
39 
33 
55 
37 
37 
27 
27 
33 
37 
37 
37 
44 
41 
37 
1$ 
16 
111 
10 
19 
19 
22 

LINEAR CIRCUITS 
CA3n18  875  LM378N  2 40 
CA3018A 1 IS LM3795  4 25 
CA3020  2 24 LM380N8 0 N 
CA3020A 2 54 LM380N141 OS 
CA3028A 0 90 LM381 AN 2 70 
CA30288 I 25  L 
CA3030  1 50 LM382N  1 32 
CAX130A 2 20 LM384N  1 SS 
CA3038  2 911 LM386N 0 $S 
CA3538A 4 II  LM387N  I 10 
CA3045  1-55  LM388N  1 01 
CA3046 0 17  LM389N  1 04 
CA3048  2 45  LIA702C I II 
CA3052  1 T$  LM709 0 70 
CA3080 0 15 1.147098  I 50 
CA3080A 2 10  1.6470974 0 49 
CA3086 9 SI LM710 0 57 
CA3013813 1 17  LM71014 0 84 
CA308913 290  LM711CN 0 72 
CA30900 4 44 LM723C 575 
CA3130  1 05 LM723C144 45 
CA3I40  1 01  1.64726  S 10 
1.64301 0 30 LM741C 0 70 
LM307N 0 SO  LM741C8 0 38 
LM308N 0 95  LM741C140 31 
LA1309KC I-15  LM747CN 0 09 
LA/31711  3 35  1117488 0 SI 
LM318N  2 45  1.6474814 0 N 
1.1132015 2 11  LM1303N 1 15 
LM320112 2 IS  1.64730419 1 52 
LA4320115 2 IS  LM1305N I 52 
LM320124 2 IS  1.64130119 I 22 
LM320P5 1 15  LM1310N 2 10 
LM320P12I 15  1.64735119 1 31 
LM320P15I 15  LMI458N 0 45 
LM320P241 15  LM1496N 11 97 
16432316 5 95 ' 164180819 2 10 
LIA339N 8 GO 1M1812N 5 20 
LM34015 S U  LM1820N 1 16 
LM34011511 91  LM1R28N I 90 
LM340124 0 II  LM1830N 1 N 
LAA341P5 0 NI LM1841N I W 
LM341P1211 00 LM1845N I 50 
111341P154 80 LM1848N 194 
164341 P241 II 11.11850N I 98 
11‘4348N 0 95 LM1889N 4 90 
LM358N ISO LM3301N 048 
LM3110N  3 IN 164330219 0 55 
LM370N  3 311 164340119 I SS 
1.64371H  2 23  LM3900N ISO 
LM350K 6 45  LM3905N 1 15 
16437319  3 35  LM3909N 0 74 
16437419  3 34 LM3911N 1 10 
LM377N  1 00  1M78054 1 75 

LA17812K 
LM324 
LM7815K 
LM7824K 
1M7810602 

LM 7811202 

1M781.15C 

64645314 
NMS316 
NE555 
198516 
NE558N 
198590 
198561 
196562 
NE565 
NESN 
198567 
NE571N 
SA560 
SAS70 
SAJ110 
5041P 
5042P 
5N76001N 
SN76003N 
SN76013N 
SN76023N 
SN76033N 
TA A263 
TAA300 
TA 43204 

TAA350A 

TAA521 
TA 4522 
TA A550 
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CONVERT TV SET TO TELETYPE 
The new CRT control chip front Thomson CSF 
SFF96.364. Convert your TV Set into an electronic 
teletype-15 lines • 84 Characters, requires RAM. 
Character generator & little else for a basic teletype. 
Available as chip or full display card. Full cursor 
control, 5 volts TTL compatible, line erase, full card 
Includes UART,  Modem, char, gin etc. comp 
video out from encoded keybd in. 

NEW chip E17 21 
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NATION WIDE SERVICE 
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Built and  tested-requires onl, 
switches and transformer to complete 
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MA1002F 12hr 5in display  15 45 
MA1002H 24hr 5in display  III 45 
MA1010E 12hr 84in display  13 75 
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CAR CLOCK MODULE 
6441003 Built Tested 12V supply and 
four-digit module. Crystal controlled 

Data Sheet 5p + SAE 
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The Extra 
ordinar 

Experi. 
ments 

of 
Profe5s 
Erne 
Evemure 

by Ftnthony John Bassett 
LAST month the Prof. and Bob 

were  discussing  bias  tech-
niques, in particular individual ad-
justable bias. We continue this 
theme with a practical layout for 
this and the derivation of the re-
quired negative supply rail. 

PRACTICAL WORK 
The Prof. began to prepare some 

of the components for the modified 
circuit Fig. 1 last month. 
He began by mounting a number 

of the components on a miniature 
tag panel as shown in Fig. 1; also 
on the same panel were some com-
ponents for production of the nega-
tive voltage needed by the bias 
circuit.  These  components  are 
shown within the dotted lines of 

Fig. 2 which shows the circuit of 
the power supply for the amplifier. 
When this was complete, he 

made way for the board by re-
moving the cathode auto bias re-
sistor (R24), a 50 ohm wirewound 
resistor, and the cathode by-pass 
capacitor C11 from the cathode cir-
cuit of the output valves. 
This left a convenient space for 

fitting the miniature tag inside the 
AC30 amplifier, and, being very 
careful not to let any cuttings fall 
into the circuit of the amplifier, 
the Prof. drilled two small holes 
in the chassis and used these to 
mount the tag panel alongside the 
bases of the output valves. By 
means of two short lengths of 
tubing used as spacers he made 

V3g  VSg  Vag  V6g 
VIA 1.541f1  VIA 1.5k0  VIA 1 SIM  VIA 1 SKI 

Fig. 1. Layout of the components on a piece of miniature tagboard for supply of adjustable negative 
bias to the four valves. Strip also holds components in dotted box of Flg. 2. 

certain that none of the tags could 
touch the chassis. 

Removing the wire which joined 
together the cathodes of the four 
output valves, the Prof. fitted the 
four 10 ohm 12 watt cathode resis-
tors, then wired up the tagboard 
connecting it to the remaining cir-
cuilt so that this then corresponded 
with Fig. 1 (last month) and Fig. 2. 
After setting the wipers of the 

four 100 kilohm bias presets to-
wards the negative end of the 
track, he switched on the amplifier. 
Whilst waiting a few minutes for 

the valves to warm up he con-
nected one terminal of a multi-
meter to the chassis, and set it to 
read millivolts. 

MEASUREMENTS 
"To duplicate the same quiescent 

bias current as in the original cir-
cuit, we would need to set the bias 
to give a reading of 500 millivolts 
across each cathode resistor, cor-
responding to a standing current 
in each valve of about 50 milli-
amps. However, I notice that the 
mains transformer appears to be 
suffering the effects of high tem-
perature," the  Prof. told Bob, 
pointing to a solidified pool of wax 
adjacent to the transformer. 

"If we reduce the standing cur-
rent the amplifier will run cooler 
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and ease this problem. This can be 
done by varying the bias. A higher 
negative bias voltage on the grid 
of each valve will result in reduc-
tion of the standing-current. If the 
standing current is reduced too 
much, however, cross over distor-
tion will be heard, and this would 
spoil the quality of sound repro-
duction from the amplifier. For-
tunately as we now have adjust-
able bias, unlike most valve audio 
amplifiers, we can now adjust this 
one for optimum operating condi-
tions." 
The Prof. checked the cathode 

voltage of each valve, and found 
that they all read zero. 
"This is because the valves are 

all biased off" he told Bob, "I have 
applied a high negative bias to 
give zero cathode current. If any 
of the valves gave a high cathode 
current under these conditions a 
fault would be indicated, and I 
would then immediately switch off 
the amplifier and re-check my 
wiring, or replace that valve. How-
ever, the readings are correct, so 
I will now adjust the bias on each 
valve." 
Using a plastic trimming tool the 

Prof. adjusted one of the preset 
potentiometers to change the bias 
on the grid of V3. 

CROSSOVER DISTORTION 
He had connected the millivolt-

meter to the cathode of V3 and 
soon the meter began to show a 
reading of 5 millivolts. The Prof. 
went on to adjust the remaining 
valves to 5 millivolts cathode read-
ing. 

Fig. 2. The amplifier h.t. supply. 
Components inside the dotted 
box have been added by the Prof. 
to provide negative bias. Heater 
windings not shown. The 0.01 
µF 600V capacitor should be a 
ceramic type. 

280V 

TV 

MAINS 
TRANSFORMER 

TO•OlpF 600V  4.7 0 1/2W 

F.11••••- • •0 ETI 

BYX 10 

"This is representative of a 
standing current 100 times lower 
than the original, and should re-
sult in crossover distortion." 
The Prof. spoke the last few 

words into a microphone, and the 
resulting words coming from the 
loudspeaker had the characteristic 
harsh sound of crossover distor-
tion. He now readjusted the bias 
to give a cathode voltage of 300 
millivolts  on  each  valve,  rep-
resentative of a current of 30 
milliamps in each. Bob noticed that 
any large adjustment of current in 
one or two valves had a small 
effect on the others, so that the 
adjustments had to be repeated to 
allow for this. Now when he spoke 
through the microphone the sound 
was clear. 
"We have a smaller standing 

current than the original 50 milli-
amps per valve, yet we are able to 

27k12 
2W 

=El 10pF 
'---' 200v 

HTI 

1,6,4,- T450v  

T 200V 

10 H 10OrnA 

adjust to such a point that cross-
over distortion is not evident." 
"I have thought of another pos-

sible way to reduce the amount of 
heat generated in the amplifier," 
Bob said excitedly, "Why not re-
place the GZ34 rectifier valve with 
a couple of silicon rectifier diodes? 
Not only would these run cool, but 
as they need no heater current 
we could disconnect the 5 volt 
heater winding from the mains 
transformer and the transformer 
itself would dissipate less heat and 
run a little cooler! Could we do 
this, Prof?" 
After a few minutes thought, the 

Prof. said "there are a number of 
factors to be considered here, Bob, 
and we will have to do it with care, 
but it seems a feasible proposition. 
I will tell you what precautions we 
should take first." 

To be continued 

JACK PLUG SE FAMILY... BY DOUG BAKER 

I'VE BEEN USING DADDY'S POCKET TIMER 
AND WATCHING THE SPEEDOMETER AND 
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...PADDY 
WASN'T FIFTEEN 

MILES AN HOUR OVER 
THE SPEED LIMIT... 

• 

• • • • 
GOOD 

GIRL. 



GEORGE HYLTON 
brings it d 
own 

Series or Parallel? 
Some of the problems that confront 

the  newcomer to electronics  are 
problems of visualisation. In their own 
way they are rather like those problem 
pictures which show an object from 
some unusual angle. At first they 
seem quite baffling. But as soon as 
you know what the object is they 
become simple, even trivial. A teapot! 
Of course! Why didn't I recognise it 
at once? 
So let's look (from unusual angles) 

at some electronic "teapots", that is 
familiar circuits drawn in unusual 
ways. My first example, Fig. 1, is 
something which has actually been 
used as part of a selection test for 
electronic engineers. Look at Fig. 1 
(a) and say what the resistance is. 
Easy. There are three resistances in 
series, and each one is R. So the total 
is 3R. So far, so good. 
Now what about Fig. 1 (b)? The top 

two resistances are now shorted out 
so what's left is just the lowest one. 
So the resistance is just R. Splendid. 
Now what about Fig. 1 (c)? At first 
sight this seems very puzzling. The 
upper two resistances, which we'd 
just got rid of by shorting them out, 
now seem in some strange way to 
have crept back into the picture. 
All that's really happened is that 

you have been the victim of a sort of 
psychological confidence trick. If the 
sequence had gone straight from 
Fig. 1 (a) to (c) you'd have said: 
"Hmmm . . . That's interesting", and 
gone on to work it out. But by going 
first to (b) you have been prevented 
from seeing (c) in its true light. 
Let me show you how to work it out. 

Fig. 2 is the same circuit as Fig. 1 (c) 
as you can check by reference to the 
numbers at the end of each resistor. 

to 
eart 

The circuit is in fact just three equal 
resistances in parallel. But Fig. 1 (c) 
is drawn in such an unusual way that 
this isn't at all obvious. And, of 
course, you were brainwashed into 
expecting a series circuit not a parallel 
one. 
Studying a problem like Fig. 1 (c) 

and comparing it with Fig. 2 can be 
useful because it leads you to a very 
simple rule which you can apply to 
other problems of visualisation. If 
you can get from A to B by three 
different  routes then  these three 
routes must be electrically speaking 
in parallel, however they may look on 
the drawing. 

Fig. 1. A question of series or parallel. Can 
you tell which is series and which is 
parallel? 

Fig. 3 (right). Demonstrating that when two 
points on a circuit diagram are connected 
by a simple line, then electrically speaking 
both ends of that line are the same point. 

Another point which this problem 
brings out is that when on a circuit 
diagram two points are connected by a 
simple line then electrically speaking 
both ends of that line are really the 
same point. And all the way along the 
line is the same point, too. If you apply 
this rule to Fig. 3 then the whole thing 
collapses to a single point or if you 
prefer it a single direct connection 
between A and B. 

Breaking Down a Circuit 
The "optical illusions" we've been 

grappling with often occur in real-
life circuit diagrams, though not in 
such an obvious form, of course. It 
helps to keep an eye open for them. 

For example, it is quite a common 
practice not to draw in the complete 
connections to a common point in a 
circuit such as "earth" or the positive 
side of the supply line. Instead, the 
draughtsman just shows a number of 
individual  connections  each  ter-
minating in an "earth" symbol or a 
plus (-I-) sign. It's very easy to forget 
that two connections which each go 
to "earth" must be connected together. 
A common problem in visualisation 

crops up frequently in circuits where 
ac.  and d.c.  are present simul-
taneously. It often happens that it is a 
great help in understanding how a 
circuit works to separate the ac. 

from the d.c. For instance, in a tran-
sistor circuit we all know that there 
has to be d.c. there to make the 
transistors work but all the signals 
passing through the circuits may be 
ac. 
We may be concerned at one time 

with the d.c. conditions (if we are 
interested in the standing voltages at 
different points, say) but at other 
times we may need to take the d.c. 
for granted . and think purely in the 
way the ac. signals are flowing. 
Take Fig. 4. If we are concerned 

only with the d.c. conditions then all 
the capacitors can be replaced by 
breaks in the connections since a 
capacitor has infinite resistance to 
d.c. and so is an open circuit.This 
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Electronics. 
Make a job of it.... 
Enrol in the BNR & E School and you'll have an entertaining 
and facinating hobby. Stick with it and the opportunities 
and the big money await you, if qualified, in every field of 
Electronics today. We offer the finest home study training 
for all subjects in radio, television, etc., especially for the 
CITY AND GUILDS EXAMS (Technicians' Certificates), the 
Grad. Brit. I.E.R. Exam; the RADIO AMATEUR'S LICENCE; 
P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc. 
Also courses in Television; Transistors; Radar; Computers; 
Servo-mechanisms; Mathematics and Practical Transistor 
Radio course with equipment. We have OVER 20 YEARS' 
experience in teaching radio subjects and an unbroken 
record of exam successes. We are the only privately run 
British home study College specialising in electronics 
subjects only. Fullest details will be gladly sent without 
any obligation. 

Brochure without obligation to 

British National Radio & Electronic School 
P.O. Box 156, Jersey, Cnanne Istanus 

NAME 

Become a 
Radio Amateur. 
Learn how to become a radio-amateur in 
contact with the whole world. We give 

skilled preparation for the G.P.O. licence. 
= IN  Me n MINN  IMIMI 

ADDRESS   
  Block caps please 

IEEE  M E NE M W M = MI MIMI III = M N E MI  111•111  IMO 

EEL ,/ 

CANON 
COMPONENTS 

OFFER A FANTASTIC RANGE AT VERY 
COMPETITIVE PRICES 
• R.F. 
• Digital 
• Transistors 
• Linear IC's 
• Displays 
• LED's 
• Resistors 
• Capacitors 
• Hardware 
• Chassis 
• Boxes 
• S-Dec 
• T-Dec 
• Transformers 

• Speakers 
• Cabinets 
• Amplifiers 
• Microphones 
• Mixers 
• Headphones 
• Turntables 
• Light Modulators 
• Light Boxes 
• Spots 
• Bulbs 
• Jingle Machines 
• Packs 
• Tweeters 

• Leads 
• Plugs 
• Jacks 
• Power Supplies 
• Meters 
• Surplus Items 
• Tapes 
• Radio's 
• Calculators 
• Test Equipment 
• Kits 
• Veroboard 
• Soldering Irons 
• Solder 

PHONE OR SEND S.A.E. FOR LISTS Access or Barclaycard Accepted 

322-324 WHITEHORSE ROAD 
CROYDON SURREY CRO 2LF 

OPEN DAILY 9.30 A.M.-6 P.M. TEL 01-684 9872 

LOOK!! COMPLETE 
KITS FOR THIS 
MONTHS 
PROJECTS! 
TONE BOOSTER 
All components and diecast box (not PCB) for 
only £2.50. 

SOUND TO LIGHT UNIT 
This simple project requires only 3 components, 
and we can supply these for Li -85. 

CAR BATTERY STATE INDICATOR 
Another simple project featuring the 741 —we 
supply all components (not PCB) for £1. 

RF SIGNAL GENERATOR 
All components required to build this project, 
including Denco coils for £10.00. 

The GREEN WELD Amplifier Kit 
Ideal for the beginner to make, this kit is com-
plete right down to the last screw!! Easily con-
structed on the PCB provided, the 4 transistor 
circuit wi-II give 2W output from a crystal car-
tridge. Battery version £1•75, or with trans-
forcner for mains operation £3•95. 

ALL PRICES 
INCLUDE 
VAT —JUST 
ADD 25p P. a 
r. I443 Milbrook Road, Southampton SO1 OHX G REE N W ELD 
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Fig. 4. A simple transistor amplifier which 
contains both a.c. and d.c. conditions. 

leads to Fig. 5 which tells you at once 
that R1 and R7 can have no effect on 
the d.c. operating conditions. 
The biassing and control of d.c. 

through the transistor are the result 
of the remaining resistances only. In 
this way the circuit can be simplified 
to suit our immediate purpose of 
investigating the d.c. conditions. 
The "a.c.  only" version  of the 

circuit is often more useful. If only 
the a.c. performance is of interest we 
can replace all capacitors by direct 
connections (since a capacitor can be 
assumed to have no impedance to 
a.c. at frequencies it is intended to 
pass). In addition the power supply 
Vcc can also be assumed to have no 
impedance to a.c. which means that 
to a.c. the positive line is connected 
to the negative or "earth" line. 
If the circuit is redrawn according 

to these "a.c. rules" it comes out as 
Fig. 6. Resistances like R3 and R4 
which seem to be in series in Fig, 4 
are evidently in parallel to a.c. The 
"a.c. load" R7 is clearly in parallel 
with the "d.c. load" R5. 

Conclusions 
What's the use of all this? Well, 

suppose you want to know what the 
maximum undistorted output voltage 
can be. This must depend on the d.c. 
conditions as well as the a.c. con-
ditions. In a single transistor class-A 
amplifier like this the transistor is 
biassed to pass a certain d.c. collector 
current and the peak a.c. output is 
equal to this d.c. 
By  studying  Fig.  5, using  real 

resistances and voltages of course, 
you can estimate the current. Let's 
suppose it turns out to be 10mA. As 
I said, this must be the peak a.c 
output (because the current can only 
swing downwards to zero, a 10mA 
change, so there's no point in it 
swinging upwards to more than 20mA). 
Looking now at the a.c. circuit 

(Fig. 6) you can see that this 10mA 
peak current flows through R5 and R7 
in parallel. Just to keep the arithmetic 
easy suppose both these resistances 
are 200 ohms. Then in parallel they 

Fig. 5. By removing all the capacitors from 
the circuit in Fig. 4 it is easy to see the 
components  which  control  the  d.c. 
conditions. 

make 100 ohms and 10mA through 
100 ohms drops 1V. The real a.c. load 
is R7 so the real peak output is 1V 
into 200 ohms. This gives a peak 
power of (voltage squared over resis-
tance) 1/200W or 5m W. The r.m.s. 
power is half that. 
Admittedly this is only an estimate, 

but an estimate is better than whistling 

Fig. 6. Replacing the capacitors in Fig. 4 
with direct connections gives us the a.c. 
equivalent of the circuit. 

in the dark. And as you can see you 
can make this sort of estimate using 
only the minimal amount of knowledge 
about the actual transistor type etc., 
and without making any measure-
ments at all. What you must be able 
to do is the not too difficult job of 
seeing the wood from the trees in a 
circuit diagram. 

PLEASE W E NOTE 
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We wish to apologise to readers 
for an error that occurred in the 
Quagmire article featured in the 
July '78 issue of EVERYDAY ELEC-
TRONICS. 
The error concerns both the 

circuit diagram, Fig. 1 and the wiring 
on the topside of the board, Fig. 4b. 
The section of the circuit diagram 
containing  the  error  is shown 
corrected in the diagram shown 
left. 
Modifications to the board of 

Fig. 4b. to realise this arrangement 
concerns four link wires. Rewire as 
follows: 

U8 to L23 (not T18) 
V8 to 029 (not U18) 
V3 to U23 (not W12) 
W3 to X29 (not X12) 

FURTHER IMPROVEMENTS 

The lamp may be replaced by a 
much  neater I.e.d, and  current 
limiting resistor which should not 
need replacing as is inevitable with 
an incandescent lamp. Resistor R5 
can be replaced with a 500 ohm 
preset and set to give a voltage at 
IC4 pins 3 and 13 which is just above 
the "high/low" switching level. This 
will eliminate problems which could 
arise if the components around TR5 
produce the wrong' level with fixed 
value components. 

P. M. Boyd, 
Great Malvern, 

Worcs. 
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No THY1A/50  1 Amp  50 volt  105  18p 
No. THY1A/400 1 Amp  400 volt  105  32p 
No, THY3A/50  3 Amp  50 volt  TO64  25p 
No. THY3A/200 3 Amp  200 volt  1064  32p 
No. THY3A/400 3 Amp  400 volt  1064  40p 
No. THY5A/50  5 Amp  50 volt  1066  25p 
No. THY5A/400 5 Amp  400 volt  1066  409 
No. THY5A1600 5 Amp  600 volt  1066  50p 
No. C106/4  6 Amp  400 volt  TO220  45p 

/6 SUMMER SALE time again! 
THYRISTORS  TRANSISTORS 

BRAND NEW - FULLY GUARANTEED 

TRIAC 
S84  8  10 Amp 400 volt  T0220 Plastic 909 

(Non Isolated Tab) 

DIACS 
ITT V413  Equivalent to SRI 00 & 032 each  12p 

SWITCHES 
No. 16178 5 x Mains Slide Switches  409• 
No Si 7  5 x Miniature Slide Switches  40p• 
No. S18  4 x Standard Slide Switches  40p• 
No. S19  4 x Miniature Push to Make 

single hole mounting  40p• 
No. S20  3 • Miniature Push to Break 

single hole mounting  40p• 
No. S21  Push button Switch Pak 

4 a Assorted types multi 
bank and singles 
latching and non•Latching  E1.00° 

SPEC/AL OFFER! 
COMPONENT PAKS 

l),Ier N.,•  Quantity 
16168  5 pieces Assorted Ferrite rods  409 
16169  2 pieces Tuning gangs MW/LW  409 
16170  50 metres Single strand wire 

assorted wire  409 
16171  10 Reed switches  40p 
16172  3 Micro switches  40p 
16176  20 Assorted electrolyhcs 

Trans types  40p 
16177  1 pack Assorted Hardware 

nuts/bolts etc  40p 
16179  20 Assorted tag strips and panels 40p 
16180  15 Assorted control knobs  409 
16184  15 Assorted Fuses 100mA-5 amp  40p 
16188  603 W resistors mixed values  40p 
16187  30 metres stranded wire 

as sorted colours  409 
5100  120 1 watt resistors Preformed 

1978 Prod. Our mix  60p• 
S101  120 i watt resistors Preformed 

I78 Prod Mixed values  60p• 
5102  2501watt resistors. 

Range 100 ohms - 1.8 meg. £2.00. 
S103  220 1 watt resistors. 

Range I 00 ohrns - 10 meg  £2.00• 
5104  60 Low ohms,' watt resistors. 

10 - 100 ohms  1:143p• 
5105  40 Low ohms 4watt resistors. 

22-82 ohms  613p• 
S106  25 Mixed wirewound resistors  60p• 
S107  20 Tantalum bead caps 

0.22 - 100mF Our mix  El.00. 
S108  High quality electrolitics 10mF.-

500mF voltage range 15-50v 
Our mix. 40 for  E1.00° 

16204  C280 Pak. Contains 50 metal 
foil caps  E1.00. 

3136  Ribbon cable flat standard 
15-way multi-coloured 
P.V.C. insulated, stranded tin 
copper 1 m  259 

Price  Price Price  Type 
TTFIT24 

Type  Price  Type  Price  Typo 
25p  8C177  12p  8E194  "Sp  349  2N1613  15p AC107 

40126  16p  BC178  12p  BF195  "Ifp  TIP32B  3 89  2N1711  lip 
AC127  16p  50179  12p  8E196  •129  T1P320  369  2N1893  209 
AC128  16p  BC182  "99  BF197  •129  1IP414  34p  2N2218  15p 
AC128K  2 49  BC182L  •99  BF200  259  TIP418  359  2N22184  lip 
AC176  115p  BC183  '912  BFX29  229  TIP41C  36p  2N2219  15p 
AC176K  24p  BC183L  •Sp  BFX84  1 fip  TIP42A  369  2N2219A  lip 
40187  169  80184  •9P  B FY50  12p  TIP4213  37p  2N2221  159 
AC187K  289  BC184L  •9p  EIFY51  12p  TIP42C  38p  2N2221A  16p 
AC188  16p  BC212  •10p  BFY52  12p  TIP2955  65p  2N2222  15p 
AC188K  299  BC212L  •10p  MPS405  •22p  TIP3055  42p  2N2222A  16p 
AD161  BC213  •109  MPSA06  •22p  ZTX107  •60  2N2369  10p 
162MP  80p  8C213L  •10p  MPSA55  •22p  2TX108  •flp  2N2904  149 
AF139  30p  BC214  •10p  MPSA56  •22p  ZTX109  •7p  2N2904A  15p 
AF239  30p  BC214L  •10p  0044  129  ZTX300  .7p  2N2905  149 
BC107  6p  BC251  "109  0045  12p  ITX301  .7p  2N2905A  I5p 
BC108  99  80170  1122pp   00007721   9p  ITX302  •9p  2N2906  12p 
BC109  6p  50171  12p  ZTX500  •Ibp  2N 29064  14p 
50118  •10p  BCY72  12p  OC75  10p  IT/001  •10p  2N2907  12p 
BC147  •Sp  BD 11 5  '40P  0081  14p  ITX502  •12p  2N2907A  13p 
BC148  •Ilp  BD131  •35p  TIP29A  359  2N696  109  2N2926G  •Bp 
50149  •11p  BD132  •37p  11P295  36p  2N697  10p  2N29261  •7p 
BC154  •16p  6E115  17p  TIP29C  38p  2N706  7p  2N3053  12p 
80157  .9p  BF167  19P  TIP30A  399  2N7064  Sp  2N3055  35p 
50155  •99  BF 173  20p  TIP3OB  37p  2N708  flp  2153702  •7p 
50159  .9p  BF180  25p  TiP30C  38p  2N1302  12p  2N3703  •7p 
BC169C  .10p  BF181  25p  TIP31A  32p  2N1303  15p  2153704  •6p 
BC170  •Ilp  8F1132  259  T1P3113  33p  2N1304  lip  2N3903  •11p 

*Sp  BF183  25p  TIP310  34p  2N1307  lip  2153904  WI p 
5 •6p   BF184  25p  2N1308  22p  2153905  •11p 
E12117721  

5C173  7p  8 F 185  299  2N1309  22p  2153906  •11p 

DIODES 
Type  Price  Type  Price  Type  Price  Typo  Pnce  Type  Pnce 
AA119  E1 Sp  BAX16$  1116  309  0A85  7p  5  31. 
44113  49  0A202  Sp  BYZ17  2 99  0A90  99 
BA100  51.  85118  2 99  0A91  7p  N5400  10p 
BA1t5  Sp  131100  15p  BYZ19  25p  0A95  7p  N5401  11p 
54144  Sp  131127  •10p  N5402  12p 
BA148  10p  BYZIO  32p  0A47  5p  11534  SP  N5404  13p 
54173  10p  BY211  329  0470  Sp  IN60  OP N5406  lip 
BAX13$  BYZ12  32p  0479  7p  114914  49  N5407  lip 
0A200  fop  55113  3 09  0481  7p  1154148  49  155408  199 

LINEAR I.C.'s 
TBA800 12 pm OIL  •75p  04711C 1099  259  UA748  1099  299 
T8.4810 12 pin OIL  •E1.00  UA703  7099 (Plastid 209  72558  IDual7481T09945p 
TE1A820 14 pm OIL  •80p  741P  8 pin DIL  1 lip  MC1310P 14 pin OIL  6E1.25 
LM380  14 pin OIL  •80p  72741  14 pin DIL  209  76115  14 pin OIL  6E1.25 
LM381  14 pin OIL  •E1.35  UA741C 1099  20p  156555  8 pin DIL  25p 
72709  14 pin DR.  28p  72747  14 pin DIL  55p  NE556  14 pin DIL 6  
UA709  1099  28p  748P  8 pin DIL  28p  51.414.4 10 pin  •E1. 2 

POTENTIO METERS 
Slider 40mm TRAVEL 
Order No. 
16191  6 . 470 Ohm LIN Single  40p 
524  6 x 1 K  LIN Single  409 
525  6 • 5 K  LIN Single  409 
526  6 a 10 K  LOG Single  40p 
16193  6 x 22 K  LIN Sing e  409 
16195  6 x 47 K  LOG Single  40p 
16194  6 a 47 K  LIN Single  409 
527  6 it 100 K  LIN Single  40p 
S28  6 a 1130K  LOG Single  40p 
529  6 x 500 K  LOG Single  40p 

Slider 60mm TRAVEL 
S30  6 a 2 5 K  LOG Single  409 
532  6 • 50 K  LOG Single  40P' 
S33  6 a 250 K  LOG Single  409 
534  4 x 5 K  LOG Dual  40p 
536  4 x WO K  LOG Dual  40p 
537  4 • 1 3 MEG LOG Dual  409 
S94  6 • 220 K  LIN Single  40p 
S95  6 x 100 K  LOG Single  40p 
596  6 x 500 K  LIN Single  409 
538  Mixed slider pots- various values 

and sizes-our mix  only [1.00* 
539  6 x Chrome slider knobs  40p• 

WIRE WOUND 
S90  Wirewound Pots. Linear I Watt 

rating Mixed useful values 5 tor C1.00° 

CARBON TYPES 
591  Car Radio type. Dual Switched Pot 

PC mounting 
100 K Lin switched 
2 5 K Lin  each flOp• 

DUAL POTS P.C. MOUNTING 
flinfri Shaft 
592  4 x 100 K Lin  t1.00° 
593  4 100 K Log  M OO* 
16173  15 Rotary Pots Assorted  40p• 
16186  25 Pre-sets Assorted Values  40p• 

MULTI-TURN PRE-SETS 
S40  3xIOOKLiri  only 50p• 

NE W CONSIGN MENT ZN 414 RADIO CHIP 75° 

Displays 
No 1510  707 LED Display 
No .1511  747 LED Display 

OPTOELEC 

eachch £1 7ed :g  

TRON ICS 
LED's 
No 551  Red TIL209 15. 125)  150p 
No S52  Red FLV117 ISa 2.1  50p 
No 1502  Green 125"  each lip 
No 1505  Green 2"  each lip 
No 1503  Yellow 125"  each 18p 
No 1506  Yellow 2  each lip 
No 582  Clear 2" (illuminating redl  12p 

SILICON PO WER TRANS. N.P.N. 
S97  80371 2 Amp 1.2w 60Vceo 

Hfe 40-400, Case1092 
with heat tab  5 for 60p• 

598  2N5293 R.C.A.36w 4 Amps 
75Vceo Hfe 30-120  5 for U1.00. 

2nd QUALITY LED PAKS 

No 1507  10 x LED s Assorted  75p 

LED CLIPS 

No 1508/.125  125 
No 1508 2  2 

5 tor 129 
for lip 

SPECIAL REDUCTIONS 

No 1514  NORP 12 
No S76  OCP71  5;:r 1 ng 
No S83 5 NIXIE Tubes ITT 5870 ST  £2.00 

(including Data) 

VOLTAGE REGULATORS 
Positive 
No MVR7805  pA7805  10220  85p 
No MVR7812  pA7812  10220  85p 
No MVR7815  pA7815  10220  86p 
No MVR78I8  pA7818  10220  85p 
No MVR71324  pA7824  10220  85p 

Negative 
No MVR 7905  pA7905  10220  £1.10 
No MVR7912  pA79I2  10220  £1 .10 
No MVR7915  pA79I5  10220  £1.10 
No MVR7918  5A791.8  TO220  £1.10 
No MVR7924  pA7924  TO220  £1.10 

pA723C TO99  315p  72723 14 pin Dil  399 
LM309K  103  £1 .20 

SILICON SOLAR CELLS 

S 109  Output 5mA at 4 volt  each 109 

P.O. RELAYS 
585 2 Ott Post Ottn, relays 40p 

SILICON BRIDGE RECTS. 
S99  Mixed Pak 2 - 5 Amp 

50-600v All coded 4 for  E1.00. 

BATTERY HOLDERS 
to take 6a HP7 s 

Order No 202  each 10p 

P.C. BOARD 
5110  Mixed Bundle. P C 8 Fibre-

glass/paper. single and 
double-sided. Fantastic value  75p 

EX. G.P.O. 
MICROS WITCHES 

Order No SI 11  4 for 50p 

No. S66 
No. 567 
No S68 
No S69 
No S70 

I.C. SOCKET PAKS 
11 x 8 pin DIL Sockets 
10 x 14 pin DIL Sockets 
9 x 16 pin DIL Sockets 
4 x 24 pin DIL Sockets 
3x 28 pin DIL Sockets 

£1.00 
Cl 00 
£1.00 
£1.00 
£1.00 

CABLE CLIPS 
S65 - 50 2.5rnm round 
single pin fixing  309 

AUDIO LEADS 
Order No. 
117  AC Mains connecting lead for cassette 

recorders and radios Teiefunken type  45p 
118  5 pin DIN headphone plug to stereo socket  799 
119  2 • 2 pin plug to mime stereo socket for 

headphones 
123  20 ft of coiled guitar lead  £le.14 
124  3 pin to 3 Pin OIN Plug  50ss 
125  Audio lead 5 pin plug to 5 pin DIN plug  SOp 
126  Audio lead 5 pin Din plug to tinned open 41144  509 
127  Audio lead 5 pin DIN plug to 4 phono 

plugs  90p 
129  Audio lead 5 pin plug to 5 pin DIN plug - 

Mirror Image  70p 
130  5 metre lead 2 pin DIN plug to 2 pin DIN 

inline socket  45p 
132  10 metre lead 2 pin DIN plug  650. 

AUDIO PLUG AND 
SOCKET PAKS 

Order No. 
51  5 a 3 5 rnm Flashy Jack Plugs  40p 
52  5 x 2 5 mm Plastic Jack Plugs  40p 
S3  4 a Std Plastic Jack Plugs  509 
54  2 x Stereo Jack Plugs  309 
55  5 a 5 Pin 180° DIN Plugs  50p 
56  8 x 2 Pin Loudspeaker Plugs  50p 
S7  6 x Phono Plugs Plastic  SOp 
513  5 x 3 5 rnrn Chassis Sockets(Switchedl 259 
S9  5 x 2.5 mrn Chassis Sockets(Switchedl 259 
SIO  4 x Metal Std Chassis Switched 

Jack  50p 
S11  2 x Stereo Jack Sockets with instruction 

leaflet for H/Phone connection.  50p 
S12  5 a 5 Pin 180•DIN Chassis Sockets  409 
S13  8 x 2 Pin DIN Chassis Sockets  50P• 
S14  6 a Single Phono Sockets  409 

FIELD EFFECT 
TRANSISTORS 

2N381;  15p  2155456 lip 

MAM MOTH I.C. PAK 
Approx. 200 pieces Assorted fan out integrated 
circuits, including Logic 74 series. Linear. Audio and 
D.T.L.  Many coded d•vices,  but  some 
unmarked- you to identify. 
Order No 16223  ELEA 

No 555 

No. 556 

No 557 

No 558 

ZENER PAKS 
20 mixed vaiues 400mIN Zener 
diodes 3-10V 

20 mixed values 400m W Zener 
diodes 11-33V 

10 mixed values W Zener 
diodes 3- 10V 

10 mixed values 1W Zener 
diodes 11-33V 

£1.00 

£1.00 

£1.00 

£1.00 

CMOS I.C.'s 
Type  Price  Pries  Type  Price 
CD4000  149  11 4018  P.  I "  Tr 86p  C 4035  E1 40  CD4056  £1 15 
CD4001  1111,  CD4019  45p  CD4037  789  CD4069  329 
CD4002  lip  004020  DU  C04040  799  CD4070  32p 
CD4006  110p  CD4021  Up  CD4041  Sip  CD4071  20p 
CD4007  17p  004022  1110p  CD4042  U p  CD4072  209 
CD4008  SOp  CD4023  lip  CD4043  73p  C04081  2 09 
CD4009  SOp  CD4024  114p  CD4044 7 Sp  CD4082  2 
CD4010  50p  CD4025  CD4045  £1.15  CD4510  £1 14 1 
CD4011  lip  CD4026  t1. 2  CD4046  U p  004511  CI 25 
CD4012  17p  CD4027  419  CD4047  769  004516  £1 10 
CD4013  429  CD4028  SOp  CD4049  48p  CD4518  CI 10 
CD4015  100p  CD4029  Slip  CD4050  489  CD4520  £1 .10 
CD4018  42p  CD4030 t2 CD4054 in C04017  SOp  CD4031  CD4055  £ 2 

P. & P. 
Please  add  350 
towards  postage 
and paCking unless 
otherwise stated. 

V.A.T. 
Add 124% to prices marked' 
Add 8'4 to others excepting those marked? 

These are zero rated 

AUDIO MODULE SALE 
Type  Description  Normal Price  Sale Price 
AL20A  5W RMS Power Amp  £3.35  E2.66 
AL30A  lOW RMS Power Amp  C3.65.  £2.950 
AL60  25 W RMS Power Amp  £ll.35°  £3.55° 
4180  35 W RMS Power Amp  £6.95  £5.95 
AL250  125 W RMS Power Amp  £1 5.95  £14.45 
SPM80  35V Power Supply  £3.75°  C3.10° 
P512  20-30V Power Supply for AL30A/AL20A  £1 .30"  VI .15• 
PA12  Stereo Pre-Amp for AL30A/AL20A  £6.70.  £5.95. 
PA100  Stereo Pre-Amp for AL60/AL80  £13.75.  £12.45• 
S450  Stereo F M Tuner  £20.45°  E18.65. 
MPA30  Magnetic-Ceramic Pre-Amp  £2.135.  £2.515. 
Stereo 30  Complete Audio Chassis 7W • 7W RMS  £16.25°  £14.95° 

ORDERING 
Please vvord orders exactly as printed including 
the part number and order number  Dept. EE9, P.O. Box 6, Ware, Hertsi 
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You'll learn a lot from the Heathkit catalogue. 

azzrza  .7 

NEW Computer Systems 
Send for a special 16 page brochure 

NEW Bi-directional 
RF Wattmeter 

NEW De-luxe Coin-tracking Metal Locator 

NEW De-luxe 
12' CRT Ignition Analyser 

• ** • gift 

The Heathkit catalogue is packed with 
scores of top quality electronic kits. 
Educational, practical and fascinating 
items which you can build yourself. 

INN  Min EMI 

I Send for the catalogue now. 
To Heath (Gloucester) Limited, 
Department EE 89 , Bristol Road, 
Gloucester, GL2 6EE. 

Name   

Address . 

Please tick the literature you want and enclose the appropriate 
amount in postage stamps. 
Heathkit catalogue only E) (enclose 20p). 
16 page computer brochure only CI (enclose 20p). 
N.B. If you are already on the Heathkit mailing list you will 
automatically receive a copy of the latest catalogue without having 
to use this coupon. 

When you receive 
your catalogue 
you'll get details of 
this free offer worth 
approximately E4.75 

Soldering 
iron offer 

FREE 

Schlumberger 

The world's 
biggest producers 
of electronic kits 

MN me  mi  awl  . . . . . mis r,,r im 
There are Heathkit Electronics Centres at 233 Tottenham Court Road, 

London (01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451). 

Be an 
ELECTRONIC 
ENGINEER 

Do something PRACTICAL about your future 
Firms all over Britain are crying out for qualified people. With 

the right training, you could take your pick of these jobs. 
Now, the British Institute of 

Engineering Technology will train 
you in your spare time to be an 
Electrical Engineer. 

You risk nothing I We prom-
ise to get you through your 
chosen course—or, refund your 
fee! 
So, join the thousands who 

have built a new future through 
home study Engineering courses 

POST COUPON FOR FREE 44 PAGE GUIDE 

Courses in 
C & G Elect. Technicians 
C & G Elect. Installations 

Telecomms, Technicians Exams 
Television Servicing 

Radio Maint. & Repairs (RIFT) 
Pract. Radio & Electronics 
Plus over 60 other 
home study courses. 

BRITISH INS-FITUTL OF 
ENGINEERING TECHNOLOGY 

Aldermaston Court, Dept.  Reading RG7 4PF. 

NAME (Block capitals please)   

ADDRESS   

  POSTCODE   

Other Subjects   AGE 
LAccredited by CACC 

1111  MI NO  1.1  NB MI  NB 
Member of ABCC .. 1 

D C W A M  SEE THE 
ELECTRONIC IGNITION MKII 
IN THE NEW HOBBIES 
CATALOGUE  • 

, c •  1;;;) 

Vi) 

..  - 
7••• 

tO 1 

ILO  4. 
0 0-! il 0 0ra  

0 "  0 0 

Doram Electronics Ltd 
PO Box TR8, Leeds LS12 2UF 

Please send my FREE Hobbies Catalogue 

I enclose 25p contribution to P & P 

Name   

Address   

Mill Doram Electronics Ltd 

PO Box TP8. Leeds LS12 2UF 

Overseas customers (except for N. Ireland)-80p 

including despatch by Air (or all-up post) 
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Mini-priced 
breadboards for 
maxi-sized 
projects. 
Experimentor low-cost solderless bread-
boards are the first in the world specially 
designed for 0.3" and 0.6" pitch DIP's. 

They clip together by an exclusive 
interlocking system in any configuration, 
(just like dominoes), so you arrange the 
breadboards to suit your circuit, 
not vice-versa. 

They are precision moulded from 
durable, flame-retardant plastic, 
and feature alphanumeric 
coding for easy circuit  ij 
building, and 
non-corrosive, pre-stressed 
nickel-silver alloy contacts— 
reliable for well over 10.000 insertions. 

TOP 

Contact resistance is a mere 0.4 mn and 
interterminal capacitance is typically less 
than 5 pF.The Experimentor is usable to 
over 100 MHz. 
Experimentor 600 and 650 models are 
ideal for RAM's ROM's and PROM's 
(0.6" centre IC's) while the 300 and 350 
models are for smaller DIP's ( 0.3" centres). 
All four models, of course, also take all 
standard components, the 0.1"grid being 
compatible with transistors, diodes, LED's, 
capacitors, resistors, pots— in fact any 
component with lead sizes between 0.015" 
and 0.932:' 

_  • 

A useful quad bus strip (EXP4B) further 

EXCLUSIVE 
NTE BLOCK' NG 
SYSTEM 

.  Centre  5-way 
Model  Length" Width" channel" tie points 

EXP300  6.0  2.1  0.3  94(470) 
EXP350  3.6  2 1  0.3  46(230) 
EXP600  6.0  2.4  0.6  94(470) 
EXP650  3.6  2.4  0.6  46(230) 
EXP4B  6.0  1.0  NI: A  N A 

Get your hands 
on an Experimentor 
and stop 
wasting time! 

Bus  Price All units are 0 330' deep 
2(80)  £7.29 Prices include VAT (8%) and p& p for 
2(40)  £4.21 UK Orders 
2(80)  £7.88 Add 5% to all orders outside UK 
2(40)  £4.89 All prices and specifications correct 
4(160) £3.29 at the time of going to press 

expands the versatility of the system for 
the MPU user. 

Experimentor breadboards can be used 
alone or mounted on any convenient flat 
surface, thanks to moulded-in mounting 
holes and vinyl insulation backing that 
prevents short circuits. Mount them from 
the front with 4-40 flathead screws or from 
the rear with 6-32 self tapping screws. 

But however you use them, Experimentor 
breadboards are the quickest and easiest 
way to build and test circuits. 
If you're working on IC's, MPU's, memories, 

displays or any other circuits, buy the 
breadboards that are designed for you. 

Ring us (01-890 0782) with your Access, 
Barclaycard or American Express number 
and your order will be in the post that night. 

Alternatively, send a cheque, or postal 
order (don't send credit cards!) and it 
still only takes a few days. 
Otherwise ask for our complete catalogue. 

CONTINENTAL SPIPALINS CORPORATION 

= 0= 
CONTINENTAL SPECIALTIES CORPORATION (UK) LTD. SPUR ROAD. NORTH FELTHAM TRADING ESTATE. FELTHAM. MIDDLESEX TW14 CTJE  TELEPHONE 01-890 0782 

REG IN LONDON 1303780 VAT NO 224 8074 71 'TRADE MARK APPLIED FOR (c CSC (UK) LTD 1977 DEALER ENQUIRIES WELCOME  TELEX 8813669 CSCLTD. 
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Logically laid out to accept both 0.3" and 0.6" pitch DI L packages 
as well as Capacitors, Resistors, LED's, Transistors and components 
with leads up to .85mm dia. 

500 individual connections in the central breadboarding area, 
spaced to accept all sizes of DI L package without running out of 
connection points. 

4 Integral Power Bus Strips around all edges for minimum inter-
connection lengths. 

Double-sided, nickel silver contacts for long life (10K insertions) 
and low contact resistance (<10m.ohms) 

Easily removable, non-slip rubber backing allows damaged contacts 
to be rapidly replaced. 

What other breadboarding system has as many individual contacts, 
offers all these features and only costs £5.80 inclusive of VAT and 
P.P. — NONE. 

At £5.80 each The EuroBreadBoard is unique value for money. 
At £11.80 for 2 The EuroBreadBoard is an indispensable design aid. 

Snip out and Post 
Day ,dl George Sales, r o 74 Crayford High Si . Cratford, Kent, D AI  4EF 

David George Sales I r/o 74 Crayford High Street, 
Crayford, Kent, DA 1 4E F. 

Please send me  1 EuroBreadBoard @ £5.80  E Please 

or  2 EuroBreadBoards @ £11.00 0 Tick 

(All prices include VAT and P.P., but add 15% for 
overseas orders). 

Name   

Company   

Address   

EE/9/78 

Book 1. 
Book 2. 
Book 3. 

P.C.B.'s and COMPONENTS 
for E.E. PROJECTS 
Prices shown are for kits of on board mounted components including 
potentio meters but excluding hardware and transfor mers. Send 

s.a.e, for full details na ming kit. All prices below include VAT. P 811. 

30p. 

Co mponents 
Ref.  Kit  P.C.B. 

Jan  Metronome 
Touch Switch 
Code Scrambler 
Rapid Diode Check 

Feb  Car Alarm 
Lead Tester 
Chaser Light Display 
AC Meter Converter 

Mar  Audio Tester 
C.R. Substitution Box 
Catch-a-light 
Weird Sound 

Apr  Roof Rack Alarm 
Mains Delay Switch 
Pocket Timer 

May  Flashmeter 
Mains Tester 
Teach-In Power Amplifier 
Power Pack 

June Telebell 
In-Situ Transistor Tester 
Teach-In SW Receiver 
Power Slave 
Visual Continuity Tester 

July  Auto Night Light 
Short- Wave Radio 
Quagmire 
Logic Probe 

Aug  Slave Flash 
M. W. Mini 
AF Signal Generator 

01  1 89  65' 
02  1 06  74' 
03  278  81• 
04  78  52* 
OS  1-16  80' 
06  1 26  51 
07  8 19  1 75 
08  I.74  60' 
09  8 40  (2)1.74" 
0  348  — 
I  265  82' 
2  2.71  62' 
3  I 52  60" 
4  1-71  94. 
5  1 34A  60' 
6  3 15  75' 
7  41  54' 
8  1 55  __ 
9  1-32  70" 
20  285  I 00. 
21  1 08  65' 
22  2-61  --
23  —  1 75 
24  56  — 
25  333  85° 
26  505  — 
27  478  1 40' 
28  I 02  50' 
29  2 17  55' 
30  208  50• 
31  3 80  85' 

• PC 8 's designed by TAMTRONIK so E E specified dimensions 

C O M P O NE N T S  S H O P  N O W  O PE N  C ALLE R S - 
W ELC O ME  A T  32  M A R KE T  PL A CE,  G RE A T 

BRI D GE. TI P T O N 

TAMTRONIK LTD. (DEPT. LE.) 

217 Toll End Road, Tipton, 

W est Midlands DY4 OH W. 
Telephone: 021-557 9144 

Al.( • 
• 

Buy it with Access 

A%*4)11U%C11%415 
A %IE W sur 
CIF UA W 
EILIECIFIND MICS  
This 5 volume set contains over 500 pages. 
Bound in stiff linen. Cover size B'Ain x 5in. 

Price £7.50 per set lwe pay the postage). 

Introducing Electronics 
Resistors/Capacitors 
Inductors/Diodes 

Book 4. Meters/Voltage-dividers 

Book 5. Transistor Project Circuitry 

The manuals are unquestionaby the finest and most up-to-date available 
and represent exceptional value. 
This series has been written in a fascinating, absorbing and exciting 
way, providing an approach to acquiring knowledge that is a very 

enjoyable experience. Suitable for industrial trainees, City and Guilds 
students, DIY enthusiasts and readers of electronic journals. 
Each part explains electronics in an easy-to-follow way, and contains 
nu merous diagrams and half tone blocks with construction details and 
circuit diagrams for making the following transistor projects: Lamp 
Flasher, Metronome, Wailer, Photographic/Monostable Ti mer, Metal 

Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm, 
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch, 
Light and Water-operated Switches, Pressure-operated Switches, Light 
meter, Radio Thermometer, Ice Alarm. 

Order now 
Selray Book Company 
60 Hayes Hill 
Bromley 
BR2 7HP 

O U R 10 0% G U A R A N TEE 
Should you decide to return the set after 10 days exam  . 

inatton your money svoll be refunded by return of post  , 

Amount enclosed. E   

Name: 

• 

Tel No 

Please make cheque/P 0.'s payable to David George Sales 

700 

Address. 

EE9 
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MAIL ORDER DEPT 

CRESCENT RADIO LTD. 
I, ST. MICHAELS TERRACE, W O OD GREEN, LONDO N, N22. 4S). 

PH O NE 01 4138 4474 

"FLIP"! 
AN  ELECTRONIC  VERSION  Of 
TWO-UP OR  ODDS AND  EVENS. 
We supply a complete kit of parts 
which  includes  a strong  case  and 
attractive  front  panel  to  give  the 
finished game a long life and professional 
appearance. Full assembly instructions 
are supplied. 
"If you can solder you can make this 
great game." An ideal first project to 
introduce you to electronics. 
Not only will "FLIP" start you on a 
great hobby but you will own a game 
which will amuse you and your friends 
for hours. 
CO MPLETE KIT: ES 25 + 8% VAT 

POST FREE! 

FERRIC CHLORIDE 
Anhydrous ferric chloride in double 
sealed I lb. "poly packs" 
PRICE: 65p per lb. + 8% VAT 

HEAVY DUTY X OVEB 
2 W AY U O H M 

A 2 way 8 ohm HID )(over suitable for 
L/S systems up to 100 watt. 
Fitted with screw terminals for input 
and a three position 'HF LEVEL' switch 
which selects either Flat, -3dB or- 6dB. 

O NLY £3 00 + 8% VAT 

A CRESCE NT 'SUPERSUY' 
Goodman, 5" 8 ohm long throw, H/D 
loudspeaker 
Mounting plate is integral with LIS 
chassis and has fixing holes with centres 
spaced at Sr (diagonally). 

O NLY a 00 -12f % VAT 

TELESC OPIC  AERIAL -r- l2 %VAT 
I I section telescopic aerial. 
Extended length: I metre (39f") 
Fully closed: I 35mm (5f") 
Fixing: nut and bolt fixing through 
recess at base of aerial 

O NLY 7Sp EACH! 

LO UDSPEAKERS - 12f  V.A.T. 
21" (57mm) 8 or 75 ohm  90p 

(please state impedance req'd) 
5' 8 ohm Ceramic  LI .50 
8" "ELAC" 8 ohm IS W dual cone IS 00 
8" "GOODMANS" 'Audiom 8PA' 
8 ohm I 5W  £4 76 

10- "ELAC" 8 ohm IOVV dual cone 
£4 SO 

7" x 1" 8 ohm 4W  £2 00 

BARGAI N LO UDSPEAKERS 

- 12f % VAT 
2r (60rnm) 8 ohm (limited stocks) 60p 
2.1" (70rnm) 8 ohm (limited stocks) 60p 

LO UDSPEAKERS 4- 8 % VAT 
12" "McKENZIE" 8 ohm 75 W Bass 

Ell 62 
12" "McKENZIE" 8 ohm 75 W dual cone 

£23 62 
12" "McKENZ1E" 8 ohm 75 W general 
purpose  £18 37 
12"  "GOODMANS" 'Audiom  12P . 
8 ohm SO W  oo 

"FANE - POP 33T 16 ohm 33 W 
£12 92 

12" "PANE" POP 502 16 ohm SO W 
LIS 70 

MI NIATURE TO OL SET 
A 20 pc. Tool Set, precision made from 
quality industrial forged steel Contents: 
I swivel handle, 3 screwdrivers I 5 to 
3 5 mm . 2 Philips type screwdrivers. 
I awl. 3 Allen keys I S to 2 S mm. 
5 sockets 3 to 5 ?Ism., 5 hex keys 4 to 
6 mm. Supplied in plastic case  Our 
price only £3 75 + 8%. VAT 

rBARCLAYCARO 
VISA 

'P&P' ORDERS UP TO LS, Add 30p 
ORDERS L5-L10, Add 50p 

All orders over L 10 Post free! 
Please add VAT as shown. 

S.A.E. with all enquiries please 

Personal callers welcome at. 21 GREEN LANES, PALMERS GREEN. NI3 

Become 
a radio 
amateur. 
Learn how to become a radio-

amateur in contact with the whole 

world. We give skilled preparation 

for the G.P.O. licence. 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO 

& ELECTRONICS SCHOOL, 

P.O.Box 156, Jersey, Channel Islands. 

NAME 

VVAA 

E 1,7:11 

ADDRESS   
I BI ock ens Pleas* , 

The latest kit 
innovation 
from 

the quickest fitting 

CLIP ON 
capacitive discharge 
electronic ignition 
in KIT FOR M 
• Smoother running  / 7 
• Instant all-weather starting 
• Continual peak performance 
• Longer coil/battery/plug life 
• Improved acceleration/top speeds 
• Optimum fuel consumption 
Sparkrite X4 is a high performance, high quality capacitive discharge, electronic 
ignition system in kit forrrr Tried, tested. proven, reliable and complete It can be 
assembled in two or three hours and fitted in 1/3 mini, 
Because of the superb design of the Sparkrite circuit it completely eliminates 
problems of the contact breaker There is no misfire due to contact breaker 
bounce which is eliminated electronically by a pulse suppression circuit which 
prevents the unit firing if the points bounce open at high RP M Contact breaker 
burn is eliminated by reducing the current to about 1,50th of the norm It will 
perform equally well with new, old, or even badly pitted points and is not 
dependent upon the dwell time of the contact breakers for recharging the system 
Sparkrite incorporates a short circuit protected inverter which eliminates the 
problems of SCR lock on and, therefore, eliminates the possibility of blowing the 
transistors or the SCR (Most capacitive discharge ignitions are not completely 
foolproof in this respect) The circuit incorporates a voltage regulated output for 
greatly improved cold starting The circuit includes built in static timing light, 
systems function light, and security changeover switch All kits fit vehicles with 
coil , distributor ignition up to 8 cylinders 
THE KIT CO MPRISES EVERYTHING NEEDED 
Die pressed epoxy coated case Ready drilled, aluminium extruded base and heat 
sink. Coil mounting clips, and accessories Top quality 5 year guaranteed 
transformer end components, cables. connectors, P C 8 , nuts, bolts and silicon 
grease Full instructions to assemble kit neg or pos earth and fully illustrated 
installation instructions 
NOTE - Vehicles with Current impulse tachometers ISmiths code on dial RV1I 
will require a tachornete, pulse slave unit Price E3 35 inc VAT post Et packing 
Electronic• D•sign Associat•s, Dept. EE 7 
ID Bath Street, Weilsall, WS1 313() Phone, (I) 114791 

Electronics Design Associates,  Dept. EE9 

82 Bath Street, Walsall, WS1 3DE. Phone: (9) 614791 

Name 

Address 

Phone your order with Access or Barclaycard 

no VAT &OPP  QUANTITY RE131) 

X4 KIT  (14.95 

TACKS RISE SLAVE UNIT £3.35 

L
ASE STATE POLARITY POS OR NEG 
ess or Barclaycard NO   

Seal Sat A brochure oree reamed 

enclose chase T13 s tor 

Cheoue No 
EARTH. 

III 
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SMALL ADS 
The prepaid rate for classified advertisements 
is 16 pence per word (minimum 12 words), box 
number 60p extra. Semi-display setting £4.00 
per single column centimetre. All cheques, 
postal orders, etc., to be made payable to 
Everyday Electronics and crossed "Lloyds Bank 
Ltd." Treasury notes should always be sent 
registered post. Advertisements, together with 
remittance, should be sent to the Classified 
Advertisement Manager, Everyday Electronics, 
Room 2337, IPC Magazines Limited, King's 
Reach Tower, Stamford St., London, SE1 9LS. 
(Telephone 01-261 5918). 

CONDITIONS OF ACCEPTANCE 

OF CLASSIFIED ADVERTISEMENTS 

1. Advertisements are accept•d sublect 
to the conditions appearing on our 

curr•nt advertisement rate card and on 

th• •apross understanding  that  the 

Advertiser warrants that the advertise-
mint does not contra*.*. any Act of 

Parliament nor is it an infringement of 
the  British  Cod•  of  Advertising 
Practice. 

2. The publishers *  • th• right to 

refuse or withdraw any advertisement. 

3. Although every care is taken, the 
Publishers shall not be liable for clerical 

or  print•rs. me ws  or  their  cons.-
nuances. 

Receivers and Components 

NO LICENCE EXAMS NEEDED 
To operate this miniature, solid-state 
Transmitter-Receiver Kit. Only £9•75 
plus 25p P&P. 
'Brain-Freeze  'em  with  a MINI 
STROBE Kit, pocket-sized 'lightning 
Hashes', van-speed,  for discos and 
parties. A mere £4.10 plus 20p P&P. 
Experiment  with  a  psychedelic 
DREAM  LAB,  or  pick  up  faint 
speech/sounds  with  the  BIG  EAR 
sound-catcher;  ready-made  multi-
function  modules. £5.00 each plus 
20p P&P. 
LOTS  MORE!  Send  20p  for lists. 
Prices  include  VAT.  (Mail  order 
U.K. only). 

BOFFIN PROJECTS 
4 CUNLIFFE ROAD. STONELEIGH 

EWELL. SURREY. (E.E.) 

71b ASSORTED COMPONENTS £2-95. Small 
Audio Amplifiers. 3 transistors equivalent to 
AC128. 0072, with circuit. 3 for £1. 300 
small components, Transistors, Diodes £1.30. 
No Postage, list 15p refundable. Insurance 
add  15p.  J.W.B.  Radio,  2  Barnfield 
Crescent, Sale, Cheshire M33 INL. 

DISCOVER  ELECTRONICS.  Build  forty 
easy  projects including:  Metal Detector; 
Wireless Transmitter; Breathalyser; Radios; 
Stethoscope;  Lie  Detector;  Touch  time-
switches;  Burglar  Alarms,  etc.  Circuits, 
plans all for £1.29 including FREE circuit 
board. Mail only. RIDLEY PHOTO/ELEC-
TRONICS,  Box 62,  Ill  Rockspark  Road, 
Uckfield, Sussex. 

Our new 1978 catalogue lists a whole range of 
plastic boxes to house all your projects. And 
we've got circuit boards, accessories, module 
systems, and metal cases — everything you need 
to give your equipment the quality you demand. 
Send 25p to cover post and packing, and the 
catalogue's yours. 

VERO ELECTRONICS LTD. RETAIL DEPT. 
Industrial Estate, Chandlers Ford, Hants. SO5 3ZR 

Telephone Chandlers Ford (04215) 2956 

For Sale 
WORKSHOP CLEARANCE. Electronic com-
ponents  100  for 50p.  Good  selection.  I. 
GARDNER, 15 Tottington Road, Harwood, 
Bolton BL2 4BN. (Mail Order only.) 

NE W  BACK  ISSUES  of  "EVERYDAY 
ELECTRONICS". Available 60p each Post 
Free, open PO/Cheque returned if not in 
stock. BELL'S TELEVISION SERVICES 190 
Kings  Road,  Harrogate,  Yorkshire,  Tel: 
0423)  55885. 

TRANSISTORS,  Thyristors,  Diodes,  Led, 
Zeners, Voltage Regulators, Tracs, Bridge 
Rectifiers, Plugs, Sockets ALL NE W. Cheap 
E.G. 2N3773 .2 15p, BFY90 95p, BD 131 45p, 
SAE list. JAI Electronics, 39 Balvernie Gro, 
London SW18 5RR. 

Tapes 

CASSETTE TAPES; C60 six for £1.60. C90 
four for £1.60. Case and index included. 
VAT paid. Please add 107, postage. West 
(A3), 56 Frankwell  Drive, Coventry CV2 
2FB. 

Ser% ice Sheets 

SERVICE  SHEETS  for Radio, Television, 
Tape  Recorders,  Stereo,  etc.  With  free 
fault-finding  guide,  from  50p  and  s.a.e. 
Catalogue 25p and s.a.e. Hamilton Radio, 
47 Bohemia Road, St. Leonards, Sussex. 

BELL'S TELEVISION SERVICE for service 
sheets of Radio, TV etc. 75p plus SAE. 
Colour TV Service  Manuals on  request. 
SAE  with  enquiries  to  BTS,  190 King's 
Road, Harrogate, N. Yorkshire. Tel: 0423 
55885. 

Situations Vacant 

WANTED 
TRAINEE COMPUTER 

ENGINEERS 

0 A LEVELS ONC OR CITY AND GUILDS 
OR TV ENGINEERING 

The UK Training Division of Control Data who manufacture 
the worlds most powerful computer wishes to meet suitable 

young people between the ages of 21-35 to train as computer 
engineers with a view to subsequent employment at various 
locations. This is an opportunity to be trained in computer 
skills by a leading computer manufacturer for an occupation 
and  industry  which  offers  progressive  salaries,  really 

interesting work and excellent career prospects. 

Spend an evening with us and investigate our training entry 

scheme in detail. Find out whether you would qualify for 
support under TOPS*. 

FOR LON DON INTERVIE WS CALL 01 637 2171 AND 
ASK OUR RECEPTIONIST TO CONNECT YOU TO 
PROGRA M 2E. 

For outer London interviews please call either: 

BIR MINGHA M OFFICE  021 622 7383 
M ANCHESTER OFFICE  061 832 3114 

LEEDS OFFICE  0532 450145 
SOUTHA MPTON OFFICE  0703 38644 

* TOPS—The NATIONAL  TRAINING  OPPORTUNITIES 
SCHEME under which training costs and personal subsistence 
are paid to suitable candidates whilst undergoing training 
which is designed to lead to employment. 
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Books and Publications 
RE WINDING TRANSFORMERS a new pub-
lication covering how to repair, design and 
rebuild them. Every fact including where 
and how to get this class of work. £4-30p 
post  paid  by  return,  from  MAGNU M 
PO WER TOOLS, Brinksway Trading Estate, 
Stockport, Cheshire SK3 OBZ. 

HO W TO DEAL SUCCESSFULLY IN 
USED COLOUR TELEVISIONS 

Excitinp new business guide reveals how anyone with 
average intelligence can make a high spare-time CASH 
INCOME selling used colour TV's from home. Written 
mainly for the non-technical, but with immediate appli-
cations for the engineer, this comprehensive publication 
describes: how to start — where and what to buy — which 
sets to avoid — reconditioning — how, where and when 
to advertise — presentation — how to expand — com-
prehensive sections on general business formalities, 
guarantees, manufacturers, spares, and monochrome 
sets. PLUS MUCH MORE! 
This unique guide presents a sound, reputable and very 
profitable home business which can be started for less 
than £201 
Send lust L3-44 today for fast delivery, includes FREE 
advice and FREE up-dating service. 

CITY PUBLISHING, Dept. EE, 
2 Nottingham Rd., Spondon, Derby DE2 7NH. 

W HAT'S  THE  SEC RE T  OF  MAKING 
MONEY? The Knowledge, and ability, that 
very few people possess, to undertake work 
in a specialised field that is crammed with 
opportunities. We are supplying a MANUAL 
that will enable you, in your own home, 
WITH  NO  PREVIOUS  EXPERIENCE,  to 
repair VACUU M CLEANERS, DRILLS, and 
PORTABLE TOOLS, by showing in easy, 
step by step stages, how to diagnose faults, 
rewind  ARMATURES  and  FIELDS  and 
make up test equipment. 13 chapters cover-
ing test procedures, apparatus required, 
test charts, where to obtain materials and 
where to find work. Packed with diagrams 
and information. Get your copy now. Only 
£4 plus 30p P&P, CWO. COPPER SUPPLIES, 
102 Parrswood Road, Withington, Manches-
ter 20, Dept. EE1. 

MYSTIFIED ABOUT MICROS? Read Home 
Computer Revolution, by Ted Nelson, to 
see what is happening plus gain "Com-
puter-ease".  From  your  local  Computer 
Store or send £3.45 to CO MPUTER BOOK1 
SHOP, Te mple House (E), 43-48 New Street, 
Birmingham. 

SIMPLIFIED  TV  REPAIRS.  Full  repair 
Instructions Individual British sets £4.50, 
request free circuit diagra m. Stamp brings 
details unique TV publications. Ausee, 76 
Church Street, Larkhall, Lanarkshire. 

Miscellaneous 

ENAMELLED COPPER WIRE 
swg  1 lb  8 oz  4 oz  201 
14-19  2-40  I 20  .69  .50 
20-29  2.45  1.60  .82  .59 
30-34  2-60  1.70  Alf  44 
35-40  2-115  I .10  I -04  • 75 

Inclusive of p&p and VAT. SAE brings Catalogue 
of copper and resistance wires in all coverings. 
THE SCIENTIFIC WIRE COMPANY 

PO Box 30, London E4 1B W 
Reg. Office: 22 Coningsby Gardens 

DISCOVER THE PLEASURE of Electronic 
Games,  including  TV  Football,  Tennis, 
Squash, Practice; TV Tank Game; Battle-
ships; Noughts & Crosses; Roulette. Cheap 
and easy to build (TV Football less than 
£10). Eight circuits, plans for only £1 85. 
Orders to: RIDLEY PHOTO/ELECTRONICS, 
Box 62, Uckfield, Sussex (reg. office, Wall. 
Send House, Pevensey Bay, Sussex). 

RESISTORS 1W 5% 2R2-2M2 (E12). 

10 each or more of each value Np/100. 100 assorted, our 

mixture 75p/100. C60 caimettes in library cases 311p each. 

miniature relays 17 • 30 v 28:nm mil coil 4 sets change 
over contacts 590 each. 

Pekes include V.A.T. Add 10% postage. 

SALOP ELECTRONICS. 23 Ws,  Cop, ShrewsbutY• 

LED DISPLAYS: 
0 3" C.anode  lip each. 
0 5" C.an/cath (specify)  119p pair. 
0 6" C.an/cath (specify)  12 90 each. 

CLOCK MODULE: 24hr Alarm LT601H  85-16 
requires Tt mr, switches, buzzer, aim MA1002. 

FCM7001 Time/Cal/Aim Chip  L11•1111 
MI4563117 MM.SS.91) up/down counter  8111•18 
SCRUMP! 2 SC/MP MPU kit  OWN 
SCRUMP' 3 SC/MP MPU kit  £187•311 
MICROSENSE MPU• for beginners books, two books 
for beginners Et N pair. 

CATALOGUE: send SAE. 
Prices include VAT, add 30P P 

BY WOOD ELECTRONICS, ES Ebberns Rd, Hemel 
Hempstead, HP3 110RA. Tel: 444242757. 

METAL  DETECTOR  KIT  type  "MD1" 
(Home  Office  approved).  Supersensitive. 
Operates with Transistor radio, only £3.75. 
VOX  KIT  "A03-VR"  High  performance. 
Relay  output module  £9-75.  Other easy-
buildkits  available.  16p  stamps  for  illu-
strated catalogue. WELLTEX Co., 9 Sirdar 
Strand, GRAVESEND, KENT. 

NICKEL CADMIUM BATTERIES 
Rechargeable and suitable for 'last charge' BP7 (AA) 
£1 13, SUB C £1 47, UP 11 (C) L2 -15, HP 2 (D) Et 27, 
PP3£ 00, PP3 charger £5-81. Ali above Nickel Cadmium 
batteries are guaranteed 'EVER READY' full spec, and 
are supplied complete with solder tags (except PP3) 
Just in stock—new  rechargeable  sealed  lead  acid 
maintenance free batteries suitable for burglar alarms 
etc., 1 2 amp hr. Civ LI• 40, 2-6 amp hr. 6v £5 -65. 
Quantity prices available on request. Data and charging 
circuits tree on request with orders over £10 otherwise 
300 post and handling (specify battery type), all prices 
include VAT. Please add 10% P & P on orders under £10 
5% over £10. 

Cheques, postal orders, mail order to SOLID STATE 
SECURITY, Dept. EE, II Bradshaw Lane, Parbold, 
Wigan, L   12375 4726. 

STYLI —illustrated  equivalents  (List  281 
also cartridges, leads, etc. Superb quality 
and service at lowest prices. Fully guaran-
teed,  free  for  SAE  from:  FELSTEAD 
ELECTRONICS  (EE), Longley Lane, Gat-
ley, Cheadle. Cheshire SK8 4EE. 

DENCO 
(CLACTON) 
LIMITED 

Dept. E.E. 

357-8-9 OLD ROAD 
CLACTON-ON-SEA 
ESSEX C015 3RH 

Our components are 
chosen  by technical 
authors  and  con-
structors  throughout 
the  world  for  their 
performance and re-
liability,  every  coil 
being inspected twice 
plus a final test and 

near spot-on alignment. 
General  Catalogue  showing  full 
product range 36p. Overseas Cus-
tomers 70p, Air-Mail Post Paid. 

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS 
ENQUIRIES WELCOME 

Australian Readers Please Note— 
Our Complete Range of Coils are 
available from Watkin Wynne Pty. 
Ltd., 32, Falcon Street, CRO WS 
NEST,  2065,  AUSTRALIA.  P.O. 
Box 392. 

A NE W SUPER DRILL 
from 

PRECISION 
PETITE 

An extra powerful precision drill for Electronic 
Design and Development Engineers who need 
a small, low voltage, precision drill with high 
capacity, and there's a new all metal stand for 
greater accuracy. 
P2 Mk2 with detachable head 
(without case) £18-00 pp 86p 
In storage case with room 
for Transformer 
£19-50 pp 86p 
In'case with variable  , 
transformer  • • 
£29.00 pp 86p 

P2 Alk2 
DRILL 

S2 Drill stand 
(holds both 
drills) 
£18.50 pp 106p 

and the popular P1 DRILL 

P1 Drill £9 67 p & p 38p 
SI Stand £5.13 p & p 38p 
Accessories include drills, stones, burrs, saw 
blades etc. Send 9" x 4" S.A.E. for full details 
and ord•r form. 

TRY OUR SPADE  DRILLS —  ideal for 
P.C.B.'s — giving cleaner holes, no clogging, 
cooler. Range of sizes-from 0-1 to 2.5mm. 

Send for details to: 

"  Sole UK ClistributorS 

PRECISION 
PETITE LTD 

119a HIGH STREET 

TEDDINGTON MIDDLESEX TW11 8HG 

TEL 01 977 0878 
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ELECTRO a-AIM 
All toe many types of co mponents we supply are BRAND NE W and 
guaranteed and only fro m manufacturers direct or approved suppliers 

(No surplus, no seconds) 

I.Cs—TTL 7400 Series 
7400  14p  7410  14p  7447  70p  7474  23p  7491  7Ip  74121  17p 
7401  149 7413  21p  7450  14p  7475  45p  7492  46p  74123  51p 
7402  14p  7414  60p  7451  149  7476  32p  7493  40p  74141  Up 
7403  14p  7420  149  7453  14p  7480  4Ip  7494  66p  74151  alis 
7404  IIlp  7430  14p  7454  14p  7482  619  7495  S7p  74154 1 60 
7405  14p  7440  14p  7460  14p  7483  Sip  7496  63p  74190 94p 
7407  12p  7442  54p  7470  249  7485  74p  74100 739  74191  949 
7408  18p  7443  609  7472  14p  7486  27p  74104 40p  74192 94p 
7409  18p  7444  60p  7473  23p  7490  40p  74107 27p  74193 94p 

O UR CO MPUTER TAKES G O OD CARE  OF YO UR ORDERS 

SIE ME NS CAPACIT ORS • 
World-famous for quality and depend-
ability-exceptionally large stocks held 
PCB TYPES -7 Smm PCM 0 001 to 
0 015 6p each: 0 015 to 0 047 7p each 
0 068 8p. 0 I 9p, 0 22 12p. 
CERA MIC — 2 Smm PCM 0 01 4p. 
0 022. 0 038. 0 047 Sp. 0 068 6p. 
5rons PCM 0 I 7p. 
ELECTR OLYTICS —I /100.  10 2S, 
10161 100/25. etc etc 
For full range see our current lists 

RESIST ORS 

watts 2p • each: metal film. 
metal oxide and I watt carbon Sp • 
each Good quantity discounts. Magnetic 
field  dependent from  LI Se  Hall 
effect from LI•23 

SIE MENS TRANSIST ORS 

Silicon npn and pnp from Op each 
LEDs, red 19p: yellow or green crow 
23p (3 or Smrn).  Photo transistors 
from 76p. 

KEEN PRICES • G O OD SERVICE • WIDE RA NGES 
DISC O U NTS 
5% if list value of order over CIO 
10 % if list value of order over £25 
—where cash (P 0 or cheque) is sent 

with order 

V A T. —Add 8% to value of order 
or 121 % with items marked • 
(No V.A.T. on overseas orders). 
Goods sent post free on C W O 
orders in U.K. over LS list value if 
under. add 27p per order 

M O NTHLY BARGAI N LISTS  S A.E. brings monthly list of bargains 
Also current quick reference price list of all ranges. 

Cash with order (P 0 or cheque payable to Electrovalue Ltd) or your 
Access or Barclaycard number 

TRADE AND IND USTRIAL EN QUIRIES INVITED 
For all rour • •  •  •  •  •  • (rn— ELECTR OVALUE 

ELECTROVA-TrIE LTD 
Dept E.E.9, 28 St. Judea Rd, Englefield Green, Egha m, Surrey T W20 OHB 
Phone Egham 3603 Telex 264475 
Northern Branch (Personal shoppers only). 680 Burnage Lane. Burnage, 
Manchester MI9 INA Phone (061) 432 4945 

BUILD A 
S YNTHESISER! 

NO  SPECIAL SKILLS 
SPECIAL EQUIPMENT  REQUIRED 

1 4 61 j Jo Jr 
AP-) 

,j 

W h ip)  r.)  *)  1,, V V 
* 40 

1111111 1 1 1 1 1 1 \ i' a• 
Using De wtron (Reg'd) 
PROFESSIONAL MODULES 

Over 20 different electronic modules to select what YOU want to 

build a synthesiser; simple or complex. Start simple and add to it 

as you can afford. New attractive prices for the long-popular, well-

tried range of Dewtron synthesiser and other effects modules. 

Send 25p for Musical Miracles Catalogue NO W! 

D.E.W. LTD. 
254 RING WOOD ROAD, FERNDO WN, DORSET BH22 9AR 

EVERYBODY'S 
DOING IT! 
Doing what? Sending for the 
latest Home Radio Catalogue. 
It's the  most comprehensive 
components catalogue you can 
get.  128  pages,  about  2,500 
items  listed,  and  profusely 
illustrated.  Now  only  £1.00 

with a free bargain list. Send 
your cheque or postal order 
now. 

HO ME RA DIO 
CO MP ONENTS LTD. 

Dept. EE, 234 London Road 
Mitcha m, Surrey CR4 3H D 

TRANSISTORS  •ZTX 502 
Davit*  16  1441  I II 
BC 107  49  7 SO  •ZN3703  15 
'BC 132  95  II II  •ZN3705  95 
*BC 147  45  7 Se 
'BC 149  83  7-l11  C.F. CLARE 
'BC 20413 85  7 NI  RELAY 
BC 348 1 III  I 511  Device  I  19 
BC 351 1 1111/  510  HERM 55211-700 
BD 131 331 29 M  24V1C/0  11111  29 N 
BD 695A5 M 42 M 
BD 131113A 

S 511  /2 138 
BF 185 2 49  29 90 
BF 324 3 311  29 MI 
1371011 

14 N  72 011 
*B1.1 205 

15 ss iss II 
•Bli 208 

17 SO 13151 
'ME 1075 511  490 
•XK 1152 IS  451  RAM 
*ZTX 302  Device  1  19 

N  I N  2102-2N 1 111  11 441 

Min. Order £2 00. P. & P. 30p. VAT please add 8% except those marked* which are 
32-5 %.  Export, Wholesale and Manufacturers Enquiries Welcome. 

K 4 A DISTRIBUTORS 
52 Barkby Road, Syston. Leicester LET OAF. Tel: 5533 1109391. 

N 
6•511 
7.911 

DIODES 
Device  111  Ill 
AA 119  71/  4 SID 
BY 127  99  S 1111 
15940  Se  3 M 
IS 941  55  3 SO 

LINEAR I.C.'s 
Device  1  IS 
741 OP OIL 

25  194 
NE555  •211  240 

CAPACITORS 
Davits  111  100 
*0.01/25 Disc 

.65  4 Se 
•0 01/30 Dint 

.71  4 511 
'0'1/600 
Axial  • 50  310 
.6 La Tent 

1•110  751 
M00/250 
Axial  301  26 N 

WI W RESISTORS 
Device  14  1414 
25 W Axle! 

•N  6-511 
SW Radial 

-N  IN 
IOW Axial 

•N  IN 
I5W Radial 

IS  6 NI 

DIGITAL 
IC's 
TEXAS 

Device  111 
741.00  2 44 
74L04  2 70 
741.73  4-N 
741-74  4 ss 
741.91  14 10 

Fairchild 
Device  10 
9000  5 NI 
9080  S-DI 
9018  340 
9304  12 IN 
9306  25 N 
9300  111 011 
6311  31 II 
9316  15-50 
9322  N 
9324  111-46 
9601  I'll 
933  3.31 
936  3 * 
946  330 
962  3 M 

INDEX TO ADVERTISERS 
Ace Mailtronix 
Avo Ltd. 

B.I.E.T. 
Bi-Pak 
Boffin Projects  ... 
Brewster S. R. Ltd. 
B.N.R.E.S. 
Bull, J.  ... 
Bywood Electronics 

Canon Components 
City Publishing  ... 
Continental Specs.... 
Control Data 
Crescent Radio  ... 

... 642 

...  685 

698 
697 
702 
642 

687,695,701 
641 

_.  703 

... 695 

... 703 

...  699 

... 702 

... 701 

David George Sales  ...  700 
Denco (Clacton) Ltd.  ...  ... 703 
Dewtron Elect. Ltd. 
Doram Electronics Ltd.  698, coy III 

E.D.A. 
Electroni-Kit 
Electrovalue 

Greenweld Electronics 

Heath Kit Ltd. 
Home Radio... 

I.L.P. Elect. Ltd. 
Intertext (ICS) 

K & A Distributors 

701 
644 
704 

695 

698 
704 

643 
642 

704 

Maplin 
Marshall, A. 

OK Machine & Tool 

Precision Petite 

Salop Electronics  ... 
Scientific Wire Company ... 
Selray Book Co. ... 
Solid State Security 
Swanley Electronics 

Tamtronik Ltd. 
Teleplay  ... 
Tuac 

Coy IV 
... 691 

• • • 

• • • 
• • • 

644 

703 

703 
703 
700 
703 
644 

...  700 
Coy 11 
...  645 

Vero Electronics  ... 702 

P.blialu,1 approximately the thir•I Friday of each month by IPC11.4.111<• Ltd., Fleetway Howe, arringdon St., London EC4  Printed in England by Index Printers Ltd.. Dunetable, Beets, Sole agents 
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written consent of the Pubilahera drat given. be lent. resold. hired out or others/1.e disposed of by way of Trade at more then the reeommended selling price shown on cover. excluding Eire where the selling 
price is subject to V.A.T., and that it shall not be lent, resold, or hired out or otherwise alspiaied of in a mutilatid condition or In any =authorised cover by way of Trade, or affixed to or as part of any 
publication or advertising, literary or pictorial matter whatsoever. 



Doram Electronic 
obbies Catalogue is 

ed full of new exciting 
merchandise including 

MICRO PROCESSOR 

BASED KITS. 

ELECTRONIC KITS FOR 
ALL THE FAMILY 

ELECTRONIC TOOLS AND 
BOOKS 

AUDIO& CAR 
ACCESSORIES ETC 

For your Nights of Delight. 
Send for your copy now. 

Overseas customers 

(except for N Ireland)-

60p including despatch by Air 

(or all-up post) 

Dorem Electronics Ltd., 
PO Box TR8. 
Wellington Road Estate. 
Wellington Bridge. 
Leeds LS12 2uF 

ELECTRONIC 
HOBBIES 
CATALOGUE 

Name   

Address   

Please send my FREE Hobbies 

Catalogue. I enclose 25p 
contribution to p. & 

Doram Electronics Ltd., 
PO Box TR8, 
Wellington Road Estate, 
IWellington Bridge, 
2 Leeds LS12 2UF  RE2 

4mommommissi mm1 



marimin 
everything for the modern D.I.Y. electronics enthusiast and more 

THE 'DRUMSETTE' RHYTHM 
GENERATOR 

Organists, pianists, guitarists ... an automatic drum set 

to accompany you! Nine highly realistic instruments play 
fifteen different rhythms. Fifteen rhythm-select touch 
switches and a touch plate for stop/start without rhythm 
change gives absolute ease of operation. Build it yourself 

for under  including smart teak-effect cabinet. See it 

and hear it in our  ie 

shop! Send for full • 
construction details 
now: MES4g price 

25p. 
(All prices include 
V.A.T. and p & 

smom 

MOO 
M kOtu 

AUDIO MIXER 

A superb stereo audio miser. It can be equipped 
with up to 113 input modules of your choice and 
its performance matches that of the very best 
tape-recorders and hi-fl equipment. It meets the 

requirements of professional recording studios. 
FM radio stations, concert halls and theatres. 
Full construction details in our catalogue. A 

component schedule is available on request. 

MICROPROCESSOR 

51111n  11111111 

REVERBERATION SYSTEMS 
High quality spring line driver module uses 4 inte-
grated circuits and two transistors. Built and tested 
circuit board with wiring instructions for spring line. 
)(13135G, price ES IS. Power supply to suit driver 
module costs round £2 SO and construction details 

are in catalogue, or ask for leaflet 
MES24. Mechanical spring lines: 
Short line (XL08J) L4 46; Long line 
(£1184F) L111 311. (All prices Include 
V.A.T. and p & o). 

9-CHANNEL RADIO 
CONTROL SYSTEM 

A comprehensive model 
control system, featur-
ing  nine  independent 
fully proportional chan-
nels  achieved  by  a 

design using very few 
components  thus 

keeping the cost to 
a minimum.  Full 
construction  de-
tails in our booklet 
(XFO3D) 

price £1 20. 
(All prices include 
V.A.T. and p & p). 

Build a mini-computer with our microprocessor 
kit. Features: 46 different Instruction types: 
256 bytes of read/write memory (more are easily 
added) microprocessor can address up to 65,536 
8 bit-bytes. Complete kit for use with teletype 
etc. (£1391Y) £74•111. 
20-key keyboard for use with above (in place of teletype) 
(X1392A) £T1 11. Both kits with detailed instruction 
books. See our newsletters for details of additional 
RAM's. tri-state Interfacing chips, number-cruncher 
and standard cassette tape-recorder interface to store 
your programmes. (All prices Include V.A.T. and O W. 

BOARDS AND PCB's 
Pages 59 to 61 of our catalogue 
show you our range of Veroboards 
and S-Decs or if you prefer to make 
your own pcb's a range of etching 
systems including the novel etch-
in-a-bag system, plus printed circuit 
transfers for the professional finish 
to your boards. 

T.V. GAME 

A fascinating TV game kit that plays 

football, tennis, squash and practice for 
only £21 59. Reprint of construction 

details 25p. Add on rifle 
kit only £10 60. (All prices 

include V.A.T. and p&p). 

ELECTRONIC ORGAN 

The only organ you can build in stages 
and tailor to your requirements as you go 
along—and at each stage you'll have a 

fully working instrument We haven't got 
the gimmicks yet—(they're coming soon) 
but we have got the most beautiful 

sounds—you won't find them on any 
organ less than twice our price. So get 
our MES50 series leaflets now! 65p buys 

the three available so far. 

'vs A FANTASTIC BESTSELLER! 
216 big (11" x 8") pages! Over a thousand 
Illustrations! Over 30 pages of complete 
projects to build! Thousands and thousands of 
useful components described and illustrated! 
No wonder it's a bestseller! 
DON'T MISS OUT! SEND 60p NOW! 

MAPLIN ELECTRONIC SUPPLIES 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone: Southend (0702) 715155 
Shop. 284, London Road, Westcliff-on-Sea, Essex 

roptIti .41(  
ELECTIICs " suppLlE y"  • 

,•̂4' 

PERSCWIC  
sAAlsr mncEEDAY! 

OUALITY 

COM  NTS 

a 

MASSIVE RANGE OF 

COMPONENTS 

For instance the capacitor section 
in our catalogue includes non-
polarised electrolytics and our 
resistor section includes even 
1%  tolerance types.  Get our 
fascinating catalogue now—you 
won't regret it. 

Our bi-monthly newsletter keep• you up to date with latest 
guer•ntead prices - our latest special ofter•-
det•ils of new prolecta and new line., Send 30p 

far the nest see issues 15p dificount voucher with each copy) 

POST THIS COUPON NO W FOR YOUR COPY OF OUR 

CATALOGUE PRICE 6 0p 

Please rush' me a copy of your 216 page catalogue 

I enclose 6 0p, but understand that if I am not completely 

satisfied I may return the catalogue to you within 
14 days and have my 6 0p refunded immediately. 

NAME   

ICi med on Monday) Telephone Sart/Mild (0 7021 71515 7 

ADDRESS 

EE 9 


